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Abstract

Hereditary pancreatitis is an autosomal dominant condition,
which results in recurrent attacks of acute pancreatitis,
progressing to chronic pancreatitis often at a young age.
The majority of patients with hereditary pancreatitis express
one of two mutations (R122H or N291) in the cationic
trypsinogen gene (PRSS1 gene). It has been hypothesised
that one of these mutations, the R122H mutation causes
pancreatitis by altering a trypsin recognition site so
preventing deactivation of trypsin within the pancreas and
prolonging its action, resulting in autodigestion. Families with
these two mutations have been identified in many countries
and there are also other rarer mutations, which have also
been linked to hereditary pancreatitis.

Patients with hereditary pancreatitis present in the same
way as those with sporadic pancreatitis but at an earlier
age. It is common for patients to remain undiagnosed for
many years, particularly if they present with non-specific
symptoms. Hereditary pancreatitis should always be
considered in patients who present with recurrent pancreatitis
with a family history of pancreatic disease. If patients with
the 2 common mutations are compared, those with the
R122H mutation are more likely to present at a younger age
and are more likely to require surgical intervention than those
with N29I. Hereditary pancreatitis carries a 40 % lifetime
risk of pancreatic cancer with those patients aged between
50 to 70 being most at risk in whom screening tests may
become important.
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INTRODUCTION

Hereditary pancreatitis (HP) is an autosomal dominant
condition characterised by recurrent attacks of acute
pancreatitis and progressing to the development of chronic
pancrestitis over avariable period of time. Symptoms usually
begin in childhood or adolescence and with time, exocrine and/
or endocrine insufficiency may develop. Theclinical spectrum
of hereditary pancreatitis was first reported in 1952,
Mutations causing HP have been identified in the PRSS1 gene
which encodes cationic trypsinogen'?4. This article discusses
the genetics of HP, its pathophysiology and clinical spectrum.

THE GENETICS OF HEREDITARY PANCREATITIS

HPisan autosomal dominant condition with 80 % penetrance.
The specific mutations responsible for HP were identified in
1996 when it was confirmed that the hereditary pancreatitis

gene could be mapped to chromosome 7g355¢, Whitcomb et
al demonstrated that a mutation in these patients existed in the
third exon of the cationic trypsinogen gene (PRSS1)". This
mutation, a guanine (G) to adenine (A) transition, alters
arganine (CGC) to histidine (CAC) at codon 117 (using the
chymotrypsin numbering system) and was originally known
as R117H. Thisfirst mutation is easily identified because it
creates anovel recognition site for the restriction endonuclease
Afll11. More recently, it has been shown that a neutral
polymorphism within this enzyme recognition site may
produce a false negative result’®. A second mutation in the
cationic trypsinogen gene was subsequently discovered, which
wasfoundto beasingle A to thiamine (T) transverson mutation
inexon 2 resulting in an asparagine (ACC) to isoleucine (ATC)
substitution at amino acid 217, These two mutations (R117H
and N211) have now been identified in familieswith hereditary
pancreatitis from many countries including Francel®,
Germany!, United Kingdom!*®, Japan!*t and the USAE7, A
further mutation, which appearsto be much less common, is
the A16V mutation, which was originally identified in three
patients with idiopathic pancreatitis and in one patient with
HP2, There is also evidence that mutations in genes other
than the cationic trypsinogen gene might be associated with
HP, Since the discovery of the cationic trypsinogen gene
mutations, a new nomenclature system for human gene
mutations has been devised and accepted. This has changed
the names of the common mutations from R117H to R122H
and N21I to N29I4,

PATHOPHYSIOLOGY

The mechanism by which mutations of the cationic trypsinogen
gene cause hereditary pancreatitis is important for several
reasons. Firstly, the cellular mechanisms of acute pancreatitis
and progression to chronic pancreatitis are poorly understood.
Secondly it is not known why the pancreas of one individual
is susceptible to acohol whilst the pancreas of another is not.
Thirdly, focusing on the link between genetics and pancreatitis
might provide aclueto the etiology of pancreatic cancer which
can occur asacomplicationin sporadic and hereditary pancrestitis.

Trypsinogen is secreted by the pancreatic acinar cell™. It
is activated to trypsin within the duodenum by enterokinase,
which cleaves an 8-aminoacid N-terminal peptide. Trypsin then
activates a cascade of digestive enzyme precursors. A number
of mechanisms exist to prevent inappropriate activation of
trypsin within the pancreas before its secretion into the
duodenum. It is hypothesised that the R122H mutation alters
atrypsin recognition site, which would prevent deactivation
of trypsin within the pancreas, thus prolonging its action!?.
The mechanism whereby the N29I mutation causes pancregtitis
is unclear. It has been speculated, however, that the N29I
mutation would enhance autoactivation of trypsinogen, altering
the binding of pancreatic secretory trypsin inhibitor (PSTI)!
or impairing trypsin inactivation by altering the accessibility
of theinitial hydrolysis site to trypsin. Predicted molecular
conformational changes in the structure of trypsin support
this*®, The pathogenic mechanism whereby the A16V
mutation causes pancreatitis is speculative but it is thought to
alter the cleavage site of the signal peptide’?. Because the two
common mutations, R122H and N29I produce such asimilar
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clinical picture, it has been speculated that these mutations,
rather than being the cause of hereditary pancreatitis, smply
represent markers for a number of linked pancreatic defects.
There appears no doubt, however, that inappropriate prevention
of the deactivation of trypsin within the pancreasisresponsible
for HP in the mgjority of cases.

The penetrance of cationic trypsinogen gene mutations
remains at approximately 80 % in the majority of studies. To
investigate factors contributing to this, astudy of monozygotic
twins with HP was carried out!*, Of 11 sets of twins, seven
were suitable for this study. Whereas four of these seven sets
were concordant for pancreatitis, three of the seven sets of
twins (43 %) were discordant for phenotypic expression of
pancredtitis. The overall penetrancein the seven pairs of twins
was 78 %. The conclusion from this study was that genetic
and/or environmental factors contribute to the expression and
age of onset of HP. Asyet the mechanism of non-penetrance
remains unclear.

CLINICAL PRESENTATION IN HEREDITARY PANCREATITIS

The initial presentation of a patient with HP is usually
indistinguishable from a case of sporadic pancreatitis. The
clinical presentation isvariablebut typical patients present with
recurrent attacks of acute pancreatitisin childhood, progressing
to chronic pancreatitis with time*#. The presentation during
an acute attack isidentical to an attack of gallstone-induced,
alcoholic or idiopathic, acute pancredtitis. The presentation of
chronic pancreatitis in these patients is likewise
indistinguishable from alcoholic, idiopathic or other forms of
chronic pancreatitis'®?¥, Pediatric patientswith HP haveasimilar
presentation to idiopathic juvenile chronic pancreatitid?. It is
however very common for these patientsto remain undiagnosed
for many years having often suffered from chronic symptoms
since childhood. We have found that recognition of the disease
within afamily often resultsin several relatives being newly
diagnosed with pancreatitis whereas previously they had been
labelled as “ peptic ulcer” or “chronic abdominal pain”. In
Newcastle upon Tyne, UK, the pancreatic clinic now has
individuals belonging to thirteen families with hereditary
pancregtitis. Data on nine of these families has been previoudy
published®, The R122H (R117H) mutation was identified in
three families and the N29I (N211) mutation was demonstrated
inafurther five families. In aremaining family, no mutations
were demonstrated in any of the five exons of the PRSSL gene.
The families and patients belonging to the R122H group were
compared with those belonging to the N29I group. Comparison
of clinical detailsincluding complications of pancreatitis was
carried out. The mean age at onset of symptoms of pancreatitis
was lower in the R122H group at 8.4 vs 6.5 years, (P=0.007)
and more patients with the R122H mutation had developed
symptoms by the age of 20 years (89 vs 64 %). More patients
with the R122H mutation required surgical intervention (8 of
12 vs 4 of 17, P=0.029) and this occurred at an earlier age.
There was also atendency for more patients with the R122H
mutation to develop exocrinefailure but the incidence and age
of onset of endocrine failure (as measured by the devel opment
of insulin dependent diabetes mellitus) was similar in both
groups. Patients in both groups identified alcohol as a
provoking factor for the symptoms. These observations were
also noted in the original description of the N211 mutation in
19971 and have also been noted by the European Registry of
Hereditary Pancreatitis and Pancreatic Cancer (EUROPAC)#.
It is aso clear that as well as hereditary pancreatitis being
identical to other forms of pancreatitisin terms of the mode of
clinical presentation, radiological and histopathological
featuresare also identical’®d. Apart from earlier onset and delay
in diagnosis, hereditary pancreatitis has been found to have a

natural history similar to that of chronic alcoholic pancrestitis
in terms of asimilar prevalence of pancreatic calcification, a
similar amount of pancreatic insufficiency both endocrine and
exocrine but a higher prevalence of pseudocystg?4.

CATIONIC TRYPSINOGEN GENE MUTATIONS IN NON-

HEREDITARY PANCREATITIS

Taking afamily history isvery important in all patientswith
pancreatitis because the majority of patients with cationic
trypsinogen gene mutations have a clear cut family history of
pancredtitis. It is, however, common for patientsto be referred
to apancreatic specialist with so-called idiopathic pancreatitis
without areliable family history having been obtained. It
has also been considered whether idiopathic chronic
pancreatitis might be due to PRSS1 gene mutations. An
investigation of patients with chronic alcoholic pancreatitis
showed no evidence of the R122H or N29I mutation in 21
patients?! but amuch larger and important study investigated
221 patients with idiopathic chronic pancreatitis and no family
higtory. The entire PRSS1 gene was sequenced in these patients.
Only three patients had mutations, one with R122H and two
patients with A16V[?7, A genetic background has also been
investigated in patients with idiopathic juvenile chronic
pancreatitis, a disease which closely mimicstheclinical pattern
of hereditary pancreatitig?®. The R122H mutation was detected
in one patient with idiopathic juvenile chronic pancreatitis and
the A16V mutation was also found in one patient. It is clear
from these studies that new mutations do occur and that
screening of individual swith idiopathic pancregtitisfor cationic
trypsinogen gene mutationsis worthwhile. It is, therefore, our
policy in patients with idiopathic pancretitis, after exclusion
of other causes, to perform genetic counselling and genetic
testing. We have found that patients are keen to know their
genetic statusin relation to this disease.

RISK OF CANCER IN HEREDITARY PANCREATITIS

Sporadic chronic pancreatitis carries a significantly increased
risk of pancreatic cancer. This has been clearly demonstrated by
amulti-centre historical cohort study of over 2000 patientg?.
The standardized incidence ratio, i.e. the ratio of observed to
expected pancreatic cancers was 16.5. This study may have
been subject to detection biasin that increased surveillance of
chronic pancrestitis patients may have increased the number
of cancers diagnosed compared with the general population.
A study of Swedish patients, however, confirmed an increased
risk of pancreatic cancer in sporadic chronic pancreatitis but
with a standardised incidence ratio of 3.8, Patientswith HP
have not been included in either of these studies but have since
been examined for therisk of developing pancreatic cancer by
the International Hereditary Pancregtitis Study Group. A cohort
of 246 patientswith hereditary pancreatitiswasidentified from
ten countries with amean follow-up period of over 14 yearg®!.
Eight patientswith pancreatic adenocarcinomawere identified
yielding a standardized incidence ratio of 53.3. The estimated
cumulative risk of pancreatic cancer developing in these
patients was nearly 40 % and was greater for patients with a
paternal inheritance pattern. These figures have been confirmed
by the Midwest Multicentre Pancreatic Study Group®®3. The
conclusions from these cancer studies are that, firstly chronic
pancreatitisisarisk factor for pancreatic cancer and secondly
hereditary pancreatitis puts patients at an even higher risk of
developing cancer than the sporadic disease. Although it is
not absolutely clear whether the risk of cancer is due to
prolonged inflammatory change or whether it isrelated to the
presence of acationic trypsinogen mutation per se, the evidence
available at present indicates that those patients with HP who
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develop cancer, are those with a prolonged history of chronic
pancreatitis®d. The number of cancers, which have devel oped
in HP patients have so far not allowed an investigation into
which mutation (s) might predispose to cancer more than
another. This data, however, will be available with time. A
study of pancreatic tissue from 34 patientswith sporadic ductal
adenocarcinoma has shown no specific relationship between
the R122H mutation and pancreatic cancer®3. Further such
studies are expected as tissue from patients with hereditary
pancreatitis becomes available for analysis.

MANAGEMENT DILEMMAS IN HEREDITARY PANCREATITIS
When faced with a patient or afamily with a possible diagnosis
of HP, three questions are commonly asked. Firstly, what can
be done about the patient with pancrestitis? Secondly, are other
relatives likely to be affected? Thirdly, what can be done to
reduce the risk of cancer?

Management of the pancreatitis

There are no specific medical therapies recommended in
patients with HP. The management of acute attacks of
pancreatitis are the same as for the sporadic disease that is,
rehydration, analgesia and careful monitoring. Severe
necrotising pancreatitisis rare in HP but pseudocysts seem to
be relatively common. It has been suggested that antioxidant
therapy may be helpful to prevent acute attacks but thereis no
evidence to support thisand it is not recommended. Chronic
pancregtitis should be treated asfor any other patients. Enzyme
supplements are likely to be required and analgesics as
necessary. If diabetes mellitus occursit is likely to require
insulin therapy. Surgical treatment is for complications such
as pseudocyst, biliary obstruction or duodenal obstruction. In
older patients requiring surgery, atotal pancreatectomy should
be considered in order to abolish the cancer risk (see below).

Genetic counselling of relatives

Relatives should be told that although the majority of HP cases
are revealed by the age of 18, the disease may not manifest
itself until the age of 30 or older. In these unaffected
individuals, genetic testing confers no advantage and should
be discouraged. Since unaffected (non-carrier) individuals and
unaffected carriers do not have pancreatitis, they carry no
increased risk of developing cancer.

Screening of hereditary pancreatitis patients for cancer

Since patients with this disease exhibit a 53-fold increased risk
of pancreatic cancer with acumulative risk of 40 % by the age
of 70, an attempt at screening would appear to be essential.
Unfortunately, no adequate screening test exists. The
measurement of tumor markers, endoscopic techniques and
radiological imaging lack the sensitivity and specificity for
early diagnosis. Tumors are particularly difficult to detect on
a background of chronic pancreatitis. It is thought therefore
that molecular based strategies are likely to offer the best
opportunities for the screening of these high risk patients for
pancreatic ductal adenocarcinomal®. It has been suggested that
the banking of blood and pancreatic juice samples should be
mandatory in any screening protocol and that imaging of the
pancreas should be carried out by endoscopic ultrasound®s,
One such protocol for the secondary screening of patientswith
HP has been established by EUROPA C (European Registry
of Hereditary Pancreatitis and Pancreatic Cancer). As part of a
research programm only, affected individuals over the age of
30 are offered imaging by CT and endoscopic ultrasound
(EVUS), followed after genetic counselling, by genetic analysis
of pancreatic juice obtained at ERCP for K-ras mutations.
Patients negative for K-ras continue with repeat screening at

3yearly intervalsby CT, EUS and K-rasanalysis of pancreatic
juice. Patients who are K-ras positive undergo further genetic
analysisin the form of p53, p16 and aberrant methylation. If
positive, these patients may be at risk of pancreatic ductal
carcinoma and an attempt should be made to obtain cells for
cytology by ERCP brushing of the pancreatic duct. The ultimate
preventative measure in these patients would be a total
pancreatectomy but thisisarelatively high morbidity operation
with the certainty of becoming diabetic. Certainly any patient
with HP aged 30 or over, who requires surgery for relief of
symptoms should undergo atotal pancreatectomy in order to
abolish the cancer risk rather than alesser procedure. Thisis
not, however, appropriate in patientswho are well unlessthere
is clear evidence that they possess cellular atypia or afocal
abnormality suspicious of cancer.

CONCLUSIONS

Hereditary pancreatitisis a fascinating condition which has
provided new insightsinto the pathophysiology of pancreatitis.
There are however many unanswered questions particularly
in relation to the ways in which these mutations relate to
pancreatitis and cancer. Management of these patients should
be carried out by a team of experienced pancreatic speciaists
who arealso able to provide genetic counselling. Registration
of patients with one of the large Hereditary Pancreatitis
Registries is essential if management strategies are to be
improved and genetic research to be continued.
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Abstract

AlM: To design a hammerhead ribozyme targeting human
telomerase reverse transcriptase (hTERT) and clone it’s gene
for future use in the study of tumor gene therapy.

METHODS: Using the software RNAstructure, the secondary
structure of hTERT mRNA was predicted and the cleavage
site of ribozyme was selected. A hammerhead ribozyme
targeting this site was designed and bimolecular fold between
the ribozyme and hTERT was predicted. The DNA encoding
the ribozyme was synthesized and cloned into pGEMEX-1
and the sequence of the ribozyme gene was confirmed by
DNA sequencing.

RESULTS: Triplet GUC at 1742 of hTERT mRNA was chosen
as the cleavage site of the ribozyme. The designed ribozyme
was comprised of 22nt catalytic core and 17nt flanking
sequence. Computer-aided prediction suggested that the
ribozyme and hTERT mRNA could cofold into a proper
conformation. Endonuclease restriction and DNA sequencing
confirmed the correct insertion of the ribozyme gene into
the vector pGEMEX-1.

CONCLUSION: This fundamental work of successful
designing and cloning of an anti-hTERT hammerhead
ribozyme has paved the way for further study of inhibiting
tumor cell growth by cleaving hTERT mRNA with ribozyme.

Hao ZM, Luo JY, Cheng J, Wang QY, Yang GX. Design of a
ribozyme targeting human telomerase reverse transcriptase
and cloning of it”s gene.World J Gastroenterol 2003; 9(1):
104-107

http://www.wjgnet.com/1007-9327/9/104.htm

INTRODUCTION

Telomeres form the ends of eukaryotic chromosomes
congisting of an array of tandem repeats of the hexanucleotide
5 -TTAGGG-3' . Their functions are protecting the ends of
chromosomes against exonucleases and ligase, preventing the
activation of DNA-damage checkpoints, and countering the
loss of terminal DNA segmentsthat occur during linear DNA
isreplicated®?, Telomerase, aribonucleoprotein enzyme, add

the hexanuclectides to the ends of replicating chromosomes?.
It is believed that telomerase plays a crucial rolein cellular
senescence and immortalization!*®. Telomerase is strongly
repressed in most human somatic cells, and telomeres shorten
progressively with each cell division!®. Most cancer cells
express telomerase activity®®9. The restoration of telomerase
activity is considered to immortalize cells and to be an
important step in carcinogenesis. Inhibition of telomerase can
lead to telomere shorting and tumor cell death. Thus, specific
inhibition of human telomerase is suggested to be an efficient
means of tumor therapy. Nowadays, alimited number of means
can be used experimentally to inhibit the activity of human
telomerase including chemical agents!*?, antisence
oligonucleotide**?, peptide nucleic acid™, and ribozyme419,
Telomeraseiscomposed of at least three subunitd*. The RNA
subunit and the catalytic subunit are the essential components
for telomerase activity!*®. The RNA subunit of telomerase
serves asthe template for addition of short sequence repeatsto
the chromosome 3' endd*?. And the catal ytic subunit, telomerase
reverse transcriptase (TERT), isthe most important component
in telomerase complex which is responsible of catalytic activity
of telomerase. The expression of TERT correlates with the
presence of telomerase activity!®!. These studies suggest that
hTERT isagood target for cancer gene therapy.

Ribozymes are sis- or trans-acting, sequence-specific
catalytic RNA molecules. Based on the studies about natural
ribozymes, we can design site-specific trans-acting ribozymes
to suppress the expression of genes by recognize and splice
the mRNA. Hammerhead ribozyme and hairpin ribozyme are
intensively studied because of their simple structures and dual
activity of splicing as well as blocking!®. Ribozymes may
surpass the efficiency of the antisence oligonucleotide and are
considered a promising means of gene therapy!®?23. In this
study, we designed a hammerhead ribozyme targeting hTERT
and cloned the gene encoding the ribozyme for future study of
this ribozyme in the treatment of malignancies.

MATERIALS AND METHODS

Materials

Plasmid vector pPGEMEX-1, X-gal and IPTG were Promega
products. T4 DNA ligase, Klenow fragment and restriction
endonucleases used in this study were purchased from Sino-
America Biotechnology Co.

Design of the hammerhead ribozyme

Using the software RNAstructure 3.6 (mFOLD for windows
version), the full-length telomerase mRNA (GenBank
NM003219) was analyzed and the second structure of
telomerase mRNA was predicted. Since trans-acting
hammerhead ribozymes preferentially recognize and cleave
the GUC sequence, all the fragments containing GUC were
candidate target sequencesfor ribozyme binding and cleavage.
Considering the predicted local conformation near the GUC
triplets and the nucl eotide sequences flanking the GUCs, triplet
GUC located at 1 742 of the hTERT mRNA was chosen asthe
target site of ribozyme. According to the rules of hammerhead
ribozyme design suggested by Haseloff et al®, the ribozyme
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was primarily designed. Then, bimolecular fold between the
ribozyme and substrate RNA was predicted and modification
of the ribozyme sequence was made according to the prediction
to improve the binding between the ribozyme and the substrate.
The hammerhead ribozyme designed was comprised of 39
nucleotides, including 22nt catalytic coreand 17nt (5’ 7nt and
3’ 10nt) flanking antisence sequence. The sequence is 5’ -
TCTCCGTCTGATGAGTCCGTGAGGACGAAACATAAAAGA-
3’ (The underlined are nucleotides complementary to the
substrate).

Synthesis of the ribozyme gene

DNA synthesis was carried out by Shanghai Sangon
Biotechnology Co. LTD. with 3 900 DNA autosynthesis
instrument. The primers used for the ribozyme were asfollows:
5" -CCCAAGCTTCTCCGTCTGATGAGTC-
CGTGAGGACGAAAC-3' (strand A) and 5’ -
GGAATTCATCGATAGATCTTTTATGTTTCGTCCTCA-
3’ (strand B). Twelve nucleotides from the 3' ends of the two
strands were complementary to each other. A Hindll restriction
stewasintroduced intothe5’ end of strand A. And restriction
sitesof Bglll, Claland EcoRIwereintroduced into the5 end of
strand B. Equal molecule of the two strands were mixed and
annealed to form ahemiduplex. The hemiduplex was extended
with Klenow fragment to form full duplexes. Thereaction mixture
contained 50 mM Tris-HCI (pH 7.2),20 mM MgSO,, 0.1 mM
DTT, 0.4 mM dNTP mixture, 4 ng each of thetwo single strand
oligonuclectides, 20 U Klenow fragment in afina volume of 50
m. Thereaction wascarried out at 37 “C for an hour. Thereaction
mixture was extracted with phenol-chloroform and precipitated
with sodium acetate ethanol (Themethodsreferred to Sambrook
et al®),

Cloning of ribozyme gene

The double strand DNA was digested with Hindl1land EcoRI.
The product was electrophoresed in 2 % agrose for purification
followed by eectroglution in adialysis bag for DNA recovery.
The recovered fragment was inserted into the Hindl11/EcoRl
site of plasmid vector pPGEMEX-1 with T4 DNA ligase. E.coli
JIM109 was transformed with the recombinant plasmid and
cultured on a solid medium containing ampicillin, X-gal and
IPTG. Six white colonieswere picked and plasmid was extracted
by alkaline lysis. The plasmid was digested by Hindl1I, Notl,
EcoRI,Bglll, respectively. Endonuclease digestsof plasmid DNA
were analyzed on 1 % agarose. DNA sequencing was carried out
to further confirm the inserted sequence of ribozyme gene (The
methods referred to Sambrook et al').

RESULTS

Selection of cleavage site and design of the ribozyme
Aided by computer prediction of RNA secondary structure,
we selected the triplex GUC situated at 1 742 of the hTERT
MRNA as the cleavage site (Figure 1). The ribozyme could
co-fold with the substrate RNA to form a desired conformation
in computer-aided prediction (Figure 2).

Analysis of the transformants

Six white colonies were picked. All the plasmidswere cleaved
into two fragments (1.0kb+3.0kb) by Bglll. The plasmid from
colony number 6 was digested with Hindll1,Notl and EcoRlI
respectively. The plasmid DNA was linearized by Hindlll or
EcoRI but not by Notl. This result suggested plasmid from
colony number 6 was a correct recombinant (Figure 3,4).

DNA sequencing
The DNA sequencing of the plasmid DNA from colony number

6 confirmed that the ribozyme gene was correctly inserted into
thevector pPGEMEX-1. Thisrecombinant was named pGEMEX-
1-RZ. The diagram of DNA sequencing is shown in Figure 5.
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Figure 1 Predicted second structure of the substrate RNA sur-
rounding the selected cleavage site
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Figure 2 Predicted bimolecular co-fold between the hammer-
head ribozyme and the substrate RNA
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Figure 3 Diagram of the cloning of the hammerhead ribozyme
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Figure 4 Gel analysis of the plasmid containing the ribozyme
gene. Lane 1: 200 bp DNA ladder; lane 2: | DNA/HindlIll
marker; lane 3: pPGEMEX-1-RZ/Bglll; lane 4: pPGEMEX-1-RZ/
Hindlll; lane 5: pPGEMEX-1-RZ/EcoRl; lane 6: pGEMEX-1-RZ/
Notl; lane 7: pPGEMEX-1-RZ

10 20 30 40 50 60
GTCTGATGAGTCCGTGAGGACCAAACATAAAAGATCTATCGATGAATTCCAAGCTTCT

Figure 5 DNA sequencing of ribozyme gene

DISCUSSION

A hammerhead ribozyme is composed of a 22nt or 23nt
catalytic core and the flanking complementary sequences. The
catalytic core determines the cleavage activity of the ribozyme.
And the nucl eotide sequence of the catalytic coreis conserved.
Whereas the flanking sequences determine the recognition
specificity of the ribozyme'?). The catalytic mechanisms of
hammerhead ribozyme and related factors have been
intensively studied?. Hammerhead ribozyme can cleave the
triplet sequence NUH (N is anyone of A, U, C or G, and H
could be C, U or A), but the triplet GUC is most efficiently
cleaved®. The length of complementary sequence also
influencesthe catalytic activity. Short complementary sequence
will decrease the recognition specificity of the ribozyme and
the annealing between ribozyme and substrate. In contrary,
long complementary sequence will influence the dissociation
of ribozyme from the substrate and hence the turnover of the
ribozyme. Commonly, the proper length of each of theflanking
sequence is 6-8ntl%2% although some studies suggested that
longer antisense flanking arms have higher intracellular
cleavage efficacy®=Y, This opinion is also supported by the
estimation that stretches of 11-15 nucleotides define unique
sequencesfor cellular RNAPZ, [t wasreported that asymmetric
ribozymes (longer helixlll, shorter helixl) have higher cleavage
activity than symmetric ribozyme®¥, In this study, we designed
aasymmetric hammerhead ribozyme which had 7nt helixland
10nthdixIlI.

The premise of ribozyme cleavage is the base pairing
between flanking sequence of the ribozyme and the substrate
MRNAZB4, This step is akin to the antisense
oligodeoxyribonucl eotides used for the same purpose. And the
base pairing is determined by the secondary structure of the
target site, Triplet NUH situated in aloop, protruding or linker
of the substrate is advantageous to the annealing between

ribozyme and substrate and then the cleavage of the substrate
RNA by the ribozyme®!. The selection of the cleavage sitesis
most important in the design of ribozymes. Nowadays, two
approaches are available in the selection of the cleavage sites
of ribozymes. One approach is to use in vitro accessibility
assays. The other is to use theoretical prediction, that is,
computer-aided prediction. A number studies aimed to compare
the two approaches in their consistency have suggested that
theoretical prediction is positively correlate with the
intracellular accessibility of the target sitesin mMRNAR7, So
we performed computer-aided analysis of the secondary
structure of the substrate RNA. mFOLD isacommonly used
software for RNA secondary structure™, so we used mFOLD
to predict the secondary structure of hTERT mRNA previous
to designing the ribozyme. We choose 1742 GUC as the
cleavage site of ribozyme in total 57 triplet GUC in hTERT
MRNA. Thereasonsincluded: (1) 1 744 triplet RNA islocated
in coding region of an essential motif of telomerase activity-T
motif, and T motif isuniqueto telomeraseinal kindsof reverse
transcriptase®. (2) 1 742 triplet GUC is situated in arather
large loop of the predicted secondary structure of telomerase
RNA where comparatively more unpaired bases are present
near the cleavage triplet. It was reported this kind of structure
was correlated with the hybridization accessibility for
hammerhead ribozymes®. (3) The sequence surrounding 1742
triplet GUC isrich of adenosine and uridine. It isreported that
for efficient catalytic turnover, the free energy of the ribozyme-
substrate duplex should be lessthan -16 kal/moal, that is, higher
ratio of A+U will be advantageous to the annealing between
ribozyme and substrate’?®. Next, we performed a computer-
aided bimolecular fold prediction between the ribozyme and
the substrate and modified the complementary sequences until
the ribozyme and the substrate can co-fold into a correct
conformation in computer-aided prediction.

Commonly, cloning of short double-strand DNA is carried
out by synthesizing the full-length sense strand and antisense
strand, annealing and then inserting into a cloning vector. In
this study, both the sense strand and antisense strand
synthesized were partial of the ribozyme gene which were 12
nucleotides complementary to each other onthe 3' ends. After
annealing to form ahemiduplex, the hemiduplex was extended
with Klenow fragment to obtain full-length double-strand
DNA. Thereliability of this method is proven by the present
study. The advantages of this method including comparative
simplicity, higher precision and lower cost to synthesize shorter
single-strand DNA.

Since the hammerhead ribozyme geneisonly about 50 bps
inlength, primary analysis of the recombinant relies on PAGE
conventionally. Because PAGE is comparatively complex, in
this study, we introduced Bgllland Clalrestriction sites to the
3’ end of the ribozyme gene for the convenience of restriction
analysis. As shown in figure, correct recombinants can be
linearized by Clalaswell ascleaved into two fragments(1.0kb+3.
Okb) by Bglll. Also, because Notlrestriction sitein pGEMEX-1
had been removed, correct recombinant could not be cleaved
by Notl. Then agarose electrophoresis can be used to analyze
the recombinants. One of the six recombinants selected by this
strategy was sequenced, and the sequence of the inserted
ribozyme gene was confirmed. The result suggests that this
strategy is applicable. The recombinant plasmid pGEMEX-1-
RZ also would be used as an in vitro transcription vector to
test theinvitro cleavage activity of the ribozyme. Therecovered
2.0 kb fragment after Bglll restriction would be used as the
transcription template. The transcribed product would have
two additional nucleotides on the 3’ end of the ribozyme, but
these two additional nucleotides have no influence on the
secondary structure of the ribozyme predicted by computer.

Design and cloning of aribozymes are the essential work of
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studies about ribozymes. In this study, we designed and cloned
theanti-hTERT ribozyme successfully. Next, wewill test thein
vitro cleavage activity of the ribozyme and will investigate the
growth inhibition effect of thisribozyme on colonic tumor cell
lines.
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Abstract

AlIM: To seek for an effective method to improve the immune
responses induced by DNA vaccine expressing HBV surface
antigen (pCR3.1-S) in Balb/c mice (H-29).

METHODS: The pCR3.1-S plasmid and the eukaryotic
expression vectors expressing murine IL-2 (pDOR-IL-2) or
IL-12 (pPWRG3169) were injected into mice subcutaneously.
The immune responses to pCR3.1-S and the adjuvant effect
of the cytokines plasmid were studied. Meanwhile the effect
of pCR3.1-S on anti-translated subcutaneous tumor of P815
mastocytoma cells stably expressing HBsAg (P815-HBV-S)
was also studied. Anti-HBs in serum was detected by enzyme-
linked immunoadsordent assay (ELISA) and HBsAg specific
cytotoxic T lymphocytes (CTLs) activity was measured by 5Cr
release assay. After three weeks of DNA immunization, the
cells of P815-HBV-S were inoculated into mice subcutaneously
and the tumor growth was measured every five days. The
survival rate and living periods of mice were also calculated.

RESULTS: After 8 wk DNA immunization, the A 450 nm
values of sera in mice immunized with pCR3.1, pCR3.1-S
and pCR3.1-S codeliveried with IL-2 or IL-12 plasmids were
0.03+0.01, 1.24+0.10, 1.98+0.17 and 1.67+0.12
respectively. Data in mice codeliveried pCR3.1-S with IL-2
or IL-12 plasmids were significantly higher than that of mice
injected pCR3.1 or pCR3.1-S only. The HBsAg specific CTL
activities in mice coinjected with pCR3.1-S and IL-2 or IL-
12 eukaryotic expression vectors were (61.9+7.1) % and
(73.3+8.8) % , which were significantly higher than that of
mice injected with pCR3.1 (10.1+2.1) % or pCR3.1-S (50.5
16.4) %. The HBsAg specific CTL activities in mice injected
with pCR3.1, pCR3.1-S, pCR3.1-S combined with IL-2 or IL-
12 eukaryotic expression vectors decreased significantly to
(3.2+0.8) %, (10.6£1.4) %, (13.6£1.3) % and (16.942.3)
% respectively after the spleen cells were treated by anti-
CD8* monoclonal antibody, but presented no significant
change to anti-CD4* monoclonal antibody or unrelated to
monoclonal antibody. The HBV-S DNA vaccine (pCR3.1-S)
could evidently inhibit the tumor growth, prolong the survival
period of mice and improve the survival rate of mice and
these effects could be improved by IL-12 gene codeliveried.

CONCLUSION: HBV DNA vaccine has a strong antigenicity
in humoral and cellular immunities, which can be promoted
by plasmid expressing IL-2 or IL-12. CD8+ cells executed

the CTL activities. DNA vaccine may be useful for both
prophylaxis and treatment of HBV infection.

Du DW, Jia ZS, Li GY, Zhou YY. HBV DNA vaccine with adjuvant
cytokines induced specific immune responses against HBV
infection. World J Gastroenterol 2003; 9(1): 108-111
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INTRODUCTION

Many animal models of infectious diseases have been
reported*3 which shows DNA vaccine induced broad range
of protective immunities, including antibodies, CD8'CTL,
CD4'Th cells against challenge with the pathogens, such as
plasmodiumi¥, influenza virus® simplex virug® and HIV-1",
Application of this genetic vaccination approach has been
extended to the treatment of cancers®? as well as allergic
diseased* and autoimmune disease!*d. Because DNA
vaccines can induce weak and short-lived immune responses
in large out-bred animal*?, seeking for an effective way to
promote the immune responses of DNA immunization is an
urgent case. Relying on the knowledge above, we constructed
arecombination vector expressing HBV Sprotein, pCR3.1-S,
to study the possibility of DNA vaccine in controlling and
preventing the HBV infection. In addition, the eukaryotic
expression vectors expressing murine IL-2 or IL-12 were
coimmunized to mice with pCR3.1-S and their effects as
adjuvantsfor immune responseswere also studied. Meanwhile,
we established the HBV-infectious animal model through the
inoculating of the P815-HBV-S and observed the treatment
and preventive effect of pCR3.1-Sto HBV infection in vivo.

MATERIALS AND METHODS

Plasmids, cell lines and mice

Plasmid expressing hepatitis B virus surface antigen (pCR3.1-
S)* was constructed by Prof. Yao ZHQ (in this Department).
Plasmids expressing murine IL-2 (pDOR-IL-2) and IL-12
(PRW1369)* were generous gift from Dr. Feng ZHH(in this
Department). P815 mastocytoma cellswere generous gift from
Dr. Zhao (Department of Pathology, the Fourth Military
Medical University). Female Balb/c (H-2) mice were obtained
from the Center for Experimental Animals of the Fourth
Military Medical University and used at the age of 5-8 weeks.

Transfection and expression of pCR3.1-S in P815

P815 cells were maintained in RPM1 1640 (Sigma) with
10 mL- L-* fetal bovine serum in asix-well tissue culture plate
a 37 C in 5% CO, humidified atmosphere and then transfected
with the pCR3.1-S or the pCR3.1 aone by using lipofectamine
(GIBCO). For each transfection 20 ng of plasmid and 15 niL
of lipofectaminein 0.2 mL of serum free medium were mixed
in tube for 30 minutes. After 0.8 mL of serum-free medium
were added to the tube, the DNA-lipofectamine complexes
were overlaid onto the cells. After incubated 12 hours, the cells
were washed two times with the complete culture medium and
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the medium was replaced with 2 mL of the complete culture
medium. After another 24-48-hour incubation, the cells were
transfered from the culture medium,which was then replaced
by medium contained 300 mg- LG (Promega). Two weeks
later, the Gyg-resistant clones were selected and the expression
of HBsAgwasdetected by using of indirect immunofluorescence
(I'F). The HBsAg expressed cells were designated as P815-
HBV-S and used as the target cellsfor CTL assay.

DNA immunization in mice

Four groups of micewere used, each consisting of 5 micewhich
were immunized with one of thefollowing regimentsin 100 nL.
of sterile saline: (1) 100 ng of pCR3.1-S; (2) mixture of 100 ny
of pCR3.1-S and 100 ng of pDOR-IL-2 (IL-2); (3) mixture of
100 ng of pCR3.1-S and 100 ng of pRW1369 (IL-12); (4) 100
ng of pCR3.1 vector. The mice in the last group served as
negative control. All injections were done intramuscularly into
thelift thigh quadricepsmuscle of miceat O, 2, 4, 6 and 8 weeks.

HBsAg-specific antibody assay

Sera samples were collected by tail bleeding at different times,
beginning at 1 wk after immunization, and the presence of
HBsAg-specific antibody wasanalyzed by ELISA. The ELISA
kitsfor the HBsAg-specific antibody detection were purchased
from Huamei Co. and performed according to the
manufacturer’ sinstructions.

CTL assay

Spleen cellsof micewere segregated 8 weeksafter immunization
and the CTL activities were measured by 5'Cr rel eases assay.
N&tCrO, was purchased from Dubang Co. Target cells (1x10°)
were labeled with 3.7MBq radiol abeled sodium chromate. The
assays were performed in triplicate with 1x10°targets/well at
various effector cell/target cell (E:T) ratios of 100:1. Results
were expressed according to the formula: % specific lysis=
(experimental rel ease-spontaneousrelease)/(maximum rel ease-
spontaneousrelease). Experimental rel ease representsthe mean
count per-minute released by target cellsin the presence of
effector cells. Maximum release represents the radioactivity
released after lysis of target cellswith 50 g- L* Triton X-100.
Spontaneous rel ease represents the radioactivity present in
medium derived from target cells aone.

Blocking of CTL response by monoclonal antibodies

At the effector cell/target cell ratio of 100:1, CTL assayswere
performed in the presence of 10 mg- L* of anti-CD4* or anti-
CD8* monoclonal antibody added to the spleen cellsin 96-
well plates. As acontrol an unrelated antibody was added to
the spleen cells. The monoclonal antibodies to mouse CD4+
or CD8+ cell were purchased from Sigma Chemical Co.

DNA vaccine against subcutaneous translated tumor

Four groups of mice were used, each consisting of 5 mice
immunized with one of the following regimentsin 100 ni of
sterile saline: (1) 100 ng of pCR3.1-S;(2) mixture of 100 ny
of pCR3.1-S and 100 ng of pRW1369 (IL-12). (3) 100 ny of
pCR3.1; one group of micewithout immunization. Three weeks
after DNA immunization,cellsof P815-HBV-Swereinocul ated
into mice by subcutaneousinjection in abdomen. The growing
tumors were measured every five days with a calipers using
average diameter. The survival period of mice was observed
and the survival rate of mice was calculated.

Statistical analysis

Datawere reported as x+s and were analyzed by professional
statistical computer software SPSS. Significance was set
at P<0.05.

RESULTS

Codelivery of cytokines gene augmented the titer of antibody
induced by pCR3.1-S

The pCR3.1-S showed a strong antigenicity in humoral
immunity and the anti-HBsAg could be detected in sera of
mice after pCR3.1-S vaccination. The serum titres of anti-
HBsAg in mice increased with the times of immunizationin a
period of time. The titres of anti-HBsA(g in sera of mice were
significantly promoted by genes expressed murine IL-2 or IL-
12, especialy by IL-2 gene (Figure 1).
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Figure 1 Serum anti-HBsAg level of Balb/c mice. °P<0.01 vs
pCR3.1;2P<0.05 vs pCR3.1-S

Cytokines gene effected on the CTL activity induced by pCR3.1-S
The HBsAQ specific CTL activitieswere developed in the mice
after pCR3.1-S immunization. The CTL activities were
augmented by coimmunized with IL-2 or IL-12 gene. Themice
immunized with pCR3.1 alone did not elicited detectable
HBsAg specific CTL activities. IL-12 was more effective than
IL-2in promoting the HBsAQ specific CTL activities. TheCTL
activity was blocked by anti-CD8 monoclonal antibody but
not by anti-CD4* monoclonal antibody or unrelated antibody
(Table 1). Taken together, these results indicated that the CTL
activity induced by pCR3.1-Sin vivo was executed by cells
expressing CD8"/CD4 surface phenotype and the CTL activity
could be enhanced or suppressed depending on the cytokines
gene expressed.

Table 1 The effect of cytokines gene on CTL activity induced
by pCR3.1-S (n=5; xts %)

mAb
Group Untreated
Unrelated Anti-CD4* Anti-CD8*
pCR3.1 10.1+2.1 10.7+1.9 9.741.2 3.2+0.8
pCR3.1-S 50.5+6.4 49.746.1 48.3+5.9 10.6+1.4
pCR3.1-S+IL-2 61.9+7.1 62.0+6.8 56.2+7.5 13.5+1.9
pCR3.1-S+IL-12  73.3+8.8 69.9+7.6 75.619.1 16.9+2.3

®P<0.01 vs unrelated mAb or CD,* mAb

DNA vaccine inhibits the formation of subcutaneous
translating tumor derived from P815-HBV-S

After inoculated with P815-HBV-S, al five micewith or without
pCR3.1 (100 %) formed the tumor. The rate of tumor formation
was 20 % (1/5) in mice immunized with pCR3.1-S and there
was no tumor formed in mice coimmunized with pCR3.1-Sand
IL-12. Thesurvival rate of miceimmunized with pCR3.1-Salong
or coimmunized with IL-12 increased significantly (Figure 2)
and the tumor growth was evidently slower than that of mice
immunized with or without pCR3.1 (Figure 3).
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Figure 3 Growth curve of subcutaneous translating tumor in
different group of mice. °P<0.01 vs pCR3.1;2P<0.05 vs pCR3.1-S

DISCUSSION

HBV infection is very common in Chind*#. |t is estimated
that approximately 130 million peoplein the world isinfected
by hepatitis B virus (HBV). These people are at risk of
developing chronic hepatitis leading to liver cirrhosis and
hepatocellular carcinoma. Up to now, vaccination isamain
way in prevention(2+31,

It has been suggested that the MHC class|1 and | restricted
T cell responsesto the virus are relatively weak during chronic
HBV infection?® and there are no specific therapies to cope
with it. DNA vaccine containsthe gene for an antigenic portion
of apathogen, such asthe core or the envelope protein, usually
under the transcriptional control of aviral promoter%, |n
DNA-based vaccination, immunogenic proteins are expressed
in transfected cells of the vaccine recipients in their native
conformation with correct post-trans ational modifications
from antigen-encoding expression plasmid DNA in vivo. This
ensurestheintegrity of antibody-defined epitopes and supports
the generation of protective antibody. DNA vaccination is
furthermore an exceptiona ly potent strategy to stimulate CD8+
cytotoxic T lymphocyte (CTL) responses because antigenic
peptides are efficiently generated by endogenous processing
of intracellular protein antigen(sY.

The results of our experiment indicate that the plasmids
expressing either IL-2 or IL-12 can enhance the specific
humoral and cellular immune responses against HBV infection
elicited by pCR3.1-Sin mice. The former mainly enhances
the level of the HBsAg specific antibody and the latter mainly
enhances the HBsAg specific CTL activity.

IL-2 can enhance the immune responses through promoting
proliferation and differentiation of B cells and the antibody
development. The proliferation and activation of many kinds
of T-cells and the production of various cytokins can also be
promoted and stimulated by IL-2. The effect of IL-2 enhancing
the level of antibody may be related to its ability to induce the

increase of the Thl cells but not Th2 cells. This can increase
IgG2atype of antibody and lead to the increase of the total
level of the antibody subsequently®>34. |L-12 is so far the most
potent cytokine with the widest scope of modulation of immune
responses. The immune responses can be modulated by 1L-12
promoting the production of Thl type T cells and secretion of
other cytokines, stimulating the polarization and proliferation
of T cells and through promoting the maturity of CTL cells
and LAK cells. All of these can enhance the ability of the host
to kill and eliminate pathogens. The adjuvanticitities of
cytokines were also observed by otherg?532%8l,

The situationsin vivo are different from that in vitro after
al. In order to search the preventive and therapeutical effects
of HBV DNA vaccine to the HBV infection in vivo, we serve
the mouse injected with P815-HBV-S cells subcutaneoudly for
an animal model of HBV infection. The preventive and
therapeutical effects of pCR3.1-S on HBV infectious animal
moded were investigated by observing the inhibiting effects of
pCR3.1-S on the neoplasia of P815-HBV-S cells inoculated
by subcutaneousinjection. The result indicates that the pCR3.
1-S can reduce the formative rate of the subcutaneous
translating tumor significantly, inhibit the growth of tumor,
prolong the living periods and promote the survival rate of
mice injected with the P815-HBV-S cells. Maybe all of these
relate to the specific killing effect of CTLs to P815-HBV-S
cellsinduced by DNA vaccine. Furthermore, these effects of
pCR3.1-S can be enhanced obvioudly by IL-12 gene as shown
in the experiment. The therapeutic potential of DNA-based
immunization for the chronic HBV carrier states has also been
demonstrated in a transgenic mouse model®. This mode of
immuni zation has been shown to successfully eliminate HBsAg
in circulation.

These features of DNA-based immunization make it an
atractive strategy for prophylactic and therapeutic vaccination
against extra- and intracellular pathogens. Recently, DNA
vaccines induced the specific humoral®® and cellulart®*-44
immune responses were observed in human experiments. The
results of these experiments suggest that DNA vaccine might
be a potential therapy for chronic HBV infection.
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Abstract

AlM: To establish a mice model harboring hepatitis B virus
x gene (adr subtype) for studying the function of hepatitis B
virus X protein, a transactivator of viral and cellular promoter/
enhancer elements.

METHODS: Expression vector pcDNA3-HBX, containing CMV
promoter and hepatitis B virus x gene open reading fragment,
was constructed by recombination DNA technique. Hela cells
were cultured in DMEM and transfected with pcDNA3-HBx
or control pcDNA3 plasmids using FUGENE6 Transfection
Reagent. Expression of pcDNA3-HBx vectors in the
transfected Hela cells was confirmed by Western blotting.
After restriction endonuclease digestion, the coding elements
were microinjected into male pronuclei of mice zygotes. The
pups were evaluated by multiplex polymerase chain reaction
(PCR) at genomic DNA level. The x gene transgenic mice
founders were confirmed at protein level by Western blotting,
immunohistochemistry and immunogold transmission
electron microscopy.

RESULTS: Expression vector pcDNA3-HBx was constructed
by recombination DNA technique and identified right by
restriction endonuclease digestion and DNA direct
sequencing. With Western blotting, hepatitis X protein was
detected in Hela cells transfected with pcDNA3-HBx plasmids,
suggesting pcDNA3-HBx plasmids could express in eukaryotic
cells. Following microinjection of coding sequence of
pcDNA3-HBx, the embryos were transferred to oviducts of
psedopregnant females. Four pups were born and survived.
Two of them were verified to have the HBx gene integrated
in their genomic DNA by multiplex PCR assay, and named
C57-TgN(HBx)SMMU1 and C57-TgN(HBx)SMMU3
respectively. They expressed 17KD X protein in liver tissue
by Western blotting assay. With the immunohistochemistry,
X protein was detected mainly in hepatocytes cytoplasm of
transgenic mice, which was furthermore confirmed by
immunogold transmission electon microscopy.

CONCLUSION: We have constructed the expression vector
pcDNA3-HBx that can be used to study the function of HBx
gene in eukaryotic cells in vitro. We also established HBx

gene (adr subtype) transgenic mice named C57-TgN (HBX)
SMMU harboring HBx gene in their genome and express X
protein in hepatocytes, Which might be a valuable animal
system for studying the roles of HBx gene in hepatitis B virus
life cycle and development of hepatocellular carcinoma in vivo.

Xiong J, Yao YC, Zi XY, Li JX, Wang XM, Ye XT, Zhao SM, Yan
YB, Yu HY, Hu YP. Expression of hepatitis B virus X protein in
transgenic mice. World J Gastroenterol 2003; 9(1): 112-116
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INTRODUCTION

Human hepatitis B virus (HBV) is the prototype for afamily
of viruses, referred to as Hepadnaviridag™Z. It has at least 4
subtypes, ayw, adr, ayr, and adw, among which adr isthe most
prevailing subtype in China. The complete genomic DNA of
subtype adr has been cloned and demonstrated only 3.2kbp in
length, andwhich isdifferent from the other 3 subtypesin DNA
and protein sequence®. HBV genome has 4 open reading
frames (ORFs), including envelope genes coding region (pre-
sl, pre-s2 and s gene coding region), precore (pc) gene and
core(c) gene coding region, polymerase (p) gene coding region,
X gene coding region(*9,

Chronic HBV infection is associated with a high incidence
of liver disease, including hepatocellular carcinoma (HCC)"9.
Based on epidemiologic studies involving chronic HBV
infection, it is estimated that the relative risk of developing
HCC for HBV carriers may be 100- to 200-fold higher than
that for non-carriers. It is proposed that the role of HBV played
in HCC predisposition is modifying host gene regulation.
Integration of viral DNA into the host genome can mediate
host gene deregulation by a variety of mechanismg®, X
protein may alter host gene expression leading to the
development of HCC4., |t has been demonstrated that X protein
isatransactivator of a variety of viral and cellular promoter/
enhancer elements and can mediate the activation of signal
transduction pathways. Besides, it may affect DNA repair, cell
cycle control, and apoptosis*”?. Itisnow clear that X-defective
virus is unable to initiate infection in vivo. However, the
physiological role of X protein during the course of an infection
remains amajor issue unresolved in hepadnavirus biol ogy®27,

To explore the function of HBx gene in vivo, we generated
transgenic mice harboring HBx gene from subtype adr by
microinjection method, in which HBx gene could be expressed.
This model might be valuable for the study of HBx biology
and its associated biomedical issuesin vivo.

MATERIALS AND METHODS

Reagents, antibodies, cells and animals

Restriction Endonucleases and T, DNA ligase were obtained
from Promega Co. (USA). The mouse monoclonal antibody
against X protein was purchased from DAKO (USA). Sheep
anti mouse 1gG-HRP was obtained from CALBIOCHEM
(Germany). Gd extraction kit was purchasefrom QIAGEN. Hela
cells were preserved in our laboratory. C57BL/6 mice were
maintained in our Transgenic Animal Laboratory (SPF level).
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Plasmid constructions

Plasmids pBR322-HBV (containing two tandem copies of the
HBV genome of adr subtype) and pcDNA3 (containing CMV
promoter) were preserved in our laboratory. Expression
plasmid pcDNA3.1 (containing CMV promoter) was
generously provided by Dr. Yu Hong-Y u. An 0.894-Kilobase
pair DNA fragment containing HBx gene was isolated by gel
extraction from plasmid pBR322-HBV after Hindll1 and Bglll
restriction digest. The fragment was then subcloned into
plasmid pcDNA3.1 that has been digested by Hindlll and
BamH]I to yield intermediate plasmid pcDNA3.1-HBx, which
was employed as a template for polymerase chain reaction
(PCR) amplification of the HBx coding fragments. The primers
(A:5 -ACACA AGCTT CATAT GGCTG CTCGG G-3', B:
5 -CATGA ATTCT AGATG ATTAG GCAGA GGTG-3')
were synthesized by Sangon Co. (Shanghai). Thirty five cycles
of amplification were donein atotal volume of 50 m with an
annealing temperature of 58 ‘C. PCR product and pcDNA3
were isolated after Hindlll and Xbal digestion. After ligation,
the plasmid of pcDNA3-HBx was confirmed by restriction
endonucleases digestion and direct DNA sequencing.

Cell culture and DNA transfection

Helacellswere culturedin DMEM (Gibco) supplemented with
10 % FCS (Gibco) to confluence. Cells at 50 % confluency
were transfected with pcDNA3-HBXx or contol pcDNA3
plasmids using FUGENES Transfection Reagent (Roche) with
atotal of 1 ug of DNA per 3.5-cm plate of cells. Selectionin
medium containing geneticin (G418; Gibco) at aconcentration
of 500 mg/ml was started 48 hours|ater. After 2 weeks selection,
positive clones that were named Hela-HBx were isolated and
further expanded.

Assay pcDNA3-HBXx expression in hela cells

Hela-HBx cells cultured in 10-cm dishes were rinsed with
phosphate-buffered saline (pH7.4) three times and collected
in a microcentrifig tube by trypsinzation. Cells were lysed
with lysis bufferl*8l, Supernatants were then diluted 5 times
with phosphate-buffered saline (pH7.4) to assay the
expression of the transfected pcDNA3-HBx vectorsin Hela
cells by Western blotting.

Microinjection and production of HBx transgenic mice

The pcDNA3-HBx plasmid was digested by Sal | and purified
by gel extraction (Qiagen gel extraction kit). Purified coding
fragment containing CMV promoter and HBx ORF were
dissolved in TE buffer (10 mM Tris-HCI, 0.2 mM EDTA,
pH7.5) at afinal concentration of 2 ug/L (-4 000 copies/pl)
and microinjected into zygotes. Microinjection and embryo
manipul ation were performed according to standard protocols.

Analysis of HBx gene integration

Genomic DNA was extracted from tail tissue of pups mice or
normal mouse and dissolved in TE buffer. It was used for PCR
assays to identify founders of transgenic mice with HBx gene.
In order to set an internal control of the efficiency of PCR
amplification, we developed a multiplex PCR, using two sets
of primers to amplify the HBx gene and the autosomal 1L3
genein the same reaction tube?2%, PCR reaction was performed
using 1 n of dissolved DNA, 0.2 mm HBx gene specific primers
(C:5 -GGACG TCCTT TGTCT ACGTCCCGTC-3 ,D:5' -
CCTAA TCTCC TCCCC CAACT CCTCC-3', synthesized by
Sangon Co. /Shanghai), and 0.1 nm IL3 gene specific primers
(E: 5 -GGGAC TCCAA GCTTCAATCA-3 ,F: 5 -TGGAG
GAGGA AGAAA AGCAA-3', synthesized by Sangon Co. /
Shanghai) in atotal volume of 50 m according to the cycling
program: 94 °C, 40 s, 61 C, 40, 72 'C, 60 s; 35 cycles.

Analysis of HBx gene expression in transgenic mices
Western blotting Liver samples were obtained from the
transgenic mice with HBx gene and normal C57BL/6 mice.
Specimens (approximately 100 mg) were homogenized in a
screw-capped 1.5 ml microcentrifage tube and lyzed in lysis
buffer (0.5 % Nonidet P-40, 10 mM Tris (pH7.4), 150 mM
NaCl, 1 mM EDTA and 1 mM phenylmethanesulfonyl fluorid).
100 mg lysate was separated via 15 % SDS-polyacrylamide
gel electrophoresis with Tris-Glycine buffer (pH8.3). One
electrophoresis gel was stained with commassie brilliant blue
R-250, and another was blotted to nitorcellulose filter. After
blocked with 50 g/L defatted milk, the filter was incubated
with X protein mouse monoclona antibody for 40 minat 37 C,
then washed with TBS (three times, 15 min each time) and
incubated with HRP-conjugated sheep anti-mouse 1gG for
30 min at 37 °C. Finally, the filter was incubated with
peroxidase substrate solution Diaminobenzidine (DAB) for
5 min to visualize the positive bands.
Immunohistochemistry analysis Hepatic tissue sampleswere
fixed in 10 % neutral buffered formalin, paraffin-embedded
and sectioned. Briefly paraffin-embedded sections were
blocked with 3 % hydrogen peroxide (H,0,) for 10 minat 37 C
and washed with PBS. Subsequently, the sections were
incubated in the X protein mouse monoclonal antibody (diluted
1:100) for 2hr at 37 °C. After washing with PBS, the sections
were incubated in horseradish peroxidase-labeled sheep anti
mouse 1gG (diluted 1:50) for 40 min at 37 C. Washed with
PBS three times, the sections were subjected to color reaction
with 0.02 % 3, 3-diaminobenzidine tetrahydrochloride
containing 0.005 % H,O, in PBS and counterstained with
hematoxylin lightly.

Immunogold transmission electron microscopy The
immunohistochemical X protein-positive mouse liver tissue
was sdlected to be cut into small pieces (0.1 cmin diameter) and
fixed first in 2 % paraformaldehyde and 0.5 % glularaldehyde
mixture buffer for 2hr at 4 °C, washed three times with PBS,
acted upon by 0.25 % Triton X-100 for 10 min. After being
blocked with blocking buffter, the pieceswere incubated with
X protien mouse monoclonal antibody over night at 4 C,
washed with TBS and incubated with avidin-gold (15 nm) for
2hr at room temperature; then postfixed in 1 % osmiam
tetroxide for 1hr at room temperature, dehydrated in gradient
ethanol and embedded in epoxy resin. The sections were cut
on an LKB Ultralome I11, mounted on copper grids, stained
with uranyl acetate and led citrate, and examined by
transmission electron mocroscopy.

RESULTS

pcDNA3-HBXx vector construction and expression in Hela cells
A 0.465kb HBx gene was amplificated from HBV genomic
DNA and subcloned into the expression vector pcDNA3, with
which the pcDNA3-HBx was constructed. The sequence of
HBx gene in the plasmid was coincident with that reported
befoer®, as identified by restriction endonucleases digestion
and confined by DNA direct sequencing. After purification
by gel extraction, pcDNA3-HBx plasmids were transfected into
Hela cells. Positive clones, Hela-HBX cells were isolated by
(G418 selection. With Western blotting, hepatitis X protein was
detected in Hela cells, suggesting pcDNA3-HBXx plasmids
expressed in eukaryotic cells (Figure 1).

Production of transgenic mice

The pcDNA3-HBx plasmid was digested by Sal | and target
fragments containing CMV promoter and HBx ORF were
purified by gel extraction. Target fragments then were
microinjected into male pronuclei of zygotes from C57BL/6
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mice. 45 zygotes were microopreated. 41 microinjected eggs
were implanted into oviducts of 3 pseudopregnant recipient
mice, and 4 pups were born and survived. The born rate was
11 %. By multiplex PCR screening, two of the pups were
identified to harbour HBx genein their genomic DNA, named
C57-TgN HMU1 and C57-TgN(HBX)SMMU3 (Figure 2).

Figure 1 Detected hepatitis X protein expression in transfected
Hela cells. M;17 000 X protein was detected in Hela-HBx cells.
Lanel: control cells; Lane 2: Hela-HBXx cells.

1 2 3 4

< 544bp
< 346bp

Figure 2 Analysis of HBx gene integration in transgenic mice
by PCR. 544 bp IL3 gene fragment and 346 bp fragment were
amplified with positive and negative primers. Lane 1: 100 bp
ladder Marker; Lane 2: C57-TgN (HBx) SMMUL1 transgenic
mice; Lane3: C57-TgN(HBx)SMMUS3 transgenic mice; Lane 4:
normal C57BL/6 mice.

Expression of HBx gene in transgenic mouse

To detect the expression of hepatitis X protein in transgenic
mice, liver samples were obtained from C57-TgN(HBX)
SMMU1 mice and normal C57BL/6 mice. Specimens were
homogenized and lyzed in lysisbuffer. 100 mg lysate was used
to assay HBX protein. A component of relative molecular mass
17 000 befitting the X protein was specifically detected with
anti X protein monoantibody by Western blotting (Figure 3A),
suggesting the transgenic mice with HBx gene could express
X protein in the liver tissue. The distribution of X proteinin
hepacytes was determined by immunohistochemisty and
immunogold electron microscopy, which revealed that X
protein wasmainly distributed in hepatocytic cytoplasma, little
on plasm membrane and in nucleus (Figure 3B-3D).

DISCUSSION

Transgenic mice are the valueble animal modelsto study the
functions of genes®®. Although transgenic mice containing
different HBV genes, including the entire viral genome, have
been established and analysed before, there is little evidence
to suggest that the virus plays a direct role in inducing
hepatocellular carcinomal®-#1, Hepatitis X protein is essential
for HBV genes expression and replication!“>4l, n vitro, X
protein exhibits aplethoraof activities. From cell culture studies,
itisbelieved that X protein can activate the transcription of host
genes, including the major histocompatibility complex and c-
myc, aswell asviral genes. Aside from the transactivation of
many promoters, the other activitieslinked to X proteininclude

;:1
Ll

Figure 3 Expression of HBx gene in transgenic mice. (A) West-
ern blot analysis of HBx gene expression in liver tissue from
transgenic mouse. M, 17 000 X protein was detected with X
protein mouse monoclonal antibody; Lane 1: C57-TgN(HBXx)
SMMUL transgenic mice; Lane 2: normal C57BL/6 mice; (B):
HBx gene expression mainly in hepatocytes cytoplasm of C57-
TgN(HBx)SMMUL transgenic mice demonstrated by immuno-
histochemistry (x132). (C, D) HBx gene Expression in hepaticyte
cytoplasm of C57-TgN (HBx) SMMUL1 transgenic mice detected
by immunogold electron microscopy (arrows) 3C: x20 000;
3D: x40 000.

stimulation of signal transduction and binding, to various
degrees, to well-known protein targets such as p53, proteasome
subunit, and UV-damaged DNA binding protein*+58,
However, the role of HBx gene in the course of HBV
infection and in inducing HCC is unknown. In the present
study, we constructed an HBx gene (adr subtype) expression
vector pcDNA3-HBx containing CMV promoter and HBx gene
ORF. By Western blotting, we found that it could express X
protein in eukaryotic cells. pcDNA3-HBx may be a useful
vector to study theroleof X protein and explore the machansim
of transactivation in vitro. We also generated two founders of
transgenic mice with HBx gene(adr subtype) by microinjections,
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named C57-TgN(HBX)SMMUL1 and C57-TgN(HBX)SMMU3,
which harboured HBx genein their genomic DNA. The birth
rate of the pups was lower than that of other transgenic mice,
including entire hepatitis viral genome transgenic mice. This
indicated that X protein was probably involved in some phases
of development. The hepatitis X protein was expressed in the
liver tissue of transgenic mice and distributed mainly in
hepacytes cytoplasm by Western blotting, immunohi stochemi sty
and immunogold electron microscopy, which suggested that
the transgenic mice could be an important tool in studying the
function of HBx gene in vivo. Besides, we also developed a
multiplex PCR to rapidly and accurately screen the transgenic
mice with HBx gene. This method, using an optimized ratio of
primer pairs, alowsfor the detection of HBx genein transgenic
mice, which can not only amplificate target genes, but also
show its amplification efficiency.

In conclusion, we have established HBx (adr subtype)
transgenic mice asamodel systerm for defining the function of
HBx gene (adr subtype) and the role of X protein in the virus
life cycle and HCC. And the multiplex PCR is arapidly and
accurately method to detect the transgenic mice with HBx gene.
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Abstract

AIM: Chronic hepatitis B is a serious health problem.
Interferon has long been used to treat Chronic hepatitis B.
To evaluate the effects of interferon on chronic hepatitis B
better, we designed the study to investigate the changes in
sera and liver histology of patients with chronic hepatitis B
after interferon alpha-2b treatment.

METHODS: Twenty-four patients with chronic hepatitis B
were enrolled in this study. They all received interferon alpha-
2b treatment as following: 3 million units, i.m.. t.i.w., for 18
weeks. Sera of all patients were obtained respectively for
evaluation of ALT, HBsAg, HBcAg, HBeAg, HBV DNA and
TIMP-1 before and after interferon treatment, also a liver
biopsy pre- and post-treatment was performed for
comparison of HAI, HBsAg, HBcAg, HBeAg, TIMP-1 and
activated HSC in the liver tissue.

RESULTS: Patients who had normalization of serum ALT
and seroconversion of HBeAg and/or HBV DNA (blot
hybridization) after treatment were defined as responders.
The response rate in this study group was 37.5 % (7/24).
Compared to pretreatment, the serum HBV DNA and TIMP-
1 decreased significantly (P<0.05), so did the HAI, HBcAg,
HBeAg, TIMP-1 and activated HSC (P<0.05).

CONCLUSION: The significant decrease in HBV DNA in
sera, the seroconversion of HBeAg, and the decrease of
viral expression in liver indicated that interferon alpha-2b
treatment can inhibit viral replication. The normalization of
ALT in sera and the improvement of HAI in liver showed
that interferon alpha-2b can improve the liver histology of
patients with chronic hepatitis B. At the same time, interferon
alpha-2b treatment can reduce the TIMP-1 in serum and
liver and decrease the number of activated HSC, which may
allievate or inhibit hepatic fibrosis. Although the response
rate was unsatisfactory, interferon play a benefical role on
patients with chronic hepatitis B in other respects. We still
need further studies to improve the therapy effects.

Han HL, Lang ZW. Changes in serum and histology of patients
with chronic hepatitis B after interferon alpha-2b treatment.
World J Gastroenterol 2003; 9(1): 117-121

http://www.wjgnet.com/1007-9327/9/117.htm

INTRODUCTION

Chronic hepatitis B is a serious problem threatening public
health, especially in our country. Interferon has been used to
treat it for along time. It has been proved that after interferon

treatment, the response rate in patients with chronic hepatits B
is about 30-50 %, with normalization of ALT, seroconversion
of HBeAg and HBV DNA and improvement of liver HAI1Y,
However, the effects on hepatic fibrosis and viral antigen in
liver tissue have been seldom reported. In this study, we
evauated mainly the effects of interferon treatment on some
indexes of seraand liver histology.

MATERIALS AND METHODS

Materials

Patients Twenty-four patients were enrolled in this study. Of
these, 21 were male, 3 were female. The mean age was 38.4.
All patients had moderately elevated serum ALT. All patients
were negative for hepatitis C and D. None had alcoholic liver
disease, autoimmune or drug-induced liver disease, no patients
had received antiviral or immunomodulatory therapy. Informed
consent was obtained from each patient before the study. All
patients were treated with recombinant IFN-a-2b 3MU thrice
aweek for 18 weeks (The IFN-a-2b was a product of Anke
Company of biological technic of Anhui Province). Liver
biopsy was performed in each patient before and after IFN
treatment and serum specimenswere obtained at the sametime.
Response to IFN-a-2b treatment Patients who had
normalization of serum ALT and seroconversion of HBeAg
and/or HBV DNA (blot hybridization) after treatment were
defined as responders, while those with negative result were
taken as non-responders.

Methods

Assay for serum HBV, HCV, CMV and EBV markers All
markers were measured by using the enzyme linked
immunosorbent assay (ELISA). Antibodies to HBsA(g, anti-
HBs, HBeAg, anti-HBe, anti-HBc-IgM, anti-HBc-1gG, anti-
HCV-IgG and anti-HCV-1gM were products of American
Abbott Company. Anti-CMV-1gG and anti-EBV-1gG were
purchased from Italian Deyi Company. The reagentsfor HBV
DNA blot hybridization were products of Yuanli Reagent
Company of Shanghai Medical University.

Quantitative PCR of serum HBV DNA Blood sampleswere
obtained under fasting conditions before and after the IFN
treatment. All sera were stored at -40 °C until assay.
Quantitative polymerized chain reaction (PCR) of HBV DNA
was performed as the method introduced by American
Biotronics Company!?. The logarithms of the HBV DNA
levels were statistically analyzed.

Assay for serum TIMP-1 Serum TIMP-1 was evaluated by
using sandwich method of ELISA. Multiclonal antibody to
TIMP-1 was bought from Beijing Zhongshan Biological
Company, while monoclonal antibody to TIMP-1 was from
Fujian Maxim Biologcal Company. Other reagentsfor ELISA
were purchased from Beijing Zhongshan Biological Company.
Histological analysis Liver specimens were graded by 2
pathologists blinded to the response to treatment, using the
histological activity index (HAI) described by Knodel I3,
Assay for viral antigenin liver Expression of HBsAg, HBcAg
and HBeAg in liver were eval uated using immunohistochemical
S-P method. S-P kit was produced by Fujian Maxim Biologcal
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Company. The procedures were performed according to the
kit instruction. Expression of viral antigen in the liver was
evaluated by semi-quantitative scoring system refering to the
method introduced by Lindh*4, Based on the ratio of positive
cells, the score was 0-3 respectively, corresponding to the
positivity in 0 %, 1-20 %, 20-50 %, and more than 50 % of
hepatocytes examined.

Liver fibrosis (1) Using a-smooth muscle actin (a-SMA) as
amarker of activated hepatic stellate cell (HSC), the changes
of activated HSC in the liver were analysed. (2) The expression
of TIMP-1 in the liver was also investigated by using
immunohistochemical method. The reagentsfor both HSC and
TIMP-1 were bought from Fujian Maxim Biologcal Company.
Scoring systems were the same as that for viral antigens.

Statistical analysis

All statistics were performed by using statistical procedure of
socia science (SPSS), including chi-squaretest and Wilcoson' s
rank sum test. The probability values less than 5 % were
considered significant.

RESULTS

Responders and non-responders

After interferon treatment, 7/24 (37.5 %) of patients were
responderswho had normalization of ALT and seroconversion
of HBeAg and/or HBV DNA. The other 15 (62.5%) patients
were non-responders.

Changes in serum level of HBV DNA

The average logarithm of serum HBV DNA before interferon
treatment was 8.20+0.60 m, which changed to 7.21+1.14 after
treatment (Table 1 and Figure 1).Compared to pretreatment, the
serum level of HBV DNA decreased significantly (P<0.05).
Moreover, the decrease of serum HBV DNA level of responders
was significant (P<0.05).

Table 1 Changes of serum HBV DNA of patients with chronic
hepatitis B (Logarithm of the value expressed by copy/ml) (X+s)

responders non-responders all patients
(n=9) (n=15) (n=24)
pretreatment ~ 8.52+0.39 8.00+0.64 8.20+0.60
post-treatment  7.24+0.83 7.1610.14 7.21+1.14
P value P=0.028 P=0.051 P=0.002
10
9 L
8 L
7
6}
51
4 1 1
B A

Figure 1 Changes of the logarithm value of serum HBY DNA
of patients with chronic hepatitis B (B: before IFN treatment;
A: after IFN treatment)

Changes in serum TIMP-1
Because of limited samples, only the serum TIMP-1 of 13

patients (4 responders and 9 non-responders) were evaluated.
After the IFN treatment was completed, the optical density (OD)
values of serum TIMP-1 of 10/13 (76.9 %) of patientsdecreased.
Compared to pretreatment, the decrease was significant
(pretreatment 0.481+0.199, post-treatment 0.367+0.210, P<0.05)
(Figure 2), regardless of the responders or non-responders.

O pretreatment W post-treatment

The optical density of serum TIMP-1

1 2 3 4 5 6 7 8 9

Case

10 11 12 13

Figure 2 Changes of OD value of serum TIMP-1 of patients
with chronic hepatitis B

Changes in HAI

Before IFN treatment, there was no significant difference of the
HAI between the responders and non-responders (P>0.05). After
treatment, the HAI of patients decreased markedly (P<0.05),
especidly the necrosis and intralobular inflammation (P<0.05),
but not the portal inflammation and fibrosis (P>0.05). The
changes of HAI of responders was significant (P<0.05), while
that of non-responderswas insignificant (P>0.05). (Table 2).

Table 2 Changes of HAI of patients with chronic hepatitis B (X+s)

responders (n=9) nonresponders (n=15) all patients (n=24)

pre- post- pre- post- pre- post-
treatment  treatment treatment  treatment  treatment  treatment

necrosis  2.57+1.51 2.14+#1.21 2.82+0.98 1.91+1.04 2.72+1.18* 2.06+1.11

lob.inf.  3.29+0.49* 1.57+0.98 2.67+0.82 2.36x0.92 2.72+0.892 1.78+1.00

portal inf. 3.00£1.00 2.29+1.25 2.32+0.96 2.09+0.94 2.58+1.00 2.39+0.98

necrosis  1.71+1.25 1.57+#1.13 1.91#1.14 1.36£1.12 1.82+1.15 1.44+1.10

HAI 10.57+3.6°  7.57+4.12 9.41+3.04 7.45+3.11 9.86%3.22° 7.78+3.30

2P<0.05

Viral antigens in liver
In the liver, HBSAQ was expresssed in the following pattern:
membranous, submembranous, cytoplasmic or inclusion body.
Inthisstudy, before IFN treatment, HBsAg was mainly located
in the cytoplasma of hepatocytes, and was positive in 22/24
(91.7 %). The positivity of HBSAg in the liver of responders
was not considerably different from that of non-responders
(P>0.05). After IFN treatment, 17 patientswere found to have
HBsA(g expression in the liver, which was not significantly
different from that of pretreatment (pretreatment 1.50+1.79,
post-treatment 1.11+0.83, P>0.05), regardless of responders
or non-responders (Responders: pretreatment 1.33+0.52, post-
treatment 1.17+0.75, P>0.05; Non-responders: pretreatment
1.50+0.80, post-treatment 1.08+0.90, P>0.05). The location
of HBsAg switched from a diffuse cytoplasmic pattern to a
membranous and/or sub membranous pattern.

HBcAg can be mainly detected in hepatocyte nucleus and
cytoplasm (Figure 3). HBCAg expression was positive in 20/
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24 (83.3 %). There was no significant difference between
HBCcAg expression in the liver of the responders and non-
responders (P>0.05). However 12/20 (60 %) of patientswere
found to have a decrease in HBCAg expression in liver after
IFN treatment, and the location of HBcAg changed to nucleic
pattern mostly. Statistics showed that HBCAg expression in
the liver declined significantly, Compared to pretreatment
(pretreatment 1.28+0.75, post-treatment 0.61+0.85, P<0.05).
The decrease in the responders was marked, but not that in the
non-responders (Responders: pretreatment 1.67+0.52, post-
treatment 0.17+0.47, P<0.05; Non-responders: pretreatment
1.08+0.79, post-treatment 0.83+0.94, P>0.05).

Positive HBeAg expression in liver was mainly located in
cytoplasmaand nucleus of hepatocytes (Figure4). HBeAg was
detected in the liver of 12/24 (50 %) of patients before IFN
treatment and 4/24 (16.7 %) after treatment. Statistics proved
that HBeAg expression decreased remarkably (pre-treatment
0.78+0.94, post-trestment 0.22+0.43, P<0.05). But the decrease
in the responders was not significantly different from that in
the non-responders (P>0.05).

Figure 3 Changes of HBcAg expression in liver of patients
with chronic hepatitis B. A: before IFN treatment; B: after IFN
treatment

Figure 4 HBeAg expression in liver of patients with chronic
hepatitis B before IFN treatment

Liver fibrosis

HSC in liver Normally, there are only severa activated HSCs
which contain a- SMA. But intheliver of patientswith chronic
hepatitis B, there were large number of a- SMA-positive HSC,
diffusely located in the sinusoids (Figure 5). This showed that
the number of a-SMA-positive HSC in the liver decreased
significantly after treatment (pre-treatment 1.39+0.35, post-
treatment 0.61+0.70, P<0.05). The marked change of HSC
was related to the change of HAI (P<0.05), but not to the
fibrosis score in accordance with HA.

TIMP-1inliver TIMP-1intheliver waslocated in cytoplasma
of hepatocyte (Figure 6). Before IFN-a treatment, 21/24(87.5 %)
of patients were detected positive TIMP-1 in their livers. In
addition, there was no significant difference in TIMP-1
expression between responders and non-responders (P>0.05).
After treatment, the TIMP-1 in liver of 18/21(85.6 %) patients
decreased. Compared to pretreatment, TIMP-1 in liver
decreased significantly (pre-treatment 1.765+1.033, post-
treatment 0.588+0.441, P<0.01), regardless of the responders
or non-responders.

Figure 5 Changes of a- SMA-positive HSC in liver of patients
with chronic hepatitis B. A: before IFN treatment; B: after IFN
treatment

Figure 6 TIMP-1 in liver of patients with chronic hepatitis B
before IFN treatment
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DISCUSSION

Interferon-a treatment is effective in decreasing serum alanine
transferase (ALT), converting serum HBeAg and HBVDNA
to negative, and improving necroinflammation in the liver of
patients with chronic hepatitis B. In this study, we evaluated
the effect of interferon-a on both liver histology and serum
parameters.

Viral markers in sera

Among the patients, 9/24 (37.5 %) showed response reaction
after interferon treatment, which agreed with other studies™.
The serum ALT of responders became normal, and the serum
HBeAg and/or HBVDNA became negative after treatment.
Compared to pre-treatment, the serum HBVDNA of the
patients decreased significantly (P<0.05), especially that of
the responders (P<0.05). Theresults suggested that interferon-
a could inhibit the viral replication.

Viral antigen in liver

It wasreported that interferon-a can inhibit all hepatitis B virus
antigensexpression in primary hepatocyte culture®®. Moreover,
interferon can changethe location of HBSAg in hepatocyte from
cytoplasmato the cell membrane or submembrane region!*,
which may enhance immune recognition and clearance of
infected hepatocytes. Our study evaluated the effect of
interferon-a on viral antigen in liver of chronic hepatitis B. In
this group, the decline of HBSAg expression in liver was not
significant, but the HBsAg expression switched from
cytoplasmic to membranous/submembranous, which supported
some previous studies®>®. However, the HBcAg and HBeAg
in the liver decreased significantly after interferon treatment,
especially in the responders, but not in the non-responders.
This might be related to the fact that HBcAg and HBeAg of
hepatocytes were target antigens of immune reaction mediated
by HBV. IFN could enhance the recognition of immune system
on the infected hepatocytes.

HAI

Shiratori et al proved that interferon therapy can improveliver
histology of hepatitis C by alleviating hepatic inflammation
and fibrosig*®l. Our sudy showed that after interferon treatment,
HAI of liver of al the patients decreased significantly (P<0.05),
mainly in the aspects of necrosisand intralobular inflammation.
The change in responders was significant, but not that in the
non-responders. Thisindicated interferon treatment can improve
the hepatic lesions of patients with chronic hepatitis B.

Liver fibrosis

Many patientswith chronic hepatitis B progress dowly to liver
fibrosis even cirrhosis. During this course, HSC plays a key
rolein the process of fibrosis. Proliferation and transformation
of HSC ishasic characterigtic of liver fibrosis. On the one hand,
liver injury and cytokinesreleased stimulate HSC to proliferate,
differentiate and acquire myofibroblast phenotype, with
increase of collagen synthesis, expression of a- SMA, secretion
and desposition of extracellular matrix (ECM )12, On the other
hand, HSC can secrete matrix metalloproteinase (MMP) which
can degrade ECM. It isworth noting that HSC also secretes
tissue inhibitor of metalloproteinase (TIMP)-the inhibitor of
MMP. TIMP can noncovalently bind with MMP to inhibit the
degradation of ECM, and promote liver fibrosis. Researches
showed that in liver of patients with liver disease related to
hepatitis B, the expression of TIMPsand MM P altered to make
the liver tend to develop fibrosig'*?. Certain medicine can
improve liver cirrhosis?®!. Several reports suggested that
interferon treatment can alleviate hepatic fibrosis caused by
viral hepatitig?+%. The mechanism s not clear. Some evidence

supported that interferon reduced HSCs®Y, probably by
inducing the apoptosis of HSCs®2, Others believed that
interferon changed the amount of enzymes, such asMMP and
TIMPg®34,

HSC in liver

In our study, the number of HSC containing a- SMA decreased
significantly after interferon treatment (P<0.05). Thea- SMA
expression by HSC decreased in 50 % of patients. This
suggested that interferon treatment might inhibit the
proliferation or transformation of HSC with the same conclusion
by Guido’ §%. The significant association of a- SMA to liver
HAI (P<0.05) suggested that the effect of interferon on HSC
maybe related to its anti-inflammatory function. But there was
no significant relation between reduction of HSC and change
of fibrosis according to Knodell’ sHAI, which might be dueto
the small size of our patients.

TIMP-1 in serum and liver

Mitsudaet al found that IFN-a could not only reducethe TIMP-
1 in serum to enhance fibrinolysis, but also inhibit the
fibrogenesis of patients with chronic hepatitis Ct*. Whether
IFN-a has similar effect on the patients with chronic hepatitis
B remainsto be seen.

In this study, TIMP-1 in both serum and liver of patients
with chronic hepatitis B decreased markedly after IFN-a
treatment. This phenomenon suggests that IFN-a can inhibit
production or TIMP-1 expression to improve fibrinolysis and
inhibit fibrosis.

In conclusion, our study suggeststhat IFN-a treatment can
inhibit viral replication, alleviateliver injury, inhibit activation
of HSC, decrease TIMP-1 in liver and serum and inhibit liver
fibrosis. The detailed mechanism and the optimal dose and
course of IFN-a still deserve more studies. Although the
interval of two biopsy was not very long, evidence suggested
that interferon has long-term beneficial effect in patients with
chronic hepatitis BI*®®. The result was not very satisfactory.
Maybe we should combine interferon and other medicines to
treat chronic hepatitis B, as some study did®.
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Abstract

AIM: The finding that some Helicobacter pylori strains express
Lewis b (Le") blood group antigen casts a doubt on the role
of Le® of human gastric epithelium being a receptor for H.
pylori. The aim of this study was to determine if expression
of Le® in H. pylori interferes with bacterial adhesion property.

METHODS: Bacterial adhesion to immobilized Le" on
microtitre plate was performed in 63 H. pylori strains obtained
from Singapore using in vitro adherence assay. Expression of
Lewis blood group antigens was determined by ELISA assay.

RESULTS: Among 63 H. pylori strains, 28 expressed Le"
antigen. In vitro adhesion assay showed that 78.6 % (22/
28) of Leb-positive and 74.3 % (26/35) of LeP-negative H.
pylori isolates were positive for adhesion to immobilized Le®
coated on microtitre plate (P=0.772). In addition, blocking
of H. pylori Le® by prior incubation with anti-Le® monoclonal
antibody did not alter the binding of the bacteria to solid-
phase coated Le®P.

CONCLUSION: The present study suggests that expression
of Le® in H. pylori does not interfere with the bacterial
adhesion property. This result supports the notion that Le®
present on human gastric epithelial cells is capable of being
a receptor for H. pylori.

Zheng PY, Hua J, Ng HC, Yeoh KG, Bow H. Expression of Lewis®
blood group antigen in Helicobacter pylori does not interfere
with bacterial adhesion property. World J Gastroenterol 2003;
9(1):122-124
http://www.wjgnet.com/1007-9327/9/122.htm

INTRODUCTION

Helicobacter pylori is the major etiologic agent of chronic
active gadtritis, and is generally accepted as a causative factor
in the pathogenesis of gastritis, peptic ulcer (PU) disease and
gastric adenocarcinoma??l, It is estimated that over 50 % of
theworld’ s population are infected with H. pylori.

The bacterium shows a strict tropism for gastric epithelium
and is usually isolated from gastric epithelium and duodenal
mucosa with gastric metaplasia. The presence of specific
receptors for H. pylori on the gastric mucosa may explain its
gadtric tropism. The Lewis® (L€%) blood group antigen has been
reported to be areceptor of H. pylori, and the blood-group
antigen-binding adhesin, BabA, has been shown to mediate
binding of H. pylori to human Le" on gastric epithelium!.
Following the finding that L €® was expressed in some strains
of H. pylori®, the role of host L€’ as areceptor for H. pylori
has been questioned considering the H. pylori
lipopolysaccharide (LPS) Le” may interferewith theinteraction
between the bacteria BabA and Le€° on gastric epithelium(® ¢,
This may be more important for the Asian strains where there
is a higher frequency of H. pylori strains expressing type 1
blood-group antigens (Le?, Le?) (43.5% for Le?) "8 comparing
with Western strains (<10 % for L€”). The high frequency of
Le? expression in H. pylori strainsin our population offers a
unique opportunity to investigate the potential influence of
Le’ in H. pylori on the bacterial adhesion property.

MATERIALS AND METHODS

Patients and H. pylori isolates

H. pylori strains wereisolated from the gastric biopsies of 108
patients undergoing upper gastrointestinal endoscopy for
dyspepsia at the National University Hospital, Singapore.
Informed consent was obtained from all the patients for
gastroscopy and biopsies. A subset of 63 H. pylori strainsfrom
these 108 strains which were performed in our previous study'®
was randomly chosen for the in vitro adherence assay. Of these,
36 were isolated from male patients and 27 were from female
patients. The average age of the patients was 43 years (16-78
years). Based on endoscopic and histologic examination, the
patients were classified into the following groups: peptic ulcer
(n=33), and chronic gastritis (n=30). The bacteriawere isolated
and identified as described previously!®. Each strain was
cultured on chocolate agar for 3-4 days at 37 ‘C in a humid
incubator (FormaScientific, Mountain View, USA) supplemented
with 5 % CO.,.

In vitro adherence assay

The adherence assay was performed according to Gerhard et
al® with minor modifications. Briefly, for each of the 63 H.
pylori strains, the 4-day-old culture was harvested and washed
twicein 0.05 M carbonate buffer (pH 9.6) before resuspending
in 1 ml of thesamebuffer. A 10 pl of 10 mg- mi-of digoxigenin
(Roche Diagnostics, Mannheim, Germany) solution was added
to the bacterial suspension and incubated for 60 min at RT.
Polysorb 96-well- microtiter plates (Nunc, Rochester, USA)
were coated with 50 ng per well of Le?, Le°, Le*and L¢,
(IsoSep, Tullinge, Sweden) in 50 Yl of 0.05 M carbonate buffer
(pH 9.6) while 50 pl of the same buffer was added as negative
control. Following overnight incubation at RT, the solution
was decanted without washing, and 100 pl of blocking buffer
(0.5 % non-fat milk/0.2 %Tween-20) was added. After the
plate was further incubated at RT for 1 hour, the solution was
decanted without washing, and then 50 pl of digoxigenin
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labeled bacteriadiluted to an OD of 0.5 at 600 nm were added
to each well of the plates and incubated for another 1 hour at
RT with gentle agitation. After washing with PBS, 50 pl of
150 mU- ml-*of anti-digoxigenin-HRP antibody (Roche
Diagnostics, Mannheim, Germany) was added and incubated
for 1 hour at RT. The plates were washed 3 times with PBS
before adding 50 pl of o-phenylenediamine dihydrochloride
(Sigma, Louis, USA) (0.4 mg- mltin citric acid buffer with
0.025 % H,0,). The reaction was stopped with the addition of
2.5 M sulfuric acid. The OD value was read at 490 nmin an
ELISA reader (Bio-Tek, Houston, USA). The strains were
considered positive for adhesion to the antigen if the ratio of
ODay/OD conral Was >2.01%. The assay was carried out in
duplicate for all the strains tested.

Lewis antigen expression

The expression of Lewis blood group antigens (L€, Le°, LeX
and Le¥) was determined by enzyme-linked immunosorbent
assay (ELISA) as described previously® 1%, The following
murine monoclonal antibodies (mAb) were used: mAb 54-
1F6A, specific for Lewis* (Le¥); mAb 1E52, specific for Le;
mAb 7Le, specific for Le? and mAb 225L e, specific for Leb.
Bacterial whole cells from 3-day cultures (7.5x10° ml1) were
suspended in 1 ml phosphate buffered saline (PBS) at pH 7.4.
One hundred ml of suspension was added to each well of 96-
well microtitre plate (Nunc, Rochester, USA) and incubated
overnight at room temperature (RT). Plates were then washed
three times with PBS containing 0.05 % Tween-20 (PBST).
Subsequently, an aliquot of 100 ml of mAbs (100 ng- ml) was
added and incubated overnight at RT. After washing threetimes
with PBST, 2100 ml solution of 1:1 000 horseradish peroxidase-
labelled goat anti-mouse immunoglobulin (DAKO, Glostrup,
Denmark) diluted in PBST with 0.5 % goat serum was added.
Color development occurred with the addition of H,O, and o-
phenylenediamine dihydrochloride (Sigma, St. Louis, USA)
in phosphate citrate buffer (pH 5.4) in the dark for 30 min at
RT. A 50 ml of 2.5 M H,SO, solution was added to each well
to stop the reaction. The optical density (OD) wasread at 490
nm. OD of 0.2 was chosen as the cut-off value because the
sum of non-specific background binding value for mAbs never
exceeded an OD of 0.1. Synthetic protein-linked Lewis
antigens, i.e, Le, Le, Leand Le (IsoSep, Tullinge, Sweden)
were used as positive controls for the mAbs.

Adherence blocking assay by anti-Le® mAb

To test if blocking LPS Le° would alter the binding of the
bacteriato Le® on ELISA plate, two chemically characterized
strainswith LeP (H428 and H507) were subjected to adherence
blocking assay by incubation with mAb 225L e, specific for
Le’® 1 The bacteria were incubated with 225Le mAb (1.0,
10.0, and 100.0 pg- mi) for 1 hour at RT, and then washed
twice with PBST (PBS + 0.05 % Tween-20). The adherence
assay was performed as described earlier.

Statistical analysis

Frequencies were compared using 2-tailed Fisher’ s exact test
(SPSS 9.0, Chicago, USA). The rations of OD values were
expressed as means + standard deviations, and the distributions
of the ratios were compared by using Student’ st test for
comparison of means of independent samples. A P value <0.05
was considered statistically significant.

RESULTS

In vitro adherence assay

Of the 63 H. pylori strains tested, 48 (76.2 %) were positive
for adhesion to immobilized L& antigen on microtitre plate.
The positive H. pylori strains showed ratios of ODag/OD control

between 2.0-4.1 while the negative strains exhibited values
between 0.89-1.67. None of the H. pylori strains bound to Le?,
LetorLe.

Effect of Le® expression in H. pylori on bacterial adhesion
property

In thetest for expression of Lewisantigenin H. pylori, 28 out
of the 63 H. pylori strains expressed Le” while 35 did not
express Le” based on ELISA. Among these 28 LeP-positive
strains, 22 (78.6 %) were positive for adhesion to immobilized
Le® antigen coated on plate as compared to 26 (74.3 %) of 35
LeP-negative strains (P=0.772). Furthermore, theratio of ODay/
OD oot Was not significant difference between LPS Le"-
positive strains and L e>-negative strains (2.3+0.7 vs 2.3+0.7,
P=0.988).

Adherence blocking assay by anti-Le® mAb

Two chemically characterized Le® positive H. pylori strains
H428 and H507" were subjected to adherence blocking assay
by prior incubation with the bacteria with specific mAb 225Le
(100.0 pg- ml). The ratio of ODag/OD oo fOr strain H428
was changed from 2.7 to 2.6 after incubation with mAb 225L e,
The value of adhesion assay for strain H507 was showed
minimal change from 1.1to 1.0. No difference of theratio of
OD ¢/ OD ¢ontrol Was Observed when the bacteria were incubated
with different concentrations (1.0, 10.0, and 100.0 pg- ml2) of
mAb 225L e, which suggested that Le’expression in H. pylori
did not interfere with the bacterial adhesion to L.

Effect of mixed Lewis expression on bacterial adhesion property
Of the 63 H. pylori strainstested, 55 expressed 2 or more Lewis
antigens (Le?, Le®, Le‘ or Le), and the remaining 8 strains
expressed 1 Lewisantigen. Among the 55 strainswith expression
of 2 or more Lewis antigens, 42 (76.4 %) were positive for
adhesion toimmobilized L e compared with 6 (75 %) of 8 strains
with 1 Lewis antigen expression (P=1.000). Furthermore, the
ratio of ODag/ODonr Was Nt significant difference between
the strains with expression of 2 or more Lewis antigen and
strains with 1 Lewis antigen (2.3£0.7 vs 2.2+0.8, P=0.836).

DISCUSSION

Attachment of H. pylori to gastric epithelium isimportant for
its colonization and survival. This adhesion property protects
the bacteria from the displacement from the stomach by gastric
emptying and peristalsig*. A recent study has demonstrated
that the H. pylori blood-group antigen-binding adhesin, BabA,
facilitates bacterial colonization and augments a nonspecific
immune response®®, The fucosylated blood group antigens of
Le? and H type 1 have been proposed as receptors of H. pyloril®.
In addition, astudy using transgenic mice expressing the human
Le® epitopein gastric epithelial cellsindicated that LeP antigen
functioned as areceptor for H. pylori adhesin and mediated its
attachment to gastric pit and surface mucous cells. However,
following the observation'™ that some H. pylori strains also
express L e, the question on the possible role of host Le? asa
receptor for H. pylori has been raised by Wirth et al®® as well
as Clyne and Drumm®. Furthermore, if host Le? isthe principle
receptor for H. pylori, one might then expect a decreased
prevalence of H. pylori in the secretor subjects because Le°
present in salivaor gastric mucusin secretor individualswould
competitively inhibit the binding of H. pylori. However,
numerous studies have shown that there is no association
between prevalence of H. pylori and host secretor statug'¥,
which indicates that competitive inhibition by L€’ in gastric
mucus in secretor individuals may not be able to effectively
prevent the colonization of H. pylori.
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In this study, it was shown that there was no significant
difference between Le"-positive and Le™-negative H. pylori
strains with respect to their ability to adhere to immobilized
Le?, mimicking the epithelial cell Le?antigen. This suggests
that expression of Le” in H. pylori strains in our study
population does not interfere with the bacterial adhesion to
immobilized L&’ in vitro. Furthermore, the blocking experiment
using anti-Le> mAb on two L e’ expressing strains (H428 and
H507) showed that the expression of Le”in H. pylori had no
effect on the adhesion property of H. pylori. Additionally, our
study population are mainly of Chinese origin which are
predominantly Le (b+) phenotype'®, and H. pylori strains
isolated from Asian population have atendency to expresstype
1 Lewisantigen (Le* and L&) 8. However, a high prevalence
of H. pylori infection has been found in this population. These
datafurther support our observation that expression of Le” in H.
pylori does not affect the bacterial adhesion.

Our previous study found that increased expression of Lewis
antigensin H. pylori was associated with peptic ulceration in
our populationt®, We, therefore,attempted to determine whether
strains with Lewis antigen expression have advantage for
binding to immobilized L€, but only observed that the
increased expression of a combination of Le antigensin H.
pylori had no influence on bacterial adhesion.

The chemical structures of Le?, Le®, Le, Le, iantigen, H
type 1 and blood group A antigens expressed by H. pylori
have been elucidated”*>'¥, These antigens are also expressed
on gastric mucosa*¥. The possible interaction between Lewis
antigens expressed by H. pylori and gastric epithelium is
intriguing. Le*-Le* homotypic interaction has been found to
be important in eukaryotic cell interaction, and Le* structure
has recently been proven to be involved in the formation of
adhesion pedestal between H. pylori and gastric epitheliumi4.,
Morerecently, Le* structurein H. pylori has been demonstrated
to promote the bacterial adhesion to gastric epithelium(*™,
However, LeP-Le> homotypic interaction has not been proven,
and our in vitro study does not support such an interaction of
H. pylori LPS Le" with epithelial Le". The next question is
how a H. pylori population can manage to exist as single
bacterium in vivo but not autoaggregative, when bacterium
expresses both BabA adhesin and Le”? H. pylori lectins such
as BabA may evolve an ability to distinguish between host
and bacterial ligands based on differences in their core
structure, and thus avoid bacterial autoaggregationts 14,

In conclusion, expression of Le® blood group antigenin H.
pylori strains in our Asian population does not interfere with
the bacterial adhesion to immobilized Le® on microtitre plate.
This result supports the notion that host L€’ present on the
gastric epithelium is capable of being areceptor for H. pylori.
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Abstract

AlIM: There is increasing evidence that alcohol-induced liver
damage may be associated with increased oxidative stress.
We aimed to investigate free-radical scavenger effect of n-
acetylcysteine in rats intragastrically fed with ethanol.

METHODS: Twenty-four rats divided into three groups were
fed with ethanol (6 g/kg/day, Group 1), ethanol and n-
acetylcysteine (1 g/kg, Group 2), or isocaloric dextrose
(control group, Group 3) for 4 weeks. Then animals were
sacrificed under ether anesthesia, intracardiac blood and
liver tissues were obtained. Measurements were performed
both in serum and in homogenized liver tissues.
Malondialdehyde (MDA) level was measured by TBARS
method. Glutathione peroxidase (GSH-Px) and superoxide
dismutase (SOD) levels were studied by commercial kits.
Kruskal-Wallis test was used for statistical analysis.

RESULTS: ALT and AST in Group 1 (154 U/L and 302 U/L,
respectively) were higher than those in Group 2 (94 U/L and
155 U/L) and Group 3 (99 U/L and 168 U/L) (P=0.001 for
both). Serum and tissue levels of MDA in Group 1 (1.84 nmol/
mL and 96 nmol/100 mg-protein) were higher than Group 2
(0.91 nmol/mL and 64 nmol/100 mg-protein) and Group 3
(0.94 nmol/mL and 49 nmol/100 mg-protein) (P<0.001 for
both). On the other hand, serum GSH-Px level in Group 1
(8.21 U/g-Hb) was lower than Group 2 (16 U/g-Hb) and
Group 3 (16 U/g-Hb) (P<0.001). Serum and liver tissue levels
of SOD in Group 1 (11 U/mL and 26 U/100 mg-protein)
were lower than Group 2 (18 U/mL and 60 U/100 mg-protein)
and Group 3 (20 U/mL and 60 U/100 mg-protein) (P<0.001
for both).

CONCLUSION: This study demonstrated that ethanol-
induced liver damage is associated with oxidative stress,
and co-administration of n-acetylcysteine attenuates this
damage effectively in rat model.

Ozaras R, Tahan V, Aydin S, Uzun H, Kaya S, Senturk H. N-
acetylcysteine attenuates alcohol-induced oxidative stress in
the rat. World J Gastroenterol 2003; 9(1): 125-128

http://www.wjgnet.com/1007-9327/9/125.htm

INTRODUCTION

Reactive oxygen intermediates contributes to the pathogenesis
of various hepatic disorders such as paracetamal intoxication,
hemochromatosis, toxic hepatitis, and alcoholic liver injury!*,
Increased oxygen radical production leadsto lipid peroxidation
by induced cytochrome P4502E1!59, Enhanced generation of
acetal dehyde was shown to causelipid peroxidation in isolated
perfused livers™. Oxidative damage correlates with the amount
of ethanol consumed®.

Antioxidants such as vitamin E have been suggested as
therapeutic optionsin acute and chronic liver diseased®?, N-
acetylcysteine (NAC) exerts astrong antioxidant activity, and
isthetreatment of choice in acetaminophen intoxication. NAC
provides protection from toxic liver damage by elevating
intacellular glutathione concentrations**¥. It has also been used
in the treatment of CCl, poisoning!*2.

In this study, we tested whether NAC attenuates al cohol -
induced free radical damage in the liver in arat model.

MATERIALS AND METHODS

Male Wistar-Albino rats weighing 220-250 g obtained from
University of Istanbul Animal Research Laboratory were kept
in the same unit and fed chow (Eris Chow Industry, Istanbul,
Turkey) ad libitum. All rats had free access to tap water. All
animal s received humane care in compliance with the National
Institutes of Health criteriafor care of laboratory animals.

Twenty-four rats divided into three groups and were given
ethanol (Group 1) or both ethanol and NAC (Group 2) or
isocaloric dextrose (Group 3). NAC and alcohol were
administered respectively 4 hours apart. Ethanol and NAC were
given intragastrically at doses of 6 g/kg/day and 1 mg/kg/day
respectively.

All ratswere sacrificed at 1 month under ether anesthesia.
After exploration of the thorax, intracardiac blood and liver
samples were quickly obtained. Serum alcohol levels were
measured on the day the rats were sacrificed.

Glutathione peroxidase levelsin erythrocytes, serum acohol
level and biochemistry were studied immediately. For the
remaining studies, serum and liver tissue samples were stored
a-70 C.

Tissue Homogenization: Liver samples were weighed and
homogenized in 0.15M NaCl for lipid peroxidation parameters
and for the other studies, and homogenates of 20 % were
obtained. Tissue homogenates were sonicated two times at 30
sec. intervals. Homogenization and sonication were performed
at 4 "C. After sonication, homogenates for lipid peroxidation
and biochemical studies were centrifuged at 3 000 rpm for 10
minutesand at 15 000 rpm for 15 minutes respectively. Aliquots
of the supernatants were used for both studies*?. The assayed
parameters were expressed per mg protein and protein content
of the dliquots was determined by the method of Lowry et al 4.

Lipid peroxidation

Lipid peroxidation was measured by thiobarbituric acid
method, amodified form of the procedure described by Beuge
and Aust™. This method measures several aldehydes derived
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from lipid hydroperoxides and also known as TBARS
(thiobarbituric acid reactive substances) method.

Superoxide dismutase (SOD) level
Serum and homogenized liver tissue SOD levelswere measured
by using commercial kits. (Randox-Ransod, Cat No:SD 125).

Glutathione level

Glutathione concentration was determined according to the
method of Beutler et all*®. using metaphosphoric acid for
protein precipitation and 5' 5-dithiobis-2-nitrobenzoic acid for
colour development. Erythrocyte and tissue glutathione
concentrations were expressed as mg/grHb, mg/gr wet weight
respectively.

Glutathione peroxidase level
Serum and homogenized liver tissue glutathione peroxidase
levelswere also measured by using commercia kits. (Randox-
Ransel, Cat No: RS 505).

Biochemical studieswere performed by using autoanalyser
(Hitachi 717). Hemoglobin level was measured manually by
cyanmethemogl obin method.

Alcohol level
Serum alcohol level was measured by fluorescent polarizing
immunoassay using commercial kits (Abbot TDx, Cat No:
378190100).

Statistical analysis

All results are expressed as mean tstandard deviation.
Comparisons between the groups were performed by Kruskal-
Wallis variance analysis and a P value <0.05 was accepted as
statistically significant.

RESULTS

Blood alcohol levels of Group 1 and 2 were comparable
(207+£33 mg/dL vs 182+27 mg/dL).

AST level in Group 1 (302.00+£70.68 U/L), was higher
than those in Group 2 (155.25+24.07 U/L), and in Group 3
(168.25+32.08 U/L) (P=0.001). ALT level alsoin Group 1
(154.13+33.59 U/L), was higher than those in Group 2
(94.25+16.02 U/L), and in Group 3 (99.00+£19.86 U/L)
(P=0.001) (Figure 1).
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Figure 1 Serum AST and ALT levels (U/L). Alc: alcohol, NAC:
N-acetylcysteine, °P=0.001 vs control and Alc+NAC group.

Although serum GGT level in Group 1 (8.50+3.16 U/L)
tend to be higher than those in Group 2 (8.25+3.92 U/L) and
Group 3 (6.88+3.76 U/L), the difference was not significant.
However tissue GGT level in Group 1 (18.75+5.90 U/g-protein)
was significantly higher than thosein Group 2 (7.23+.6.09 U/
g-protein) and Group 3 (6.25+3.33 U/g-protein) (P<0.001)
(Figure 2).
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Figure 2 Serum (U/L) and tissue (U/g-protein) GGT levels.
Alc: alcohol, NAC: N-acetylcysteine, ®°P<0.001 vs control and
Alc+NAC group.

Although serum ALP level in Group 1 (131.38+33.84 U/L)
tend to be higher than those in Group 2 (109.50+49.75 U/L)
and Group 3 (93.13+32.42 U/L), the difference was not
significant either. But tissue ALP level in Group 1 (26.88+3.31
U/g-protein) was significantly higher than those in Group 2
(12.63+2.67 U/g-protein) and Group 3 (11.25+2.49 U/g-
protein) (P<0.001) (Figure 3).
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Figure 3 Serum (U/L) and Tissue (U/g-protein) ALP levels
Alc: alcohol, NAC: N-acetylcysteine, ®°P<0.001 vs control and
Alc+NAC group.

Erythrocyte glutathione level waslower in Group 1 (356.2
+18.3 mg/g-Hb) when compared to Group 2 (387.8+13.1 mg/
g-Hb) and Group 3 (398.0+18.0 mg/g-Hb) (P<0.01) (Figure 4).
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Figure 4 Erythrocyte glutathione levels (U/g-Hb). Alc: alcohol,
NAC: N-acetylcysteine, °P<0.01 vs control and Alc+NAC group.

Blood glutathione peroxidase level was lower in Group 1
(8.21+1.15 U/g-Hb) when compared to Group 2 (16.04+2.38
U/g-Hb) and Group 3 (16.84+2.68 U/g-Hb) (P<0.001) (Figure
5). Also serum SOD level was lower in Group 1 (11.08+1.13
U/mL) when compared to Group 2 (17.92+0.81 U/mL) and
Group 3 (19.68+1.76 U/mL) (P<0.001). The same was true
for thetissue SOD levels: it was lower in Group 1 (26.04+8.49
U/ 100 mg-protein) when compared to Group 2 (59.96+10.23
U/ 100 mg-protein) and Group 3 (60.34+8.24 U/ 100 mg-
protein.) (P<0.001) (Figure 6).
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Serum MDA level was significantly higher in Group 1
(1.84+0.14 nmol/mL) than those in Group 2 (0.91+0.14 nmol/
mL) and Group 3 (0.94+0.11 nmol/mL) (P<0.001) (Figure 7).
For thetissue levels, it was higher also in Group 1 (96.00£18.20
nmol/100 mg-protein) than those in Group 2 (64.00+11.63
nmol/100 mg-protein) and Group 3 (49.63+12.11 nmol/100
mg-protein) (P<0.001) (Figure 8).
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Figure 5 Blood glutathione peroxidase levels (U/g-Hb). Alc: alcohol,
NAC: N-acetylcysteine, 3P<0.001 vs control and Alc+NAC group.
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Figure 6 Serum (U/mL) and tissue (U/100 mg-protein) su-
peroxide dismutase (SOD) levels. Alc: alcohol, NAC: N-
acetylcysteine, °P<0.001 vs control and Alc+NAC group.
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Figure 7 Serum MDA level (nmol/mL). Alc: alcohol, NAC: N-
acetylcysteine, "’P<0.001 vs control and Alc+NAC group.
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Figure 8 Tissue MDA level (nmol/100 mg-protein). Alc:
alcohol, NAC: N-acetylcysteine, °P<0.001 vs control and
Alc+NAC group.

DISCUSSION

Ethanol is capable of generating oxygen radicals, inhibiting
glutathione synthesis, producing glutathione loss from the
tissue, increasing malonyldialdehyde levels and impairing
antioxidant defense systems in humans and experimental
animals. Lipid peroxidation results from the increased oxygen
radical production by the induced 2E1!%, Enhanced generation
of acetaldehyde was a so shown to be capable of causing lipid
peroxidation in isolated perfused livers. Lipid peroxidation
is not only areflection of tissue damage, it may also play a
pathogenic role, for instance by promoting collagen
production*”, The removal of the toxic metabolitesisbelieved
to be the vital initial step in providing cell survival during
ethanol intoxication8.

Genc et all*¥. used melatonin in preventing lipid peroxidation
due to acute alcohol intoxication. They found that melatonin
administration prior to acohol did not alter MDA and GSH
levels of the tissue but an antioxidant enzyme (CuzZn-SOD)
was higher in animals receiving al cohol+melatonin. However
since absorption and kinetics of this hormone are not widely
known, and its antioxidant effect depend on both the tissue
studied and the dose applied, the results of a melatonin study
may not reflect the effects of other antioxidants.

Nanji et al™®. used thromboxaneinhibitorsin alcoholic liver
disease in rats. They found that treatment with thromboxane
inhibitors prevented necrosis and inflammation, and suggested
arolefor the use of thromboxane inhibitorsin the treatment of
alcoholic liver disease. Floraet al® tested NAC and a chelator
agent meso 2,3-dimercaptosuccinic acid combination in the
treatment of arsenic-induced oxidative stress, and found that
these agents had a capability of reversing the toxic effects.

Bruck et al™™. have used NAC in the treatment of
thioacetamide-induced fulminant hepatic failure in the rat
model. They found no protective effect of NAC. In thismode,
total hepatic glutathione content is not affected. Instead, other
freeradica scavengers, dimethylsulfoxide and dimethylthiourea
having additional modes of action such as inhibition of nitric
oxide formation prevented liver injury.

The results of our study show that co-administration of NAC
diminishes oxidative stress, by increasing antioxidant enzymes.
This restoration of oxidant/antioxidant balance isreflected by
lower levels of transaminases, ALP, and GGT. Although the
decrease in serum level of the latter two enzymes was not
significant, tissue levels were lower. NAC has been used in
acetaminophen intoxication. It reduces the incidence of organ
failure and enhances survival'?. It acts by reducing tissue
hypoxia, mediated by the activity of the nitric oxide/soluble
guanylate cyclase system™. Cysteine derived from NAC also
serves as a precursor of glutathione which forms conjugates
with carbon tetrachloride metabolites®® and increases
intracellular glutathione concentrations’®. In a recent study,
NAC - in alower dose than used in the current study- has been
shown to prevent the fatty acid changes produced by ethanol
and also reduce inflammatory response by reducing the level
of prostaglandinf?4,

Antioxidant protective mechanisms are both enzymatic and
nonenzymeatic. |mpairmentsin these defense systems have been
shown in alcoholics: alterations in ascorbic acid levels,
glutathione, selenium, and vitamin E have been observed?2,
Reduced hepatic alpha-tocopherol content after long-term
ethanol feeding in rats under adequate intake of vitamin E?7
and also in acoholics?®! has been reported. Alpha-tocopherol
level was found to be reduced in the blood of the alcoholics®!.
In addition to acetaldehyde and free radical generation by the
ethanol-induced microsomes, these deficient defense systems
were suggested to contribute to liver damage via lipid
peroxidation™”, Lipid peroxidation is a reflection of tissue
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damage and plays a pathogenic role by promoting collagen
productiont®?,

A growing body of experimental and clinical experience

shows the importance of free radicalsin ethanol-induced liver
damage. Freeradical scavenging property may be beneficial
as ascertained by previous studies of NAC in both
acetaminophen and carbon tetrachloride intoxication. In this
rat model, we have used NAC to attenuate ethanol-induced
free radical damage. In both serum and tissue levels, we
observed afavorable result. Theresults of this study suggest a
role for NAC in the management of ethanol-induced liver
damage as a safe, cheap, and effective option.
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Abstract

AIM: To investigate the intragastric mechanisms for
regulation of gastric neuroendocrine functions during gastric
distention in isolated vascularly perfused rat stomach.

METHODS: Isolated vascularly perfused rat stomach was
prepared, then the gastric lumen was distended with either
5,10 or 15 ml pH7 isotonic saline during a period of 20 min.
During the distention, the axonal blocker tetrodotoxin (TTX),
the cholinergic antagonist atropine, or the putative
somatostatin-antagonist cyclo [7-aminoheptanoyl-Phe-D-Trp-
Lys-Thr(Bzl)] were applied by vascular perfusion. The
releases of gastrin and somatostatin were then examined
by radioimmunoassay.

RESULTS: The graded gastric distention caused a significant
volume-dependent decrease in gastrin secretion [-183£75 (5
ml), -385+86 (10 ml) and -440+85 (15 ml) pg/20 min] and a
significant increase of somatostatin secretion [260+102 (5 ml),
6081148 (10 ml) and 9434316 (15 ml) pg/20 min]. In response
to 10 ml distention, the infusion of either axonal blocker TTX
(10¢ M) or cholinergic blocker atropine (107 M) had a similar
affect. They both attenuated the decrease of gastrin release
by approximately 50 %, and attenuated the increase of
somatostatin release by approximately 40 %. The infusion of
somatostatin-antagonist cyclo [7-aminoheptanoyl-Phe-D-Trp-
Lys-Thr (Bzl)] (10°M) attenuated the decrease of gastrin release
by about 60 %. Furthermore, combined infusion of the
somatostatin-antagonist and atropine completely abolished
distention-induced inhibition of gastrin release.

CONCLUSION: The present data suggest that distention of
isolated rat stomach stimulates somatostatin release via
cholinergic and non-cholinergic TTX-insensitive pathways. Both
somatostatin and intrinsic cholinergic pathways are responsible
for distention-induced inhibition of gastrin release.

Li YY. Mechanisms for regulation of gastrin and somatostatin
release from isolated rat stomach during gastric distention. World
J Gastroenterol 2003; 9(1): 129-133
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INTRODUCTION

Early in 1948, Grossman first proposed that intragastric
neurones could regulate gastric neuroendocrine response
to gastric distention independent of the extrinsic nervous
system!!, and later Schubert and Makhlouf reported that

distention of the distal part of theisolated rat ssomach activates
theintringc VIP neuronesand theintrinsic cholinergic mechanism,
thereby regulating gastrin and somatostatin releasg?. However,
the intrinsic pathways, independent of extringc nerves, which
are activated by gastric distention and which modify gastrin
release, have remained largely obscure until now.

After finding that distention of isolated rat stomach results
in an inhibition of gastrin release and that distention of the
extrinsically innervated stomach stimulates gastrin release in
vivol®, we performed this study to examine the intragastric
mechanismsinvolved in regulation of gastrin and somatostatin
response to gastric distention. For the study, gastric distention
was performed in vitro in isolated vascularly perfused rat
stomach, an extrinsically denervated preparation that retains
the integrity of intramural neurones as well as intragastric
paracrine pathways*7. In thismodel the effect of graded gastric
distention on the release of gastrin and somatostatin was
determined. The importance of the intrinsic nervous system
and, in particular, its cholinergic part was investigated by
performing distention in presence of the axonal blocker
tetrodotoxin (TTX) and the cholinergic antagonist atropine.
The putative somatostatin-antagonist cyclo [ 7-aminoheptanoy!-
Phe-D-Trp-Lys-Thr(Bzl)] was employed in order to evaluate
the role of endogenous somatostatin on regulation of gastrin
release during gastric distention.

MATERIALS AND METHODS

Materials

MaleWidtar rats (n=101), body weight 250-300 g (Charles River
WigaGmbH, Sulzfelden, Germany); dextran T-70 (Pharmacia,
Uppsala, Sweden); bovine serum abumine (Serva, Heidelberg,
Germany); cyclo [ 7-aminoheptanoyl-Phe-D-Trp-Lys-Thr(Bzl)]
(Bachem, Hannover, Germany); commercial gastrin-kit (Becton
and Dickinson, Heidelberg, Germany); tetrodotoxin (TTX),
atropine, somatostatin-14 and porcine gastrin-releasing peptide
(GRP) (Sigma Chemie, Munich, Germany).

Experimental design

We first prepared the rat stomach. The stomach was isolated
from rats fasted overnight using a procedure described by
Mclntosh et al'®?., The isolated stomach was perfused through
the celiac artery in asingle pass perfusion system at a rate of
1.5 ml/min with amodified Krebs-Ringer buffer solution. The
perfusion medium contained 4 % dextranT-70, 0.2 % bovine
serum abumin and 5.5 mM glucose and was gassed with 95 %
0O, and 5 % CO.. The gastric venous effluent was collected via
acatheter inthe portal vein at two-minute intervals and frozen
immediately for subsequent radioimmunoassay. A further
catheter was placed in the stomach viathe esophagus with the
tip at the cardia. A distal catheter was placed in the ssomach at
the ligated pylorus to drain gastric contents.

After insertion of the gastric catheters, the lumen of the
stomach was gently rinsed with isotonic pH7 saline until clear.
Thereafter gastric lumen was continuously perfused with saline
(1.5 mI/min) during an equilibration period of 25 min and a
basal period of 10 min and the perfusate was allowed to flow
off viaadistal catheter. Subsequently, graded gastric distention
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wasinitiated by instillation of 5, 10 or 15 ml saline through the
esophageal catheter at arate of 2 ml per 10 sec while the distal
catheter was blocked. After a distention period of 20 min the
distal catheter was reopened and the gastric lumen was again
perfused for a period of 20 min with saline. After instillation of
the saline load, afluid filled pressure transducer was connected
to the esophageal catheter for recording of the intragastric
pressure. During distention, intragastric pressure increased to
5.0+0.4 cm water at 5 ml saline load, to 10.4+0.9 cm water at
10 ml saline load and to 15.0+1.1 cm water at 15 ml saline
load. Theincreasein intragastric pressureinduced by thetested
distention volumes caused no visible mucosal damage and no
impairment of vascular perfusion.

For neural blockade, either the neurotoxin TTX (10° M) or
the cholinergic blocker atropine (107 M) was added to the
vascular perfusate. In further experiments the putative
somatostatin-antagonist cyclo [ 7-aminoheptanoyl-Phe-D-Trp-
Lys-Thr(Bzl)] (10® M) was added to the perfusate alone or in
combination with atropine (107 M). Since the somatostatin-
antagonist did not completely abolish distention-induced
inhibition of gastrin release, its effectiveness was tested against
the inhibitory action of somatostatin-14 (10 M) on gastrin
rel ease prestimulated by mammalia bombsin peptide GRP (10
M), whichiswell know in stimulating gastrin secretion®®*2, In
each stomach only one experiment was performed.

Radioimmunoassay

Gastrin levels in the venous effluent were measured by
radioimmunoassay as described elsewhere®® employing a
commercial gastrin-kit. Somatostatin was determined as described
in detail previoudly™, by employing antibody 80C which was
generoudy provided by Dr. RH. Unger (Dallas, TX, USA).

Data analysis

All data are expressed as mean + SE. Integrated peptide
secretion was cd culated as the sum of the differences between
the value of each time point during gastric distention and the
mean value of the preceding baseline period. For statistical
evaluation of the point-to-point variations, the Friedman two-
way analysis of variance was used, followed by the Wilcoxon
matched-pairs signed rank test if the former allowed rejection
of the null hypothesis. The difference in the values between
the treatment groups was statistically evaluated by analysis of
variance for multiple determinations. Differences resulting in
P-values of 0.05 or less were considered significant.

RESULTS

Effect of graded gastric distention on release of gastrin and
somatostatin

Graded distention of isolated rat somach dicited a significant
and volume dependent decrease in gastrin release from amean
baseline of 63+4 to a minimum of 50+3 pg/min (P<0.05; n=8),
during distention with 5 ml, from 69+6 to 41+3 pg/min (P<0.01;
n=15), with 10 ml and from 607 to 25+5 pg/min, and with 15
ml saline (P<0.01; n=8) (Figure 1). Gastrin secretion decreased
throughout the distention period and returned promptly to
baseline values after removal of the intragastric saline load.
Integrated gastrin release decreased during distention by-
183175 pg/20 min (P<0.05) at 5 ml, by -385+86 pg/20 min
(P<0.01) at 10 ml, and by -440+85 pg/20 min (P<0.01) at 15
ml saline distention (Figure 2).

Somatostatin levels rose volume-dependently during
gastric distention from amean baseline of 4145 to amaximum
level of 61+6 pg/min (P<0.05) at 5 ml, from 4045 to 92+12
pg/min (P<0.01) at 10 ml and from 3946 to 116+22 pg/min
(P<0.01) at 15 ml saline load (Figure 1). After distention,

somatostatin secretion decreased to its baseline level. The
integrated incremental somatostatin release was 260 +102 pg/
20 min (P<0.05) during distention with 5 ml, 608+148 pg/20
min (P<0.01) during distention with 10 ml and 943+316 pg/
20 min (P<0.05) during distention with 15 ml saline (Figure 2).
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Figure 1 Release of gastrin and somatostatin from perfused rat
stomachs in control (n=8) and during gastric distention with 5
ml (n=8), 10 ml (n=15) and 15 ml (n=8) saline (mean * SE)
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Figure 2 Integrated release of gastrin, somatostatin from per-
fused rat stomachs in control (n=8) and during gastric disten-
tion with 5 ml (n=8), 10 ml (n=15) and 15 ml (n=8) saline. (mean
+ SE) 2P<0.05 vs 10 ml distention in control

Effect of TTX and atropine on release of gastrin and
somatostatin during gastric distention

The axonal blocker TTX (10°¢ M) and the cholinergic
antagonist atropine (107 M) elicited similar effects on
distention-induced inhibition of gastrin. The decrease of gastrin
release in response to distention with 10 ml saline was
attenuated by approximately 50 % [from -385+86 pg/20 min
to -189+89 pg/20 min (P<0.05 vs control) during infusion of
TTX (n=10), and to -224+95 pg/20 min (P<0.05 vs control)
during infusion of atropine (n=10)] (Figure 3). The effects of
TTX and atropine on distention-stimul ated somatostatin release
were also nearly identical, and the incremental somatostatin
response to a 10 ml intragastric saline load was reduced about
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40 % [from 608148 pg/20 min to 370+£100 pg/20 min (P<0.05
vs control) in presence of TTX, and to 404+77 pg/20 min
(P<0.05 vs control) during infusion of atropine] (Figure 3).

Effect of the somatostatin-antagonist on release of gastrin
during gastric distention

In presence of the somatostatin-antagonist (10 M), the
decrease in gastrin release induced by gastric distention with
10 ml saline was significantly attenuated (-167+73 pg/20 min
with somatostatin-antagonist vs -385+86 pg/20 min without
somatostatin-antagonist; P<0.05,n=15). Combined
administration of the somatostatin-antagonist and atropine
(n=15) nearly completely abolished distention-induced
inhibition of gastrin release (Figure 3).
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Figure 3 Integrated release of gastrin and somatostatin from
perfused rat stomachs during gastric distention with 10 ml in
control (n=15) and in presence of tetrodotoxin (TTX, 10° M; n=10),
atropine (Atro, 107 M; n=10), somatostatin-antagonist (SA, 10
M; n=15) and a combination of somatostatin-antagonist and at-
ropine (n=15), (mean * SE.). 2P<0.05 vs 10 ml distention in control.

Effect of the somatostatin-antagonist on the inhibitory action of
exogenous somatostatin-14 on GRP-prestimulated gastrin release
Infusion of GRP (10 M) produced a significant increase in
gastrin release, from a baseline value of 586 to a maximum
of 136+11 pg/min. GRP-prestimulated gastrin release was
reduced significantly from 136+11 pg/min to 84+4 pg/min by
exogenous somatostatin-14 (108 M; n=11) (P<0.05). When
somatostatin-14 was removed from the perfusate, gastrin
release promptly returned to prestimul ated levels. At adose of
10°% M the somatostatin-antagonist did not change the baseline
gastrin release, but completely blocked the inhibitory action
of exogenous somatostatin-14 on GRP-prestimulated gastrin
release (n=9). (Figure 4).
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Figure 4 Effect of somatostatin-14 (10-° M) on gastrin release

from perfused rat stomachs prestimulated by GRP (108 M) in

control (n=11) and during perfusion with somatostatin-antago-
nist (10 M; n=9).( mean + SE.)

DISCUSSION

It iswell established that gastric distention in vivo activates
vagal mechanoreceptors within the gastric wall. The afferent
vaga nerve fibers activate brainstem neurones which regulate
vagal efferent fibers and thereby exocrine and endocrine
functions of the ssomach™>9, Apart from this extrinsic nervous
system, the stomach itself contains regulatory systems within
the gastric wall such asintrinsic neuronsand intrinsic paracrine
pathways?>?, Theimportance of theseintragastric mechanisms
on regulation of gastrin in response to gastric distention is
largely unknown. I solated perfused somach allows examination
of the remaining intragastric regul atory mechanisms since this
model is separated from the extrinsic innervation and the
systemic humoral signals, whereas the integrity of intrinsic
neurocrine and paracrine pathways is maintained.

Aspreviously reported, distention of the isolated stomach
causes a decrease of gastrin release in proportion to the applied
intragastric volume and intragastric pressurel®. To examine
the functional role of the intragastric nervous system we
employed the neurotoxin tetrodotoxin (TTX) which blocks all
neural elements that are activated by an influx of Na*. This
comprises al the adrenergic and cholinergic neurons and,
presumably, the majority of peptidergic neurons aswell. The
effect was observed while using a very low concentration of
TTX (10%-10®% M) which had no noticeable effect on other
membrane parameters?l. The present data suggest that the
inhibition of gastrin release during gastric distention is mediated
in part by neural, particularly cholinergic, mechanisms.

However, the classical cholinergic neurotransmitter
acetylcholine and its stable anal ogue carbachol stimulate gastrin
release in vivo in the isolated stomach preparation and in
cultured antral G-cell§2+21. Therefore the inhibitory effect of
the cholinergic system on gastrin release in our experiment
seemsto beindirect, perhapsvia peptidergic neurotransmitters.
Furthermore, the present data suggest that gastric distention
activates endogenous somatostatin through cholinergic and
non-cholinergic TTX insensitive pathways, and endogenously
released somatostatin can cause distention-induced inhibition
of gastrin release. Several studies have shown a reciprocal
relationship between stimulation of somatostatin and inhibition
of gastrin, suggesting a functional linkage between
somatostatin and gastrin release!?®*2. Accordingly, the
importance of endogenous somatostatin for regulation of
gastrin release is supported by studies with antisomatostatin
serum, demonstrating an augmented gastrin release after
neutralization of endogenously released somatostatin in
isolated rat stomacht®, These findingsimply that endogenous
somatostatin exerts its inhibitory effect on gastrin release via
intragastric mechanisms. The secretion and expression of
gadtrin are under the paracrine control of somatostatin, produced
by D cells situated in close contact with gastrin-producing G
cells, and gastric D-cells extend the long cytoplasmatic
processes that terminate close to gastrin-secreting G-cellsin
antral mucosa of both humansand rats**!. Thismorphological
evidence for a paracrine mode of action is consistent with the
functional study results.

The putative somatostatin-antagonist cyclo [7-
aminoheptanoyl-Phe-D-Trp-Lys-Thr (Bzl)] has been described
asan antagonist of somatostatin in some peripheral tissuessuch
as endocrine rat pancreas, the papillary muscle of the guinea
pig heart and the ferret trachea, as well as in neural tissues
such as avian choroid, rat cortex, rat hippocampus and rat
pituitary’®. In the present study the somatostatin antagonist
completely blocked the inhibitory effect of a high infusion
rate of somatostatin-14 on gastrin release. During infusion of
somatostatin-14 (10® M), somatostatin measured in the portal
venous effluent of the isolated rat stomach rose to levels
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between 1 000 and 1 600 pg/min, whereas somatostatin secretion
during gastric distention was only between 60 and 120 pg/
min. Sincetheinhibitory effect of exogenous somatostatin was
sufficiently antagonized by the dose of the somatostatin-
antagonist employed, it seems most likely that a sufficient
amount of antagonist was administered to block al the effects
of endogenously released somatostatin during gastric
distention. Therefore the residual inhibition of gastrin during
gastric distention in presence of the somatostatin-antagonist
seems to be independent of endogenous somatostatin and may
be mediated by inhibitory cholinergic pathways.

Schubert and Makhlouf have previously shown that low
distention of the antral part of the isolated rat stomach
stimulated somatostatin and inhibited gastrin release probably
via VIP-dependent mechanisms, whereas high distention
caused an increase in gastrin and a decrease in somatostatin
secretion via cholinergic pathways?. Distention of the whole
stomach seems to activate other regulatory mechanisms than
sdlectivedistention of the distal part of the ssomach, since Debas
et al. have shown that distention of the oxyntic gland area of
the stomach can modulate antral gastrin release®™. Furthermore
the mechanoreceptors in the antrum have been reported to
respond mainly to gastric contractions, while those located in
the corpus and fundus respond primarily to distention®3,

In conclusion, the present data suggest that distention of
the isolated rat stomach inhibits gastrin release via intrinsic
neurocrine and paracrine pathways. Both somatostatin and
intrinsic cholinergic pathways are responsible for distention-
induced inhibition of gastrin release. Somatostatin release is
activated by gastric distention through cholinergic and non-
cholinergic TTX-insensitive pathways.
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Abstract

AIM: To study the effects of tetrandrine (Tet) on calcium
release-activated calcium current (lcrac), delayed rectifier
potassium current (l¢), and inward rectifier potassium
currents (lx,) in isolated rat hepatocytes.

METHODS: Hepatocytes of rat were isolated by using
perfusion method. Whole cell patch-clamp techniques were
used in our experiment.

RESULTS: The peak amplitude of Icgac was -508+115 pA
(n=15), its reversal potential of Icrac Was about 0 mV. At the
potential of -100 mV, Tet inhibited the peak amplitude of
lerac from -521+95 pA to -338+85 pA (P<0.01 vs control,
n=5), with the inhibitory rate of 35 % at 10 pmol/L and
from -504+87 pA to -247+82 pA (P<0.01 vs control, n=5),
with the inhibitory rate of 49 % at 100 umol/L, without
affecting its reversal potential. The amplitude of lcgrac Was
dependent on extracellular Ca?* concentration. The peak
amplitude of Icgrac Was -205+105 pA (n=3) in tyrode’s solution
with Ca?* 1.8 mmol/L (P<0.01 vs the peak amplitude of
Icrac in external solution with Ca?* 10 mmol/L). Tet at the
concentration of 10 and 100 umol/L did not markedly change
the peak amplitude of delayed rectifier potassium current
and inward rectifier potassium current (P>0.05 vs control).

CONCLUSION: Tet protects hepatocytes by inhibiting Icrac,
which is not related to I and ly;.

Zhou HY, Wang F, Cheng L, Fu LY, Zhou J, Yao WX. Effects of
tetrandrine on calcium and potassium currents in isolated rat
hepatocytes. World J Gastroenterol 2003; 9(1): 134-136

http://www.wjgnet.com/1007-9327/9/134.htm

INTRODUCTION

Tetrandrine (Tet) is a bisbenzylisoquinoline alkaloid from a
Chinese medicinal herb (stephaniatetrandra S. Moore). In the
past decade, lots of studies demonstrated that Tet possessed
multiple bioactivities, such as potential immunomodulating,
anticarcinoma and protective effect on CCl,-injured
hepatocyted?. It has also been used in the treatment of ischemic
heart diseases® and hypertension®4. Recently, the antifibrotic
effects of Tet have been received considerable attention!*>1,
The former researches of Tet on the liver have probed into
cellular and molecular level§°9, In the present paper, we used

whole-cell patch-clamp techniqueto observethe effectsof Tet on
lcrac, Ik, Ik1 in normal isolated rat hepatocytes, in order to havea
better understanding its hepatoprotective and antifibrotic effects.

MATERIALS AND METHODS

Solutions and drugs

Tet was from Jinhua Pharmaceutical Co. The stock solution
(10 mmol/L) was dissolved in distilled water after acidification
with 0.1 mol/L HCI and neutralized with 0.1 mol/L NaOH.
Ca?*-freeHank’ s solution was prepared without Ca2* and Mg®.
KB solution contained (mmol/L): glutamic acid 70, taurine
15, KCl 130,KH,PO, 10, HEPES 10, glucose 11, egtazic acid
0.5, pH was adjusted to 7.4 with KOH. The external solution
used to record I crac contained (mmol/L): NaCl 140, KCl 2.8,
CaCl, 10, MgCl, 0.5, glucose 11, HEPES 10, pH was adjusted
to 7.4 with NaOH. The internal solution used to record | crac
contained (mmol/L): potassium-glutamate 145, NaCl 8, MgCl,
1, Mg-ATP 0.5, egtazic acid 10, HEPES 10, pH was adjusted
to 7.2 with KOH. The external solution used to record I
contained (mmol/L): NaCl 144, KCl 4, CaCl, 1.8, MgCl, 0.53,
NaH,PO,0.33, glucose 5.5, HEPES 5, pH was adjusted to 7.4
with NaOH. The internal solution used to record I contained
(mmol/L): KCl 130, K, ATP 5, creatine phosphate 5, HEPES
5, pH was adjusted to 7.2 with KOH. The same external and
internal solutions used to record I, contained(mmol/L): KCl
7,MgCl, 2, egtazic acid 1, potassium-glutamate 130, HEPES
10, pH was adjusted to 7.4 with KOH.

Isolation of single hepatocytes

Hepatocytes were isolated with the modified method reported
by Seglen™. Briefly, adult wistar rats of either sex (175125 q)
were anesthetized by intraperitoneal injection of pentobarbital
sodium (50 mg/kg). The portal vein was cannulated and
perfused with oxygenated Ca?*-free Hank’ s solution 30 ml/
min at 37 "C for 4-5 min followed by perfusion with Ca?*-free
Hank’ s solution containing collagenase (Type 1, Sigma) (0.3g/
L) for 20 min. Theliver was chopped in 10 ml Ca*-freeHank’ s
solution. The cell suspension was filtered through 200 mesh
gauze and then centrifuged three times (50 g, 2 min) to separate
liver cells. Cellswere plated onto the coverslips and incubated
in KB medium for 2 hour and preserved in DMEM at 4 C.

Electrophysiologic recording

Whole-cell recordings were performed using an PC-11 patch
clamp amplifier (Huazhong university of science and
technology). The recording chamber (1.5 ml) was perfused
with the corresponding external solution. The pipettes were
pulled in two stages from hard glass capillariesusing avertica
microelectrode puller (Narishige, Japan). Electrode has a
resistance of 2-5MWfor whole-cell recording when filled with
electrode internal solution. All experiments were conducted
at 2242 C.

Statistic analysis

The data were expressed as X+s. Statistical significances were
analyzed by aunpaired t-test. A vaueof P <0.05was considered
significant.
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RESULTS

Effect of Tet on calcium release-activated calcium current (lcrac)
lcracWas dicited for 200 msfrom the holding potential of 0 mV
to various potentials ranging from -10 mV to +80 mV with the
step of 20 mV every 5 913, The peak amplitude of |crac Was -
508+115 pA (n=15) and the reversal potential of |crac Was
about 0 mV, the current was steady and without run-down in
5 mins. Tet inhibited the peak amplitude of |crac from -521+95
PA to -338x85 pA (P<0.01 vscontrol, n=5), with the inhibitory
rate of 35 % at 10 pmol/L and from -504+87 pA to -247+82
pA (P<0.01 vs control, n=5), with the inhibitory rate of 49 %
at 100 umol/L. Tet did not affect the shape of its current voltage
curve (Figure 1,2).

80 mV
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L Tet 100 mmol/L
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Figure 1 Effect of Tet on Icrac in isolated rat hepatocytes. lcrac
traces before and after Tet 10 umol/L and 100 pmol/L. lcracWas
elicited for 200 ms from the holding potential of 0 mV to various
potentials ranging from -100 mV to +80 mV with step of 20 mV.
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Figure 2 Effect of Tet on I-V relationship of Icracin isolated rat
hepatocytes. Especially at the potential of -100 mV, Tet inhibited
the peak amplitude of Icrac With the inhibitory rate of 35 % at
10 pmol/L and with the inhibitory rate of 49 % at 100 pmol/L.
@ control; O 10 pmol/L; v 100 umol/L.

The amplitude of |crac Was dependent on extracellular Ca*
concentration. The peak amplitude of |crac Was -205+105 pA
(n=3) in tyrode' s solution with Ca?* 1.8 mmol/L (P<0.01 vs
the peak amplitude of |crac in external solution with Ca?* 10
mmol/L). Tet at 10 pmol/L decreased | cgrac from -205+105
PA to -148+96 pA (n=3).

Effect of Tet on delayed rectifier potassium current(ly)

Ik was dicited by 900 ms depolarization steps from +30 mV to
+140 mV with step of 10 mV at holding potentia of -50 mv/3,
Tet at 10 and 100 pmol/L did not change the peak amplitude
of I¢ [from 2014+686pA to 2030+692pA and 2047+710pA
respectively, n=5, cellsfrom 3 rats, P>0.05]. Tet did not affect
the shape of its current voltage curve.

Effect of Tet on inward rectifier potassium current(ly;)

Ik, was elicited by a number of step pulses (40 ms) from the
holding potential (Eh) of O mV to test potentials from -200
mV to +175 mV with the step of 10 mV*. Tet at 10 and 100
pmol/L did not change the peak amplitude of I, [from
2254+718pA to 2239+700pA and 2224+658pA respectively,
n=5 ,cellsfrom 3 rats, P>0.05]. Tet did not affect the shape of
its current voltage curve.

DISCUSSION

Hepatic fibrosisisacommon consegquence of chornic liver injury
from many caused*>*9, and the sustained hepatic injury isa
primary factor for hepatic fibrogenesisi?>-?!, Preventing
hepatocyte from injury is a matter of primary importance in
blocking the fibrogenic pathway. Tet has been considered asan
effective antifibrotic and hepatoprotective agent!*2519, put its
protection against toxic cell death has never been well illustrated.

The Ca* influx ismainly mediated by voltage-operated Ca?*
channels and receptor-activated Ca?* channels. Voltage-
operated Ca?* channels are not present in hepatocytes?.
Calcium influx in isolated hepatocytes mainly depend on
receptor-mediated Ca2* entry which has been identified by
indirect methods®!. Previous studies have shown that one type
of receptor-activated Ca* channels, most likely a store-
operated Ca?* channel, in freshly isolated rat hepatocytesis
inhibited by high concentrations of L-type voltage-operated
Ca?* channels antagonistg*2U, Besides, the mRNA encoding
isoforms of L-type voltage-operated Ca?* channels has been
detected in rat hepatocytes, these observation suggested that
receptor-activated Ca?* channels in rat hepatocytes exhibit
some characteristics of voltage-operated Ca?* channel§%2. Cui
et al reported that | crac (an important sub-type of store-operated
Ca* channels) existed in isolated rat hepatocytes and 50 umol/
L of verapamil, diltiazem and nifedipine could decrease the
amplitude of |crac Effectively™. The resultsin our experiment
showed that Tet at the concentration of 10 and 100 pmol/L could
decrease the peak amplitude of | crac. The concentration that
Tet made a half-maximal inhibition of |crac Was approximately
100 pmol/L, which was substantially higher than that needed
for the half-maximal inhibition of L-type voltage-operated Ca2*
channelsby Tet. It suggested that Tet could protect hepatocytes
by inhibiting lIcrac and decreasing intracellular Ca?*
concentration, in which ahigher concentration of Tet was needed.

Nietsch’ sstudy demonstrated that the activation of potassum
and chloride channels by TNF-a induced apoptosis and death
of the HTC rat hepatoma cells, which could be significantly
delayed by K* channel blockers (Ba2* and quining). Our result
showed that Tet had no effect on I and I,, which suggested that
the hepatoprotection of Tet might not rel ateto potassum channels.
However, whether calcium activated potassum channelsexist in
rat hepatocytes or not remains controversial®l, The effect of
Tet on potass um channels requires further investigation.

In conclusion, Tet protects hepatocytes by inhibiting | crac,
which isnot related to | ¢ and I;.
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Abstract

AIM: To investigate the influence of immune tolerance
induced by intrauterine exposure to fetal hepatocytes on
liver transplantation in the adult rat.

METHODS: LOU/CN rat fetal hepatocytes were injected
into the fetuses of pregnant CHN rats (14-16 days of
gestation). At 7-9 weeks of age, the surviving male rats
received orthotopic liver transplantation (OLT) from male
LOU/CN donors and the survival period was observed and
monitered by mixed lymphocyte reaction assay and
cytotoxicity test.

RESULTS: (1) A total of 31 pregnant CHN rats with 172
fetuses received fetal hepatocytes from LOU/CN rats via
intrauterine injection. Among them, thirteen pregnant rats
showed normal parturition, with 74 neonatal rats growing
up normally. (2) The mean survival period after OLT in rats
with fetal exposure to fetal hepatocytes was 32.1+3.7 days,
which was significantly different from the control (11.8+2.3
days, P<0.01) in rats without fetal induction of immune
tolerance. (3) Mixed lymphocyte proliferation assays yielded
remarkable discrepancies between the groups of rats with- or
without fetal exposure to fetal hepatocytes, with values of
8 411+1 361 and 22 473+1 856 (CPM+SD, P<0.01) respectively.
(4) Cytotoxicity assays showed values of 21.2+6.5 % and
64.5+7.2 % (P<0.01) in adult rats with or without fetal
induction of immune tolerance.

CONCLUSION: Intrauterine injection of fetal hepatocytes into
rat fetuses can prolong the survival period of liver transplant
adult male rats recipients, inducting immune tolerance in OLT.

Yang YL, Dou KF, Li KZ. Influence of intrauterine injection of
rat fetal hepatocytes on rejection of rat liver transplantation.
World J Gastroenterol 2003; 9(1): 137-140

http://www.wjgnet.com/1007-9327/9/137.htm

INTRODUCTION

In both experimental study and clinical practice, rejection
responses induced by organ transplants necessitate the use of
potent immunosuppressive drugst*”. It should be noted,
however, that excessive dosage of immunosuppressive agents
may result in severe side effects such as hypertension and

hepatic and/or renal toxicity. Moreover, prolonged usage of
immunosuppressants often leads to severe infection and
increased susceptibility to malignancy, thus critically affecting
the health of recipients. Particularly in juvenile patients,
immunosuppressive drugs can lead to stunted growth. It is
therefore imperative to assess, as an alternative to
immunosuppressants, the protective effect of induced immune
tolerance on organ transplantation. The ideal strategy isto
induce a low responsiveness or irresponsiveness in the
recipients toward donors' grafts, while preserving normal
immunologica functionsfor the recognition of tumor antigens
and prevention of infection. Thusimmunosuppressive agents
can be avoided or be used at dramatically reduced dosage.
The key steps toward successful transplantation therefore
include either attenuated immune reactions or induced immune
tolerance to graftg®,

In utero, the stem cell transplantation represents a new
therapeutic approach of experimental nature toward the
treatment of hematopoietic diseases, immunodeficiency
diseases, metabolic disorders and genetic diseased*¢*9. Some
reports support the possibility of using this method to induce
immunologic tolerance in both human subjects and animals
receiving organ transplantation'®-24, But the effect of in utero
fetal exposure to fetal hepatocytes on liver transplantation in
adulthood is unclear. In the present study, we injected fetal
hepatocytesintraperitonedly into rat fetuses and then performed
orthotopic liver transplantation (OLT) in surviving adult male
rats. Some parameters were tested in order to confirm the anti-
rejection effect of in utero injection of fetal hepatocytes.

MATERIALS AND METHODS

Animals

Male and female LOU/CN and CHN rats weighing 200-250 g
were obtained from the Laboratory Animal Center of The Fourth
Military Medical University, and fed with standard rat chow.

Timed pregnancy of CHN rats

Male CHN rats, or male LOU/CN rats, were housed individually
in standard cageswith ameta divider with 0.25-inch holes. One
female CHN or LOU/CN rat was placed in the corresponding
empty side. The cage divider was then removed 48 hrs later.
Pairs of CHN or LOU/CN rats were alowed to mate overnight
separately. The pairswerethen separated with the females placed
singly in cages. The presence of vaginal plug marked day O of
gestation. Normal gestation is about 21 days.

Preparation of LOU/CN fetal rat hepatocytes

Pregnant LOU/CN femaleswere killed by cervical didocation
at 15 to 16 days of gestation. All subsequent handling was
done under sterile conditions. The uterine hornswere removed
and dissected in phosphate-buffered saline (PBS). Fetuseswere
separated from decidua and extraembryonic membranes and
transferred to 35 mm petri dishesfilled with PBS. Fetal livers
were removed, with 5 to 10 livers placed in 1 to 2 ml RPMI
1640 medium (GIBCO BRL, Grand Island, CA) with 15 %
fetal calf serum (FCS, GIBCO BRL, Grand Island, CA). Cell
suspensions were prepared by repeated pipetting of the livers
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through a 23-gauge needle attached to a 1ml pipette. The
mononuclear cells were separated by centrifugation at 500 g
for 20 minutes and filtered through a Nitex filter with a41 pm
pore size (Huamei chemical company, Henan province, China).
Cell viability counting (usualy greater than 90 %) was done
using trypan blue exclusion test, and the final cell suspension
was prepared in PBS/15 % FCS at a concentration of 5x107/ml.
The cell suspension was used for intrauterine injection within
4 hours of preparation.

In utero intraperitoneal injection into CHN rat fetuses with
LOU/CN fetal rat hepatocytes

Micropipettes were prepared from capillaries using a Brown
and Flaming micropipette puller. The end of the needle was
cut under a microscope with ophthalmological forceps, and
the tip was sharpened on a micro-grinding wheel. Pregnant
(11 to 13 days of gestation) CHN rats were anesthetized i.p.
with sodium pentobarbital, and the uterine horns were
exteriorized with ophthalmological forceps. Fetal hepatocytes
from LOU/CN rats were injected into CHN fetuses through a
hand-drawn glass micropipette with a beveled edge. The
placenta was penetrated at an oblique angle. The number of
cells injected per fetus was 10° (about 5x10% cells/kg of
recipient weight), except in experiments in which the effects
of different cell concentrations and volumes of cell suspension
used were examined. Muscle layers were closed with 4-0 silk
suture, and 1-0 silk thread was used for skin suture.

Orthotopic liver transplantation (OLT)

Orthotopic whole-liver transplantation was performedi?2¢
using the smplified cuff technique for portal and intrahepatic
vena cava anastomosis, whereas the hepatic artery was not
reconstructed. The twenty male CHN rats, aged 7 to 9 weeks
that survived intraperitoneal injection with fetd liver cellsfrom
LOU/CN rats, weretaken as graft recipients, with norma male
LOU/CN ratsasliver donors. Both donors and recipients were
anesthetized with methoxyflurane. After explantation, livers
were stored at 0-4 °C for 1 hr in UW solution. Grafts were
connected to suprahepatic vena cavawith arunning 7-0 prolene
suture. We insert cuffs into the corresponding vessels, and
anastomose the bile duct and hepatic artery over anintraluminal
polyethylene splint. Transplantation required lessthan 40 min,
while the portal vein was clamped for 12-15 min during this
period. After transplantation, the recipients had free access
to standard laboratory chow and tap water. Animalsthat died
within 3 days were considered technical failures and were
excluded from data collection. The rate of success of liver
transplantation was more than 90 % in this study. Five rats
were sacrified at 5 days after OLT. Immediately before
sacrifice, the livers were removed for histological
investigation. Liver samples from 10 normal male CHN rats
were taken as controls.

Mixed lymphocyte reaction assay

Mixed spleen cells were used for setting up lymphocyte
cultures. Briefly, the spleens were aseptically removed from
experimental CHN rats that survived in utero intraperitoneal
injection of fetal LOU/CN rat liver cell, and from control CHN
rats. Then they were separately disrupted mechanically using
apair of sterile forceps. LOU/CN spleen cells were treated
with 25 pg/ml mitocin-C (KyowaHakko K ogyo, Tokyo, Japan)
at 37 °C for 45 min. Then the two groups of cells were washed
by PBS, followed by lysis of erythrocytesin Tris-NH,CI
solution (pH 7.2). After further washes, the cells were finally
resuspended in RPMI 1640 with 10 % FCS. The numbers of
two groups of spleen cells were adjusted, and 5x10° spleen
cellsfrom each of the two sources were mixed together (final

volume 0.2 ml) and added to triplicate wells of 96-well round-
bottomed microtiter plates. Cellswere cultured for 120 hr, and
1 u Ci [3H]-thymidine was added into wells 18hr before cell
harvesting. Radioactive thymidine incorporation rate was
measured by aliquid scintillation counter (1205 Betaplate),
with data expressed as CPM+SD[?"28

Complement-dependent cytotoxicity test

Recipient CHN rats were tested one week after OLT for
complement-dependent cytotoxicity test against lymphocytes
suspensions from LOU/CN donor rats. Sera from recipients
were prepared and added into the wells of 96-well round-
bottomed microtiter plates (1 m per well). Then 1 ml
lymphocytes (about 2 000 cells per 1 i volume) were added
into the same wells. They were gently mixed and incubated
for 30minat 22 ‘C+2 °C, then 5 i rabbit complement (Huame!
chemical company, Henan province, China) was added, and
the mixture incubated for 60 min at 22 ‘C+2 C. Afterwards,
the mixtures were stained with eosin (50 g/L) for 5 min. The
cellswere fixed in 36 % formalin for 2 hr and observed with
an inverted phase-contrast microscope (Olympus, Tokyo,
Japan). Cytotoxicity was determined by eosin exclusion and
percentage enumeration of cellskilled by serafrom OL T3,

Histology

Liversfrom CHN ratsthat underwent OLT werefixedin 10 %
neutral formalin for five days and then embedded in paraffin.
Five micron sections were cut and stained with hematoxylin
and eosin for histological examination. Sections from normal
rat livers served as controls.

Diagnostic criterion of graft rejection

Several diagnogtic criteriawere used to determine the existence
of rejection response following hepatic transplantation. The
firstissurviva of recipients over 7 days post-transplantation.
The second entails the occurrence of acute hepatic dysfunction
astypified by inappetence, weight loss, auricle or nail jaundice,
depressed mood, with incidental diarrhea or ascitesin some
cases. Thethird criterion involvestypical histological changes,
such as enlarged liver bulk, yellowish white appearance of the
liver, and the presence of liver conglutination to muscles or
abdominal walls, and viscera. Also frequently encountered are
apparent degeneration or necrosis of hepatic cells, and
infiltration of numerous lymphocytes, especially at liver
sinusoidal area. The fourth denotes the presence in good
condition of the recipients plus good appetite, accompanied
with normal weight 3 days after successful transplantation.
The recipientsthat died from post-surgical complications such
as necrosis of bile duct, intra-abdominal hemorrhage and
infection were excluded from data collection.

Statistics

All the datawere analyzed by Student’ st test and expressed as
mean +S. The statistical difference P<0.05 was considered
significant and P<0.01 as very significant.

RESULTS

Influence of intraperitoneal injection into fetus in utero on
survival of neonatal CHN rats

Thirty-one pregnant CHN recipients who later delivered 172
fetal CHN rats were injected into their fetuses with isolated
fetal hepatocytes from LOU/CN rats. Among them, eleven
pregnant females died from various surgical complications,
and seven females aborted or consumed their litters. There
were 17 pregnant ratswith normal parturition, and 74 neonatal
rats grew up normally.
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Suppression of rejection response to rat liver transplantation
after intrauterine injection

The mean survival period of rats with fetal intraperitoneal
injection of fetal hepatocytes prior to OLT was 32.1+3.7 day,
in comparison to control values of 11.8+2.3 day (P<0.01)
obtained from rats without this procedure.

Inhibitory effect of intraperitoneal injection in utero on mixed
lymphocytes reaction assay

Mixed lymphocytes reaction assay showed significant
differences in [3H]-thymidine incorporation rates in groups
of CHN rats that were either fetally exposed (8411+1361,
CPM+SD) or not (22473+1856, CPM+SD) to intraperitonesal
injection of fetal hepatocytesin utero (P<0.01).

Suppressive effect of fetal intraperitoneal injection in utero
on cytotoxicity test after rat liver transplantation in adulthood
Cytotoxicity test revealed percentage values of dead cellsto
be 21.2+6.5 % vs 64.5+7.2 % (P<0.01) respectively from the
two groups of CHN rats with or without fetal intraperitoneal
injection in utero prior to OLT in the adult rats, the difference
being statistically significant.

DISCUSSION

With rapid advances in antenatal diagnostic technology, many
prenatal diseases (congenital metabolic liver disorders,
congenital heart disease and hemophilia, e.g.) can be diagnosed.
Therefore organ transplantation becomes a very useful choice
for treating these diseasesin afflicted children. However, routine
regime of immunosuppression in use today suffered from many
serious side effects, including stunted growth seen in children
using most immunosuppressive drugs®-34., If we can induce
low responsiveness or even irresponsiveness in the recipients
to the donors' grafts, immunosuppressive drugs can then be
used at much reduced dosage. Until now, low responsiveness
or irresponsivenessto the graft has not been achievedin clinical
practice. Therefore, induction of immunologic tolerance
becomes imperative in clinical transplantationl®42,

Clonal deletion theory maintains that burst of cell
proliferation during embryonic period is very frequent, with
resultant formation of multiple specific clones of lymphocytes
capable of responding to respective antigens“*#4. During
embryonic period, the lymphocyte clones encounter internal
antigens or artificialy introduced antigens, with consegquent
damage to, or suppression of these clones, the so-called
abstinence clones. In postnatal life, the abstinence clone
remains inactive to an internal antigen or an artificially
introduced foreign antigen that has been present in utero, a
status of immunologic tolerance in the adult to an antigen
following prior exposure during the embryonic period. On the
contrary, if alymphocyte clone meets an antigen that has never
been introduced during the embryonic period, the specific
immunological response would ensue. According to thetheory,
intrauterine injection is considered a useful tool for the
induction of immunologic tolerance, especially for clinical
trangplantation. Some advantages of intrauterine injection for
evoking immunologic tolerance should be noted. Firstly,
because the host at fetal stage can’ t recognize a foreign
substance and thus display immunol ogic tolerance to axenogen
(the earlier the fetal stage of the hogt, the stronger the tolerance
effect to the antigen), no immunologic reaction is seen between
the host and ecdemic grafts. Therefore intrauterine injection
spares tissue-matching work needed in routine transplantation
and makes easier graft transplantation. Meanwhile,
immunologic tolerance induced by intrauterine injection makes
unnecessary pretreatment with immunosuppressive drugs, thus

avoiding possible side effects of immunosuppressive agents
on the body. Secondly, fewer fetal liver cells are needed for
trangplanting into the reci pients during embryonic period because
of their small body size and weight. The latter assures little
influence and gentletorturefor therecipients. Thirdly, in addition
to exempt from infection due to microorganism, the maternal
body offers adequate nutrition and energy to the fetuses, thus
the uterus can be seen asan idea * isolation room’ 14554,

We also compared the effect of using rat spleen or bone
marrow cells, with that of fetal liver cells, for intraperitoneal
injection in utero into fetusesin pregnant rats. It was observed
that the survival birth rate using fetal liver cells was much
greater than that with spleen or bone marrow cells. Several
factors may help to explain the discrepancy. The most
important one may be that the response against the host is
induced by active lymphocytes |ocated in the spleen or bone
marrow cells. In contrast, the main components of fetal liver
cells are hematopoietic stem cells possessing two effects, with
the first reducing graft versus host reaction, and the other for
the maintenance of chimerism because hematopoietic stem
cells are characterized by self-renewal and multipotential for
differentiation25,

Asevidenced by both in vivo and in vitro datain the present
study, the method of fetal hepatocytes in utero injection can
prolong the survival period of rat liver transplants. Although
completeimmunetolerance can not be induced, partial immune
tolerance observed in our study is sufficient for liver
tranplantation. Further work will beneededtorevedl if chimerism
is induced by transplantation itself, as well as its possible
influence on theimmune system in the grafted recipients.
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Abstract

AIM: To investigate functional change of dendritic cells (DCs)
derived from allogeneic partial liver graft undergoing acute
rejection in rats.

METHODS: Allogeneic (SD rat to LEW rat) whole and 50 %
partial liver transplantation were performed. DCs from liver
grafts O hr and 4 days after transplantation were isolated and
propagated in the presence of GM-CSF in vitro. Morphological
characteristics of DCs propagated for 4 days and 10 days
were observed by electron microscopy. Phenotypical features
of DCs propagated for 10 days were analyzed by flow
cytometry. Expression of I1L-12 protein and 1L-12 receptor
MRNA in DCs propagated for 10 days was also measured by
Western blotting and semiquantitative RT-PCR, respectively.
Histological grading of rejection were determined.

RESULTS: Allogeneic whole liver grafts showed no features
of rejection at day 4 after transplantation. In contrast,
allogeneic partial liver grafts demonstrated moderate to
severe rejection at day 4 after transplantation. DCs derived
from allogeneic partial liver graft 4 days after transplantation
exhibited typical morphological characteristics of DC after 4
days” culture in the presence of GM-CSF. DCs from allogeneic
whole liver graft O hr and 4 days after transplantation did
not exhibit typical morphological characteristics of DC until
after 10 days” culture in the presence of GM-CSF. After 10
days” propagation in vitro, DCs derived from allogeneic whole
liver graft exhibited features of immature DC, with absence
of CD40, CD80 and CD86 surface expression, and low levels
of IL-12 proteins (IL-12 p35 and IL-12 p40) and IL-12
receptor (IL-12Rb; and IL-12Rb,) mRNA, whereas DCs from
allogeneic partial liver graft 4 days after transplantation
displayed features of mature DC, with high levels of CD40,
CD80 and CD86 surface expression, and as a consequence,
higher expression of IL-12 proteins (IL-12 p35 and IL-12 p40)
and IL-12 receptors (IL-12Rb; and IL-12Rb,) mRNA than
those of DCs both from partial liver graft O hr and whole liver
graft 4 days after transplantation (P<0.001) was observed.

CONCLUSION: DCs derived from allogeneic partial liver graft
undergoing acute rejection display features of mature DC.
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INTRODUCTION

The shortage of donor organs remains a major obstacle to the
widespread application of liver transplantation in patients with
end-stage liver disease. Although split grafting was used to
increase the number of donor livers, the accelerated rejection
induced by liver regeneration!*2 can interfere with the outcome
of these liver grafts. Therefore, It isimportant to investigate
the mechanism responsible for the accelerated rejection of split
liver grafting.

After organ transplantation, interstitial donor dendritic cells
(DCs) migrate to recipient lymphoid tissue. In the case of
experimental skin, heart, or kidney allografts, these cells have
been implicated asthe principal instigators of rejection. Despite
similar patterns of donor DCs migration, liver grafts are
accepted without immunosuppressive therapy between MHC-
mismatched mouse, and certain rat strains, and induce donor-
specific tolerance. These phenomena and the persistence of
donor hematopoietic cells, including DCs, in successful, long-
term graft recipients, have raised important questions about
the possible role of donor DCsin liver transplant tolerance.
The capacity of DCsto initiateimmune responsesisdetermined
by their surface expression of MHC gene products and
costimulatory molecules (CD40, CD80 and CD86), and the
secretion of the immune regulator, interleukin (IL)-1232,
Immature DCsresident in nonlymphoid tissues such as normal
liver are deficient at antigen capture and progressing®*,
whereas mature DCs, resident in secondary lymphoid tissues,
are potent antigen-presenting cells, which can induce naive T-
cell activation and proliferation!*”. Immature DCsthat express
surfaceMHC dlass||, but that are deficient in surface costimul atory
molecules, can induce T-cell hyporesponsivenessi**1 and
inhibit immune reactivity!*6'7, It has been observed that liver-
derived*38 or bone marrow-derived immature DCs7,
propagated in vitro and lacking surface costimulatory
molecules, can prolong heart or pancreatic islet allograft
survival. Whereas, marked augmentation of DCs numbers and
maturation of DCsin liver alografts by donor treatment with
the hematopoietic growth factor fms-like tyrosine kinase 3
(FIt3) ligand (FL) resultsin acute liver graft rejectiont® 2,

Recent findings have revealed increased immune responses
to regenerating allogeneic partial liver graftin rats*2, but little
isknown about the mechanism responsible for the accel erated
rejection. The purpose of this study was to investigate the
property of DCsisolated from alogeneic partial liver graft in
comparison with DCsisolated from allogeneic wholeliver graft,
in an attempt to elucidate the possible mechanism responsible
for the accelerated rejection of allogeneic partial liver graft.
Given mature DC can induce naive T-cell activation and
proliferation®7, and consequently induce acute rejection(*%2%,
we suspected that maturation of DCs derived from liver graft
would be akey inducer of the accelerated rejection of allogeneic
partial liver graft. In the present study, we first demonstrated
that DCs derived from partial liver graft undergoing acute
rejection displayed features of mature DC, including positive
expression of costimulatory molecules, higher level
expression of 1L-12 protein and IL-12 receptor mRNA in
these mature DCs.
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MATERIALS AND METHODS
Animals

One hundred male LEW rats and one hundred male SD rats
weighing 220-300 g were used in all the experiments.
Allogeneic whole and 50 % partial liver transplantation were
performed using a combination of SD ratsto LEW rats. The
animals were purchased from Chinese Academy of Science
and Sichuan University. They were maintained with a 12-hr
light/dark cycle in a conventional animal facility with water
and commercia chow provided ad libitum, with no fasting
before the transplantation.

Liver transplantation

All operation were performed under ether anesthesiain clean
but not sterile conditions. All surgical procedures were
performed from 8 am. to 5 p.m. Donors and recipients of
similar weight (+10 g) were chosen. Liver reduction was
achieved by removing the | eft lateral |obe and the two caudate
lobes, which resulted in a 50 % reduction of the liver mass.
Whole liver transplantation (WLT) and partial liver
transplantation (PLT) were performed with the two-cuff
method described by Kammada and Calne’?, Knoop et al’?2
and Uchiyama et al®¥, Briefly, the whole and partial liver were
perfused with 20 ml of chilled lactated Ringer’ s solution
containing 200 U of heparin through the aorta. The liver was
removed and immersed in chilled University of Wisconsin
solution. Immediately after cuffs were placed on the portal
vein and theinfrahepatic venacava, theliver graft was perfused
with 8 ml of chilled University of Wisconsin solution through
the portal vein and 2 ml of the same sol ution through the hepatic
artery, and then the hepatic artery was ligated. Cold
preservation time was approximately 1 hr in all experiments.
After atotal hepatectomy was performed in the recipient, the
suprahepatic vena cava was anastomosed in a continuous
fashion with 8-0 sutures. The portal vein and infrahepatic vena
cava were then connected by a 6-FG and 8-FG polyethylene
tube cuff, respectively. The bile duct was internally stented
with a 22-gauge i.v. catheter. The portal vein was clamped
for <18 minin all animals. In each group, the survival rate
after grafting was >89 % at 24 hr after surgery. Deaths that
occurred within this period were defined as resulting from
technical failure. Penicillin was given perioperatively.

Histology
Part of liver graft tissues 4 days after transplantation were
sectioned and preserved in 10 % Formalin, embedded in
paraffin, cut with microtome, and stained with hematoxylin
and eosin.

Propagation and purification of liver graft-derived DC
populations

DCsfrom liver graft O hr and 4 days after transplantation were
propagated in GM-CSF from nonparenchymal cells (NPC)
isolated from collagenase-digested liver graft tissue, as
described by Lul*®, Nonadherent cells, released spontaneously
from proliferating cell clusters, were collected after 4 days

and 10 days culture, and purified by centrifugation 500xg,
10 min at room temperature on a16 % w/v metrizamide gradient
(DC purity 80-85 %).

Morphological and Phenotypical features of DCs

Morphological characteristics of DCsderived from liver graft
were observed by electron microscopy. Expression of cell
surface molecules was quantitated by flow cytometry as
described by Mehling et al“. Aliquotsof 2x10° DCs propagated
for 10 daysin vitro were incubated with the following primary
mouse anti-rat mAbs against OX62, CD40, CD80, CD86

(Serotec, USA), or rat |gG as an isotype control for 60 min on
ice (1 ng/ml diluted in PBS/1.0 % FCS). The cellswere washed
with PBS/1.0 % FCS and labeled with FITC-conjugated goat
anti-mouse 19G, diluted 1/50 in PBS/1.0 % FCS for 30 min
onice. At the end of thisincubation cells were washed, PBS
were added, and the cells were subsequently analyzed in an
FACS-4200 flow cytometer (Becton-Dikison, USA).

Semiquantitative RT-PCR for expression of IL-12R mRNA
in DCs

Anaysisof expression of IL-12Rb; and IL-12Rb, mMRNA was
determined by reverse transcription-PCR (RT-PCR)
amplification in contrast with house-keeping gene GAPDH.
Total RNA from 1x10” DCs propagated for 10 daysin vitro
was isolated using Tripure™ reagent (Promega, USA). First-
strand cDNA was transcribed from 1 mg RNA using AMV and
an Oligo (dTs) primer. PCR was performed in a25 ni reaction
system containing 10 m cDNA, 2 m 10 mM dNTP, 2.5 ni 10x
buffer, 2.5 m 25 mmol- L-* MgCl,, 2 m specific primer, 5 m
water and 1 ml Tag. IL-12Rb; and IL-12Rb,were amplified
using specific primer for IL-12Rb,* and I L-12Rb,*!. Specific
primers for GAPDH!? were also used for control. Thermal
cycling of IL-12Rb; and IL-12Rb,and GAPDH primers were
performed as follows?!: denaturation at 94 “C for 1 min,
annealing at 55 ‘C for 1 min, and extention at 72 °C for 1 min,
all cycling were performed for 35 cycles. The predicted PCR
product size were 331 bp for IL-12Rb,, 1 200 bp for IL-12Rb,
and 576 bp for GAPDH. PCR products of each sample were
subjected to electrophoresis in a 15g- L' agarose gel
containing 0.5 mg- L ethidium bromide. Densitometrical
analysis using NIH image software was performed for
semiquantification of PCR products, and the expression level
of each sample were expressed by IL-12R mRNA/GAPDH
MRNA (%).

Western blotting for IL-12 protein expression in DCs

DCs cultured for 10 daysin vitro were starved in serum-free
medium for 4hr at 37 ‘C. These cells were washed twice in
cold PBS, resuspended in 100 ni lysis buffer (1 % Nonidet P-
40, 20mM Tris-HCI, pH8.0, 137mM NaCl, 10 % glycerol,
2mM EDTA,10 nmg/ml leupeptin, 10 mg/ml aprotinin, 1mM
PMSF, and 1 mM sodium orthovanadate), and total cell lysates
were obtained. The homogenates were centrifuged at 10 000xg
for 10 minat 4 °C. Cell lysates (20 ng) were electrophoresed
on SDS-PAGE gels, and transferred to PV DC membranes for
Western blot analysis. Briefly, PVYDC membranes were
incubated in a blocking buffer for 1 hr at room temperature,
then incubated for 2 hr with Absraised againgt 1L-12 p35 (M-
19, goat anti-rat, Santa Cruz,CA), 1L-12p40 (H-306, rabbit anti
-rat, Santa Cruz, CA). The membranes were washed and
incubated for 1 hr with HRP-labeled horse anti-goat or HRP-
labeled goat anti-rabbit IgG. Immunoreactive bands were
visualized by ECL detection reagent.

Statistics
Statistic analysis of datawas performed using the Student’ st-
test; P<0.05 was considered statistically significant.

RESULTS

Histological rejection

Histology features of allografted liverswere compared between
the whole and partial groups on Day 4 after transplantation,
allogeneic whole liver grafts demonstrated no rejection. In
contrast, partial liver grafts demonstrated moderate to severe
rejection, including inflammatory cellular infiltration in the
portal tract, andothelialitis and bile duct damage.
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Figure 1 Morphological characteristics of liver graft-derived DCs propagated for 4 days in the presence of GM-CSF. A: DC from
whole liver graft 4 days after transplantation (x1 200 b). B: DC from partial liver graft 4 days after transplantation (x600b).
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Figure 2 Expression of costimulatory molecules in DCs from liver grafts 4 days after transplantation by FCM. A: Expression of
CD40 in whole liver graft-derived DCs; B: Expression of CD40 in partial liver graft —derived DCs; C: Expression of CD80 in whole
liver graft —derived DCs; D: Expression of CD80 in partial liver graft -derived DCs; E: Expression of CD86 in whole liver graft-
derived DCs; F: Expression of CD86 in partial liver graft -derived DCs.
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Figure 3 Detection of IL-12 proteins in liver graft-derived DCs by Western blotting. Lanes 1: protein marker. Lanes 2-4: extracts
derived from DCs from liver graft 0 h after transplantation, whole liver graft (WLT) and partial liver graft (PLT) 4 days after
transplantation, respectively. Compared with 4 d WLT group, PP<0.001; Compared with 0 h PLT group,?P<0.001.
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Figure 4 Detection of IL-12 R mRNA in liver graft-derived DCs by RT-PCR. Lanes 1: marker; Lanes 2- 4: extracts derived from DCs
from liver graft 0 h after transplantation, whole liver graft (WLT) and partial liver graft (PLT) 4 days after transplantation,
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Phenotypic characteristics of liver graft-derived DCs
propagated in vitro

After 4 days culture in the presence of GM-CSF, liver graft-
derived DCs were observed with electron microscopy, DCs
from whole liver grafts O hr and 4 days after transplantation
exhibited round shape, smaller body, bigger nucleus, and a
few shorter dendrites, whereas DCs derived from partial liver
graft 4 days after transplantation displayed typical
morphological features of DC including anomalous shape,
bigger body, and numerous longer dendrites (as shown in
Figure 1). Flow cytometry showed 80-85 % of DCs both from
whole and partial liver grafts strongly expressed rat DC-
specific OX62 antigen molecule (as shown in Table 1), which
was suggested high purity DCs were obtained. After 10 day’
culture in the presence of GM-CSF, although DCs both from
whole and partial liver grafts exhibited typical morphological
features of DC by electron microscopy, flow cytometric
analysis showed (as shown in Figure 2 and Table 1) whole
liver graft-derived DCsdisplayed low amounts of costimulatory
molecules (CD40, CD80 and CD86), whereas DCsfrom partial
liver graft 4 days after transplantation expressed moderate to
high levels of these markers. These results suggested allogeneic
partial liver transplant could promote maturation of DCs
derived from partial liver graft.

Table 1 Comparison of expression of DC surface markers from
whole liver graft and partial liver graft (xts, n=13)

Groups 0OX62 CD40 CD80 CD86

Whole liver graft-DC  85.63£3.81  7.24%1.87  6.58+2.39  7.01+2.54

Partial liver graft-DC ~ 88.4245.75 50.18+3.26° 45.31+3.67° 43.29+2.03"

5P<0.001 vs whole liver graft-DC

IL-12 protein expression in liver graft-derived DCs

To investigate the functional change of DCs derived from liver
grafts, we evaluated IL-12 protein expression in these DCs.
Asshownin Figure 3, DCs derived from both whole and liver
grafts O hr after transplantation expressed detectable but low
levels of 1L-12 p35 and IL-12 p40, and expression levels of

IL-12 p35 and IL-12 p40 in DCsfrom whole liver graft 4 days
after transplantation were similar to those of DCs from whole
liver graft O hr after transplantation (P>0.05). However,
expression of IL-12 p35 and IL-12 p40 in DCs from partial
liver graft 4 days after transplantation was markedly increased,
and their expression levelswere significantly higher than those
of DCs both from partial liver graft 0 hr and whole liver graft
4 days after transplantation (P<0.001).

IL-12R mRNA expression in liver graft-derived DCs

As shown in Figure 4, semiquantitative RT-PCR analysis
revealed detectable but low levels of 1L-12Rb, and IL-12Rb,
MRNA expression in DCs both from whole and partial liver
grafts O hr after transplantation, expression levels of IL-12Rb;
and IL-12Rb, mRNA in DCsfromwholeliver graft 4 days after
transplantation were not markedly changed compared with
those of DCs from whole liver graft O hr after transplantation
(P>0.05). Whereas DCs from partial liver graft 4 days after
trangplantation expressed higher levelsof 1L-12Rb; mRNA and
IL-12Rb, mRNA, and their expression levels were markedly
higher than those of DCs both derived from partial liver graft O
hr and whole liver graft 4 days after transplantation (P<0.001).

DISCUSSION

DCs play critical roles in the initiation and modulation of
immuneresponses?-34, After vascularized organ transplantation,
donor passenger leukocytes (mainly interstitial DCs) are
mobilized out of the graft via peripheral blood to the recipient
lymphoid and nonlymphoid tissued 3. Maturation of donor
DC from thyroid, pancreatic islet, skin, or kidney allograftsin
recipient lymphoid organs lead to the activation of naive,
aloreactive ThO lymphocytes, and thus provides the primary
stimulus for acute all ograft rejection. However, in mouse and
certain rat strain combinations, fully MHC-mismatched liver
allografts accepted without any of immune suppression, and
fail to elicit an effective rejection response!®=?, Moreover, in
humans, the liver is considered the least immunogenic of
transplanted whole organs. In atolerant rat strain combination,
depletion of interstitial leukocytes from liver by pretransplant
donor radiation prevents the tolerogenic effect, and resultsin
acute rejection!®!, On the other hand, it has been reported that
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immature, costimulatory molecule-deficient DCs (such as
normal liver or bone marrow-derived DCs) propagated in vitro
can promote graft survival in allogeneic recipients**442, and
posttransplant administration of donor leukocytesinduceslong-
term acceptance of liver transplants*.

Therefore, passenger leukocytes (most likely DCs) may
have a dualistic role with potential to elicit T cell activation
and graft rejection, or induce T cell tolerance and graft
acceptance. The sustained release from the transplanted liver
of immature DCs, may contribute to allogeneic liver graft
tolerance induction. These liver-derived DCs migratein vivo
to T cells areas of secondary lymphoid tissue, where they
persisted for weeksin allogeneic recipients®® 4, It is accepted
that alloantigen-specific Thl cellsinitiate allograft rejection,
and that Th2 cells exert an inhibitory influence on the
development of Thl clones. It has been proposed that
preferential induction of alloantigen-specific Th2 lymphocytes
could suppress the development of Ag-specific Thl cells, and
asaconsequence, inhibit allograft rejection. Liver-derived DCs
might induce the proliferation of Th2 clones with capacity to
inhibit Thl responses®. Liver-derived DCs display an
immature phenotype with absence of costimlatory molecules
(CD40, CD80 and CD86) surface expression, low levels of
MHC classlandll, and as a consequence, low stimulatory
capacity for naive allogeneic T cells. Unlike mature DC, these
liver-derived DCs do not induce detectable levels of
intracytoplasmic IFN-gin allogeneic CD4* cellsin 72-h MLR,
and elicited very low levels of CTLsin vitrol®3%¥, |n contradt,
acute liver graft rejection would be induced by maturation of
liver grafts derived-DCs?%. These findings point to a pivotal
role for donor immature or mature DCs in determining the
outcome of liver transplantation. Mature DCs express high
levels of costimulatory molecules such as CD40, CD80 and
CD86. Activation of T cells by mature DCs has been shown to
require direct contact between T cells and DCsthrough CD40-
CD40L interaction!, upon ligation of CD40L on T cellswith
CD40 on DCs, DCsaretriggered to produce even high quantities
of IL-12, thus consigning T cellsto Thl responses*.

IL-12 isan important immune regulator produced primarily
by DCs and macrophages that drivesthe preferential induction
of Thl immune responses. IL-12 appears to be a central
mediator of acute graft-vs-host disease in mice*, whereas
neutralization of bioactive|L-12 enhances allogeneic myoblast
surviva®®. Moreover, exogenous|L-12 mediatesliver allograft
rejection*, and IL-12 antagonism could promote liver graft
tolerance®. IL-12 bindsto aunique, high affinity receptor on
activated Th cells and NK cells, enhances the expression of
antiapoptotic factors (bcl, and bcly), and facilitates activated
T cell and NK-lymphokine activated killer cell expansion. IL-
12 indirectly promotes Th1 and inhibits Th2 development by
inducing the secretion of IFN-gby Th1 and NK cellg® 5054,
Recent investigation showed IL-12 also induce autologus I L -
12 production of DC by interaction with I1L-12 receptort®!,
Previous studies have shown that IL-12R isdetected in T cells
and NK cells, and IL-12R plays a crucial role for IL-12
mediated activation of these cell types 5%, |L-12Rb, isthe
subunit primarily responsible for binding IL-12, and IL-12Rb,
plays an essential rolein mediating the biological functions of
[L-12. IL-12-induced phosphorylation of STAT4 and IFN-g
production are absent in Con A and anti-CD3-activated
splenocytes from IL-12Rb,” micel®®. Recent investigations
suggested that DCs exhibited expression of IL-12Rb, and IL-
12Rb /%6168 gnd mature DCs express high level of IL-12Rb,
and IL-12Rb ;%64

Although OmuraT et al™™ and Shiraishi M et al? reported
that allogeneic partial liver grafts exhibited increased immune
response compared with allogeneic whole liver grafts as early
as 3 days after transplantation, little is known about the exact

mechanism responsible for the accelerated rejection. In the
present study, accelerated rejection was demonstrated in
allogeneic partial liver graft 4 days after transplantation. Our
results first demonstrated that DCs derived from allogeneic
whole liver graft without acute rejection 4 days after
transplantation exhibited an immature phenotype with absence
of CD40, CD80 and CD86 surface expression, and low
expression of 1L-12 proteins (IL-12 p35 and IL-12 p40) and
IL-12 receptor (IL-12Rb;and IL-12Rb,) mRNA. In contrast
with immature DCs derived from whole liver graft, DCs
derived from partial liver graft undergoing acute rejection 4
days after transplantation displayed a mature phenotype with
high level of CD40, CD80 and CD86 surface expression, and
as a consequence, high level expression of IL-12 proteins (IL-
12 p35and IL-12 p40) and I1L-12 receptors (IL-12Rb, and IL-
12Rb,) mRNA. Given immature DCs can induce T-cell
hyporesponsiveness®**® and immune reactivity inhibition®7,
whereas mature DCs can stimulate Thl response and the
development of alloantigen-specific CTLS®*" 273, together with
IL-12 isan important inducer of liver graft rejection, we suggest
that maturation of liver graft-derived DCsmay be an important
mechanism of the accelerated rejection of allogeneic partial
liver graft, and inhibition of maturation of liver graft-derived
DCsmay suppress rejection of allogeneic partia liver graft.
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Abstract

AlIM: Cloning and analysizing the up-regulated expression
of transthyretin-related gene following short interval
successive partial hepatectomy (SISPH) to elucidate the
mechanism of differentiation, division, dedifferentiation and
redifferentiation in rat liver regeneration (LR).

METHODS: Lobus external sinister and lobus centralis
sinister, lobus centralis, lobus dexter, lobus candatus were
removed one by one from rat liver at four different time points
4, 36, 36 and 36 hr (total time: 4 hr, 40 hr, 76 hr, 112 hr)
respectively. Suppression subtractive hybridization (SSH) was
carried out by using normal rat liver tissue as driver and the
tissue following short interval successive partial hepatectomy
(SISPH) as tester to construct a highly efficient forward-
subtractive cDNA library. After screening, an interested EST
fragment was selected by SSH and primers were designed
according to the sequence of the EST to clone the full-length
cDNA fragment using RACE (rapid amplification of cDNA
end). Homologous detection was performed between the
full-lenth cDNA and Genbank.

RESULTS: Forward suppression subtractive hybridization
(FSSH) library between 0 h and 112 h following SISPH was
constructed and an up-regulated full-length cDNA (named
LR1), which was related with the transthyretin gene, was
cloned by rapid amplification of cDNA end. It was suggested
that the gene is involved in the cellular dedifferentiation in
LR following SISPH.

CONCLUSION: Some genes were up-regulated in 112 h
following SISPH in rat. LR; is one of these up-regulated
expression genes which may play an important role in rat LR.

Xu CS, Li YC, Lin JT, Zhang HY, Zhang YH. Cloning and
analysizing the up-regulated expression of transthyretin-related
gene (LR,) in rat liver regeneration following short interval
successive partial hepatectomy. World J Gastroenterol 2003; 9
(1): 148-151
http://www.wjgnet.com/1007-9327/9/148.htm

INTRODUCTION

In mammals, liver isthe only organ that possesses the strong
capability of regeneration™”. Since Higgins and Anderson(®
established the model of partial hepatectomy (PH), it has been
widely used to study the reconstruction and regeneration of
tissue and organs, cellular multiplication, dedifferentiation,
stress response and the regulation of physiology and
biochemistry!®1. But due to the complexity of liver
regeneration, the molecular mechanism of LR remains to be
elucidated. In order to better understand the mechanism of PH,
researchers have established a series of successive partial
hepatectomy (SPH) models. These included the long interval
successive partial hepatectomy (LI1SPH) that involved an
interval of more than three weeks and short interval successive
partial hepatectomy (SISPH) which had an interval of 4 and/
or 36 hrt*"), Because the hepatocytic initiation, dedifferentiation,
division and redifferentiation mainly occured within 144 hr
following PH*#?2, |t is doubtless that the study on the change
of liver tissue, cellular morphology, structure, physiology and
biochemistry in every crucial point following SISPH can offer
more data about LR. In this paper, we used the normal liver
tissue as control and the liver tissue in 112 hr SISPH as
experimental materials, and adopted the whole-mount research
strategy of genome and resorted to SSH technique to construct
a differential expressed forward-subtracted cDNA library.
From the library, we picked some significant expressed
sequence tags (ESTSs) clones. Then the primers were designed
according to these ESTs. By RACE PCR, some full-length
cDNAs were obtained. After sequencing these full-length
cDNAs, it showed that one of them belonged to the gene of
related transthyretin, termed LR, gene, which was up-regulated
expressionin LR.

MATERIALS AND METHODS

Making SISPH model and preparation of samples

Adult Spargue-Dawfey rats (weighing 200-250 g) were
provided by the experimental animal house of Henan Normal
University and 0-4-36-36-36 hr SISPH model was made
according to the method of Xu et al*7. Lobus external sinister
and lobus centralis sinister, lobus centralis, lobus dexter, lobus
candatus were removed one by one at four different time points
4, 36, 36 and 36 hr (total time: 4 hr, 40 hr, 76 hr, 112 hr)
respectively. The control and the four resected liver hepatic
lobus were washed with precooled phosphate-buffered saline
(PBS) thoroughly before these samples were frozen in liquid
nitrogen and transferred to the -80 ‘C freezer for storage.

Preparation of control mRNA and the 112 hr SISPH mRNA

Isolation of total RNA and mRNA was carried out according
to the protocol of RNAease kit and oligotex mRNA spin
column purification kit (Qiagen). The quantity and integrity
of mRNA were detected by ultraviolet spectrometer and by
electrophoresing on a denaturing formaldehyde agarose
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stained by EtBr. Chemicals and reagents used were at least
of analytical grade.

Generating of a subtracted cDNA library

SSH was performed between the aforementioned tester and
driver liver tissue mMRNA preparations using a PCR select™
cDNA subtraction kit and 50xPCR enzyme kit (Clontech,
Heidelberg, Germany) following the instructions of the
manufacturer. Briefly, 2 pg aiquots each of poly (A*) mRNA
from the tester and the pooled driver were subjected to cDNA
synthesis. Thereafter, the tester and driver cDNAs were
digested with Rsa I . The tester cDNA was subdivided into
two portions, and each was ligated with a different cDNA
adaptor. In the first hybridization reaction, an excess of driver
was added to each sample of tester. The samples were heat
denaturated and allowed to anneal. Due to the second-order
kinetics of hybridization, the concentration of high- and low-
abundance sequence is equalized among the single-stranded
tester molecules. At the same time, single-stranded tester
moleculesare significantly enriched for differentially expressed
sequences. During the second hybridization, the two primary
hy- bridization samples were mixed together without
denaturation, only the remaining equalized and subtracted
single-stranded tester cDNAS can reassociate to form double-
stranded tester molecules with different ends. After filling in the
endswith DNA polymerase, the entire population of molecules
was subjected to nested PCR with two adaptor- specific primer
pairs. Thetester control was amplified with primer1 and nested
primer 1 and 2 provided inthe kit. The subtraction efficiency was
evaluated by house-keeping gene g3pdh.

Cloning the subtracted library into a TA vector

Products from the secondary PCR reactions were ligated into
apGEM-T vector (Promega) and the resultant ligation products
were then transformed into IM 109 E. coli competent cells,
The bacterial were subsequently grown in 800 ul of liquid
Luria-Bertani medium and allowed to incubate for 45 min at
37 °C with shaking at 150 rpm. Thereafter, the cellswere plated
onto agar plates containing ampicillin (50 ng/ml), 5-bromo-4-
chloro-3-indoly-b-D-galactoside (x-gal; 20 ny/ cm?) and iso-
ploprl-b-D-thioga actoside (IPTG; 12.1 ng/cm?) and incubated
overnight at 37 “C. Individual recombinant white clones were
picked and grown in single line pattern onto L uria-Bertani agar
solid medium containing ampicillin and allowed to incubate
at 37 °C for 6-7 hr before single clone was picked from single-
line pattern agar medium and allowed to grow in Luria-Bertani
liquid medium containing ampicillin overnight at 37 °C with
shaking of 150 rpm.

Identifying the subtracted clones

Plasmids were isolated from bacterial clones harboring
differentially expressed cDNA sequences as described by
Sambrook et al. Plasmids containing cDNA inserts were
amplified by PCR with nested primer 1 and primer 2 and the
amplified product of every plasmid was detected by agarose
gel electrophoresis. After that, the inserts that appeared as
distinct bands were sequenced by T7/SP6 chain termination
reation in TaKaRa (DalLian, China). Nucleic acid homology
searches were subsequently performed at the National Center
of Biotechnology Information (National Institutes of Health,
Bethesda, Md., NCBI).

RACE

An interested EST fragment was chosen from the established
cDNA library for primer design according to the instructions
of the 5" /3’ RACE kit (Roche) manufacturer. RACE, a
procedure to amplify nucleic acid sequences from a mRNA
template between a defined internal site and unknown

sequencesat 5" -and 3' -end of mRNA, was then performed by
using 5’ /3’ RACE kit and following the supplier’ s protocol.
The primer used for 3 RACE was SP5: 5" -AGCTGGGAG
CCGTTTGC-3' and the primer used for 5 RACE was SP1.
5 -TGCTGTAGGAGTACGGGCT-C3', SP2: 5’ -
ACCAGAGTCATTGGCTGT-3', SP3: 5'-
GCCCGTGCAGCTCT-3' regpectively. Proofreading pfu DNA
polymerase was purchased from MBI and the 3 RACE PCR
parameters were: predenaturation at 94 °C for 2 min before
amplification was done for 40 cycles at 94 ‘C for 45 sec,
annealing at 65 ‘C for 1 min and extension at 72 ‘C for 1 min
and 30 sec followed by an additional extension period at 72 'C
for 5 min. The 5° RACE used touchdown PCR and
amplification was carried out with the following conditions:
94 °C for 2 min, 25 cyclesincluding a denaturation step at 94
°C for 15 sec, an annedling step from 68 °C to 55 °C for 30 sec,
and extension at 72 °C for 1 min and 30 sec; 15 cycles as
above except that the annealing step at 55 C; afinal extension
step at 72 °C for 7 min ended the PCR reaction. The products
were subjected to e ectrophoresisin al % agarose gel, purified
according to giaquick PCR purification kit protocol and added
dATP-tailing to blunt- ended fragmentsat 70 °C for 30 minin
the presence of Taq DNA polymerase before ligated into the
pGEM-T vector. Transformation, screening, and sequencing
were then performed as described above.

Splicing the full-length nucleotide sequence

Alignment of the sequences was spliced, in light of contig of
5’ /3 sequencing result, to get afull-length nucleotide sequence.
Homology search was performed using the BLAST program
at NCBI.

RESULTS

Construction of the subtracted cDNA library and screening
of the differential fragments

By means of suppression subtractive hybridization (SSH)
technique, we prepared driver cDNAs and tester cDNAS of liver
tissuefrom control and liver tissue 112 hr following SISPH. After
two rounds hybridization and two PCR reactions, we obtained
the forward-subtractive cDNA library (Figure 1). The subtracted
cDNA was evaluated by the house-keeping gene g3pdh (Figure
2). Our results showed that the constructed forward-subtracted
cDNA library was highly efficient after cDNA library was
subcloned into pGEM-T vector and transformed into IM 109, we
obtained 120 white clones and 40 clonesrandomly selected were
then subjected to sequencing (Figure 3). The sequencing results
were sent to NCBI for BLAST searches.

Determination of the full-length nucleotide sequence of LR1
cDNA by RACE

The original cDNA isolated from the cDNA subtraction
screening was about 311bp long. This cDNA fragment was
used to design primers according to 5’ /3' RACE kit. After
amplification, ligation, screening and sequencing, we obtained
thesequenceof the3 endand 5’ end (Figure 4). Alignment of
contig sequences enabled us to delineate the entire cDNA
sequence (Figure 5). Wefound asinglelong ORF starting with
amethionine codon ATG at nucleotide 47 and ending with a
TAA stop codon at 625 and a putative polyadenylation signal
AATAAA upstream from the poly (A*). Homology search
using LR; cDNA sequence revealed that it is 88.8 %
homologous to rat transthyretin gene and 88.4 % homologous
to albumin gene. Protein homology (Swissport database) search
of the peptide encoded by the LR, ORF revealed that it is 91%
homologous to rat transthyretin, submitting this full-length
cDNA to NCBI and obtain GenBank Accession No. AF479660.
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Figure 2 Effiency of subtracted library. 1-4. Subtracted prod-
ucts with g3pdh primer; 5-8. Control products with g3pdh
primer; M. Marker.
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Figure 3 Gel electrophoresis of clones inserted fragments. 1-9.
Different EST fragments; M. Marker.
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Figure 4 RACE PCR results. 1. 3” RACE result; 2. 5 RACE
result; 3. Marker.

1 ggccattacg gccggggatc gtagagatcc gcetggetcct gacaggatgg ctteecttcg
61 cctgttcctc  ctctgectcg  ctggactgat  atttgegtct  gaagetggec  ctgggggtge
121 tggagaatcc aagtgtcctc tgatggtcaa agtcctggat getgtccgag  gcagecctge
181 tgtcgatgty gecgtgaaag tgttcamasa  gactgcagec ggaagetggy  agecgtitge
241 ctctgggeag accgecgagt ctggagaget  geacgggete accacagatg agaagttcac
301 ggaagoootg tacagggtag aactggacac caaatcgtac tggaaggctc  ttggcatttc
361 cccattccat gastacgcag aggtgotttt  cacagccaat gactctggtc  atcgecacta
421 caccatcgca gccctgctca geccgtactc  ctacagcacc actgetgtcg — tcagtaacce
481 ccagaactga gggacccagc ccaggaggac caggatcttg ccasagcagt agcttcccat
541 ttgtactgaa acagtgttct tgctctataa accgtgttag caactcggga agatgecgtg
601 aaacgttctt attasaccac ctttatttca  tc
661 a

Figure 5 Full-length cDNA of LR,

DISCUSSION

SSH technique was developed based primarily on arecently
described technique called cDNA suppression PCR which
combines normalization and subtraction in asingle procedure

to generate subtracted cDNA library!®2%, Compared to the
methods of MRNA differential display!?®, representational
difference analysis of DNA7, it has two distinct advantages:
(1) it has a high subtraction efficiency; (2) it harbors an
equalized representation of differentially expressed sequences
which can separate effectively both high and low copy
expressed genes mainly because of normalization. The
normalization step equalizes the abundance of cDNAswithin
the target population and the subtraction step excludes the
common sequences between the target and the driver
populationg?2%29, The experimental results showed the SSH
technique can enrich for rare sequences over 1 000-5 000 fold
in oneround of subtractive hybridizationf?>%31, By resorting to
SSH and high-density array scanning technique, using non-
metastatic counterpart Bsp73-1AS as driver, metastatic
adenocarcinomacell line Bsp73-ASML astester, Von Stein*Y
found up to 252 over-expressed clones among 625 clones with
no homologous sequencesin GenBank. By usingaEST fragment
derived from the forward-subtracted cDNA library as probe,
we have cloned anovel gene from theliver tissue 112 hr cDNA
library following SISPH. These results suggest that SSH
techniqueisapplicable to many molecular genetic and positional
cloning studiesfor the identification of disease, developmental,
tissue-specific or other differentially expressed genes.

With the aim to shed light on the molecular mechanism of
PH, Xu et al™” established the SISPH model which selected
the intervals at the crucial periods, e.g. the peak of cell
activation (4 hr after PH), the peak of cell division (36 hr after
PH) and the peak of re- differention (48 hr after PH). We have
examined some biological activated factors, heat shock proteins
(HSPs), proteases, proteins related to cell proliferation and
dephosphoralizationf*31417.1832 These data have provided useful
information to reveal the molecular mechanism of LR. The
results suggested that SISPH model may offer more abundant
datathan that of PH. In present study, Wetook 0 h and 112 hr
as driver and tester respectively in 0-4-36-36-36hr SISPH
model when resorting to SSH strategy, then we constructed a
forward-subtractive cDNA library in short time by using
RACE, subsequently we cloned a full-length cDNA and blast
search showed that the cDNA is 88.8 % and 88.4 %
homologousto the transthyretin and albumin in rat respectively.
This suggested that the gene may exert partial function
idendifical to transthyretin. It iswell known that thyroxin and
itsmetabolic productsintegrated thyroxine-binding prealbumin
and albumin is derived from liver to operate. In the
physiological conditions, 99.9 % 3,3' 5,5 -tetraiodothyronine
(T4)and 99.7 % 3,3’ 5-triiodothyronine (T5) are complexed with
proteins which contain over 60 % tranthyretin and 15-30 %
thyroxine-binding prealbumin and 10 % albumin. Our present
study showed that the injured liver released abundant analogs
of transthyretin. As we know, the changes of transthyretin
concentration is regarded as one of the important reasons that
metabolic or biochemical abnormity in thyroid gland
responsible for hepatopathy®3*4. The up-regulations of
transthyretin in liver tissue is speculated to have following
functions: (1) breaking the balance of HSS (hepatocyte
stimulate substrate) and inhibitor and thus enhancing the
dedifferention. We have cloned two up-regulated genes, one
of which is 78.6 % homologous to rat transferring gene and
the other is 72 % homol ogous to mouse embryonic stem cell
genefrom 112 hr cDNA library following SISPH (remainsto
be published), It is also known that over-sexpression of
transferring gene and embryonic stem cell gene have close
relations with the cellular dedifferentiation; (2) influenceing
the induction of enzyme and consumption of oxygen.
Compensatory respiration was promoted in mitochondrion
responsible for partial hypoxia following PH, but the energy
produced from tricarboxyic acid cycle couldn’ t meet the
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structural recovery of damaged liver due to successive partial
hepatectomy and thus triggered the related genes to expressin
hypoxia metabolism. The over-expressed gene of alcohol
dehydrogenase have cloned from 112 hr cDNA library following
SISPH (remainsto be published) seemsto explain thishypothesis
which is congistent with the result of Cheng Lingzhong.

In conclusion, complicated physiological and biochemical
reaction changed in the liver tissue following SISPH, we
postulated that this kind of up-regulated gene LR; expression
involvein liver regeneration may (1) relate with compensated
increase of stress molecules following SISPH; (2) lead to the
initiation of other metabolism; (3) maintain the homeostasis
in the body. Asto, whether severe dedifferentiation happened
following SISPH and what are the key dedifferential factors
and how they influence the dedifferentiation, remain to be
further investigated.
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Abstract

AlIM: To study the effects of pentoxifylline (PTX) on the
content of hepatic TGF-b1, type | and type IlI collagen in
schistosomiasis japonica mice with liver fibrosis and its
mechanism of anti-fibrosis.

METHODS: Forty mice with schistosomiasis were divided
into four groups: one group as control without any
treatment, other three were treated with Praziquantel 500
mg/(kg- d)for 2 d, high dose PTX 360 mg/(kg- d) for 8 wk,
and low dose PTX 180 mg/(kg- d) for 8 wk respectively.
Immunohistochemical technique and multimedia color
pathographic analysis system were applied to observe the
content change of hepatic TGF-b1, type | and type Il
collagen in schistosomiasis japonica mice with liver fibrosis
before and after PTX treatment.

RESULTS: Effects of PTX on the content change of hepatic
TGF-b1, type | and type 111 collagen in schistosomiasis japonica
mice with liver fibrosis were related to the dosage of PTX,
high dose PTX treated group could significantly reduce the
content of TGF-b1 (0.709£0.111), type | (0.644+0.108) and
type 111 (0.654+0.152) collagen compared with those of
control group (0.883+0.140, 0.771+0.156, 0.822+0.129)
with statistical significance (P<0.05). Low dose PTX could
also reduce the hepatic content of TGF-b1 (0.752+0.152),
type 1 (0.733£0.117) and type 111 (0.788+0.147) collagen,
but without statistical significance (P>0.05). Both high dose
and low dose PTX groups have significant differences on
the content of TGF-b1, type | and type 11l collagen (P<0.05,
P<0.05, P<0.01,respectively).

CONCLUSION: High dose of PTX treatment could reduce
the content of hepatic TGF-b1, type | and type 11l collagen
significantly in schistosomiasis japonica mice with liver
fibrosis, and thus plays its role of antifibrosis.

Xiong LJ, Zhu JF, Luo DD, Zen LL, Cai SQ. Effects of
pentoxifylline on the hepatic content of TGF-b1 and collagen
in Schistosomiasis japonica mice with liver fibrosis.World J
Gastroenterol 2003; 9(1): 152-154

http://www.wjgnet.com/1007-9327/9/152.htm

INTRODUCTION

Liver fibrosisis the main reason for portal hypertension and
hemorrhagic of upper digestive tract in schistosomiasis and
there fore the main reason for the mortality of schistosomiasis.
The basic pathological changes of liver fibrosis are the
disturbance and degredation of extracellular matrix (ECM),
which causes accumulation of ECM in the livert*d. Within the
major components of ECM, type | and type Il collagen
constitute more than 95 % of the total content of increased
collagen in liver fibrosis®®. It is well known that fibrosisis
reversible whereas cirrhosisisirreversible, so it isimportant to
prevent fibrosis progressing to cirrhosis®”. However, thereis
no ided antifibrosis drug to date. Recent researches found that
PTX has antifibrosis functiont®?, while its effects on hepatic
fibrogis of schistosomiasisjaponicaare till unknown. Sincethe
main pathologica characteristic of schistosomiasisjaponicais
the deposition of type | and 111 collagen and TGFb1 has very
important influence on the fibrosis development, it is considered
the key cytokine to accelerate cirrhotic procession!**%, we
studied the effects of PTX on the expression of collagen | and
Il and TGFb1 in mice with schistosomiasis japonica and
intended to evaluate the roles of PTX in hepatic fibrosis.

MATERIALS AND METHODS

Materials

Forty female Qunming mice, weighted 16-20 g and aged 4-6 w,
provided by Experimental Animal Center of Tongji Medical
College, wereinfected with 25 cercariaof schistosomejaponica
(provided by Wuhan Institute of Schistosomiasis Prophylactic
and Therapy) and fed for 2 weeks and then divided randomly
and equally into 4 groups: one group as control without any
treatment, other three were treated with Praziquantel 500 mg/
(kg- d) for 2 d, high dose PTX (provided as SHUANLIN tablet
by Shijiazhuang Pharmaciticus CO.) 360 mg/(kg- d) for 8 wk,
and low dose PTX 180 mg/(kg- d) for 8 wk respectively. The
mice were then deceased and hepatic tissue sections were
prepared for examination. |mmunohistochemical technique and
multimedia color pathographic analysis system were applied
to observe the content of hepatic TGF-b1, type | and type 1l
collagen before and after treatment.

Assay of TGFb1, collagen | and collagen Il

Rabbit anti-mouse TGFb1 was purchased from Santa Cruz.
Rabbit anti-mouse collagen | and Ill, and SABC kit were
provided by Boster Biological Technology Co., Ltd. The
immunohistochemical studies were performed by the avidin-
biotin- peroxidase method, briefly described asfollowing. The
tissue sectionswere blocked in 3 % hydrogen peroxide, washed
in buffer solution, and then incubated in mixed digestive
solution for 5 min in room temperature. The sections were
washed in PBS and then incubated in goat serum blocking
solution for 10 min. The sections were then incubated with the
primary antibodies at 37 ‘C for 30 min, washed and then
incubated with biotin conjugated secondary antibodiesat 37°C
for 20 min, washed with PBS, and then |abeled with peroxidase-
conjugated streptavidin for 20 min at 37 C. The washed
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sections were then incubated with Diaminobenzidine (DAB),
counterstained and prepared for microscopic examination.

Results analysis

The sections were analyzed with MPZAS-500 multimedia
color pathological graph analyzing system. The average
integral light density (ILD) of positive staining in each section
was obtained and presented as x+s. Resultswere then analyzed
with student t test.

RESULTS

Effects of PTX on TGF-b1 expression

The contents of TGFb1 in praziqunatel group, high dose PTX
group and low dose PTX group decrease by 44.62 %, 19.71 %,
14.84 % respectively compared with control group. The
difference between praziquentel group and control group is
very significant (P<0.01). Theeffect of PTX on TGFb1 content
isdose related and there is significant difference on TGFb1
contents between high and low dose groups. The TGFb1
content in high dose PTX group is significantly (P<0.05)
different from that of control group while no significant
difference between low dose PTX group and control group.
Both high dose and low dose PTX groups have significant
difference on TGFb1 contents between praziquentel group and
themselves. The results are shown in Table 1.

Table 1 Content of TGF-b1, collagen I and Il in liver of each
treated group and control group (x4s, ILD, n=10)

Group TGF-b1 Collagen | Collagen Il
Control 0.883+0.140 0.771+0.156 0.822+0.129
Praziquantel 0.489+0.105* 0.596+0.103* 0.613+0.116*
High dose PTX 0.70940.111%¢  0.64410.108°¢  0.654+0.152%
Low dose PTX 0.75240.152¢f  0.733+0.117%"  0.788+0.147°

3P<0.01, vs control group; °P<0.05, vs control group; °P>0.05, vs
control group; 9P<0.01, vs praziquantel group; ®P>0.05, vs
praziquantel group; 'P<0.05, vs high dose PTX group; 9P<0.01,
vs high dose PTX group.

Effects of PTX on collagen | expression

The contents of collagen | in praziqunatel group, high dose
PTX group and low dose PTX group decrease by 22.70 %,
16.47 %, 4.93 % respectively compared with control group.
The difference between praziquentel group and control group
isvery significant (P<0.01). The effect of PTX on collagen |
content is dose related and there is significant difference on
collagen | contents between high and low dose groups. The
collagen | content in high dose PTX group is significantly
(P<0.05) different from that of control group while no
significant difference between low dose PTX group and control
group. Both high and low dose PTX groups have significant
difference on collagen | contents between praziquentel group
and themselves. The results are shown in Table 1.

Effects of PTX on collagen Il expression

The contents of collagen I11 in praziqunatel group, high dose
PTX group and low dose PTX group decrease by 25.43 %,
20.44 %, 4.14 % respectively compared with control group. The
difference between praziquentel group and control group isvery
significant (P<0.01). The effect of PTX on collagen |11 content
isdoserelated and there is significant difference on collagen 11
contents between high and low dose groups (P<0.01). The
collagen I11 content in high dose PTX group is significantly
(P<0.05) different from that of control group while no

significant difference between low dose PTX group and control
group (P>0.05). Compared with praziquentel group, high
dose PTX group has no difference on collagen Il contents
(P>0.05), whereas low dose PTX group has significant
difference (P<0.01). The results are shown in Table 1.

DISCUSSION

PTX isatrimethylated xanthine derivative product. As an
inhibitor of phosphodiesterase, it can induce the increase of
intracellular cAMP, dilation of the blood vessels and smooth
muscles, ameliorating the microcirculation. It has been used to
improve the periphera blood vesse disease for many yeard 647,
Recently, PTX has been found to have antifibrosis effect. In
vitro studies show that PTX can inhibit the proliferation of
myofibroblast from hepatitis patients and depress the synthesis
of collagen. Treatment with PTX in early stage can alleviate
the hepatic lesion and inflammatory reaction!*¥. In animal
hepatic fibrosis models, PTX also has anti-fibrosis effect. It
has been reported that treated with PTX prior to the inducing
of hepatic fibrosis with CCL ,-acetone can alleviated the
proliferation of hepatic stellate cell (HSC), and previous
treatment with PTX decelerate the differentiation of HSC in
mouse with hepatic fibrosisinduce by bile duct ligation*¥. It
was reported that previous treatment with PTX could improve
theregeneration and function of liver after partial hepatectomy
in mice with hepatic fibrosis and alleviate the hepatic fibrosis.
But thereisno report on the effects of PTX on schistosomatic
hepatic fibrosig??. Thefibrosisin schistosomatic hasits special
characteristics against those caused by hepatic cell lesion or
bile duct obstruction. Therefore, the effects of PTX in the
schistosomatic hepatic fibrosis should be explored.

Hepatic stellate cell (HSC) plays apivotd rolein the fiber
synthesis and degradation. The activation of HSC is mediated
by various cytokines and reactive oxygen speciesrel eased from
the damaged hepatocytes and activated Kupffer cell§%-29, HSC
can release TGFb1 by autocring?”? and TGFb1 has been
proved to be a strong mitogen to HSC. This autocrine effect is
upgraded when HSC has been activated. TGFb1 depressesthe
regeneration of hepatic cells, activates and promotes HSC to
synthesize extracellular matrix such as collagen, fibronetin
proteinopolysarrcride, promotes the synthesis of TIMP and
inhibits the synthesis of MM P27,

We established a mouse hepatic fibrosis model induced
by cercaria of schistosomiasis japonicainfection and studied
the effect of PTX on the fibrosis development in the early
stage. We found that PTX could inhibit the development of
fibrosis in this model significantly. The quantitative
immunohistochemical evaluation of TGFb1, type | and 111
collagens shows that, high dose of PTX can reduce the content
of TGFb1, typel and Il collagens in hepatic tissue of mice
with schistosomatic hepatic fibrosis. Its capability to reduce
the hepatic content of typelll collagenissimilar to praziquentel
(P>0.05) and its effects on TGFb1 and type | collagen are
weaker than praziquentel. Compared with the control group,
low dose of PTX can also reduce the contents of TGFb1, type
| and I11 collagens but the effects have no getistica significance.

Theresults indicate that PTX treatment in the early stage
inhibits the development of schistosomatic hepatic fibrosis by
reducing the content of TGFb1, typel and Il collagens.
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Abstract

AIM: Available experimental evidence from both clinical and
animal models shows that both Chinese medicines tetrandine
(Tet) and Qing Yi Tong (QYT) have positive treatment effects
on acute pancreatitis (AP). This investigation was conducted
to explore the treatment mechanisms of Tet and QYT on AP
at the molecular level and thereby explain their therapeutic
affects. It included an investigation of the effects of these
drugs on gene expression of both intercellular adhesion
molecule 1 (ICAM-1) and superoxide dismutase (Mn-SOD
and Cu, Zn-SOD) in a rat model with AP.

METHODS: AP in the test rats was induced by subjecting
them to laparotomy followed by a retrograde injection of 4 %
sodium taurocholate into the bilio-pancreatic duct. The test
rats with AP were divided into three groups. One was treated
with Tet, one with QYT, and one with normal saline solution.
The sham-operated control group (SO) rats were only subjected
to laparotomy. They were given no further treatment. For the
Tet group, Tet was injected intraperitoneally, and for the QYT
group, QYT was given with a nose-gastric catheter. These
procedures were done at both 10 min and 5 h after AP
induction. The levels of ICAM-1 mRNA expression and of
SOD (Mn-SOD and Cu, Zn-SOD) mRNA expression in the
pancreas and liver tissues were measured by RT-PCR at 1,
5, and 10 h after AP induction.

RESULTS: When compared with the SO group during the
observation time, rats with AP showed a higher expression
of ICAM and a lower expression of Mn-SOD in both pancreas
and liver tissues, and a lower expression of Cu, Zn-SOD in
the pancreas. Tet treatment attenuated changes in the
expression of both ICAM-1, and SOD (Mn-SOD and Cu, Zn-
SOD) to a significant degree. A similar effect on the
expression of SOD (Mn-SOD and Cu, Zn-SOD) was also found
in the QYT group, but no obvious suppressive effect on
ICAM-1 expression was observed.

CONCLUSION: The results of this study suggest that one
of the main mechanisms of Tet and QYT in treating AP is to
enhance anti-oxidation of the body. The results also suggest
that the anti-inflammatory effect of Tet is involved in the
reduction of ICAM-1 expression. This explains why Tet and
QYT are beneficial in treating AP.

Li YY, Li XL, Yang CX, Zhong H, Yao H, Zhu L. Effects of
Tetrandrine and QYT on ICAM-1 and SOD gene expression in
pancreas and liver of rats with acute pancreatitis. World J
Gastroenterol 2003; 9(1): 155-159
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INTRODUCTION

Acute pancreatitis (AP) is a severe disease with both high
morbidity and high mortality. Therefore, much research has
been focused on the specific and effective therapies for AP,
Tetrandrine (Tet) isakind of dibenzyl quinoline alkaloid
extracted from the root of Stephaniatetrandra S., a Chinese
herbal medicine. Qing Yi Tang (QY T) isamedicine composed
of several Chinese herbs. Both Tet and QYT have shown
positivetreatment effectson AP clinical patients and on animal
models. These include attenuation of clinical symptoms,
improvement of morphology and biochemistry changesin the
tissues and blood, prolongation of survival time, and decrease
of mortality!%. In order to explore some of the molecular
mechanisms combating AP, the effects of Tet and QYT on
gene expression of both intercellular adhesion molecule 1
(ICAM-1) and superoxide dismutase (Mn-SOD and Cu,Zn-
SOD) were investigated in arat model with AP.

MATERIALS AND METHODS

Chemicals

Chemicals used in this experiment were purchased asfollows:
Sodium pentobarbital and sodium taurocholate (NaTc) from
Shanghai Chemical Reagent Company; TRIzol reagent and
Superscript™ Il from GIBCO-BRL (Shanghai);
Oligonucleotide primer pairs from Chinese Academy of
Science, Institute of Cell and Biology (Shanghai); Tag DNA
polymerase from Promega (Shanghai); Tet from the
Department of Pharmacology of Second Military Medical
University (Shanghai); QYT from Zunyi Medical College
(Zunyi); other reagents from Sigma Chemical (Shanghai).

Animals and AP model

The subjects for the experiment were adult male and female
Sprague-Dawley rats weighing 170-230 g (n=36; the Animal
Center, Fudan University Medical College, Shanghai). After
fasting with free access to water overnight, the rats were
anesthetized by an intraperitoneal (ip) injection of 40 mg/kg
sodium pentobarbital. AP wasinduced by aretrograde injection
of 4 % NaTc into the bilio-pancreatic duct (BPD) according to
the method of Aho et al'*!. Briefly, asmall median |aparotomy
was performed first, and then the pancreas was exteriorized and
the BPD was temporarily closed at the liver hilum with a soft
microvascular clamp to prevent reflux of theinfused material into
theliver. A retrogradeinjection of 4 % NaTc into the distal BPD
was then given (100 ul/100body wt, pressure 50cmH,0). The
clampwasremoved 5 min after theinjection. In the sham-operated
control group (SO) rats only underwent laparotomy. Finaly, the
abdomen was closed with asilk suture and the rats were placed
back into their cages with free access to water and food.
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Animal group

The test ratswith AP weredivided into three groups: Tet, QYT
and normal saline (NS). The Tet group (n=9) received an
injection (ip) of 4 %Tet at a dosage of 80 mg/kg body wt. The
QYT group (n=9) received an infusion of QYT (1 ml/100 g
body wt), and the NS group (n=9) received an infusion of NS
(2 ml/100 g body wt), by use of anose-gastric catheter. Ratsin
the SO group received the same infusion asthe NS group. All
groups were treated two times (at 10 min and 5 h after the AP
operation).

Preparation of RNA and RT-PCR assay

At selected times (1,5,10 h) after the AP induction or sham
operation, the rats (n=3 at each time point) underwent
relaparotomy under pentobarbital anesthesia, and samples of
the pancreas and liver were rapidly collected. Total RNA was
extracted from pancreatic and liver tissues using the TRIzol
reagent. RNA quality was verified by ethidium bromide
staining of ribosomal RNA bands on agarose gel. Total RNA
was precipitated and re-suspended in diethylpyrocarbonate-
treated sterile H,O, quantified by spectrophotometry (A260/
A280 ratio >1.80) and diluted to a concentration of 1.0 mg/m.
Then the extracted RNA was used for a semi-quantitative
reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA (5 nmg/sample) was reverse-transcribed using oligo
(dT) as a primer. The oligonucleotide primer pairs were
designed from published sequencesfor each gene studied. The
sequences used as G3PDH, SOD and ICAM-1 specific primers
areshown in Table 1.

Table 1 Sequence of primers and length of fragments

Gene Primer (5°—>37) Length

G3PDH ACCACAGTCCATGCCATCAC 452 bp
TCCACCACCCTGTTGCTGTA

Mn-SOD ATTAACGCGCAGATCATGCAG 483 bp
TTTCAGATAGTCAGGTCTGACGTT

Cuzn-SOD TTCGAGCAGAAGGCAAGCGGTGAA 396 bp
AATCCCAATCACACCACAAGCCAA

ICAM-1 CCTTAGGAAGGTGTGATATCCGG 415 bp

AGGTGGTCACCCATGCTGGTGCT

Two-microliter aliquots of cDNA were used as atarget for
separate PCR reactions in the presence of 0.5 units of Tag
DNA polymerase, 50 mmol/L of a primer pair specific for
G3PDH, SOD or ICAM-1, and amounts of the corresponding
constructs. The total volume of the reaction fluid was 25 ni.

The amplification cycles were carried out in a DNA
Thermalcycler (Perkin Elmer) under the following conditions:
initial denaturation at 94for 2 min, followed by amplification
cyclesof Iminat 94°C, Iminat 58 'C and 1 minat 72°C. This
procedure was repeated for 30 cycles. PCR products were
separated by polyacrylamide gel electrophoresis and then
visualized by ethidium bromide staining. The intensities of
gene-specific bands were photographed and quantified by
measuring the optical density (OD) of the bandsin a UVP
(white/UV transilluminator, GDS 7500). In the same sample,
MRNA levels were normalized to the density of an internal
control housekeeping gene RT-PCR product, glyceraldehyde-
3-phosphate dehydrogenase (G3PDH), which is commonly
used as an internal standard control in mMRNA expression
studies. RT-PCR was performed independently at least twice
starting from the same RNA.

Statistical analysis

Datawere expressed asmean + SE. Satidtical differencesbetween
vauesfromtwo groupsweredetermined by theunpaired Student’ s
t-test and statistical significance was set at P<0.05.

RESULTS

G3PDH level

The level of G3PDH was approximately the same for all
pancreas and liver samplestested (Figure 1), which indirectly
showed that the cDNA concentration did not differ in the
samples from each group.

(h)

1 5 10 1 5 10 1 5 10
NS | Tet | QYT | M

Figure 1 GAPDH mRNA expression in the liver in the parts of
different group.

ICAM-1 mRNA expression in the pancreas and liver
Semi-quantitative evaluation of ICAM-1 level was obtained
by measuring its gene expression by RT-PCR. As shownin
Figure 2 and Figure 2B, the pancreas showed an increased
ICAM-1 mRNA expression inthe NSgroup at 5hand 10 h
after AP induction when compared to the SO group. Tet
attenuated the increase at the same time-points. But QYT
showed an increase effect for ICAM-1 mRNA expression at 10
h after AP. In the liver, compared with the SO group, the level
of ICAM-1 mRNA expression in the NS group was elevated at
1 h and sustained up to 10 h, with amaximum increase (2-fold)
a 5 h after APinduction. A similar change but at alower level
was observed in the Tet group. And in the QY T group a modest
increase of ICAM mRNA expression occured only at 5 h and
10 h after AP induction. (Figure 3 and Figure 3B).

200 - AP
— 0
150 |
8100l 15[ i
T
50 |
0 1 1 1 1 1 1 1 1 1 )

1 5101 5 10 1 5 10 (h)
NS| Te | QYT

Figure 2A ICAM-1 mRNA expression in the pancreas in the
different groups.

(h)

NS | Tet | SO | M

Figure 2B ICAM-1 mRNA expression in the pancreas in the
different groups.
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Figure 3A ICAM-1 mRNA expression in the liver in the dif-
ferent groups.
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Figure 3B ICAM-1 mRNA expression in the liver in the parts
of different groups.

Mn-SOD mRNA expression in the pancreas and liver

Asshownin Figure4 and Figure 4B, in the pancreas, compared
to the SO group, Mn-SOD mRNA expression in the NS group
was lower from 1 hto 5 h after AP induction. The Tet-treated
group had a higher expression at the same time-points, and
the QY T-treated group had a much higher expression at 10 h,
nearly a 2-fold increase compared to that of the NS group. As
shown in Figure 5 and Figure 5B, the NS group showed a
similar decrease of Mn-SOD mRNA expression in the liver to
that in the pancreasat 1 h and 5 h. When compared to the NS
group, the Tet-treated group had a higher Mn-SOD mRNA
expression from 1 h to 10 h, and the QY T group had a higher
Mn-SOD mRNA expresson from 5 hto 10 h, after APinduction.
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Figure 4A Mn-SOD mRNA expression in the pancreas in the
different groups.

(h)

NS | QYT |

SO | M

Figure 4B Mn-SOD mRNA expression in the pancreas in the
parts of different groups.
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Figure 5A Mn-SOD mRNA expression in the liver in the dif-
ferent groups.

(h)

1 5 10 1 5 10
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Figure 5B Mn-SOD mRNA expression in the liver in the parts
of different groups.

Cu,Zn-SOD mRNA expression in the pancreas and the liver

Asshown in Figure 6 and Figure 6B, in the pancreas, the NS
group decreased significantly in Cu, Zn-SOD mRNA
expression after AP induction to 1/3 of that in SO group. The
Tet and QY T- treated groups had much higher levels of Cu,
Zn-SOD mRNA expression at 1 h and 10 h respectively. These
high levels were a 2-fold increase when compared with the
SO group, and a 4-fold increase when compared with the NS
group at the same time points. In the liver, no obvious changes
of SOD expression were observed (Figure?).
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Figure 6A Cu, Zn-SOD mRNA expression in the pancreas in
the different groups.

10 (h)
NS | Tet | SO |IM

Figure 6B Cu, Zn-SOD mRNA expression in the pancreas in
the parts of different groups.
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NS | QYT | SO | M

Figure 7 Cu, Zn-SOD mRNA expression in the liver in the
parts of different groups.

DISCUSSION

Research on AP can be traced back at |east one hundred years,
yet the treatment of AP continues to be a difficult aspect of
clinical practice, especialy for severe acute pancreatitis (SAP).
SAP is recognized to be a multiple-stage disease where the
pathological events at the pancreatic acinar cell level are
paralleled by an exaggerated local and systemic inflammatory
response (SIRS), and even by multiple-organ damage (MODS)
or failure (MOF), with a high mortality*>*®, Considerable
progress in understanding of pathophysiologic events during
the early stage of AP has been made over the years, but the
underlying pathogenic processes responsible for the
inflammatory cascade and MOF are still unknown to alarge
extent. Most recent studies have revealed that the excessive
releases of oxygen-derived free radicals (OFRs), destructive
inflammatory mediators and cytokines, such as TNF-alpha,
IL-1beta, IL-6, IL-8, IL-10, PAF, ICAM-1, play key rolesin
the AP process*®19, Recent evidence suggests that, besides
their directly detrimental effects on AP, OFRs may activate
certain gene transcription factors, notably the nuclear
transcription factor-kappa B (NF-kB) and activator protein-1
(AP-1), which then mediate the induction of certain adhesion
molecules (ICAM, VCAM, etc,) and other cytokineg*52023,
These factors prompt neutrophil aggregation, adherence and
activation, then tremendous amounts of inflammatory
mediators and cytokines are released. The pancreas and remote
organsare then severely injured and MOF occurs. Meanwhile,
activation of leukocyte may release more OFRs, and the vicious
circle continueg®+21 ,

The manganese superoxide dismutase (Mn-SOD) and
copper/zinc superoxide dismutase (Cu, Zn-SOD) existing in
the mitochondria or cytoplasm of cells are the major OFR
scavengers of the body. Previous experiments have
demonstrated that the pathological changesin AP could be
reduced by SOD®%%, By immunohistochemistry, Su et al have
proved the localization of SOD in acinar cells and have found
Mn-SOD mRNA expression peaked at 2 hours after the
addition of arginine to the cell culture mediumt®. These data
suggest that increased SOD expression reflects a defensive
mechanism of acinar cells against oxidative stress. G. Teleck
et al discovered that theincrease of OFRsand ICAM expression
could be measured within one hour and lasted for the 24 hour
observation period®!. These findings, along with others from
different laboratories, suggest that OFRs and ICAM induce
morphologic change, aggregation, adherence, and activation of
polymorphonuclears (PMNS), which then shift out of blood vessdls
and consequently cause microcirculation dysfunction233, Qur
experimental results showed that during the process of AP,
the expression of ICAM-1 in both the pancreas and the liver
(especialy in liver) was significantly increased, while the
expressions of Mn-SOD and Cu-Zn-SOD were decreased in the
pancreas by 1/3 as compared to the SO control group.Thiswas
similar to the finding of the experiment by L. Czako et al!®.
These results provide further evidence that the increased
ICAM-1 and decreased OFRs scavengers take part in the

pathophysiologic processes of AP.

Tet isakind of dibenzyl quinoline alkaloid extracted from
the root of Stephaniatetrandra S., a Chinese herbal medicine
with the effect of a non-selective calcium channel blocker
(CCB). It has recently been found that Tet also has awidely
anti-inflammatory effect by reducing the activity of PLA2 from
inflammatory leukocytes, inhibiting the release of
inflammatory mediators, eliminating OFRs and dilating blood
vessels, and then improving microcirculation function of the
body!"833 QYT isacombined medication of Chinese herbs
containing Rheum officinale Baillon, ructus gardeniae, etc.,
and also hasthe effects of anti-inflammation, cleaning OFRs,
eliminating hazardous metabolite, dilating blood vessels and
improving microcirculation®%. We found in this experiment
that Tet reduced ICAM expression in the pancresatic and hepatic
tissuesduring AP, whileincreasing the expression of Mn-SOD,
and Cu, Zn-SOD. QYT had no significant effect on the
expression of ICAM-1, but significantly enhanced the
expression of Mn-SOD, and Cu, Zn-SOD. These findings
suggest that Tet and QY T demonstrate the potentially useful
effects of eliminating OFRs and reducing their damage, and
also demongtrate the ability of Tet inhibiting |CAM production.
The experiment provided amolecular level explanation of why
clinical treatment of AP using Tet and QY T has been successful.

Itis generally recognized that the induction of AP follows
auniform mechanism independent of different etiologic causes
such as gallstones, alcohol, ischemia, hyperlipidemia,
hypercal cemia, heredity and others. Firstly, each cause seems
to affect primarily the acinar cell, resulting in intracellular
activation of trypsinogen and other digestive enzymesand over-
production of OFRs, which injure the acinar cells and
pancreatic tissue. Then tremendous amounts of inflammatory
mediators and cytokines, mentioned above, are released into
the tissue and result in microcirculation disturbance. This not
only worsensthe local damage, but a so influences the remote
organs and causes systemic inflammatory response syndrome
(SIRS). In the final stage of the pathophysiological process,
multi-organ damage develops and multi-organ failure (M OF)
may happen due to the combined effects of all the factors.
Klar et al pointed out!* that since theinitial enzyme activation
and cytokine release were irreversible by the time of clinical
presentation, specific therapy must be directed towards
microperfusion failure as a secondary pathogenic stage. The
beneficial therapeutic principles of thisincluded the inhibition
of leukocyte-endothelium interaction with ICAM-1 antibodies
and the control of local vasoconstriction to stop the progression
of thedisease. Therefore, based on previously observed clinical
effects and on the experimental results with Tetand QYT in
this study, we concludethat Tet and QY T which inhibit ICAM-
1 and enhance SOD expression are beneficial in treating AP.
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Abstract

AlIM: To characterize the alteration and significance of p53
and PCNA in cancer and adjacent tissues of concurrent cancers
from the esophagus and gastric cardia in the same patient.

METHODS: P53 and PCNA protein accumulation in 25
patients with concurrent cancers from the esophagus and
gastric cardia (CC, concurrent carcinomas of esophageal
squamous cell carcinoma and gastric cardia adenocarcinoma)
were detected by immunohistochemical method (ABC).

RESULTS: In CC patients, both esophageal squamous cell
carcinoma (SCC) and gastric cardia adenocarcinoma (GCA)
tissues showed different positive immunostaining extent of
p53 and PCNA protein (P>0.05). The positive immunostaining
rates for p53 and PCNA were 60 % (15/25) and 92 % (23/
25), respectively in SCC; and 40 % (10/25) and 88 % (22/
25), respectively in GCA. “Diffuse” immunostaining pattern
was frequently observed in both p53 and PCNA. High
coincidence rates for p53 and PCNA positive staining were
observed in SCC and GCA from the same patients, and
accounted for 56 % and 96 %. In SCC patients, with the
lesions progressed from normal esophageal epithelium (NOR)
to basal cell hyperplasia (BCH) to dysplasia (DYS) to
carcinoma in situ (CIS) to SCC, the positive rates for p53
were 27 %, 50 %, 50 %, 29 % and 72 %, and 55 %, 70 %,
75 %, 71 % and 93 % for PCNA, respectively. In GCA, with
the lesions progressed from normal gastric cardia epithelium
to DYS to CIS to GCA, the positive rates of p53 expression
were 44 %, 27 %, 22 % and 36 % respectively, the difference
was not significant; the positive rates of PCNA protein
expression were 67 %, 64 %, 67 % and 86 %, respectively.
The c? test, Fisher’s Exact Test, Mantel-Haenszel c? Test
and Kappa Test were used for the statistics.

CONCLUSION: The high coincident alterations for P53 and
PCNA in SCC and GCA from the same patient indicate the
possibility of similar molecular basis, which provides
important molecular basis and etiological clue for similar
geographic distribution and risk factors in SCC and GCA.

Chen H, Wang LD, Guo M, Gao SG, Guo HQ, Fan ZM, Li JL.
Alterations of p53 and PCNA in cancer and adjacent tissues
from concurrent carcinomas of the esophagus and gastric cardia
in the same patient in Linzhou, a high incidence area for
esophageal cancer in northern China. World J Gastroenterol
2003; 9(1): 16-21
http://www.wjgnet.com/1007-9327/9/16.htm

INTRODUCTION

Esophageal squamous cell carcinoma (SCC) and gastric cardia
adenocarcinoma (GCA) are the two most frequent malignant
diseasesin the world*3. SCC is characterized by itsremarkable
geographic distribution; the ratio between the incident rates of
high- and low-risk areas can be as high as 500:1. Consistent
geographic distribution with SCC in the same high-incidence
area (HIA) isthe remarkable epidemiological characteristic of
GCA, and in America and Europe the incidence of GCA
increased dramatically in recent decades*®. Linzhou and the
nearby countiesin Henan province, have the highest incidence
and mortality for SCC and GCA in the world, SCC and GCA
remain the leading cause of cancer-related death in these areas?.

It is noteworthy that the concurrent cancersfrom esophagus
and gastric cardiain the same patient (CC) is hot uncommon
in this area, with an incidence of 0.4-2.5 %!'>%3, This special
pattern indicates that there may be same or similar risk factors
and mechanism involved in the carcinogenesis. The molecular
mechanism of SCC/GCA is still not clear, and the information
from the concurrent cancers of SCC & GCA in the same patient
inthe HIA isvery limited. It isapparent to further characterize
the molecular changes of CC patients may provide not only
more information on the molecular mechanism but also the
etiological cluesfor SCC and GCA.

Recent studies indicate that esophageal and gastric cardia
carcinogenesis is a mulitistep progressive process involving
multiple genetic changes (accumulation or overlap). The
accumulation of p53 protein and p53 gene mutation were
observed in the very early stage of esophageal carcinogenesis,
eveninthe microscopically normal esophagesal epithdium, with
positive immunostaining and mutation rates increasing with
the progression of lesiong**?4, In addition, recent study showed
that PCNA protein overexpression was also observed in the
carcinogenesis of GCA,

To elucidate the molecular mechanisms of SCC/GCA
carcinogenesisand to expand the knowledge for early detection
of SCC/GCA and screening high-risk population, the present
study was undertaken to analyze the alternations of p53 and
PCNA in cancer tissues and adjacent cancerous tissues with
different degrees of precancerouslesionsin CC patients.

MATERIALS AND METHODS

Tissue collection and processing
25 cases with concurrent cancers of SCC & GCA enrolled in
this study were from Linzhou City Hospital, Yaocun
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Esophageal Cancer Hospital and Anyang City Tumor Hospital,
the high-incidence area for EC, including 16 males and 9
females, with a mean age of 59 (59+9.88) in male and 60.6
(60.6x11.44) in female. None of these patients received any
treatment of chemotherapy or radiotherapy before operation.
All the resected tissues and biopsied tissues were fixed with
85 % alcohol, embedded with paraffin and serially sectioned
at 5 mm. The sections were mounted onto the histosti ck-coated
slides. Four or five adjacent ribbons were collected for
histopathological diagnosis (hematoxylin and eosin stain) and
immunohistochemical staining.

Histopathology analysis

Histopathol ogical diagnosis for esophageal and gastric cardia
epithelia was based on the changes in cellular morphol ogy
and tissue architecture using previously established criterid®%2.
The normal esophageal epithelium (NOR) contained 1 to 3
basal-cell layers; the papillae were confined to the lower half
of the epithelium. In basal cell hyperplasia (BCH), the number
of proliferating basal cellswas increased to more than 3-cell
layers. Dysplasia (DY S) was characterized by the partial loss
of cell polarity and nuclear atypia. SCC was characterized by
confluent and invasive sheets of cohesive, polymorphous cells
with hyperchromatic nuclei. The following histopathological
classification wasused for the gastric-cardiaepithelia: dysplasia
(DY S), neopastic features including nuclear atypia and/or
architectura abnormalities confined to the gastric epithelium,
without invasion; GCA: invasion of neoplastic gastric cells
through the basement membrane. The diagnosis of CC was
based on the following criteria: (1) the tumors must be clearly
separated on histological phenotype; (2) the tumors must be
malignant; (3) Metastasis must be excluded.

Immunohistochemical staining (IHC)

Anti-p53 antibody is a monoclona mouse anti-serum against
p53 of human origin, and recognizes both wild and mutant
type p53 (Ab-6, Oncegen Science, Manhasset, NY). Anti-
PCNA antibody is a monoclonal mouse anti-serum against
PCNA of human origin (Mab, DAKO, Carpinteria, CA). The
avidin-biotin-peroxidase complex method was used for the
immunostaining of p53, PCNA. In brief, after dewaxing,
inactivating endogenous peroxidase activity and blocking cross-
reactivity with normal serum (Vectastain Elite Kit; Vector,
Burlingame, CA), the sections were incubated overnight at
4 °C with adiluted solution of the primary antibodies (1:500
for p53 and 1:200 for PCNA). Location of the primary
antibodies was achieved by subsequent application of a
biotinylated anti-primary antibody, an avidin-biotin complex
conjugated to horseradish peroxidase, and diaminobenzidine
(Vectastain EliteKit, Vector, Burlingame, CA). Thedideswere
counter-stained by hematoxylin. Negative controls were
established by replacing the primary antibody with PBS and
normal mouse serum. Known immunostaining-positive slides
were used as positive controls.

Specific staining for each protein was categorized as either
positive or negative based on the presence of brown coloration
staining. More than 10 % positively stained cellswere graded
as positivel®34, Clear staining for nuclei was the criterion for
a positive reaction. Immunostaining patterns?® were graded
into the “focus’, “scattered”, “ diffuse”, according to cell
distribution in one microscopic eyeshot (x40). All the
immunostaining slides were observed by two pathologists
independently. The slides with different diagnosis by two
pathologists were reviewed again (less than 5 %) until the
agreed diagnosis was made.

Statistics analysis
The c? test, Fisher’ s Exact Test, Mantel-Haenszel c? Test and

Kappa Test were used for the statistics (P<0.05 was considered
significant).

RESULTS

Histopathological results

Histopathologically, primary SCC and GCA in the same patient
were verified in all 25 cases by two pathologists using an
Olympus microscope independently. Of the 14 CC patients
(both with cancer and adjacent tissues) examined, in esophagus
11 sampleswere diagnosed as normal, 10 as BCH, 8 asDY' S,
7 asClSand 14 as SCC; in gastric cardia9 asnormal, 11 as
DYS, 9 asClSand 14 as GCA.

Expression of p53 protein in CC patients (Table 1)

P53 positive immunostaining was observed in the epithelial
and tumor cells of esophagusand gastric cardia. In CC patients,
both SCC and GCA tissues showed a different extent positive
immunostaining of p53 protein (Figure 1,2). In 25 CC patients,
the immunostaining rate of p53 proteinin SCC was 60 % (15/
25) and in GCA was 40 % (10/25), and statistical analysis
showed that the difference was not significant (P>0.05).
“Diffuse” was the most frequent immunostaining pattern
observed in both SCC (60 %, 9/15) and GCA (70 %, 7/10).
High coincidence alteration for positive staining of p53 was
observed in SCC and GCA from the same patients, and
accounted for 56 %.

Table 1 Expression of P53 protein in 25 CC patients

P53 immunostaining

Number Sex/age SCC GCA

(+/-)* Immunostaining (+/-9)
pattern

Immunostaining
pattern

001 M/63 +2 Diffuse -2

002 M/60 - - + Focus & Scattered
003 M/55 + Diffuse

004 M/71 + Diffuse & Scattered ~ + Scattered
005 F/56 + Scattered & Diffuse

006 M/59

007 F/67

008 M/62 + Diffuse + Diffuse
009 F/61 + Diffuse

010 F/64 + Scattered

011 M/65 + Diffuse Diffuse
012 M/68 + Diffuse Diffuse
013 M/57

014 M/51 + Diffuse

015 M/50

016 M/67 + Scattered Diffuse
017 M/70 + Focus

018 M/67 + Scattered Scattered
019 F/74 - - + Diffuse
020 M/49 - - + Diffuse
021 M/36

022 M/70 + Diffuse

023 F/74

024 F/56

025 F/38 + Scattered + Diffuse & Scattered

+: positive immunostaining of P53, - : negative immunostaining
of P53.
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Expression of PCNA protein in CC patients (Table 2)

In CC patients, both SCC and GCA tissues showed a different
extent positive immunostaining of PCNA protein (Figure 3,4).
And the positive immunostaining was observed in the cell
nuclei of tumor and epithelial tissues. In 25 CC patients, the
immunostaining rate of PCNA protein in SCC was 92 % (23/
25) and in GCA was 86 % (19/22), and statistical analysis
showed that the difference was not significant (P>0.05).
“Diffuse” was the most frequent immunostaining pattern
observed in both SCC 57 % (13/23) and GCA 86 % (19/22).
High coincidence alteration for positive staining of PCNA was
observed in SCC and GCA from the same patients, and
accounted for 96 % (24/25).

Table 2 Expression of PCNA protein in 25 CC patients

PCNA immunostaining

Number Sex/age SCC GCA

(+/-)* Immunostaining (+/-%)
pattern

Immunostaining
pattern

001 M7/63 +8 Diffuse +4 Diffuse
002 M/60 + Scattered + Focus & Scattered
003 M/55 + Diffuse + Diffuse
004 M/71 +  Scattered & Focus + Diffuse
005 F/56 +  Scattered & Diffuse ~ + Diffuse
006 M/59 +  Scattered & Focus + Diffuse
007 F/67 + Diffuse + Focus
008 M/62 + Diffuse + Diffuse
009 F/61 + Diffuse + Diffuse
010 F/64 + Scattered + Diffuse
011 M/65 + Focus + Diffuse
012 M7/68 + Diffuse + Diffuse
013 M/57

014 M/51 + Diffuse

015 M/50 + Scattered + Diffuse
016 M/67 + Scattered + Diffuse
017 M/70 + Focus + Scattered & Focus
018 M/67 + Diffuse + Scattered
019 F/74 + Diffuse + Diffuse
020 M749 +  Scattered & Focus + Diffuse
021 M7/36 + Diffuse + Diffuse
022 M/70

023 F/74 + Diffuse + Diffuse
024 F/56 +  Scattered & Focus + Diffuse
025 F/38 + Scattered + Diffuse

+: positive immunostaining of PCNA, +: negative immunostaining
of PCNA.

Expression of p53 and PCNA in adjacent cancerous tissues
In SCC patients, with the lesions progressed from normal
esophageal epithelium to BCH to DY Sto CISto SCC, an
increasing tendency of p53 protein accumulation and PCNA
expression were observed, the positive ratesfor p53 were 27 %,
50 %, 50 %, 29 % and 72 %, and 55 %, 70 %, 75 %,71 % and
93 % for PCNA, respectively. In GCA, with the lesions
progressed from normal gastric cardia epithelium to DY S to

CISto GCA, the positive rates of p53 expression were 44 %,
27 %, 22 % and 36 % respectively, the difference was not
significant; the positive staining of PCNA protein expression
were 67 %, 64 %, 67 % and 86 %, respectively, positive rates
of PCNA expression in GCA was generally higher than those
in precancerous lesions (Table 3) (Figure 5-8).

Table 3 Expression of P53 & PCNA in precancerous lesions of
adjacent cancerous tissues

P53 PCNA
Number of samples

+ % %
Esophagus
NOR 11 3 27 6 55
BCH 10 5 50 7 70
DYS 8 4 50 6 75
CIS 7 2 29 5 71
SCC 14 10 71 13 93
Gastric cardia
NOR 9 4 44 6 67
DYS 11 3 27 7 64
CIs 9 2 22 6 67
CGA 14 5 36 12 86
DISCUSSION

In this study, indistinguishable overexpressions of p53 and
PCNA protein and the same main immunostaining pattern
(Diffuse) of immunoreaction were observed in primary SCC
and GCA from the same patient. We also found that in CC
patient p53 and PCNA had high coincident alteration in both
SCC and GCA.. These resultsindicated that SCC and GCA in
the same patient might have the similar molecular basis and
mechanism of carinogenesis. These results might be a
molecular explanation of the consistent geographic distribution
of SCC and GCA. That further characterized the molecular
alterations in different stages of SCC and GCA and their
relations with morphological changes would provide more
information to elucidate the carcinogenesis of SCC and GCA.
In thisstudy, high PCNA positive staining rates were observed
in CC patient, both in esophageal and gastric cardia epithelia.
Itinferred that in this high-incidence area, the alimentary canal
of patients exposed to similar risk factor might lead the
esophagea and gastric cardia epithelial cells to become the
hotspot of hyperliferation, which might be amolecular evidence
of hypothesis of field cancerization*>*. The hypothesis of field
cancerization is an explanation of multiple primary malignant
neoplasms, which consider the tissues of similar architecture
exposed to similar pathogen might occur independently as
precancerous lesions in multiple sites of the organ.

It is very important for the diagnosis of CC and multiple
primary SCC/GCA to exclude local metastasis. In this study,
microscopic observation showed that mixed of SCC and GCA
tissue was observed occasionally in some patients, and the
tissues adjacent to SCC and GCA had different patterns of
precancerous lesions, which were characterized by either
isolated or in succession. These unique information provided
important clues to study the molecular basis of SCC/GCA
carcinogenesis and sensibility.

Through the contrast study of adjacent cancerous tissues
of SCC and GCA, we found that different extent of
overexpressions of p53 and PCNA were already observed in
the apparently normal epithelia and very early precancerous
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lesions of esophagus and gastric cardia. Especially, from
normal epithelia (NOR) to different precancerous lesions to
SCC, of both p53 and PCNA protein positive staining rate
increased accordingly in the esophagus, and PCNA increased
in gastric cardia, but did not show the tendency of increase.
Other researchers’ results showed that from NOR to
precancerous lesions to SCC/GCA, positive staining of p53
and PCNA showed a continuous increasing tendency:42537-44,
So the explanation of our result might be that IHC qualitative
analysis cannot reflect the number of immunostaining cells,
and only show the alteration of immnostaining rates. The use
of quantitative analysis may solve this problem. In this study
we also found that in the stage of CIS, both esophagus and
gastric cardia tissues showed a decrease of positive staining
rate of p53. It might due to that precancerous lesions have an
instable characteristic of bidirectional development, that is, in
the multistage progression course of carcinogenesis
precancerous lesions might progress to cancer, or reverse to
low-grade lesion or even normal™. These results inferred that
the molecular changes of SCC and GCA not only were similar
in the ultimate stages but also in the early stages, so the CC
patient might have similar carcinogenetic course in primary
SCC and GCA, but their precise mechanism and biological
significance need further study.
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Abstract

AIM: To study the expression of neurokinin-1 receptor (NK-
1R) and neurokinin-2 receptor (NK-2R) in distal ileum of
acute necrotizing pancreatitis (ANP) and to evaluate the
relationship between expression of these two receptors and
intestinal mucosal damage.

METHODS: A total of 130 adult Sprague-Dawley rats were
randomly divided into two groups: the rats in ANP group
(n=80) were induced by the retrograde intraductal infusion
of 30 g-L* sodium taurocholate. And the rats in normal control
group (n=50) received laparotomy only. Sacrifices were
made 6 h, 12 h, 24 h and 48 h later in ANP and normal
control group after induction respectively. Intestinal mucosal
permeability was studied by intrajejunal injection of 1.5mCi
radioactive isotope *°"Tc-diethlene triamine pentacetic acid
(DTPA) and the radioactivity of *™Tc-DTPA content in urine
was measured 6 h, 12 h, 24 h and 48 h after induction.
Then the pancreas and intestine were prepared for
pathology. Reverse transcription polymerase chain reaction
(RT-PCR) was used to determine the mRNA expression of
NK-1R and NK-2R, and Western blot was used to investigate
the protein level of NK-1R and NK-2R.

RESULTS: In ANP rats, serious histologic damages in
intestinal mucosa were observed, and the radioactivity of
9mTc-DTPA in urine increased significantly in the ANP group.
RT-PCR revealed that NK-1R and NK-2R mRNA level was
overexpressed in the distal ileum of ANP as compared with
the normal control group. Western blot discovered stronger
NK-1R (14-fold increase) and NK-2R (9-fold increase)
immunoreactivity in the intestinal mucosa of ANP rats.
Moreover, the overexpression of NK-1R was associated with
mucosal pathological score (r=0.77, P<0.01) and intestinal
permeability (r=0.68, P<0.01) in ANP rats.

CONCLUSION: NK-1R and NK-2R contribute to disrupted
neuropeptides loop balance, deteriorate intestinal damage,
and are involved in pathophysiological changes in ANP.

Shi X, Gao NR, Guo QM, Yang YJ, Huo MD, Hu HL, Friess H.
Relationship between overexpression of NK-1R, NK-2R and
intestinal mucosal damage in acute necrotizing pancreatitis.
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INTRODUCTION

Acute necrotizing pancreatitis (ANP) has a complicated and
ill-defined pathophysiology. It is associated with a high
complication rate and unpredictable outcom, with a mortality
rate of 10-45 %Y. The hypothesisthat ANP promotes bacterial
trand ocation, leading to infection in the inflamed pancreas and
peripancreatic tissue, has been studied in rats fed with
fluorescent beads, sensitive inert markers of translocation!?.
The results suggested a translocated bacteria route for
pancrestic infection. Normal intestinal mucosal barrier can keep
the bacteria from translocation, however, this barrier is
damaged in ANPE4, The mechanism, which leads to the
dysfunction of mucosal barrier, remains unclear 59,

Recent studies have revealed the important role of
Substance P (SP) and its receptorsin ANP*%3, However, the
expression of SP' stwo receptors- neurokinin-1 receptor (NK-
1R) and neurokinin-2 receptor (NK-2R) in intestinal mucosa
of ANP, remains unclear. And their roles in mucosal damage
has not been revealed.

Therefore, in the present study the mRNA of NK-1R and
NK-2R inintestinal mucosaof ANPwasanayzed using reverse
transcription polymerase chain reaction (RT-PCR), the protein
level of these two receptors was analyzed by Western blot.
And the relationship between mMRNA level and intestinal
mucosal damage/intestinal permeability was aso investigated.

MATERIALS AND METHODS

Animals
Adult Sprague-Dawley rats weighing 250-300 g were obtained
from the Laboratory Anima Center of Southeast University, and
fed with standard rat chow. Animals were fasted overnight
and anesthetized with 20 g- L sodium pentobarbital
(intraperitoneal injection). ANP models (n=80) were induced by
the retrogradeintraductal infusion of 30 g- L sodium taurocholate
(0.2 ml- mint- kgt). And theratsin norma control group (n=50)
received laparotomy, the duodenum was taken out of the
abdomina cavity and the pancreaswasturned over for threetimes.
Sacrificesweremade 6 h, 12 h, 24 h and 48 h later in ANP
and normal control group after induction respectively. The
distal ileum, pancreas and blood in portal vein were obtained
for further studies. Freshly removed tissue samples were
immediately fixed in paraformaldehyde solution for 12-24
hours and paraffin-embedded for routine histopathologic
analysis. Concomitantly, tissue samples destined for RNA and
protein extraction were immediately snap-frozen in liquid
nitrogen and maintained at -80 “C until use. Blood was obtained
for serum amylase determinations.

Pathological examination for intestinal mucosa and pancreas
Paraffin-embedded tissue sections (2-3 mm thick) were
subjected to hematoxylin & eosin staining. Intestinal mucosal
damage was evaluated blindly under microscope by two
pathologistg*# 19,

Determinatins of intinstinal mucosal permeability
Intestinal mucosal permeability wasinvestigated by intrajejunal
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injection of 1.5mCi radioactive isotope *"Tc (Chinese Ingtitute
of Nuclear Power)-diethlene triamine pentacetic acid (DTPA,
Chinese Institute of Nuclear Power) and the radioactivity of
%mTc-DTPA content in urinary weremeasured 6 h, 12 h, 24 h
and 48 h after induction. Urinary volume was measured and
radioactive impulse was determined using radio-immunity g
counter. Intestina mucosal permesbility was calculated using
the following formula: Intestinal mucosal permeability (%)=
%mTc-DTPA excretory rate (%)=[ (urine-background)xvolume]
/(sdandard-background)x100%16 17,

RNA extraction and RT-PCR

Total RNA was extracted using the single-step guanidinium
isothiocyanate method, as previously reported®*9. Following
DNAse treatment, total RNA was reversely transcribed into
cDNA using random hexamers according to the manufacturer’ s
ingtructions (Roche Diagnostics, Rotkreuz, Switzerland). The
primers were designed using Primer Express software
(Germany) and synthesized by Amplimmun (Amplimmun AG,
Madulain, Switzerland). The sequenceis shown in Table 1.

Table 1 The sequence of primers used for RT-PCR

Primers Sequence Primer size (bp) PCR products size (bp)

NK-1R
Forward primer 5'- CAT CAA CCC AGATCT CTACC-3' 20 380

Reverse primer 5'- GCT GGA GCT TTC TGT CAT GGA -3' 21

NK-2R

Forward primer 5'-CAT CAC TGT GGA CGA GGG GG-3' 20 491
Reverse primer  5-TGT CTT CCT CAG TTG GTG TC-3' 20

GAPDH

Forward primer 5-TGAAGGTCGGTGTCAACGGATTTGGC-3 26 999

Reverse primer  5-CAT GTAGGC CAT GAG GTCCACCAC-3' 24

PCR amplification was carried out using either NK-1R or
NK-2R or GAPDH in afinal volume of 25 m with a Perkin-
Elmer GeneAmp System 9 700 and 0.625 U of Taq DNA
polymerase (Roche Diagnostics GmbH, Mannheim, Germany).
Cycling conditions were asfollows: 35 cycles of denaturation
at 94 °C for 1 min, annealing at 62 ‘C for 1 min and elongation
at 72 °C for 2.5 min. The first PCR cycle was preceded by
denaturation at 94 °C for 3 min, and last PCR cycle was
followed by incubation at 72 ‘C for 10 min.

For each PCR reaction, an identical tube containing the same
amount of regent, and same amount of water was substituted
for cDNA inthesetubes. These tubes served as negative control
of PCR.

RNA concentrations and PCR were titrated to establish
standard curves to document linearity and to permit
semiquantitative analysis of signal strengtht?22, Amplified
PCR products were separated by electrophoresisthrough al %
agarose gel at 45 V for 120 min. The cDNA bands were
visudized by ultraviolet illumination after the gelswere stained
with0.5 g- L ethidiumbromidedissolvedin Tris-borate-EDTA
buffer (89 mM Tris 89 mM boricacid, 2.5 mM EDTA, pH 8.2).
The gels were photographed, and the films were scanned and
analyzed with a computerized densitometer (Image-Pro Plus,
Version 3.0.01).

Western blot

Western blot for NK-1R and NK-2R was performed as
previously reported with certain modifications (59, Briefly,
200 mg of tissue samples were powered in liquid nitrogen and

then homogenized in lysis buffer (50 mM Tris-HCI, pH 7.5,
150 mM NaCl, 2 mM EDTA, 1 % SDS) supplemented with a
protease inhibitor cocktail (Roche Diagnostics, Rotkreuz,
Switzerland). The lysate was collected and centrifuged at 4 ‘C
for 10 min with 14 000 rpm to remove the insoluble material.
The protein concentration was measured by spectrophotometry
using the BCA protein assay (Pierce, Rockford, IL, USA). For
each sample, 40 mg of protein was separated on 12 % SDS-
polyacrylamide gels and electroblotted onto nitrocellulose
membranes.

The blotswere incubated in blocking solution (50 g- L™ non-
fat milk in 20 mM Tris-HCl, 150 mM NaCl, 1 g- L Tween-20
[TBS-T]), followed by incubation with 1:1 000 dilution of goat
anti-rat NK-1R antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) or 1:1 000 dilution of goat anti-rat NK-2R
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
a 4 "C overnight. The membraneswere then washed with TBS-
T and incubated with donkey anti-goat 1gG (1:3 000 dilution)
for 60 min at room temperature. Antibody detection was
performed with an enhanced chemiluminescence reaction (ECL
Western blotting detection, Amersham Life Science,
Amersham, UK).

Statistical analysis

Results were expressed as mean + SD. Statigtical analysiswas
made using the Prism software (Prism, GraphPad Software
Inc., San Diego, CA, USA). The comparative statistical
evaluations among groups were done using the Mann-Whitney
U test or Chi-square test. Spearmann correlation analysiswas
used for correlation analysis of the parameters. Significance
was defined as P<0.05.

RESULTS

Serum amylase and pathological examination

Serum amylase increased significantly in ANP group as
compared with normal controls (P<0.01). The diagnoses of
ANP were confirmed by gross appearance and microscopy. In
ANP group, mucosal edema, epithelia degeneration, necrosis
or even abscission were observed after 6 h. Hemangiectasia,
hemorrhage and inflammatory cell infiltration were revealed
in mucosa or submucosa (Table 2).

Table 2 The pathological score of intestinal mucosa

Groups Oh 6h 12h 24 h 48 h

Control  0.92+0.47 0.90+0.35 0.93+0.38 0.93+0.29 1.07+0.36
ANP 2.1140.47° 2.65+0.49° 3.91+0.82° 4.89+1.21°

3P<0.05 vs each time point of control group, respectively; °P<0.01
vs each time point of control group, respectively

Intestinal mucosal permeability change in ANP rats

The intestinal mucosal permeability was determined using
isotope. The results revealed that permeability increased
significantly after 6 h (Table 3).

Table 3 Changes of intestinal mucosal permeability

Groups Oh 6h 12h 24 h 48 h

Control 0.0411+0.0156 0.0455+0.0174 0.0532+0.0188 0.0693+0.0153 0.0698+0.0223

ANP 0.2367+0.1132* 0.3457+0.0473* 0.6651+0.1411* 0.7021+0.1523*

3P<0.01 vs each time point of control group, respectively
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mRNA expression of NK-1R and NK-2R in distal ileum
Theratsweresacrified 6 h, 12 h, 24 h or 48 h after modd inducing,
distal ileum was obtained for determination of NK-1R and NK-
2RmRNA. Figure 1 showsthe amplification plot a thetime point
of 6 h. The gene above had been amplified effectively, and
amplification of GAPDH was comparable in each sample, which
suggested comparable mRNA in each sample (Figure 1B, 1D),
whereas amplification of NK-1R in norma controlswas so weak
that some of the samples could only been observed inthe gel. In
contragt, theamplification of NK-1Rin ANP group wasreatively
stronger (Figure 1A). The expression of NK-2R was similar to
NK-1R (Figure 1C). After 12 h, 24 h or 48 h, the expression of
above genes maintai ned the same pattern as before.

NM 123456 7 89 10 11

D

Figure 1 Amplification results of NK-1R,NK-2R and GAPDH
from RT-PCR in control and ANP intestinal tissue. A: amplifi-
cation results of NK-1R; C: amplification results of NK-2R; B,
D: amplification results of GAPDH. N: PCR negative control;
M: PCR Marker (upper to lower: 1 000, 800, 600, 400, 200 and
100bp); 1-5: group of normal control; 6-11: group of ANP

10 4

Mucosal pathological score

Mnucosal permeability

2
Expression of NK-1R

Figure 2 The expression level of NK-AR mRNA was corre-
lated with intestinal mucosal pathological score (A) and mu-
cosal permeability (B) in ANP rats

Correlation of expression of NK-1R and NK-2R with intestinal
mucosal damage

We then evaluated whether there was a relationship between
the expression levels of these two genes and intestinal
mucosal pathological score and permeability. A significant
relationship between NK-1R mRNA and mucosal pathological
score (r=0.77, P<0.01) was found (Figure 2A). Furthermore,
statistical analysis revealed asignificant relationship between
NK-1R mRNA and mucosal permeability (r=0.68, P<0.01,
Figure 2B). Although NK-2R mRNA was overexpressed in
ANP, there was no significant relationship between this gene
expression and intestinal mucosal pathological score (r=0.32,
P=0.31) and permeability (r=0.28, P=0.21).

NK-1R and NK-2R protein expression in distal ileum

We then performed the Western blot analysisin controls and
ANP group. All the normal controls exhibited approximately
46 kDa band of NK-1R protein of weak intensity. In contrast,
the ANP samples showed a more intense signal (Figure 3A).
The densitometric analysis demonstrated a 14-fold increase
of NK-1R protein level in ANP ileum compared with the
normal ileum (P<0.01).

When Western blot analysis for NK-2R was performed,
similar pattern was observed, protein signal wasweak in normal
control, but much stronger in ANP group (Figure 3B).
Densitometry revealed a 9-fold increase of NK-2R in ANP
ileum (P<0.01).

control A

NP
SIS ISEE
¥ » a A

_ =——|<—NK-2R

Figure 3 Western blot revealed the protein level of NK-1R (A)
and NK-2R (B) in normal control and ANP intestinal tissue

DISCUSSION

Intestinal bacterial translocation isthe main source leading to
infection of pancreas, whereas this translocation is dependent,
to some degree, on the function of intestinal mucosal barrier.
Intestinal mucosal barrier ismade up of mechanical, biological,
immunologic and chemical barrier, while the mechanical
barrier is the fundamental one, which can prevent large
molecule and bacteria from passing through!®24. More and
more evidence showed that gut barrier dysfunction isrelated
to multiorgan system failure in sepsis and immune
dysregulation!?>%, Pancreatitis-induced hypovolaemiadue to
endothelial barrier leakage and gut arteriovenous shunting
causes intestinal ischaemia and reperfusion injury with
concomitant gut barrier dysfunction. Gut endothelial barrier
dysfunction probably plays acentral role. Potential molecular
mechanisms could be associated with alterationsin intracellular
signal transduction, intercellular signal and expression of
adhesion moleculeson endothelial cells. Bacterial infectionsare
often seen during the progression of ANP, concomitant with
the potential development of multiple organ dysfunction 5637,
The mechanisms underlying gut barrier dysfunction in acute
pancrestitis are thus complex and still not fully elucidated.
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SPissynthesized by small-diameter C sensory * pain’ fibers,
and release of this peptide into the dorsal horn of the spinal
cord following intense peripheral stimulation was thought to
promote central hyperexcitability (central sensitization)!®=9,
In addition, it could result in plasma extravasation, neutrophil
infiltration, and vasodilatation. In rats, both SP and NK-1R
selective agonist stimulated pancreatic plasma extravasation,
and this response was blocked by the NK-1R antagonist.
Selective agonist of NK-2R showed no effect!*?. Continuous
infusion of SP stimulated plama extravasation in rat pancreas
viaactivation of NK-1R“42,

In the present study, expression of NK-1R and NK-2R
MRNA was investigated by RT-PCR and the protein levels of
NK-1R and NK-2R were determined using Western blot
analysisin normal control and ANP intestines. The results
revealed that both NK-1R and NK-2R were overexpressed in
ANP intestines, and the overexpression of NK-1R was
correlated with mucosal damage in ANP rats. Increased level
of SP“J in ANP, together with overexpression of itsreceptors-
NK-1R and NK-2R, resultsin excessive biological effect, such
as aggregation of neutrophilic granulocyte, cascade release of
inflammatory transmitter, tissue fluid and plasmaextravasation,
thusresulting in deterioration of intestinal pathological changes
and gut barrier dysfunction, and facilitating gut bacterial
translocation.

Better understanding of the molecular biologica changes
in ANP will provide novel therapies to this disease. Once
specific receptors were identified, selective atagonists which
blocked these receptors would have therapeutic effects.
Antagonists against NK-1R have showed some effectsin acute
pancreatitis on animal models'242. Knowledge about the
regulating events will probably make future pharmacological
therapy available for prevention and treatment of the severe
complications of ANP, including gut barrier dysfunction.
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Abstract

AIM: To investigate the effects of oxytocin (OT) on isolated
rabbit proximal colon and its mechanism.

METHODS: Both longitudinal muscle (LM) and circular
muscle (CM) were suspended in a tissue chamber containing
5 mL Krebs solution (37 ), bubbled continuously with
950 mL-L* O, and 50 mL-L* CO,. Isometric spontaneous
contractile responses to oxytocin or other drugs were
recorded in circular and longitudinal muscle strips.

RESULTS: OT (0.1 U-L?) failed to elicit significant effects
on the contractile activity of proximal colonic smooth muscle
strips (P>0.05). OT (1 to 10 U-L?) decreased the mean
contractile amplitude and the contractile frequency of CM
and LM. Hexamethonium (10 umol-Lt) partly blocked the
inhibition of oxytocin (1 U-L) on the contractile frenquency
of CM. Ne-nitro-L-arginine-methylester (L-NAME, 1 umol-L?1),
progesterone (32 pmol-L*) and estrogen (2.6 umol-L'!) had
no effects on OT-induced responses.

CONCLUSION: OT inhibits the motility of proximal colon in
rabbits. The action is partly relevant with N receptor, but
irrelevant with that of NO, progesterone or estrogen.

Xie DP, Chen LB, Liu CY, Liu JZ, Liu KJ. Effect of oxytocin on
contraction of rabbit proximal colon in vitro. World J Gastroenterol
2003; 9(1): 165-168
http://www.wjgnet.com/1007-9327/9/165.htm

INTRODUCTION

Oxytocin (OT) isavery abundant neuropeptide. The structure
of the OT gene was elucidated in 19841, and the sequence of
the OT receptor was reported in 19922, OT exerted a wide
spectrum of central and peripheral effectd®®. It was reported
that hypothalamic paraventricular nucleus is a site of
controlling gastric function!®, oxytocin facilitated the
manifestation of inhibitory effects of hypothalamus on the
motor function of gastrointestinal tract!”. The experiments on
rats had shown that gastric motility was inhibited by
microinjection of oxytocin into the dorsal motor nucleus of
the vagus (DMN), and that the inhibition of gastric motility
after electrical stimulation of the hypothalamic paraventricul ar
nucleus was blocked by microinjection of an oxytocin receptor
antagonist directly into the DMN. These results suggested that
oxytocin acted on the gastric motility viaDMNE. The reports
on peripheral action of oxytocin to influence gastrointestinal

(GI) motility were controversial: OT decreases the contractions
of the guinea pig stomach in vitro, and inhibits the tone and
peristaltic contractions of stomach and small intestinesin
fasting dogs in vivo'®; but increases the gastric emptying of
semisolid food in normal human and the contractions of gastric
smooth muscle strips in rats*®. The effect of oxytocin on
colonic motility is still unknown.

OTR is functionally coupled to GTP binding proteins,
stimulates the activity of phospholipase C-3 isoforms. Finaly,
avariety of cdlular eventsareinitiated. For example, theforming
Cat*-calmodulin complexes triggers the activation of neuronal
and endothdial isoformsof nitric oxide (NO) synthase*!. Steroid
hormones were reported to control oxytocin receptor (OTR)
activity viaboth genomic and nongenomic pathwayd'2. Estrogen
inducesthe OTR mMRNA expression, and thenincreasesthe OTR
density on themembrane of the uterus smooth muscle and central
nervous system*34; on the other hand, progesterone inhibits
thenuclear OTR mRNA expression, and decreasesthe sengitivity
of the target cell on OT stimulation*>1®; progesterone was
also reported to bind to OTR with high affinity and inhibit
the receptor function”. In this study, we investigated the
effect of OT on proximal colonic motility of rabbits; We also
investigated if the OT-induced responses were relevant with
NO, steroid hormones or N receptor.

MATERIALS AND METHODS

Animal preparation

Rabbits of both sexes, weighing 1.5-2 kg, were fasted for 24-
hour and sacrificed. The proximal colon (1 cm from the
cecocolonic junction) was removed. The segment of the colon
was opened along the mesentery. Muscle strips (8x2 mm) were
cut, paralel to either the circular or the longitudinal fibers,
and named circular muscle (CM) and longitudinal muscle
(LM). The mucosa on each strip was carefully removed.

Experiments

The muscle strip was suspended in atissue chamber containing
5 mL Krebs solution (37 ) and bubbled continuously with
950 mL-L* O, and 50 mL-L* CO,*8, One end of the strip was
fixed to a hook on the bottom of the chamber. The other end
was connected to an external isometric force transducer (JZ-
BK,BK). Matility of colonic strips (under an initia tension of
1 g) in 2 tissue chambers were simultaneously recorded on
ink-writing recorders (LM S-ZB, Cheng-Du). After 1 h
equilibration, OT (0.1, 1, 10 U-L) was added in the tissue
chamber to observe their effects on proximal colon; N®-nitro-
L-arginine-methylester (L-NAME, 1 pumol-L1),
hexamethonium (10 pmol-L -, progesterone (32 umol-L?) or
estrogen (2.6 pmol L), given 3 min before the administration
of OT (1 U-L?), was added separately to investigate whether
theactionsof OT wererelevant with NO, N receptor or steroids.
The resting tension, the contractile frequency, and the mean
contractile amplitude of LM and CM were measured.

Drugs preparation

The following agents were used: oxytocin (Biochemical
Pharmaceutical Company, Shanghai, China), N®-nitro-L-
arginine-methylester (L-NAME) and hexamethonium (Sigma
Chemical Company), progesterone and estrogen (The Ninth
Pharmaceutical Factory in Shanghai).
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Data analysis
The results were presented as x+s, and statistically analyzed
by paired t test, P<0.05 was considered to be significant.

RESULTS

Effect of OT on the spontaneous contraction of colonic
smooth muscle strips
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Figure 1 A: Effect of oxytocin on the mean contractile amplitude
of longitudinal muscle (LM) of proximal colon in rabbits. B: Ef-
fect of oxytocin on the mean contractile amplitude of circular
muscle (CM) of proximal colon in rabbits. ®P<0.05 vs control, n=10.
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Figure 2 A: Effect of oxytocin on the contractile frequency of
longitudinal muscle (LM) of proximal colon in rabbits. B: Ef-
fect of oxytocin on the contractile frequency of circular muscle
(CM) of proximal colon in rabbits. 2P<0.05 vs control, n=10.

OT (0.1 U-LY) falled to dicit significant effects on the contractile
activity of proximal colonic smooth muscle strips (P>0.05). OT
(1to 10 U-L™?) decreased the mean contractile amplitude and
the contractile frequency of CM and LM (Figure 1, Figure 2). It
had no significant effects on the resting tension of CM and LM.

Effect of hexamethonium on the OT-induced responses
Hexamethonium (10 pmol-L1) had no significant effect on
the contractile activity of each colonic smooth muscle strip.
Hexamethonium given 3 minute before administration of OT
(1 U-LY) decreased OT-induced inhibition on the contractile
frenquency of CM (Figure 3). It had no significant effects on
the other action of OT.

14 ¢ ™M b

08 r
06
04
02 r

Contractions/ min-1

Control oT Hex+OT

Figure 3 Effect of oxytocin on the contractile frequency of circular
muscle (CM) of proximal colon after hexamethonium pretreatment
in rabbits. OT, oxytocin; Hex, hexamethonium. #P<0.05 vs control,
bP<0.05 vs oxytocin, n=6.

Effect of L-NAME on the OT-induced responses

L-NAME (1 pmol-L?) itself had no significant effects on
proximal colon in rabbits. When given 3 min before the
administration of OT (1 U-L™Y), It had no significant effectson
OT-induced responses.

Effect of progesterone and estrogen on the OT-induced
responses

Progesterone (32 pmol-Lt) and estrogen (2.6 umol-L1) had
no significant effects on proximal colonic motility. When given
3 min before the administration of OT (1 U-L), neither
progesterone nor estrogen had significant effects on OT-
induced responses.

DISCUSSION

The present study revealed that oxytocin 1 U-L*to 10 U-L*
inhibited the spontaneous contractile motility of proximal
colonic smooth muscle in rabbits. Petring et al reported that
veneinjection of oxytocin could increase the gastric emptying
of semisolid food in normal human(*®. Oxytocin10-100 U-L*
stimulated the spontaneous contractile motility of gastric body
and gastric antrum in rats in vitro. But oxytocin (10 pmol -L -
10 nmol-L1) suppressed the spontaneous contractions of
circular smooth muscle from guinea-pig gastric antrum and
gastric emptying in malerats'*??. Therefore, it seemsthat there
are species, region and OT concentration differencesin OT-
induced contractions in gastrointestinal tract.

Our results showed that hexamethonium partly blocked the
decreasing action of oxytocin on the contractile frequency of
colonic strips, but not that of the contractile amplitude of the
strips. These results suggested that oxytocin partly inhibited the
contractile frequency of colonic strips viaganglion N receptor.

NO isfound to be an inhibitory neurotransmitter of enteric
neurons. NOS neurons has been identified in the myenteric
plexus?-#, The action of OT has been reported to relevent
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with NO24 We observed the effect of L-NAME (inhibitor of
NOS activity) on the inhibitory action of oxytocin to decide
weather oxytocin inhibits the colonic contraction via NO
synthetic pathway. The results showed that L-NAME had no
effect on the inhibitory action of oxytocin, which suggested
that the inhibitory action of oxytocin on colonic motility was
irrelevant with NO.

OT has been identified to exert the actions viaOT receptors
in many tissues, including the hypothalamus, uterus, kidney,
pancreas, heart, vasculature, and thymus?-3%, Oxytocin
receptor are suggested to be present on the members of guinea
pig antral smooth muscle cell§*?. OT might act on the proximal
colonic smooth muscle via selective oxytocin receptor, which
still need to be further studied.

Thefunction and physiological regulation of the OT system
has been reported to be strongly steroid dependent3%3, But
our results showed that both progesterone and estrogen had
no significant effects on OT-induced responses.

Effects on the gastrointestinal tract muscle during pregnancy
are caused primarily by hormonal changes, such as
progesterone, estrogen, and other hormones®!, Motility
changes occur throughout the gastrointestinal tract during
pregnancy, including colonic transit manifested primarily as
abdominal bloating and constipation’*!. Both progesterone and
estrogen have been shown to inhibit colonic motility and transit
in ratsi®!, But Hinds and associates® reported that no
significant differences in colon transit were found between
phase of the menstrual cycle or between women and men. Our
results also showed that neither progesterone nor estrogen
affected the proximal colonic motility in rabbits. OT was
another hormone relate to pregnancy, and its plasma
concentration was higher in late pregnancy!®"=#. Our results
showed that OT inhibited the colonic motility. Results from
these studies provided new insight into the mechanisms
controlling colonic motility during pregnancy and may form
the basis for drug treatments of colonic motility disorders.

In conclusion, oxytocin inhibit the contractile activity of
proximal colonic smooth muscle of rabbitsin vitro. The action
is partly relevant with N receptor, but irrelevant with that of
NO, progesterone or estrogen.
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Abstract

AIM: To investigate experimentally the effects of methionine
enkephalin on signal transduction of mouse myeloma NS-1
cells.

METHODS: The antigen determinate of delta opioid
receptor was designed in this lab and the polypeptide
fragment of antigen determinate with 12 amino acids
residues was synthesized. Monoclonal antibody against this
peptide fragment was prepared. Proliferation of Mouse NS-
1 cells treated with methionine enkephalin of 1x10-¢ mol- L!
was observed. The activities of protein kinase A (PKA) and
protein kinase C (PKC) were measured and thereby the
mechanism of effect of methionine enkephalin was postulated.

RESULTS: The results demonstrated that methionine
enkephalin could enhance the proliferation of NS-1 cells and
the effect of methionine enkephalin could be particularly
blocked by monoclonal antibody. The activity of PKA was
increased in both cytosol and cell membrane. With reference
to PKC, the intracellular activity of PKC in NS-1 cells was
elevated at 1x107 mol- L and then declined gradually as
the concentration of methionine enkephalin was raised. The
effects of methionine enkephalin might be reversed by both
naloxone and monoclonal antibody.

CONCLUSION: Coupled with the findings, it in-dicates that
the signal transduction systems via PKA and PKC are involved
in the effects of methionine enkephalin by binding with the
traditional opioid receptors,and therefore resulting in different
biological effects.

Liu XH, Huang DA, Yang FY, Hao YS, Du GG, Li PF, Li G. A new
cytokine: the possible effect pathway of methionine enkephalin.
World J Gastroenterol 2003; 9(1): 169-173
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INTRODUCTION

A number of studies have documented the involvement of
endogenous opioid peptide on the cellular functions. It has
been known that opioid receptors exist on the surface of cells
pertinent to immune function, and that the activation or
inhibition of these receptors may enhance or down regulate

some cell activities. Methionine enkephalin, the native opioid
peptide, has been identified and defined as a cytokine because
of itsnon-neurotransmitter function and sharing al of themajor
properties of cytokines4. Although numerous studies have
shown that opioid-induced alteration of cellular function can
be mediated indirectly viathe central nervous system (CNYS)
or through direct interaction with cells, the precise cellular
mechanisms underlying the immunomodulatory effects of
opioids are largely unknown.

It is especially true that the opioid receptors contain
consensus sites for phosphorylation by numerous protein
kinases. Protein kinase C (PKC) has been shown to catalyze
the in vitro phosphorylation of delta-opioid receptors and to
potentiate agonist-induced receptor desensitization®>®. On the
other hand, studies suggest that acute and chronic opioid can
regulate the cAMP-dependent protein kinase (PKA) signaling
pathway and the changesin this pathway may be involved in
opioid tolerance™. It hasbeen documented that increased PKA
activity can maintain cellular tolerance to opioid receptor
agonist by chronic opioid treatment(*,

Although thereis mounting evidence supporting the concept
that opioids are members of the cytokine-like family, the
relative contribution of the opioids to immunoregulation
remains unclear. Furthermore, little has been studied how
methionine enkephalin acts as binding with the receptor of
cell surface and trigger the intracellular biological eventsvia
some kinases. In this series of experiments, we analyzed the
effect of methionine enkephalin, the endogenoue opioid, on
the activities of PKA and PKC at various dosages. The effects
of monoclonal antibody and naloxone were also determined
so that the mechanism of effect of methionine enkephalin on
the signal transduction will be further clarified.

MATERIALS AND METHODS

Materials

M ethionine enkephalin, naloxone, dithiothreitol (DTT),
leupeptin, histone, phosphatidyl serine (PS), diacylglycerol
(DG) and ATPwere purchased from SIGMA; DMEM medium,
bovine serum albumin(BSA) and 1-eth-3-3-dim-
ethylaminopioply carbodimde-HCI (EDC) were purchased
from GIBCO; phenylmethy! sulfonyl fluoride (PMSF) and
egtazic acid (EGTA) were from SERVAL.

Methods

Design of polypeptide fragment of delta opioid receptor
Deltaopioid receptor iscomposed of 372 amino acidsresidues.
Hydrophilic analysis and structure prediction were performed
in our laboratory by typing the sequence of opioid receptor
into a special computer program designed according to the
principle of prediction of antigen determinants, and by which
fragment of antigen determinant was selected™!. The amino
acids residues sequence of antigen determinant was selected
from the 3 hydrophilic peak based on the feature of possibility
of antigen determinant and listed as follows: NH,-Gly-Ser-
Leu -Arg-Arg-Pro-Arg-Gln-Ala-Thr-Thr-Arg-COOH.
Synthesis of polypeptide fragment and preparation of
monoclonal antibody Polypeptide fragment with 12 amino
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acidsresidues of delta opioid receptor was synthesized in North
West University, USA. Monoclonal antibody against this
polypeptide fragment was prepared according to the routine
procedure. In short, BABL/C mice was immunized with
synthesized polypeptide fragment conjugated with bovine
serum abumin in complete Freunds adjuvant at 2- to 3-week
intervals. The splenic cells separated from mice were fused
with myeloma cells to form a stable antibody-producing
hybridoma cell line. Positive clones were screened by the
method of ELISA and inoculated into BALB/C mice. The
antibody was harvested from ascitic fluid and purified with
affinity chromatography. The titers of monoclonal antibodies
were higher than 3 000. The specificity and effects of
monaoclonal antibody were verified in this experiment.

Effect of methionine enkephalin on proliferation of NS-1
cell lines NS-1, Mouse myeloma cell line, was cultured in
DMEM medium containing 10 % fetal calf serumat 37 °C in
a humidified atmosphere of 5 % CO,. After the cell growth
occupied full of the bottom of the flasks, the cellswere washed
once and resuspended in medium at a density of 5x10* cells
per ml. 1 ml of the cells per well was liquated in a 24 wells
plate. When the cells were grown about 70 % full of wells, the
supernatant was taken out. Then the cells were resuspended in
1 ml of medium without serum and cultured for one more day.
After 1d, supernatantsin all wellswere removed and the cells
were resuspended in 1 ml of medium (with 10 % fetal calf
serum). The cells were administrated with 1x10® mol- L-* of
methionine enkephalin. Different concentrations of
monoclonal antibody (0.1-10x10°mol- L) were used to block
the effect of methionine enkephdin. The culture was continued
for 2 d and then pulsed with 18.5x10° Bq of *H-TdR in each
well. 4 h later, the cells were harvested onto glass microfiber
filter using a multiple sample harvester. The incorporation of
*H-TdR was measured by using LKB 1209 Rackbeta liquid
scintillation counter.

Determination of protein kinase A activity NS-1 cellswere
adjusted to 5x10* cells per ml with DEM E medium (containing
10 % fetal calf serum) and aliquot into 24 well plate at 1 ml
cell suspension per well. When the cells were grown about
70 % full of the wells, the supernatant was taken out. Then the
cells were resuspended in 1 ml of medium without serum,
cultured for one more day and added 1x10° mol- L of
methionine enkephalin. For the blocking assay, the different
concentration of monoclonal antibody (0.1-10x10°mol- L)
and naloxone (0.1-10x10°mol- L) were added at the same
time. After 24 h, the cellswere collected, resuspended in 500
of buffer A (containing 200 mmol- L Tris-HCI pH 7.5, 0.25
mol- L sucrose, 2 mmol- L edetic acid, 2 mmol- L
dithiothreitol, 10 mg- L leupeptin and 0.5 mmol - L** PM SF)
and destroyed by supersonic instrument for 2 minin ice bath.
The supernatants were collected following a spin at 10 000 g
for 45 min and defined as the cytosol fraction. The pellet was
resuspended in 400 m of buffer A containing 0.5 % Triton X-
100, supersonically destroyed for 2 min and defined as the
membrane fraction. The measurement of PKA activity was
carried out as described with modifications*2. In short, 40 m
of extracted enzyme fractions were mixed with 160 m of the
solution at the final concentration of 20 mmol- L Tris-HCI
pH 7.5, 5mmol- L1 MgCl,, 0.25g- L1 BSA, 0.5g- L histone,
2x10"mol- LT ATP (2P ATP, 3.7x10* Bq) and 8.0 nmol- L*
of cAMP at 37 °C for 10 min. After followed by incubation in
ice bath for 5 min to terminate the reaction, 150 m of the solution
from each sample was collected onto Whatmen GF/C filter
paper. After washing 2x with 10 % TCA-2 % phosphoric acid
for 30 min at room temperature followed by 2x wash with 5 %
TCA for 30 min, the activities of PKA were measured by using
liquid scintillation counter and expressed as pmol value of 2P
in histone catalyzed by per mg protein per min.

Determination of protein kinase C activity The procedures
of cell treatment and enzyme extraction were similar to that
described in the determination of PKA instead of cells
resuspended in 500 i of buffer B (buffer A+10 mmol- L egtazic
acid). The fina volume was 200 m with final concentration of
20 mmol- Lt TrissHCI pH 7.5, 5 mmol - L-* MgCl,, 0.25g- L*
BSA, 0.59- L*histone, 2x10°mol- L*ATP ([g*P] ATP, 3.7x10*
Bq), and 40 m of extracted enzyme fraction. The measurement
of activity of PKC was performed as described by Choi et al.
with modification*3. Briefly, 5 mmol- L** CaCl,, 80 mg- L PS
and 3 mg- L* DG were added into reaction system. The
collection and assay of samplesand the addition of methionine
enkephalin, also monoclonal antibody and naloxone, were
according to the measurement of PKA. The activities of PKC
were expressed with pmol value of *2P in histone catalyzed by
per mg protein per min (pmol- mgt- min'?).

Statistical analysis
The data were expressed as x+s obtained from at least 3
independent experiments and analyzed by t test.

RESULTS

Effects of methionine enkephalin on the proliferation of NS-
1 cells

Methionine enkephalin could stimulate the proliferation of
NS-1 cells. When 1x10° mol - L-* of methionine enkephalin
was added into the cultured cells, the cells could proliferate
up to 109 %. Monoclonal antibody at alower concentration
of 0.1x10°mol- L* could not block the effect of methionine
enkephalin. Whereas 1 and 10x10°mol- L of monoclonal
antibody could reverse the enhancing effect of methionine
enkephalin on the cell proliferation that showed significantly
the differences as compared with trestment group of methionine
enkephalin alone (Figure 1).
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Figure 1 Blockage of monoclonal antibody to the effect of
methionine enkephalin on the proliferation of NS-1 cells. Treat-
ment groups; 1: control group; 2; 1x10° mol-L* methionine
enkephalin; 3; 1x10° mol - L* methionine enkephalin plus 1x10°
mol-L* monoclonal antibody. 4; 1x10¢ mol -L* methionine en-
kephalin plus 1x10° mol-L* monoclonal antibody. 5; 1x10
mol- L'* methionine enkephalin plus 1x10® mol - L** monoclonal
antibody. n=3 from 3 independent experiments. "P<0.05 and
¢P<0.01 vs control group, ®P<0.05 and P<0.01 vs group 2

Effects of methionine enkephalin on the activity of PKA
Methionine enkephalin at various concentrations could
enhance the level of activity of PKA in cytosol and cell
membrane. The effects could be observed at the concentration
of 0.1-10x10° mol- L% in cytosol and 0.01-10x10®mol- L in
cell membrane. The effects of methionine enkephalin on the
activity of PKA were consistent in the cytosol and the cell
membrane (Figure 2 ).
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Figure 2 The influences of different concentrations of methion-
ine enkephalin on the activity of PKA in cytosol (@) and cell
membrane (O) of NS-1 cells. n=3 from 3 independent
experiments. ®P<0.05 and °P<0.01 vs control (0 mol-L?)

Antagonism of monoclonal antibody and naloxone on the
activity of PKA

1x10° mol- L of methionine enkephalin was used for the
blocking assay of monoclona antibody on the activity of PKA.
The reversed effects could be observed at the concentration of
1x10° and 1x10° mol- L of antibody (Table 1). After
administration of different concentrations of naloxone in the
case of cytosol, the reversed effects were also obvious (Figure 3).

Table 1 Antagonism of different of concentrations of mono-
clonal antibody (MADb) to methionine enkephalin (MENK) at
1x10% mol-L* on the activity of PKA in cytosol and membrane
of NS-1 cells. n=3 from 3 independent experiments. "P<0.05
and °P<0.01 vs control, ¢P<0.05 and P<0.01 vs group 2

Activity of PKA Activity of PKA
MENK+MAb in cytosol in membrane
/pmol-mg*-min? /pmol-mg?-min?
Control 21.10£1.09 6.81+1.63
MENK 24.69+0.49¢ 10.4240.71°
MENK+10" mol-L* MAb 29.9840.59¢f 13.73+1.84¢¢
MENK+10 mol-L* MAb 20.03+1.47 7.59+0.35¢
MENK+10° mol-L* MAb 12.99+0.95¢ 7.11+2.04¢
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Figure 3 The effects of different concentration of naloxone on
the activity of PKA in cytosol of NS-1 cells. Treatment groups:
1: control; 2: 1x10° mol-L* methionine enkephalin; 3: 1x10°
mol - L* methionine enkephalin plus 1x107 mol- L* naloxone; 4:
1x10® mol-L* methionine enkephalin plus 1x10% mol-L*
naloxone; 5: 1x10° mol - L* methionine enkephalin plus 1x10°
mol - L naloxone.n=3 from 3 independent experiments. °P<0.01
vs control, 'P<0.01 vs group 2

Effects of methionine enkephalin on the activity of PKC
In Figure 4, anarrow effective range of methionine enkephalin
was displayed. At the concentration of 1x107 mol- L™,

methionine enkephalin could enhance the intracel lular activity
of PKC (Figure 4), but the higher concentration (10°-10°
mol- L-%) of methionine enkephalin showed a suppressive effect
compared with control (0 mol- L2).
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Figure 4 The influences of different concentrations of methion-
ine enkephalin on the intracellular activity of PKC in NS-1 cells.
n=3 from 3 independent experiments. "P<0.05 and °P<0.01 vs
control (0 mol-L?).

Antagonism of monoclonal antibody and naloxone on the
activity of PKC

Based on the data in Figure 4, 1x10 mol- L-*of methionine
enkephalin was used to inhibit the PKC. Like observed in the
case of PKA, the effect of methionine enkephalin could be
blocked by different concentrations of monoclonal antibody
(Table 2). Naloxone at concentrations of 1x10°¢ and 1x10°
mol- L could also reverse the suppressed effect of methionine
enkephalin in the cytosol (Figure 5).

Table 2 Antagonism of different of concentrations of mono-
clonal antibody (MAb) to methionine enkephalin (MENK) at
1x10mol-L* on the intracellular activity of PKC in NS-1 cells.
n=3 from 3 independent experiments. °P<0.05 vs control, *P<0.05
and P<0.05 vs group 2

MENK+MAb Activity of PKC (pmol-mg?-min?)
Control 3.06+0.19
MENK 2.26+0.03°
MENK+10" mol-L*MAb 2.92+0.02¢
MENK+101° mol-L* MAb 2.80+0.4¢
MENK+10° mol-L* MAb 3.1340.45f
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Figure 5 The effects of different concentration of naloxone on
the intracellular activity of PKC in NS-1 cells. Treatment groups:
1: control; 2: 1x10% mol-L* methionine enkephalin 3: 1x10¢
mol- L* methionine enkephalin plus 1x107 mol- L* naloxone; 4:
1x10°% mol-L* methionine enkephalin plus 1x10¢ mol-L*
naloxone; 5: 1x10® mol - L** methionine enkephalin plus 1x10°
mol-L* naloxone. n=3 from 3 independent experiments. °P<0.01
vs control, ®P<0.05 vs group 2
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immune cellsarewell appreciated. In recent years, investigations
from severa |aboratories have indicated that opioids can operate
ascytokines, the principal communication signalsof theimmune
system!*3, Our previous studies have a so proved the cellular
modulation of methionine enkephalin®4, In this experiment,
the results that methionine enkephalin could enhance the
proliferation of NS-1 cells and perform the effect of growth
factor-like, were consistent with the conclusion.

One possible component in the receptor signal cascade that
can be responsible for these differences is the ligand-receptor
interaction site. Receptor chimera studies followed by
mutational analysis have revealed that functions of receptor
domains were different for various opioid alkaloids and opioid
peptides*+*l, Based on the principle of antigen determinant,
we prepared the monoclonal antibody against delta opioid
receptor. Our data showed that the effects of methionine
enkephalin were reversible in the presence of different
concentration of monoclonal antibody, which indicating the
existence of afunctional domain at the peptides segment.

Although some laboratories have provided evidences that
supporting agonist-induced down-regulation of opioid
receptors appear to require the phosphorylation of the receptor
protein>24, the identities of the specific protein kinases that
perform this task remain uncertain. Moreover, it is unknown
whether the change of protein kinase activation was dependent
on the effect of methionine enkephalin. Our data showed that
the activities of PKA were up-regulated in both cytosol and
membrane of NS-1 cells in a variety of concentrations of
methionine enkephalin. The elevation of PKA activity showed
dose-independent and the most efficient concentration of
methionine enkephalin wasat 107 mol- L. It had been shown
that increased PKA activity related to the maintenance of
cellular tolerance to opioid receptor agonistg® 252,

However, in the case of PKC, the enzyme activity was
elevated when methionine enkephalin at the concentration of
1x107mol- L*and declined gradually at 1x10%to 10°mol- L.
The coincident results have also been observed in other
laboratory. It had been reported that a biphasic response of
opioid on expression of some cytokines had been demonstrated
that nanomolar concentration of opioid augmented the
secretion of both IL-6 and TNF-alpha, whereas micromolar
concentration inhibited their synthesig?. It had also been
reported that opioid-induced PKC translocation followed a
time-dependent and biphasic pattern beginning 2 h after opioid
addition, when a pronounced translocation of PKC to the
plasma membrane occurred. When exposure to opioids was
lengthened to >12 h, both cytosolic and particulate PKC levels
dropped significantly below those of control-treated cells
because of the decrease of membrane-bound PKC density(>2,

From our data, the effect of methionine enkephalin could
be reversed by alower concentration of monoclonal antibody.
Although little previous information was avail able to compare
the usage of antibody, it was postul ated that a complex ligand-
receptor interaction was involved. The results that an
antagonism of monoclonal antibody to the effect of methionine
enkephalin on the activity of PKA or PKC indicated that the
antigen determinant of the receptor fragment was also the
functional domain of the receptor. The postul ate was reinforced
by studies involving nid receptor chimeras that investigated
the function of each domaini*4, Likewise, the same results
could be observed in the assay of naloxone, the antagonist of
opioid receptor. The effect of naloxone abolishing the effect
of opioid on the activity of PKA had been reported®3%, Thus,
atraditional opioid mechanism on signaling pathway of PKA
and PKC was thereby involved.
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Abstract

AlIM: With successful surgical treatment of gastroesophageal
reflux disease (GERD), there is interest in understanding
the anti-reflux barrier and its mechanisms of failure. To date,
the potential use of vector volumes to predict the DeMeester
score has not been adequately explored.

METHODS: 627 patients in the referral database received
esophageal manometry and ambulatory 24-hour pH
monitoring. Study data included LES resting pressure (LESP),
overall LES length (OL) and abdominal length (AL), total
vector volume (TVV) and intrabdominal vector volume (IVV).

RESULTS: In cases where LESP, TVV or IVV were all below
normal, there was an 81.4 % probability of a positive
DeMeester score. In cases where all three were normal,
there was an 86.9 % probability that the DeMeester score
would be negative. Receiver-operating characteristics (ROC)
for LESP, TVV and IVV were nearly identical and indicated
no useful cut-off values. Logistic regression demonstrated
that LESP and IVV had the strongest association with a
positive DeMeester score; however, the regression formula
was only 76.1 % accurate.

CONCLUSION: While the indices based on TVV, IVV and
LESP are more sensitive and specific, respectively, than any
single measurement, the measurement of vector volumes
does not add significantly to the diagnosis of GERD.

Marsh RE, Perdue CL, Awad ZT, Watson P, Selima M, Davis RE,
Filipi CJ. Is analysis of lower esophageal sphincter vector volumes
of value in diagnosing gastroesophageal reflux disease? World
J Gastroenterol 2003; 9(1): 174-178

http://www.wjgnet.com/1007-9327/9/174.htm

INTRODUCTION

With the recognition of gastroesophageal reflux disease (GERD)
asasurgical pathology, there is deep interest in understanding
the anatomical and physiological anti-reflux barrier and its
mechanisms of failure™® The anatomical components of the
barrier include the crural fibers of the digphragmatic esophageal
hiatus, the smooth muscle ding fibers of the gastric cardia, and
the semicircular and clasp fibers of the distal esophagus®®.
Augmented by positive intrabdominal pressure over the most

distal portion of the lower esophagus and proxima cardia, the
sphincter approximates the mucosal epithelium covering the
interna surface areaof the esophagogastricjunction. Thisdistinct
high-pressure zoneisacritical factor in the barrier against reflux
of gastric contents>®. The anatomical function of the lower
esophageal sphincter (LES) is complemented by neutralization
of refluxate by alkaline oral secretions and rapid clearance of
esophageal contents by intermittent and reflex peristalsig®.

Variousmeans have been devised to measure the mechanical
integrity of the LES®Y. Traditional pull-through manometry
has been succeeded in some laboratories by sophisticated
equipment and softwarethat allows measurement of the closure
pressure generated by the three-dimensional sphincter
mechanism. Directional pressures can be summated over the
length of the sphincter to produce a vector volume that
describes the overall physical resistance of the barrier to
continuous refluxi**2, Other measures of the sphincter
competence include resting pressure of the LES at various points
along itslength, the vector volume of theintrabdominal portion
of the LES aswell as overall and intrabdomina lengths of the
LES. While many observers have noted the relationship between
abnormal manometry and GERD™*, we have sought to quantify
thisrelationship in away that describes the comparative ability
of such measurements to predict positive ambulatory pH
monitoring as described by DeMeester and colleagues®. It was
our goal to compare traditional manometric measurements,
vector volume analysis and results of 24-hour pH monitoring.
We postulated that one or more of the manometric measurements
would yield a statistically significant relationship to a positive
DeMeester score. Because of the complexity of the procedure,
expense, and general discomfort to the patient, it was hoped
that detection of a defective LES would obviate the need for
subsequent pH monitoring in certain cases.

MATERIALS AND METHODS

Materials

Manometric studies were performed using a 9-lumen catheter
(ESM 38R, Arndorfer, Greendale, Wisconsin) coupled to a
hydraulic capillary infusion system (Arndorfer). The catheter
consisted of a central lumen of 1.8 mm internal diameter
surrounded by 8 lumens of 0.8 mm internal diameter. Four
channels extended to the distal end of the catheter with ports
at the same level and oriented radially at 90° intervals. The
remaining 4 ports were spaced contiguously at 5 cmintervals
proximal to, and offset by 45° from, the radial ports, providing
20 cm of working length. The central lumen was not used. The
catheter was pulled at a3 mm/second using amechanical puller.
The transducer information was translated into digital
information using a polygraph (Medtronic Synectics,
Shoreview, Minnesota). External transducers were also used
to detect swallow and respiratory waves. The information was
saved for real-time and retrospective review using Polygram
software (Medtronic Synectics).

Methods
The original audit population consisted of 1 900 patients
referred to the Esophageal Function Laboratory in the
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Department of Surgery at Creighton University. This
population received either esophageal manometry, 24-hour pH
monitoring or both. Patients were referred to the laboratory
for typical or atypical symptoms thought to represent GERD.
Of the 1 900 patientsin the referral database, only 627 received
both esophageal manometry with measurement of LES vector
volumes and ambulatory 24-hour pH monitoring. Vector
volume data were available for the total length of the lower
esophageal sphincter (total vector volume, TVV) and for the
intrabdominal length (intrabdominal vector volume, IVV). The
vector volumeisacal culated value representing the directional
pressures within the LES over a specific portion of the
sphincter. Additional data included age, weight, resting
pressure of the LES (LESP), overall LES length (OL) and
abdominal LES Iength (AL).

In preparation for station pull-through (SPT), the catheter
assembly was introduced through either nare and advanced
into the stomach. SPT was performed using a mechanized
puller (Medtronic Synectics) at 3 mm/sec to avoid swallowing
with pauses every centimeter to allow pressure measurement.
Using the gastric baseline pressure as the reference point, a
port entered the LES when a sustained positive deflection away
from the baseline was observed. A wet swallow of 5 mL tap
water was performed at this level to observe relaxation of the
LES. The SPT proceeded through the entirety of the LES
resulting in five measurements from separate channels which
were averaged to produce the final value. The patient was
instructed to breathe regularly and not to swallow. Swallowing
(except for the wet swallow) required another attempt.

Theresting pressure of the LES (LESP) was defined as the
mean pressure at the respiratory inversion point (RIP). The
RIP wasthe place on the pressure waveform where the positive
deflections in the abdomen caused by inspiration changed to
negative deflectionsin the chest. OL was the distance between
the distal and proximal bordersof the LES; AL wasthe distance
between the distal border of the LES and the RIP. Both
measurements were obtained during SPT.

Measurements for vector volume calculations were obtained
from transducers attached to the 4 radial portslocated at the
same level on the catheter. Each channel yielded a separate
pressure and direction (pressure vector) over the length of the
LES. Thedistal border of the LES was defined asthe position
at which two or more of the four channels deflected positively
from the gastric baseline. The crural component, often
represented as the distal hump in the bimoda waveform, was
intentionally included in the TVV. The proximal border was
defined asthat position inwhich two or more of thefour channels
returned and stayed below the gastric baseline. Computer
software summated the pressure vector measurements into a
singlevector volume (mm Hg®). A three-dimensional imagewas
also generated but not included in the database.

IVV was determined similarly. The proximal endpoint of
the IVV was the RIP; the distal endpoint was the same as for
TVV. Aswith TVV determination, when two or more of the
four channelsreached the RIP, all were considered to be at the
RIP. Computer software similarly produced a value for the
vector volume.

Upon completion of manometry, the pressure catheter was
replaced with a pH probe catheter (Ingold Bipolar Glass pH
Probe, Mui Scientific, Mississauga, Ontario). All patients had
been off their medication (PPI’ sfor 7 days, H2 blockersfor 3
days) for the appropriate time. The catheter was passed through
the nose and into the stomach to obtain abasdline reading from
the ambulatory recording equipment to be carried by the patient
(Digitrapper, Medtronic Synectics). The catheter was then
withdrawn to a position 5 cm above the LES as determined by
SPT. A basdline reading was again obtained. The catheter was
secured to the nose and patients were given ingtructionsto eat at

least three meal s (limited to foodsin which the pH was known),
to stay upright at least 4 hours after eating, and to be recumbent
for no more than 8 hours during deep. Patients were instructed
to note in adiary the time of each symptom occurrence, when
and what they ate, and when they retired for bed.

At the completion of the 24-hour period, the catheter was
removed and the information in the Digitrapper was downloaded
and analyzed using pH-metry software (EsopHagram,
Synectics). A DeMeester score was then tabulated by the
computer and recorded for both acid and alkainereflux. A score
<14.8 was considered negative for GERD.

Except for the logitic regression, sendtivitiesand specificities
for the receiver-operating characteritics (ROC) were calculated
manually. The purpose of the ROC was to find an optimal cut-
off point, if any, for measurements that would yield the greatest
combination of sensitivity and specificity. The formulas for
calculationsinvolving LESP (for example) were:

Sengitivity =[' 0" patientswith GERD and LESP<<* X' | [ n’
patients with GERD]

Specificity =[* n" patient without GERD and LESP>* X' | +-
[' n" patient without GERD]

In those calculations, * X' refersto a progressively larger
cut-off value for LESP (following the example above).
Therefore, a particular sensitivity represented the probability
that apatient withan LESP <* X' would have GERD. Likewise,
the specificity representsthat probability that a patient with an
LESP> " x would not have GERD. Cut-off valueswere chosen
at increments that resulted in enough data points to provide
adequate resolution to the curve but with enough caseswithin
each rangeto reflect real trends. Thiswasdonefor LESP, TVV,
IVV, AL and OL.

All other calculations were performed by SAS statistical
software (version 6.12). The logistic regression process was
automated and resulted in a formula for predicting GERD-
positive or GERD-negative. According to its program, the
statistical software started with al predictorsin atest formula,
then through backward selection, removed predictorsthat failed
to meet the appropriate confidence interval. The software
rejected predictors when p-values were >0.05 %. There were
no attempts at relating the manometry measurements directly
to DeMeester score in acontinuous fashion. Rescaling in order
to account for outliers consisted of setting values above the
95" percentile for any measurement equal to the value of that
measurement at the 95" percentile. Values for normal were
derived from a prior study in thislaboratory using 50 healthy
(non-GERD) volunteers. No attempts were made to sort
patients or data according to age, sex or weight.

RESULTS

Demographic data with respect to the diagnosis of GERD is
presented in Table 1. There were no attempts at age or sex
matching. Table 2 includes the means, standard deviations, p-
values, sensitivities and specificities for the measured
parameters. The sensitivity and specificity of LESP, TVV and
IVV, respectively, were 67.3 % and 73.3 %; 72.5 % and 62.6 %;
and 58.5 % and 77.3 % at the lower values for normal. The
sensitivity and specificity for AL and OL reflect the fact that
very few patients had abnormal values of either (4 and 2
patients, respectively); thiswas also reflected in the similarity
relatively large standard deviations between the average AL
and OL for GERD and non-GERD suffers. Because AL and
OL were so weskly sensitive for reflux disease, Any-low refers
only to cases where LESP, TVV or IVV were below normal.
The sensitivity of Any-low indicated an 81.4 % probability a
patient with either abnormally low LESP, TVV or IVV will
have GERD. Similarly, AL and OL were also excluded from
calculations of the All-low values. There was an 86.9 %
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probability that a patient with all three norma measurements
will not have an abnormal esophageal acid exposure; thisis
the specificity for All-low.

Table 1 Demographic data for study cases

Range non-GERD mean +SD ~ GERD mean + SD

Age (years) 4-86 47.0£16.1 (n=308) 48.5+14.9 (n=319)
Weight (Ibs) 87-397 173.6+42.2 (n=310) 190.2+38.0 (n=317)
Sex F: 313M: 314 F: 101 M: 80 F: 108 M: 162
Table 2 Summary of manometric data
Normal Range of non-GERD  GERD P Sens.  Spec.
range measurements mean+SD mean +SD % %
LESP  6.1-25.6 0-59.3 10.9+8.4 5.7+4.8 <0.001 67.3 71.3
(n=319) (n=308)
IVV ~ 1855-10953 0-45830  4090+4709  1712+2080 <0.001 72.5 62.6
(n=321) (n=306)
TVV ~ 2060-14135 80-60740 5429+5564  2533+2626 <0.001 585 77.3
(n=321) (n=306)
AL 1.0-5.0 0-9.8 2.6x1.0 2.2¢1.0 0.013 45 984
(n=280) (n=347)
oL 2.4-55 1.2-27.4 4.7+1.8 4.6+1.4 <0.047 2.6 99.0
(n=287) (n=340)
Any low - - - - - 81.4 51.0
All ow - - - - - 49.3 86.9

LESP=Lower esophageal sphincter resting pressure (mm-Hg),
IVV=Intrabdominal vector volume (mm-Hg?®), TVV=total vec-
tor volume (mm-Hg?®), AL=abdominal length of the LES (mm),
OL=overall length of the LES (mm). “Any-low” refers to cases
where LESP, IVV or TVV are lower than normal. “All-low” re-
fers to cases where LESP, IVV and TVV are all lower than normal.
SD=Standard deviation, Sens.=Sensitivity, Spec.=Specificity. ‘P’
is the probability value from the chi-squared test for GERD vs.
non-GERD; P<0.05 is significant. Sensitivities and specificities
are calculated using the lowest normal value.

100 A
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60

40
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0 20 40 60 80 100
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Figure 1 Receiver-operating characteristics for total vector
volume (TVV), intrabdominal vector volume (IVV) and LES
resting pressure (LESP). Included is a comparable ROC for the
logistic regression. The points on the curves that correspond
to the normal values in Table 1 are circled

Figure 1 shows the receiver-operating characteristics for
LESP, TVV, and IVV. The curvesfor AL and OL fell below
all of the other curves and (for clarity) have not been depicted.
There are no obvious points at which both specificity and
sensitivity are optimal for any of the measurements. Cut-off
values equal to the lowest normal values are indicated by the
circled data points. Also shown in Figure 1 isan ROC curve
for the regression formula (below) indicating that it does not

have a better combination of sensitivity and specificity than
the measurements themselves.

The logistic regression formula following backward
selection was

Y =1.24+[LESP](-0.1056)+[1VV] (-0.00019)
whereY isequal toanomina vauefor GERD (1=the presence
and 2=absence of GERD). P-values for the factor estimates
were all <0.0001. Various attempts were made at rescaling the
data (as described in Materials and Methods) and ranking
without effect. The“ native” logistic regression (unscaled and
unranked) was superior or equal in every case with 76.1 %
concordance, 23.6 % discordance and 0.3 % tied. Table 3
contains data from the logistic regression process. TVV, OL
and AL were excluded by the software from the regression
formula because of P-values >0.05 %. When ranked values
were used for logistic regression, similar estimates were
obtained for the y-intercept, LESP and 1VV factors and the P-
values were all <0.0001. The formulas for the ranked and
rescaled datawere equally good or worse at predicting GERD
and have been excluded from further discussion.

Table 3 Logistic regression with the results of backward selection

Variable Estimate P
Intercept +1.241 <0.0001
LESP -0.106 <0.0001
Ivv -0.00019 <0.0001
TV (rejected) 0.43
AL (rejected) 0.089
oL (rejected) 0.79

Concordant = 76.1%

Discordant = 23.6%

Tied = 0.3%

DISCUSSION

Intraabdominal vector volumeis more sensitive than TVV or
LESP, but only marginally, and no more than 72.5 % (Table
2). Measurements of TVV and LESP are more specific for
GERD; that is, findings of normal TVV and LESP are 77.3 %
and 71.3 % likely inanon-GERD patient, respectively. While
themean valuesfor LESP, TVV and IVV are dl significantly
lower in GERD patients (P<0.0001), the standard deviations
are nearly equal to the meansthemselvesin every measurement
(Table 2). Intrabdominal length (AL) and overal length (OL)
of the LES are clearly unimportant in the assessment of
gastroesophageal reflux disease. Only 4 and 2 patients,
respectively, had abnormally low valuesfor AL or OL.
When measurements are viewed as ROC curves (Figure 1),
there are no points where a measurement has both a high
sensitivity and high specificity. That isto say that there appears
to be no optimal cut-off value for predicting GERD. Idedlly,
an ROC curveisa parabolic figure with the apex in the upper
right corner (using the axes asin Figure 1) which drops sharply
from apoint where sensitivity and specificity are both high to
a point where sensitivity is very low and specificity is very
high. In fact, there are no values for which there is a high
sensitivity and even a moderately useful specificity. At cut-
off values representing 85 % sensitivity for GERD (<1 600
mm-Hg? for TVV; <1 000 mm-Hg? for IVV; and < 3 mm-
Hg for LESP), the specificities of the measurements fall
between 35 % and 45 %. Finding significantly lower-than-
average TVV, IVV and LESP in GERD patients (Table 2.)
reiterates our understanding of the pathological consequences
of aweakened LES. It also confirms our present understanding
that there is a more complex relationship between the
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anatomical correlates of the LES and function than can be
expressed by a single measurement.

Use of the“ Any-low,” “ All-low,” and logistic regression
models were attempts to use the measurements in a combined
fashioned, similar to the calculation of the DeM eester
ambulatory pH score. While Any-low had arelatively better
sengitivity (81.4 %) and All-low had relatively better specificity
(86.9 %) for the DeMeester score than the original
measurements, the logistic regression-presumably the more
rigorous mathematical model-was little better than the ROC
curvesfor LESP, IVV or TVV. Thecomputer generated aseries
of sensitivities and specificities for predictions made by the
regression formula. This dataisrepresented in Figure 1 asa
means of comparison. Interestingly, total vector volume of the
LES (TVV) was regjected by the computer due to afailure to
meet the 95 % correlation confidence interval. The logistic
regression formulawas only 76.1 % accurate in predicting the
real data. Attempts at ranking the data and rescaling in order
to account for a number of outlying measurements made no
improvement in the accuracy of the formula. The regression
formulawas clearly unable to improve on the predictive power
of the raw measurements. As such, theformulahas no practical
use in the laboratory.

We have been motivated to find away to identify surgica
candidates without directly measuring distal esophageal reflux
because of the inherent difficulty with ambulatory pH
monitoring (patient discomfort, cost, compliance). Recently,
Fass and colleagues have suggested that the test itself may
have the effect of reducing reflux-provoking activities, thereby
reducing the sensitivity of the test®®. In studies of different
patient populations where vector volumes were found to have
greater use'*“ we are unaware of the degree to which they
were able to control patient compliance with ambulatory pH
monitoring protocols (either maintaining a normal daily diet
and activities or maintaining a controlled regimen). Certainly,
patient compliance would be expected to be higher when he
or she is made to understand the importance of maintaining
normal habits. Thisisalso an uncontrolled factor in the present
study. In a sense, thismight be aform of “ compliance bias”
reflected in the sensitivity of the test, where poor compliance
(relatively lessdaily activity, smaller meals, more conservative
food choices) resultsin more falsely negative screening tests.
Quigley has also referred to the multiple difficulties with pH-
metry asthe gold standard for diagnosing GERD, namely the
issue of patient compliance with testing conditions*™. It
remainsto be seen if patient compliance, or any other factors,
have any real effect on 24-hour pH monitoring and the
treatment indications for GERD.

To improve surgical results, it is helpful but not mandatory
to find evidence that a defective lower esophageal sphincter is
the cause for GERD. Thisis based on the reports by numerous
authors who have sought to describe the sphincter and its
mechanisms of failurel*29. Studies have demonstrated the
effectiveness of anti-reflux surgery to improve symptom scores,
esophagitis and LES resting pressurel2”11%3, Authors have
asserted that measurement of vector volumeswould be superior
to standard lower esophageal manometry for detecting a
defective LES*+19, Wetscher and colleagues made the
observation that IVV was more sensitive than LESP (i.e.
standard manometry) and TVV at detecting a defective lower
esophageal sphincter*2, They concluded that measurement of
vector volumes would be a valuable adjunct to current
esophagogastric studies. Our study suggests that measurement
of vector volumesis not greatly more valuable than traditional
manometry.

Thereis an 81.4 % chance that a patient with either alow
LESP, TVV or IVV (when al three are measured) will have a
positive DeMeester score. Whether or not this would suffice

asan indication for surgery would require inclusion of surgical
outcomedataintotheanayss. Alternatively, apriority ranking
system used by Martinez-Serna and colleagues might serve as
an effective adjunct to manometry datal*®. Those authorsfound
a positive association between high symptom priority ranking
for heartburn and regurgitation and abnormal pH and
manometry results. Anaysis of traditional manometry, vector
volumes, symptom scores and surgical outcomes will be
necessary to confidently defineindications for surgery without
ambulatory pH monitoring.

Transient relaxation of the lower esophageal sphincter may
be an important etiology for pathologic reflux®®9. Dodds and
colleaguesfound that 65 % of reflux episodesin GERD patients
were due to transient relaxation of the LES®. Thisfinding is
difficult to interpret when 82 % of normal reflux in non-GERD
patients can also be attributed to transient LES rel axation!?”.
Sloan and colleagues found that abrupt increases in
intrabdominal pressure resulted in ahigher occurrence of reflux
in GERD patients who also had hiatal hernia and low LES
resting tone?. Kahrilas et al. found the degree of separation
of the LES from the crurais associated with the transient
relaxationg?. This separation can be detected by manometry
and is described as the double hump.

Based on our findings, we draw the following conclusions:
(1) apatient withalow TVV, IVV or LESP (when dl three are
measured) is81.4 % likely to have a positive DeMeester score;
and (2) when LESP, TVV and IVV are normal, a patient is
86.9 % likely to have a negative DeMeester score. Thisisa
marginal improvement over the sensitivities and specificities
of the native measurements, but the probabilities are not large
enough to justify omission of the ambulatory pH study despite
itsinherent challenge to patient compliance and reliability. It
appearsthat vectorsvolumes, particularly intrabdominal vector
volume, are just as sensitive and specific for GERD as LES
resting pressure, and thus cannot be considered superior inthe
evaluation of GERD.
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Abstract

AIM: To elucidate the role of NF-kB activation in the
development of multiple organ dysfunction (MOD) during
acute obstructive cholangitis (AOC) in rats.

METHODS: Forty-two Wistar rats were divided into three
groups: the AOC group, the group of bile duct ligation (BDL
group), and the sham operation group (SO group). All the
animals in the three groups were killed in the 6th and 48th
hour after operation. Morphological changes of vital organs
were observed under light and electron microscopy. NF-kB
activation was determined with Electrophoretic Mobility Shift
Assay (EMSA). Arterial blood gas analyses and the serum
levels of lactate dehydrogenase (LDH), alanine
aminotransferase (ALT), blood urea nitrogen (BUN) and
creatinine were performed. The concentrations of TNF-a
and IL-6 in plasma were also measured.

RESULTS: The significant changes of histology and
ultrastructure of vital organs were observed in AOC group.
By contrast, in BDL group, all the features of organs damage
were greatly reduced. Expression of NF-kB activation in
various tissues increased in AOC group when compared to
other two groups. At 6 h, the arterial pH in three groups
was 7.52+0.01, 7.46+0.02, and 7.45+0.02, and the blood
pCO, was 33.9+0.95 mmHg, 38.1+0.89 mmHg, 38.9+0.94
mmHg, there was difference in three groups (P<0.05). At
48 h, the blood pH values in three groups was 7.33+0.07,
7.67+0.04, and 7.46+0.03, and blood HCO; was 20.1+1.29
mmol- L%, 26.7+1.45 mmol- Lt and 27.4+0.35 mmol- L, there
was also difference in three groups (P<0.05). In AOC group,
Levels of LDH, ALT, BUN and creatinine were 16359.9+2278.8
nkat- L1, 5796.2+941.9 nkat- L%, 55.7+15.3 mg/dl, and 0.72+
0.06 mg/dl, which were higher than in SO group (3739.1+
570.1 nkat- L%, 288.4+71.7 nkat- L, 12.5+2.14 mg/dl, and
0.4740.03 mg/dl) (P<0.05). Levels of plasma TNF-a and
IL-6 in AOC at 48 h were 429+56.62 ng- L™ and 562457 ng- L1,
which increased greatly when compared to BDL group
(139416 ng- L, 227443 ng- L*) and SO group (74410 ng- L2,
113+19 ng- L) (P<0.05).

CONCLUSION: The pathological damages and the NF-kB
activation of many vital organs exised during AOC. These

findings have an important implication for the role of NF-kB
activation in MOD during AOC.

Tu B, Gong JP, Feng HY, Wu CX, Shi YJ, Li XH, Peng Y, Liu CA,
Li SW. Role of NF-kB in multiple organ dysfunction during
acute obstructive cholangitis.World J Gastroenterol 2003; 9
(1):179-183
http://www.wjgnet.com/1007-9327/9/179.htm

INTRODUCTION

In humans with acute obstructive cholangitis (AOC) or other
sepsis, the onset of multiple organ dysfunction (MOD)),
especially involving the liver, the heart, the lungs, and the
kidneys, isawell known complication that is associated with
a high mortality rate*'%, MOD in either humans or animals
appears to emerge as a consequence of progressive
development of activation of mononuclear phagocytes system
and an unregulated release into the blood of a variety of
proinflammatory mediators (interleukins, cytokines,
chemokines)'*14, NF-kB is highly activated at sites of
inflammation in diverse diseases and can induce transcrition
of proinflammatory cytokines*>1, For example, NF-kB is
overexpressed in neutrophi, peripheral blood mononuclear cells
(PBMC), dendritic cells (DC), and Kupffer cell, and so on. Its
activity may enhance recruitment of inflammatory cells and
production of proinflammatory mediators like IL-1, IL-6, IL-
8, and TNF-al*#24, These events may be associated with the
development of MOD.

In our original study of patients with AOC, the changes of
NF-kB activation were documented”, but evidence of MOD
and the effects of NF-kB were not assessed. In the current
studies, we observed the pathological changes of the damages
of many vita organsand correlated therole of NF-kB activation
with MOD in animal model with AOC.

MATERIALS AND METHODS

Reagents

E. coli and type 1V of collagenase were obtained from Sigma
Chemical Company (St. Louis, Mo.). The kits of TNF-a and
IL-6 were obtained from Beijing Bang Bing Co.. Other reagents
were purchased from Ke Hua Co. or Zhong Sheng Co..

Animals and experimental groups

Forty-two male Wistar rats, weighing 250-300 g, were obtained
from the Laboratory Animal Center of Chongging University
of Medical Science. The animals were fed with standard rat
food and water ad libitum for 1 wk before use and kept in a
climate-controlled environment with a 12 h light-dark cycle.
The animals were handled in accordance with the guidelines
set by the Experimental Animals Society of Chongging
University of Medical Science. These anima swere randomized
into three groups: the AOC group, the group of bile duct
ligation (BDL), and sham operation (SO). All the animalsin
these groups were killed in the 6th and 48th hour after
operation. Seven rats from each group at each time point were
examined.
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Preparation of animal models

All rats were starved overnight and underwent an upper midline
laparotomy with an intraperitoneal injection of 30 mg- kg?
sodium pentobarbital for anesthesia. In AOC group, a median
incision was made on the upper abdomen. The common bile
duct was mobilized and doubly ligated. 0.2 ml of the E. coli
suspension (5x10%cfu- L) wasinjected into theligated common
bile duct. In BDL group, the common bile duct was doubly
ligated but no E. coli suspension was injected. In SO group,
neither E. coli sugpensioninjection nor common bileduct ligation
was done, but only routine operative procedure was performed.

Histology

Morphological changesof liver, heart, lungs, and kidneyswere
observed by light microscope and transmission electron
microscope (TEM). These samples from different organs were
fixed with 10 % buffered formalin or 2.5 % glutaraldehyde
immediately. For optical microscopy, the tissue blocks were
embedded in paraffin, and the sections were stained with
hematoxylin and eosin (H&E). For TEM, the tissue blocks
were embedded in Epon 618 resin and ultrathin sections were
stained with uranyl acetate and lead citrate. A transmission
electron microscope (JEM-2000) was used.

Electrophoretic mobility shift assay for NF-kB

I solation of nuclear proteins Nuclear proteins were isolated
as previously describedi*?2. In brief, the liver, heart, lungs,
and kidneystissueswere placed in 0.8 mL of ice-cold hypotonic
buffer [10 mmoal- L** HEPES (pH7.9), 10 mL KCl, 0.1 mmol- L
EDTA, 0.1 mmol- L ethylene glycol tetraacetic acid, 1 mmol- L*
DTT; Protease inhibitors (aprotinin, pepstatin, and leupeptin,
10 mg- L* each)]. The homogenates were incubated on ice for
20 min, vortexed for 20 s after adding 50 niL of 10 per cent
Nonidet P-40, and then centrifuged for 1 minuteat 4 “C inan
Eppendorf centrifuge. Supernatants were decanted, the nuclear
pellets after a single wash with hypotonic buffer without
Nonidet P-40 were suspended in an ice-cold hypertonic buffer
[20 mmol- Lt HEPES (pH7.9), 0.4 mol- Lt NaCl, 1 mmol- L*
EDTA, 1 mmol- L'* DTT; Proteaseinhibitors], incubated on ice
for 30 min at 4 °C, mixed frequently, and centrifuged for 15
min a 4 ‘C. The supernatants were collected as nuclear extracts
and stored at -70 ‘C. Concentrations of total proteinsin the
samples were determined according to the method of Bradford.
Electrophor etic mobility shift assay (EM SA) NF-kB binding
activity was performed in a 10-uL binding reaction mixture
containing 1xbinding buffer [50 mg- L-* of double-stranded poly
(dI-dC), 20 mmol- L Tris-HCI (pH 7.5), 50 mmol- Lt NaCl,
0.5 mmol- LTEDTA, 0.5mmol- L DTT, 1 mmol- L MgCl,,
and 100 mL - L glycerol], 5 mg of nuclear protein, and 35 fmol
of double-stranded NF-kB consensusoligonuclectide (5" -AGT
TGA GGG GAC TTT CCC AGG-3') that was endly labeled
with g-®2P(111TBg mmol* at 370GBqg L?) using T4
polynucleotide kinase. The binding reaction mixture was
incubated at room temperature for 20 min and analyzed by
electrophoresis on 7 per cent nondenaturing polyacrylamide
gels. After electrophoresis the gels were dried by Gel-Drier
(Bio-Rad Laboratories, Hercules, CA) and exposed to Kodak
X-ray filmsat -70 ‘C. The binding bands were quantified by
scanning densitometer of a Bio-Image Analysis System.

Arterial blood gas analyses

In some animals, acarotid artery catherior was placed through
an anterior cervical area, and arterial blood samples were
collected to measure blood lactate, pH, pO,, pCO,, and HCO;
using a blood gas analyer.

Measurement of biochemical parameters
Blood was obtained from the inferior vena cava at the time of

sacrifice, heart, liver, kidney injury were assessed by measuring
the serum lactate dehydrogenase (LDH), alanine
aminotransferase (ALT), blood urea nitrogen (BUN) and
creatinine, respectively, which were performed with an
Automatic Biochemical Analyser.

Assay of TNF-a and IL-6 in plasma

The concentrations of TNF-a and IL-6 in plasmawere measured
by a commercially available enzyme-linked immunosorbent
assay (ELISA) according to the manufacture instructionswhich
has alow detection limit of 50 ng- L. Briefly, microtitre plates
were coated with anti TNF-a or IL-6 mAb overnight at room
temperature on a plate shaker and then, after they had been
blocked, samples were added. The detecting antibody was
biotinylated anti TNF-a or IL-6. The resultswere determined at
492 nmwith DG 3022 Enzyme Linkage Essay Instrument.

Statistical analysis

The results are presented as means +SEM. Data sets were
analyzed with a one-way ANOVA. The differences were
regarded significant when the P value was less than <0.05.

RESULTS

The changes of histology and ultrastructure of vital organs

In AOC group, in the liver, there was multifocal and patchy
Iytic necrosis. hepatocytes showed swelling and partly fatty
degeneration, focal cytoplasmic degeneration and many myelin
figures could be seen in the cytoplasm (Figure 1), Kupffer
cells showed proliferation and many myelin figures in the
cytoplasm (Figure 2). In the lungs, polymorphonuclears
neutrophil (PMN) aggregated in alveolar capillary. In the heart,
mitochondria were swollen or even vacuolated (Figure 3). In
the kidneys, there was extensive fusion of foot processes of
podocytesin glomeruli. The cellshad lost their cell membranes
and exhibited mitochondrial swelling together with intracellular
edemain proximal convoluted tubules (Figure 4).

Changes of NF-kB activation

In AOC group, The NF-kB activity increased significantly in
liver, nearly fivefold over other organs after 6 h. At 48 h, the
NF-kB activity increased also significantly in lung and heart
besidesliver (Figure5). In BDL group and SO group, the active
form of NF-kB was minimal in hepatic tissue and other tissues.

Arterial blood gas analyses

In AOC group, arterial blood gases showed early respiratory
alkalosis and late metabolic acidosis. At 6 h there wasamild
respiratory alkaloss, with the arterial pH rising from 7.45+0.02
to 7.52+0.01, the blood pCO; fell from avalue of 37.9+0.86 to
34.23+0.89. At 48 h, similar group showed evidence of
metabolic acidosis, with the blood pH values falling from
7.46+0.003 to 7.33+0.007, and blood HCO5; (mmol - L) falling
from 27.4+0.35 to 20.1+1.29. In contrast, in BDL group, the
blood pH and pCO,values were the same as those values
obtained in SO group (Table 1).

Biochemical parameters
Biochemicad parametersin three groups were showed in Table 2.

Cytokines contents in plasma

In AOC group, Levels of plasma TNF-a and IL-6 increased
greatly in 6 h and 48 h. Levels of two cytokines were over 4-
fold and 5-fold higher than that in other two groups. In BDL
group, thelevelsof TNF-a and IL-6 in 48 h increased modestly
when compared to that in SO group (P<0.05). Low levelsof TNF-
a and IL-6 was detectable in plasamain SO group (Table 3).
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Table 1 Arterial blood gas analyses in three groups animals
Early Phase (6 h) Late Phase (48 h)
Parameter
AOC BDL SO AOC BDL SO
pH 7.52+0.01° 7.46%0.02 7.45+0.02 7.3310.072 7.67+0.04 7.46+0.03
pCO, (mmHg) 33.940.95° 38.1+0.89 38.9+0.94 40.44.23 37.8+3.51 37.5£0.72
HCOs(mmol/L) 26.6+0.63 28.3+0.86 27.8x1.04 20.1+1.572 26.7+1.45 27.82+1.25
pO,(mmHg) 105.14+6.4 108.3t4.2 106.54+5.8 67.316.92 104.745.3 110.7+4.6
3P<0.05, vs other groups.
Table 2 Biochemical parameters in three groups animals
Early Phase (6 h) Late Phase (48 h)
Parameter
AOC BDL SO AOC BDL SO
LDH (nkat- L?) 13632.7+891.82  4107.4+951.9 3655.7+576.8 16359.9+2278.82 6793+£885.1°  3742.4+570.1
ALT (nkat- L?) 2213.8+391.72 343.4£103.3 311.7491.7 5796.2+941.92 955.2+175¢ 288.4+75
BUN (mg/dl) 16.3+13.3 12.942.8 11.8+2.2 55.7+15.32 16.7+4.6 12.5+2.14
Cr (mg/dl) 0.48+0.03 0.42+0.02 0.41+0.03 0.72+0.06% 0.51+0.03 0.47+0.03
3P<0.05, vs other groups. °P<0.05, vs SO group.
| o 4 . . e e SR
#l_ .-b.‘ _*} '_.. b — - ¥
_!_ _‘}’f‘ ) = N »
K-

Figure 1 Fatty degeneration, focal cytoplasmic degeneration
and myelin figures in the cytoplasm of hepatocyte in AOC
group TEMx12 000.

Figure 3 Myocyte mitochondria of heart were swollen or even
vacuolated in AOC group TEMx20 000.

Figure 2 Kupffer cells showed proliferation and focal cyto-
plasmic degeneration and many myelin figures could be seen
in the cytoplasm in AOC group TEMx15 000.

Figure 4 Proximal convoluted tubules was full of electron dense
phagosomes, the cells had lost their cell membranes and ex-
hibited mitochondrial swelling together with intracellular
edema In AOC group TEMx3 000.
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development of multiple organ dysfunction during biliary
- - - infection. In this study, we investigated the role NF-kB in the

123 45 6 7 8

Figure 5 Activation of NF-kB in AOC group. Lane 1,2 3, and
4 represents the Liver, the lungs, the heart, and the kidneys in
4 kw, respectiverly. Lane 5, 6, 7, and 8 represents the Liver, the
lungs, the heart, and the kidneys in 8 kw, respectiverly.

Table 3 TNF-a and IL-6 levels in plasma (n=7)

TNF-a (ng-L%) IL-6(ng- L)
Groups
6h 48 h 6h 48 h
AOC 235+39.232 429+56.622 253+23.412 562+57.582
BDL 73+£11.52 139+16.21° 1134£21.39 227+43.02°
SO 72+12.45 74+10.53 109+18.37 113+19.81

3P<0.05, vs other two groups. °P<0.05, vs SO group.

DISCUSSION

AOC in humans often leads to progressive MOD, which is till
associated with a high mortality rate*5. Recent studies showed
NF-kB is rapidly in response to many pathologic signals that
may be relevant during surgical trauma, including cytokines,
adhesion molecules, endotoxin, hypoxia, and shearl*-27,
Activation of NF-kB results in the transcrition of genes that
can participate in the inflammatory reaction by inducing the
production of cytokines, immunoreceptors, and cell adhesion
molecules?®3, These cytokines and proinflammatory
mediators are therefore a potentially attractive target inducing
MOD during sepsis and endotoxemia®“". Information on the
role of NF-kB in sepsis, AOC and MOD islimited but shows
that NF-kB isincreased during inflammation and sepsig**.
Therole of NF-kB activation in sepsis and in complication
such as MOD is adebatableissue. Pennington et al’® observed
the degree of NF-kB activation with severity of acute
appendicitis and found that NF-kB binding activity is elevated
in these patients and correlates with symptoms longer than 24
hours. Arnalich et al®*® determined NF-kB activation in
peripheral blood monouclear cells of 34 patients with severe
sepsis and serial concentrations of inflammary cytokines and
resulted the prognosisvaue of early measrement of NF-kB activity
in patients with severe sepsis. Gong and Paterson et al*®
determined NF-kB activation in mononuclear and neutrophils
from critically ill patients and compared NF-kB activation with
circulating concentrations of I1L-6, IL-8 and soluble
intercellular adhension molecule (slCAM)-1, and found NF-
kB activation in patients systemic inflammaty response
syndrome, which increased makedly before death. However,
Chen et al®! observed intrahepatic changesin TNF-a and NF-
kB activation in Sprague-Dawley rats with cecal ligation and
puncture, and their results implied NF-kB activation was not
linked to the outcomein sepsis. In our original study of patients
with AOC, the changes of NF-kB activation were documented,
but evidence of MOD and the effects of NF-kB were not
assessed. So it would be helpful to further analyze the
expression with the inflamed tissues. There is, however, no
published information about a key role of NF-kB in

development of MOD in rats with AOC.

The present study shows a correlation among the
pathological damages of many vital organs, NF-kB activation
and release of proinflammatory cytokines. Thisis only one
published investigation about the correlation of NF-kB
activation and MOD during AOC. The present study
demonstrated that NF-kB activation plays a key role during
AOC. The finding that prompt surgical inflammary condition
of the inflammary focus resultsin a rapid normalization of
NF-kB activation adds further validity to this assay.

Perhape other important finding of this study was the
marked difference in NF-kB levels among various organs
during AOC. During AOC, Expression of NF-kB was observed
firstinliver at 6 h. At 48 h, NF-kB also expressed in the lung,
the heart, and the kidney besides the liver. The liver was the
main organ which was injured by bacteria during AOC, liver
and other organs influence each other in their function, the
liver playsakey rolein host defense. Matuschak et al reported
that the liver failure affected on the incidence and resolution
of the adult respiratory distress syndrome. Seki et all*
Hepatocytes produce acute phase protein and complement in
bacterial infections. KCs are activated by various bacterial
stimuli, including L PS and bacteria superantigens, and produce
IL-12 and other monokines. So theliver playsacrucia rolein
the first line of defense against bacterial defections>52,
However, if this defense system is inadequately activated,
sepsisand shock associated with MOD takesplace. It wasfound
in our previous study that when liver was injured, especially
KCsfunction failed, gram-negative bacterianormally restricted
to the biliary tract invaded the bloodstream and were trapped
in vital organs, and NF-kB activation occurred, eventually
MOD ensued. Further clinical trials are indicated to confirm
that this “ molecular biology” marker indeed will be a useful
clinical tool in the management of the patients with AOC.,

In conclusion, we have shown the expression of NF-kB
and the pathological changes of the damages occurred in many
vital organs, especially in liver during AOC. These findings
have an important implication for the role of NF-kB activation
in MOD during AOC.
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Abstract

AlIM: To explore the potential carcinogenicity of bile from
congenital choledochal cyst (CCC) patients and the mechanism
of the carcinogenesis in congenital choledochal cyst patients.

METHODS: 20 bile samples from congenital choledochal
cyst patients and 10 normal control bile samples were used
for this study. The proliferative effect of bile was measured
by using Methabenzthiazuron (MTT) assay; Cell cycle and
apoptosis were analyzed by using flow cytometry (FCM),
and the PGE, levels in the supernatant of cultured
cholangiocarcinoma cells were quantitated by enzyme-linked
immunoabsordent assay (ELISA).

RESULTS: CCC bile could significantly promote the
proliferation of human cholangiocarcinoma QBC939 cells
compared with normal bile (P=0.001) and negative control
group (P=0.002), and the proliferative effect of CCC bile
could be abolished by addition of cyclooxygenase-2 specific
inhibitor celecoxib (20 pM). The QBC939 cells proliferative
index was increased significantly after treated with 1 % bile
from CCC patient (P=0.008) for 24 h, the percentage of S
phase (29.48+3.27)% was increased remarkably (P<0.001)
compared with normal bile (11.72+2.70) %, and the
percentage of GO/G1 phase (54.19+9.46) % was decreased
remarkably (P=0.042) compared with normal bile (69.16+
10.88) %, however, bile from CCC patient had no significant
influence on apoptosis of QBC939 cells (P=0.719).

CONCLUSION: Bile from congenital choledochal cyst patients
can promote the proliferation of human cholangiocarcinoma
QBC939 cells via COX-2 and PGE, pathway.

Wu GS, Zou SQ, Luo XW, Wu JH, Liu ZR. Proliferative activity of
bile from congenital choledochal cyst patients.World J
Gastroenterol 2003; 9(1): 184-187

http://www.wjgnet.com/1007-9327/9/184.htm

INTRODUCTION

Congenital choledochal cyst (CCC) isararediseasein Western
countries, Most of the reported cases come from Asia,
particularly from Japan'*™. In recent years, cases of CCC are
reported increasingly in China®%. Theincidence of carcinoma
arising in the wall of a congenital bile duct cyst is high and
thislesion is considered as a precancerous state of the biliary

tract, but its underlying precise mechanisms remain unclear.
For the purpose of resolving these mechanisms we used the
whole bile of CCC patientsto act directly on the QBC939 cells
to determine the effects of CCC bhile on the growth of
cholangiocacinoma cells.

MATERIALS AND METHODS

Materials

Bile samples collection and treatment: Experiments were
classified into CCC bile group, normal control bile group and
negative control group. 20 CCC bile samples were obtained
from the common bile duct of patients (5 male, 15 female, age
range 5-49 years, mean 26.8 years) with CCC underwent
operation at the Department of Surgery, Tongji hospital,
Wuhan, China. 10 normal control bile samples were obtained
from the common bile duct of patients (5 male, 5 female, age
range 23-51 years, mean 42.3 years) with a normal
hepatobiliary tract underwent surgery at the Department of
Surgery, Tongji hospital, Wuhan, China. All patients didn’ t
take any nonsteroid anti-inflammatory drugs, antibiotics or
anti-tumor drugs before operation. Bile samples were filtered
(0.22 um, Millipore) by sterile technique immediately twice
and stored at -80 ‘C. PBS (pH7.2) instead of bile sample was
used as negative control. Human extra-hepatic
cholangiocarcinoma cell line QBC939 was established and
given to usthrough the courtesy of professor Xu-Guang Wang
(Third Military Medical Univesity, China)l*®, cells were
maintained as mono-layersin Dulbecco’ s modified Eagle’ s
medium (DMEM) supplemented with 10 % fetal bovine serum
(FBS, Gibco. USA..), 100 units/ml penicillin and 100 mg/ml
streptomycin in a humidified atomosphere of 95 % air and
5% CO, at 37 C. They were subcultivated every 3-5 days
and given fresh medium every other day. 70-80 % subconfluent
monolayers of human cholangiocarcinoma cells were
employed in all experiments. PGE, ELISA detection kit was
purchased from Jingmei Biotech Co., Wuhan, China. Celecoxib
was synthesized and given asagift by Dr Zhi-Nan Me (Wuhan
University, China)*, Stock solution was prepared in
dimethylsulfoxide (DM SO) and stored &t -20 °C . Indl experiments
DM SO final concentration in the medium was <0.1 %.

Methods

Cytotoxicity pretesting Cytotoxicity pretesting was taken
with each of the gradient diluted bile sample to determine the
concentration of experimental bile samples. Our results showed
that 1 % bile (10 pL bile/mL medium) had no significant
cytotoxic influence on QBC939 cells.

MTT assay The human cholangiocarcinoma cells QBC939
in proliferating status was determined by using MTT assay.
Cholangiocarcinoma cells were seeded at a density of 1x10*
cells per well in flat-bottomed 96-well microplates. 12 h after
incubation, cells were treated with 1 % bile samples with or
without 20 UM celecoxib. After 24 h incubation, 20 uL MTT
(59/L) was added to each well, cultured for 4 h. After removed
of supernatant, 150 yL DM SO was added and shaken for 5
min untill the crystal was dissolved. OD490nm value was
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measured by using an enzyme-linked immunoabsorbent assay
reader. The negative control well had no cells and was used as
zero point of absorbance. Each assay was performed threetimes
intriplicate.

ELISA The PGE; levelsin the supernatant of cultured human
cholangiocarcinomacells QBC939 were quantitated by ELISA:
Cellswere seeded into 24-well microplates (4.0x10%well) and
alowed to adhere overnight. The cells were then incubated in
the presence 1 % bile sampleswith or without 20 pM celecoxib
for 24 h. The supernatants were aspirated and centrifuged to
prepare for the detection of PGE,. 0.5 mL supernatant was
added into 0.1 mL 1N HCI and centrifuged for 10 min a room
temperature; then 0.1 mL 1.2N NaOH was used to neutralize
the acidified samples. Standard solution (200 pL per well) or
activated samples were added into the microplates. Then the
steps were proceeded as instructed. The value of OD of each
well wasdetermined at 450nm. The supernatantswere harvested
in triplicate and the experiment was performed three times.
Flow cytometric analysis Cholangiocarcinomacells QBC939
were trypsinized and plated in 6-well culture dishesin the
presence of 1 % CCC hileor 1 % normal bile. After 24 h, cells
were harvested, centrifuged at low speed and fixed in 70 %
ethanol. After overnight incubation at 4 °C, cells were stained
with 50 pg/ml propidium iodide in the presence of Rnase A
(20 pg/ml) and 0.1 % Triton X-100 and determined by using a
flow cytometer.

Statistical analysis
Data were expressed as x+s. Student’ s t-test was used for
statigtical analysis. P<0.05 indicates significant difference.

RESULTS

Assay of COX-2 activity

The COX-2 activity was determined by PGE; levelsin the
supernatant released by the cultured human cholangiocarcinoma
cells QBC939. The concentrations of PGE; in culture medium
of QBC939 cellstreated with 1 % CCC bile, 1 % normal bile
or 1% PBS (pH7.2) with or without 20 uM celecoxib for 24 h
were quantitated by ELISA (Table 1). CCC bile could induce
therelease of PGE, in QBC939 cdlls. the PGE; level washigher
significantly (P<0.001) in CCC bhile group (184.0£9.7 ng/
well) compared with that in normal control bile group (131.0
+7.3 ng/well) and negative control group (123.3+8.4).
Celecoxib could suppress QBC939 cells PGE, production, the
PGE;, concentration was 80.3+ 7.1 ng/well, 74.14+9.7 ng/well
and 72.4+10.8 ng/well in CCC bile group, normal control
bile group and negative control bile group respectively, when
pre-treated with 20 uM celecoxib, there was no statistical
difference (P>0.05).

Table 1 PGE;level released by QBC939 in the existence of bile
with or without celecoxib

Group n PGE, P +CE PGE; P

A 20 184.0+9.7 PP<0.001,%P<0.001 80.3%7.1 °P=0.057,9P=0.055

B 10 131.0£7.3 °P=0.087 74.1+9.7 °P=0.771

C 5 123.3+8.4 72.4+10.8

The concentrations of PGE, (ng/well) in culture medium of
QBC939 cells treated with 1 % CCC bile (A), 1 % normal bile
(B) or 1 % PBS (C) with or without 20 pM celecoxib (+CE) for
24 h were quantitated by ELISA. Data were expressed as x+s,
bvsC, dvsB.

Effects of bile on the growth of QBC939

QBC939 cells were incubated in 1 % bile samples with or
without 20 M celecoxib, and the cell density was measured
by using MTT assay (Table 2). CCC bile co uld significantly
promote the proliferation of human cholangiocarcinoma
QBC939 cells compared with normal bile (P=0.001) and
negative control group (P=0.002), and the proliferative effect
of CCC bile could be abolished by addition of cyclooxygenase-
2 specific inhibitor celecoxib.

Table 2 Effects of bile on the growth of QBC939 with or with-
out celecoxib

Group n OD,q, J +CEOD,, P
A 20 0.59+0.17 °P=0.002,9P=0.001 0.29+0.09  °P=0.089,°P=0.190
B 10 04740.14 °P=0.398 0.26£007  °P=0.052

c 5 043+0.10 0.24+0.09

QBC939 cells were incubated in 1 % CCC bile (A), 1 % normal
bile (B) or 1 % PBS (C) with or without 20 pM celecoxib (+CE),
and the cells density (ODagnm) Was measured by using MTT
assay. Data were expressed as x+s, b vs C, d vs B.

Flow cytometric analysis of cell cycle and apoptosis

The QBC939 cdlsproliferativeindex (PI) increased significantly
(P=0.008) after treated with 1 % CCC bile (41.53+5.68)
compared with normal bile (25.46+4.41), Pl =(S+G2/M) %
X100. The percentage of Sphase cdlswasincreased remarkably
(P<0.001) in CCC hile group (29.48+3.27) % compared with
that in normal bile group (11.72£2.70) %, and the percentage
of GO/G1 phase cells was decreased remarkably (P=0.002) in
CCC group (54.194-9.46) % compared with that in norma group
(69.16£10.88) %, CCC bile had no significant influence on
the apoptosis of QBC939 cells compared with normal bile
(P=0.719). The percentage of apoptotic cellsin CCC bile group
and normal bile group were (2.384-0.41) % and (2.094-0.36) %
respectively (Figure 1).
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Figure 1 Representative data of cell cycle and apoptosis from
QBC939 cells in the presence of 1 % CCC bile (B) or 1 % normal
bile (A) for 24 h was analyzed by using flow cytometry.
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DISCUSSION

Asone of the high risk factors of cholangiocarcinoma, CCCis
acommon disease in eastern countries. Choledochal cystsare
associated with a10 % overal incidence of cholangiocarcinoma:
thereisa 1 % cumulative risk which plateaus after 15-20 years?.
In almost all cases congenital bile duct cysts are related to
anomalous arrangements of the pancreaticobiliary duct system
(APBDU) which seemsto play acrucial roleinthe development
of cystic bile ducts and biliary carcinogenesis. Bile stasis
together with reflux of pancreatic juice causing longstanding
inflammation and activation of bile acids might be the factors
in carcinogenesis of the exposed bile duct epithelium in the
cystic wall™®, Ohtsuka?? have reportd that bile presented one
possible explanation for the predisposition to carcinomain
choledochocele as bile containing amylase may stagnate in
the choledochocele and then carcinoma may develop in the
inner epithelium of the choledochocel e by the same mechanism
asthat leading to carcinogenesisin patients with APBDU.

Elevation of the secondary and free bile acid concentrations
isconsidered as arisk factor for biliary carcinogenesisin CCC
patients. Yuzuru et al®, have suggested that elevation of the
lysolecithin (LL) in the bile is one of the factors for
development of biliary tract carcinomain patients with CCC:
the LL in the phospholipid, which is produced from lecithin
by activated phospholipase A, in refluxed pancreatic juice,
was significantly elevated in the CCC group. Y oon et all?,
have indicated that bile acids both induced EGFR
phosphorylation and enhanced COX-2 protein expression.
EGFR was activated by bile acids and functioned to induce
COX-2 expression by a MAPK cascade. The induction of
COX-2 might participate in the genesis and progression of
cholangiocarcinomas.

In an effort to delineate the underlying mechanisms of the
carcinogenesis in CCC patients, we used the whole bile from
CCC patients for the first time to act directly on the human
cholangiocacinoma QBC939 cells in vitro to determine the
effects of CCC bile on the growth of human cholangiocacinoma
cells. Our datashowed that CCC bile could significantly promote
the proliferation of human cholangiocarcinoma QBC939 cells
compared with normal bile, and the proliferative effect of CCC
bile could be abolished by addition of cyclooxygenase-2 specific
inhibitor celecoxib. Our research indicated that CCC bile
promoted the proliferation of human cholangiocarcinoma
QBC939 cedlsvia COX-2 and PGE; pathway.

Substantia evidences have shown that COX-2 isimportant
in carcinogenesis?>%. Celecoxib as a new COX-2 selective
inhibitor has shown its safety and efficiency in human and
animal. Several studies have demonstrated that celecoxib has
significant efficacy in animal models: Celecoxib inhibited
intestinal tumor multiplicity up to 71 % compared with controls
in the Min mouse model, inhibited colorectal tumor burdenin
the rat azoxymethane (AOM) model*+39, Recently celecoxib
has been approved by FDA to reduce the number of
adenomatous colorectal polyps in patients with familial
adenomatous polyposis (FAP). Our data suggested that
celecoxib as a chemopreventive and chemotherapeutic agent
might be effective in cholangiocarcinomas and could be used
as a chemopreventive strategy in the people of high-risk
conditions for the development of cholangiocarcinoma such
as CCC patients. Our research demonstated that the QBC939
cells proliferative index increased significantly after treated
with CCC bilefor 24 h, the percentage of S phasewasincreased
remarkably compared with normal bile, and the percentage of
GO0/G1 phase was decreased remarkably compared with normal
bile, however, CCC hile had no significant influence on
apoptosis of QBC939 cells. These data suggested that CCC
bile could effect on the QBC939 cell proliferation cycle and

the proliferative activity of CCC bile was on cell cycle but not
on apoptosis.

In conclusion, CCC bile can promote the proliferation of
human cholangiocarcinoma QBC939 cells and these effects
arevia COX-2 and PGE, pathway.
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Abstract

AlIM: To investigate the utility of K-ras mutation analysis of
ultrasound guided fine-needle aspirate biopsy of pancreatic
masses.

METHODS: Sixty-six ultrasound guided fine-needle biopsies
were evaluated by cytology, histology and k-ras mutation.
The mutation at codon 12 of the k-ras oncogene was
detected by artificial restriction fragment length
polymorphisms using Bst NI approach.

RESULTS: The presence of malignant cells was reported in
40 of 54 pancreatic carcinomas and K-ras mutations were
detected in 45 of the 54 FNABs of pancreatic carcinomas. The
sensitivity of cytology and k-ras mutation were 74 % and 83
%, respectively. The speciality of cytology and k-ras mutation
were both 100 %. The sensitivity and speciality of k-ras mutation
combined with cytology were 83 % and 100 %, respectively.

CONCLUSION: High diagnostic accuracy with acceptable
discomfort of FNAB make it useful in diagnosis of pancreatic
carcinoma. Ultrasound guided fine-needle biopsy is a safe
and feasible method for diagnosing pancreatic cancer.
Pancreatic carcinoma has the highest K-ras mutation rate
among all solid tumors. The mutation rate of k-ras is about
80-100 %. The usage of mutation of codon 12 of k-ras
oncogene combined with cytology is a good alternative for
evaluation of pancreatic masses.

Zheng M, Liu LX, Zhu AL, Qi SY, Jiang HC, Xiao ZY. K-ras gene
mutation in the diagnosis of ultrasound guided fine-needle biopsy
of pancreatic masses. World J Gastroenterol 2003; 9(1):188-191
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INTRODUCTION

Pancreatic adenocarcinomaisavery aggressive carcinomaand
has the worst prognosis in common abdominal cancert=,
Degspite the poor prognosis, patientswith localized disease may
be cured with surgery!*®. However, it is difficult to diagnose

pancreatic cancer in the earlier stages. This dismal prognosis
isaresult not only of biological aggressiveness but also of
diagnosis late in the chronological progression of the tumor.
If pancreatic cancer can be resected when it is small, the
prognosis is much better, with a 5-year survival of
approximately 40 %™9. When pancreatic cancer is clinically
suspected and a pancreatic massidentified by ultrasonography
or computed tomography scan, a guided percutaneous fine-
needle biopsy (FNAB) can be obtained; this may be the only
sample available for diagnosisin most patients®12,

Even though alternative techniques for sampling cellular
or tissue material have been developed, FNAB is still widely
used for morphological verification of intra-abdominal
malignancies, especially in pancreatic cancer. Although it has
been questioned because of therisk of peritonea seeding and
seeding of tumor cells along the needle tract. It is still widely
used for the diagnosis of pancreatic cancer combined with
modern molecular biological techniques®.

The high incidence of mutations at codon 12 of the K-ras
gene (65-100 %) leads to consider them as a potential tumor
marker at the tissue level™+*9. The devel opment of PCR-based
techniques for detection of K-ras mutations has allowed its
use in the clinical setting. The high incidence of mutation
suggests that it may be used as a tumor marker at the tissue
level. The role of k-ras detection in the clinical evaluation of
pancreatic mass has to be established in a large series of
patients. Data suggest that a combination of cytological
examination and K-ras mutation detection in cellular material
may improve diagnostic accuracy!®29. |n this study we
evaluated the diagnostic utility of cytological and histological
examination and k-ras mutation detection, alone and in
combination under the ultrasound guided FNAB from 66
patients with pancreatic masses.

MATERIALS AND METHODS

Patients and samples

Between January 1997 and May 2001, 66 consecutive patients
(38 men and 28 women, mean age of 5449 years) with
pancreatic masses were included. In all cases FNAB of the
masses were percutaneously obtained under ultrasonographic
guidance. A portion (50 %) of each FNAB was immediately
examined by pathologist. The other 50 % of the same specimen
was frozen and stored in liquid nitrogen.

Final diagnosis of pancreatic carcinoma was established if
malignant cells were identified in the FNAB or in surgically
resected specimens or when death occurred within six months
after diagnosis, with clinical evolution compatible with
disseminated cancer disease. Other types of neoplasm were
diagnosed on the basis of pathological findings. The diagnosis
of chronic pancreatitis was based on standard clinical criteria
In chronic pancreatitis, a minimum of 6-month (range, 6-27
months) follow-up period with no evidence of cancer was
available. Pancreatic tubercul osis was confirmed by positive
Lowenstein culture.

Detection of K-ras codon 12 mutations
DNA was extracted following standard procedures. We utilized
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BsNI (Promega, USA) redtriction fragment length polymorphism/
polymerase chain reaction (RFLP/PCR) method that enriches
for the amplification of mutant codon 12 K-ras alleles by
cleaving amplified wild-type allele through intermediate
digestion between first- and second-round PCR?. To create
therestriction site for the enzyme BstNI [CCTGG], which is
lost when a K-ras codon 12 mutation exists, the first-round
amplification was performed using the mutant primers K-ras
5 and DD5P (Table 1) in avolume of 50 pL containing PCR
buffer (50 mmol/L KCI, 20 mmol/L Tris HCI, pH 8.4), 1.5
mmol/L MgCl,, 0.2 mmol/L each dNTP (Promega, USA), 1U
of Tag polymerase (Life Technologies, USA), and 150 ng of
PCR primers®. The reactions were 10 cycles of 92 "C(15s),
44 °C(15s) and 72 ‘C(15s). An diquot of 5 pL of the amplified
product was enzymatically digested with BstNI following the
manufacturer’ s directions. One microliter of the digested
product was reamplified using a heminested reaction with
mutant amplimers K-ras 5' and K-ras 3’ %, The reaction
conditionswere 35 cycles of 92 ‘C(15s), 54 ‘C(15s) and 72 °C
(15s). Thelatter primer artificially introducesan interna control
to assure the completion of enzymatic digestion. After
polyacrylamide gel electrophoresis (6 %) and ethidium
bromide (0.5 g/L) staining, the 143-bp band depi cted the mutant
allele, and the 114-bp band the wild-type alele. RFLP/PCR
method consistently detected amutant alelein serial dilutions
containing at least 1 mutant allele in 1 000 wild-type alleles.
Positive bands were always clearly identifiable when DNA
obtained from FNAB was examined. All samples were
analyzed in duplicate. Results were available 48-72 h after the
tissue sample was obtained.

Table 1 Primers for K-ras mutation detection

Round  Primer Sequence

First K-ras 5” 5’-ACTGAARARAAACTTGTGGTAGTTGGACCT-3”
DD5P 5’-TCATGAAAATGGTCAGAGAA-3”
K-ras5” 5”-ACTGAATATAACTTGTGGTAGTTGGAACCT-3”

K-ras 3” 5’-TCAAAGAATGGTCCTGGACC-3”

Second

RESULTS

Cytological examination

Final diagnoseswere as follows: 54 pancreatic carcinomas, 3
other malignancies (1 lymphoma, and 2 cholangio-
carcinomas), 6 benign diseases (5 chronic pancreatitis and 1
tuberculosis), and 3 endocrine tumors. The presence of
malignant cellswasreported in 40 of 54 pancrestic carcinomas
with no false positives. However, in 14 of the 54 FNABs of
pancreatic carcinomas, the cytological report was not
conclusive: 12 because of insufficient material and 2 because
of suspicion. The sensitivity of cytology was 74 % in the
diagnosis of pancrestic cancer.

Molecular diagnosis

Molecular analysis was possible in 54 of 66 FNABs. K-ras
mutations were detected in 45 of the 54 FNABs of pancreatic
carcinomas, with no false positives. The combination of
cytology and enriched RFLP/PCR analysis was always
informative and showed a sensitivity of 83.3 %, with a
specificity of 100 %. Only nine pancreatic carcinomas failed
to be correctly classified after the combined cytological and
molecular analysis.

In three cases, aK-ras positive analysisin combination with
the presence of suspicious cells was considered confirmation
of pancreatic cancer, and no further studies were performed.
Two of these patients died 1 and 3 months later, respectively,

with a clinical course consistent with advanced pancreatic
cancer. In the other, positive peritonea disease was present at
surgery. In one patient with insufficient material at cytology,
molecular analysis was the endpoint of the diagnostic work-
up, and laparotomy was not performed because of the poor
clinical status of the patient. Finally, in the remaining one
patient with insufficient material for cytological evaluation and
K-ras positive analysis, surgical resection of a histologically
confirmed pancreatic carcinoma was performed.

DISCUSSION

The influence of biopsy on the natural history of pancreatic
carcinomais gtill unclear, congidering the increasing intention to
treat and the devel opment of new multimodality therapieg?>,
Our dataindicate the FNAB of pancreatic malignancy can be
easily performed without serious side effectsand is still a safe
and useful procedure for establishing the diagnosis of
pancreatic carcinoma. High diagnostic accuracy with
acceptable patient discomfort has also been reported when
using an 18-gauge cutting needle with an automatic spring-
loaded sample device. The large amount of tissue obtained
could improve the microscopic evaluation, but it has not been
verified that microhistology offers advantages over cytology
in the diagnosis of pancreatic cancer. The complication rate,
including needletract seeding, in pancreatic carcinomais|ower
than in other tumorg®=2,

Themain limitation of cytological analysisisthe substantial
proportion of casesin which aconclusive report isnot possible,
and where a second procedure to confirm diagnosisisrequired.
FNAB can get a bigger tissues for microhistological
examination. The molecular approach allows detection of K-
ras mutants even when cells are present in a small proportion.
M utation detection would have complemented the cytol ogical
evaluation of FNAB when cellular material was insufficient,
suspicious cellswere present, or when healthy-appearing duct
cells were reported*,

Pancreatic carcinomais known to have the highest K-ras
mutation rate among all tumors. The codon 12 of thisgeneis
affected in 80-100 % of the cases®%¢. Only a minority of
pancreatic cancers (9 cases) failed to be correctly classified by
the combined histological and molecular approach in our
studies. Although inaccurate sampling of the lesion may
account for some of the fal se negatives observed, the molecular
approach has some limitationg?7. The discrepancies between
the results of the various studies are based on the wide range
of investigated cases, the selection of lesion types, and the
sensitivity of the microdissection and PCR techniques
employed. The clinical usefulness of ras mutations relies on
the development of rapid, sensitive, and reproducible
techniquesfor their detection. Moreover, a positive molecular
diagnosis avoided iterative pancreatic fine-needle aspiration
or further diagnostic proceduresin these patients.

In Japanese studies, a comparison of the K-ras mutation
pattern in ductal lesions with that of the adjacent carcinomas
revealed nearly identical mutation patterns®=?, whereasin a
study from North America a concordance rate of only 50 %
was reported®. The results of our analysis showed identical
mutation patternsin the primary tumor confirming the results
of the Japanese authors. There are large differences in the
incidence of ras mutations between Japanese and Western
populations, although the reason is till unclear and the number
of subjectsislimited. In Japan, the frequency of K-rasmutation
ranged from 55-80 %144, whereasin West it was relatively
low, ranging from 0-31 %“48, The current data suggest that
mogt patients have rasgene mutationsin the tumor itself, which
issimilar to previous Japanese reports.

In conclusion, the results of the present study indicate that
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K-ras analysisis a highly specific and sensitive approach in
pancreatic carcinoma patients and suggest that a k-ras assay
may have arolein the diagnostic assessment of these patients.
Further investigations are needed to confirm these results, to
improve the technique’ s sensitivity, and to establish its
usefulnessin the early.
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Abstract

AlIM: To reduce the incidence of postoperative anastomotic
leak, stenosis, gastroesophageal reflux (GER) for patients
with esophageal carcinoma, and to evaluate the conventional
method of esophagectomy and esophagogastroplasty
modified by a new three-layer-funnel-shaped (TLF)
esophagogastric anastomotic suturing technique.

METHODS: From January 1997 to October 1999, patients
with clinical stage | and Il (lla and Ilb) esophageal
carcinoma, which met the enrollment criteria, were surgically
treated by the new method (Group A) and by conventional
operation (Group B). All the patients were followed at least
for 6 months. Postoperative outcomes and complications
were recorded and compared with the conventional method
in the same hospitals and with that reported previously by
McLarty et al in 1997 (Group C).

RESULTS: 58 cases with stage | and Il (Ila and IIb)
esophageal carcinoma, including 38 males and 20 females
aged from 34 to 78 (mean age: 57), were surgically treated
by the TLF anastomosis and 64 by conventional method in
our hospitals from January 1997 to October 1999. The quality
of swallowing was improved significantly (Wilcoxon W=2 142,
P=0.0 001) 2 to 3 months after the new operation in Group
A. Only one patient had a blind anastomatic fistula diagnosed
by barium swallow test 2 months but healed up 3 weeks
later. Postoperative complications occurred in 25 (43 %)
patients, anastomotic stenosis in 8 (14 %), and GER in 13
(22 %). The incidences of postoperative anastomotic leak,
stenosis and GER were significantly decreased by the TLF
anastomosis method compared with that of conventional
methods (c?=6.566, P =0.038; c?=10.214, P= 0.006;
€2=21.265, P=0.000).

CONCLUSION: The new three-layer-funnel-shaped

esophagogastric anastomosis (TLFEGA) has more advantages
to reduce postoperative complications of anastomotic leak,
stricture and GER.

Dan HL, Bai Y, Meng H, Song CL, Zhang J, Zhang Y, Wan LC,
Zhang YL, Zhang ZS, Zhou DY. A new three-layer-funnel-shaped
esophagogastric anastomosis for surgical treatment of
esophageal carcinoma.World J Gastroenterol 2003; 9(1): 22-25
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INTRODUCTION

Surgical therapy is considered the major method for treatment
of operable esophageal cancer!*2. Unfortunately, there are
many operative complications after classical standard
esophagectomy and esophageal reconstruction with stomach
in patients with esophageal carcinoma. Anastomotic lesk, with a
rate of about 12-14 % asreported, isthemost severe complication
and the principal causeof death after operation*”. Anastomotic
stenosis and gastroesophageal reflux (GER), with higher rates
of about 36.4-40 % and 50-60 % respectively, result in
dysphagia, heartburn, regurgitation and nause’>".

We modified the conventional method of esophagectomy
and created a new three-layer-funnel-shaped (TLF)
esophagogastric anastomotic suturing technique, which
significantly reduced postoperative complications of
anastomotic leak, stricture and GER.

MATERIALS AND METHODS

Patients and preoperative examination

From January 1997 to October 1999, the patients with clinical
stage | and Il (llaand I1b) esophageal carcinoma, which met
the enrollment criteria, were allocated into two groups and
surgically treated by a new method (Group A) and the
conventional operation (Group B) in our hospitals. All patients
were diagnosed by esophagoscopy and biopsy. Barium swallow
test confirmed that the cancer length was <5 cm, there was
absence of sinus or fistula. No lung or liver metastases was
detected by radiography and/or computed tomography (CT)
scan of the chest and ultrasonography of the upper abdomen.
Supraclavicular lymph nodes were not involved by physical
examination in all patients. Karnofsky performance status was
>70. All patients assessed by pulmonary functional test were
fit for thoracotomy. Patients with stage |11 or IV esophageal
carcinoma, inoperable conditions, receiving chemotherapy or
radiotherapy before or after operation were precluded.

Methods of operation

Partial or sub-total resection of esophagus was routinely
performed through left or right thoracic incision, some cases
need cervical incision, with removal of paraesophageal,
subcarinal, supradiaphragmatic, perihiatal, aswell asleft gastric
and coeliac lymph node group. Partial gastrectomy was
performed with esophagogastric junction carcinoma. The
stomach remained and was reconstructed as a tube-like pouch
to replace the resected part of the esophagus. The anastomotic
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techniques were improved as follows:

When the gastric tube was constructed, an adequate amount
of greater omentum was reserved for protecting the right
gastroepiploic vesselsand the blood supply of the gastric tube.
The gastric tube was kept long enough to avoid tension and
pulled along the esophageal bed, anchored to the back of the
chest wall beside the mediastinum (The cervical cancer need a
cervica incision to perform the anastomotic suture in the neck).
First, the esophageal muscular layer was cut 3.0-3.5 cm in
length into the inclined cycle, and the esophageal mucosawas
kept 1.0-1.5 cm longer. Between the short gastric vessel, the
sero-muscular layer was incised 4.0-4.5 cm, and its posterior
aspect was hand-sewn to the same aspect of esophageal
muscular layer. Then, excised the inner circular muscle layer
and mucosa of stomach for 2.5-3.0 cm long and anastomosed
to the esophageal mucosa by interupted suture. The anterior
aspect of the esophageal muscular and the gastric sero-muscular
layer was sewn finally with fundoplication by inversion suture.
The fundoplication suture cycleis 1.0 -2.0 cm larger than the
suture cycle of the esophageal muscular-to-sero-musculer layer
of the stomach (Figure 1). The other procedures were
performed as usual.

Esophagus

Gastric tube

1l

Serosa
Muscularis Muscularis
Submucosa rd N Submucosa
Mucosa K A ) Mucosa
el

Esophagus Stomach

Figure 1 Technique of three-layer-funnel-shaped(TLF)
esophagogastric anastomosis. A: mucosa-to-mucosa suture
cycle; B: the esophagus muscular to gastric sero-muscular su-
ture cycle; C: fundoplication suture cycle.

Postoperative management and follow-up
After the operation, al patientsweretreated routinely by thoracic
drainage, nutrition support, and antibiotics. The swallowing
ability and symptoms of anastomotic leak, stricture and GER
were observed clinically as reported®”. All patients were
evaluated clinically by their general condition, eating habits,
swallowing ability and barium swallow test or esophagoscopy
2 to 3monthsafter the completion of al treatments and followed
up at intervals of 2-3 monthsfor at least 6 months.
Postoperative anastomotic |eak was diagnosed clinically by
leakage of gastrointestinal contents and radiographically
extravasation of water-soluble contrast medium at the site of
anastomosis. The anastomotic stricture was defined asany form
of narrowing in the anastomosis region by contrast swallow
study (=2.0 cm in diameter in obverse and lateral posture)

and any symptom of dysphagia when swallowing solid food,
semisolids or liquids, requiring endoscopic dilation. GER was
present if the patient had intermittent or continuous heartburn,
regurgitation and nausea, especially that required antacidsfor
relief of heartburn, or barium regurgitation at horizontal posture
or Trendelenburg’ s position on radiographic examination.

Statistical analysis

All patients general characteristics, pathological pattern of
carcinoma, clinical staging, swallowing ability, postoperative
complications, and incidences of anastomotic leak, stricture,
and GER were recorded and compared to that treated by
conventional methodsin the same hospitals and that reported
previously by McL arty et all”. Quantitative datawere compared
by using Independent-Samplest test and qualitative data by
Chi-square, Fisher’ s exact test, and Wilcoxon rank test.
Statistical significance was assumed at P<<0.05.

RESULTS

58 patients (Group A), including 38 males and 20 females aged
from 34 to 78 (mean age: 57), 54 cases with dysphagia, 4
without any symptom by routine examination, were
successfully treated by the new method and 64 (Group B) by
the conventional operation. Therewere no severeintraoperative
complications, no operative mortality, no abscesses or
uncontrolled infections occurred in al patients. Treated by the
new method, the quality of swallowing of the patientsimproved
significantly (P=0.0 001) 2 to 3 months after the operation
(Table 1). In Group A, only one patient had a minute blind
anastomatic fistula into the immediate paraesophageal soft
tissues without causing any symptoms which was diagnosed
by barium swallowing test 2 months after the operation, but
healed up automatically without any treatment 3 weeks
afterwards. Postoperative complicationsoccurred in 25 patients
(43 %), including incision and/or thoracic cavity bleeding in
2, wound infectionin 1, pneumoniain 1, anastomotic stenosis
in 8 (14 %), and GER in 13 (22 %). There were 7 of 8 cases
with symptom of dysphagia but dilated successfully by
endoscopy, 1 case with moderate stricture could only eat
semisolid or liquid food 1 year after the operation.

Table 1 Evaluation of swallowing quality after operation
(Group A, n=58)

With symptom of dysphagia
No symptom
of dysphagia

Solid Food  Semisolids Liquids
Preoperation 4 (6.9%) 23(39.7%) 26 (44.8%) 5 (8.6%)
Postoperation 50 (86.2%) 5 (8.6%) 2(3.4%) 1(1.7%)

Analysed by wilcoxon rank test (Wilcoxon W=2 142, P=0.0 001),
swallowing quality of patients after operation increased sig-
nificantly compared with that before operation.

Except the difference of pathological type of carcinomain
the west from that in China, which was not the major factor
that affected the operation modality and the early outcomes,
the patients' general characteristics, tumor site and clinical
staging in Group A were analogous to those in Group B and
that reported previously by Allison et al (Table 2). Although
the total incidence of postoperative complications were not
different due to different method of calculation, the incidences
of anastomotic leak, stricture, and GER in our new method
therapy group were significantly reduced compared with that
of conventional therapy groups (Table 3).
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Table 2 Characteristics and pathological condition of patients in different groups

Statistical analysis

A New method B Conventional C Reported?
(n=58) (n=64) (n=107)
X2/t P Value

Sex (male /female) 46/12 43/21 81/26 2.563 0.279
Mean age (range) (years) 57 (34-78) 54(28-76) 62 (30-81)
Tumor site
Upper (include cervical) 4 (7%) 3 (4.6%) 2 (2%) 2.731 0.604
Middle 21 (36%) 24 (37.5%) 43 (40%)
Lower(junctional part) 33 (57%) 37 (57.8%) 62 (58%)
Pathological type®
Squamous 32 (55%) 34(53%) 28 (26%) 14.399 0.001°
Adenocarcinoma 22 (38%) 28(44%) 72 (67%) 1.155 0.561°
Others 4 (71%) 2(3%) 7 (7%)
Tumor Diameter
(MeanzSD)(cm) 3.1+1.94 3.6+158 ND 1.551(t) 0.084
Clinical Staging
Stage | 18 (31%) 22 (35%) 34 (32%) 7.272 0.122
StagellA 31 (53%) 29 (45%) 65 (61%)
StagellB 9 (16%) 13 (22%) 8 (8%)

8By McLarty AJ, Deschamps C, Trastek VF, et al. Ann Thorac Surg,

1997;63:1568-1572. "The pathological type of esophageal carci-

noma was different as reported in the west from that in China (P=0.001), but it was not the major factor that affected the methods

and early outcomes of operation. ‘Compared the pathologic type
(Group B) methods. ND: No data available.

Table 3 Postoperative Outcomes and Complications of Patients in

of cancer treated by the new(Group A) and the conventional

the above Groups

Statistical analysis

A New method B Conventional C Reported?
(n=58) (n=64) (n=107)
X2/t P Value

No complication 33(56.9%) 26(40.6%) 17 (16%) 29.716 0.000
Complications 25 (43%) 38(59.3%) 43 (40%) 2.258 0.353
Anastomotic leak 1 (2%) 4(6%) 13 (12%) 6.566 0.038
Anastomotic stricture

Dysphagia to food 8 (13%) 24(37.5%) 40 (37%) 10.214 0.006
Postoperative dilation 8 (14%) 23(35.9%) 46(43%) 14.746 0.001
Gastroesophageal reflux

Reflux Symptoms 13 (22%) 33(52%) 64 (60%) 21.265 0.000
Required antiacids 11 (19%) 20(32%) 31 (29%) 2.026 0.363

3By McLarty AJ, et al. Ann Thorac Surg, 1997;63:1568-1572.

DISCUSSION

There are clear evidences that patients with earlier stage
esophageal carcinoma have relatively good outcomes when
treated with resection only, especialy through thoracicincision
which iseasy to remove the regional lymph nodes and to carry
out the whole operation!*8, Multimodality treatment with
neoadjuvant chemotherapy or chemoradiotherapy was
recommended for esophageal carcinoma by some studies but
the results are debatabl e recently by other studies due to poor
outcomes at present!®*2, Y et there are still many postoperative
complications such as leaks, gtricture, and GER, which affect
the esophageal function and quality of life, aswell aslong-
term survival of the patients®”.

Anastomotic leak is mainly caused by ischemia of the
anastomosis and errors in surgical techniquel”. Except few
recurrence of carcinomawhich occurs usually above 6 months
after operation, small-bore anastomosis and fibrotic stenosis
arethe principal causes of anastomotic stricture that resultsin
poor function of swallowing®®*7. Some studies show that there
is atrend toward slightly higher leaking rate for one-layer

anastomosis and a higher stricture rate for two-layer
anastomosig**314, Asfor GER, it is basically caused by loss
or alteration of normal anatomical structure, location, and
function of esophagus, cardia and stomacht®54,

The new three-layer-funnel-shaped esophagogastric
anastomotic suturing technique, we report here, has more
advantages than the classical ones. Firgt, it not only maintains
adequate arterial perfusion and venous drainage by reserving
enough amount of greater omentum, protecting the right
gastroepiploic vessdls, and avoiding excessivetension of gastric
tube and esophagus, but also maintains accurate mucosa-to-
mucosa, muscul ar-to-muscular apposition and enhances the
anastomosis by three-layer sutures, as well as omentum or
pleura covering. This significantly avoids the occurrence of
anastomotic leak according to our clinical data.

Second, it formsthree inclined suture cyclesin different
diameters at different levels (Figure 1). The fundoplication
suture cycle and the esophageal muscular-to-gastric sero-
musculer suture cycle are ellipse like and big enough to form
alarge-bore anastomosis that reduces stricture formation. That
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iswhy the incidence of anastomotic strictures being low and
dilated easily and effectively in our study.

Third, with adequate mucosa-to-mucosa suture, the new
method reconstructed a soft mucosa petal which formsthethird
suture cycle, smaller in diameter and easier to open or shrink
automatically, and prevents GER effectively. Although
postoperative GER still occurred in 22 % which need further
study, it was significantly decreased compared to the
conventional method*®. Twenty-four-hour esophageal pH
monitor is a new method to diagnose GER and we plan to
carry out a further randomized clinical trial to more
scientifically evaluate the anti-GER effects of the mucosa petal
created by the new anastomosis?e.

Like all conventional anastomotic suture technigues, we
also emphasize that it isimportant for the anastomotic healing
to prevent infection, malnutrition, influence of chemotherapy
and radiotherapy and other related factors in perioperative
stage. To prevent the anastomotic tissue injury from
strangulation, one should never suture too tightly, or place an
excessive number of sutures. In addition, each suture* bite’ of
esophageal muscular layer may be transversely sewn so asto
overcome the problem because the longitudinally oriented
esophageal muscle holds suture poorly.

Some studies recommend that the stapled esophagogastric
anastomosi s after resection for esophagogastric or cardia cancer
isasimple and expeditious procedure, carrying an acceptable
perioperative morbidity and cancer recurrence ratel*’'?, But
except thetechnical problems cauised by the staples, the stricture
rate of stapled anastomosis was higher!*”-2t, Beitler et al
systemically reviewed the related randomized controlled trials
and pointed out that both stapled and hand-sewn techniques are
acceptable but both need further improvement?d. GER is
recently demonstrated as a main risk factor for esophageal
adenocarcinoma and is the main factor that decreases the
quality of life of patients after operation'”?3?, The new three-
layer-funnel-shaped esophagogastric anastomotic suturing
technique isapilot study, its effect on anti-GER has not been
very ideal, and we are making further effortsfor improvement,
especialy that on the prevention of anastomotic leak, stricture
and GER.
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Abstract

AIM: To investigate CpG methylation and single nucleotide
polymorphism (SNP) of a specific promoter region of hMLH1
in primary gastric carcinoma.

METHODS: Primary gastric carcinomas (n==80), their
corresponding normal mucosal samples, and gastric mucosal
biopsies from normal/gastritis control patients (n=54) were
used. Hypermethylation at -253 nt and -251 nt in relation
with the translational start site and SNP of a silencing specific
region (-339 nt-46 nt) in the hMLH1 promoter were analyzed
by Bst Ul-combined bisulfite assay (COBRA), denaturing high
performance liquid chromatogram (DHPLC), and sequencing.

RESULTS: (A) The specific methylation at -253 nt and -251
nt was observed in 2 of 60 primary gastric carcinomas, but
neither in all of the corresponding mucosa nor in normal/
gastritis samples, by Bst UI-COBRA and DHPLC. (B) The
hMLH1 promoter was methylated homogeneously in the
xenograft of the primary gastric carcinoma with the
methylated and unmethylated hMLH1. (C) The pattern of
SNP at -93 nt of the hMLH1 promoter in 54 Chinese patients
with gastric carcinoma was the same as that in the control
patients: 51 % was A/G heteroalleles, 34 % and 15 % were
A/A and G/G homoalleles, respectively.

CONCLUSION: Biallelic inactivation of hMLH1 by epigenetic
silencing existed in human primary gastric carcinoma
homogeneously. Hypermethylation of hMLH1 may play a
role in the early stage of development of a few gastric
carcinomas. The SNP at -93 nt is not related to the
susceptibility of gastric carcinomas.

Deng DJ, Zhou J, Zhu BD, Ji JF, Harper JC, Powell SM. Silencing-
specific methylation and single nucleotide polymorphism of
hMLH1 promoter in gastric carcinomas. World J Gastroenterol
2003; 9(1): 26-29
http://www.wjgnet.com/1007-9327/9/26.htm

INTRODUCTION
Hpermethylation of CpG islands in upstream is an epigenetic

mechanism of lost of functions of tumor suppressor genes,
DNA repair genes, etc*3. The methylated hMLH1 was
observed in most of primary gastric carcinomas with the
microsatellite instability-H phenotype (M SI-H) 12, Silencing
of hMLH1 by CpG methylation may play an important rolein
the development of M SI-H tumors. However, the hMLH1-
methylated proportions in MSI-L and M Sl-stable sporadic
gastric carcinomavaried greatly (0-75 %) in previous reports.
Nakajmaet al. reported that hMLH1 methylation was detected
in 8 of 100 primary gastric carcinoma cases, but not detected
in their corresponding normal mucosa or in intestine
metapl astic mucosa*d. Kang et al. reported amuch higher rate
of hMLH1 methylation in gastric carcinoma (20.3 %), adenoma
(9.8 %), and intestine metaplastic mucosa (6.3 %)4. Different
results might result from applications of both different markers
used to classify MSI tumors, and different approaches or
primers used to detect methylation of CpG island of hMLH1.
It was reported recently that the methylation of CpGsinasmall
C-region (-270 nt ~ -199 nt) of the hMLH1 promoter was
invariably correlated with the absence of gene expressioni*>*7,
Thus, it is of interest to further explore the silencing specific
methylation of the hMLH1 promoter in primary gastric
carcinomas. In the present study, we analyzed the silencing
specific hMLH1 methylation at -253 nt and -251 nt in the C-
region in primary gastric carcinomaand normal/gastritis control.
Deng et al. established a novel approach to detect CpG
methylation by denaturing high performance liquid
chromatography (DHPL C)[*8%9, which was further developed
to quantify CpG methylation and SNP of CpG islands
simultaneoudy'?2, |t was reported that thereisa SNP at -93 nt
of the h(MLH1 promoter?2. In order to evaluate the possible role
of the SNP in the gastric carcinogenesis, the pattern of the SNP
in patients with gastric carcinoma was also compared with that
in control patients without malignant diseases using DHPLC.

MATERIALS AND METHODS

Gastric samples

60 primary gastric carcinomas and their corresponding normal
gastric mucosa were collected: 34 from the Beijing Institute
for Cancer Research (BICR) surgically (28 males and 6
females, 29-59 years old, average age: 47.7 yearsold), and 26
from the University of VirginiaHeath System (Uva) (18 males
and 8 females, 41-84 years old, the average age: 63.8 years
old). Three Uva xenografted human GC were obtained from
nude mice as described®., In addition, 56 biopsy samples of
gastric epithelial tissues were collected from normal/gastritis
patients at BICR (50 malesand 4 female, 18-47 yearsold, the
average age: 29.7 years old). All samples were used in the
analysis of both methylation and SNP. Additional 18
corresponding normal gastric mucosal samples from BICR
(Chinese patients, 13 males and 5 females, 26-78 years old,
average age: 48.7 years old) with gastric carcinoma were used
in SNP analysisin order to have the same number of cases as
control. All clinical samplesand histopathological information
for each case were obtained according to approved institutional
guidelines.
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Figure 1 Detection of hMLH1 methylation by BstUI-COBRA assay. PCR products and methylated ssPCR products (294 bp) were
digested into two small fragments (206 bp and 88 bp). Unmethylated ssPCR products were not digested by BstUI. T1, T2: primary
gastric carcinomas; N1, N2: corresponding normal gastric mucosal samples; X2: xenograft of primary gastric carcinomas (T2) with
hMLH1 methylation; NC1, NC2: negative control xenografts of primary gastric carcinomas without hMLH1 methylation; PC: PCR

products of the hMLH1 templates not treated by bisulfite

DNA extraction and bisulfite modification

Genomic DNA of tissue samples was isolated with QIAGen
DNA Purification Kits. Two mg genomic DNA was treated
with sodium bisulfite in order to convert the unmethylated C
to U (T in PCR products) as described?4,

Design of Primers and PCR Conditions

Primers were designed according to the specific region (-339
nt ~ -46 nt in relation to the tranglational start site) of CpG
islands of the sense strand of hMLH1 (GenBank accession
number U83845, gi: 2511457) as described!*® 29, The strand-
specific primers for the modified CpG islands included
hMLH1-mF (5 -gtatttttgtttttattggttggata-3' ) and hMLH1-mR
(5' -aataccttcaaccaatcacctcaata-3' ). Primers for the templates
without bisulfite-treatment included hMLH1-wF (5 -
gcatctctgctcctattggctggata-3' ) and hMLH1-wR (5 -
agtgccttcagccaatcacctcagtg-3' ). Hot-started touchdown PCR
(-1.0 °C per cycle, total 35 cycles) wasused to amplify hMLH1
without bisulfite-treatment (72 ‘C —58 °C), and the sense strand
templates with bisulfite-treatment (ssPCR, 65 ‘C —~50 C for
hMLH1)[8201,

Detection of CpG methylation by combined bisulfite
restriction analysis (COBRA) and DHPLC

The specific region of the methylated CpG island contain a
BstUI restriction site (CGCG) that is converted to UGUG in
the unmethylated CpG island after bisulfite modification.
Hence the methylation of the bisulfite-modified h(MLH1 could
be analyzed directly by BstUI-COBRA. In the confirmation
study, methylation status was detected further by DHPLC.
Basic mechanism to detect methylation by DHPLC isthat the
retention time of the methylated PCR productsislonger than
that of the unmethylated ones, because of higher denaturing
temperature of the methylated sequence resulted from higher
G+C content after bisulfite modification'®.

Analysis for SNP by DHPLC and sequencing

The SNPat -93 nt in the corresponding normal mucosal samples
and the gastric biopsies from the control patients was detected
by DHPLC and confirmed by sequencing as described.
Becauseal control normal/gastritis sampleswere collected from
Chinese patients, therefore only corresponding normal samples
from Chinese cases with gastric carcinomas hospitalized in
BICR were used in the SNP analysis.

RESULTS AND DISCUSSION

Silencing-specific methylation of hMLH1 promoter

One BstUI restriction site (CGCG) exists in the silencing-
specific C-region of the CpG island that was invariably
correlated with the absence of gene expression!*¥. This site
remains only in the methylated templates but not in the

unmethylated ones after bisulfite modification. Therefore,
BstUI-COBRA was used to detect the methylation of the
specific region®®. |f the template is methylated, its ssSPCR
product (294 bp) is digested into a 206 bp and an 88 bp
fragments. If not methylated, not digested. The specific CpG
methylation of the h(MLH1 promoter was observed in only 3.3 %
(2 of 60) of primary gastric carcinoma cases by this assay
(Figure1-T1, T2). T1 sample wasdistal adenocarcinoma(mod-
poor differentiation) from BICR, and T2 was gastro-esoph
junction adenocarcinoma (poor differentiation) from UVa
Such methylation was neither observed in all 60 corresponding
normal gastric mucosa (Figure 1-N1, N2) nor in 54 normal/
gastritis samples from the BICR control patients. The
unmethylated hMLH1 was detectable in all tested human
samples (Figure 1-T1, T2, N1, N2). The same result was
observed by DHPLC analysis (Figure 2-A, B).

Thepodtiverate (3.3 %) of the specific CpG hypermethylation
of hMLH1 in the present study was lower than those reported
by others. Nakajima et al. reported that hMLH1 methylation
was observed in 8 of 100 primary gastric carcinomas (8 %) by
Rsal-COBRA (redtriction site GTAC)!*3., Although the specific
C-region was also included in the ssPCR products in
Nakajima swork, the Rsal redtriction ste GTACisat-76ntin
the D-region where the correlation between CpG methylation
and gene expression is not aswell asthe C-regionl*™, Kang et
al. reported that hMLH1 methylation was detected in 20.3 %
of gastric carcinomacases'¥. The possiblereason for the higher
positive rate might result from detection of CpG methylation
in A-region of the hMLH1 promoter that are methylated
partially even in cells expressing hMLH1%. Another reason
wasthat they used avery sensitive assay, methylation-specific
PCR (MSP)4, which would result in a positive result even if
0.1 % of testing cellswere methylated. Detection of methylation
by BstUI-COBRA used in the present study reflects the exact
status of the hMLH1 methylation in the testing samples.
Therefore, the low methylation rate in the present study most
likely represents the true state of these gastric cancers.

Only the methylated hMLH1 was detectable in the xenograft
of primary gastric carcinoma

It was reported that bialleles of hMLH1 were inactivated by
CpG methylation in cell lined®!. Unlike in cell lines, both the
methylated and unmethylated hMLH1 were observed in
primary gastric carcinomas (Figure 1-T1, T2). In order to
confirm that hMLH1 is methylated homogeneously in
malignant cells, we detected the status of hMLH1 methylation
in UVa xenografts originated from hMLH1-methylated and -
unmethylated primary gastric carcinomas by BstUI-COBRA.
No hMLH1 methylation was detected in two xenografts from
two hMLH1-unmethylated primary gastric carcinoma (Figure
1-NC1, NC2). Only methylated hMLH1 was observed in the
X2 xenograft from primary gastric carcinoma T2, in which
both the methylated and unmethylated hMLH1 were observed
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(Figure 1-X2, T2). Thisresult was also confirmed by results
of DHPLC (Figure 2-B). These results suggested that bialleles
of hMLH1 was methylated homogeneously in all of the
malignant cells. The unmethylated hMLH1 in T2 should come
from normal cells such as fibrocytes, fibroblasts, and
lymphocytes comprising the primary carcinoma. To best of
our knowledge, thisisthefirst report to describe the distribution
of methylation status of CpG islandsin primary carcinoma.

Thus, all of themalignant cellsin the primary gastric cancer
T2 appear originate from asingle initiated cell with biallelic
aberrant methylation of the hMLH1 promoter. It is useful to
study whether certain extent of methylation in the specific C-
region of hMLH1 CpG island is detectable in precancerous
gastric lesions by sensitive assays such as M SP24 and
Methylight?®, Taken together, the h(MLH1 methyaltion may
play an important role in the initiation stage of afew gastric
carcinomas. In addition to inactivation of hMLH1 by germ-
line defects?*, silencing of hMLH1 by CpG methylation is
an alternative way to inactivate hMLH1.

Table 1 Pattern of the SNP at -93 nt of the hMLH1 promoter in
patients with and without gastric carcinoma

Patients n G/G A/G A/A
Without gastric carcinoma 56 9(16.1%) 29(51.8%) 18(32.1%)
With gastric carcinoma 54 8(14.9%) 27(50.0%) 19(35.2%)
Total 110 17(15.5%) 56(50.9%) 37(33.6%)
Unmethylate
Dﬂ Methylated
T1
N1
Unmethylate

4

Methylated

Figure 2 DHPLC Chromatograms of the specific methylation of
the hMLH1 promoter ssPCR products were analyzed at partial de-
naturing temperature 54 °C, point mutation mode. T1 and T2, pri-
mary gastric carcinomas; N1 and N2, the corresponding normal
gastric mucosal samples; X2, the xenograft of T2 in nude mouse

SNP at -93 of the hMLH1 promoter is not correlated with
gastric carcinoma

Thereis a SNP at -93 of the hMLH1 promoter?d, which is
located within the D-region tested in the present study. In order

to evaluate the correlation of the SNPwith risk of gastric cancer,
we compared the pattern of the SNP in 54 Chinese patients
with gastric carcinomawith that in 56 Chinese control patients
through DHPLC and sequencing. Similar percentages of
homoalleles (G/G and A/A) and heteroalleles (A/G) were
observed in samples from both groups (Table 1). The result
suggested that this SNP was not correlated with the risk of
gastric carcinoma. Similar result was observed in hereditary
nonpolyposis colorectal cancer (HNPCC) and non-HNPCC
populationg?.
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Abstract

AIM: To clone genes that may predispose us to human
gastric cancer and to analyze it”s expression in gastric tissues.

METHODS: Specimens of paired tumor, paratumor and
normal gastric mucosa tissues collected from fifteen patients
who suffered from stomach antrum adenocarcinoma were
used for analysis. Seven out of the fifteen cases were first
studied by fluorescent differential display reverse
transcription polymerase chain reaction (DDTR-PCR) analysis.
The differentially expressed bands of interest were cloned,
analyzed by Northern blot, sequencing and RT-PCR. Through
BLAST, the sequencing results were compared with GenBank
database for homology analysis. In situ hybridization with
DIG-labeled cRNA probes was used to analyze the expression
of interesting cDNA bands in paraffin embedded paired
normal gastric mucosa and cancer tissues isolated from 30
gastric adenocarcinoma patients.

RESULTS: DDRT-PCR showed that one of the interesting
cDNA bands, which was named W2, expressed much higher
in all seven tested tumor and paratumor samples than in
their normal counterparts, it was sub-cloned into a pGEM-T
Easy vector. Two subclones were subsequently obtained.
One of the subclone, GCRG224, was studied further. The
sequencing result showed that GCRG224 consisted of 1 159
base pairs and had one open reading frame (ORF). It located
at human chromosome 11g14. No homologue was found in
GenBank database with GCRG224-ORF. This nucleotide
sequence data were submitted to GenBank with accession
No. AF438406. RT-PCR showed that GCRG224 expressed
higher in 11/15 gastric cancer tissues than in non-tumor
tissues. However, the result of Northern blot analysis showed
a higher GCRG224 expression in the non-tumor tissue than
in the tumor one. Human multiple tissue Northern blot analysis
revealed that GCRG224 also expressed in human normal colon
tissue, and peripheral blood leukocyte. In situ hybridization
analysis showed that only 5/30 adenocarcinoma, 3/18
dysplasia and 6/18 intestinal metaplasia showed higher
GCRG224 expression level than the normal gastric glands.
However, GCRG224 was over-expressed predominantly in 26/
30 cases of normal mucosal epithelium.

CONCLUSION: A novel gene named GCRG224 was
identified from human gastric mucosal tissue. It

overexpressed in almost all gastric mucosal epithelium but
only a small portion of cancer and precancerous leisions.
The role of GCRG224 expression in gastric epithelium needs
further study.

Wang GS, Wang MW, Wu BY, You WD, Yang XY. A novel gene,
GCRG224, is differentially expressed in human gastric mucosa.
World J Gastroenterol 2003; 9(1): 30-34
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INTRODUCTION

Gastric cancer is one of the most commonly diagnosed
malignancies and remains an important cause of mortality
world widel¥. Considerable evidence supports the pivotal role
of genetic factors in the pathogenesis of gastric cancer?7.
However, the mechanism of the process of multistage
carcinogenesisis still unknown for gastric cancer. Abundant
clinical and histopathogical data suggest that most, if not all,
i ntestinal-type gastric cancer arise from precancerous|eisions,
which indicated intestinal-type gastric cancer to be an excellent
model for studying the genetic alterations involved in the
development of human neoplasms. It would be desirable,
therefore, to screen directly from human intestinal-type gastric
cancer and its precursor leisions the differentially expressed
genesthat are closely related to human gastric cancer.

In this study, differential display reverse transcription
polymerase chain reaction (DDRT-PCR) analysis was used to
identify and characterize differentially expressed genesin
human gastric cancer tissues in comparison with their
surrounding paratumor and nontumor counterparts. One novel
cDNA with acomplete cds was identified. We designated this
gene as gastric cancer related gene 224 (GCRG224).
Expression of GCRG224 in gastric tissues was analyzed using
RT-PCR and In situ hybridization (ISH).

MATERIALS AND METHODS

Tissue acquisition

Fresh primary intestinal-type gastric adenocarcinoma,
paratumor tissue which is 1.0 cm away from the tumor mass
and their surrounding noncancerous stomach mucosal tissues
obtained from 15 patients (11 male, 4 female, with average
age 54+15 years) undergoing surgery were used for reverse
transcription polymerase chain reaction (RT-PCR) analysis. 7
cases (4 male, 3 female, with average age 51+18 years) out of
the 15 patients were used for differential display analyses.
Paraffin embedded gastric adenocarcinoma and their
corresponding normal gastric mucosal tissues obtained from
30 advanced gastric adenocarcinoma patients (21 male, 9
female, with average age 59+10 years) were used for ISH
analysis. All tissues were histologically confirmed by
pathologists.

RNA preparation and differential display
Total RNA was extracted from tissues using TRIzol reagent
(LifeTechnologies, Inc., Rockville, Maryland). The fluorescent
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DDRT-PCR procedure was performed essentially as described
previously®®. The primers used in the assay included 4 T;,MN
primers and 20 arbitrary oligonucleotide primers (ARP-1 to
ARP-20) (Genomyx Corporation, Foster City, CA).

Cloning and sequencing

The cDNA fragment of interest were subcloned into pGEM-T
Easy vector (Promega Corporation, Madison, WI) and
confirmed by EcoR | (Life Technologies, Bethesda, MD)
digestion according to the manufacturer’ sinstruction. Sequence
analysis was performed with CEQ™ 2000 DNA sequencer
(Beckman Coulter, Fullerton, CA). The sequenced cDNA were
analyzed viathe BLAST program for homology matchesin
the GenBank database®.

Northern blot analysis

Samples containing 20 ng of total nontumor and tumor RNAS
were fractionated on an 1.2 % agarose gel containing 5.5 %
formaldehyde and 1xMOPS and transferred to a nylon
membrane. Fix the RNA to the membrane by baking at 80 'C
for 2 hours. Human multiple tissue Northern (MTN) blot |1
membrane (Clontech Laboratories, Inc., Palo Alto, CA) was
used for analysis. Anti-sense cRNA probe labeled with
digoxigenin was generated from a digested cDNA insert using
Dig Northern Starter Kit (Roche Diagnostic Corporation,
Indianapolis, IN) by means of in vitro transcription. The
membrane was prehybridized and then hybridized according
to themanufacturer’ sprotocol. The resultswere detected using
chemiluminescent detection.

RT-PCR

First-strand cDNAs were synthesized by Superscriptll Rnase
H-reverse transcriptase (Life Technologies, Bethesda, MD)
using oligo d(T) primers according to the protocal. PCR primers
were designed using Primer Premier software (Premier biosoft
international, Palo Alto, CA). The PCR primers used were:
forward primer: 5 AAGGGTCACCTCTGTTCAAAGTGS3',
reverse primer: 5 GCAGGGTTTATGGGCTCAATAGS' ,
Product length: 929 bp. G3PDH was used asinternal control.
Reactions were carried out in 10 nml solutions containing
100 ng cDNA, 0.2 nM of each primer, 50 nM of each dNTP,
and 0.5 U of AmpliTag DNA polymerase (Life Technologies,
Bethesda, MD). The amplification conditionswere (25 cycles):
1Iminat94 °‘C,40secat 56 C, 1 minat 72 C.

In situ hybridization

Specimens were fixed in 10 % neutral buffered formalin and
embedded in paraffin wax. A series of 5 nm sectionswere cut
for analysis. The antisense cRNA probe was prepared according
to procedure described in Northern blot analysis section. ISH
was performed as described previoudly!***Y, Negative control
(no probe applied) was performed. Slideswere examined using
an Olympus microscope. |mages were captured using a cooled
CCD camera (JVC, Japan). Cytoplasmic staining was noted.

M i N1P1T1

2.0kb
15kb

1.0kb -
0.9kb 4

N2 P2T2

Any appreciable blue staining was considered positive, and
graded as + if very light blue were barely detectable, 1+ if
light blue staining were seen diffusely throughout the
cytoplasm, 2+ if easily seen fine staining were present
throughout the cytoplasm, and 3+ when dark blue were
observed. Generally, more than 100 cells (nontumor or tumor)
were quantified in each measurement and at least one
measurement was taken per slide. H& E slides were then
reviewed to determine diagnosis and to map the location of
thevarious histological patterns and correlate with the staining
patterns observed in the |SH preparations.

Informed consents

The study protocol was approved by the Institutional Review
Board of the hospital under the guidelines of the 1975
Declaration of Helsinki. Written informed consents were
obtained from patients.

RESULTS

Isolation of differentially expressed cDNA by DDRT-PCR in
gastric cancer

In order to run the assay efficiently, among 80 combinations
of primer pairs (4 T,,MN primersvs 20 ARP primers), 4 pairs
able to amplify more bands in one set of paired tissues were
chosen and used to amplify cDNA from 7 sets of paired tissues.
One primer pair (T;,GG vsARP-3: 5 GACCATTGCA3' ) was
found to amplify genes expressed differentially in 7 of 7 sets
of the paired tissues. As shown in Figure 1, in comparison
with resultsin the normal tissues, acDNA fragment (arrowed)
was found to be more abundant in the tumor and paratumor
samplesin dl tested patients. Theresults of MRNA differential
display were reproducible. Thisdifferentially expressed cDNA
band was named as W2.

Sub-clone and sequence analysis

Two subclones, GCRG213 and GCRG224, were idnetified
from the subcloning procedure. GCRG213 consisted of 1 194
base pairs, while GCRG224 consisted of 1 159 base pairs and
had one open reading frame (ORF). The GCRG224-ORF
consists of 35 amino acidswith an estimated molecular weight
of 3.8 kDa. BLAST analysis revealed that GCRG224
nucleotide sequence had 98 % homologue with Homo sapiens
clone RP11-718B12, but the deduced amino acid sequence of
GCRG224-0ORF had no homology with any known peptidein
the GenBank database. GCRG224 nucleotide sequence data
was submitted to GenBank with accession No.AF438406.
Further bioinformatic study in the GenBank database showed
that GCRG224 islocated at human chromosome 11g14.

RT-PCR and northern blot analysis

To confirm the expression pattern of GCRG224 in human
gastric cancer, we performed RT-PCR analysesin 15 cases of
paired gastric adenocarcinoma, paratumor and non-tumor

N3P3T3 N4P4T4 N5P5 T5 N6P6T6 N7 P7 T7

Figure 1 Differential analysis of expressed genes among human gastric cancer, paratumor and normal stomach mucosal tissues by
means of fluorescent differential display. The differentially expressed cDNA fragment W2 (arrowed) showed higher expression in
tumor and paratumor tissues than that in normal ones. N: normal; P: paratumor; T: tumor; 1-7: patient number.
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tissues. GCRG224 expressed higher in 11/15 gastric cancer
tissues than non-tumor tissues. However, the result of Northern
blot analysiswas contrary to that of DDRT-PCR, the non-tumor
tissue showed higher GCRG224 expression level than the
tumor did (Figure 2a). MTN results showed that GCRG224
also expressed in human normal colon tissues and peripheral
blood leukocyte (Figure 2b).

T N
t o
GCRG224
-
GCRG224
<— b-actin
. < beactin
A

B

Figure 2 Northern blot analysis of GCRG224 expression in
(a) human gastric cancer T/N pairs. T: tumor, N: non-tumor.
(b) various adult human tissues. From left to right: spleen,
thymus, prostate, testis, ovary, small intestine, colon, periph-
eral blood leukocyte.

In situ hybridization

GCRG224 expression was analyzed at mRNA level. The
hybridization signal that appears as blue is restricted to the
cytoplasmic portion. All normal gastric glands showed +-1+
staining. Only 5 out of 30 cases of adenocarcinoma had 2+
staining while the rest had tstaining. Of the 18 cases of
intestinal metaplasia (IM) and dysplasia found in the para-
tumor site, 6/18 IM and 3/18 dysplasia had 2+ staining,
respectively. Interestingly, in 26/30 cases the gastric mucosal
epithelial cells were stained 2+-3+ (Table 1, Figure 3).

Figure 3 ISH analysis of GCRG224-ORF mRNA in formalde-
hyde-fixed, paraffin-embedded gastric tissues with a
digoxigenin-labeled anti-sense probe, NBT/BCIP was used as

alkaline phosphatase substrates, the expression appeared as
cytoplasmic staining (blue precipitates). (a): Mild expression
in tumor (left) and intestinal metaplasia glands (right) (200);
(b): Strong expression in gastric mucosal epithelium cells, while
the adjacent normal gastric glands showed little staining (200x).

Table 1 GCRG224 expression in different types of cells in gas-
tric mucosa

gastric mucosal ~ Gastric IM  DYS adenocarcinoma
epithelium glands

+ 0 19 8 13 25

1+ 4 11 4 2 0

2+ 15 0 6 3 4

3+ 11 0 0 0 1
Total 30 30 18 18 30
DISCUSSION

Advancesin molecular biology have revealed a consistent set
of genetic alterations that may correspond to multi-step
stomach cancer development. Aberrant expression and
amplification of oncogenes such as c-met, c-myc, K-ras, c-
erbB-21'218 etc., inactivation of tumor suppressor genes such
asp53, p16, Rb, DCC, APC, PTEN!"24, etc, DNA ploidy and
microsatellite instability?>2, abnormal transcript of genes
related to metastasis like nm23, CD44, E-cadherini®% etc.,
are reported common events in the steps of carcinogenesis.
Newly found cancer related genes such as COX-2, survivin,
metallothionein Il and RUNX3, etc. were also expressed
abnormally in gastric cancer!®-3l, Recognition of genetic
factors had also improved the the treatment of cancer(®-44,
However, very littleis currently known about genes that may
predispose usto gastric cancer. The primary aim of this study
wasto identify genesthat were closdly related to human gastric
cancer by means of DDRT-PCR.

DDRT-PCR has been widely applied to identify cancer-
related gened*>47, some of these geneslook liketo be of clinical
value. It might reflect the true patterns of genetic changesin
human gastric cancer if weidentify gastric cancer-related genes
directly from human gastric tissues.

One of the defects when using tissues for DDRT-PCR
analysisisthat some cDNA fragments amplified in the tumor
tissues may actually originate from normal cells present in the
tumor tissues, which may affect the results of the analyses. In
order to decrease the chance of error in this study, we used 7
sets of tumor, paratumor and non-tumor tissues for the assay,
displayed the results simultaneously and chose interesting
bands showing distinctive patternsin all sets of specimens.
One cDNA fragment which is up-regulated in gastric cancer
tissueswasidentified. However, two subcloneswereidentified
from the subsequent subcloning procedure. Sequencing results
revealed that these two subclones contained nucleotides of
nearly the same size but of totally different sequences. This
should be the result of PCR amplification in which arbitrary
primers were used.

Because the deduced amino acid sequence of GCRG224-
ORF had no homology with any known peptide in the GenBank
database, further study was focused on this gene. The result of
RT-PCR analysiswas consi stent with that of DDRT-PCR, but
Northern blot analysisrevealed an opposite result. Furthermore,
ISH analysis also failed to see a general higher expression of
GCRG224 in tumor cells. On the other hand, I1SH showed an
extensively strong expression of GCRG224 in gastric mucosal
epithelial cellsin amost all tested cases. This indicated
GCRG224 might come mainly from normal gastric epithelium
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other than tumor cells. Although the tissues applied for DDRT-
PCR, Northern blot and RT-PCR in this study were examined by
pathologists before their usage, they were actually a mixture of
different types of cells, the exact percentage of tumor and non-
tumor cellsin each tissue could not be identified, thisresulted in
the contradiction wefaced. It would bebetter, therefore, to separate
different types of cellsusing techniques such as microdissection
in tissues like gastric mucosa prior to the analyseg**51,

Correlations between prognoses and the expression of genes
suchasp53, ras, myc, nm?23, etc.werestudied extensively ingadiric
cancer'>17.5257 However, theresultsturned out to be controversid.
It is meaningful to find a biomarker that might predict the
diagnosis or prognosis of gastric cancer. The consistent over-
expresson of GCRG224 in all tested tumor tissuesinthe DDRT-
PCR and RT-PCR analyses prompted us to study further the
expression pattern of GCRG224 in gastric mucosd tissuesusing
ISH. However, GCRG224 did not show the expression pattern
in gastric cancer and its precancerous leisions as RT-PCR
revealed. Only around 20 percent tumor and precancerous
leisions showed GCRG224 over-expression comparing with
their normal gastric glands. Thus, GCRG224 may not serveasa
potential marker for the diagnosis of gastric cancer.

A dignificant finding in this study isthe extensive staining
of GCRG224 in gastric epithelium. Up till now, the function
of gastric mucosal cellsisbelieved to beabarrier of the tomach
aswell as secretion of alkali and other ions such as Na*, K*
and CI'. Itwill be of great interest to study therole of GCRG224
expression in gastric mucosal epithelium.
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Abstract
AlIM: To detect the expression of PTEN encoding product
in normal mucosa, intestinal metaplasia (IM), dysplasia and
carcinoma of the stomach, and to investigate its clinical
implication in tumorigenesis and progression of gastric
carcinoma.

METHODS: Formalin-fixed paraffin embedded specimens from
184 cases of gastric carcinoma, their adjacent normal mucosa,
IM and dysplasia were evaluated for PTEN protein expression
by SABC immunohistochemistry. PTEN expression was
compared with tumor stage, lymph node metastasis, Lauren’s
and WHO’s histological classification of gastric carcinoma.
Expression of VEGF was also detected in 60 cases of gastric
carcinoma and its correlation with PTEN was concerned.

RESULTS: The positive rates of PTEN protein were 100 %
(102/102), 98.5 %(65/66), 66.7 % (4/6) and 47.8 %(88/184)
in normal mucosa, IM, dysplasia and carcinoma of the stomach,
respectively. The positive rates in dysplasia and carcinoma
were lower than in normal mucosa and IM (P<0.01).
Advanced gastric cancers expressed less frequent PTEN than
early gastric cancer (42.9 % vs 67.6 %, P<0.01). The positive
rate of PTEN protein was lower in gastric cancer with than
without lymph node metastasis (40.3 % vs 63.3 %, P<0.01).
PTEN was less expressed in diffuse-type than in intestinal-
type gastric cancer (41.5 % vs 57.8 %,P<0.05). Signet ring
cell carcinoma showed the expression of PTEN at the lowest
level (25.0 %, 7/28); less than well and moderately
differentiated ones (P<0.01). Expression of PTEN was not
correlated with expression of VEGF (P>0.05).

CONCLUSION: Loss or reduced expression of PTEN protein
occures commonly in tumorigenesis and progression of gastric
carcinoma. It is suggested that PTEN can be an objective marker
for pathologically biological behaviors of gastric carcinoma.

Yang L, Kuang LG, Zheng HC, Li JY, Wu DY, Zhang SM, Xin Y.
PTEN encoding product: a marker for tumorigenesis and
progression of gastric carcinoma. World J Gastroenterol 2003;
9(1): 35-39
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INTRODUCTION

PTEN/MMACLUTEP1 gene (phosphatase and tensin homol ogy
deleted from chromosome ten/mutated in multiple advanced
cancer 1/TGF-b-regulated and epithelial cell enriched
phosphatase 1) wasthefirstly defined tumor suppressor which
product acted as phosphatase and shared extensive homol ogy
with cytoskeletal protein, mapping to human chromosome
10g23.3. PTEN encoding product could not only
dephosphorylate the phoshatidylinositol-3, 4, 5-triphosphate
(PIPs), but also be involved in cytoskeletal reconstruction and
cellular mobility!*¥, Recently, many studies showed therewere
severa putative mechanisms relating to tumor suppression as
follows: inhibiting cell invasion and metastasis by
dephosphorating focal adhesion kinase (FAK); inhibiting cell
apoptosis and increasing cell growth by dephosphorating PI Ps;
restraining cell differentiation by inhibiting mitogen-activated
protein kinase (MAPK) signal pathway!™9. Mutation or
abnormal expression of PTEN protein occurred commonly in
multiple tumorsand significantly correlateswith tumorigenesis
and progression of different malignanciesi**?, |t was
reportedly suggested that deletion or mutation of PTEN could
enhance the expression of vascular epithelial growth factor
(VEGF) and stimulate the proliferation of microvesselsin
tumor tissues, which in turn closely correlated with tumor
invasion and metastasi -3,

Gastric carcinomawas one of the commonest malignancies
inthe world, and even the most frequent in China?®. Although
the achievement of early diagnosisand treatment have somewhat
improved the patients  outcome, gastric cancer still remainsthe
major killer among Chinese because the mechanisms of its
tumorigenesis and progression were unclear’®, |n this study,
we detected the expression of PTEN proteinsin gastric cancer
and its adjacent noncancerous mucosa, compared PTEN protein
expression with its pathologically biological behaviors, and
discussed the relationship between the expression of PTEN
and VEGF in order to explore therole of PTEN gene product
in tumorigenesis and progression of gastric cancer, and to
provide scientific foundation for evaluating prognosis of gastric
carcinoma.

MATERIALS AND METHODS

Pathology

One hundred and eighty-four cases of surgically removed
specimens of gastric carcinoma were collected from Cancer
Ingtitute, China Medical University. This study included 102
cases of adjacent normal mucosa, 63 cases of adjacent IM and
6 cases of adjacent dysplasia. According to clinical staging,
37 cases were early, and 147 cases advanced. According to
metastasis, 124 cases were accompanied with lymph node
metastasis, 6 with liver metastasis (4 of them with lymph node
metastasis) and 2 with ovary metastasis. All gastric specimens
were classified according to the Lauren’ s and WHO' s
histological classification criteria.

Immunohistochemistry
All specimens were fixed in 4 % formaldehyde solution,
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embedded in paraffin and incised into 5 mm sections. Therabbit
anti-human polyclonal antibody against PTEN (ready to use)
and mouse anti-human monoclonal antibody against VEGF
(ready to use) were purchased from Maixim Biotech. SABC
complex kit was from Boster Biotech. For negative control,
sections were incubated with PBS (0.01 mol/L, pH7.4) instead
of the primary antibodies.

Evaluation of PTEN and VEGF expression

Clearly brown staining was restricted to cytoplasm, which was
considered as positive for PTEN or VEGF. Slides were scored
semi-quantitatively based on staining intensity and distribution.
Two pathologists assessed the positive rate according to the
percent of positive cellsin al counted cells from 5 randomly
selected representative fields. The degree of staining was graded
in the light of proportion of positive cells asfollows. negative
(-), pogitive rate <5 %; weakly positive (+); 5-25 %; moderately
positive (++): 25-50 %; strongly positive (+++~++++): >50 %.

Statistical analysis

Statistical evaluation was performed by chi-square test to
differentiate the rates between two groups. P-value less than
0.05 was considered as statistically significant. SPSS 10.0
software was employed to analyze all data.

RESULTS

PTEN was expressed in normal mucosa, intestinal metaplasia,
dysplasaand carcinomaof the ssomach at the rate of 100 %(102/
102), 98.5 %(65/66), 66.7 %(4/6), 47.8 %(88/184), respectively.
Dysplasia and carcinoma expressed |ess frequent than normal
mucosaor intestind metaplasia (P<0.01) (Table 1, Figure 1,2).

Figure 1 PTEN protein was restricted to cytoplasm. It was
moderately expressed in normal mucosa (below), while de-
creased in IM (left top) and dysplasia (right), (20x)

Figure 2 Well differentiated papilary-tube adenocarcinoma
showedweakly positive expression of PTEN protein (40x)

Table 1 PTEN expression in normal mucosa, intestinal
metaplasia, dysplasia and carcinoma of the stomach

PTEN  expression
n %
+~++++ -
“Normal” mucosa 102 102 0 100.0
Intestinal metaplasia 66 65 1 98.5
Dysplasia 6 4 2 66.72
Carcinoma 184 88 96 47.8°

aCompared with “normal” mucosa or intestinal metaplasia, P
<0.01 (modified ¢?=18.729, 7.115); ®Compared with “normal
mucosa or intestinal metaplasia, P<0.01 (c?=80.106, 52.499)

Positiverate of PTEN in advanced gastric carcinoma (AGC)
was 42.9 %(63/147), lower than in early one (EGC)(67.6 %,
25/37) (P<0.01). In 124 caseswith lymph node metastasis, 50
expressed PTEN protein (40.3 %), whose positive rate of PTEN
was higher than those without lymph node metastasis (63.3 %,
38/60) (P<0.01). 41.5 percent of 118 diffuse-type gastric cancers
expressed PTEN, lessthan that of intestinal-type ones (51.8 %,
37/64). Signet ring cell carcinoma expressed PTEN protein at
the lowest level (25.0 %, 7/28), more than well and moderately
differentiated adenocarcinoma (61.8 %, 21/34) (P<0.01).

None of the gastric normal mucosa showed expression of
VEGF, while 75.0 percent of gastric carcinomaexpressed it (45/
60) (P<0.05) (Figure 3,4). The PTEN-positive cases expressed
VEGF at the rate of 78.1 %(25/32), whereas PTEN-negative
ones did it at the rate of 71.4 %(20/28). Both rates were not
significantly different by statistical analysis (P>0.05).

Figure 3 Mucinous adenocarcinoma of the stomach moder-
ately expressed VEGF (20x)

Figure 4 SRC showed strongly positive expression of VEGF
protein (40x)
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Table 2 Relationship between expression of PTEN and the
biological behaviors of gastric carcinoma

PTEN expression

n %
+~++++

Clinicopathological staging

Early 37 25 12 67.6

Advanced 147 63 84 42,92
Lymph node metastasis

+ 124 50 74 40.3°

60 38 22 63.3

Lauren’s classification

Intestinal type 64 37 27 57.8

Diffused type 118 49 96 41.5¢

Mixed type 2 2 0 100.0
WHO?’s histological classification

Papillary adenocarcinoama 20 10 10 50.0

Well-differentiaed adenocarcinoma 9 5 4 55.6

Moderated-differentiated adenocarcinoma 25 16 9 64.0

Poorly-differentiated adenocarcinoma 85 39 64 45.9

Undifferentiated adenocarcinoma 5 3 2 60.0

Signet ring-cell carcinoma(SRC) 28 7 21 25.0¢

Mucinous adenocarcinoma 10 6 4 60.0

Carcinoid 1 1 0

Squamous cell carcinoma 1 1 0

aCompared with early gastric carcinoma, P<0.01(c?=26.504);
bCompared with non-lymph node metastasis, P<0.01(c?=8.580);
*Compared with intestinal-type gastric carcinoma, P<0.05(c?=4.416);
dCompared with well and moderately differentiated gastric
carcinoma, P<0.01(c?=8.380)

DISCUSSION

Deletion or down-regulation of tumor suppressing genes plays
an important role in the multiple steps of tumorigenesis and
progression of gastric carcinoma. Previous studies on the
relationship between alteration of tumor suppressor genesand
the development of gastric carcinoma focused on p53 32,
p16t3, p27t4, p33 (ING1)®¥, RBEE, DCCEM etc. However,
few reports were involved in the newly discovered tumor
suppressing gene- PTEN in tumorigenesis and progression of
gastric carcinoma.

Asatumor-suppressing gene, PTEN makes great contribution
to cellular differentiation, reproduciton and apoptosis, aswell
ascellular adhesion and mobility. Some studies showed down-
regulation of PTEN protein expression due to genetic changes
like mutation, loss of heterozygosity, hypermethylation in
gastric cancer, prostrate cancer and breast cancer!214161938 Qur
results showed that decreased expression of PTEN during the
courses of normal mucosa—intestinal metaplasia—dysplasia
—carcinoma. Gastric dysplasia or carcinoma expressed less
PTEN than normal mucosa or intestinal metaplasia (P<0.01),
revealing that genetic changes of PTEN gene may play an
important role in malignant transition of epithelial cells of
gastric mucosa.

Low expression of PTEN gene product was involved in
clinicopathological stage and metastasis of stomach neoplasms.
We found that 42.9 percent of AGC expressed PTEN, less
than EGC (P<0.01). Positiverate of PTEN waslower in gastric
cancer with than without lymph node metastasis (40.3 % vs

63.3 %, P<0.01). One of the six liver metastases showed
negative expression of PTEN in primary or liver metastasis,
whilethe other five caseswith liver metastasis showed reduced
expression of PTEN protein. These resultswere similar to other
kinds of tumorg®*4, It is suggested that deletion or reduced
expression of PTEN protein probably facilitate the metastatic
ability of gastric cancer cells. Hwang et al. found that PTEN
could enhance mobility and metastasis of tumor cells by
regulating matrix metalloproteinases (MMPs) and VEGF“",
There was another report that PTEN dephosphorated FAK so
asto beinvolved in cellular adhesion!™. Deletion or reduced
expression of PTEN could result in decreasing cellular adhesion,
increasing synthesis of MMPs and VEGF, which subsequently
contributed to invasion and angiogenesis of cancer cells. These
biological effects possibly underlay prelude of invasion and
metastasis of tumor. Our resultsrevealed that reduced expression
of PTEN was implicated in progression of gastric cancer
probably by decreasing cellular adhesion, increasing cellular
mobility and angiogenesis and could act as an objective marker
to reflect the biological behaviors of gastric cancer.

In addition, signet ring cell carcinoma showed the lowest
expression of PTEN among histological classfications, lessthan
well and moderately differentiated adenocarcinoma (P<0.01),
suggesting that decreased expression of PTEN was closely
associated with carcinogenesis of signet ring cell carcinoma.
Diffuse-type cancer showed less expression of PTEN at the
rate of 41.5 % than intestinal-type one. (P<0.05). In this sense,
it supported that there were different tumorigenetic pathways
between diffuse and intestinal -type gastric carcinoma. Diffuse-
type gastric cancer, main part of which was signet ring cell
carcinoma, showed diffusely invasive growth pattern. It is
possiblethat down-regulation of PTEN could affect the function
of cellular skeleton, mobility and adhesion of cancer cells.

Some reports suggested that decreased expression of PTEN
encoding product could down-regulate PI;K/AKT pathway,
leading to increasing synthesis of VEGF induced by hypoxia
inducing factor-1 (HIF-1)[“¢%9, Qur study showed that 75.0
percent of gastric carcinomas expressed VEGF (45/60),
significantly more than normal mucosa (0/5) (P<0.05),
indicating that VEGF was up- regulated in gastric cancer. But
PTEN was down-regulated in gastric cancer. Both PTEN and
VEGF showed negative correlation, which was not statistically
significant (P>0.05). The relationship between expression of
both PTEN and VEGF in tumorigenesis and progression of
gastric cancer need proving by amplifying the sample.

Indl, lossor reduced expression of PTEN protein occurred
commonly in gastric carcinogenesis. Altered expression of PTEN
contributed to progression of gastric cancer by increasing cell
adhesion, angiogenesis, cell mobility and so on. It was suggested
that PTEN could be aussful marker for pathologically biologica
behaviors of gastric carcinoma. However, therole of PTEN gene
and its encoding protein in tumorigenesis and progression of
gastric cancer need further investigation.
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Abstract

AlIM: To elucidate the relationship between lymph node
sinuses with blood and lymphatic metastasis of gastric cancer.

METHODS: Routine autopsy was carried out in the randomly
selected 102 patients (among them 100 patients died of
various diseases, and 2 patients died of non-diseased
reasons), their superficial lymph nodes locating in bilateral
necks (include supraclavicle), axilla, inguina, thorax, and
abdomen were sampled. Haematoxylin-Eosin staining was
performed on 10 % formalin-fixed and paraffin-embedded
lymph node tissue sections (5um). The histological patterns
of the lymph sinuses containing blood were observed under
light microscope. The expression of CD31, a marker for
endothelial cell, was detected both in blood and non-blood
containing lymph node sinuses with the method of
immunohistochemistry.

RESULTS: Among the 1322 lymph nodes sampled from
the autopsies of 100 diseased cases, lymph node sinuses
containing blood were found in 809 lymph nodes sampled
from 91 cases, but couldn’t be seen in the lymph nodes
sampled from the non-diseased cases. According to histology,
we divided the blood containing lymph node sinuses into
five categories: vascular-opening sinus, blood-deficient sinus,
erythrophago-sinus, blood-abundant sinus, vascular-
formative sinus. Immunohistochemical findings showed that
the expression of CD31 was strongly positive in vascular-
formative sinuses and some vascular-opening sinuses while
it was faint in blood-deficient sinuses, erythrophago-sinuses
and some vascular-opening sinuses. It was almost negative
in blood-abundant sinus and non-blood containing sinus.

CONCLUSION: In the state of disease, the phenomenon
of blood present in the lymph sinus is not uncommon. Blood
could possibly enter into the lymph sinuses through the
lymphaticovenous communications between the veins and
the sinuses in the node. Lymph circulation and the blood
circulation could communicate with each other in the lymph
node sinuses. The skipping and distal lymphatic metastasis
of gastric cancer may have some connection with the blood
containing lymph node sinuses.

Yin T, Ji XL, Shen MS. Relationship between lymph node sinuses
with blood and lymphatic metastasis of gastric cancer. World J
Gastroenterol 2003; 9(1): 40-43

http://www.wjgnet.com/1007-9327/9/40.htm

INTRODUCTION

It iswell known that one of the most common behaviours of
lymphatic metastasis of gastric cancer istheir great tendency
to produce skipping metastasis with the tumor emboli
traversing the proximal lymph nodes encountered on their route
or even bypassing them to form distant nodal metastasis
(mainly at left supraclavicle). Skipping metastasis is a pecular
kind of lymphatic metastasis. Until now, there have been few
reports of this condition and its pathogenesis has not yet been
clarified. Blood present in lymph node sinusesisaphenomenon
that haven’ t been deeply researched too. In the routine lymph
node biopsy, erythrocytes in the lymph node sinuses could
occasionally be seen. In the early literature, vascular
transformation of lymph node sinus (VTS) and haemal lymph
node sinus (HLs) have been reported. Their common feature
isblood presenting in the lymph node sinus. Since lymph node
sinusis aso the place where the metastatic malignant tumor is
located, we specul ated there might be some inner relationships
between the two phenomena. The purpose of this study isto
find out the relationship between lymph node sinuses with
blood and lymphatic metastasis of gastric cancer.

MATERIALS AND METHODS

When routine autopsy was carried out in the randomly selected
102 patients died of different reasons, their superficial lymph
nodes locating in the bilateral necks (include supraclavicle),
axilla, inguina, thorax, and abdomen were sampled.
Haematoxylin-Eosin staining was performed on 10 % formalin-
fixed and paraffin-embedded 5 um lymph node tissue sections.
The histological patterns of the lymph node sinuses containing
blood were observed under light microscope. The expression
of CD31, amarker for endothelial cell, was detected both in
blood and non-blood containing lymph node sinuses by
immunohistochemistry.

RESULTS

Clinical findings

The randomly selected 102 cases included 62 males and 38
females whose ages ranged from 2 months to 90 years (mean
45.08 years, median 57 years). Among the 102 cases, 100
patients died of various diseases, and 2 died of non-diseased
reasons. The total number of the sampled lymph nodes was
1 362 (1 322 from the 100 patients died of various diseases and
40 from the 2 patients died of non-diseased reasons).

Light microscopic findings

Among the 1 322 lymph nodes sampled from the 100 autopsy
diseased cases, blood containing lymph node sinuses were
found in 809 lymph nodes sampled from 91 cases, whereas
such sinuses couldn’ t be seenin the lymph nodes sampled from
the non-diseased cases. According to the histology, we divided
the blood containing lymph node sinusesinto five categories:
vascular-opening sinus (in 338 lymph nodes from 68 cases),
blood-deficient sinus (in 291 lymph nodes from 69 cases),
erythrophago-sinus (in 344 lymph nodes from 69 cases), blood-
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abundant sinus (in 80 lymph nodes from 34 cases), and
vascular-formative sinus (in 364 lymph nodes from 82 cases).
In the vascular-opening sinus, venules and/or capillariesin the
cortex and medulla extended or opened directly in the lymph
node sinuses. Through the openning, blood could enter into
the sinus (Figure 1). Blood-deficient sinus was defined as a
small quantity of erythrocytes present in the lymph node sinuses
(Figure 2). When erythrocytesin the Snuseswere phagocytosed,
erythrophago-sinus appeared. When the sinusesfilled with blood,
we called it blood-abundant sinus (Figure 3). Vascular-formative
sinuswas defined as vascular formation in the sinuses. We could
see short to long sinuous vascular ditsor vascular channelswith
round or oval contourslined by flat or plump endothelium. The
channelswere either empty or filled with an amorphous lymph-
like materials and some red cells, occasionally they were
markedly engorged with blood (Figure 4).
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Immunohistochemical findings

Immunohistochemical findings showed that the expression of
CD31 was strongly positive in vascular-formative sinuses and
some vascular-opening sinuses while it was faint in blood-
deficient sinuses, erythrophago-sinuses and some vascular-
opening sinuses. It was almost negative in blood-abundant
sinuses and non-blood containing sinuses.

DISCUSSION

One of the most prominent features of the behaviour of
carcinomas is their great tendency to produce secondary
growths in regional lymph nodes. The early lymphatic
metastasis of cancers almost invariably appear in the lymph
nodesin the direction of normal lymph flow and the marginal
sinus is the place where the metastatic growths are initially
situated for the afferent lymphatics of lymph node enter the
marginal sinug*. Asfor the spread of the tumor to the lymph
nodes in the direction contrary to the normal lymph flow or
the lymph nodes far from the primary carcinomas, what is
called skipping metastasis, it has always been convinced to be
the consequence of the cancerous occlusion of the principal
lymphatics; thelymph flow is diverted or sometimes reversed,
into collateral channels passing to neighbouring unaffected
nodes. Skipping metastasis is a pecular kind of lymphatic
metastasis. It was mostly recognised in the metastasis of gastric
cancer to the supraclavicular lymph nodes which could be
found as the earliest clinical symptom®X, There have been
some reports of this condition, but most were concerning with
how to detect the metastasic foci and therelationship with clinical
nodal stage’>*3. Few mentioned the pathogenesis of skipping
metastasis. The presence of previoudy unknown lymphatic tracts
have been reported to explain the phenomenon. The skipping
of intact lymph nodes can also be explained by anatomically
demonstrable intra- and perinodal short circuit connections.
Apart from this, preexisting lymph node changes (silicosis,
fibrosis) also play an important part™.

Blood present in lymph node sinusis a phenomenon that
haven’ t been deeply researched. How the blood entering the
sinus remains to be elucidated™®®. It' swell recognized that
there are two circulations in the lymph node, one is the
lymphatic circulation, the other is the blood circulation. They
could communicate via the high endothelia venules (HEV) in
the paracortex, but it is not certain whether there is some other
pathway for the communication in human lymph node. In 1961,
Pressman and Simon?* devised experimentsin dog to show
that there were some other lymphatic-venous communications
in lymph node. They inferred that the lymph node contained
numerous lymphaticovenous communications between the
lymph node sinuses and the veins. This claim has such far
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reaching implications that the work should be repeated both
in the dog and in other species. When it come to the human
lymph node, the studies of blood containing lymph node sinus
were concentrated on the vascular transformation of sinuses
(VTS) and Hemolymph nodes (HLs).The term VTS was first
coined by Haferkamp et al*® in 1971 for a distinctive benign
vasoproliferative lesion of lymph node, which needed to be
distinguished from Kaposi’ ssarcoma(K S); venous obstruction
was thought to be the underlying mechanism, but it was still
controversial’™®=l, VTSis characterized by conversion of nodal
sinuses into capillary-like channels, often accompanied by
fibrosig?=2, Hemolymph nodes (HL s) were another target for
the study of the communication between lymph circulation
and blood circulation in the lymph node sinuses. HLs are
unique lymph nodes, because their lymphatic sinuses contain
numerous erythrocytes. In 1969, Turner DR reported that
blood entered the sinus through the communication between
venule and sinuses, but it isstill controversial!®#!. From the
above-mentioned phenomenons and the researches, we
hypothesized that the two circulationsin the lymph node could
communicate in the lymph node sinus.

In this study, blood in the lymph node sinuses could be
found frequently in the lymph nodes sampled from the patients
died of disease. The histologic patterns of the changes were
not limited to HLs and VTS. According to the histologic
patterns, the blood containing lymph node sinuseswere divided
into 5 categories. Vascular-opening sinus was characterized
by venules or capillaries stretching into the sinus with blood
in the vascular releasing into the lymph node sinuses (Figurel).
Sothat, it tetified the existence of lymph-venule communication
in human lymph node sinuses. Through the vascular-opening
sinus, blood could enter the lymph node sinuses directly. This
finding wasin accordance with Pressman and Simon?4. Blood
deficient sinus was possibly formed in the early period of the
formation of sinuses containing blood, but the artifact factors
should be excluded (Figure 2). The erythrophago-sinus was
formed as aresult of the phagocytosis of sinus-histocytesin
the sinus. The red cells entered into the sinus were recognised
asforeign bodiesand engulfed by histocytes. When the pressure
in venule increased for the stasis, plenty of red cells could
rush into the sinus and the blood abundant sinus came into
being due to the communication between lymph node sinus
and venule (Figure 3). When the blood kept staying in the
sinuses, an exceptional sinus containing blood -vascular
formative sinusemerged. Thiskind of sinuswas characterized
by vascular formation in the lymph node sinus (Figure 4).

In order to clarify thefeetures of endothelial cdllsof thelymph
node sinus containing blood, monoclone antibody CD31 was used
tolabdl theendothdlial cellsby immunohistochemistry®29, The
expression of CD31 was different in the 5 blood contained
sinuses. It was strongly positive in vascular-formative sinus
and some vascular-opening sinus while it was weak in blood-
deficient Sinus, erythrophago-sinus and some vascular-opening
sinus. It was amost negative in blood-abundant sinus and non-
blood containing sinus. According to the expression of CD31
in different lymph node sinuses, we could speculated that the
endothelial cells might experience the transformation from the
lymph node sinus endothelial cellsto the vascular endothelial
cells. This course may have some connection with the blood
in the sinuses®1. The Prompt recognition of the ultrastructure
and the mechanism of the phenomenon was needed.

Since lymph node sinus is the place where the metastatic
malignant tumor islocated and we found in this sudy that in the
state of disease, there was the communication between lymph
and blood circulationsin the sinus, we specul ated there might be
someinner relationships between lymphatic skipping metastasis
of gagtric cancer and blood containing lymph node sinuses.

Early clinical observations let to the impressions that

carcinomas frequently spread and grew in the lymphatic
system, whereas tumors of mesenchymal origin spread more
frequently by way of the blood stream®, In fact, this division
is arbitrary because these two routes are actually interlinked
and inseperable. Cancer cells may invade the lymphatics
directly or gain access to them via blood vessels. Tumor cells
can readily pass from blood to lymphatic communication via
the interstitial spaces of lymph nodes and other tissues exist.
When tumor cells entered the local blood circulation and was
brought to the distant area, through the communications
between the lymph circulation and the blood circulation in
lymph node sinuses, they could enter the lymph node and stay
inthe lymph node sinuseswhere thefoci of skipping metastatic
tumorsareformed. When thelymph circulation was obstructed,
through the communication, blood metastasis of tumor cell
could also be accelerated.

Although, lymph node sinus containing blood was only
found in the cases died of diseasein our study, it was not certain
if thiskind of lymph node could aso be found in non-diseased
cases, because such cases were limited. Anin-depth study in a
larger cohort of gastric cancer patients is needed to confirm
whether lymph node sinus containing blood isalso very common
in such alived human lymph nodes, and their physiological and
pathological significancein the skipping metastasis.
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Abstract

AlIM: To explore the inhibition of conjugated linoleic acid
isomers in different purity (75 % purity ¢9,t11-, 98 % purity
c9,t11- and 98 % purity t10,c12-CLA) on the formation of
forestomach neoplasm and cheopreventive mechanisms.

METHODS: Forestomach neoplasm model induced by B(a)
P in KunMing mice was established. The numbers of tumor
and diameter of each tumor in forestomach were counted;
the mice plasma malondialdehyde (MDA) were measured
by TBARS assay; TUNEL assay was used to analyze the
apoptosis in forestomach neoplasia and the expression of
MEK-1, ERK-1, MKP-1 protein in forestomach neoplasm were
studied by Western Blotting assay.

RESULTS: The incidence of neoplasm in B(a)P group, 75 %
purity ¢9, t11-CLA group, 98 % purity c9,t11-CLA group
and 98 % purity t10, c12-CLA group was 100 %, 75.0 %
(P>0.05), 69.2 % (P<0.05) and 53.8 % (P<0.05) respectively
and the effect of two CLA isomers in 98 % purity on
forestomach neoplasia was significant; CLA showed no
influence on the average tumor numbers in tumor-bearing
mouse, but significantly decreased the tumor size, the tumor
average diameter of mice in 75 % purity c9,t11-CLA group,
98 % purity ¢9,t11-CLA group and 98 % purity t10, c12-CLA
group was 0.157+£0.047 cm, 0.127+0.038 cm and 0.128%
0.077 cm (P<0.05) and 0.216+0.088 cm in B(a)P group;
CLA could also significantly increase the apoptosis cell
numbers by 144.00+20.31, 153.75+23.25, 157.25+15.95
(P<0.05) in 75 % purity c9,t11-CLA group, 98 % purity c9,
t11-CLA group and 98 % purity t10,c12-CLA group (30.88+
3.72 in BP group); but there were no significant differences
between the effects of 75 % purity ¢9,t11-CLA and two
isomers in 98 % purity on tumor size and apoptotic cell
numbers; the plasma levels of MDA in were increased by
75 % purity ¢9,t11-CLA, 98 % purity c9,t11-CLA and 98 %
purity t10,c12-CLA. The 75 % purity ¢9,t11-CLA showed
stronger inhibition; CLA could also inhibit the expression of
ERK-1 protein and promote the expression of MKP-1 protein,
however no influence of CLA on MEK-1 protein was observed.

CONCLUSION: Two isomers in 98 % purity show stronger
inhibition on carcinogenesis. However, the inhibitory

mechanisms of CLA on carcinogenesis is complicated, which
may be due to the increased mice plasma MDA, the inducing
apoptosis in tumor tissues. And the effect of CLA on the
expression of ERK-1 and MKP-1 may be one of the
mechanisms of the inhibition of CLA on the tumor.

Chen BQ, Xue YB, Liu JR, Yang YM, Zheng YM, Wang XL, Liu
RH. Inhibition of conjugated linoleic acid on mouse forestomach
neoplasia induced by benzo(a)pyrene and chemopreventive
mechanisms. World J Gastroenterol 2003; 9(1): 44-49

http://www.wjgnet.com/1007-9327/9/44.htm

INTRODUCTION

Conjugated linoleic acid (CLA) refers to a group of dienoic
derivatives of linoleic acid that can be found in natural foods,
such as the milk fat and meat of ruminant animals*4. CLA
can also be synthesized in the laboratory and is available
commercially as a dietary supplement and has shown to be
non-toxic®. In several animal experiments, supplementation
of feeding with CLA showed an anticarcinogenic effect against
chemical-induced cancers of the skin, forestomach, colon and
breast®?. Moreover, of theindividual isomersof CLA, c9,t11
isomer has been implicated as most active biologically because
itisthe predominant isomer incorporated into the phospholipids
of cell membrane, however recent evidence showed the t10,
c12-CLA isomer might also exert biological activity"?. To date,
the sample used for animal experiment or cell experiment is
the isomer mixture of conjugated linoliec acid which mainly
containing c9,t11-, t10,c12-, t9,t11-, t10,t12-CLA. Potent
anticarcinogenic effects have been attributed to a synthetic
mixture of CLA containing ¢9,t11- and t9,c11-CLA (43 %)
and t10,c12-CLA (45.3 %)+, For example, CLA used in
Ha sreport contained c9,t11-, t10,c12-, t9,t11-, t10,t12-CLA
which accounted for about 90 % of the material®; Hubbard
applied a mixture of CLA isomerswith 32.5 % c9,t11-CLA
and 32.5%110,c12-CLA isomers making up 66 % to mammary
tumor metastasis'¥, etc. In summary, there were few reports
assessing the effects of CLA monomer on the carcinogenesis
in animal model.

Now the effect of CLA on carcinogenesis had been
confirmed and there were evidences to support CLA action on
the every stage of cancer, including initiation!*>¢, post-initiation
(promoation)*”*¥ progression™ and metastasig'“?22, However
the mechanisms through which CLA inhibits tumorigenesis
are moot. Ha et al!” suggested an antioxidant mechanism;
Schonberg reported that the biochemical mechanisms by which
CLA exerted its anticancer activity possibly including the
formation of cytotoxic lipid peroxidation products, but this
might not be sufficient to explain al the effects of these
naturally occurring isomers of CLA®; |p’ s data showed an
effect on growth and devel opment of certain types of mammary
cellg#9; Reduced formation of carcinogen-DNA adducts had
been implicated*>*¥; Durgam’ s work showed CLA inhibit
cancer by influences on the oestrogen response system!?;
Others suggested inhibition mechanisms of CLA including its
effects on eicosanoid metabolism(?-3Y, apoptosig®23¥, the gene
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expression such as stearoyl-CoA desaturase®*!, PPRAE3,
cyclin A,B(1), D(1) cyclin-dependent kinases inhibitors and
(CDKI)(P16 and P21)1* ect.

I'n our research group, we found that 75 % purity c9,t11-
CLA inhibit cancer incidence by 40 %; at the same time that
98 % purity c9,t11 and t10,c12-CLA showed stronger
inhibition on human gastric cancer (SGC-7901) and breast
cancer cell§yMCF-7)42, Our study was designed to investigate
the inhibition effects of synthetically-prepared individual
isomer of CLA in different purity (75 % purity c9,t11-CLA,
98 % purity ¢9,t11-CLA and 98 % purity t10,c12-CLA) on the
forestomach neolpasiainduced by B(a)P and the mechanism
whereby CLA acted as an anticarcinogen, especially in terms
of lipid peroxidation, apoptosis and MAPK s pathway.

MATERIALS AND METHODS

Material

BP was purchased from Fluka Chemie AG of Switzerland.
Salad oil was purchased from alocal grocery. 75 % purity c9,
t11-CLA, 98 % purity ¢9,t11-CLA and 98 % purity t10,c12-
CLA were provided by Dr. Ruihai Liu at Cornell University.

Treatment of mice (43)

KunMing mice, 6 to 7 wk of age, were purchased from Cancer
Research Ingtitute of HarBin Medical University in China. Two
weeks later the animals were randomized by body weight and
divided into 7 groups (15 mice/group). They were then
subjected to a forestomach tumorigenesis as follows: each
animal except animalsin salad control group wasgiven 0.2 ml
salad oil solution per 20 mg body weight (1 mg BPin 0.2 ml
of salad oil solution) by gavage and animalsin salad control
group were given 0.2 ml salad ail only twice every week for
over after 4 wk. And the following diets were given after 2
weeks of giving BP and continuefor 7 wk (Table 1). Beginning
with the first intubation and continuing thereafter, the body
weight and food intake were recorded twice weekly. All
surviving mice were sacrificed 26 wk after the first dose of BP.

Table 1 The diets given after 2 wk of giving BP

Group diets

Salad oil Control(A)
BP Control(B)
BP+75 % ¢9,t11-CLA(C)

Standard diet+salad oil: fat(salad oil) concentration was 20 %
Standard diet+salad oil: fat(salad oil) concentration was 20 %
Standard diet+salad 0il+75 %c9,t11-CLA:

Fat (salad oil) concentration was 20 %, CLA 0.8 %
Standard diet+salad 0il+98 % c9,t11-CLA:

Fat (salad oil) concentration was 20%, CLA 0.5 %
Standard diet+salad 0il+98 %t10,c12-CLA:

Fat (salad oil) concentration was 20 %, CLA 0.5 %

BP+98 % c9,t11-CLA(D)

BP+98 %t10,c12-CLA(E)

Gross pathology and histopathology

At termination of the study, the forestomach was removed.
Tumor numbersand size were recorded, and then fixed in 10 %
formalin and paraffin-embedded; 4 um sections were cut and
stained with hematoxylin and eosin (HE).

Lipid peroxidation analysis

The TBARS test was used to measure malonaldehyde (MDA).
The mouse plasma MDA levels was determined by TBARS
kits (Jiancheng Biotechnology Institute, NanJing, P.R. China).

Mearsurement of apoptosis cell numbers in forestomach
neoplasm

In situ Cell Death Detection Kit, Fluorescein, were purchased
from Boehringer Mannheim. Briefly, Fixed and permeabilized

apoptotic tissue sections, incubated the tissue section with the
TUNEL reaction mixture containing TdT and fluorescein-
dUTP, detected the incorporated fluorescein with an anti-
fluorescein antibody POD conjugate and at last visualized the
immunocomplex with a substrate reaction were in light
microscope. Theapoptosis cell number was counted in 10° cells.

Protein extract and western blotting

Three mice forestomaches in each group were homogenated
and lysed in RIPA buffer (150 mM NaCl, 0.1 % NP40, 0.5 %
deoxycholic acid, 0.1 % SDS, 50 mM Tris, pH 7.4 ) with
protease inhibitor, leupeptin and aprotinin. Equal amounts of
protein (80 pg/lane) were resolved by SDS-polyacrylamide
gel electrophoresis, transferred onto nitrocellulose membranes,
and immunobloted with an mouse anti-MEK-1, rabbit anti-
ERK-1 and rabbit anti-MKP-1 antibody, then incubated with
horseradish peroxidase secondary antibodies. Immunoreactive
bands were detected using DAB (diaminobenzidine
tetrahydrochloride) substrate and analyzed with a
Chemilmager™ 4 000 Low Light Imaging System (Alpha
Innotech Corporation, at the same time used GAPDH as house-
keeping protein.

RESULTS

Establishment of mouse forestomach model

Figure 1(A) showed the normd forestomach with smooth surface
and without tumor. However, the white-yellow cauliflower-like
neoplasiain different size appeared in the forestomach of mice
induced B(a)P(Figure 1B,C). The ructure of mouse forestomach
in Figure 2(A) was normal and sgquamous epithelial cells and
glandular epithelium cdllswerein order; The pathologicd andysis
of B(a)P-induced forestomach neoplasia showed atypical
hyperplasiain Figure 2(B) with stratified squamous epithelium
excessively cornified, with focal proliferative basal cells and
hypertrophic echinocyte; The basal cells, proliferating actively
and out of order, grew through basement membrane and devel oped
carcinomain situ (Figure 2C).

Effect of CLA on forestomach neoplasia

The effect of CLA on BP-induced neoplasiaof the forestomach
in female KunMing micewas shown in Table 2. The incidence
of the tumor and average diameter of tumor in 98 % purity c9,
t11-CLA group and 98 % purity t10,c12-CLA group were
significantly lower than that in B(a)P group (P<0.05). 75 %
Purity ¢9,t11-CLA only decreased the tumor incidence which
was no significant (P>0.05), but its influence on the average
diameter being significant (P<0.05). The average tumor
number of each tumor-bearing mouse showed no statistical
significance (P>0.05).

Table 2 Inhibition of BP-induced forestomach neoplasia in
female KunMing mice by CLA

No. of mice Total Tumor  Tumors/ Diameter/
Group (No.of tumor number incidence tumor- tumor
-bearing mice) of tumors (%) bearing mouse® (CVM)
/treatment
A 14(0) 0 0 0 0
B 12(12) 31 100 2.58+0.90 0.216+0.088
C 12(9) 23 75.02 2.56%0.73 0.157+0.047¢
D 13(9) 22 69.20¢ 2.44+0.53 0.127+0.038¢
E 13(7) 21 53.80¢ 3.00+0.58 0.128+0.077¢

2P>0.05 compared to the group B; °P<0.05 compared to the group B;
°P>0.05 compared to the group C; 9P>0.05, ¢P<0.05 compared to the
group B
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3A

Figure 1 The establishment of mouse neoplasia model induced by B(a)P. (A): normal forestomach; (B, C): forestomach neoplasia.
Figure 2 The pathological analysis of mouse forestomach. (A): normal forestomachx10; (B): Atypical hyperplasiax10; (C): Carci-

noma in situx4.

Figure 3 Apoptosis induced by CLA in mice forestomach. (A or B): there were few apoptotic cells in group A and B; (C): the

apoptosis induced by CLA. Arrow showed apoptotic cellsx40.

Analysis on lipid peroxidation

The plasma levels of MDA measured by the TBARS assay
increased in mice treated by 75 % purity c9,t11-CLA, 98 %
purity c9,t11-CLA and 98 % purity t10,c12-CLA (P<0.05).
Moreover, 75 % purity c9,t11-CLA were more effective than
purity 98 % c9,t11-CLA and 98 % purity t10,c12-CLA.

Table 3 The effects of CLA on mouse plasma lipid peroxidation

Group MDA in plasma(nmol/L)
A 9.995+1.634
B 9.937+1.854
C 17.6684.610%°
D 14.005+4.116°
E 13.303+3.593%

3P<0.05 compared to the group A, B; °P<0.05 compared to the
group D, E.

The effect of CLA on apoptosis in forestomach neoplasia
Figure 3 showed the apoptosisin forestomach neoplasia. Table
4 showed that 75 % c9,t11-CLA, purity 98 % c9,t11-CLA and
98 % purity t10,c12-CLA can significantly induce apoptosis
but with no statistical difference (P<0.05).

Table 4 The effects of CLA on apoptosis in mice stomach(10° cells)

Group Apoptotic cell numbers
A 42.63+6.02
B 30.88+3.72
C 144.00+20.312
D 153.75+23.252
E 157.25+15.952

3P<0.01 compared to the group A, B.

The effect of CLA on the MAPKs pathway
Figure4, 5, 6 showed that 98 % purity t10,c12-CL A decreased
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the expression of MEK-1 protein, but no influence was observed
in mice treated by 75 % purity c9,t11-CLA and 98 % c9,t11-
CLA. The expression of ERK-1 protein in 75 % purity c9,t11-
CLA group, 98 % purity c9,t11-CLA group and 98 % purity
t10,c12-CLA group wasinhibited significantly, and 98 % purity
c9,t11-CLA and 98 % purity t10,c12-CLA showed more
effective than 75 % purity ¢9,t11-CLA. The expression of
MKP-1 was increased in mice treated by 75 % purity c9,t11-
CLA, 98 % purity c9,t11-CLA and 98 % purity t10,c12-CLA.

E D C B A

GAPDH

Figure 4 The effect of CLA on the expression of MEK-1 protein.

A B C D E

GAPDH

Figure 5 The effect of CLA on the expression of ERK-1 protein.

A B C D E

GAPDH o T

43kD -

Figure 6 The effect of CLA on the expression of MKP-1 protein.

DISCUSSION

To date, al of the in vivo work with CLA has been done with
acommercia freefatty acid preparation containing a mixture
of ¢9,t11-, t10,c12-, c11, t13-isomers, although food CLA is
predominatly the c9,t11-isomer present in triacylglycerols (80-
90 %). Ha et al reported that dietary mixture of ¢9,t11-CLA,
t10,c12-CLA, t9,t11-CLA and t10,t12-CLA significantly
decreased the incidence of mouse neoplasm induced B(a)P
(up to 20 %)™, In DMBA-induced mammary adenocarcinoma
model, theincidencein micetreated with dietary 0.05 %, 0.1 %,
0.25 %, 0.5 % CLA isomer mixture was 58 %, 42 %, 34 %,
36 %, respectively (that of the control was 56 %). In this
study, we found that the incidence in mice fed with diet
containing 75 % purity ¢9,t11-CLA(75 %), 98 % purity c9,
t11-CLA(69.2 %), 98 % purity t10,c12-CL A(53.8 %) had been
decreased, moreover, 98 % purity isomers showed significant
influencesin the inhibition of carcinogenesis; although 75 %
purity c9,111-CL A decreased tumor incidencewith no statistical
significance, it till significantly decreased the tumor size; all
of which suggested that the effect of CLA on carcinogenesis
waspossibly related to the CLA purity. In addition, the different
isomers of CLA in different purities decreased the average
diameter of the tumors, but no influence was observed in

average tumor numbers of each tumor-bearing mouse, which
might be one of characteristics of the inhibition of food
components on carcinogenesis.

Lu reported that arachidonic acid and linoleic acid may
promote HSC proliferation, but increased concentration can
be cytotoxic to HSC*I. Asone of the positional and structural
isomer of linoleic acid, more interests in conjugated linoleic
acid promoting oxidation in cancer cellswere paid upon. The
study resultsin Stanton’ s group showed that CLA could make
breast cancer cell more susceptible to lipid peroxidation,
moreover, the extent of lipid peroxidation of CLA treated cells
was related to CLA-induced cytotoxicity against cancer cell
lines. At the same time, they found that milk fat triglyceride-
bound CLA, consisting primarily of the c9,t11 isomer, was
also cytotoxic towards MCF-7 cellg*47, In our study, 75 %
purity ¢9,t11-CLA, 98 % purity c9,t11-CLA and 98 % purity
t10,c12-CLA increased the levels of MDA in mouse plasma
and 75 % purity c9,t11-CLA was most effective, but 75 %
purity c9,t11-CLA did not show strongest inhibition of
carcinogenesis, which suggested that the cytotoxic effect of
lipid peroxidation to tumor cells might be one of mechanismsby
which CLA exerted itsbiochemical activity. And Schonberg also
reported that the formation of MDA induced by 40 ymol- L
CLA in lung adenocarcinoma cell lines was completely
abolished by 30 microM vitamin E, but the growth rates were
only partially restored, which indicated that cytotoxic lipid
peroxidation products were only in part responsible for the
growth inhibitory effects of CLAR4, Furthermore, the lipid
peroxidation product induced played important role in
apoptosis*®, We found that purity 75 % c9,t11-CLA, purity
98 % ¢9,t11-CLA and 98 % purity t10,c12-CLA induced
significant apoptosis cells in forestomach neoplasia, but there
were no differences between 75 % purity ¢9,t11-CLA group,
98 % purity c9,t11-CL A and 98 % purity t10,c12-CLA groups.
The MAPK family consists of at least three different
subgroups which include: ERKs, INKs (SAPKs), and p38
MAPK kinase“**%3, The Ras-Raf-M EK 1/2-ERK 1/2 pathway
has been explained more clearly. Lavoie found that the
transcription of cyclin D1 requires the long-term activation of
ERK, which suggeststhat ERK can regulate cell cycle. In one
report, there is a homeostasis between INK/SAPKs and ERK
systems: when ERK cascade is predominant in lymphocyte,
cellswill proliferate; by contraries, INK/SAPK cascade will
activate cell apoptosig®. It isfound that the abnormalities of
Ras/Raf/MAPK cascade reaction may contribute to malignant
transformation of hepatocytesand activation of MAPK proteins
may be an early event in hepatocellular carcinogenesis®™. In
summary, The activation of Ras-Raf-MEK-ERK can promote
cell proliferation and inhibit cell apoptosis. In addition, The
product of the immediate early gene MAP kinase phosphatase
(MKP-1), is able to dephosphorylate phosphoserine/threonine
aswell as phosphotyrosine residues, and shows selectivity for
ERKs 1 and 2 invitro, with lower activity toward other MAP
kinases such as JNK and P38 MAP kinasel*®. MKP-1
inactivates ERK following growth factor stimulation in intact
cellsand al so suppresses signaling downstream of ERK at the
level of gene transcription and proliferation®!, most likely
through itsinhibitory effects on MAP kinase. In our study, we
found that CLA could inhibit the expression of ERK-1 protein,
and at the same time inactivate the ERK-1 by increasing the
expression of MKP-1, which might be one of mechanisms of
CLA anticarcinogen.

In summary, it is confirmed that CLA shows inhibition on
forestomach neoplasia induced by B(a)P, which is possibly
related with CLA purity. Although the inhibition of different
isomers (c9,t11- and t10,c12-CLA) on carcinogenesis is
different, they show no significant difference. Moreover, the
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inhibition mechanism of CLA is complicated and difficult to
be explained by an mechanism.
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Abstract

In the past few years, a variety of extradigestive disorders,
including cardiovascular, skin, rheumatic and liver diseases,
have been associated with Helicobacter pylori (H. pylori)
infection. The activation of inflammatory mediators by H. pylori
seems to be the pathogenetic mechanism underlying the
observed associations. The present review summarizes the
current literature, including our own studies, concerning the
association between H. pylori infection and respiratory diseases.

A small number of epidemiological and serologic, case-
control studies suggest that H. pylori infection may be
associated with the development of chronic bronchitis. A
frequent coexistence of pulmonary tuberculosis and H. pylori
infection has also been found. Moreover, recent studies have
shown an increased H. pylori seroprevalence in patients with
bronchiectasis and in those with lung cancer. On the other
hand, bronchial asthma seems not to be related with H. pylori
infection.

All associations between H. pylori infection and respiratory
diseases are primarily based on case-control studies,
concerning relatively small numbers of patients. Moreover,
there is a lack of studies focused on the pathogenetic link
between respiratory diseases and H. pylori infection.
Therefore, we believe that larger studies should be
undertaken to confirm the observed results and to clarify
the underlying pathogenetic mechanisms.
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INTRODUCTION
Helicobacter pylori (H. pylori) isadow-growing, microaerophilic,
gram-negative bacterium, whose most striking biochemical
characterigtic isthe abundant production of urease. Thisbacterium
colonizes gastric mucosa and €licits both inflammatory and
immune lifelong responses, with release of various bacteria
and host-dependent cytotoxic substances!¥. Pathological
studies and extensive clinical trials, carried out in the past few
years, have proved the causative role of H. pylori in the
devel opment of chronic gastritig? and peptic ulcer disease®.
It seemsthat this bacteriumisaso causally related to low-grade
B-cell lymphoma of gastric mucosa-associated-lymphoid-tissue
(MALT-lymphoma)¥. Moreover, H. pylori infection has been
established as arisk factor for the development of both diffuse
and intestinal types of gastric cancer!®,

Recent studies suggest an epidemiological association

between H. pylori infection and several extragastroduodenal
pathologies, including cardiovascular, skin, rheumatic and liver
diseases (Table 1)1, Unfortunately, such epidemiological
studies areinfluenced by awide variety of confounding factors,
i.e. socioeconomic status, time of acquisition of the infection,
presence of different bacterial strains and previous antibiotic
therapy. However, according to many authors, the observed
associations might be true and explained by arole of H. pylori
infection in the pathogenesis of certain extradigestive disorders.
It is well known that H. pylori colonization of the gastric
mucosa stimulates the release of various proinflammatory
substances, such as cytokines, eicosanoids and proteins of the
acute phase®®. Moreover, a cross mimicry between bacterial
and host antigens exists in H. pylori infected patients®.
Therefore, a pathogenetic link between H. pylori infection and
diseases characterized by activation of inflammatory mediators
and/or induction of autoimmunity might exist.

Chronic inflammation and increased immune response
have been observed in a variety of respiratory diseases,
including chronic bronchitisi***4 and bronchiectasisi*?.
Moreover, both chronic obstructive pulmonary disease*** and
pulmonary tuberculosig®® are more prevalent in peptic ulcer
patients than in the general population. Based on these facts,
many recent studies have focused on the potential association
between H. pylori infection and various respiratory disorders.
Table 2 summarizes those respiratory diseases whose relation
with H. pylori infection has been studied in the literature.

The aim of the present report isto provide acritica review of
the current literature, including our own studies, as regards the
association between H. pylori infection and respiratory diseases.

Table 17 Extradigestive diseases associated with H. pylori
infection

Vascular diseases
Ischaemic heart disease
Primary Raynaud’s phenomenon
Primary headache
Skin diseases
Idiopathic chronic urticaria
Rosacea
Alopecia areata
Autoimmune diseases
Sjogren’s syndrome
Autoimmune thyroiditis
Autoimmune thrombocytopenia
Schoenlein-Henoch purpura
Other diseases
Liver cirrhosis
Growth retardation
Chronic idiopathic sideropenia
Sudden infant death
Diabetes mellitus

Table 2 Respiratory diseases studied for a relatioship with
H. pylori infection

Chronic bronchitis
Pulmonary tuberculosis
Bronchiectasis
Lung cancer
Bronchial asthma
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HELICOBACTER PYLORI INFECTION AND CHRONIC
BRONCHITIS

Chronic bronchitisis a pulmonary disease characterized by,
primarily irreversible, airflow obstruction due to the chronic
inflammation of the small airways. The presence of airflow
obstruction that is not fully reversible is confirmed by
spirometry (postbronchodilator FEV 1<80 % of the predicted
value, in combination with an FEV 1/FVC<70 %). Although
its true prevalence remains unknown, it is estimated that
approximately 12.5 million personsin the United States suffer
from chronic bronchitig?®.,

Chronic bronchitis had been associated with gastroduodenal
ulcer many years before theidentification of H. pylori infection
as a cause of peptic ulcer disease. Three epidemiological
studies, carried out between 1968 and 1986, showed that the
prevalence of chronic bronchitisin peptic ulcer patients was
increased two-to-three fold compared with that in ulcer-free
controlg*3417 Moreover, afollow-up study demonstrated that
chronic bronchitis was amajor cause of death among patients
with peptic ulcer disease®d.

The reported association between these two diseases was
originaly attributed to the known role of cigarette smoking as
an independent factor in both ulcerogenesis and devel opment
of chronic bronchitis. However, in 1998, Gaseli and colleagues
carried out a prospective pilot study in a sample of 60 Italian
patients with chronic bronchitis and found an increased
seroprevalence of H. pylori infection compared to that detected
in 69 healthy controls (81.6 % versus 57.9 % respectively,
P=0.008). In this study, the odds ratio for chronic bronchitis
in the presence of H. pylori infection, calculated after
adjustment for age and social status, was 3.4, These results
suggested, for the first time, that H. pylori infection per se
might be related to an increased risk of developing chronic
bronchitis. Two years later, alarge epidemiological study in
3608 Danish adults showed that chronic bronchitis might be
more prevalent in H. pylori 1gG seropositive women than in
uninfected ones (oddsratio 1.6, with a95 % confidenceinterva
of 1.1-2.5)29, |n order to further investigate the reported
association between H. pylori infection and chronic bronchitis,
we recently performed a case-control study in a cohort of 144
Greek patients with chronic bronchitis and 120 control
subjects. Our results were in accordance with those of Gaselli
and associates, aswe also found that H. pylori seropositivity in
patients was significantly higher than that in controls (83.3 %
vs 60 %, P=0.007)!?1.

The mechanisms underlying the suggested association
between H. pylori infection and chronic bronchitis remain
unclear. This association might reflect either susceptibility
induced by common factors or a kind of causal relationship
between these two conditions. It iswell known that age, sex
and socioeconomic status are related with both H. pylori
infection!™ and risk of developing chronic bronchitisi®.
However, in all mentioned studies above patientswith chronic
bronchitis were well matched with control subjects for these
parameters. Tobacco use could be another confounding factor.
Cigarette smoking is the major cause of chronic bronchitig?.
On the other hand, data on the relation between H. pylori
infection and smoking habitsare controversial. The prevalence
of H. pylori infection in smokers has been variously reported
as low?d, normal®, and hight®. As the relation between
smoking and H. pylori infection has not been clarified yet, the
possibleimpact of cigarette smoking on both chronic bronchitis
and H. pylori infection should be regarded as a potential
limitation of the reviewed studies.

Unfortunately, there are no studiesin the literature focused
on the potential aetio-pathogenetic role of H. pylori infectionin
chronic bronchitis. Some authors hypothesized that the chronic

activation of inflammatory mediators induced by H. pylori
infection might lead to the development of a non-specific
inflammatory process, such as chronic bronchitig'®2, It iswell
known that H. pylori and particularly those strains bearing the
cytotoxin associated gene-A (cagA positive strains), stimulates
therelease of avariety of proinflammatory cytokines, including
interleukin-1 (IL-1), IL-8 and tumour necrosis factor-al pha®2!,
The eradication of H. pylori leads to normalization of serum
cytokines level g7, Recent studies showed that the same
cytokines might be released during the course and exacerbations
of chronic bronchitig**1*?, The underlying mechanisms, which
induce and control this inflammatory process in chronic
bronchitis, are still unclear. Therefore, we could hypothesize
that H. pylori infection might play a proinflammatory role and
co-trigger chronic bronchitis with other more specific
environmenta, genetic and unknown yet factors.

In conclusion, the primary evidence for an association
between H. pylori infection and chronic bronchitis rests on
serologic, case-control studies. Studies estimating the relative
risk of developing chronic bronchitis for H. pylori infected
patients and the effect of H. pylori eradication on the natural
history of chronic bronchitis should be undertaken. The
pathogenetic mechanismsunderlying this association need also
further evaluation. Future studies concerning this aspect should
be focused on the prevalence of cagA positive Helicobacter
strains and their induced proinflammatory markers, in patients
with chronic bronchitis.

HELICOBACTER PYLORI INFECTION AND PULMONARY

TUBERCULOSIS

Tuberculosis (TB) is a chronic bacteria infection caused by
Mycobacterium tuberculosis and characterized by the
formation of granulomas in infected tissues and by cell-
mediated hypersensitivity. The lungs are primarily infected.
However, any other organ may be involved. Although thereis
alack of epidemiological evidence concerning the worldwide
prevalence of TB, it has been estimated that one third of the
world population isinfected with Mycobacterium tuberculosis
and there are ten million new cases of active TB each year.
The vast majority of them occur in the devel oping countries,
where TB remains a common health problem(®,

In 1992, Mitchell et al carried out alarge cross-sectional
study concerning the H. pylori epidemiology in a southern
Chinapopulation. They found that a history of pulmonary TB
might be associated with an increased prevalence of H. pylori
infection®. More recently, Woeltje et al assessed the
prevalence of tuberculin skin test (TST) positivity in a cohort
of 346 newly hospitalized patients. A history of peptic ulcer
disease was one of the identified risk factors for a positive
TST test (odds ratio: 4.53, P=0.017)Y, In order to further
investigate the possible association between pulmonary TB
and H. pylori infection, Sanaka et al performed, in 1998, a
serologic case-control study in a hospitalized population. No
differencein H. pylori seropreval ence among 40 inpatients on
antituberculosis chemotherapy for less than three months, 43
TB patients on chemotherapy for more than three months and
60 control subjects was detected (73.3 %, 65 % and 69.8 %
respectively, P>0.5 in all comparisons)i®3. However, in this
study the eradication of H. pylori by antituberculosis drugs
could not be excluded. Rifampicin and Streptomycin, two drugs
commonly used in antituberculosis regimens, are effective
against H. pylori and decrease in H. pylori seroprevalence
during antituberculosis therapy has been reported!®=4,
Therefore, we recently carried out acase-control study focused
on the seroprevaence of H. pylori in TB patients, before the
initiation of antituberculosistreatment. A total of 80 TB patients
and 70 control subjects, well matched for age, sex and social
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satus, were recruited into thisstudy. Wefound that the H. pylori
seropositivity in the TB group was significantly higher than
that of controls (87.5 % vs 61.4 %, P=0.02). The mean serum
concentration of 1gG antibodies against H. pylori was also
significantly higher in TB patients than in control subjects
(39.0+25.2 U/ml vs 26.14+21.2 U/ml, P=0.001)%!,

Taken together, data in the literature on the relationship
between H. pylori infection and pulmonary TB are still
insufficient. The observed frequent coexistence of both
infections must be confirmed in alarger number of patients.
This coexistence might reflect susceptibility to both H. pylori
and Mycobacterium tuberculosis induced by common host
genetic factors. It has been suggested that HLA-DQ serotype
may contribute to enhanced mycobacterial survival and
replication®!, Recent studies showed that the same serotypeis
also associated with increased susceptibility to H. pylori
infection®”*¥. Poor socioeconomic and sanitary conditions
during childhood could be another factor responsible for the
association between the two infections, asit is well known
that in developing countries acquisition of both H. pylori and
Mycobacterium tuberculosisoccursearly inlife**4%, Therefore,
we believe that studies focused on the common, either genetic
or environmental, predisposition to both bacteria are needed.

HELICOBACTER PYLORIINFECTION AND BRONCHIECTASIS

Bronchiectasis is an abnormal and permanent dilation of
bronchi, due to inflammation and destruction of the structural
components of the bronchial wall. Persistent or recurrent cough,
purulent sputum production and/or hemoptysis are symptoms
presented during the clinical course of this disorder. A wide
variety of respiratory infections, toxic substances and rare
congenital syndromes are associated with the development of
bronchiectasis. However, a great percentage of cases are of
unknown cause*Y,

In 1998, Tsang et al found that the H. pylori seroprevalence
in 100 patients with bronchiectasis (76 %) was higher than
that in the controls (54.3 %, P=0.001). Further analysisin
studied patients revealed an association between H. pylori
seropositivity and 24-hours sputum volume (P=0.03)“2,

As far as we know, the study of Tsang et al is the only
report in the literature concerning the association between
H. pylori infection and bronchiectasis. The authors hypothesi zed
that the spilling or inhalation of H. pylori into the respiratory
tract might lead to a chronic bronchial inflammatory disorder
such as bronchiectasis. However, although H. pylori has been
identified in the tracheobronchial aspiratesin mechanically
ventilated patientd*d, neither identification in human bronchial
tissue nor isolation from bronchoalveolar lavage (BAL) fluid
have been achieved yet!. On the other hand, recent studies
have shown that inflammation in bronchiectasisis primarily
cytokine-mediated*>*, Therefore, the activation of systemic
inflammatory mediators by chronic H. pylori infection could
represent apossible pathogenetic link between thesetwo diseases.

In conclusion, the possible association between H. pylori
and bronchiectasis seems intriguing and might have a
pathogenetic basis. However, studiesin larger seriesare needed
to confirm this association and to clarify the underlying
mechanisms. As pulmonary TB is a common cause of
bronchiectasis, we believe that the increased prevalence of
H. pylori infection in TB patients should be taken into account
in the design of these future studies.

HELICOBACTER PYLORI INFECTION AND OTHER
RESPIRATORY DISEASES

Lung cancer A recent study showed a higher H. pylori
seropreval ence (89.5 %) among 50 patients with lung cancer
than that in control subjects (64 %, P<0.05). The CagA strain

seropositivity was about thrice as high asin controls. (63 % vs
21.5 % respectively, P<0.05). Lung cancer patients were
characterized by a significant increase of gastrin concentration
in both serum and bronchoalveolar lavage (BAL). An enhanced
m-RNA expression for gastrin and its receptor, as well asfor
cyclooxygenase (COX)-2, in thetumor tissue was al so detected.
Therefore, the authors hypothesized that H. pylori might
contribute to lung carcinogenesis, via enhancement of gastrin
synthesis. Gastrin might induce increased mucosal cell
proliferation of bronchial epithelium and lead to atrophy and
induction of COX-2, asit happensin gastric cancer. Finally,
the authors proposed that H. pylori should be eradicated in
lung cancer patients, in order to reduce the H. pylori provoked
hypergastrinemia and COX-2 expression*l,

Chronic bronchitis, which is associated with both lung
cancer and H. pylori infection, might be a confounding factor
in this study. Moreover, although some authors have also
showed an increased gastrin concentration in serum and BAL
fluid in lung cancer patientg*4™, others did not confirm this
finding“®. Therefore, we believe that before adapting the
H. pylori eradication in lung cancer patients, further studies
are needed to examine whether the reported epidemiological
associ ation between these two diseases has a pathogenetic basis.
Bronchial asthma In 2000, Tsang et al estimated the prevalence
of H. pylori infection in a cohort of 90 patients with bronchial
asthma. Helicobacter pylori seroprevalence did not differ
significantly between asthmatic and control subjects (47.3 %
vs 38.1 %, P>0.05), while serum concentration of 1gG
antibodies against H. pylori did not correlate with spirometric
values and duration of asthma. The authors concluded that
bronchial asthma might not be associated with H. pylori
infection'*?. Moreover, as far as we know there isalack of a
theoretical hypothesis that might explain a possible association
between these two diseases. Therefore, we believe that our
knowledge on the association between H. pylori infection and
respiratory diseasesisunlikely to be advanced by more studies
concerning the prevalence of H. pylori infection in patients
with bronchial asthma.

CONCLUSIONS-FUTURE CHALLENGES

At present, the primary evidence for alink between H. pylori
infection and respiratory diseasesrests on case-control studies,
concerning relatively small numbers of patients. Future studies
should be large enough for moderate-sized effects to be
assessed or registered reliably. The activation of inflammatory
mediators by H. pylori infection might be the pathogenetic
mechanism underlying the observed associations. Therefore,
the role of genetic predisposition of the infected host, the
presence of strain-specific virulence factors and the serum
concentration of proinflammatory markersin H. pylori infected
patients with respiratory diseases needs further evaluation.
Finally, randomized control studies should be undertaken, in
order to clarify the effect of the H. pylori eradication on the
prevention, development and natural history of these disorders.
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Abstract

AlM: To identify a molecular marker for gastric cancer, and
to investigate the relationship between the polymorphism
of pepsinogen C (PGC) gene and the genetic predisposition
to gastric cancer.

METHODS: A total of 289 cases were involved in this study.
115 cases came from Shenyang area, a low risk area of
gastric cancer, including 42 unrelated controls and 73 patients
with gastric cancer. 174 cases came from Zhuanghe area, a
high-risk area of gastric cancer, including 113 unrelated
controls, and 61 cases from gastric cancer kindred families.
The polymorphism of PGC gene was detected by polymerase
chain reaction (PCR) and the relation between the genetic
polymorphism of PGC and gastric cancer was examined.

RESULTS: Four alleles, 310bp (allele 1), 400bp (allele 2),
450bp (allele 3), and 480bp (allele 4) were detected by
PCR. The frequency of allele 1 was higher in patients with
gastric cancer than that in controls. Genotypes containing
homogenous allele 1 were significantly more frequent in
patients with gastric cancer than that in controls (0.33, 0.14,
c2=3.86, P<0.05). There was no significant difference
between the control group of Zhuanghe and the group of
gastric cancer kindred. But the frequency of allele 1 was
higher in control group of Zhuanghe area than that in control
group of Shenyang area and genotypes containing
homogenous allele 1 were significantly more frequent in
the control group of Zhuanghe area than those in control
group of Shenyang area (0.33, 0.14, ¢?=4.32, P<0.05). In
the group of gastric cancer kindred the frequency of allele 1
was significantly higher than that in control group of
Shenyang area (0.5164, 0.3571, c?=4.47, P<0.05).
Genotypes containing homogenous allele 1 were significantly
more frequent in the group of gastric cancer kindred than
those in control group of Shenyang area (0.36, 0.14, c?=4.91,
P<0.05).

CONCLUSION: These results suggest that there is some
relation between pepsinogen C gene polymorphism and
gastric cancer, and the person with homogenous allele 1
predisposes to gastric cancer than those with other
genotypes. Pepsinogen C gene polymorphism may be used
as a genetic marker for a genetic predisposition to gastric

cancer. The distribution of pepsinogen C gene polymorphism
in Zhuanghe, a high-risk area of gastric cancer, is different
from that in Shenyang, a low risk area of gastric cancer.

Liu HJ, Guo XL, Dong M, Wang L, Yuan Y. Association between
pepsinogen C gene polymorphism and genetic predisposition
to gastric cancer. World J Gastroenterol 2003; 9(1): 50-53
http://www.wjgnet.com/1007-9327/9/50.htm

INTRODUCTION

Gastric cancer isthe second most common cancer in theworld.
Especially in China and other eastern Asian countries, the
mortality of gastric cancer is till in the leading status of all
cancers. The 5-year survival rate of gastric cancer islow, and
identification and a better control of risk factors seem to be
the most effective means of prevention. It was showed that
many factors were ascribing to the cause of gastric cancer,
including the living habit, nutrition**, microbe*®, and genetic
predisposition’%. Recently, following the primary completion
of Human Genome Project, the association of genetic
polymorphisms with diseases came to the study frontierl*-24,
Genetic polymorphisms are defined as variations in DNA that
are observed in 1 % or more of the population. The study of
genetic polymorphisms promisesto hel p define pathophysiologic
mechanismg*>9, to identify individuals at risk for diseasg*’¥
and to suggest novel targets for drug design and treatment(2>24,

Pepsinogen C (PGC), also known as progastricsin, is the
precursor of pepsin C or gastricsin. PGC can be detected
throughout the stomach and proximal duodenum from the
period of late infant stages to adult. Therefore it is also
considered to be a mature marker of stomach cells?. PGC
consists of two electrophoretic isozymogens?!. No genetic
variation was reported at the protein level. At the DNA level,
however, an about 100bp insertion-del etion polymorphism was
observed between exon 7 and exon 8 with several restriction
enzymes. The polymorphism in PGC gene locus can be
identified by both Southern blot and PCR methods.

In this study, we analyzed the PGC gene polymorphism of
patients with gastric cancer and members with gastric cancer
family history, and then examined the associ ation between PGC
gene polymorphism and gastric cancer.

MATERIALS AND METHODS

Patients

A total of 289 cases were involved in this study. 42 cases as
health control came from the Blood Bank of the First Affiliated
Hospital, China Medical University, whose health condition
were checked up before blood was collected. 73 gastric cancer
patients came from the Department of Oncology. 174 cases
came from Zhuanghe, an area with high gastric cancer
mortality, in the eastern Liaoning Province, Chinaas described
previoudy'?", including 61 members from seven gastric cancer
kindred families and 113 health controls whose family do not
have gastric cancer history. In every gastric cancer kindred, at
least two persons of the family are gastric cancer patients.
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Analysis of PGC gene polymorphism

The genomic DNA from peripheral blood was amplified by
PCR. The primers used were: upstream, 5’ -
AGCCCTAAGCCTGTTTTTGG-3' ; and the downstream, 5' -
GGCCAGATCTGCGTGTTTTA-3' . The reaction mixture
including 32.15pmol of each primer was subjected to 5 minutes
at 95 °'C; 35 cyclesof oneminuteat 94 °C,oneminuteat 57 °C,
one minute at 72 “C; with afinal extension at 72 °C for 5
minutes. The amplification reaction proceeded in a
thermocycler (PE-9 600). 12 m of reaction mixture (50 m in
total volume) underwent electrophoresisin 2 % agarose gel,
and the gel was stained with ethidium bromide.

Statistical analysis

The association between the polymorphism of PGC gene and
gastric cancer was tested using c? test, with significance
assigned to values below P<0.05.

RESULTS

Detection of PGC gene polymorphism

After PCR, four aleleswith different sizewere obtained: 310bp
(alele 1), 400bp (alele 2), 450bp (allele 3), and 480bp (allele
4) (Figure 1). These results showed alittle difference from the
data showed by Southern blot, which demonstrated two
different alleles (3.5kb and 3.6kb). According to the study of
Ohtaki et al., the 400bp, 450bp and 480bp of the PCR products
correspond to the 3.6kb, and the 310bp correspond to 3.5bp of
EcoRI fragmentsin Southern blot 23,

123456 7809

Figure 1 Analysis of PCR products. 1: The standard of molecule
(174 Hincll); 2-9: Genotype of samples--450bp/480bp; 310bp/
310bp; 450bp/480bp; 310bp/310bp; 310bp/400bp; 400bp/
480bp; 310bp/480bp; 310bp/310bp.

Distribution of PGC gene polymorphism

Ten different genotypes were obtained from the four aleles.
Table 1 showed the distribution of these ten genotypes of PGC
gene polymorphism in gastric cancer patients, members of
gastric cancer kindred, health controls of Shenyang and
Zhuanghe areas. Table 2 showed an estimated frequency of
the four allelesin the four groups, and Table 3 showed the
distribution of allele 1 homogenotype in above four groups.
The frequency of allele 1 was higher in patients with gastric
cancer than that in controls of Shenyang. Genotypes containing
homogenous allele 1 were significantly more frequent in
patients with gastric cancer than those in controls of Shenyang
(P<0.05). In the group of gastric cancer kindred the frequency
of alele 1 was significantly higher than that in control group
of Shenyang area (P<0.05). Genotypes containing homogenous
alele 1 were significantly more frequent in the group of gastric
cancer kindred than those in control group of Shenyang area
(P<0.05). Thefrequency of allele 1 washigher in control group

of Zhuanghe area than that in control group of Shenyang area
and genotypes containing homogenous allele 1 were
significantly more frequent in the control group of Zhuanghe
area than those in control group of Shenyang area (P<0.05).
Therewas no significant difference between the control group
of Zhuanghe area and the group of gastric cancer kindred.

Table 1 The distribution of genotypes of PGC gene polymor-
phism in health control, gastric cancer patients, and gastric
cancer kindred group

Genotypes  Controls Gastric Controls Gastric cancer

(Shenyang) cancer patients (Zhuanghe) kindred
1:1 6(0.14) 24(0.33) 37(0.33) 22(0.36)
1:2 10(0.24) 10(0.14) 9(0.08) 13(0.21)
1:3 7(0.17) 4(0.05) 14(0.12) 4(0.07)
1:4 1(0.02) 1(0.01) 9(0.08) 2(0.03)
2:2 4(0.10) 8(0.11) 10(0.09) 7(0.11)
2:3 5(0.12) 8(0.11) 9(0.08) 5(0.08)
2:4 1(0.02) 1(0.01) 13(0.12) 1(0.16)
3:3 2(0.05) 10(0.14) 2(0.02) 3(0.05)
3:4 3(0.07) 5(0.07) 8(0.07) 3(0.05)
4:4 3(0.07) 2(0.03) 2(0.02) 1(0.16)
Total 42 73 113 61

Table 2 The frequency of four alleles of PGC gene polymor-
phism in health control, gastric cancer patients, and gastric
cancer kindred group

Alleles of PGC gene polymorphism

1(310bp) 2(400bp) 3(450bp) 4(480bp)

Controls (Shenyang) 42 0.3571 0.2857  0.2262 0.1310
Gastric cancer patients 73 0.4315 0.2397 0.2534 0.0753
Controls (Zhuanghe) 113 0.4663 0.2389  0.1549 0.1504
Gastric cancer kindred 61 0.5164% 0.2705  0.1475 0.0656

3P<0.05 vs compared with control group of Shenyang c?=4.47.

Table 3 The distribution of allele 1 homogenotype in health
control, gastric cancer patients, and gastric cancer kindred

n 1:1 others
Controls (Shenyang) 42 6(0.14) 36
Gastric cancer patients 73 24(0.33)? 49
Controls (Zhuanghe) 113 37(0.33)° 76
Gastric cancer kindred 61 22(0.36)° 39

3P<0.05 vs compared with control group of Shenyang, ¢?=3.86;
°P<0.05 vs compared with control group of Shenyang, c?=4.32;
¢P<0.05 vs compared with control group of Shenyang, c?=4.91.

DISCUSSION

Family members of gastric cancer patients have been found to
have a1.5-fold to 3-fold increase in the risk of developing this
cancer®, Thisfamilial aggregation may be due to genetic or
environmental factors shared by family memberg®*-2, To
understand the genetic predisposition to gastric cancer, we
selected pepsinogen C gene as a marker gene, and focused
first on the distribution of the PGC gene polymorphism in
gastric cancer patient group and health control. After PCR,
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four alleles of pepsinogen C gene with different size were
obtained. The frequency of allele 1 washigher in patientswith
gastric cancer than that in controls. Genotypes containing
homogenous allele 1 were significantly more frequent in
patients with gastric cancer than those in controls. This result
showed that there is relation between the pepsinogen C gene
polymorphism and gastric cancer, and the person with
homogenousallele 1 seemsto predispose to gastric cancer than
those with other genotypes.

To further study the relation of the PGC gene polymorphism
to gadtric cancer and the genetic background of Zhuanghe, the
high-risk area of gastric cancer, we selected three groups as
our next research objects: gastric cancer kindred group in
Zhuanghe, the control group of Zhuanghe and the control group
of Shenyang. There was no significant difference in the
distribution of PGC gene polymorphism between the health
control group of Zhuanghe and gastric cancer kindred group,
though the frequency of alele 1 in gastric cancer kindred group
was a little higher than that in the control group of Zhuanghe.
Our understanding for this phenomenon was that the persons
who lived in Zhuanghe did not move frequently because of
the historical reason, and this consanguinity between the two
groups was the main factor responsible for the above resuilt.
But the frequency of allele 1 was higher in control group of
Zhuanghe area than that in control group of Shenyang area,
and genotypes containing homogenous allele 1 were
significantly more frequent in the control group of Zhuanghe
area than those in control group of Shenyang area. The
frequency of allele 1 in the group of gastric cancer kindred
was significantly higher than that in control group of Shenyang
area. Genotype containing homogenous allele 1 was
significantly more frequent in the group of gastric cancer
kindred than that in the control group of Shenyang area. The
result showed the distribution of PGC gene polymorphism in
Shenyang area was different from that in Zhuanghe area.

The mortality of gastric cancer in Zhuanghe areais more
than 50 per five hundred thousand. In the low risk area of that
cancer, such as Shenyang, however, the mortality is less than
10 per five hundred thousand. From gastric cancer kindred
group, the control groups of Zhuanghe and Shenyang, the risk
ratio of gastric cancer becomes lower in turn. The datain this
study showed that the frequency of allele 1 and Genotype
containing homogenous allele 1 in the gastric cancer kindred
group, the control groups of Zhuanghe and Shenyang in turn
decreases, which is consistent with the risk ratio of gastric
cancer in the above three groups. Therefore, we could conclude
that the polymorphism of PGC gene may be related to the
predisposition of gastric cancer, and the allele 1 associated
with the risk of gastric cancer.

The mechanism of the association between PGC gene
polymorphism and gastric cancer is not clear, in this study
however, several hypotheses can be proposed. One isthat the
PGC gene itself is one of the genes responsible for gastric
cancer. PGC, distributed throughout the stomach and proximal
duodenum, is an important enzyme in ssomach. It was reported
that PGC not only was adigestive enzyme, but also might bea
growth factor during the healing of gastric lesiong®¥ and the
change of serum PGC was associated with many gastric
diseased®*7, The polymorphism of PGC geneisin the intron
between exon 7 and exon 8. Whether this polymorphism could
affect the expression of PGC gene or regulate the PGC gene
expression when the stomach was attacked by some
pathogenetic factors was not known. In the following study,
we will concentrate on the association of the PGC gene
polymorphism and the PGC gene expression. It isinteresting
to note that in this study the frequency of allele 1 of PGC in
the group of gastric cancer kindred was also higher than that
in the group of gastric cancer group. Aswe know, the members

of the gastric cancer kindred all come from Zhuanghe, a place
in which the incidence of gastric cancer is higher, and soisthat
of some other gastric diseases. In the study of Ohtaki’ s group,
their data showed the polymorphism of PGC genewas associated
with gastric body ulcer!?®, Comparing with our data, we can
conclude the polymorphism of PGC isrelated to gastric lesions.

Another possible explanation of the association between
the PGC gene polymorphism and gastric cancer was that the
PGC gene was not itself responsible for the predisposition but
one of the responsible genes was closely linked to it. It is
interesting to note that the PGC gene was localized to human
chromosome 6p21.1-pter by analysis of mouse x human
somatic cell hybrids. The recent linkage analysis demonstrated
that the PGC geneis 22cM proximal to HLA cluster which
has been investigated to determine the associated with gastric
disease®“4, between D6S5 and D6S4, at adistance of 4.5 and
13.1cM. Further molecular biological studies using
polymorphism markersfor this chromosome region will clarify
whether PGC polymorphism is linked to disequilibria of the
causative genetic variations for gastric cancer. Lastly, the
presence of reduced penetrance, other modifier genes, or an
interaction with the environment may explain the association.
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Abstract

AlM: To investigate the relationship between Helicobacter
pylori (H.pylori) infection and the expressions of the p53,
Rb, c-myc, bcl-2 and hTERT mRNA in a series of diseases
from chronic gastritis (CG), intestinal metaplasia type | or 11
(IMI-11), intestinal metaplasia type 11 (IMII1), mild or modest
dysplasia (Dysl-11), severe dysplasia (DysllI) to gastric cancer
(GC) and to elucidate the mechanism of gastric
carcinogenesis relating to H.pylori infection.

METHODS: 272 cases between 1998 and 2001 were
available for the study including 42 cases of CG, 46 cases of
IMI-11, 25 cases of IMIII, 48 cases of Dysl-Il, 27 cases of
DysllIl, 84 cases of GC. H.pylori infection and the expressions
of p53, Rb, c-myc, bcl-2 were detected by means of
streptavidin-peroxidase (SP) immunohistochemical method.
HTERT mRNA was detected by in situ hybridization(ISH).

RESULTS: The expressions of p53, Rb, c-myc, hTERT mRNA
and bcl-2 were higher in the GC than in CG, IM, Dys. The
expression of c-myc was higher in IMII with H.pylori infection
(10/16) than that without infection (1/9) and the positive rate
in Dysl-11 and DyslII with H.pylori infection was 18/30 and 13/
17, respectively, higher than that without infection (4/18 and
3/10, respectively). In our experiment mutated p53 had no
association with H.pylori infection, the expression of Rb was
associated with H.pylori infection in GC, but the p53-Rb tumor-
suppressor system abnormal in Dysl-II cases, Dyslll and GC
cases with H.pylori infection was 21/30, 15/17 and 48/48
respecively, higher than non-infection groups (4/18, 3/10, 28/
36). Furthermore the level of A TERT mRNA in GC with H.pylori
infection (47/48) was higher than that without infection (30/
36), however the relationship between bcl-2 and H.pylori was
only in IMIII. C-myc had a close association with hTERT mRNA
in DyslIl and GC (P=0.0 253,0.0 305 respectively).

CONCLUSION: In the gastric carcinogenesis, H.pylori might
cause the severe imbalance of proliferation and apoptosis
in the precancerous lesions (IMIIl and GyslIl) first, leading
to p53-Rb tumor-suppressor system mutation and telomerase
reactivation, and finally causes gastric cancer.
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INTRODUCTION

Gadtric cancer isone of the most fatal malignancies and in the
world about 628 000 persons die of it every year. A close
association between Helicobacter pylori (H.pylori) and gastric
cancer has been found**4, mainly on the basis of
seroepidemiological data. Recently the animal models that
developed gastric cancer owing to H.pylori infection provided
powerful evidence®®. Although H.pylori has been classified as
atypel carcinogen for gastric cancer by the International Agency
for Research on Cancer (IARC)™, the exact nature and strength
of the association with gastric cancer has remained indistinct.

A two-stage pattern has been introduced to explain the
escape from senescence of the cultured human cell§*", The
mortality stage 1 (M 1) mechanism causes senescence, where
normal human diploid cells become incapable of further
division. However this cessation of cellular division can be
overcome by the inactivation of human tumor suppressor genes
p53 and Rb in fibroblasts*®¥ that are mutated in a variety
human neoplasm. In non-neoplastic cells, wild type p53
modulates cell proliferation and differentiation by regulating
the transcription of several gene products, inducing p21+4?
expression which acts as aregulator of the cell cycle a the G1
checkpoint(?24, and plays acrucial rolein repairing damaged
DNA through inducing GADDA45 (growth arrest and DNA
damage)?. Moreover p53 induces the Bax gene, which is
followed by apoptosis, in contrast to bcl-2123. The cells which
have overcamethe M1 mechanism are able to divide until crisis
occurs, which is caused by the mortality stage2 (M2)
mechanism. It is difficult for human cells to escape from this
crisis, but in rare instances some populations can achieve
immortality by overcoming this M2 mechanism through the
reactivation of the enzyme telomerase®*?. Telomeraseis a
unique ribonucleoprotein enzymethat isresponsiblefor adding
thetelomic repeatsontothe 3’ end of chromosomesand composed
of a catalytic protein submit (hnTERT, for human telomerase
reverse transcription) and atemplate RNA (TR), and hTERT is
the rate-limiting enzyme in the telomerase complex=-34,

From all the above it is apparent that the understanding of
the association of H.pylori infection with some genes (for
example p53, Rb) as well as telomerase can contribute to the
elucidation of the mechanismsthat regul ate the devel opment of
gastric cancer. The aim of the present study, therefore, was to
examinethisassociation by detecting theexpressionsof H.pylori,
hTERT, p53, Rb, c-myc and bcl-2 in aseries of gastric diseases.

MATERIALS AND METHODS

Patients

Two hundred seventy-two patients (174 men, 98 women, ranging
in age from 21 to 80 years, mean 54.22 years) underwent
endoscopy (honcancerous patients) or curative gastrectomy
(gastric cancer patients) in our hospital between 1998 to 2001,
including 42 cases of CG, 46 cases of IMI-11, 25 cases of IMIII,
48 casesof Dysl-I1, 27 cases of Dysl11, 84 cases of GC diaghosed
according to the updated Sydney System®! and the Japanese
Research Society for Gastric Cancer®?., No patients had
received chemotherapy or radiation therapy before surgery.
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All specimens were fixed in 10 % buffered neutral formalin
and embedded in paraffin and serial sections (4 nm thick).

Histochemical staining

Hematoxylin-eosin (HE) staining was used for the
histopathological diagnosis, evaluation and grading of gastritis,
atrophy, intestina metaplasia, dysplasiaand cancer. High iron
diamine (HID)-alcian blue (AB) (PH 2.5)-periodic acid schiff
(PAS) method was used to distinguish sulphates, neutral and acid
mucus, which were stained brown-black, red and blue respectively.
Using both morphological and histochemical criteria, the cases
of intestinal metaplasiawere classified into three types™.

Immunohistochemistry

Was performed using the streptavidin-peroxidase (sp) method.
The following primary antibodies and the kit were used:
monaclonal antibodies against p53, Rb, c-myc, bcl-2 and the
kit (Maixin-Bio, Fujian), polyclonal antibodies against H.pylori
(antibody, diagnogticalnc. USA). Dewaxed sectionswere heated
in amicrowave oven (700W) for 12 min to retrieve the antigens
and cooled to room temperature. Endogenous peroxide was
blocked by 3 % hydrogen peroxide (H,O,) for 15 minin
methanol. After being washed with phosphate-buffered-saline
(PBS, 0.01M), the sections were further blocked by 10 % rabbit
serum for 15 min to reduce nonspecific antibody binding and
then incubated with the primary antibodies of p53, Rb, c-myc,
bcl-2 or H.pylori (1:60 dilution) a 4 ‘C overnight. After being
washed with PBSfor 2x5 min, the sections wereincubated with
the secondary anti-mouse immunoglobulin (1g) conjugated with
biotin at room temperature for 15 min, washed again with PBS,
followed by incubation with streptavin-peroxidase complex for
15 min. The reaction products of peroxidase were visualized by
incubation with 0.05 M TrissHCL buffer (PH7.6) containing 20
mg 3,3’ -diaminobendizine (Maixin-Bio, Fujian) and 100 nm
5 % hydrogen peroxide per 100 ml. Findly, the sections were
counterstained for nuclei by hematoxilin solution. To examine
the specificity of immunostaining, PBS was used to replace the
primary antibodies as the control. The assessment of all the
samples was conducted by an observer who did not know any
details of this study by calculating the averageratio of positive
cells (the nuclel or the plasma, staining brown-yellow) under
ten 400x microscopes. If the ratio was more than 10 %, this

sample was considered positive. However the H.pylori
immunostaining was assessed positive as long as the brown-
black dotish, stake or bend material was stained on the surface
of mucosaor inthegland’ scave.

In situ hybridization

(ISH) was used to detect hTERT (human tolomerase reverse
transcriptase) mRNA. The probe (5 -CCCAG GCGCC
GCACG AACGT GGCCA GCGGC-3') and the kit were
bought from Boster Bio (Wuhan). Dewaxed sections were
incubated with 3 % hydrogen peroxide for 30 min to reduce
the non-specific binding and then with 1 ng/ml pepsin for 5-8
min to improve the penetration of the probe. The
prehybridization was performed at 40 °C for 3 h to enhance
hybridization efficiency, and the hybridization was conducted
ina42 °C water bath with each section covered with acoverdip,
then the thorough washing procedure was followed: 2xSSC
(sodium chloride and sodium citrate) at 37 °C for 15 min, 0.5
xSSC for 15 min, 0.2xSSC for 15 min. Then the sections were
visudized according to the kit manufacturer’ singtructions. We
calculated the positive cellsratio to assess the positive sample
by calculating the average ratio of positive cells (the plasma
was stained brown-yellow) under ten 400x microscopes. If the
ratio was more than 10 %, this sample was considered positive.

Statistics

The chi-sguare test and the Fisher’ sexact probability test were
used to compute the frequencies by SPSS 10.0 for Windows.
P<0.05 was considered to be statistically significant.

RESULTS

With the development of the diseases from CG, IM, Dysto
GC, the positive expressions of p53, Rb, c-myc, bcl-2 and
hTERT mRNA were augmented significantly (Table 1). In
particular, the frequencies of Rb, c-myc and hTERT mRNA
in IMIII (8/25, 11/25, 4/25, respectively) were statistically
higher than those in IMI-11 (4/46, 8/46, 1/46, respectively)
(P<0.05). The expressions of all variablesin GC were
statistically higher than in Dysl1l and IMII1, higher in Dysl1I e
than in IMI11 (P<0.05). In general the frequencies of themin
H.pylori infection groups were higher than those in non-
infection groups. The expression of c-myc was 10/10, 18/30,

Table 1 Expressions of c-myc, bcl-2,p53, Rb and hTERTmMRNA in the different gastric diseases (%)

GC IMI-II IMIN Dysl-II Dyslll GC

c-myc 5(11.90) 8(17.39) 11(44.00) 22(45.83) 16(59.26) 74(88.09)
bel-2 3(7.14) 17(36.96) 10(40.00) 24(50.00) 18(66.67) 55(65.48)
p53 0(0.00) 3(6.52) 5(20.00) 14(29.17) 10(37.04) 64(76.19)
Rb 3(7.14) 4(8.70) 8(32.00) 14(29.17) 12(44.44) 61(72.62)
HTERTMRNA 0(0.00) 1(2.17) 4(16.00) 10(16.67) 12(44.44) 78(92.86)

Table 2 The correlations between p53, Rb, c-myc, hTERT, bcl-2 and H.pylori in benign diseases and gastric cancer

Hoovlori CG IMI-11 IMIII Dysl-11 DysllI GC
.pylori

+(31) -(11) +(32) -(14) +(16) -(9) +(30) -(18) +(17) -(10) +(48) -(36)
c-myc 5 0 7 1 102 1 182 4 132 3 44 30
bcl-2 3 0 12 5 92 1 17 7 13 5 38 17
p53 0 0 2 1 3 2 122 2 6 4 39 25
Rb 3 0 4 0 6 2 11 3 9 3 402 21
P53-Rb 3 0 4 1 6 3 212 4 152 3 482 28
hTERT 0 0 1 0 4 0 8 2 9 3 472 30

3P<0.05 vs the non-infected group.
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13/17 in IMIII, Dysl-Il and DyslII with H.pylori infection
respectively, higher than non-infection group (1/9, 4/18, 3/10,
respectively). In our experiment mutated p53 had no
association with H.pylori infection, the expression of Rb was
associated with H.pylori infection in GC, but the p53-Rb tumor-
suppressor system abnormal in Dysl-11 cases, Dysll1 and GC
cases with H.pylori infection was 21/30, 15/17 and 48/48,
respectively, higher than that in non-infection groups (4/18,
3/10, 28/36, respectively). The association between bcl-2 and
H.pylori only existed in IMIII (9/16, 1/9). The expression of
hTERT mRNA in GC with H.pylori infection was47/48, higher
than non-infection group (30/36) (Table 2). We also found the
association between c-myc and hTERT mRNA in GC and
DyslIl (P<0.05) (Table 3).

Table 3 Correlation between c-myc and hTERT in the gastric
benign diseases and gastric cancer

CG IMI-ILIMIT
"6 6O OO0

Dysl-II
) 06

DysllI GC
®HE ®O

c-myc

hTERT(+) 0 O 1 0 3 1 7 3 100 2 7027
) 5 37 7 39 8 13 15 23 6 9 4 3

3P<0.05 vs the negative group.

DISCUSSION

Gastric cancer occurs after amulti-step process of aterations
in oncogenes, tumor-suppressor genes, cell-adhesion
molecules, telomerase as well as genetic instability at several
microsatellite loci. Studies have demonatrated that H.pylori
infection is closely associated with these abnormal alterations.
Konturek’ s study!®® showed that H.pylori induced apoptosis
in gastric mucosa through upregulation of Bax and bcl-2
expression. The bcl-2 gene family plays an important role in
regulating apoptosis. In our studies, H.pylori enhanced the
expression of c-myc and bcl-2 significantly in IMI11 (P<0.05).
The c-myc protein isacritical component for the control of
normal cell growth, but the altered c-myc activity by
transdlocation, amplification, overexpression, and mutation is
widespread in tumor cells and important for multi-step
carcinogenesi§*4%, C-mycisastrong inducer of proliferation
and it is believed to be critical for the oncogenic properties.
Some studies showed that the abnormal c-myc expression
derived cellsinappropriately through the cell cycle, leading to
uncontrolled proliferation, a characteristic of neoplastic cells.
Form our study we found that H.pylori infection caused ahigher
proliferation and a lower apoptosisin IMII1 than in CG and
IMI-11 and accelerated cell proliferation, leaving agood chance
for all kinds of genes and proteins to mutate or overexpress,
presumably heightening the genetic instability consistent with
the development of carcinoma?+#2,

Mutations in the tumor suppressor genes p53 and Rb are
common events in human cancers that exert their control on
the cell cycle at the G1-S phase transition through independent
but interconnected pathwayd“*%%. Williams' s studies showed
that germ-line mutation in p53 and Rb might have cooperative
tumorigenic effectsin mice®. It has been generally accepted
that p53 and Rb tumor-suppressor system, including p53, Rb,
p16, p15, pl4 and p21lwaf152%% play an important rolein
carcinogenesis. Some studies observed this phenomenon that
NO (nitric oxide) generated by H.pylori caused p53 mutation
at the spot C:G to A:T and at the same time p53 was found
mutated at the same spot in IM, Dys and GC, thus H.pylori
probably caused p53 mutation. In our study, we found that the
expressions of p53-Rb were continually enhanced from chronic
gadtritis (3/42) to gastric cancer (76/84) and in the Dysll1 and

GC which had a close association with H.pylori (P<0.05).
Chen!®¥ reported that the mRNA levels of p53-Rb in gastric
cancer were significantly lower than those in their non-
cancerous tissues using quantitative analysis method. Some
studies favored the view that c-myc drove initial proliferation
and subsequent differentiation, concomitant with the activation
of the p53 G2 checkpoint and aso demongtrated that inactivation
of the p53-Rb pathway is required for immortalization through
overepression of Myc®263, Although c-myc and p53-Rb had
no direct association in our study, H.pylori infection might
initially provoke the c-myc and bcl-2 more than in non-
infection groupin IMI11 and then inactivate the p53-Rb tumor-
suppress system in Dys and they collaborated in GC.

Telomerase activity has been found in 85-90 % of all human
cancers but not in adjacent normal cellg?7. It has thus been
hypothesized that for a cancer cell to undergo sustained
proliferation beyond the limits of cell senescence, it must
reactivate telomerase or an aternative mechanism in order to
maintain telomeres. This makes telomerase atarget not only
for the novel etiology agent but also a mark for cancer
diagnosis. Many studies showed that telomerase activity was
higher in cancers than in non-cancerous tissues and higher in
IM than in CGI5%9 which was similar to our results. The
association between H.pylori infection and telomerase activity
is still controversial. Suzuki’ study'®” indicated that h TERT
MRNA which was expressed in precancerous lesions and
gastric cancer could be induced at an early stage of gastric
carcinogenesis, but it was not correlated with H.pylori.
Kuniyasul™ found that H.pylori evidently caused the release
of reactive oxygen species (ROMs) and reactive nitrogen
species (NO) which might be strong triggers for “ stem cell”
hyperplasic in IM, followed by telomere reduction and
increased telomerase activity aswell ashTERT overexpression.
We found in GC hTERT expression was significantly higher
in infection group (47/48) than in non-infection group (30/36)
but had no association in Dys or IM, maybe because there
exist two different genetic pathways to two histological types:
intestinal-type and diffuse-type gastric cancer. Some studies
showed c-myc could stimulate expression of hTERT and
thereby enhance telomerase activity which was an important
step in carcinogenesisl’®, |n our study c-myc had an
association with hTERT in Dys and GC, which suggests that
H.pylori stimulates telomerase directly or indirectly by the
overexpression of c-myc. We did not find the association
between hTERT and p53-Rb or bcl-2.

There maybe exit this mechanism of gastric caicinogenesis
relating to chronic H.pylori infection, which leadsto imbalance
of proliferation and apoptosis in the early stage, and
furthermore p53-Rb tumor-suppressor system mutation,
telomerase reactivation and finally gastric cancer generation.
Hence this molecular pathology mechanism should be applied
in routine diagnostic procedures, classification systems, disease
monitoring, and even prognostic assessment.
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Abstract

AlIM: To explore the influence of angiostatin up-regulation
on the biologic behavior of gastric cancer cells in vitro and
in vivo, and the potential of angiostatin gene therapy in the
treatment of human gastric cancer.

METHODS: Mouse angiostatin cDNA was subcloned into
the eukaryotic expression vector pcDNA3.1(+) and identified
by restriction endonucleases digestion and sequencing. The
recombinant vector pcDNA3.1(+)-angio was transfected into
human gastric cancer cells SGC7901 with liposome and
paralleled with the vector control and the mock control.
Angiostatin transcription and protein expression were
examined by RT-PCR and Western blot in the stable cell
lines selected by G418. Cell proliferation and growth in vitro
of the three groups were observed respectively under
microscope, cell number counting and FACS. The cells
overexpressing angiostatin, vector transfected and untreated
were respectively implanted subcutaneously into nude mice.
After 30days the size of tumors formed was measured, and
microvessel density count (MVD) in the tumor tissues was
assessed by immunohistochemistry with the primary anti-
VWF antibody.

RESULTS: The recombinant vector pcDNA3.1(+)-angio was
confirmed with the correct sequence of mouse angiostatin
under the promoter CMV. After 30 d of transfection and
selection with G418, macroscopic resistant cell clones were
formed in the experimental group transfected with pcDNA
3.1(+)-angio and the vector control. But no untreated cells
survived in the mock control. Angiostatin mRNA
transcription and protein expression were detected in the
experimental group. No significant differences were
observed among the three groups in cell morphology, cell
growth curves and cell cycle phase distributions in vitro.
However, in nude mice model, markedly inhibited
tumorigenesis and slowed tumor expansion were observed
in the experimental group as compared with the controls,
which was paralleled with decreased microvessel density in
and around tumor tissues (P<0.05).

CONCLUSION: Angiostatin does not directly inhibit human
gastric cancer cell proliferation and growth in vitro, but exerts
its anti-tumor functions through antiangiogenesis in a
paracrine way in vivo.

Wu J, Shi YQ, Wu KC, Zhang DX, Yang JH, Fan DM. Angiostatin
up-regulation in gastric cancer cell SGC7901 inhibits tumorigenesis
in nude mice. World J Gastroenterol 2003; 9(1):59-64

http://www.wjgnet.com/1007-9327/9/59.htm

INTRODUCTION

Angiogenesis is indispensable for various physiological
processes including reproduction, development, wound repair,
and tissue regeneration. However, abnormal neovascularization
is also involved in the development and progression of
pathogenic processes in a variety of disorders, including
diabetic retinopathy, psoriasis, chronic inflammation, lepra
aphos, rheumatoid arthritis and cardiovascular diseases. Since
Folkman put forward the hypothesis that malignant tumor is
angiogenesis dependent, direct and indirect evidences have
shown that tumor growth and metastasis are accompanied by
the growth of new blood vessels, which proves the rationality
and feasibility of anti-angiogenic therapy in treatment of
cancer*2l, Shifting the balance within the tumor
microenvironment from overproduction of angiogenic
stimulators toward an overproduction of angiogenic inhibitors
represents one potential anti-angiogenic strategy®4. To date,
anumber of angiogenic inhibitors have been demonstrated to
inhibit experimental tumor growth in animal models, and some
of them have already entered clinical trial§®.

Gastric cancer is a malignant neoplasm, for which the
common treatment is suboptimal and the prognosis of patients
remainsdismal. It issuggeststhat tumor-mediated angiogenesis
due to high levels of angiogenic stimulators and down-
regulation of endogenous angiogenic inhibitors play a
fundamental role in the pathogenesis of malignant gastric
cancer(®7, Molecular mechanisms of angiogenesisin gastric
cancer have indicated an attractive therapeutic strategy by
targeting those angiogenic regulators®.

Angiostatin, a potent specific inhibitor of proliferating
endothelial cells, shows significant antiangiogenic and
anticarcinogenic efficacies on various tumors in vivo. It
specifically inhibits the proliferation, migration, and formation
of capillary tubesin vitro or in vivo, and induces apoptosisin
endothdlial cellg*4, Although no directed inhibition on tumor
cell growth invitro isobserved, evidence showsthat angiostatin
inhibits the occurrence of the primary as well as metastatic
tumor, and remains dormant. Systemic delivery of purified
angiostatin protein, however, raises a number of difficult
practical problemswhich make the large-scale implementation
inefficient and/or inefficacious. And these problems also make
it unavailable logically and pharmaceutically, including
difficultiesin producing large quantities of biologicaly active
protein, the short half-life of such proteinsin vivo, and the
requirement for long-term intermittent or continuoustreatment.
The transfer of angiostatin gene, therefore, may represent a
useful aternative delivery strategy. Transducing tissues at risk
for tumor progression in vivo with genes encoding
antiangiogenic proteins offers the potential of creating alocal
antiangiogenic microenvironment that can be stably maintained
through continuous expression of the transduced transgene
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from surrounding tumor cells.

We have constructed and administered eukoryotic vector
encoding mouse angiostatin into human gastric cancer cellsto
further characterize the antitumor function of angiostatin and
explore the potentia activity in gene therapy for gastric cancer.
Our data demonstrated statistically significant inhibition of
tumor formation and growth in nude mice accompanied by
decreased microvascular density and upregulation of
angiostatin, meanwhile no cytostatic effect on gastric cancer
cellswas observed in vitro. These results suggested that the
delivery of angiostatin gene may represent a potentially new
treatment modality for malignant gastric cancer, accounting
for antiangiogenic activity in a paracrine way on surrounding
endothelia cells.

MATERIALS AND METHODS

Cell culture and reagents

The human gastric cancer cell line SGC7901 was obtained
from the Japanese Cancer Research Resources Bank (Tokyo,
Japan). Cells were cultured in RPM11640 (Gibco)
supplemented with 10 % fetal bovine serum (FBS) (Sijiging,
Hangzhou, China), penicillin (100 units/ml) and streptomycin
(200 mg/ml) in a humidified atmosphere of 5 % CO, at 37 C.
Liposome (Tfx™ Reagent) was purchased from Promega
Company; total RNA Isolation System (Sino-American
Biotechnology Company) G418 from Gibco company; and
bicinchoninic acid (BCA) protein assay kit was obtained from
Pierce Chemicals (Rockford, Illinois).

Recombinant eukaryotic expression vector pcDNA3.1(+)-
angio construction and transfection
Mouse angiostatin cDNA fragment encoding for the NH,-
terminal secretory signal sequence(SS) and kringlel-4(K 1-4)
regions of mouse plasminogen, fused with an antigenic epitope
tag HA(HA tag) to the COOH terminus of kringle 4 was
inserted into enkaryotic expression vector pcDNA3.1(+). The
structure of the recombinant vector pcDNA3.1(+)-angio was
confirmed by the restriction enzyme digest and DNA sequencing.
Gastric cancer cells SGC7901 in logarithmic growth phase
were planted in 6-well plates at 5x10° cells/well, and reached
approximately 80 % confluent after overnight incubation on
the day of the transfection. DNA/liposome (Tfx™ Reagent)
complexes were prepared and transfected according to the
protocol provided by the manufacturer. The experimental
group was transfected with pcDNA3.1(+)-angio 2 ny/liposome
10 ni, the vector control with pcDNA3.1(+) 2 ng/liposome
10 niL and the mock control with liposome 10 ni.. After 48 h
of transfection, the selective medium containing G418 (400
mg/L) was used to culture cells for 30 d. Then the isolated
resistant cell clones were then selected and amplified.

RNA dot blot analysis of angiostatin transcription

Total RNA was extracted with total RNA isolation system,
resuspended in DEPC-treated water, quantitated with OD260
and OD280, and dotted onto nitrocellulose filters. The linear
mouse angiostatin cDNA fragment was released from the
vector pcDNA3.1(+)-angio and labeled with [a-*?P] in nick
trandation reaction as the probe. The specific activity of the
probe was examined by TCA method. Hybrid was performed
sequentially: prehybrided at 42 °C for 3 h, the probe denatured
in water-bath at 100 °C for 10 min and cooled onicefor 5min,
hybrided at 42 ‘C overnight, washed in 2xSSC and 0.2xSSC
at RT, and then hybrid signalswere detected by antoradiogragh.

Western blot analysis of HA-tagged protein
The cells were cultured in conditioned media for 5 d. Cell

supernatants was mixed with Lysine-sepharose and incubated
at 4 'C overnight. The resin was washed with 50 mM Tris-
HCI (pH8.0), and protein was eluted and stored at -20 C.
Protein concentration was determined by bicinchoninic acid
assay (BCA) with bovine serum albumin as standard. Equal
aliquots (40 ng) of protein from cell supernatants were
subjected to el ectrophoresis on a 10 % sodium dodecy! sulfate
(SDS)-polyacrylamide gel, followed by transfer to PVDF
membranes (mMillipore) using the transfer buffer for 2 hours
and detection with the rabbit polyclonal anti-HA antibody
(diluted 1:500; Santa Cruz Biotechnology, Santa Cruz, CA)
overnight at 4 'C and asecondary peroxidase-conjugated goat
anti-rabbit antibody (Santa Cruz Biotechnology, Santa Cruz,
CA). Final detection was performed by the enhanced
chemiluminescence (ECL) Western blotting analysis system.

Viable cell number counting and FACS analysis of cell cycle
Cell viability and cell growth in vitro were determined by cell
number counting. Briefly, the three groups of cellswere plated
on 24-well plates at 1x10* cells/well and cultured for 7d.
Everyday viable cell numbersof the three groups were counted
under microscope.

Three groups of cells 3x10%in the logarithmic growth phase
were collected and fixed in 70 % ethanol overnight. After being
dyed with Pl at 4 °C avoid of light for 30 minutes, the cells
through screening were checked in FACS to estimate the
changesin cell cycle.

Animal studies

In vitro tumorigenesis assay. BalBc nuke mice were randomly
divided into three groups, 5 in each group and injected
subcutaneously with gastric cancer cells SGC7901 at 1.2x10”
cell¥mouse, the experimental group with pcDNA3.1(+)-angio/
SGC7901, the vector control with pcDNA3.1(+)/SGC7901 and
the mock control with SGC7901 untransfected. After 30 d, the
mice were sacrificed to measure the size of tumor formed and
calculate the percentage of inhibition on tumorigenesisin vivo.

Quantitative analyses for microvessel densities (MVD)

Thetumor tissueswerefixed and embedded in paraffinand MVD
were detected by SABC method. Briefly, the sections were
incubated with 0.3 % H,O, and methanol for 30 min, blocked
with normal goat serum at RT for 2 h, stained with a primary
anti-mouse VWF monoclonal antibody at 4 °C overnight and
then biotin-conjugated anti-mouse 1gG antibody at RT for 1 h.
After being incubated with ABC compounds for 40 min, DAB
was used to develop color reaction. Under light microscope,
MV D was counted in 4 fields (400x) selected randomly.

Statistical analysis

Theresults were verified by variance analysis and c? analysis
with SPLM statistical software offered by the Department of
Statistics, the Fourth Military Medical University.

RESULTS

Indentification of the recombinant eukaryotic expression
vector encoding angiostatin cDNA

Angiostatin cDNA was cloned into an eukaryotic expression
vector pcDNA3.1(+), under the cytomegal ovirus promoter,
encoding for the NH-terminal secretory signal sequence (SS),
the preactivation peptide (PA), and kringlel-4(K1-4) regions
of mouse plasminogen, and an antigenic epitope tag derived
from theinfluenzaHA fused to the COOH terminus of kringle4
(Figure 1). Asshown in electrophoresis, the linear recombinant
plasmid was about 7.0kb, and a fragment 1.4kb was rel eased
by restrictive digest with Hindl1l and Xbal, which confirmed
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that the targeted gene was cloned into pcDNA3.1(+)-angio
successfully (Figure 2). Gene sequencing showed that it had
the same sequence as supposed.

|_>CW K3 K4 [HA

—] 5% 2% +24 Z

S3 PA K1 K2

Figure 1 Schematic diagram of angiostatin cDNA fragment.

M 1 2 3 4

Figure 2 ldentification of angiostatin cDNA insertion in
pcDNAS3.1(+)-angio. M: | dsDNA/Hindlll marker; 1: pcDNA3.
1(+)-angio/ Hindlll; 2: pcDNAS3.1(+)-angio; 3: pcDNA3.1(+)-
angio/Hindlll+Xbal; 4: pcDNa3.1(+)-angio/BamHI.

Vector-mediated expression and secretion of angiostatin in vitro
To determine the level of transgene-encoded angiostatin
transcription and protein expression and secretion, gastric cancer
cells SGC7901 transfected with the corresponding vectors were
selected by G418 for 30 d and formed macroscopic cell clones
in the experimental and vector control groups (Figure 3). The
mock group of cells, however, were dead completely after 7 d
of selection. Strong RNA hybrid signals of angiostatin mRNA
were detected in the experimental group of cell clonesgenetically
engineered but not in the controls (Figure 4). Western blot
analysis of cell supernatants (Figure 5) revealed the detected
protein of the size consistent with angiostatin in the experiment
group, whereas no specific band was observed in the controls.
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Figure 3 Cell clones transfected with pcDNA3.1(+)-angio and
pcDNAS3.1(+) respectively. A: Cell clone pcDNA3.1(+)-angio
transfected; B: Cell clone pcDNAS3.1(+) transfected.

Figure 4 Angiostatin mRNA expression by Dot Blot analysis.
1: SGC7901; 2: SGC7901(+); 3:5GC7901-pcDNA3.1(+)-angio.
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Figure 5 Angiostatin protein expression by Western Blot analysis.
M: Marker; 1: SGC7901pcDNA3.1(+)-angio; 2: SGC7901pcDNAS.
1(+)-angio; 3: SGC7901pcDNAS3.1(+); 4: SGC7901.
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Figure 7 Cell cycle distributions by FACS analysis. A: SGC7901
transfected with pcDNA3.1(+)-angio; B: SGC7901.
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Figure 8 Tumors formed in nude mice by SGC7901/pcDNA-
angio, SGC7901/pcDNA, and SGC7901 cells (n=5). A:SGC7901,
B: SGC7901/pcDNA3.1(+); C: SGC7901/pcDNA3.1(+)-angio.
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Figure 9 MVD in immunochemistry staining. 1: SGC7901/
pcDNA-angio; 2: SGC7901/pcDNA, 3: SGC7901.

Biological activity of angiostatin proteins expression in vitro
To assay for biological activity of the encoded angiostatinin
vitro, tumor cells transduced with and without the
corresponding vectorswere cultured for 7 d to make cell growth
curve (Figure 6). Under microscope, no obvious difference
was observed in the cell morphology among the three groups
of cells. And cell growth curves indicated no change in cell
growth speed and doubling time among the three groups.
Comparing the cell cycle of the three groups, no significant
differences were found in the distribution of GO/G1, S and
G2/M (Figure 7). These results indicated that up-regulated
angiostatin expression neither directly inhibits cell growth and
proliferation nor affects cell cyclein vitro.

Biological activity of angiostatin proteins expression in vivo
The macroscopic tumorswere observed on day 7 after injection
and expanded fast in the vector and mock control groups of
nude mice. However, no tumors were observable until day 10
after injection in the experimental group of nude mice, and
tumors expanded dowly. After 30 d of injection, no mice died
in the three groups and the tumors were resected and measured.
Small, pale tumor nodules were observed in the angiostatin-
tranfected tumors, whereas large, red and hypervascularized
tumorswere present in the vector-transfected control and mock
control tumor cells The average size of tumorsin the experimental
group was 2.11x0.53 cm?, much less than the average size of the
vector control 4.32x1.00 cm?® and the mock control (Figure 8).
Theinhibition by angiogtatin overexpression reached 72 %.
The tumor tissuesin the experimental group showed more
typical symptoms of poor vascularization than the control
groups. More markedly diminished microvascular densities
were detected by immunohistochemical staining in the tumors
in the experimental group than in the vector or mock control

groups respectively (P<0.01) (Figure 9), which indicated that
overexpression of angiostatin probably decreased
tumorigenesis by inhibiting neovascularization in tumorsin
vivo. And angiostatin exerted its inhibitory actionsin some
paracrine ways on ECs surrounding tumor tissues and indirectly
inhibited tumorigenesis.

DISCUSSION

Since Dr. Folkman raised the hypothesis of tumor angiogenic
dependence, experimental evidences have validated that tumor
growth requires the company of new blood vessel growth. At
the prevascular stage, the tumor is unable to grow to a size
beyond 2-3 mm? and remains in its dormant state. However,
once the angiogenic phenotype of the tumor is switched on,
tumor growth rate changes from linear to exponential(*>%4,
M etastases are also dependent on angiogenesisin at least two
steps of the metastatic events®®. First, metastatic tumor cells
must exit from a primary tumor which has been vascularized.
Second, upon arrival at their target organ, metastatic tumor
cells must undergo neovascularization in order to grow to a
clinically detectable size. It is speculated that complete
inhibition of tumor angiogenesismay result inaloss of survival
factors essential for tumor cells from the endothelial cell as
paracrine factorg®. The regulation of tumor angiogenesisisa
complex process involving enzymatic and signal-transduction
cascades that function in fibrinolysis, matrix remodeling,
inflammation, hemodynamic control of oxygenation, and
growth regulation™™%, The local balance between positive and
negative factors determines the net tendency toward
angiogenesis or angiostasig?”.

Angiogenesis is closely related to gastric cancer as a
pertinent predictive factor in addition to having prognostic
value?, The average number of blood vesselsis significantly
higher in gastric cancer specimens than in normal gastric
specimens, higher in advanced disease than in early-stage
disease, higher in specimens with metastases or blood vessel
invasion than in those without such metastasis or invasion>,
VEGF positive immunostaining is observed in the gastric
tissues with different severities of lesions, the positive rates
increased with the lesion progressing from CAG to IM to
DY S, And its expression is associated with hematogenous
invasion, metastasis, and clinical prognosis of gastric cancer?,
Asamalignant disease with the highest mortality ratesin China,
gastric cancer is refractory to the routine chemotherapy and
radiotherapy, which are mainly adopted as the adjunctive
therapy during and/or post operation to prolong the survival
rates?21, Moreover, chemotherapy has obvioustoxicity and is
subject to drug resistance in the treatment of gastric cancer!?.
Until now the only method possible to cure gastric cancer is
surgical resection, despite its importance for the late-stage
cancer and various types of high-rate recurrences. Meanwhile
the chromosomal instability in DNA of gastric cancer cells
unfavorably obstructsthe curative effects of the methodsdirectly
atacking tumor cells.

Thus antiangiogenic treatment may be necessary and
potentia for gastric cancer, which has been validated in many
experiments. Inin vivo experiments, antiangiogenic agentswith
cytotoxic anticancer drugs formed a highly effective modulator
combination for the treatment against primary and metastatic
carcinoma. The combination of anti-VEGF antibody with
mitomycin C markedly enhanced anti-tumor and anti-
metastasis effectsin nude mice transplanted with human gastric
cancer SGC-7901, The VEGF receptor KDR/Flk-1 antisense
strategy significantly increases the number of gasric cancer cells
undergoing apoptosis, and decreases tumor dissemination*”,
Angiogenesisinhibitor endostatin inhibits both tumor growth
and metastasis of human gastric cancer in nude mice®4. And
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octreotide inhibits the migration and invasion of SGC-7901
gastric cancer cellsin vitro and the metastasis of cancer in
vivo through down-regulation of MMP-2 expression and tumor
angiogenesig®. And the clinical applications of antivascular,
anti-angiogenic and angiostatic agents for the treatment of
gastric carcinomamay be valuable for long-term administration
to maintain tumor dormancy because drug resistance does not
develop, and these agents have a sustained effect with less
side effects than the traditional methods.

Angiostatin wasfirstly isolated asacirculating angiogenesis
inhibitor, whose sequence has greater than 98 % identity with
an internal fragment of plasminogen, containing the first four
of five triple loop disulfide-linked kringle structures. Purified
angiostatin specifically and reversibly inhibits proliferation of
endothelial lineages in a dose-dependent manner, but not
proliferation of normal and neoplastic nonendothelial cell
lines®, Systemic administration of human angiostatin
potently inhibits the growth of transplanted human breast
carcinoma by 95 %, colon carcinoma by 97 % and prostate
carcinoma by almost 100 % in mice, without obvious weight
loss or other toxicity observed®3, |t causes human primary
carcinomas to regress to a dormant state by a net balance of
tumor cell proliferation and apoptosis. And in the presence of
angiostatin, metastatic tumor cells form microscopic
perivascular cuffs around the pre-existing microvessel, rarely
expanding beyond 0.3 mm in diameter®>37. Although
angiostatin is a potent inhibitor of angiogenesis and tumor
growth, the need of high dosages, repeated injectionsand long-
term administration of this protein into the body have made it
less attractive for clinical trials.

In order to develop alternative strategies for therapy, the
potential of angiostatin in gene therapy has been investigated.
In our study, human gastric cancer cells SGC7901 are
transfected with mouse angiostatin cDNA and stable cell lines
expressing the secreted form of angiostatin are established.
Despite the high levels of its expression in cell clones,
angiostatin has no direct influence on tumor-cell growth in
vitro. Implantation of the stable cell clones in nude mice
producesinhibition of primary tumor growth by an average of
72 %. Inhibition of tumor growth is correlated with reduced
vascularization, suggesting that angiostatin exertsthe antitumor
effects through antiangiogenesis. These results are similar to
the previoudly report that angiostatin cDNA transfection into
the murine T241 fibrosarcoma cells inhibits primary tumor
growth by an average of 77 % in C57BI6/J mice®®. Thus
angiostatin genetherapy ispossibly availablefor gastric cancer,
especidly for itssimple manipulation, highly specificity, wide-
spectrum inhibitory effects on various tumors. It has been
observed that retroviral transduction of angiogtatinin rat glioma
cells inhibits tumor growth by 70 % in vivo, however, a
relatively ineffective process®. Stable gene transfer of the
angiostatin cDNA by retroviral vectorsin Kapos’ s sarcoma
KSIMM cellsresulted in delayed tumor growth in nude mice,
which was associated with reduced vascularization'“”. Direct
injections of replication-deficient angiostatin-expressing
adenoviral vector inhibit tumor growth, and represent a
potentially new treatment modality for malignant ascites, which
are efficient and capable of transducing dividing cellsas well
as non-dividing cellsin vivol®*4Y, The specific targeting of
tumorsto inhibit angiogenesis using an adenovirus expressing
angiostatin, may deliver localized concentrations of protein
having agreater impact on inhibition of tumor growth“a, AAV-
mediated antiangiogenesis gene therapy offers efficient and
sustained systemic delivery of the therapeutic product, which
in turn effectively suppresses glioma growth in the brain'!.
Considering the possibility of viral immunoreaction and
toxicity, non-viral angiostatin-delivery system has also been
explored. Intravenous injection of cationic liposome-

angiostatin cDNA complex produced a significant
antimetastatic effect on murine B16 melanoma compared to
either reporter gene-treated and untreated controls*4. These
results support that angiostatin-gene therapy is a potential
strategy in the clinical treatment of gasatric cancer.

In order to modify the specificity, we are exploiting gastric
cancer specific single-chained antibodies to guide the
angiostatin-gene therapy. Another potential pathway is
delivering angiostatin gene directly into gastric cancer tissues
under the endoscope. Because neovascularization in tumorsis
amulti-step process, the key molecules involved in various
steps are potentially combined to improve anti-cancer efficacy
of angiogenic genetherapy, including inhibition of endothelial
cell proliferation, migration, invasion and matrix degradation.
More effective inhibition has been observed in the combined
genetherapy of angiostatin and endostatin than the angiostatin-
or endostatin-therapy respectively“. Meanwhile, angiogenic
genes are possibly combined with other curative molecules,
such asimmunoregulators, suppressors of oncogene, enzymeatic
precursor drugs. When angiostatin-mediated antiangiogenic
therapy isused in combination with intratumor delivery of the
IL-12 gene, this produces a synergistic therapeutic effect!“d. It
has been validated the potential of combining a destructive
strategy directed against the tumor cellswith an anti-angiogenic
approach to fight cancer. The combination of radiotherapy and
angiodtatin intratumoral injection revealsasignificant inhibition
of tumor growth as compared with either treatment!“”l. These
combined therapies will open new possibilities of being less
toxic and more effective than the traditional therapiesin the
clinical treatment of gastric cancer.

In conclusion, it isthefirst time that approves the potential
of angiostatin anti-cancer effect has been proved on gastric
cancer and its functional mechanism of antiangiogenesisin
tumor has been revealed. And these data offers a new way to
comeover the disadavantages in traditional therapiesin clinc.
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Abstract

AlIM: To illustrate the possible role of cell differential agent-
Il (CDA-11) in the apoptosis of hepatoma cells induced by
arsenic trioxide (As,03).

METHODS: Hepatoma cell lines BEL-7402 and HepG2 were
treated with As,0; together with CDA-11. Cell surviving
fraction was determined by MTT assay; morphological
changes were observed by immunofluorescence staining of
Hoechst 33 258; and cell cycle and the apoptosis index were
determined by flow cytometry (FCM).

RESULTS: Cytotoxity of CDA-11 was low. Nevertheless, CDA-
Il could strongly potentiate arsenic trioxide-induced
apoptosis. At 1.0 g/L CDA-II, ICs, of As,0; in hepatoma cell
lines was reduced from 5.0 pmol/L to 1.0 umol/L (P<0.01).
The potentiation of apoptosis was dependent on the dosage
of CDA-11. FCM indicated that in hepatoma, cell growth was
inhibited by CDA-II at lower concentrations (<2.0 g/L)
primarily by arresting at S and G, phase, and at higher
concentrations (>2.0 g/L) apoptotic cell and cell cycle
arresting at G, phase increased proportionally. The
combination of two drugs led to much higher apoptotic rates,
as compared with the either drug used alone.

CONCLUSION: CDA-I1I can strongly potentiate As,Os-
induced apoptosis in hepatoma cells, and two drugs can
produce a significant synergic effect.

Liu JW, Tang Y, Shen Y, Zhong XY. Synergistic effect of cell
differential agent-11 and arsenic trioxide on induction of cell cycle
arrest and apoptosis in hepatoma cells. World J Gastroenterol
2003; 9(1): 65-68
http://www.wjgnet.com/1007-9327/9/65.htm

INTRODUCTION

It has been reported that arsenic trioxide (As,05), anewly found
apoptosis inducer, possesses a greater apoptotic effect on
hepatoma cells as comparied with some drugs used in
chemotherapy!™®. However, because of itstoxicity and thedrug
resistance of cancer cells, it has not been widely used in the
treatmeant of cancers®9. Asahiologica preparation purified
from human urine, cell differential agent-11(CDA-I1) can

effectively induce cell differentiation and reverse drug
resistance of cancer cells against chemotherapeutic agents*12,
Clinical application of CDA-11 has demonstrated its low
toxicity and satisfactory therapeutic effect™>*9, Thisreport is
intended to invegtigate the effect of CDA-11 on As,0s-induced
apoptosis of hepatoma cells in an attempt to find a better
combination therapy for hepatoma.

MATERIALS AND METHODS

Materials

Human hepatomacd| linesHepG2 and Bel-7402 were obtained
from the cell laboratory in the Medical School of Zhongshan
University; cell differential agent (CDA-I1) was provided by
Everlife Pharmaceutical Co. Ltd, Hefel; arsenic trioxide (As;Os,
M,=197.84), MTT, Hoechest 33 258 and Pl were purchased
from Sigma Co., USA; PRMI 1 640 was purchased from
GIBCO, USA; agar, RNase, proteinase were purchased from
Huamei Company; DEME purchased from Evergreen
Company, Hangzhou, dimethyl sulfoxide (DM SO) was
imported and individually packed, and | -DNA Marker VII
was purchased from Roche Company, USA.

Experimental group

The preliminary experiment showed that 1.0-5.0 pmol/L of
As,0; could induce apoptosis in hepatoma cells to various
degrees, and 1.0-5.0 g/L of CDA-II could inhibit proliferation
and induce differentiation of hepatoma cells. The experiment
was divided into 4 groups: group A, control without any drug;
group B, As,0O; was added only to fina concentrations of 1.0,
2.0, 3.0, 4.0 and 5.0 pmol/L; group C, CDA-II was added to
final concentrations of 1.0, 2.0, 3.0, 4.0 and 5.0 g/L ; and group
D, 1.0 g/L of CDA-II + various concentrations of As,0O; used
in the group A.

Cell culture and survival rate tested with MTT

Cells were cultured in PRM11640 with 10 % calf serum, 100
U/ml penicillin and 100 ng/ml streptomycin in a humidified
atmosphere of 5% CO, at 37 'C. With adensity between 2x10°
and 6x10°, two cell lines grew in the same way as typical
epithelia cells, and reproduced once every two days. During
the experiment, the density of cells was adjusted to 1x10%/mL
with culture medium PRM11640, and transferred to 96-well
plates, 100 L cell suspension per well, to incubate for 24
hours. Drugs of different concentrations were added to the
plate, 4 plate wells for each drug concentration according to
the aforementioned group division: 100 i drug and 100
culture medium were added to each well with atotal volume
of 200 niL. for group B and C; 100 i of two drugs each was
added with atotal volume of 200 ni for group D; and 200 i
culture medium was added to each well of control group. All
the groups had concentrations of 4 compound wells. After
incubationfor 24 h, 48 h, 72hand 96 h, 20 L of 0.5% MTT
was added to each well and incubated for another 4 hours. The
supernatant was discarded and 200 niL of DM SO was added.
When the stain was dissolved, the optical density ABS value
of each well wasread on Minireaderllat 570 nm. Cell survival
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rate was cal culated with the following equation: average A value
of experimenta group/average A vaue of control groupx100 %.
Each experiment was repested at least three times.

The rate of apoptosis tested by fluorescence of live cells
After the aforementioned cells were cultured with drugs for
72 h, cells were harvested and fixed with 1:3 glacial acetic
acid/methanol twice, first for 5 min and then 10 min and washed
with phosphate buffer solution (PBS). Hoechest 33 258 was
put into cell suspension to afinal concentration of 1.0 mg/L
and the cells were stained fluorescent for 15 minutes away
from light. An Olympus BH-2 fluorescence microscope was
used to observe the fluorescent associated with DNA of cells
neclei. Graphs were drawn based on different concentrations
of drugs and apoptotic rate of cells.

Agarose gel electrophoresis of DNA

Cells treated with drugs for 96 h were collected. After lysis
with Nicoletti lysis buffer, DNA was extracted with an equal
volume of phenol, phenol/chloroform and chloroform once
each, incubated with RNase and precipitated with ethanol and
sodium acetate. DNA was sedimented by centrifugation, air
dried and dissolved in TrissEDTA buffer. Each DNA sample
was analyzed by gel electrophoresesin 1.2 % agarose gel for
1.5 h and visuaized under ultra-violet light.

Apoptosis index (Pl) determined by flow cytometry (FCM)
The cells described above were harvested, and 1x10°cellswere
centrifuged to get rid of supernatant, fixed with ethanol, and
incubated with 200 mi. RNase A at 37 °C for 1 h; 800 ni. Pl
staining solution was mixed into it and the subsequent mixture
was stored in the refrigerator at 4 °C for 30 minutes. Flow
cytometry was then used to analyze the cell cycle. The cells
with content of DNA in sub G; were apoptotic cells.

Statistics

Software SPSS 10.1 was employed to process the datawith test
of index deviation, and to analyze the causes of the deviationin
data concerning multiple factors of the experimental design.

RESULTS

Effects of CDA-Il and As,0; on the growth of hepatoma cells
Cytotoxicity of CDA-11 waslow. At 1.0 g/L, the respective
survival rate of cell lines HepG2 and BEL-7402 were 92 %
and 89 %. When the concentration was increased to 3.0 g/L,
the survival rate dropped to 76 % and 65 % respectively. The
combined usage of two drugs markedly increased the
cytotoxicity of As,0O; on thetwo cell lines. The addition of
1.0 g/L CDA-II caused ICs, of As,O;to fall from 5.0 pmol/L
to 1.0 umol/L (P<0.01, Table 1).

Table 1 Survival rate of hepatoma cell lines HepG2 treated
with drugs (x+s)%

cgg/(umol-L1)? or rgc/(g-LY)P
Groups

1.0 2.0 3.0 4.0 5.0¢

A (Comtrols) 100 100 100 100 100
B (As;O;, ¢s) ¢ 80.06+3.27 70.58+5.42 67.82+3.43 59.33+7.33 49.12+4.25
C (CDA-Il,rg)®  92.41+4.25 81.22+7.34 70.23+2.32 68.22+4.56 67.12+9.23

D (B+Cyo)' 50.67+3.56 47.88+6.42 47.34+4.25 45.5448.22 41.55+3.75

3cgp/ (umol- L1 is for group B(As,O; cs); rec/(g-L?) is for group
C (CDA-ILrg); °group D (B+Cy,) refers to every each group B

(As;03 cgg) plus rgc=1.0 g-L*; cConcentration grads effect:
F=32.270, sig.=0.000, P<0.05; “Main effect for group B (As,0;
Cg): F=22.856, sig.=0.000, P<0.05; ®Main effect for group C(CDA-
I, rg): F=0.831, sig.=0.059, P>0.05; fInteraction effect for group
D (B+C,,): F=27.178, sig.=0.000, P<0.05

Effect of two drugs on apoptosis in hepatoma cells

Under fluorescent microscope, cell nuclei of the control group
displayed fluorescence evenly.Treated by the two drugsin
combination, alarge proportion of cells underwent apoptosis.
Uneven and more dense particulate fluorescence could be
observed in cell nuclel (Figure 1). The rate of apoptosis of 500
cellswas calculated. The result showed (Figure 2) that when
As,0; was employed at 1.0 pmol/L, the number of apoptotic
cellswasonly dightly abovethat of control, and the difference
was not significant (P=0.063). However, the apoptotic rate rose
greatly with the increase of drug concentrations above 1.0
pmol/L, and the significance of differences became obvious
as against the control (P<0.01). When CDA-I| was used alone,
the concentration must be above 3.0 g/L showed significant
difference from the control (P<0.015). CDA-II greatly
potentiated the apoptosisinduced by As,0s. The apoptotic rate
of 1.0 pmol/L of As,O; together with 1.0 g/L of CDA-I1I
approached that of 4.0 pmol/L As,Os.

Figure 1 Immunofluorescence staining of Hoechst 33 258 72 h
after 1.0 umol/L As,0;+1.0 g/L CDA-1l administred in HepG2
cells (x400). —: dispersive fluorescences in normal cells nuclei;
/\: compact particulate fluorescences in apoptosis cell nuclei

— —a— - group B (As,0s)
80 ---=--- group C (CDA-II)
0| —e— group D (B+C)

— -6~ - - group A (Controls)
60

50 }
40 |
30 }
20t
10}

-----

BEL-7402 cells apoptotic rate (%)

0 1 2 3 4 5
As,0; and CDA-II concentration (mmol/L or g/L)

Figure 2 Comparison of different groups on numbers of BEL-
7402 cell apoptosis. A. Main effect(As,O;): F=0.387, sig.=0.063,
P>0.05; B. Main effect(CDA-II): F=0.670, sig.=0.785, P>0.05; C.
Interaction (As,Os;+ CDA-II): F=22.450, sig.=0.000, P<0.05

DNA of cellsundergoing apoptosis showed aladder pattern
in agarose gel electrophoresis. In the present study, DNA
ladders were characteristically identified in the cells treated
with 5.0 umol/L As,0;0r 1.0 g/L CDA-I1+1 uM As,Osfor 72 h
as shown in Figure 3.
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Figure 3 DNA agarose gel electrophore | of hepatoma cell lines
treated by As,0Oz;0r CDA-I1+As,0;for 72 h. M: | -DNA Marker
VII; A (HepG2): controls; B (HepG2): 1.0 umol - L* As,05;+1.0
g- L CDA-II; C(BEL-7402): 1.0 umol- L* As,05;+1.0 g- L* CDA-
Il; D(HepG2): 5.0umol- L* As,0,
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Figure 5 Flow cytometry 4 days after medicinal treatment.
(A). 1.0 umol/L As,O3; (B). 1.0 g/L CDA-II; (C). 1.0 ymol/L
As,0;+1.0 g/L CDA-II; (D). Control.

As,0; to induce apoptosis of hepatoma cells

OGlL @—bS m@mG2 ™ apoptoticrate
it
: ﬂ“i ﬂi i
1.0mmol/l  5.0nmmol/l 1.0g/L 5.0g/L 10g/L CDA-lI+ Controls
As,03 As,0; CDA-II CDA-Il 1.0nmmol/l As,0;

Different groups for DNA

Figure 4 Comparison of DNA in various groups 4 days after
medicinal treatment. P<0.05 Compared with the controls

Flow cytometry study of cell apoptosis

Four days after treatment with As,O3, sub-G; cells, namely
apoptotic cells, became evident in HepG2 and BEL -7402, and
the number of apoptotic cellswasin direct proportion to drug
concentration (Figure 4). As,0Ozat 5.0 pmol/L induced 46.7 %
of HepG2 and 53.1 % of BEL-7402, respectively to undergo
apoptosis. When CDA-I1 was employed alone below 2.0 g/L,
the apoptotic rate of hepatoma cells was not significantly
different from that of the control. At such low concentration
(<2.0g/L), thecdlsarrested in G, exceeded those in the control,
whereas at concentrations above 2.0 g/L, both apoptotic cells
and cellsarrested in G; increased. The combination of 1.0 g/L
CDA-I1 and 1.0 pmol/L As,O; in hepatoma cells resulted in
reduced vitality of the two cell lines, and the apoptotic rate
rose from 11.3 % in the presence of 1.0 umol/L As,0; aoneto
40.2 % (Figure 5). The potentiation of As,Os-induced apoptosis
by CDA-II was concentration-dependent. The percentage of
sub-G,; cellsinduced by 3.0 g/L CDA-II and 1.0 pmol/L As,0;
reached 63 %, as against 57 % caused by 5.0 pmol/L As,Os.
All these findingsindicated that CDA-11 could synergistically
potentiate As,O;to induce apoptosis of hepatoma cells.

DISCUSSION

Toxicity of cell apoptotic agents and drug resistance of cancer
cells are major factors contributing to the failure of
chemotherapy. It has been reported by Cai et al*®l, that one-
third of 47 patients with normal liver function but suffering
from recurrent acute promyel ocytic leukemiawho were treated
with As,Os, had their livers damaged. Obviously, the patients
with damaged liver function must choose smaller dosage of
As,O;. In thisregard it particularly fits the recommend
combination therapy with CAD-I11, because CAD-Il isavery
effective drug to protect liver from hepatotoxin-induced
injuries*™2%, In votro, hepatoma cell growth and proliferation
were only inhibited by arsenic trioxide at lower concentrations
(0.25-2.0 pmol/L), with no significant apoptosis, at higher
concentration (>2.0 umol/L) can induce cell apoptosisi?-2,
According to the sensitive standard of chemotherapeutic agents
devised by Abe et al’?"?, hepatoma cells in this experiment are
sensitive to the dosage of 5.0 pmol/L As,Os. Based on the
following formula??: drug concentration (mg/L)=[(drug
mgxsurface size)/body weight] x(100/60), the sensitive dosagein
clinica application is20 mg/m?. Inthepresence of 1 g/L of CDA-
I, 1Cs of As,05can bereduced from 5.0 pmol/L to 1.0 pmol/L.
That means4 mg/m?is equally as effectivein the combination
protocol as 20 mg/m? of single As,0;. CAD-II isabiological
preparation purified from human urine which is a selective
inhibitor of abnormal cancer methylation enzymed6°34, DNA
hypermethylation attributable to abnormal methylation
enzymesisrelated to the evolution of drug resistance of cancer
cells®2%l |t is likely that the modulation of abnormal
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methylation enzymes is responsible for the reverse of drug
resistance and the potentiation of As,Os-induced apoptosis.
Shen et al. reported that abnormal DNA methylation playsan
important role in the process of hepatocellular carcinogenesis.
DNA methylation level isclosaly correlated with the biological
characteridic of liver cancer, thelower theleve of DNA methylation,
the stronger the infiltration and metastatic capacity!®*. Animal
experimentson have demongtrated that CAD-I1 could effectively
prevent the growth and metastasis of xenografted hepatomal®”
%l Analysis of cell cycle revealed that CAD-II at low
concentrations could arrest more hepatoma cellsin G, and S,
and at high concentrations could bring about more apoptosis
and relatively more cells arrested in G;. It is remarkable that
CAD-II at alow dosage is not capable to induce apoptosis,
nevertheless, it can strongly potentiate As,O;-induced apoptosis.
With 1.0 g/L of CAD-II, the apoptosis-inducing capability of
As,0; can be reduced from 5.0 to 1.0 pumol/L. Therefore, only
4.0 mg/m?of As,0sis needed in clinical treatment giving an
equivaence of 20 mg/m? of As,Os. Thus, the combined therapy
of As,0O;and CAD-II offers a great advantage to reduce toxic
sdeeffect and to improve the therapeutic efficacy for hepatoma.
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Abstract

AIM: The imaging features of MRI and DSA, using the models
of implanted and induced hepatoma, were investigated in rats.

METHODS: CBRH3 cancer cells were implanted for different
liver site of rat liver and the diethylnitrosoamine was given
orally to rats in order to induce liver cancer. Both experimental
groups were detected by magnetic resonance imaging (MRI),
digital subtraction angiography (DSA) and morphologic assay.

RESULTS: Hypointensity on TIWI and homogenous high
signal intensity on T2WI in MRI, and ring-like abnormal stain
on DSA were found in implanted cancer. Induced cancers
appeared as homogeneous or heterogeneous hypointensity
on T1WI (10 cases), and equal or slight high intensity on
T2WI (8 cases), but some as hypointensity on T2WI (2 cases).

CONCLUSION: The imaging features of implanted cancers
were similar to that of human liver metastases. Therefore, it
could serve as an experimental model of human liver metastatic
tumor. The imaging feature of induced cancers, whereas, were
similar to that of human primary liver cancer. It could be use
as an experimental model of human primary liver cancer.

Yang JH, You TG, Li N, Qian QJ, Wang P, Yan ZL, Wu MC.
Relationship between the imaging features and pathologic alteration
in hepatoma of rats. World J Gastroenterol 2003; 9(1): 69-72
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INTRODUCTION
It is important to investigate the relationship between the
biologic properties of liver tumor and the findingswith modern
imaging techniques. MRI affords the possibility in coronal and
sagittal views, which are very helpful in liver surgery because
surgical techniquesare described in these planes*2. In addition,
targeted gene therapy, for instance, cytokines gene therapy,
angiogenesis inhibitor and granulocyte-macrophage colony-
stimulating factor (GM-CSF) gene-transduced tumor vaccine
for patients, may be useful in developing anticancer drugs that
prolong or stabilize theprogression of tumors with minimal
sysemictoxicities. Thesedrugsmay aso beused asnovd imaging
and radiommunotherapeutic agentsin cancer therapy®™7.
However, little is known on experimental work of both scan
imaging and liver cancer. The present study, using the model of

implanted and induced hepatoma of rats, was undertaken to
investigate the relationship between the morphologic aterations
and imaging characterigtics of magnetic resonanceimaging (MRI)
and digitd subtraction angiography (DSA), and moreto improve
level of diagnostic and treatment for liver cancer. Finally,
interleukin 2 was therapeutic effect on liver tumorg®, so the our
further study of interleukin genetherapy for liver cancer wasbased
on the present outcome of implanted and induced hepatoma.

MATERIALS AND METHODS

Imaging Instruments

MRI equipment was produced by Siemens AG (1.0 T). ItsSE
rank, 128* 128 matrix, T1-weighted sequence (T1WI) were
TR/TE 350-480/15 ms; T2-weighted sequence (T2WI) was
TR/TE 2 200/90 ms. Slice thickness was 2 mm and scan space
was 0.5 mm. Both of coronal and sagittal scanning wasfulfilled.
Hepatic artery was scanned by DSA (Toshiba DFP-0.3A) with
perfusing iodized oil (Lipiodol). Instruments and drugs were
sterilized routinely.

Animals and Hepatoma cell

Male Wister rats (200-250 g wt) were obtained from Animal
Center of Chinese Academy of Sciences. Animaswere maintained
on a standard diet. Cellular strains of hepatoma CBRH3 were
provided kindly by Prof. Xie Hong (Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Science).

Implanted liver cancer model in rat

Hepatoma CBRH3 cells were injected into abdominal cavity
of rat. Rats were sacrificed and tumors were removed from
abdominal cavity 7-9 dayslate. Thetumorswere cut into pieces
of 0.05-0.75 cm and then was inoculated into rat liver for one
or more locations respectively. The tumor was grown up to
diameter in 0.6-1 cm after 7-10 days of inoculation.

Induced liver cancer model in rat

Male Wister rats (age for 8 weeks) took orally 1:10 000
diethylnitrosamine for 80 days to induce liver cancer. The
micro-nodules of hepatoma were developed 14 weeks late and
0.2-1 cm of tumor masses were observed 16-18 weeks late.
There were poly-cysts in rat liver. This model was used to
study for poly-nodules of hepatoma. The success rate of
induced cancer was 100 %/°19,

Experimental procedure

Both of 10 implanted tumor rats (age of 9 days) and 10 induced
tumor rats (age of 16-18 weeks) was divided to experimental
group and control group, randomly. While rats were scanned
by MRI, they were anesthetized by injecting ketamine into
muscle. In addition, the hepatic artery and gastroduodenal
artery were isolated carefully and micro-catheter was inserted
into these artery for injection of iodine oil before DSAR,

RESULTS

A stablemode of rat hepatomawas established by either implanted
tumor with cancer piece or inducing tumor with diethylnitrosamine.
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Imaging features of theimplanted tumorsin MRI and DSA
and the pathology: The 10 implanted model s showed 18 nodules
of tumor in MRI and DSA. 11 nodules of them were round
shape and 7 of them were ellipse. The margin of tumors was
smooth. Implanted cancer showed homogeneous hypointensity
on T1WI (Figure 1) and homogeneous hyperintensity on T2WI.
Therat liver showed normal signal and normal organ shape.

Figure 1 MR imaging showed low signal on T1WI in implanted
hepatoma of rat

In DSA, the tumors showed no stain for blood vesselsin
the center of tumor (vacancy of vessel) and abnormal ring-
like staining of vessel around tumor. The liver tissues were
normal. Necrosis and colliquational cavity were shown on the
core of tumorsin all of 18 tumor mass and the yellow-gray
tissue could be seen in cross section of tumors. The cancer
cells were small or mediate in size with great nucleus. The
parenchyma of liver was normal (Figure2).
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Figure 2 Distribution of microscopy (x200) in implanted liver
cancer that abnormal type and arrangement of cancer cell.
There were abundant vascular proliferation and lymphocyte
infiltration growth around tumor

The scanning picturesof MRI and DSA and the pathological
alteration in induced cancer: Liver cirrhosis with different
degree and multiple nodules of cancer were observed in 10
tumor cases. Eight among 10 tumors showed homogeneous
dlight hypo-intensity on TIWI (Figure 3) and inhomogeneous
dight hyper-intensity on T2WI with different shapes, but some
of them were with normal signal or more contrast enhancement
(Figure 4). Two among 10 tumor livers were shown
inhomogeneous slight low signal on T1WI, but equal signal
was found in interval. Hypointensity was observed on T2WI.

In DSA the distribution of internal hepato-vascularity was
disorder and the angio-clumps were different in sizesin tumor
(Figure 5). Pathology: Tumor liver showed poly-nodules, tumor
diffuson and inequality of size. Thetumor waslight yellow. In
microscopy examination, distribution of tumor and liver tissue
wasin interval. The cancer tissue showed plenty and dilation of
vessel. The cell plasma of cancer was not abundant. The
arrangement of tumor cell was nest and bunch. Liver tissue was

easy for proliferation of nodule with acid-like change and water-
ateration. The dilation of lymphatic tube and the proliferation
of bile duct were shown between hepato-lobule. Hepato-lobule
was divided by proliferation of fibre. The artery and vein were
not distinguished because of dilation of vessel (Figure 6).

Figure 3 Homogeneous slight hypointensity on TIWI was
found in poly-nodules of tumor

Figure 4 Inhomogeneous slight hyperintensity was indicated
on T2WI in different shape, but some of them were showed
normal signal or more contrast enhancement in interval

Figure 5 The disorder of distribution of internal hepato-vas-
cularity was found and the angio-clump showed different size
in tumor in DSA

Figure 6 Distribution of microscopy (x100) in induced liver
cancer that tumor and liver tissue was in interval. There was
plenty and dilation of vessel
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DISCUSSION

Characterization of image technique of rat

The available MR image photos were taken because technique
is as follow. (1) Technique of eye surface loop: To avoid
disturbing factors for image definition that focus on thelocation
of rat liver, thistechnique was used. (2) Folium technique keeps
away the cabin effect on concea of small tumor nodules. (3)
False shadow caused by move of body act and breath was
prevented by suitable anesthesiafor rats. On DSA image, deep
anesthesia and careful anatomy of hepatic artery with catheter
were necessary. But it is difficulty to puncture femoral artery.
In order to find available condition of exposuretime, wetry to
test more times*2.

The relation of image and pathology in implanted cancer
The component of tumor is of long longitudinal relaxationtime
(T1) and long transverse relaxation time (T2) since the
implanted cancer show low signal on T1WI and equal signal
on T2WI in MRI. Equd signal intensity impliesthat there are
no tissue component in the core of tumor apart from necrosis,
liquefaction and cystic change. Therefore, the situation of blood
supply was not described due to no-contrast enhancement of
Gadolium-DTPA[34],

On DSA, the imaging of blood vessel around tumor was
found such as folium annularity, whereas central liquefaction
and necrosis were existed in tumor. Thus, cancer cell on the
border of tumor grows actively because of blood supply in
plenty and cancer cell in center of tumor doesnot grow because
of insufficient blood supply. Thereisno liver cirrhosis because
signd intensity of liver tissuein MRI and distribution of blood
vessel in DSA are normal compared to normal liver
parenchyma,

Necrosis at core of tumor and the proliferated nodul e of
tumor cell were found around blood sinus and dilation of blood
vessel after 9 days of implanted cancerl’5”, The change in
MRI and DSA was accord to pathology.

The relation of image and pathology in induced cancer
Resent study has suggested that a random clonal origin of
hepatocyte carcinoma from mature hepatocytesis seen in the
diethylnitrosamine model of hepatocarcinogenesis?®.

Induced cancer isof two different Sgnal intensitiesincluding
1. dlight low signal intensity on TAWI and dlight high signal
intensity on T2W!I in 8 cases and 2. inhomogeneous low signal
on T1WI and low signal on T2WI with regular appearancein
2 cases. We hypothesize that both signals is caused by the
difference in hepatoma component and hepatoma cellular
arrange. Amount of fribrocyte, apart from tumor cells, isfound
inthese 2 caseswhich result in extended longitudinal relaxation
time (T1) and contracted transverse relaxation time (T2) with
low signal on T1IWI and low signa on T2WI. Irregular liver
shape and liver nodule proliferation in deferent degree with
liver cyst could be manifested on MRI because of liver cirrhosis
and degeneration resulting from taking carcinogen for long
time. To differentiate with cirrhosis nodules and tumor nodules,
some investigators reported that the early-enhancing single
nodule with cirrhosis is high predictive to hepatocyte cancer
in patient. This phenomenon isaso seenin our data of photo and
microscopy examintion®2!, On DAS, thetumor stainisdisplayed
by reason of disorder of blood vessdl and angio-clamp?2.

Comparison imaging of implanted, induced and human
hepatoma

Primary liver cancer Based on the liver cirrhosis, primary
liver cancer display the dight low signal intensity on T1WI
and equal or slight high signal intensity following extended
echo timewithout raise of signal in MRI!Z., In DSA, the plenty

amateur vessel is observed®.

Liver metastases MRI shows the low signal intensity on
T1WI, high signal on T2WI and annular enhancement by
Gadolium. In DSA, annular staining is displayed without
background of cirrhosig*.

Compared with manifestation of MRI and DSA, studies
confirm that implanted hepatoma lead that the signal intensity
is high following the extended echo time and annular staining
around tumor is occurred without liver cirrhosig?!.

In induced cancer, liver cirrhosis with dight high signal or
low signal dueto extended echo time without raise of signal is
observed in MRI. The abundant malignant vessel stain is
indicated that it is similar to human primary liver cancer(?,

In conclusion, the imaging features of implanted cancers
were similar to human liver metastasesin manifestation of MRI
and DSA. Therefor, it could serve as an experimental model
of human liver metastatic tumor. The imaging feature of
induced cancers, whereas, were similar to that of human
primary liver cancer. It could be use as an experimental model
of human primary liver cancer.
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Abstract

AlIM: This study investigated the anti-cancer effect of
combined quercetin and a recombinant adenovirus vector
expressing the human p53, GM-CSF and B7-1 genes
(designated BB-102) on human hepatocellular carcinoma
(HCC) cell lines in vitro.

METHODS: The sensitivity of HCC cells to anticancer agents
was evaluated by 3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay. The viability of cells infected
with BB-102 was determined by trypan blue exclusion. The
expression levels of human wild-type p53, GM-CSF and B7-1
genes were determined by Western blot, enzyme-linked
immunosorbent assay (ELISA) and flow cytometric analysis,
respectively. The apoptosis of BB-102-infected or quercetin-
treated HCC cells was detected by terminal deoxynucleotidyl
transferase (TdT) assay or DNA ladder electrophoresis.

RESULTS: Quercetin was found to suppress proliferation of
human HCC cell lines BEL-7402, HuH-7 and HLE, with peak
suppression at 50 mmol/L quercetin. BB-102 infection was
also found to significantly suppress proliferation of HCC cell
lines. The apoptosis of BB-102-infected HCC cells was greater
in HLE and HuH-7 cells than in BEL-7402 cells. Quercetin did
not affect the expression of the three exogenous genes in
BB-102-infected HCC cells (P>0.05), but it was found to further
decrease proliferation and promote apoptosis of BB-102-
infected HCC cells.

CONCLUSION: BB-102 and quercetin synergetically
suppress HCC cell proliferation and induce HCC cell apoptosis,
suggesting a possible use as a combined anti-cancer agent.

Shi M, Wang FS, Wu ZZ. Synergetic anticancer effect of
combined quercetin and recombinant adenoviral vector
expressing human wild-type p53, GM-CSF and B7-1 genes on
hepatocellular carcinoma cells in vitro. World J Gastroenterol
2003; 9(1): 73-78
http://www.wjgnet.com/1007-9327/9/73.htm

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most malignant
diseases known. Surgical resections are incapable of removing

all HCC cells and the disease is very resistant to anticancer
agents, making chemotherapy an equally ineffective option¥.
Therefore, anti-tumor gene therapy strategies seem a good
future option for the treatment of HCC?. Numerous studies
have shown that tumor occurrence and progression are often
related to mutations in tumor suppressor genes or loss of host
anti-tumor immunity®*®. Therefore, a promising approach is
transfer of tumor suppressor genes to cause tumor cell growth
arrest or apoptosis, combined with cytokine genes to induce
an effective immune response directly against both the
genetically modified and the parental tumor cellg*.

In HCC, mutation or loss of tumor suppressor gene p53 is
associated with malignancy and chemoresi stance™-*3, making
the wild-type p53 (WT-p53) gene a good candidate for
replacement by genetherapy. Granulocyte-macrophage colony
stimulating factor (GM-CSF) has been proven to be a potent,
long-lasting inducer of antitumor immunity that promotes
maturation of dendritic cells and enhances the function of
antigen-presenting cells and natural killer (NK) cell§'47, In
addition, the expression of members of the B7 gene family
has been shown to beimportant in antitumor responsesin both
mice and humang*®2J, However, most tumor cells, including
HCC cdlls, lack B7-1 moleculeson their surface, and asaresult
they escape recognition by the immune system!?4. Kim et al.
found an increased antitumor effect with the combined
expression of GM-CSF and B7-1 in athymic nude mice,
suggesting that coexpression of GM-CSF and B7-1 may enhance
antitumor activity®. Recombinant adenovirus vector BB-102,
which expresses p53, GM-CSF and B7-1 genes?, has been
shown to inhibit the growth of various human carcinoma cells,
such as hepatocel lular carcinoma, lung cancer’?¥, and laryngeal
cancer'®!, and enhances carcinoma cell chemosensivity to anti-
cancer agents.

Quercetin (3,3 ,4' ,5,7-pentahydroxyflavone) is one of most
widely distributed bioflavonoidsin the plant kingdom and isa
common component of most edible fruits and vegetable.
Humans consume approximately 1 g of dietary flavonoid daily.
This compound has been shown to inhibit the growth of various
human cancer cell lineg?*, including leukemia, hepatocel lular
carcinoma, and estrogen-receptor positive breast carcinoma
MCF-7, suggesting that quercetin may have anti-cancer and
anti-metastasis potential®>*. The growth inhibitory effect of
quercetin on tumor cellsisfound to be consequence of itsability
to interfere with the enzymatic processes involved in the
regulation of cellular proliferation: DNA, RNA and protein
biosynthesi 443, Quercetin also has shown to down-regulate
or inhibit the phosphatidylinositol (Pl) and phosphatidylinositol
phosphate (PIP) kinase activitiesin human carcinoma cells,
leading to a marked reduction of second messengers | P3
concentration and cell death!*“, Therefore, quercetin may be
useful in the treatment of carcinomas with increased or down-
regulated signal transduction capacity!*>47,

These results suggest that the combination of quercetin with
BB-102 may synergetically suppress the growth of carcinoma
cells. Accordingly, this study addressed the synergetic action
of quercetin combined with BB-102 against HCC cellsin vitro.
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MATERIALS AND METHODS ELISA of GM-CSF gene expression
Agents Expression of human GM-GSF was detected by enzyme-linked

Quercetin was purchased from Sigma (St Louis, MO). Western
blot detection system ECL+plus Kit was purchased from
Amersham Pharmacia Biotech (Arlinton Heights, IL). GM-
CSF ELISA kit was bought from Genzyme (Cambridge, MA).
The TdT FragEL™ DNA fragmentation detection kit wasfrom
Calbiochem (Cambridge, MA). Ad-GFP (Ad5 vector
expressing green fluorescence protein) was kindly provided
by the Gene Therapy Unit, Baxter Healthcare Corporation,
USA. BB-102 was recongtructed by Dr ZH Qu. Quercetin was
dissolved in medium containing 0.1 % dimethy! sulfoxide
(DM SO), and the same concentration of DM SO was used in
control experiments.

Quercetin inhibits the growth of HCC cells

The BEL-7402, HLE and HuH-7 cell lines were seeded in 96-
well plates at a density of 5x10° cells/well. After 24 h, the
cellswere exposed to various concentrations of quercetin from
3.125 mmol/L to 100 mmol/L. After 72 h, the number of viable
cellswas determined by MTT assay.

Growth suppression in BB-102-infected HCC cells

HCC cell lines were seeded in six-well plates at a density of
5x10° cells/well. Twelve hours later, the cells were infected
with BB-102 and Ad-GFP at a MOI of 50 pfu/cell. Culture
medium was used for mock infection. Triplicate wells of each
treatment group were counted every 2 days for atotal of four
times after infection. The viability of the cellswas determined
by trypan blue exclusion.

Assay of apoptosis

Apoptosis induced by BB-102 was analyzed by terminal
deoxynucleotidyl transferase (TdT) assay. Briefly, HCC cells
were seeded in 12-well plates at a density of 5x10 cells/well.
After 24 h, they were infected with BB-102 or Ad-GFP at a
MOI of 50 pfu/cell. Culture medium was used for mock
infection. Seventy-two hourslater, cell monolayers werefixed
with 4 % formaldehyde diluted in phosphate-buffered saline
(PBS) for 15 min at room temperature. Apoptosis of the cells
was detected using a TdT FragEL™ DNA fragmentation
detection kit according to the protocol.

Cellular apoptosis induced by quercetin or quercetin
combined with BB-102 was analyzed by agarose gel-
electrophoresis as described based on the pattern of DNA
cleavage. Briefly, cells (1x10°) were lysed with 0.5 ml lysis
buffer, followed by the addition of RNase A to a final
concentration of 200 ng/ml, and incubated for 1 h at 37 °C.
Cellswere then treated with 300 mg/ml of proteinaseK for 1 h
at 37 °‘C. After addition of 4 ml loading buffer, 20 m samples
in each lane were subjected to electrophoresison a 1.5 %
agarose at 50 V for 3 h. DNA was stained with ethidium
bromide and laddering was visualized under UV light.

P53 gene expression by western blot

Three cell lines were seeded in 6-well plates at a density of
1x10° cells/well. Group Il was treated with 100 mmol/L
quercetin, group 111 was infected with BB-102 at aM Ol of 50
pfu/cell, group 1V was infected with BB-102 and then treated
with 100 nmol/L quercetin, and group | was mock-infected
with culture medium infected with empty adenovirus vector
as control. After 48 h incubation, cells were washed with
phosphate buffered saline, disrupted by addition of lysing
buffer (100 mmol/L Tris: Cl pH 6.8,200 mmol/L DTT,4 %SDS,
0.2 % bromophenol blue, 20 % glycerol), and electrophoresed.
Western blot detection system ECL +plus Kit was used to
determine p53 expression according to the instruction manual.

immunosorbent assay. Briefly, the cells were seeded in 6-well
plates at a density of 1x10° cells/well. After 24 h, the cells
were infected with BB-102 at a MOI of 50 pfu/cell for 1 h,
then BB-102 suspensions were replaced with either culture
medium alone, or culture medium containing 100 nmol/L
quercetin. After 48 h, the suspension was collected. The GM-
CSF present in each suspension was quantified using the ELISA
kit according to the protocol.

FCM of B7-1 gene expression

HCC cells were seeded in 6-well plates at a density of 5x10°
cells/well. After 24 h, the cells were either treated with 100
mmol/L quercetin, infected with BB-102 at a MOI of 50 pfu/
cell, or infected with BB-102 at a MOI of 50 pfu/cell then
treated with 100 nmol/L quercetin. Culture medium was used
for mock infection. After 48 h incubation, the cells were
collected. Cellswere washed twicein PBS and resuspended in
PBS containing 1 % bovine serum albumin (BSA) prior to
incubation with anti-human B7-1 monoclonal antibody
(MoADb) for 30 min at 4 °C in the dark, followed by two washes
in PBS/BSA. The cells were stained with FITC-conjugated
goat anti-mouse 1gG for 30 min at 4 “C. Nonspecific binding
was controlled by incubation with isotypic controls.
Fluorescence was measured with FACSCalibur flow cytometer
(Becton Dickinson).

Proliferation of cells treated with both quercetin and BB-102
HCC cellswere seeded in 96-well plates at adensity of 5x10°
cellsiwell. After 24 h, cellswere infected with Ad-GFP or BB-
102 at a MOl of 50 pfu/cell. Culture medium was used for
mock infection. After 48 h, cells were treated with various
concentrations of quercetin from 3.125 to 50 nmol/L. Culture
medium was used for mock treatment. After 72 h, the viable
cell numbers were tested by MTT assay.

RESULTS

Antitumor effect of quercetin on HCC cells

Quercetin was shown to inhibit HCC proliferation and induce
HCC apoptosis in vitro in a dose-dependent manner until it
reached peak inhibition at 50 mmol- L (Figure 1).
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Figure 1 The suppressive effect of quercetin on the prolifera-
tion of BEL-7402, HLE and HuH-7 cell lines in vitro.

BB-102 inhibit the growth of HCC cells

Introduction of p53, GM-CSF and B7-1 through BB-102
infection led to significant suppression of growth proliferation
in BEL-7402, HLE and HuH-7 cells compared with those
infected with Ad-GFP or mock infected (Figure 2). Among them,
therewas alower suppression in BEL-7402 cell line compared
with HLE and HuH-7 cdll lines (P<0.05), which might be related
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to the fact that BEL-7402 expresses an endogenous wild-type
p53, while HLE and HuH-7 both express endogenous mutant
p53, resulting in BEL-7402 being less sensitive to the effects of
the exogenous p53 protein expressed by BB-102.
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Figure 2 Proliferation inhibition of HCC cell lines transduced
with BB-102.

BB-102 induces HCC cells apoptosis

Asmeasured by TdT assay, apoptotic ratesin BEL-7402, HLE
and HuH-7 cells lines were were 12.75 %, 57 % and 49.5 %,
respectively. This suggests that HLE and HuH-7 cells were
more sensitive to BB-102 than BEL-7402 cells.

Quercetin induces apoptosis of HCC cells

DNA laddering (Figure 3) suggeststhat quercetininducesHCC
cell apoptosis, and that BB-102 further promoted the quercetin-
treated cell apoptosis.

Maker Control Que BB-102 Quet+BB-102

500bp — o

100bp —

Figure 3 The promotion of Que on HCC cell apoptosis induced
by BB-102.

Quercetin does not affect exogenous gene expression in BB-
102-infected cells

Expression of exogenous P53 in BB-102-infected cells By
using Western blot analysis, high levels of p53 protein were
detected in BB-102-infected HCC cell lines. Theselevelswere
not affected by treatment with quercetin (Figure 4).
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Figure 4 Effect of Que on the p53 expression in HCC cell lines
transfered with BB-102. (lanel: control; lane2: with Que; lane3:
with BB-102; lane4: with Que and BB-102).
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Figure 5 Synergetic effect of BB-102 on quercetin suppression
of growth of HCC cell lines.

Expression of exogenous GM-CSF protein in BB-102-
infected cells ELISA assay showed that ahigh-level expression
of GM-CSF was detected in the culture suspension of BB-
102-infected cells 48 h after infection. There was no statistical
difference in GM-CSF level between the cells treated with
guercetin and untreated cells (Table 1).

Expression of exogenous B7-1 protein in BB-102-infected
cells B7-1 gene expression was observed flow cytometric
analysis 48 h after BB-102 infection (Table 2). There was no
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significant differencein B7-1 expresson between cellstreated
with quercetin and untreated cells.

Table 1 Effect of Que on the GM-CSF expression in HCC cell
lines transferred with BB-102 (pg- L?), (xts), (n=6)

Cell line Infected with BB-102  Infected with BB-102+Que
BEL-7402 118.9+29.9 147.7+13.2
HLE 209.6£55.7 248.3+15.9
HuH-7 250.7+21.9 283.7+21.6

Table 2 Effect of Que on the B7-1 expression in HCC cell lines
transfered with BB-102 (%) (n=4)

Cell line Control Que BB-102 Que+BB-102
BEI-7402 10.0+£2.5 11.241.7 80.0+10.3° 85.0+12.0°
HLE 15.3+2.1 14.0£2.0 31.0+7.82 35.245.6°
HuH-7 20.0+2.6  22.0+3.0 59.8+8.5° 64.0+8.8°

2P<0.01, ®P<0.001, vs their controls

Quercetin enhances the inhibition of the proliferation in BB-
102-infected HCC cell lines

The proliferation suppression pattern of HCC cellstreated with
guercetin was not significantly different between Ad-GFP-
infected cells and Ad-mock infected cells. In contrast, BB-
102-infected cells showed a significant increase of suppression
when treated with quercetin. This implies that BB-102
transduction and quercetin treatment synergistically suppress
HCC praliferation (Figure 5). The control dataindicatesthat it
was the exogenous gene expression that induced this effect,
not the adenovirus.

DISCUSSION

Gene therapy, the introduction of functional genesinto cells
to treat or prevent a disease, is a promising approach for the
treatment of human cancer. In an effort to explore potential
gene therapy approaches to the treatment of stubborn HCC,
we investigated the synergetic effects of dietary component
(quercetin) plus gene transfer (BB-102 infection). BB-102 isa
recombinant adenoviral vector expressing the genesfor human
wild-type p53, GM-CSF and B7-12%, Our study showed that
BB-102 infection arrested the growth of HCC cellslines BEL -
7402, HLE, HuH-7, and induced their apoptosis by the
expression of exogenous wild-type p53 (a transcriptional
activator that induces cell cycle arrest and apoptosis**?). BB-
102 also enhanced immunogenicity of HCC cellsand improved
host antitumor immune reaction.

We then examined the possible synergy between these
exogenous genes and quercetin, which isthought to havealong-
term preventive effect on chemical carcinogenesis, especially
in people who eat adiet rich in fruits and vegetabl eg%:31-365152],
Previoudy, we had found that antineoplastic drug concentrations
exerting cytotoxic activity were markedly lower when cells
were pretreated with quercetin?®1, |n addition, quercetin has
been shown to inhibit the growth of human breast cancer cell
line MDA-MB468 in adose-dependent fashion by specificaly
inhibiting the expression of mutant p53 in cellular
transformation!>®. Because HCC patients are generally resistant
to chemotherapy (possibly due to the loss of afunctional p53
gene™, which is known to occur in 50 % of cancerg®>*), we

questioned whether quercetin could reverse the multi-drug
resistance of HCC cells, perhaps through down-regulation of
mutated p53 or glycoproteini>%%&%, |n addition to its possible
role in adjusting p53 levels, quercetin isa so known to inhibit
the synthesis of HSP70 (heat shock protein 70) and change its
intracellular distribution. HSP70 isinvolved in apoptosis, and
the link between the two suggests that quercetin may be
involved in the induction of apoptosig®©Y,

We found enhancement of apoptosis and inhibition of the
proliferation of BB-102-infected HCC cell lines treated with
quercetin, suggesting that thereis a synergetic anticancer effect
between quercetin and BB-102. There was no change in p53,
GM-CSF and B7-1 gene expressionsin BB-102-infected HCC
cell lines following quercetin treatment, indicating that
quercetin did not affect exogenous gene expression in BB-
102-infected HCC cells. We believe it is possible that this
synergetic effect might be due to BB-102 transduction
promoting the chemosensitivity of HCC cellsto quercetin, but
this and other mechanisms will need further study.

BEL-7402 cellswere more sensitive to quercetin than HLE
and HuH-7 cells. At a concentration of 50 umol/L quercetin
(peak proliferation inhibition), proliferation inhibition was
78 %, 33 % and 24 % for BEL-7402, HLE and HuH-7,
respectively. Our previous studies have shown that the doubling
time of BEL-7402 is the shortest among these cells. This
suggeststhat the cellsthat proliferate quickly are more sensitive
to quercetin in this study. In addition, quercetin induced
apoptosisin HCC cells at G1 and S in a dose- and time-
dependent manner, and the effect was enhanced by BB-102
infection. This enhancement was lessin BEL-7402, possibly
due to its wild-type endogenous p53 status®?. Overall, HCC
cellstreated with both quercetin and BB-102 showed inhibition
of proliferation and increased apoptosis, suggesting that
quercetin may be useful as an adjuvant in chemotherapy
treatment of HCC patients. The combination of quercetin and
BB-102 transduction is a promising new strategy for the
treatment of typically chemo-resistant hepatomas.
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Abstract

AIM: To construct interleukin-2 gene-modified human
hepatocyte line (L-02/1L-2) and investigate the changes of
the function of liver cells and IL-2 secretion in culture with
microcarrier,laying the foundation for further experimentation
on hepatocyte transplantation.

METHODS: hIL-2 gene was transduced into L-02
hepatocytes by recombinant retroviral vector pLNCIL-2, and
the changes of morphology and clonogeneicity rate of the
transduced cells were observed, the secretion levels of hlL-
2 in cultural supernatant were detected by ELISA and NeoR
gene was amplified by PCR. The growth of L-02/IL-2, the
special biochemistry items and the levels of IL-2 were
detected after cultivation with microcarrier.

RESULTS: The clonogeneicity rate of the L-02/IL-2 cells
was lower than that of L-02/Neo cells and L-02 cells. The
levels of hIL-2 could reach 32 000 pg/10¢ cells per day and
kept secreting for more than ten weeks. NeoR gene segment
was respectively obtained by PCR from both L-02/IL-2 and
L-02/Neo cell’s genomic DNA. At the 6" day in culture with
microcarrier, the matrix-induced liver cell aggregates were
formed, the number of alive L-02/1L-2 cell were 16.8+0.53
x10¢/flask and the levels of ALB and UREA were 52.54+1.28
mg/L and 5.29£0.17 mmol/L, respectively. These data had
not significantly changed as compared with those of L-02
cells (P>0.05); However, the levels of IL-2 in 1L-2/L-02 cells
remarkably exceeded that in L-02 cells in the whole culture
process (P<0.001).

CONCLUSION: The IL-2 gene-modified hepatocyte line has
been successfully constructed. The L-02/1L-2 cellular
aggregates cultured with microcarrier have a high capacity
of IL-2 production as well as protein synthesis and amino
acid metabolism.

Tang NH, Chen YL, Wang XQ, Li XJ, Yin FZ, Wang XZ. Construction
of IL-2 gene-modified human hepatocyte and its cultivation with
microcarrier. World J Gastroenterol 2003; 9(1): 79-83

http://www.wjgnet.com/1007-9327/9/79.htm

INTRODUCTION
Gene therapy has become an important therapeutic alternative
in recent years, thanks to the growing improvement of gene-
transduction techniques in eukaryotic cells. There are alarge
number of proteins expression in hepatocyte with high levels,
and many genes that areinvolved in metabolism also express
in hepatocytes, so hepatocyte is one of the crucial tools for
gene therapy™, for example, the therapeutic implement for
patient with hyperbilirubinemia by hepatocyte transplantation
after gene modification in vitro, which was approved by FDAI2,
Asan important approach for inhibiting the growth of tumor,
immune therapy of cytokines further broadens the prospect of
clinicd application of hepatocytesand genetherapy of cytokines.
Recent sudieshave demongtrated thefeasibility of cytokine gene
transferrence to enhance the antitumor activities of host immune
cell®, With regards to therapy for hepatocarcinoma, there are
many good results obtained from the study of hepatocarcinoma
cellsmodified by cytokine gened*, especially using IL-2 gene
modified hepatocarcinoma cells that conquered the substantial
toxicity from administration of high doses of IL-21**2. However,
few studies focus on the antitumor immune function of
hepatocyte transduced with cytokine gene in hepatocyte
transplantation. In this study, IL-2 gene was transduced into
human hepatocyte line L-02 by recombinant retroviral vector.
The experiments of its biologic activities and cultivation with
microcarrerswere performed, laying the foundation for further
experimentation on hepatocyte transplantation.

MATERIALS AND METHODS

Material

Human hepatocyte line L-02, amphotropic packaging cell
PA 317 and mouse fibroblast cell line NIH3T3 were purchased
from Shanghai Cell Biology Institute, Chinese Academy of
Science and grown in DF medium (DMEM: Ham' s F12=3:1)
containing 100 mL- L fetal calf serum, penicillin 1x10°U- L
and streptomycin 100 mg- L. Thecellswerekeptat 37 'C ina
50 mL/LCO, humidified atmosphere and subcultered from one
to three when the cells proliferated into a full monolayer.
Recombitant retroviral vector, LNCX and LNCIL-2, were
kindly provided by Prof. Joo Hang Kim from Y onsai Universty
in Korea. Plasmid extraction and purification kit, Wizard®Plus
SV Minipreps DNA, and transfection kit TransFast™ were
from Promega. hlL-2 ELISA kit was purchased from Jingmei
Biological Engineering, Shenzhen. Microcarrier Cytodex3 was
from Pharmasia. Poly-HEMA, DMEM and Ham' sF12 medium
were the products of Sigma. Calf serum were purchased from
Four Season Green Biological Co., Hangzhou, China.

Methods

Construction of recombitant retrovirus producer cell line
Transformation of recombitant retroviral vector was performed
as previously described*3. The extraction and purification of
the product was operated according to the manufacturer’ s
protocol. The purified products were quantitated by
spectrophotometer (DU 640), digested with Hind III at 37 'C
for 2 h and identified by eletrophoresis through a 10 g/L
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formaldehyde agarose gel. The amphotropic packaging cells
PA317 were plated into 12-well plates and cultured till nearly
60-70 % confluence. Then LNCX or LNCIL-2 transduction
to PA317 cell line was made with lipo-transfection technique.
The PA317/Neo and PA317/1L-2 cell clones which produced
pPLNCX and pLNCIL-2 were respectively selected by G418
and subcultured for amplification in G418-free DF mediafor
24 h. Furthermore, the supernatant of above cells containing
recombitant retrovirus were collected, and the retrovirus titer
was detected by NIH3T3 cells according to that described™4,
guantitated highest titer waskept at -70 C.

Transduction of IL-2 geneinto the hepatocyte cell line The
L-02 hepatocyte line were grown to a confluence of 60-70 %
in 24-well plate. The supernatant were discarded and replaced
with 1 mL recombitant retroviral supernatant supplemented
with 8 pgof Polybrene. Two hourslater, 2 mL fresh DF media
containing 800 mg/L were added and cultured at 37 °C for 24 h.
The whole process of the cell clone against G418 selection
lasted 15 days followed by amplified cultivation.

Growth of transfected cells The growth of transfected cells
were observed and photographed, total of 3x10° L-02, L-02/
Neo and L-02/IL-2 cells were put into the media respectively
with afinal volume of 200 L, and then plated on a 96-well
plate and incubated at 37 ‘C in 5 mL/LCO, humidified
atmosphere for 7 days. Each group had six wells. The assay of
cell proliferation was performed by MTT every 24 h. Briefly,
20 L of 5 g/L MTT were added into each well and cultured
for another 4 h. The supernatant was discarded and replaced
with 200 uL of dimethyl sulfoxide (DM SO). When the crystals
were dissolved, the absorbance (A) value of the dideswas read
at 490 nm. In addition, 1x10® cells per well of the three kinds
of cell were plated into 24-well platein 1 mL mediaand cultured
for 7 days, respectively. The colonogeneicity rate (CR) of
transferred cells were calculated by using the following
equation: CR=(average clones per well/1000)x100 %.

NeoR gene analysis of the transfected cellsby PCR The
total genomic DNA were extracted from 1.0x10° of L-02, L-
02/Neo and L-02/IL-2 cellsin 200 mL TE buffer respectively,
then quantitated by spectrophotometer and digested with
BamHI. The NeoR gene was amplified under following
conditions: denaturation at 94 °C for 5 min followed by 94 °C
1min,62 C 1minand 72 'C 1 min 15sfor 30 cycles. Thesequence
of NeoR geneprimersandlength of PCR productswereasfollows
forward-5 -CAAGATGGATTGCACGCAGG-3' and reverse-
5" -CCCGCTCAGAAGAACTCGTC-3', size, 790 bp. For
analysis, 10 pL of reaction product were checked in 10 g/L
agarose gel with ethidium bromide staining and followed by
camera photographing.

Detection of the levels of hiL-2 secreted by thetransduced
cells The supernatant of 1.0x10° of L-02, L-02/Neo and L-
02/IL-2 cellsthat cultured in flask for 24 h were obtained and
stored at -70 °C after centrifugation. L-02/1L-2 cells were
especially cultured for 10 wk and the supernatants were
collected every week. The levels of hiL-2 were measured by
ELISA according to the manufacturer’ s protocol.
Cultivation with microcarriers All glassware with which
Cytodex3 came into contact, should be siliconized before use.
The hydration of Cytodex3 was carried out as the protocol.
Briefly, 200 mg Cytodex3 were dipped in Ca?* and Mg*-free
PBS in asiliconized container overnight and sterilized by
autoclaving, then replaced with fresh DF media; The flasks
were covered with 0.1 mL/cm? 120 g/L Poly-HEMA dissolved
in ethanol and then air-dried sterilizedly. The hydrated
Cytodex3, 20 mg aflask, along with L-02 and L-02/IL-2 cells,
3.0x10° aflask in 2 mL media, were seeded into Poly-HEMA
covered flasks, respectively. Each group had five bottles. They
wereall cultured inincubator at 37 °C for 4 hfollowing shakes
twicefor 1 min every 4 h, the mediawere replaced every 24 h,

and the supernatants were kept at -70 ‘C after centrifugation
at 1000r/min.

M or phologic observation and cell proliferation Theculture
process was observed and photographed. The cell samples at
6" day were fixed by 25 g/L glutaraldehyde and observed by
HU-12A electronmicroscope. The proliferation was performed
asfollows: (1) 100 L cell sugpension weretaken out from every
flask at day 2, 4, 6, 8 and 10 in culture and added into a new
flask without Poly-HEMA; (2) When al microcarriers went
down, the supernatantswere discarded, 100 uL 2.5g/L trypsinase
were added and cultured at 37 “C for 5 min; (3)After 100 uL DF
media were added for termination of trypinization, the flasks
were put up dowly with all microcarriersanchored to the bottom
of the flask, and the supernatant were rapidly dipped out for cell
calculation with trypan blue dye exclusion method.

M easur ement of biochemical items and IL-2 in the
supernatant With gcalculator (SN-682), the concentration of
human ALB was detected by RIA kit from North Biotechnique
Ingtitute, Beijing, othersas UREA (BUNx2.14), AST and LDH
were measured by biochemical autoanalyzer(CX A 7, Beckman).

RESULTS

Identification of amplified retroviral vector

The amplified products of LNCX and LNCIL-2 were digested
with Hind III, and then checked with 20 g/L agarose gel
electrophoresis (Figurel). The length of LNCX (6 620 bp) and
LNCIL-2 (7 293 bp) wereidentical with that predicted, showing
the success of amplification, extraction and purification.

Figure 1 Restriction enzyme analysis of pLNCX and pLNCIL-2

Cultivation of virus producer cell and measurement of viral
concentration

21 and 25 anti-G418 clones appeared after PA317 cellswere
transduced by LNCX and LNCIL-2 and cultured in media
containing 800 mg/L of G418 for 2 weeks. 10 clones selected
were performed amplified culture, respectively. The titer of
retrovirus of all collected supernatants was between 5.4x107
cfu/Land 1.4x10° cfu/L.

Morphological changes

Under the light microscope, L-02 cells were seen flake-like
growth (Figure 2A), L-02/Neo and L-02/1L-2 cellsrepresented
the trend of idand-like growth with clear margin (Figure 2B).
The growing speed of L-02/IL-2 cellswas dightly dower than
that of L-02 and L-02/Neo cells (Figure 3). Clonogeneicity
rate of the L-02 /IL-2 cellswere significantly lower than those
of L-02/Neo and L-02 cells (P<0.01) (Table 1).

PCR analysis of NeoR gene

NeoR gene segment (790 bp) was amplified by PCR from
genomic DNA of L-02/Neo and L-02/IL-2 cellsand tested with
20 g/L agarose gel electrophoresis, but none from L-02 cells
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(Figure 4). These suggested that LNCX and LNCIL-2 were
successfully integrated into the genome of L-02 cells.

IL-2 secretion from IL-2 transduced hepatocyte line

After IL-2 transduction and G418 selection using LNCX and
LNCIL-2retroviral vector, maximal amount of IL-2 production
in L-02/1L-2 cellswas 32 000 pg/10° cells: 24 h, remarkably
exceeding 56 pg/10° cells- 24 h in L-02 cells and 48 pg/10°
cells 24 h in L-02/Neo cells. Moreover, more than ten weeks
later the levels of hiL-2 could riseto 27 500 pg/10° cells 24 h.
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Figure 2 Morphological changes of cultured L-02/1L-2 and L-
02 cells at 24 hours (x100). A: L-02/1L-2 cells; B: L-02 cells
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Figure 3 The growth curves of L-02/1L-2, L-02/Neo and L-02 cells

1 2 3 4

bp
1031
900
800
700
600
500
400
300
200
100

Figure 4 Integration of NeoR gene celL’s genomic DNA by PCR. 1: L-
02/1L-2 cells; 2: L-02/Neo cells; 3: L-02 cells; 4: PCR DNA marker

Table 1 The clnongeneicity rate of L-02/1L-2, L-02/Neo and

L-02 cells

No. of repeated wells L-02/1L-2 L-02/Neo L-02
1 124 148 150
2 135 144 157
3 133 154 144
4 144 141 153
5 128 166 162
6 123 152 156

Mean value 131.2(13.1%)°  150.8(15.1%) 153.7(15.4%)

5P<0.01, vs L-02/Neo and L-02 cells

Morphology and proliferation of cells in culture with microcarrier
After cultivation with microcarrier for 4 h, all the cellsanchored
to microcarriers. At the 4" day 70 % of microcarriers were
filled with cells, at the 6" day all microcarriers' s surface were
full of cells or cellular mass (Figureb), at the 8" day some
dead cells could be seen shedded from microcarriers. Under
the electronmicroscope, L-02 and L-02/IL-2 cells had normal
super-microstructure, such asintegral cell membrane, affluent
mitochondria, glycogen and rough endoplasmic reticulum
(Figure 6); 3) L-02 and L-02/1L-2 began an exponential
growth after two daysin culture. At the 6 day, the number
of alive L-02 was 17.1+0.76x10%flask and L-02/IL-2 was
16.8+0.53x10%flask. At the day of 10, the number of divecells
were 6.1+0.34x10%flask and 5.9+0.52x10%/flask, respectively.

Figure 6 Hepatocyte with normal super-microstructures tightly
anchors microcarrier ( 1) (x15 000)

Values of biochemical items and IL-2 in the supernatant

The trend levels of ALB and UREA of L-02/IL-2 cells were
consistent with the cell proliferation. The values reached the
peak at the 6 day and decreased with growing cell death. The
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Table 2 Values of biochemical items and IL-2 in supernatant of L-02/1L-2 cells cultured with microcarrier

Cultivation of day

0 2 4 6 8 10
ALB(mg/L)
L-02 0 8.58+0.30 25.01+0.50 53.81+1.64 39.13+1.22 12.16+0.68
L-02/1L-2 0 8.23+0.39 26.14+0.33 52.54+1.28 40.4241.15 11.87+0.51
UREA(mmol/L)
L-02 0.64+0.03 0.90+0.06 2.45+0.14 5.35+0.13 2.92+0.11 1.15+0.07
L-02/1L-2 0.60+0.05 0.85+0.03 2.57+0.23 5.29+0.17 2.93+0.14 1.08+0.09
AST(IU/L)
L-02 1.0+0.58 3.3+0.75 14.0+0.58 17.60.98 46.6+1.62 70.3+1.80
L-02/1L-2 1.040.43 3.5+0.93 15.1+0.65 18.60.72 47.0+£1.69 72.1+2.04
LDH(IU/L)
L-02 15.9+0.69 25.3+0.95 63.0£1.41 87.4+2.07 522+11.7 687+13.4
L-02/1L-2 14.5+0.62 25.0£1.05 64.6£1.57 88.7+2.35 534+14.6 694+15.7
IL-2 (pg”/L)
L-02 0 <10 33.242.6 78.3+3.5 43.643.1 21.7+1.8
L-02/1L-2 0 6 4564373 23 765+688° 52 180+1483° 38 643+£1104° 4 360+587°

5P<0.001, vs L-02 cells.

levelsof AST and LDH elevated dowly before the 6™ day and
rapidly increased with the cell death after the peak of growth.
These data had not significantly changed as compared with L-
02 cells. However, the levels of IL-2 in IL-2/L-02 cells
remarkably exceeded that in L-02 cells in the whole cultura
process (P<0.001) (Table 2).

DISCUSSION

IL-2, an important regulatory factor in immune network, can
induce proliferation of T cell and enhance theimmune response
function of T cell, B cell, NK cell and monocytes. It plays an
important role in antitumor and antiinfection immune function
in the body*>*", As one of the most therapeutically effective
genes, IL-2 gene has been transduced into a varieties of cells
in researchi®281, Recently, there were some reports about direct
injection of viral vector that expressed IL-2 gene for therapy
of hepatocarcinoma”. Worldwide, 80 % of gene-therapy
projects that were applied clinically with approval were using
retroviral vector, for example, LNCX, LXCN, LXSN LNSX,
etc.l'%2, LNCX, which contained theimmediate early promoter
of human cytomegalovirus (CMV), was not limited by cell
type or animal species and it was more powerful than the other
types of enhancer?. In our study, LNCX, and its derivation
LNCIL-2 were transduced into human hepatocyte line L-02.
Clonogeneicity rate of the L-02 /IL-2 cells were obviously
lower than that of L-02/Neo cells and L-02 cells, due to the
change of function of IL-2 as an inhibited signal in cell
proliferation. The levels of IL-2 in supernatant of L-02/1L-2
cellswere remarkably higher than that of L-02/Neo cells and
L-02 cells, and the L-02/IL-2 cells could secrete |L-2 for more
than ten weeks. These data showed that IL-2 gene was
successfully integrated into the genome of L-02 cells.

Highly differentiated liver cell line were easy to proliferate
in culturein vitro, and had many features of normal hepatocyte,
so the construction of hepatocyte line is a very significant
subject(?. Japanese scholars had constructed immortalized
hepatocyte lines and used them for hepatocyte transplantation
and bioartificial liver system with high efficacy®*?. In this
study, the hepatocyte line we used, L-02, was histologically
originated from normal human liver tissue and immortalized.
High levels of ALB and UREA reflected the cell’ s good

biological activity in protein synthesis and amino acid
metabolism. When IL-2 gene wasinserted, these characteristics
were not notably changed.

As adlternative for amplifying the number of cells, the
technique of cultivation with microcarrier is increasingly
playing an important role in bio-engineering. For example,
researchers can use it to produce monoclonal antibody®”,
hormone?, vaccing®, cytoking® and even viral vector for
gene therapy®!, and moreover useit to culture hepatocyte for
bioartificial liver system!®>33 or hepatocyte transplantation3+!
for clinical use. Regardless of the type of liver cell, two
requirements must be considered: First, the number of cell is
adequate and easily available. Second, the cells should form
congeries, because the work of hepatocytes depends on the
contact between the cells or cell and the matrix. With charges-
free, Cytodex3, formed by chemically coupling athin layer of
denatured collagen to the cross-linked dextran matrix, has a
good adhesive character. So Cytodex3 became the core of
hepatocyte aggregation and gradually formed the matrix-
induced liver cell aggregates (MILCA),

The significances of construction of L-02/IL-2 cell are as
follow. Theoretically, if hepatocytes modified by IL-2 gene
can be transplanted into a patient with HCC who is subjected
to operation, these cells might provide some functions of
hepatocyte as well as antitumor immune function of IL-2 that
can induce the regression of cancer cells and inhibit the
metastasis, due to the activation of T-cell and other effector
cells. Of course, theimmune rejection of trangplantation should
be taken into account, two strategies are available. (1) Thefetal
hepatocyes, which are poor inimmunogenicity and susceptible
to retrovirugd?®37, can be selected to be transfected by target-
gene and cultured with microcarrier. (2) Microencapsular
technique can be used to encapsule transgenetically
immortalized hepatocytes, realizing the continuous expression
of exogenous gene®*, which can be testified by further animal
experimentation.
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Abstract

AlIM: To investigate the effects of p16 gene on biological
behavious in hepatocellular carcinoma cells.

METHODS: HCC cell lines SNU-449 and HepG2.2.15 were
infected respectively by a replication defective, recombinant
retrovirus capable of producing a high level of p16 protein
expression (pCLXSN-p16). G418 resistant stable P16 protein
expression cell lines were selected. And the biological behaviours
of the p16 gene transfected HCC cells were observed.

RESULTS: Initial in vitro experiments in HCC cell line SNU-
449 with loss of pl6 protein expression demonstrated the
pCLXSN-p16 treatment significantly inhibited cell growth.
But there was no treatment effect when the pCLXSN-p16
was used in another HCC cell line HepG2.2.15 which has
positive p16 protein expression. Subsequent study in a nude
mouse model demonstrated that the p16 gene transfected
SNU-449 had a lower succeeding rate in the first time
establishment of tumors and grew more slowly in the nude
mice when compared with non-transfected SNU-449.
Moreover, the nude mice inoculated with transfected SNU-
449 had a longer surviving time than those inoculated with
non-transfected SNU-449.

CONCLUSION: Our results show that the p16INK4a gene
transfer can inhibit the proliferation and reduce the invasion
ability of hepatocellular carcinoma.

Huang JZ, Xia SS, Ye QF, Jiang HY, Chen ZH. Effects of p16
gene on biological behavious in hepatocellular carcimoma cells.
World J Gastroenterol 2003; 9(1): 84-88
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INTRODUCTION

Hepatocd lular carcinoma (HCC) isacommon malignant tumor
with aincreasing incidence!™, and the treatment has been
extremely difficult. HCCs are generally highly resistant to
chemotherapeutic agents and radiotherapy. Despite a variety
of treatment options including surgical resection,
chemoembolization, percutaneuous injection of ethanol or
acetic acid, and liver transplantation, the prognosis of HCC
patientsis poor'@. Thus, new treatment strategies are necessary

toimprovethesurvival rate. It isbelieved that molecular changes
that occur during carcinogenesis, such as overexpression of the
multidrug resistant gene and the loss of tumor suppressor genes
may allow many kinds of tumor cell populations to become
resgtant to most therapeutic approaches. Genetherapy may offer
certain advantages in the treatment of HCC.

P16 gene encoded for aprotein that wasinitially identified
as a specific inhibitor of the CDKs, CDK4 and CDk6. By
binding to and inhibiting CDK4 and CDk6, p16 prevents both
pRb phosphorylation and subsequent progression into the S
phase of the cell cycle. P16 gene alterations were found in
many kinds of cancerg®*3. Our previously study has showed
that the frequency of P16 gene inactivation was high (36 %)
in HCC. Other’ s Reports have also showed frequent P16 gene
inactivationg*>24, Thus, P16 gene may be an ideal candidate
for the treatment of HCC. In this study, we constructed the
retrovirus p16 expression vector and then investigated whether
it could control the proliferation of HCC cell lines.

MATERIALS AND METHODS

P16 cDNA subcloning and construction of pCLXSN-p16
The original P16 cDNA was amplified from the total RNA of
normal human lymphocytes by reverse transcription PCR. The
PCR product was subcloned into pCLX SN expression vector,
a deficient retrovirus vector which derived from pLXSN
(IMAGENEX). Then the recombined p16 expression vector
was cotransfected with the pCL-Ampho packaging construct
into 293 cells by using a modification of the HEPES-buffered
saline calcium phosphate method?. Two days after infection
the 293 cells were placed under G418 selection (800 ng/ml)
and grew for 10 days. Then the G418 resistant 293 cellswere
amplified and the supernatant which contained the pCL X SN-
p16 pseudo retrovirus were collected and filtered through a
0.45 mm pore size filter. The pseudo retroviruses were titled
through infecting NIH 3T3 cellg?. We a so packaged areporter
gene expression vector pPCLMFG-LacZ asa control. The viral
titer was 1.6x10°CFU/ml.

Cell lines

Human HCC cell lines SNU-449 (with loss of p16 expression)
and HepG2.2.15 (with pl16 expression) were kindly provided
by Dr. Zhang Mingyi (Tumor Hospital of Sichuan Province,
Chengdu, China,) and Dr. Gao Y ong (the Union Hospital, Tong
J Medical University, Wu han, China) respectively. They were
grown in RPMI 1640 containing 10 % fetal bovine serum.

Infection of retroviral vectors and selection of stable
expression cell lines

SNU-449 and HepG2.2.15 cell lines were seeded and cultured
in two 6 cm plates at a density of 2x10° cells for 24hs
respectively. Immediately before infection, the culture medium
was replaced and 1 ml viral supernatant of pCLXSN-p16 or
pCLMFG-LacZ (control) was added. Then the polybrene was
added to the medium in 8 mg/ml. Theinfected cellswere grown
for 24hs and splited into 10 cm plates at 1:10 dilution, then
grown in the medium containing G418 in 800 ng/ml. The



Huang JZ et al. p16 gene in hepatocellular carcimoma cells

85

medium was replaced every 3-4 days and the G418 resistant
cells were selected and hamed SNU-449/pCL X SN-p16,
HepG2.2.15/pCLXSN-p16, SNU-449/pCLMFG-LacZ and
HepG2.2.15/pCLMFG-LacZ, respectively.

Immunohistochemical analysis and western blotting
SNU-449 cellswere collected 24hs after infected by pCLX SN-
p16. The stable G418 resistant SNU-449/pCL X SN-p16 cells
were also collected. Both of them were examined for p16
expression immunohistochemically by thelabeled streptavidin-
biotin method. The SNU-449/pCLXSN cells were also
screened for p16 expression by Western blotting. The cellsfor
immunochemical analysis were grown on the glass dides.

Immunohistochemical detection procedure was carried out
according to the manufacture’ s recommendations. Western
blotting was performed as previously described?!.

Growth curves

The effect of p16 expression on cell growth wasexamined in all
six cell lines, including SNU-449, SNU-449/pCL X SN-p16,
SNU-449/pCLMFG-LacZ, HepG2.2.15, HepG2.2.15/pCL X SN-
p16, and HepG2.2.15/pCLMFG-LacZ. Triplicate samplesof log
phase cellswere seeded at adensity of 1x10*in 6 holes culture
plates. Cells were harvested for counting by digestion with
trypsin/EDTA for 3 min, followed by the addition of fresh media
to inhibit further digestion. Cells were then pelleted by
centrifugation at 1000rpm for 5 min, followed by resuspension
in fresh media. Triplicate setsof cellswerecounted at 1, 3and 5
days after seeded. The mean cell number for each harvesting
was calculated, and cell growth curves were determined.

Ce Il cycle and apoptosis analysis

The effect of pCLXSN-p16 expression on cell cycle dynamics
and cell apoptosis was examined in both the SNU-449/
pPCLXSN-p16 and HepG2.2.15/pCL X SN-p16 cell lines using
FACS analysis. In the meanwhile, the cell cycle distribution
and apoptosisanalysisof SNU-449, SNU-449/pCLMFG-LacZ
and HepG2.2.15 cellswere also examined for controls. Briefly,
1x10° cells of each cdll line were collected by centrifugation at
1000 rpm for 5 min, followed by two washesin ice-cold PBS.
Cdlswerethen fixed in 2.0 ml of 70 % ethanol and stored at 4 C
for aminimum of 1 h. Prior to FACS analys's, cellswere washed
twice with ice-cold PBS, and the cell pellet was resuspended in
10 ng/ml of pidiumiodide (SigmaChemica Co.). Add 100 ngy/
ml of Rnase (Sigma Chemica Cop.) and incubated at 37 °C for
30 min. Then the FACS andysiswas performed.

In vivo studies

Nude mice were used at the weight of 23-27 grams. Log phase
SNU-449/pCL X SN-p16 and SNU-449 cells were harvested
and centrifuged at 1000 rpm for 5 min, then resuspended in
0.9 % salt solution at 1x108, respectively. Cells were
immediately implanted subcutaneoudly into the right flank of
nude mice (1x107 cells for each animal). Tumor formation
and subseguent growth were monitored. The tumor volume at
23 days after implantation and the survival rate of the mice at
52 days after implantation were also observed. Statistical
significance was assessed by Mann-Whitney statistical analysis
(Statmost for windows).

RESULTS

Detection of p16 protein expression

SNU-449 cells exhibited a loss of p16 protein expression
(Figure 1), and HepG2.2.15 cells showed positive p16 staining.
About 20 % SNU-449 cells showed positive p16 staining 24
hours after infected by pCLXSN-p16 pseudo virus. All the

G418 resistant SNU-449/pCL X SN-p16 cdlIsexhibited p16 protein
expression (Figure 2). Western blot anadysis also confirmed that
SNU-449 cdlls showed loss of p16 protein expression and SNU-
449/pCLX SN-p16 cells could express pl6 protein (Figure 3).

<

Figure 1 SNU-449 cells show negative p16 staining (original
magnificationx400).
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Figure 2 SNU-449/pCLXSN-p16 cells show positive p16 stain-
ing (original magnificationx200).
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Figure 3 Western blot analysis. Lanes 1 and 3: SNU-449/
PCLXSN-p16 cells; Lane 2: SNU-449 cells.
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Figure 4 In vitro growth curves of SNU-449/pCLXSN-p16,
SNU-449/pCLMFG-LacZ and SNU-449 cell lines.
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Cell growth curves

As shown in Figure 4, in vitro growth rates of SNU-449/
pPCLXSN-p16 cell line, aselected stable p16 protein expression
cell line, were significantly inhibited when compared with cell
lines SNU-449 and SNU-449/pCLMFG-LacZ in which p16
protein expression was lost. Nearly equal growth rates were
observed in both HepG 2.2.15 and HepG 2.2.15/pCL X SN-
pl6 cell lines.

Cell cycle distribution and cell apoptosis status

The underlying mechanism of in vitro growth inhibition seen
in the pCLXSN-p16 treated cell line SNU-449/pCL X SN-p16
was investigated by cell cycle analysis using flow cytometry.
Asshown intable 1, SNU-449/pCL X SN-p16 cell line exhibited
significant increase in the percentage of cellsin G,-G; phase
(68 %), consistent with a cell cycle arrest at the G, transition
when compared with cell lines SNU-449 and SNU-449/
pCLMFG-LacZ. However there was no obvious cell cycle
difference between cell lines HepG2.2.15/pCL X SN-p16 and
HepG2.2.15.

Table 1 Cell cycle analysis

Cell cycle(%)

Cell type

G, -G, G,M S
SNU-449 37 36 27
SNU-449/pcLXSN-p16 68 21 11
SNU-449/pcLMFG-LacZ 39 38 23
HepG2.2.15 29 42 29
HepG2.2.15/pcLXSN-p16 32 43 25

Cell apoptosis analysis was performed in cell lines SNU-
449, SNU-449/pCLXSN-p16, HepG2.2.15 and HepG2.2.15/
pCL X SN-p16 and showed no difference between these cell lines.

Effects of pCLXSN-p16 treatment on HCC tumor growth in vivo
Thetherapeutic potential of pCL X SN-p16 to trest HCC tumors
in vivo was studied in nude mice. Tumors were created by
injecting 1x107 SNU-449 or SNU-449/pCL X SN-p16 cellsin
100 m 0.9 % salt solution into the right flank of nude mice as
described above. The succeed rate of tumor establishment at
the first timeinjection of tumor cells SNU-449/pCL X SN-p16
in nude micewas 70 % (7/10). At the sametime only 40 % (4/10)
nude mice succeeded to establish tumors at the first time
injection of SNU-449 cells. Animals who were succeeded to
establish tumors were observed over a period of 52 daysfrom
the day of injecting tumor cells. During the observing period
animals injected with SNU-449/pCLXSN-p16 cell line
survived significantly longer than those injected with SNU-
449 (P<0.05). The mean survival time of animalsinjected with
SNU-449/pCL X SN-p16 and SNU-449 were 42.1+9 days and
32.7+6.7 days, respectively (Table 2). The survival rate of nude
miceinjected with SNU-449/pCL X SN-p16 cell linewas higher
than that of those injected with SNU-449. Figure 5 was the
survival curves of nude mice injected with cell lines SNU-
449/pCL X SN-p16 and SNU-449, respectively.

Two groups of nude mice with each of 6 animals were
established with tumors by injection of cell lines SNU-449/
pPCLXSN-p16 and SNU-449, respectively and were observed
for a period of 23 days. All the animals survived during the
observing period. At 23th day after injection of tumor cells
they were all sacrificed for measurement of tumor volumes.
The tumor volume in nude mice injected with SNU-449/

PCLXSN-p16 was 234+125 mm?, significantly smaller than
that in those injected with SNU-449 cell line (726+513 mm?3).
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Figure 5 Survival curves of nude mice.

Table 2 The survival time and survival rate of nude mice

Group animal number survival time(d)  survival rate
Salt solution 5 52.0+0.0 100%
SNU-449 7 32.7+6.7 0%
SNU-449/pCLXSN-p16 7 42.1+9.0° 28.6%

3P<0.05 Compared with group SNU-449

DISCUSSION

The hypothesis that the inactivation or loss of certain genes,
specially tumor suppressor genes, leads to both tumor growth
and progression is now well established and provides aunique
opportunity in cancer gene therapy. The decision to use p16
gene as a therapeutic agent against human hepatocel lular
carcinomawas based on our earlier work where we had found
p16 gene was frequently inactivated in HCCS*, In the fact,
P16 gene was widely used in the study of tumor gene therapy
and showed obvious tumor suppressing effectsin many kinds
of tumorg?*34, In the present study we cloned human p16
cDNA and constructed a replication-defective, recombinant
retrovirus that express high levels of the tumor suppressor
protein p16.

The pCLXSN vector was modified from pLXSN vector.
It" smore safe and can produce higher titers of retrovirus when
cotransfected with the pCL-Ampho packaging construct into
293 cellsthanits prototype pLXSN. It permitsthe expression
of anumber of cell cycle-regulatory proteins such as p16 that
are otherwise difficult to study in retroviruses because of their
potent cytostatic or cytocidal effectsd??. In this study we
cotransfected areport gene LacZ expression vector pLMFG-
LacZ and packaging constructs pCL-Ampho into 293 cells.
The transfecting efficiency was determined and only 1 % (data
not shown), much lower than reported 30 %™. Considering
the lower transfecting efficiency we selected a stable virus-
producing cell lines after the p16 protein expression vector
pCLXSN-p16 was cotransfected with pCL-Ampho into 293
cells. Thetiter of pCLX SN-p16 retrovirus produced by the stable
virus-producing cell line was determined to be 1.6x10°CFU/m.
Itismuch lower than reported 5x10°-2x10622, Only 20 % SNU-
449 cells showed positive pl6 protein expression 24hs after
infected by the pCLXSN-p16 pseudo retroviruses. We then
determined to select a SNU-449 cell line which stably expresses
pl6 protein after infected by the pCLXSN-p16 and use it to
study the treatment effect of p16 genetransfer to the HCC cells.

Initial in vitro experiments demonstrated that the
reintroduction of p16 gene significantly inhibited cell growth
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by inducing G1-S cell cycle arrest in the SNU-449 HCC cell
line in which p16 gene was originally inactivated. In contrat,
no inhibition of cell growth was found when wild type p16
gene was transfected into another HCC cell line HepG2.2.15
inwhich p16 protein was normally expressed. This suggested
that inactivation of p16 gene and its downstream gene may
contributed to the carcinogenesis of HCC. Our results were
similar to others' reports about treatment study of some tumors
using p16 genetransfer*>%, No changes of tumor cell apoptosis
were found when wild type p16 gene was introduced to cell
lines SNU-449 or HepG2.2.15. Thissuggested that introduction
of p16 gene may not cause apoptosis of HCC cells.

Subsequent in vivo studies showed that the first time
establishment of tumorsin nude mice was more difficult using
p16 genetreated SNU-449 cells (SNU-449/pCL X SN-p16) than
using the cells without treatment. This suggested that
reintroduction of p16 gene could reduce the invasion ability
of HCC tumor cells. Further observation demonstrated that
reintroduction of pl6 gene into tumor cells significantly
inhibited tumor growth rate in tumor-established animals and
extended the survival time and survival rate of these animals
during the observing period. The results of in vitro and in vivo
study were consistent.

Our results support the use of retrovirus-mediated p16 gene
treatment for HCC and provide an important foundation from
which to build future preclinical studies and initiate future
human clinical trials. If pCLXSN-p16 is proved to be effective
in the clinical setting, it will offer a much useful addition to
present therapeutic regiments. PCLXSN-p16 may potentially
develop into an important adjuvant therapy, expedient in
treating unresectable HCC or microscopic residual disease after
surgical resection. However, the titer of pCLX SN-p16 pseudo
retrovirus must be boosted in the future studies.
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Abstract

AlIM: To find the point mutations meaningful for inactivation
of liver-related putative tumor suppressor gene (LPTS) gene,
a human novel liver-related putative tumor suppressor gene
and telomerase inhibitor in hepatocellular carcinoma.

METHODS: The entire coding sequence of LPTS gene
was examined for mutations by single strand conformation
polymorphism (SSCP) assay and PCR products direct
sequencing in 56 liver cancer cell lines, 7 ovarian cancer
and 7 head & neck tumor cell lines and 70 pairs of HCC
tissues samples. The cDNA fragment coding for the most
frequent mutant protein was subcloned into GST fusion
expression vector. The product was expressed in E.coli
and purified by glutathione-agarose column. Telomeric
repeat amplification protocol (TRAP) assays were
performed to study the effect of point mutation to
telomerase inhibitory activity.

RESULTS: SSCP gels showed the abnormal shifting bands
and DNA sequencing found that there were 5 different
mutations and/or polymorphisms in 12 tumor cell lines
located at exon2, exon5 and exon7. The main alterations
were A(778)A/G and A(880)T in exon7. The change in site
of 778 could not be found in HCC tissue samples, while the
mutation in position 880 was seen in 7 (10 %) cases. The
mutation in the site of 880 had no effect on telomerase
inhibitory activity.

CONCLUSION: Alterations identified in this study are
polymorphisms of LPTS gene. LPTS mutations occur in HCC
but are infrequent and of little effect on the telomerase
inhibitory function of the protein. Epigenetics, such as
methylation, acetylation, may play the key role in inactivation
of LPTS.

Liao C, Zhao MJ, Zhao J, Song H, Pineau P, Marchio A, Dejean
A, Tiollais P, Wang HY, Li TP. Mutation analysis of novel human
liver-related putative tumor suppressor gene in hepatocellular
carcinoma. World J Gastroenterol 2003; 9(1): 89-93

http://www.wjgnet.com/1007-9327/9/89.htm

INTRODUCTION

Human hepatocellular carcinoma (HCC), the predominant
histological subtype of primary liver cancer isone of the most
common malignancies of the liver worldwide. The
development of human cancer resultsfrom the clonal expansion
of genetically modified cells that acquired selective growth
advantage through accumul ated alterations of proto-oncogenes
and tumor suppressor genes’t. Chromosomal analysis using
polymorphic DNA markers that distinguish different aleles
has revealed loss of heterozygosity (LOH) of specific
chromosomal regionsin varioustypes of cancers and mapping
of regions with a high frequency of LOH has been critical for
identifying negative regulators of tumor growth, which will be of
great help in positional cloning of tumor suppressor genes?.

We have cloned anovel human liver-related putative tumor
suppressor gene, LPTS by means of allelic-loss mapping and
positional candidate cloning®. LPTS gene mapped to
chromosome 8p23, alocus with high-frequency LOH and a
hot spot of tumor suppressor in HCC24, The expression of
LPTSwas ubiquitousin normal human tissues, whereas levels
appeared to be significantly reduced, or sometimes
undetectable in HCC cells and neoplastic tissues. The gene for
LPTSisagrowth-arrest genethat actsdirectly or indirectly to
control the proliferation of cells, and might be a tumor
suppressor gene®l, LPTS gene has 7 exons totally and encodes
two transcripts, oneisLPTS-S, lacking exon6 and encoding a
174-a.a. protein; the other is LPTS-L, encoding a 328-a.a.
protein with entire 7 exons. The LPTS-L is highly homologous
to PinX 1 identified recently®™. LPTS-L and PinX1 have quite
different 3' -untranslated region and encode a same protein,
referred to LPTS-L/PinX1. LPTS-L/PinX1 has strong
telomerase inhibitory activity both in vivo and in vitro.

In this study, we collected 56 HCC cell lines, 7 ovarian
cancer cell linesand 7 head & neck tumor cell linesto perform
single strand conformation polymorphism (SSCP) assay!®" to
screen the point mutations in LPTS gene. Then we detected
those mutationsidentified from SSCP assay in 70 pairs of HCC
tissuesto confirm the existence of real mutationsin HCC tissue
samples. Finally, telomerase activity assay was done to study the
effect of the point mutation on the function of protein invitro.

MATERIALS AND METHODS

Tumor cells and HCC tissue samples

The cdl lines, including 56 liver cancer cell lines, 7 ovarian cell
linesand 7 head and neck tumor cell lines, were from mainland
of P.R. China, Japan, France, Taiwan, Hongkong and America
separately. The cell lineswere cultured in Dulbecco’ sModified
Eagle Medium (DMEM, Life TechnologiesInc., Grand Idand,
NY) or in RPMI medium 1 640 (Life Technologies Inc.),
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supplemented with 10 % fetal calf serum (FCS, Life
Technologies Inc.) with or without non-essential amino acid
(Life TechnologiesInc.) according to suppliers. All the samples
of primary HCC (K's), adjacent samples of nontumoroustissues
(Ls), were obtained from Shanghai Eastern Hepatobiliary
Surgery Hospital (Shanghai, P.R. China), with the agreement
of each patient. The serial numbers were those recorded by
the hospital. All tissues were placed in liquid nitrogen
immediately after surgical resection.

Point mutation assay

According to the genome sequence of LPTS gene, we
synthesized 11 pairs of primers covering 7 exons of the gene,
with length of each PCR product around 170 to 250 bp (Table
1). Genomic DNA was separated as described®. PCR was
performed in a 25-nL reaction mixture that contained 2 L
Genomic DNA (around 50 ng) from each cell line astemplate,
2 L primers mix (20 mM each), 0.4 nL. dNTP mix (12.5 mM
each), 4.75 nL H,0, 0.25 nL Taq DNA polymerase (Life
Technologies Inc.), and 15.6 nL premix (16 mM TrisHCI
pH8.4, 80 mM KCI, 2.4mM MgCl, and 0.16 % Tween-20).
PCR reaction conditions were described in Table 1. In Table
1, SD referred to the step-down PCR, the annealing temperature
was declined 3 °C every 3 cyclesfor 94 C 45 sec, annealing
temperature 1 min and 72 'C 1 min from 68 C until the
indicated temperature and then for another 25 cyclesof standard
PCR reaction. The products of PCR were separated by
electrophoresis on 2 % agarose gel to check the specificity of
each PCR reaction. The PCR products were sequenced directly
or performed SSCP assay as described below.

Table 1 Primer sequences for the coding region of the LPTS gene

Product
size (bp)

Exon Nucleotide sequences PCR
conditions

1 Forward:5”-CGTGCTCGAGGAGCGAGTCG-3”
Reverse: 5-ACCCGGCATCTTCACCAACG-3” 52 °C SD 241
2 Forward: 5”-TCCATTGCTGATGATAATGC-3”
Reverse: 5”-CTTCCAGTCTCCTAAGAAGG-3” 50 ‘C SD 230

3 Forward: 5”-TGAGAGGAATGTTCTAACTC-3’

Reverse: 5’-AGCCAAYYAYGCAAAGACAC-3” 50 'C SD 178
4 Forward: 5”-AACTACAGGCTTACCTCTCG-3”
Reverse: 5”-AACATATTTGCATTGAGAAC-3” 55 °C SD 196

5 Forward: 5”-CAAGACTATCCACTGTTAGG-3”
Reverse: 5”-GGACAAACACGTAGATTTCAATAAC-3” 52°C Standard 220
6 Forward: 5”-GCTGCATAGTTCATGTCTGC-3”
Reverse: 5"-CACAGGTGAAAATCAGACAG-3” 50 'C SD 194
7.1 Forward:5’-CTGCCTTTTAACTCTTCTGC-3”
Reverse: 5”-GGCTGGAGGTAACTTTCCAC-3” 50 'C SD 247
7.2 Forward:5’-GGCCACAGGTAAAGATGTGG-3”
Reverse: 5”-CAGGCGGCTGCACATGGTCC-3” 55 ‘C Standard 200
7.3  Forward:5’-GCCTCTGCTCAGGATGCAGG-3”

Reverse: 5’-GCCCCGGCTGGGAAGGATTC-3” 50 'C SD 191

SD: step-down PCR

For SSCP assay!®'%, 3 mL PCR product, added with 4 L
denaturing buffer (95 % formamide, 10 mM NaOH, 0.25 %
bromophenol blue and 0.25 % xylene cyanol), were kept at
95 °C for 5 min and then loaded 5 ni. denatured mixture sample

directly into each of sample wells of GeneGel Excel, 0.5 mm
thin, pre-cast polyacrylamide ready-to-run gel for DNA
electrophoresis (Amersham Pharmacia Biotech Inc.).
Electrophoresiswas done on GenePhor DNA separation system
(Amersham Pharmacia Biotech Inc.) at 150 Voltage for 10
min and then 600 Voltage for 2 hours at 4 C. At the end of
running, silver stained the gel with DNA silver staining kit
(Amersham Pharmacia Biotech Inc.) in accordance with the
manufacturer’ sprotocol.

Expression and purification of GST fusion protein

The coding sequence of protein fragment for expression was
cloned in frame into the E.coli GST fusion expression vector
pPpGEX-4T2 (Amersham Pharmacia Biotech Inc.), then
transfected the construct into E.coli BL21(DE3). The protein
was expressed with PTG induction for 3 hours and purified
by glutathione-agarose (Sigma) column.

TRAP telomerase activity assay

HCC cells SMMC-7721were lysed in lysis buffer(10 mM
TrisHCI pH7.5, 1 mM MgCl,, 1 mM EGTA, 0.1 mM PMSF,
5 mM 2-mercaptoethanol, 0.5 % CHAPS, 10 % glycerol) on
ice for 30 min and then centrifuged at high speed for 30 min,
the suspension containing telomerase was used for TRAP assay.
The GST-fused protein was incubated with cell extract for 10
min a 4 “C before subjecting to telomerase extension according
referencel™. Telomerase products were separated on 10 %
polyacrylamide gels, which were stained with silver nitrate.

RESULTS

5 alterations were found in 12 tumor cell lines
We mainly screened the point mutations of LPTS genein 56
liver cancer cell lines by means of SSCP. For chromosome
8p23 isahot spot containing tumor suppressor in many types
of tumors except for liver, including ovarian cancer and head
and neck tumors, we checked LPTS gene in another 7 ovarian
cancer cell linesand 7 head and neck tumor cell linesaltogether.
Among the cell lines analyzed, about half of those are
homozygous in region between D8S550 and D8S518 on
chromosome 8p23, covering the LPTS gene, by fine mapping
of alele deletion (loss of heterozygosity) in Chromosome 8p.
After PCR amplification the fragment, PCR products were
checked for specificity on 2 % agarose gel. Only the good
specific amplification could be used in the | atter assay (Figure
1). The specific PCR products were separated in PAGE gel
and stained with silver nitrate. The abnormal band patterns,
such aslossor gain of extrabands, different migration of bands,
comparing to the negative and positive controls which had
been sequenced in advance, suggested this sample might have
point mutations (Figure 2). The products with abnormal
migration pattern were sequenced and determined. The point
mutations as shown in Table 2, were mainly located in exon 2,
exon 5 and exon 7. In exon 2, there were two types of
aterations, C (161) changed to T, predicted effect was the
change from alanine to valine in cholangiocarcinoma cell
CCLP1, and the other was C (183) to T, which was silent at
the protein level and might therefore be considered as a
polymorphism. In exon 5, only one point mutation of A (497)
toGinHCC cdl line PLCPRF5 wasfound, causing the encoded
amino acid changing from tyrosine to cysteine. Two frequent
mutations clustering at positions 778 and 880 were found in
exon 7. The A778G changed the threonine residue to an aanine.
All cell lines harboring this polymorphism were heterozygous
at position 778 with the second allele retaining the wild type.
The second mutation cluster A880T caused a change from
serine to cysteine.
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Table 2 The alterations of LPTS-S and LPTS-L in tumor cell lines

Cell line Cell type Mutation Exon Codon Predicted effect
CCLP1 Cholangiocarcinoma C161T Exon 2 gct—gtt Ala—Val
HepG2 HCC AT701A, G(LPTS-S) Exon 7 Outside ORF /
AT78A, G(LPTS-L) aca—gca Thr—~Ala
HepT1 HCC C183T Exon 2 gcc—gct Ala
MEK HCC AT01A, G(LPTS-S) Exon 7 Outside ORF /
AT78A, G(LPTS-L) aca—gca Thr—Ala
SNU182 HCC AT701A, G(LPTS-S) Exon 7 Outside ORF /
AT78A,G(LPTS-L) aca—gca Thr—~Ala
Li7A HCC AB803T(LPTS-S) Exon 7 Outside ORF /
A880T(LPTS-L) agc—tgc Ser—Cys
Li21 HCC C183T Exon 2 gcc—gct Ala
AB03T(LPTS-S) Exon 7 Outside ORF /
AB880T(LPTS-L) agc—tgc Ser—>Cys
MZCHA1 HCC AB803T(LPTS-S) Exon 7 Outside ORF /
AB880T(LPTS-L) agc—tgc Ser—>Cys
PCI-SG231 HCC Gl111C Exon 1 Before ATG /
AB03T(LPTS-S) Exon 7 Outside ORF /
A880T(LPTS-L) agc—tgc Ser—Cys
PLCPRF5 HCC A497G Exon5 tat—tgt Tyr—Cys
IGR-OV1 Ovarian tumor AT701A, G(LPTS-S) Exon 7 Outside ORF /
AT78A,G(LPTS-L) aca—gca Thr—~Ala
SW579 Head and neck tumor C183C, T Exon 2 gcc—gct Ala

— S - e e e e

———— e —— e S S S = ——

Figure 1 Agarose gel analysis of PCR products for SSCP assay. Agarose gel separation was used to determine the specificity of
PCR reaction. PCR products with only one specific band of right size in the gel can be used to SSCP assay. M: 100 bp ladder.

Figure 2 Some different electrophoresis patterns in SSCP assayof each exon. Arrows showed the differences, including extra

bands, differential bands shifting, and so on.
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AB80A/T |
GAAGAAGAGCGCGCCAGCAGA
A AGAAGAAGNGCGCGCCAGC 290 300

290 300

91K

¢
AAGAAGTGCGCGCCAGCAGA
80 290
i
C64K

¢
G AAGAAGAGCGCGCCAGCAG
290 300

B

Ce4L

Figure 3 The sequences of mutation site of 880 in two pairs of HCC tissues. (A) HCC sample 91K, 91L; (B) HCC sample C64K,
C64L. “K” represents HCC tissue and “L” represents adjacent nontumorous liver tissue. Arrow indicated the site of 880.
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Figure 4 The point mutation in position 880 has no effect on the telomerase inhibitory activity of LPTS-L. A. The “A” in position 880
of LPTS-L transcript was mutated to “T”; B. The expression and purification of GST-LPTLm253-328, 1, without IPTG induction; 2,
IPTG induction; 3, purified protein. C. The telomerase inhibiting activity assay in vitro of mutant protein LPTLmM253-328 in SMMC-
7721 cell extract. 1-4 were 0.1, 0.5, 1, 5 ng protein added in cell extract for 10 min, respectively.

Position (880) A to T was identified in 7 patients (10 %)
From the assay in HCC and other tumor cell lines, we can see
that the major point mutations arein exon 7. The point mutation
in 778 and 880 nt caused threonine and serine which being the
candidate sites for phosphorylation changed to alanine and
cysteine. The mutation in 880 nt turned to the cysteine, which
might form disulfide bond and affect the conformation of the
protein. It would be very important to confirm the existence
of these two mutationsin HCC tissues. Next, we collected 70
pairs of HCC samples, amplified the exon 7 and sequenced
directly. In @l 70 pairs samples, we could not find the point
mutation in position 778, whereas the mutation in site of 880
was detected in 7 HCC samples and the mutation frequency
was 10 %. The mutation in the site of 880 was also A/T
heterozygous, which was shown double pits in sequence
reaction (Figure 3).

The significance of A(880) mutation
LPTS-L/PinX 1 possessing strong telomerase inhibitory activity
had been deternmined by in vivo and in vitro experiments. To

study the effect of telomerase inhibitory function of A(880)
mutant, we designed PCR primer with point mutation at the
site of 880, 5’ -GAA TTC CCA AGA AGA AGT GCG CGC
CA-3' ,themutated siteof * T' wasindicated initalic type. We
subcloned the mutated cDNA fragment (from amino acid
subunit 253 to 328) into GST fusion expression vector pGEX-
4T2 and purified the GST-fused mutant protein. After TRAP
telomerase activity assay, we found that the mutant protein
still had strong telomerase inhibitory activity in HCC cell line
SMMC-7721 cell extract (Figure 4). From these results, we
concluded that the point mutation in position 880 of LPTS
gene had no effect on telomerase inhibition.

DISCUSSION

Somatic inactivation of atumor suppressor gene is usually
achieved by intragenic mutation in one alele of the gene, with
subsequent by loss of a chromosome region that spans the
second allele, showed loss of heterozygosity (LOH). Among
the various deleted chromosome regions identified by several
|aboratories, chromosome 8p has a particularly high frequency
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of LOH2 1214 and a growing body of evidence suggests that
chromosome 8p is active in many types of carcinogenesis and
metastasisincluding liver, breast, colorectal, progtate, lung, head
and neck, pancreatic and urinary bladder carcinomag?+,
However, there have been no reports of the identification of a
tumor suppressor gene on 8p.

LPTS gene is a possible candidate tumor suppressor
localized in 8p23 region, which is a negative regulator in cell
proliferationt¥. According to Kundson’ s tumor suppressor
“two-hit” model™, one tumor suppressor needsto be hit twice
to be inactivated. To clarify the relationship between LPTS
gene and HCC, we searched for point mutationsin all seven
exonsof LPTSgenein HCC tissue samplesand HCC cell lines.
In 70 tumor cell lines and 70 pairs of HCC tissues analyzed,
there were mainly two point mutationsin exon 7, position 778
and 880. The mutation at the site of 778 was found only in
several HCC cell lines, but not in clinical HCC tissues. The
mutation at the site of 880 has the mutation frequency of 10 %
in HCC tissues, but the mutation has no effect of the telomerase
inhibitory activity of LPTS-L/PinX1 protein, suggesting that
this position is a polymorphism site of LPTS gene.

During our preparation of this manuscript, another research
group in Koreareported their research work of genetic analysis
of LPTS gene in HCC sample from South Korea. They also
found that LPTS gene indeed had very high LOH frequency
(34.5 %) in HCC patients, but also no point mutations could
be found in HCC patients from South Korea, same with our
results in Chinese HCC patients®. Taken the above data
together, LPTS gene has high frequency of LOH in HCC, but
has no point mutation in the last allele, suggesting that
inactivation of L PTS gene may not be caused by point mutation.
However, we cannot rule out completely the epigenetic
inactivation, such as methylation, acetylation etc?*23, Indeed,
we found that there were two CpG islands, about 1.2 kb in
length, in the upstream of LPTS gene transcription initiating
site. Study of the methylation statusin the regulation of LPTS
geneis being performed now.
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Abstract

AIM: To characterize the gene expression profiles in different
stages of carcinogenesis of esophageal epithelium.

METHODS: A microarray containing 588 cancer related
genes was employed to study the gene expression profile
at different stages of esophageal squamous cell carcinoma
including basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, early and late cancer. Principle component
analysis was performed to search the genes which were
important in carcinogenesis.

RESULTS: More than 100 genes were up or down regulated
in esophageal epithelial cells during the stages of basal cell
hyperplasia, high-grade dysplasia, carcinoma in situ, early
and late cancer. Principle component analysis identified a
set of genes which may play important roles in the tumor
development. Comparison of expression profiles between
these stages showed that some genes, such as P160ROCK,
JNK2, were activated and may play an important role in
early stages of carcinogenesis.

CONCLUSION: These findings provided an esophageal
cancer-specific and stage-specific expression profiles,
showing that complex alterations of gene expression underlie
the development of malignant phenotype of esophageal
cancer cells.

Zhou J, Zhao LQ, Xiong MM, Wang XQ, Yang GR, Qiu ZL, Wu M,
Liu ZH. Gene expression profiles at different stages of human
esophageal squamous cell carcinoma. World J Gastroenterol
2003; 9(1): 9-15
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INTRODUCTION

Cancer development isacomplex multi-step process, involving
various genetic and epigenetic changes. Progress of phenotypes
from normal to advanced carcinoma is controlled by a
transcriptiona hierarchy that coordinatesthe action of hundreds

of genes. Conventional approachesinvestigating one or severa
candidate genes at a time can not show the whole story of
carcinogenesis. The generation of vast amounts of DNA
sequence information, coupled with advances in technologies
developed for the experimental use of such information, allows
the description of biological processes from a view of global
genetic perspective. One such technology, DNA microarray,
permits simultaneous monitoring of thousands of genes*?.
Fuller et al™® and Sgroi et al'® have used this new techniquein
analyzing gene expression profiles in human glioblastoma,
human breast cancer and matched normal tissues. However,
little isknown about the exact expression changesin each stage
of tumorigenesis, which will help usidentify the exact series
of eventsthat leadsto the initiation and progression of cancer
development.

In this study, esophageal cancer was chosen as amodel to
analyze the changes of expression profilesin different stages
of carcinogenesis. By using microarray membranes, expression
of 588 known cellular genes were profiled in normal
esophageal tissues, basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, early and advanced cancer. Our results
revealed some genes differently expressed in a certain stage,
and some kept up or down regulated in all stagestoward cancer.

MATERIALS AND METHODS

Biopsy specimens and primary esophageal cancer tissues
Biopsy specimens were collected from the individuals who
were more than 35 years old, underwent endoscopy
examination in ascreening for early cases of esophageal cancer
in Henan province in North China, where has the highest
incidence rate of this fatal cancer in the world. Agreements
have been obtained from all individuals informed consents
issued. In each case, 4 piecesof tissueswith the size of 0.01 cm?®
were separately removed from the mucosa, two of them were
instantly frozen and kept in liquid nitrogen until use, and the
other two underwent pathologic diagnosis according to the
criteria of Riddell and associates. Specimens of normal
esophagus, basal cell hyperplasia, high-grade dysplasia,
carcinomain situ, and early carcinoma were obtained in this
study. Every tissue specimen was mostly composed of normal
or abnormal epithelia cells.

Cancer and adjacent almost normd tissueswith size of about
0.5 cm*were collected from patients with primary esophageal
cancer in Cancer Hospital of the Chinese Academy of Medical
Sciences after informed consent was obtained. Fresh samples
were dissected manually to remove mixed connective tissue
and stored in liquid nitrogen. Pathological diagnosis showed
that the cancers were from squamous cell at medium to high
grade differentiation, the matched aimost normal mucosa did
not show any invasion of cancer cells.

Human cancer cDNA expression array

Human cancer cDNA expression array membrane was purchased
from Clontech LaboratoriesInc. (Palo Alto, CA), each membrane
contains of 588 well characterized genes along with 9
housekeeping genes as internal control. During this study,
membranesof the samel ot were used to ensurethe reproducibility.
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RNA extraction represent the expression profiles of k genes. Thet th element of

The biopsy specimens of the same histological diagnosiswere
pooled and the total RNA of different kinds of samples was
extracted with Micro RNA isolation kit (Stratagene, La Jolla,
CA). Before labeling, 5 ng total RNA of each type wastreated
with 2 nl DNase | (10 unit/ml, Boehringer Mannheim,
Mannheim, Germany), 1 m RNasin (40 units/m, Promega) at
37 °C for 15 min to remove contaminated DNA.

Hybridization and exposure

Following the recommendation of the manufacturer, 3?P-
labelled cDNA probeswere generated by reverse transcription
from 5 ng of RNA sample in the presence of [a-*2P]dATP
(3 000 ci/mmol, Du Pont). Each cDNA probe was then
hybridized to amembrane at 65 ‘C overnight. The membranes
were washed twice in 2xSSC, 0.5 % SDS at 65°C for 30
minutes, then twice in 0.2xSSC, 0.5 % SDS at 65°C for 30
minutes, then exposed to X-ray film at -80 “C for 2-3 days.

Hybridization pattern analysis

Images of individual autoradiography for each stage of
carcinogenesis were digitalized by Fluor-S™ Multilmager
System (Bio-Rad Laboratories, Inc.) The hybridization pattern
of arrayswas analyzed and compared using Atlasimage™ 1.01
software (Clontech). To normalize therelative gene expression,
beta-actin and a pha tubulin were used asinternal references
whose expression level was found stable in different
developmental stagesin our study. These geneswere preferred
also because they are conventionally used asinternal references
for measuring gene expression levelsin Northern blot, RNase
protection and semi-quantitative RT-PCR.

Confirmation by semi-quantitative RT-PCR analysis

To validate the expression pattern identified on the expression
arrays, 5 geneswere randomly picked and semi-quantitative RT-
PCR was performed to confirm their differential expressionwith
cDNA template from esophageal cancer and adjacent almost
normal tissues. First strand cDNA was synthesized from 5 ng
RNase-free DNase treated total RNA using the Superscript™
Preamplification system for First Strand cDNA Synthesis(Life
Technologies, Inc) as described by the manufacturer. An aliquot
of 1/20 of thereverse transcribed product was used astemplate
in the following PCR amplification. Reactions undergonein 25
m total volume containing 1xPCR buffer, 1.5 mmol/L MgCl,,
200 mmol/L dNTPs, 1.5 u Tag Polymerase (Life Technologies,
Inc) and 40 mmol/L gene specific primers under the conditions:
94 °C 5 min, followed by 25-28 cycles each of 94 "C 20 sec, 58
C 30 sec, 72 C 1 min. Amplification of beta actin with same
aliquot of cDNA template was used as internal reference to
determine the relative gene expression.

Gene specific primers. Rho8 5’ -GGACACTTCGGGTT-
CTCCTTAC-3 ,5 -TGTGGCTCTCTGTGATTTGTTC-3';
IL-1 beta5' -GCAGAAAGGGAACAGAAAGGTT-3',5 -
AAGGAGGCACACCAGTCCAAAT-3'; Interleukin 1
receptor antagonist 5’ -ACTCTCCTCCTCTTCCTGTTCC-3',
5 -GCTTGTCCTGCTTTCTGTTCTC-3' ; Cytokeratin4 5’ -
GGGAACAAAAGCATCTCCAT-3', 5'-
ATCTCAGGGTCAATCTCCAC-3'; Wnt-13 5’ -
GCCAAAGTTAGATGGGACAAAG-3', 5 -
TTGAACAGGCAGCAAGTAAGC-3' .

Principle component analysis

A principle component analysiswas used to explain thevariance-

covariance gructure of the gene expressionsin 6 stages of tumor

development. The purpose of principle component analysisis

data reduction, and interpretation through a few linear

combinations of the original variables (gene expressions)®.
Principle component analysis starts with k variables which

thej variable correspondsto the expression level of thej th gene
in the t stage of the tumor development. Principle component
analysis intends to replace the k variables by p principle
componentswhere p issmaller than k, while minimizing loss of
information. The principle component is alinear combination
of the variables X, X,, ..., Xxand can be constructed by the
eigenvector g (i=1,2,..k) of the covariance matrix V of the
variables x;, X, ..., X, Where the eigenvector g of thematrix Vis
defined as any vector satisfying the equationVe=1;g. and |; is
called the corresponding eigenvalue associated with the
eigenvector e. The elements of the eigenvector measure the
importance (loading score) of the genes to the principle
component and the eigenvalue measures the variance of the
corresponding principle component explaining variations of
expressions of alinear combination of genes represented by the
principle component. The first principle component with the
largest eigenvalue hasthe largest variance, the second principle
component with the second largest eigenval ue has the second
largest variance and so on. It can be shown that |;is equal to the
variance of thei th principle component.

Although k variables are required to reproduce the total
system variability, often much of this variability can be
accounted for by asmall number of principle componentswith
larger eigenvalues (variances) which explain large proportions
of variations of gene expressions underlying some biological
processes. Principle component analysis was used to identify
aset of geneswhich may contribute to the tumor development.

RESULTS

Expression pattern of 588 known genes in progression of
carcinoma
High quality total RNA was isolated from biopsy specimens.
The RNA wasreverse-transcribed into *P-labeled cDNA probe
and hybridized to Atlas™ Human Cancer cDNA expression
array to profile the expression of 588 known genes. The
hybridization patterns were imaged by the Fluor-S™
Multilmage System and analyzed by Atlasimage™ 1.01
software. Genes with adjusted intensity difference >20 000 or
ratio>2 between two stages were supposed to be regulated
differentially. Figure 1 showed the cDNA array images along
with color chartsindicating up-regulated geneswith red, down-
regulated ones with blue, and non-changed with green.
There were more than 100 genes up or down regulated
substantially in every abnorma stage when compared to human
normal mucosa. In stage of basal cell hyperplasiall, therewere
122 genes up regulated and 17 down regulated; in stage of
high grade dysplasia, there were 134 genes up regulated and
33 down regulated; in stage of squamous cell carcinomain
Situ, there were 114 genes up regulated and 10 down regul ated;
in stage of early cancer, there were 169 genes up regulated
and 13 down regulated; In stage of late cancer, there were 77
genes up regulated and 60 down regulated. As shown in the
color charts of Figure 1 the types aswell as expression level of
genes are different among each stage.

Validation of Array Data with RT-PCR

To further investigate the reliability of our array data, we
randomly picked 5 differentially expressed genesand measured
the expression of the genesin the paired cancer and adjacent
almost normal tissues using RT-PCR. Figure 2 showed that
the different expression pattern of each of the five genes as
determined by RT-PCR were similar to those observed with
cDNA array in more than half of 12 pairs of matched tissues
(squamous esophageal cancer and matched adjacent almost
normal tissue), confirming the reliability of our array data. Our
observed correlation between the cDNA array and RT-PCR
are consistent with that observed by othergs7.
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Figure 1 Expression patterns of genes in esophageal tissue of normal, basal cell hyperplasia, high-grade dysplasia, carcinoma in
situ, early and advanced cancer. Total RNAs were isolated from these tissues, reverse-transcribed into *P-labeled cDNAs and
hybridized to Atlas™ Human Cancer cDNA expression arrays. A complete list of names and location of the arrayed gene can be
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found in the instruction manual and website from Clontech. Data was analyzed by Atlasimage™ 1.01 software. A,B,C,D,E,F
showed hybridization result of normal cells, basal cell hyperplasia, high-grade dysplasia, carcinoma in situ, early and advanced
cancer; G, H, I, J, K showed the color charts indicating up-regulated genes with red, down-regulated genes with blue, and non-
changed genes with green in the later 5 stages when compared to normal tissue; L, M, N, O, P showed the pathological image of
normal, basal cell hyperplasia, high-grade dysplasia, carcinoma in situ, early and advanced cancer respectively.
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Figure 2 Validation of array data with RT-PCR: Rho8, Wnt 13, IL-1 beta, IL-1 receptor antagonist and cytokeratin 4 were chosen
to further investigate the reliability of the array data using RT-PCR. The figures showed part of the RT-PCR results of five genes
in cancer (designated T) and matched almost normal tissues(designated N). P means positive control.

Principle component analysis Identified a set of genes which
may play Important roles in cancer development

Principle component analysis showed that there were 5
principle components in the 6 stages of cancer devel opment.
The three principle components with eigenvalues 233.52,
121.59 and 101.34 respectively, accounted 92 % of total
variations of gene expressionsin 6 stages. Table 1 showed a
set of genes with largest loading score (negative or positive)
in thefirst three principle componentsin the ascending order.
The loading scores are highly correlated with the expression
level of genes. In Table 1 we dso listed the ratio of the gene
expressions in the corresponding stages of the tumor
development. From Table 1 we can see that the first principle
component roughly describes the changes of the gene
expression level inthefirst and last stage of tumor development.
Nine genes in the upper of the table were up-regulated in the
stages of basal cell hyperplasia and early cancer, meanwhile
seven genes in the bottom of the table were down-regulated in
these stages. Genes GAF, CAPR, CASP8, BMP5, MIF and
MY C may play important rolesin the esophagustumorigenesis.
GAF (Glia-activating factor) isanovel heparin-binding growth
factor purified from the culture supernatant of ahuman glioma
cell line with growth-stimulating effect on glia cellsin vitro.
GAF domains are ubiquitous motifs present in cyclic GMP
(cGMP)-regulated cyclic nucleotide phosphodiesterases and
form anew class of cyclic nucleotide receptors distinct from
the regulatory domains of cyclic nucleotide-regulated protein

kinases and ion channelsl®, the role of GAF in tumor
development has not been characterized yet; CAPR iscadherin-
associated protein related, also named as alpha 2 catenin, the
abnormal expression of adhesion molecul es (E-cadherin, alpha-
catenin) has been reported as markers of high malignant
potential in esophageal cancerl, and it was suggested that alpha
catenin has prognostic significance in colorectal and prostate
cancer®; The human CASP8 gene, whose product is also well
known as caspase 8, encodes an interleukin-1beta converting
enzyme (ICE)-related cysteine protease that is activated by
the engagement of several different death receptors. Caspase
8 is a cysteine protease regulated in both a death-receptor-
dependent and -independent manner during apoptosis, it iswell
characterized in apoptosis and tumor development!*y; BM P5
(Bone morphogenetic protein-5) isa signaling molecule which
have the ability to induce ecotopic bone when placed under
the skin of an animal*2; MIF (macrophage migration inhibitory
factor) is involved in tumorigenesis via promotion of
angiogenesid®, it is an ubiquitary cytokine whose expression
has been investigated in tumors, showing a correlation between
tumor aggressiveness and production of this protein by
neoplastic cells. MIF is known to function as a cytokine,
hormone, and glucocorticoid-induced immunoregulator, it is
likely that MIF may function as a novel growth factor that
stimulates incessant growth and invasion of melanoma
concomitant with neovascularization; Myc is awell known
oncogene which wasinvolved in most of tumorigenesis, and
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obviously it plays an important role in esophageal cancer
development.

The second component involves three stages of the tumor
development: basel cell hyperplasia, dysplasia and carcinoma
in situ. Table 1 listed nine genes which were up-regulated and
eight genes which were down-regulated in the stages of basel
cell hyperplasiaand dysplasia. The third principle component
reflectsthe changes of the gene expression level inthetrangition
from normal to basel cell hyperplasia and from basel cell
hyperplasiato dysplasia. The table listed genes may play an
important role in these transitions.

Table 1A Ratio of expression level for a set of genes with the
largest loading scores in the first two principal components

Component 1 Component 2

Gene Ratio Ratio Gene Ratio Ratio
ELCA/LaCa BCH/N BCH/N  DYS/CAIN
GAF 131 16 PCTK1 122 8
CAPR 582 25 DAXX 5 95
CASP8 743 37 P70 7 62
MMp16 143 17 CCNH 174 87
DCC Precursor 316 12 CD153 antigen 70 31
Tenascin-R 742 21 TLAA 9 39
ZAPT70 157 83 XPG 90 26
1L-13 110 22 Apoptosis 3 107
Inhibitor Survivin
TRAIL receptor 66 82 Bcl-1 oncogene 122 19
LaCa/ELCA N/BCH N/BCH CAIN/DYS
BMP5 284 170 MERLIN 3 411
MIF 79 72 LERK-8 31 334
N-myc 14 110 DSG2; HDGC 355 395
RPSA 19 68 MMP11 2 271
RBL2 33 18 CDK2 13 51
RAD52 27 9 CLK1 60 798
RBQ1 15 55 MDMX 3 225

N: Normal; BCH: Basel cell hyperplasia; DYS: Dysplasia; CAIN:
Carcinoma in situ; ELCA: Early cancer; LaCa: Late cancer.

Table 1B Ratio of expression level for a set of genes with the
largest loading scores in the third principal components

Gene Ratio Ratio
N/BCH DYS/BCH
Bcl-2L8 803 227
SRC1 333 141
Muscle cadherin precursor 299 111
Neurogenic locus notch protein 488 104
CASP3 232 92
BCL2A1;GRS protein 133 665
Type 1 cytoskeletal 10 protein 302 370
TRAFS5 83 650
Transcription factor E2F5 615 30
MAP kinase p38 147 86
BCH/N BCH/DYS
KRT7 2 105
GRB-IR 5 96
GAS1 4 210
BMP8 21 21
DVL 12 187
CAM-PDE1B 18 18
Apotosis regulator bcl-2 60 59

N: Normal; BCH: Basel cell hyperplasia; DYS: Dysplasia.

Table 2 Genes up or down regulated in all five stages of grade
Il basal cell hyperplasia, high-grade dysplasia, carcinoma in
situ, early and advanced squamous cell carcinoma. Position
indicates the gene position on the microarray membrane

Position Gene Name

Up Regulated Genes

A2k G1/S-specific cyclin C

Adi ERKS5

Adj ERK6

A5b ERK activator kinase 1

A5l transcription factor DP2

B3g caspase-8 precursor

B3i caspase-9 precursor

B3j caspase-10 precursor (CASP10)

Cla DNA-dependent protein kinase

C2c DNA-repair protein XRCC1

C2j RAD1

C4b Wnt-5A

C4k DVL1

Cém CCK4

C7k retinoic acid receptor epsilon

C71 retinoic acid receptor gamma 1

C7m retinoic acid receptor beta

D4b integrin alpha 8

D4j integrin beta 7 precursor

D4k integrin beta 8 precursor

D5g ezrin; cytovillin 2; villin 2

D5j CD56 antigen

D7f placenta growth factor 1

E1f MMP9

E2a MMP18

F3j early growth response protein 1

F4l IL-6

F5e IL-13

F5k interferon gamma precursor

F51 leukocyte interferon-inducible peptide

Down regulated Genes

C6c insulin-like growth factor binding protein 2 (IGFBP2)

Fad interleukin-1 receptor antagonist protein precursor
(IL-1RA; IRAP)

Some genes are activated in particular stages

According to their specificity to stages, differentially expressed
genesfall into two main categories. The first category contains
genes that are up or down regulated in the ssme way in all 4
abnormal stages. 77 genes belong to this category, including
G1/S-specific cyclin C, proliferating cyclic nuclear antigen
(PCNA), E2F dimerization partner 2, Wnt5A, retinoic acid
receptors (epsilon, gamma 1, beta), early growth response
protein 1 (hEGR1Y), etc. Part of these genesarelisted in Table
2. Most of which are genes related to cell proliferation or
differentiation. These expression profiles are accordant with
the generality of characteristic phenotype of all of the 4
abnormal stages, i.e. decrease in extent of differentiation and
increasein rate of proliferation.

The second category contains genes that were up or down
regulated in particular stages, some of them seemed to be
activated in early stages of carcinogenesis, p160ROCK isone
of such genes. Figure 3 showed the expression level of
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p160ROCK in 5 stages. P160 ROCK peaked its expression
level in the stage of high grade dysplasia, down-regulated
rapidly after this stage, recovered its expression level in early
and late cancer, which revealed that this gene was
transcriptionally activated at pre-cancerous stage.
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Figure 3 Expression level of p160ROCK (3A) and JNK2 (3B) in
6 different stages, p160ROCK peaked its expression at stage of
high-grade dysplasia and JNK2 peaked its expression at stage
of carcinoma in situ. The column chart indicated expression
levels of p160ROCK and JNK2 in stages of normal mucosa
(designated normal), basal cell hyperplasia Il (designated
BCH), high grade dysplasia (designated Dys), squamous cell
carcinoma in situ (designated CAIN), early cancer (designated
ELCA) and late cancer (designated LaCa).

p160ROCK belongsto afamily of Rho-associated serine/
threonine kinase isozymes and has been identified as a new
class of Rho effectors. Its main function is participating the
reorganization of the cytoskeletal, and plays an important role
in signal transduction from Rho to cytoskeletal!*! and also get
involved in cell motility and morphological changes™. In
human hepatocellular carcinoma cells, dominant active
p160ROCK transfectants showed increased motility, and
dominant negative p160ROCK transfectants showed reduced
motility under stimulation. Furthermore, implantation of
dominant negative p160ROCK transfectants resulted in a
reduced metastatic rate in vivo compared with the parent cells
or acontrol transfectant!*®. In this study, p160ROCK wasfound
transcriptionally activated at the stage of high grade dysplasia,
apre-malignant stage, which imply that activation of the gene
may be one of the early events during progress of esophageal
carcinogenesis and may be one of the events responsible for
morphological changes and increase in cell motility in early
stages of carcinogenesis.

JINK?2 is another representative gene which peaked its
expression level in the stage of carcinomain situ. ltsexpression
levelsin the 5 stages were shown in Figure 3. INK2, ¢-Jun N-
terminal kinase 2, also named as protein kinase mitogen-
activated 9, is a proline-directed serine/threonine kinase
activated by dual phosphorylation on threonine and tyrosine
residues in response to awide array of extracellular stimuli.
Multiple research showed that INK2 plays a critical role in
coordinating the cellular response to stress and has been

implicated in regulating cell growth and transformation,
antisense JNK 2 induced growth inhibition which correlated
with significant apoptosig”. It was shown that INK 2 plays an
important role in cell transformation and carcinogenesis. In
this study, INK2 was found activated at stage of carcinomain
situ, and down regulated in early and late cancer, which showed
that this may also be an early events of carcinogenesisand one
of theforcespushing thecell from pre-maignancy to malignancy.

DISCUSSION

Tumorigenesisisacomplex and multistage processwith many
genes involved in. As a step toward understanding the
complicated changes between normal and malignant cells, this
report focused on gene expression profile variations among
normal and abnormal esophageal epithelium tissues. Analyzing
alterations of gene expression profilesin different stages of
neoplasia is necessary for establishing the preventive,
diagnostic, therapeutic, and prognostic potential of each related
gene. To illustrate the mechanisms controlling malignant
changesat molecular level may provideafurther understanding
of tumorigenesis, aswell as new approachesin early detection
and treatment of esophageal cancer. Furthermore, sinceit is
impossible to get tissue samples of different stages from one
patient, we got the biopsy specimens from different patients
and pooled the samples with same pathologic diagnosis
together to avoid the individual differences, and semi-
guantitative RT-PCR was performed to confirm the reliability
of the data. Moreover, we observed that many genes expressed
abnormally in this complicated process and those changes
mainly involved in cell proliferation, apoptosis, DNA repair,
growth factors and cytokines. These genesand their expression
alteration constitute a molecular atlasthat is stage-specific and
esophageal cancer-specific, and possibly being an important
supplement to the traditional morphological diagnosis.

Principle component analysisidentified a set of geneswhich
playsimportant role in different stages of tumor development.
Although many genes were related to tumorigenesis and
development of esophageal cancer, further investigation is still
needed to elucidate which gene (s) isthe most critical one (s)
to this complex process.
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Abstract

AIM: To introduce an animal model of hepatocellular
carcinoma (HCC) in ACl-rats, and to evaluate the therapeutic
effects of Poly-lactide-co-glycolide(Plcg)-microspheres in the
transarterial chemoembolization (TACE) in this model, as
well the value of this model in the experiments of
interventional therapy.

METHODS: Subcapsular implantation of a solid Morris
Hepatoma 3 924A (1 mm?®) in the livers was carried out in
11 male ACl-rats. The tumor volume (V1) was measured by
magnetic resonance imaging (MRI) (13 days after
implantation). After laparotomy and retrograde placement
of catheter into the gastroduodenal artery (14 days after
implantation), the following protocols of interventional
treatment were performed: (A) mitomycin C+Poly-lactide-
co-glycolide(Plcg)-microspheres (n=4); (B) 0.9 % NacCl
(control group, n=7). 13 days after these therapies the change
of the tumor volume (V2) was determined by MRI again.

RESULTS: The success rate of tumor implantation reached
to 100 %. The mean tumor volume before TACE (V1) were
0.082 cm? in group A and 0.096 cm? in group B respectively.
The mean tumor volume after TACE (V2) were 0.230 cm? in
group A and 1.347 cm?® in group B respectively. The mean
V2/V1 were 2.860 in group A and 27.120 in group B
respectively. Compared to the control group (group B),
groups A showed a significant reduction of tumor growth
(P=0.004) in the period of observation.

CONCLUSION: The growth of liver tumor could be obviously
prevented by utilizing Plcg-mitomycin-microspheres in TACE
in animal model. This rat model of HCC is suitable for the
experimental studies of interventional therapy.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world, responsible for an estimated one
million deaths annually™®3. In China, HCC has been ranked
second of cancer mortality since 19905, It has a poor
prognosisdueto itsrapid infiltrating growth and complicating
liver cirrhosig®., Surgical resection is till the only potentially
curativetreatment for HCC, particularly for small HCC3. To date,
the resection rate for HCC is unfortunately less than 30 %% 9,
Transarterial chemoembolization (TACE) is currently thefirst
choice of treatment for most unresectable HCC and improve
the surviva ratein selected patientd”*3. However, the technical
variants of TACE have often been chosen on an empirical basis
and it is not always safe and effectivel***9. Although TACE
advantageously combines arteria embolization of the vascular
supply of HCC with controlled intra-arterial infusion of
chemotherapeutic drugs, its application is limited by the lack
of appropriate and reliable embolization material 55161,
Recently, poly-lactide-co-glycolide (Plcg)-microspheres has
been proved to be anew promising embolic agent*”*8.. In order
to study the interventional therapeutic strategiesfor HCC, itis
necessary to establish asuitable and reproducible animal model.
The aim of the present study wasto introduce an animal model
of HCC with the technique of tumor implantation in ACI-rats,
and to evaluate the therapeutic effect of different methods of
TACE, including the efficiency of Plcg-microspheresin this
animal model. MRI was performed for measuring the tumor
volume before and after the TACE in this study.

MATERIALS AND METHODS

Tumor

Morris hepatoma 3 924A, a rapidly growing, poorly
differentiated hepatocellular carcinoma, wasinduced by dietary
administration of N-2-fluorenyldiacetamidein an ACI rat. The
hepatoma specimens were obtained from the German Cancer
Research Center in Heidelberg (DKFZ).

Animal

Inbred male ACI-rats weighing 200 to 220 g (n=15) were
obtained from the company of Harlan Winkelmann in
Germany. The animalswere kept under conventional conditions
with atemperature of 2242 °C, arelative humidity of 55+10 %,
adark-light rhythm of 12 hr, and were fed standard laboratory
chow and tap water ad libitum.

Anesthesia

All interventiona and imaging procedureswere carried out under
intraperitoneally applied anesthesiawith ketamine hydrochloride
(Ketanest, Parke-Davis, Germany; 100 mg- kg*), Xylazinhy-
drochlorid (Rompun, Bayer, Germany; 15 mg- kg'?) and atropine
sulfate (Atropinsulfat Braun, Braun, Germany; 0.1 mg- kgY).

Tumor implantation (At day 1)
The technique for tumor implantation was basically similar to
that described by Y ang et all**? with minor modificationg?.
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The Morris Hepatoma 3 924A tumor tissue, recovered from
the passaged animals 2 weeks after subcutaneous implantation
(corresponding to 5x108 tumor cells), was cut into small cubes
about 1 mm?®,

Therecipient ACI-rats were intraperitoneally anesthetized,
and the upper abdomen was shaved. A small subcapsular
incision on the left lateral lobe of the liver was made. The
tumor fragment was gently placed into the pocket with asmall
cotton swab on the liver surface as hemostasis and the
abdominal wall was then closed.

Catheterization and TACE (At day 14)

A PE-10 polyethylene catheter (inner diameter 0.28 mm, outer
diameter 0.61 mm; Wenzel/Heidelberg, Germany) was used
for experiments of TACE under asecond laparotomy. By using
a binocular operative microscope (M651, Leica/Wetzler,
Germany), the catheter was retrograde inserted into the
gastroduodenal artery (Figure 1). After dightly drawing thethin
rope around the common hepatic artery, the following different
agents were injected through the catheter: Group A (n=4):
TACE with mitomycin C (0.25 mg- kgt) and Plcg-microspheres
(200 mg- kg, diameter: 40 pum; Institute of Pharmacol ogical
Technology, Philipps University, Marburg/Germany).

Group B (control group, n=7): injection of 0.9 % NaCl aone.

Figure 1 Catheterization of the gastroduodenal artery in vivo

MRI

MRI was performed in a1.0 TedaMagnetom superconducting
system (Siemens, Erlangen, Germany) supplemented by a
commercial coil (Small Field of View) before and after the
catheterization (At day 13 and 27). T1-weighted (TR/TE, 400/
14 ms) and T2-weighted (TR/TE, 3000/96 ms) axial SE images
with spatial presaturation for controlling the flow artifact were
acquired. Slice thickness was 2.0 mm, Matrix was 192x256.
There was no gap between sections. The findings on T1- and
T2-weighted SE images were examined in all 11 rats. Tumor
volume was determined and evaluated according to the formula:
Tumor volume (mmée)=L ength(mm)xWidth?(mm)?/222,

RESULTS

Indl theratsreceiving tumor implantation with Morris Hepatoma
3 924A, the rate of tumor implantation reached 100 %. None of
theanimalsdied during implantation or in the postoperative period.

The sengitivity of MRI for detecting HCC reached 100 %.
HCC showed a hypointense pattern on T1-weighted images
and a hyperintense pattern on T2-weighted images in the left
lateral lobe of the liver (Figure 2, Figure 3). Necrosis,

hemorrhage and metastase of the tumor were not observed.
The liver tumor was well discernible from the surrounding
liver tissue on each image.

Figure 2 MR images of HCC before the application of Plcg-
Mitomycin-microspheres: (a) T1-weighted image (400/14 ms)
showed a hypointense pattern in the left lateral lobe of the liver,
(b) T2-weighted image (3 000/96 ms) showed a hyperintense
pattern in the liver. Necrosis, hemorrhage and metastase of
the tumor were not observed.

>

Figure 3 MR images of HCC after the application of Plcg-Mi-
tomycin-microspheres: (a) MRI T1WI (400/14 ms); (b) MRI
T2WI (3 000796 ms). The tumor volume after the application
of Plcg-Mitomycin-microspheres was not changed compared
to that before the application.
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The efficiencies of Plcg-Mitomycin-microspheresin the
interventiona therapy of HCC in ACl-ratswere shown in Teble 1.

Table 1 The efficiencies of Plcg-Mitomycin-microspheres in
the interventional therapy of HCC in ACl-rats

Group A (Plcg) Group B (control group)

Mean volume (V1) before TACE (cm?®) 0.082 0.096
Mean volume (V2) after TACE (cm?) 0.230 1.347
Mean V2/V1 2.86 27.12

Compared to the control group (group B), groups A showed a
significant reduction of tumor growth (P=0.004) in the period
of observation by t-test.

DISCUSSION

In order to investigate the efficiency of TACE for HCC, it is
necessary to have a suitable and reproducible anima model.
Various animal models of liver tumor have been established.
The diethylnitrosamine model for hepatic tumor induction was
simple, and provided a more representative range of tumors
for experimental evaluation. However, the high mortality of
the animals and various localization/number/size of the tumor
in the liver were the magjor shortcomings. Therefore, the
application of thismodel was extremely limited. The technique
with aneedleinjection of tumor cellsinto hepatic parenchyma
often caused tumor spill from the puncture channel and might
result direct injection of the tumor cellsinto the circulation!*9.
Although arelative high tumor take rate could be obtained by
using the Walker-256/V X2 model in rats or rabbits with the
technique of tumor implantation, these animal modelsbelonged
to carcinosarcomaor adenocarcinomaand were usualy utilized
for the study of liver metastases®#". It iswell known that the
metastasisway and the therapeutic strategiesaswell therelated
effects of HCC and sarcomaare quite different from the aspect of
histopathology, and a characteristic of HCC which distinguishes
it from most metastases to the liver isthat it isa highly vascular
tumor?®, so that these animal models are unsatisfactory and not
suitable for studying the interventional therapy.

In our present study, an anima model of HCC with the
technique of tumor implantation previoudy described by Y ang
et all'%? was established. The rate of tumor implantation
reached 100 %*7. Necrosis, hemorrhage and metastases of the
tumor were not observed. Histopathologically, Morris
hepatoma 3 924A was a poorly differentiated hepatocellular
carcinoma, mimicking the Edmondson grade-I11 hepatomain
humans® (Edmonson’ s classification is based on the degree
of differentiation of HCC). The appropriate growth speed of
theliver tumor madeit easy for MRI examination®!. The blood
supply of the tumor mainly came from hepatic arteries which
was similar to that in human liver cancerd®® 2. Asisknown to
all, HCC was usually hypervascular except for differentiated
HCC and TACE was usually effective only for hypervascular
HCCB3, Compared to other animal models, our rat model
wasmore suitablefor the study of interventional therapy of HCC,
and the related conclusion of the study was more convincing.

MRI examination for measuring the tumor volume without
utilizing contrast media was carried out in our experiments.
There was no single parameter better than tumor growth rate
that could give information on the effects of different
therapeutic maneuvers on tumor growth®, In another study
of ours, we have demongtrated that MRI asan invasiveimaging
modality was superior to CT, DSA in the diagnosisof HCCin
experiments?. |t was supported by histological examination
that MRI was also superior to ultrasonography for judging the
tumor dimensions’®. Another advantage of MRI was its

excellent soft-tissue contrast resolution®?. T1-weighted
imaging was superior to T2-weighted imaging in depicting
early HCC, but the latter could be useful in evaluating the
progression of HCC in the histopathologically early stages®!.
The dsignal intensity on T2-weighted images correlated with the
histological grade and histopathological change of HCCE%7,
The detectability of MRI was 100 % in the present study. HCC
showed a hypointense pattern on T1-weighted images and a
hyperintense pattern on T2-weighted imagesin the left lateral
lobe of the liver. Necrosis, hemorrhage and metastase of the
tumor were not observed. The contrast between the tumor and
surrounding normal liver parenchyma was clear to observe.
Based on these results, we concluded that MRI was useful in
the assessment of the therapeutic effects of TACE in HCC.

TACEisonechoiceof the palliativetrestment for unresectable
HCC, particularly for patients with multifocal HCC and with
acceptable liver functions. TACE caused tumor necrosis by
occlusion of the feeding artery of HCC, and its clinical
efficiencies have been generally recognized®+“4, By using
TACE with a combination of cytostatic drugs (mitomycin,
doxorubicin, epirubicin, cisplatin, 5-Fu), a reduction of vital
tumor tissue could be achieved*>*4, although the prolongation
of survival remained questionable“> 1, As stated before,
although TACE advantageously combined arterial
embolization of the vascular supply of a neoplasm with
controlled intra-arterial infusion of chemotherapeutic drugs,
its application was limited by the lack of appropriate and
reliable embolic agents. The major problem with embolic
agentsare twofold*”: first, they could often completely obstruct
the hepatic artery, leading to difficulties in administration of
subsequent courses of hepatic artery chemotherapy. With a
relative short half-life of embolic agents, the effectiveness of
TACE was not significantly improved; and second, it was easy
to aggravate the liver cirrhosis and lead to hepatic failure after
repeated TACE. Theoptimal treatment modality of TACE was
unknown4 481,

Recently, Plcg-microspheres have been proved to be anew
promising embolic agent in TACE in experiments*’8. Verrijk
and co-workers!“®50 reported that TACE with Plcg-
microspheres and CDDP significantly improved the delivery
of cytotoxic drugsto liver tumor and simultaneoudy reduced
systemic toxicity in animals. Plcg-microspheres are
biodegradable polymers with high molecular size and possess
a good tissue compatibility. The degradation rate of
polylactidesisknown to depend on the polymer microstructure
that may be of theL, D or D, L type. The polyester lifetime
could be controlled in arange of afew days or monthg“*51., It
has been suggested that this drug could slowly releaseinto the
tumor tissues principally by adiffusion mechanism. It hasaso
been indicated that the microspheres size of 40 um alows a
distal and homogeneous migration of the embolic agent within
the targeted organ, without passing through the capillary
filter8, it is this reason that Plcg-microspheres with the size
of 40 um were chosen in our experiments. Verrijk et al“>
also demonstrated, that the absence of a burst effect and an
adequate CDDP release from Plcg-CDDP-microspheres then
significantly prolonged the first-pass effect, with the result that
low systemic platinum levels were maintained while a liver
platinum concentration was achieved which was high enough
for an antitumor effect. The results of our present studies
indicated that Plcg-microspheres could effectively retard the
growth of HCC. Compared to the control group (group B),
groups A (Plcg) showed asignificant reduction of tumor growth
(P=0.004) in the period of observation by t-test. Thetherapeutic
efficiencies of Plcg-mitomycin-microspheres was similar to
Gelform+Mitomycin+Lipiodol in our another study (Mean V2/
V1=2.86, P=0.748, unpublished results).

To conclude, the growth of liver tumor was markedly
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prevented by the use of Plcg-mitomycin-microspheresin the
TACE in an animal model. This effective and reliable embolic
agent might be useful in clinic in future. However, the
mechanism of effect of Plcg-microspheresis not clear so far.
Data on alarge number of animals and the test of application
of various cytotoxic agentsin the TACE, aswell the repeated
TACE will be required.
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Abstract

AlIM: To investigate the risk factors of colon cancer and
rectal cancer.

METHODS: A nested case-control study was conducted in
a cohort of 64 693 subjects who participated in a colorectal
cancer screening program from 1989 to 1998 in Jiashan
county, Zhejiang, China. 196 cases of colorectal cancer were
detected from 1990 to 1998 as the case group and 980
non-colorectal cancer subjects, matched with factors of age,
gender, resident location, were randomly selected from the
64 693 cohort as controls. By using univariate analysis and
mutivariate conditional logistic regression analysis, the odds
ratio (OR) and its 95 % confidence interval (95 %Cl) were
calculated between colorectal cancer and personal habits,
dietary factors, as well as intestinal related symptoms.

RESULTS: The mutivariate analysis results showed that after
matched with age, sex and resident location, mucous blood
stool history and mixed sources of drinking water were closely
associated with colon cancer and rectal cancer, OR values for
the mucous blood stool history were 3.508 (95 %Cl: 1.370-
8.985) and 2.139 (95 %Cl: 1.040-4.402) respectively; for the
mixed drinking water sources, 2.387 (95 %Cl: 1.243-4.587)
and 1.951 (95 %Cl: 1.086-3.506) respectively. All reached
the significant level with a P-value less than 0.05.

CONCLUSION: The study suggested that mucous blood
stool history and mixed sources of drinking water were the
risk factors of colon cancer and rectal cancer. There was no
any significant association between dietary habits and the
incidence of colorectal cancer.

Chen K, Cai J, Liu XY, Ma XY, Yao KY, Zheng S. Nested case-
control study on the risk factors of colorectal cancer. World J
Gastroenterol 2003; 9(1): 99-103

http://www.wjgnet.com/1007-9327/9/99.htm

INTRODUCTION

Colorectal cancer is one of the most common malignant
tumorg*®. During the past decades, theincidence of colorecta
cancer was increased all around the world, more than 500 000
cases were diagnosed as colorectal cancer per year. In the east

of China, there has been ahigher incidence of colorectd cancer.
In Jiashan County, the mortality rate of colorectal cancer was
the highest among China, which is about 20/100 000 per year!™.
The causes of colorectal cancer are generally regarded as
two aspects. heredity and environment(®l, Theformer includes
family history of cancer, intestinal polyp history, and so on.
Thelater includes particularly dietary habit and physicd activity.
Nested Case-Control Study (NCCS), an analytical
epidemiological study method, was first presented by Mantel
N, an American epidemiologist, in 1973, and it was widely
used after 1980° 9221, All the subjectsin such study are selected
from a whole cohort, which is generally called cohort set.
Compared with the cohort study, NCCS has the privilege of
time-saving, money-saving, and trouble-saving; while
compared to case-control study, since the exposure data are
collected before theincident of disease, it iscertain of the causes
and time conseguences relationship, and observational bias
could be controlled efficiently. All of these characteristics of
NCCSaresuitable to thestudy of chronic disease, such ascancer.
There aremany reports on therisk factors of colorecta cancer
using classica case-control study method, however, few studies
used nested case-control study method?>?, The purpose of this
study isto exploretherisk factorsof colorectal cancer, providing
evidence for the prevention of colorectal cancer.

MATERIALS AND METHODS

Selection of cases and controls

A colorectal cancer screening program beginning on 1% May
1989 and ending on 30" April 1990 was conducted in ten
countrieswhich bel onged to Jiashan county, Zhejiang province,
China, including Weitan town, Yangmiao country,
Xiadianmiao country, et al. From 75 842 dligible subjects aged
30 years and over, 64 693 subjects were enrolled as the base
cohort set, the respondence rate was 85.3 %. Moreover, Jiashan
county has founded cancer registration system and col orectal
cancer report system, monitoring new cancer cases, including
colorectal cancer. The casesin this study, who had participated
in the 1989-1990 screening program, were the new colorectal
cancer patients reported by Institute of Cancer Research and
Prevention of Jiashan county. Up to 1998, the total number
was 196 cases. Of which, 151 cases were pathological
diagnosed, account for 77.1 %, 20 cases were diagnosed in
the operation, 10.2 %, 23 cases were diagnosed by endoscopy,
11.7 %. Under the principle of same-country or town, same-
sex, and no more than 3 years age disparity, 980 non-colorectal
cancer subjects in the cohort set were selected as controls,
resulting the final study subjects of 196 cases and 980 controls.

Contents of the study

The study contents composed of three parts as follow: (1).
Genera characterigtics: including age, sex, job types, educational
levels, addresset al; (2). Personad habits: including dietary habits,
drinking water sources, alcohol consumption and cigarette
smoking, et al; (3). Symptoms and disease history related with
colorectal cancer: including changes of stool status, abdominal
operation history, intestinal disease history, asthma history and
dlergy history, family cancer history, ancylostomiasis history,
drug using history, psychic stimulation history, and so on.
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Investigation methods and quality control

In the 1989-1990 screening investigation, a well-built
Investigation Manual as the uniform criteriafor inquiring the
subjects and filling up the constructed questionnaire was used.
All interviewersweretrained focusing on the skills of inquiring.
No subjects refused to be interviewed except that they were
out of towns. For building the database, the questionnaireswere
coded and put into computer twice to control bias. The data
used in this study were taken from this database.

Statistical analysis

Classical analysis methods of case-control study can be used
to NCCS data, usually calculating OR value. In this study,
Chi-sguare test was used in the univariate analysis of the data;
conditional logistic regression was used in the multivariate
analysis. The SPSS 10.0 for windows and the SAS system for
windows, version 6.12, were used for completing all the
statistical analyses.

RESULTS

General information

In this study, there were 196 cases (84 colon cancer, 112 rectd
cancer) and 980 controls. The distribution of age between cases
and controls for male and female was shown in Table 1.

Table 1 The distribution of subjects by age and sex

Table 2 Results of univariate analysis for colon cancer (cases
n=84, controls n=420)

factors OR 95 % ClI c? P
pork eating(y=1,n=0) 1481 0.846 2593 1890  0.169
drining mixed water source* (y=1,n=0) 2.273 1255 4117 7.332 0.007
drining gutter water (y=1,n=0) 1639 0.777 3.457 1.680 0.195
drining well water (y=1,n=0) 0542 0338 0.870 6.445 0.011
chronic diarrhea history(y=1,n=0) 2.018 1.003 4.060 3.871 0.049
constipaton history(y=1,n=0) 0483 0171 1.363 1.888 0.169
appendicitis history(y=1,n=0) 1697 0.966 2.981 3.386 0.066
appendix operating history(y=1,n=0) 1707 0.873 3.334 2.446 0.118
intestinal polyps history(y=1,n=0) 6.503  2.009 21.049 9.762 0.002

*drinking mixed water source refers to the subjects drinking
different type of water sources through his/her lifetime ,mostly
drinking river water and gutter water. So is Table 2,3 and 4

Table 3 Results of univariate analysis for rectal cancer (cases
n=112, controls n=560)

factors OR 95 % ClI c? P

drining mixed water source (y=1,n=0) 2.021 1.170 3491 6.363 0.011
mucious blood history (y=1,n=0) 2.138 1.122 4.072 5.335 0.021
defaecation drug using (y=1,n=0) 2.280 0.711 7.312 1.923 0.166

male female cholecyst excision history (y=1,n=0) 2294 0715 7352 1195  0.163
age case control case control In Table 2, it was showed that four variables, well water drinking,
mixed water source drinking, chronic diarrhea history and intestinal
polyp history, were significantly associated with colon cancer (P<0.05).
30- 3 15 7 35 The factor of appendicitis history showed an OR value close to signifi-
cant level (P=0.066). For rectal cancer in Table 3, there were two variables
35- 9 49 3 15 reached the significant level of P=0.05, which were mixed water source
drinking (OR=2.02) and mucous blood stool history (OR=2.14).
40- 14 69 3 19
45- 11 52 14 66 Mutivariate analysis
50- 21 110 14 78 The variables showing associationswith the risk of colon cancer
and rectal cancer at P<0.15 level werefurther tested in forward
55- 24 114 2 104 stepwise conditional logistic regression models. The final
60- 11 57 13 63 model consisted of those variables showing a significant
- " 5 3 15 association with the ris}< of colorectal cancer at P<0.05 level.
Results were showed in Table 4 and Table 5 for colon and
70- 2 10 5 26 rectal cancers, respectively.
75- 2 10 3 14
Table 4 Results of multivariate analysis for colon cancer
80- 0 0 1 5
Total 108 540 88 440 factors OR %% Cl P
i drining mixed source water (y=1,n=0) 2.387 1.243 4,587 0.009
The average age of case group was 54.5+10.6 years, while
mucous blood history (y=1, n=0) 3.508 1.370 8.985  0.009

that of the control group was 54.3+10.6 year, there was no
statistically significant difference (t=0.127, P=0.899).For sex,
there was a so no difference gtatistically (¢2=0.001, P=0.979).

Univariate analysis

In order to control the possible confounding bias the age, sex
and resident location were matched in the study design. Given
that the risk factors of colon cancer might be different from
that of rectal cancer, the analysis of the risk factors were
separated into colon cancer and rectal cancer, instead of
colorectal cancer. The OR and its 95 % confidence intervals
(95 %Cl), c? and P values in the univariate analysis were
showed respectively in Table 2 and Table 3 (the variables
showed P>0.20 were excluded).

Table 4 and Table 5 illustrated that, at P=0.05 level, both for
colon cancer and rectal cancer, the final logistic regression model
comprised two factors: mixed water source drinking and mucous
blood stool history.

Table 5 Results of multivariate analysis for rectal cancer

factors OR 95%Cl P
drinking mixed water source (y=1, n=0) 1.951 1.086 3.506  0.025
mucous blood history (y=1, n=0) 2139  1.040 4402 0.039
factors 2.870 1.117 7.371 0.029
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DISCUSSION

Itisgenerally believed that colorectal cancer isthe combined
outcome of heredity and environment!®103%, Despite
uncertainties regarding the underlying association between
heredity and colorectal cancer, the genetic factors may affect
theindividual sensitivity to cancer®331; many documents had
reported that the environmental factors might also influence
colorectal cancer®-#%, On the secondary prevention for
colorectal cancer, symptoms and/or disorders of pre-cancer,
such as intestinal polyps, ulcerative colitis, should be
considered!®05y,

Univariate analysisresults of this study showed that drinking
well water is a protective factor for colon cancer, OR vaue
was 0.542, (P<0.05); drinking mixed water, mostly drinking
river water and gutter water, was arisk factor both for colon
cancer and rectal cancer, OR values were 2.387 (95 %Cl:
1.247-4.587) and 1.951 (95 %Cl: 1.086-3.506) in multivariate
conditional logistic model, respectively. The association
between drinking mixed water and colorectal cancer is
consistent with former study. In this study, country subjects
account for about 75 %, most of the mixed water drinking
aggregated in country. Inthe local country, peopleusually were
drinking river water and well water. It reflects that uncertainty
of drinking water source, especially mixed drinking river water
and gutting water would increase the incidence of colon cancer
and rectal cancer. The findings in this study resembled other
study reportg#752,

Chronic diarrhea, mucous blood stool and constipation
history are the pre-clinical symptoms of colorectal cancert®*,
This study has found the positive association between mucous
blood stool history and colorectal cancer. Infina colon cancer
logigtic model and recta cancer logistic model, the OR va ues of
mucous blood stool history were 3.508 (95 %Cl: 1.370-8.985)
and 2.139 (95 %ClI: 1.04-4.402) respectively, both reached
statistical significant level. Univariate analysis also showed
that, for colon cancer, the OR va ue of chronic diarrhea history
was 2.018 (95 %Cl: 1.023-4.06), P<0.05, but did not enter the
final logistic regression model.

Intestinal polyp history commonly regarded as a high risk
factor for colorectal cancer®-%!, Although the univariate
analysisresult showed a positive association between intestinal
polyp history and colon cancer, OR=6.503 (95 %ClI: 2.009-
21.049), P<0.05, after being matched with age, sex and
location, the factor did not enter the final logistic regression
model. However, the association between intestinal polyp
history and rectal cancer could not reach the significant level
even in the univariate analysis.

Although the association between dietary habits and
colorectal cancer has been reported!33839414549,6667 thjs study
was nhot able to confirm such a positive association. It was
reported that increasing fat while reducing fibrousin diet would
increase the incidence of colorectal cancer®®™., |n this study,
after merging the two variables, pork eating and vegetable
eating, into one variable by cross-difference method, we got a
negative association. Red meat eating, such as fish cooked with
Soy souse, was reported to be the risk factor of colorectal
cancer!™, but the result of this did not agree with that.
Moreover, recent reports were not consistent with each other
about the association between cigarette smoking and colorectal
cancer, nor does the alcohol consumption™ 78, This study did
not find any statistical association between cigarette smoking,
nor was alcohol consumption and colorectal cancer.

Nested case control study, namely case control study within
cohort, is based on a cohort set. After baseline investigation
for the cohort set, including population structure, exposure
factors and pertinent factors, the study subjects are divided
into two groups: the disease individuals form the case group
and the individuals of control group need to be randomly

selected from the non-disease subjects. Thiskind of study can
beanalyzed datigtically asacase-control study. Therisk factors
found in nested one are certain in cause and time consequence.
In addition, the number of case in this study was abundance
after ten years of follow-up; the controls were randomly
selected from the whole disease-free cohort set and can
represent the normal public population well. All of these endue
the results with persuasion.

It should be noted that, after ten years of follow-up, some
exposure factors may have changed, factors such as dietary
habits, drinking water sources, intestinal disease history may
be different from the primate investigation. All the changes
may discount the preciseness of the conclusion. That the
association between dietary habits and colorectal cancer could
not be put forward any positive evidence might be explained
by such changes.

REFERENCES

1  Zhang YL, Zhang ZS, Wu BP, Zhou DY. Early diagnosis for
colorectal cancer in China. World J Gastroenterol 2002; 8: 21-25

2 Thiis Evensen E, Hoff GS, Sauar J, Majak BM, Vatn MH. Flexible
sigmoidoscopy or colonoscopy as a screening modality for
colorectal adenomas in older age groups? Findings in a cohort of
the normal population aged 63-72 years. GUT 1999; 45: 834-839

3 Colonna M, Grosclaude P, Faivre J, Revzani A, Arveux P, Chap-
lain G, Tretarre B, Launoy G, Lesec'h JM, Raverdy N, Schaffer P,
Buemi A, Menegoz F, Black RJ. Cancer registry data based esti-
mation of regional cancer incidence: application to breast and
colorectal cancer in French administrative regions. J Epidemio
Community Heath 1999; 53: 558-564

4 Smalley W, Ray WA, Daugherty J, Griffin MR. Use of nonsteroi-
dal anti-inflammatory drugs and incidence of colorectal cancer:
a population-based study. Arch Int Medic 1999; 159: 161-166

5  Soliman AS, Smith MA, Cooper SP, Ismail K, Khaled H, Ismail
S, McPherson RS, Seifeldin IA, Bondy ML. Serum organochlo-
rine pesticide levels in patients with colorectal cancer in Egypt.
Arch Environ Health 1997; 52: 409-415

6 KeeF, Wilson R, Currie S, Sloan J, Houston R, Rowlands B,
Moorehead J. Socioeconomic circumstances and the risk of bowel
cancer in Northern Ireland. J Epidemio Community Health 1996;
50: 640-644

7 LiuXY, Zheng S, Chen K, Ma XY, Zhou L, Yu H, Yao KY, Chen
K, Cai SR, Zhang SZ. Randomized controlled trial of sequence
mass screening program for colorectal cancer. Zhonghua Liuxing
Bingxue Zazhi 2000; 21: 430-433

8 Haile RW, Siegmund KD, Gauderman WJ, Thomas DC.
Studydesign issues in the development of the University of South-
ern California Consortium”s Colorectal Cancer Family Registry.
J Natl Cancer Inst Monogr 1999; 26: 89-93

9  Campbell T. Colorectal cancer. Part 1: Epidemiology, aetiology,
screening and diagnosis. Prof Nurse 1999; 14: 869-874

10 Coughlin SS, Miller DS. Public health perspectives on testing
for colorectal cancer susceptibility genes. Am J Prev Med 1999; 16:
99-104

11 Mantel N. Synthetic retrospective studies and related topics. Bio-
metrics 1973; 29: 479-490

12 Hellard ME, Sinclair Ml, Fairley CK, Andrews RM, Bailey M,
Black J, Dharmage SC, Kirk MD. An outbreak of cryptosporidiosis
in an urban swimming pool: why are such outbreaks difficult to
detect? Aust N Z J Public Health 2000; 24: 272-275

13 McDonald AD, McDonald JC, Rando RJ, Hughes JM, Weill H.
Cohort mortality study of North American industrial sand
workers. |I. Mortality from lung cancer, silicosis and other causes.
Ann Occup Hyg 2001; 45: 193-199

14 Coker AL, Gerasimova T, King MR, Jackson KL, Pirisi L. High-
risk HPVs and risk of cervical neoplasia: a nested case-control
study. Exp Mol Pathol 2001; 70: 90-95

15 Josefsson AM, Magnusson PK, Ylitalo N, Sorensen P,
QwarforthTubbin P, Andersen PK, Melbye M, Adami HO,
Gyllensten UB. Viral load of human papilloma virus 16 as a de-
terminant for development of cervical carcinoma in situ: a nested
case-control study. Lancet 2000; 355: 2189-2193



102 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

January 15, 2003 Volume 9 Number 1

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Akre O, Lipworth L, Tretli S, Linde A, Engstrand L, Adami HO,
Melbye M, Andersen A, Ekbom A. Epstein-Barr virus and cy-
tomegalovirus in relation to testicular-cancer risk: a nested case-
control study. IntJ Cancer 1999; 82: 1-5

DelAmo J, Petruckevitch A, Phillips AN, De Cock KM,
Stephenson J, Desmond N, Hanscheid T, Low N, Newell A, Obasi
A, Paine K, Pym A, Theodore C, Johnson AM. Risk factors for
tuberculosis in patients with AIDS in London: a case-control
study. IntJ Tuberc Lung Dis 1999; 3: 12-17

Mathews WC, Caperna J, Toerner JG, Barber RE, Morgenstern
H. Neutropenia is a risk factor for gram-negative bacillus bacte-
remia in human immunodeficiency virus-infected patients: re-
sults of a nested case-control study. Am J Epidemiol 1998; 148:
1175-1183

Wideroff L, Potischman N, Glass AG, Greer CE, Manos MM,
Scott DR, Burk RD, Sherman ME, Wacholder S, Schiffman M. A
nested case-control study of dietary factors and the risk of inci-
dent cytological abnormalities of the cervix. Nutr Cancer 1998;
30: 130-136

Deacon JM, Evans CD, Yule R, Desai M, Binns W, Taylor C,
Peto J. Sexual behaviour and smoking as determinants of cervi-
cal HPV infection and of CIN3 among those infected: a case-
control study nested within the Manchester cohort. Br J Cancer
2000; 83: 1565-1572

Ylitalo N, Sorensen P, Josefsson AM, Magnusson PK, Andersen
PK, Ponten J, Adami HO, Gyllensten UB, Melbye M. Consistent
high viral load of human papillomavirus 16 and risk of cervical
carcinoma in situ: a nested case-control study. Lancet 2000; 355:
2194-2198

Garcia Rodriguez LA, Huerta Alvarez C. Reduced incidence of
colorectal adenoma among long-term users of nonsteroidal anti-
inflammatory drugs: a pooled analysis of published studies and
a new population-based study. Epidemiology 2000; 11: 376-381
Knekt P, Hakulinen T, Leino A, Heliovaara M, Reunanen A,
Stevens R. Serum albumin and colorectal cancer risk. Eur J Clin
Nutr 2000; 54: 460-462

Bertario L, Russo A, Crosignani P, Sala P, Spinelli P, Pizzetti P,
Andreola S, Berrino F. Reducing colorectal cancer mortality by
repeated faecal occult blood test: a nested case-control study. Eur
J Cancer 1999; 35: 973-977

Collet JP, Sharpe C, Belzile E, Boivin JF, Hanley J, Abenhaim L.
Colorectal cancer prevention by non-steroidal anti-inflammatory
drugs: effects of dosage and timing. Br J Cancer 1999; 81: 62-68
Kato I, Dnistrian AM, Schwartz M, Toniolo P, Koenig K, Shore
RE, Akhmedkhanov A, Zeleniuchlacquotte A, Riboli E. Serum
folate, homocysteine and colorectal cancer risk in women: a
nested case-control study. Br J Cancer 1999; 79: 1917-1922

Kato I, Dnistrian AM, Schwartz M, Toniolo P, Koenig K, Shore
RE, ZeleniuchJacquotte A, Akhmedkhanov A, Riboli E. Iron
intake, body iron stores and colorectal cancer risk in women: a
nested case-control study. Int J Cancer 1999; 80: 693-698

Karlen P, Kornfeld D, Brostrom O, Lofberg R, Persson PG, Ekbom
A. Is colonoscopic surveillance reducing colorectal cancer mor-
tality in ulcerative colitis? A population based case control study.
Gut 1998; 42: 711-714

Meijer GA, Baak JP, Talbot IC, Atkin WS, Meuwissen SG. Pre-
dicting the risk of metachronous colorectal cancer in patients with
rectosigmoid adenoma using quantitative pathological features.
A case-control study. J Pathol 1998; 184: 63-70

Hemminki K, Lonnstedt I, Vaittinen P, Lichtenstein P. Estima-
tion of genetic and environmental components in colorectal and
lung cancer and melanoma. Genet Epidemiol 2001; 20: 107-116
Chapman PD, Burn J. Genetic predictive testing for bowel can-
cer predisposition: the impact on the individual. Cytogenet Cell
Genet 1999; 86: 118-124

Thorson AG, Knezetic JA, Lynch HT. A century of progress in
hereditary nonpolyposis colorectal cancer (Lynch syndrome). Dis
Colon Rectum 1999; 42: 1-9

Briskey EN, Pamies RJ. Colorectal cancer: update on recent ad-
vances and their impact on screening protocols. J Natl Med Assoc
2000; 92: 222-230

Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio J,
Koskenvuo M, Pukkala E, Skytthe A, Hemminki K. Environmen-
tal and heritable factors in the causation of cancer-analyses of
cohorts of twins from Sweden, Denmark, and Finland. N Engl J

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Med 2000; 343: 78-85

Marchand LL. Combined influence of genetic and dietary fac-
tors on colorectal cancer incidence in Japanese Americans. J Natl
Cancer Inst Monogr 1999; 26: 101-105

Bonaiti Pellie C. Genetic risk factors in colorectal cancer. Eur ]
Cancer Prev 1999; 8 (Suppl 1): S27-32

Ponz de Leon M, Pedroni M, Benatti P, Percesepe A, Rossi G,
Genuardi M, Roncucci L. Epidemiologic and genetic factor in
colorectal cancer: development of cancer in dizygotic twins in a
family with Lynch syndrome. Ital J Gastroenterol Hepatol 1999; 31:
218-222

Prichard PJ, Tjandra JJ. Colorectal cancer. Med J Aust 1998; 169:
493-498

Rafter J, Glinghammar B. Interactions between the environment
and genes in the colon. Eur J Cancer Prev 1998; 7 (Suppl 2): S69-74
Gandhi SK, Reynolds MW, Boyer JG, Goldstein JL. Recurrence
and malignancy rates in a benign colorectal neoplasm patient
cohort: results of a 5-year analysis in a managed care
environment. Am J Gastroenterol 2001; 96: 2761-2767
Ritenbaugh C. Diet and prevention of colorectal cancer. Curr
Oncol Rep 2000; 2: 225-233

Hemminki K, Lonnstedt I, Vaittinen P, Lichtenstein P. Estima-
tion of genetic and environmental components in colorectal and
lung cancer and melanoma. Genet Epidemiol 2001; 20: 107-116
Lichtenstein P, Holm NV, Verkasalo PK, lliadou A, Kaprio J,
Koskenvuo M, Pukkala E, Skytthe A, Hemminki K. Environmen-
tal and heritable factors in the causation of cancer-analyses of
cohorts of twins from Sweden, Denmark, and Finland. N Engl J
Med 2000; 343: 78-85

Park JG, Park YJ, Wijnen JT, Vasen HF. Gene-environment inter-
action in hereditary nonpolyposis colorectal cancer with impli-
cations for diagnosis and genetic testing. Int J Cancer 1999; 82:
516-519

Jansen MC, Bueno de Mesquita HB, Buzina R, Fidanza F, Menotti
A, Blackburn H, Nissinen AM, Kok FJ, Kromhout D. Dietary
fiber and plant foods in relation to colorectal cancer mortality:
the Seven Countries Study. Int J Cancer 1999; 81: 174-179

Gertig DM, Hunter DJ. Genes and environment in the etiology
of colorectal cancer. Semin Cancer Biol 1998; 8: 285-298

Gulis G, Fitz O, Wittgruber J, Suchanova G. Colorectal cancer
and environmental pollution. Cent Eur J Public Health 1998; 6:
188-191

Van Kranen HJ, van lersel PW, Rijnkels JM, Beems DB, Alink
GM, van Kreijl CF. Effects of dietary fat and a vegetable-fruit
mixture on the development of intestinal neoplasia in the ApcMin
mouse. Carcinogenesis 1998; 19: 1597-1601

Kenji T, Hedio O, Yasuharu O, lwao Y, Tomohiro S, Katsuya Y,
Kiichi M, Shigeru T, Hideki A. Dietary factors and prevention of
colon cancer. Nippon Geka Gakkai Zasshi 1998; 99: 368-372
Charalambopoulos A, Syrigos KN, Ho JL, Murday VA, Leices-
ter RJ.Colonoscopy in symptomatic patients with positive fam-
ily history of colorectal cancer. Anticancer Res 2000; 20: 1991-1994
Winawer SJ. Natural history of colorectal cancer. Am J Med 1999;
106: 3S-6S, 50S-51S

Wang ZQ, He J, Chen W, Chen Y, Zhou TS, Lin YC. Relationship
between different sources of drinking water, water quality im-
provement and gastric cancer mortality in Changle County-A
retrospective-cohort study in high incidence area. World J
Gastroenterol 1998; 4: 45-47

Martinez Martinez L, Lopez Santamaria M, Prieto Bozano G,
Molina Arias M, Jimenez Alvarez C, Tovar Larrucea JA. Diagno-
sis and therapeutic options in chronic idiopathic intestinal
pseudo-obstruction: review of 16 cases.Cir Pediatr 1999; 12: 71-74
Browning SM. Constipation, diarrhea, and irritable bowel
syndrome. Prim Care 1999; 26: 113-139

Ho KY, Kang JY, Seow A. Prevalence of gastrointestinal symp-
toms in a multiracial Asian population, with particular reference
to reflux-type symptoms. Am J Gastroenterol 1998; 93: 1816-1822
lacono G, Cavataio F, Montalto G, Florena A, Tumminello M,
Soresi M, Notarbartolo A, Carroccio A. Intolerance of cow’s milk
and chronic constipation in children. N Engl J Med 1998; 339:
1100-1104

Lal G, Ash C, Hay K, Redston M, Kwong E, Hancock B, Mak T,
Kargman S, Evans JF, Gallinger S. Suppression of intestinal pol-
yps in Msh2-deficient and non-Msh2-deficient multiple intesti-



Chen K et al. Nested case-control study of colorectal cancer

103

58

59

60

61

62

63

64

65

66

67

nal neoplasia mice by a specific cyclooxygenase-2 inhibitor and
by a dual cyclooxygenase-1/2 inhibitor. Cancer Res 2001; 61:
6131-6136

Rex DK. Surveillance colonoscopy following resection of
colorectal polyps and cancer. Can J Gastroenterol 2001; 15: 57-59
Anderson J. Clinical practice guidelines. Review of the recommen-
dations for colorectal screening. Geriatrics 2000; 55: 67-73, quiz 74
Katsumata T, Igarashi M, Kobayashi K, Sada M, Yokoyama K,
Saigenji K. Usefulness of endoscopic polypectomy in early
colorectal cancer. Nippon Geka Gakkai Zasshi 1999; 100: 782-786
Tobi M. Polyps as biomarkers for colorectal neoplasia. Front Biosci
1999; 4: 329-338

Gruber M, Lance P. Colorectal cancer detection and screening.
Lippincotts Prim Care Pract 1998; 2: 369-376, quiz 377-378
Kennedy BP, Soravia C, Moffat J, Xia L, Hiruki T, Collins S,
Gallinger S, Bapat B. Overexpression of the nonpancreatic secre-
tory group Il PLA2 messenger RNA and protein in colorectal
adenomas from familial adenomatous polyposis patients. Can-
cer Res 1998; 58: 500-503

Luo YQ, Ma LS, Zhao YL, Wu KC, Pan BR, Zhang XY. Expres-
sion of proliferating cell nuclear antigen in polyps from large
intestine. World J Gastroenterol 1999; 5: 160-164

Steindorf K, Tobiasz Adamczyk B, Popiela T, Jedrychowski W,
Penar A, Matyja A, Wahrendorf J. Combined risk assessment of
physical activity and dietary habits on the development of
colorectal cancer. A hospital-based case-control study in Poland.
Eur J Cancer Prev 2000; 9: 309-316

Negri E, Franceschi S, Parpinel M, La Vecchia C. Fiber intake
and risk of colorectal cancer. Cancer Epidemiol Biomarkers Prev
1998; 7: 667-671

Jarvinen R, Knekt P, Hakulinen T, Rissanen H, Heliovaara M.
Dietary fat, cholesterol and colorectal cancer in a prospective
study. Br J Cancer 2001; 85: 357-361

68

69

70

71

72

73

74

75

76

Franceschi S, Favero A. The role of energy and fat in cancers of
the breast and colon-rectum in a southern European population.
Ann Oncol 1999; 10(Suppl): 661-663

Rieger MA, Parlesak A, Pool Zobel BL, Rechkemmer G, Bode C.
A diet high in fat and meat but low in dietary fibre increases the
genotoxic potential of “faecal water”. Carcinogenesis 1999; 20:
2311-2316

Giovannucci E. An updated review of the epidemiological evi-
dence that cigarette smoking increases risk of colorectal cancer.
Cancer Epidemiol Biomarkers Prev 2001; 10: 725-731

Gertig DM, Stampfer M, Haiman C, Hennekens CH, Kelsey K,
Hunter DJ. Glutathione S-transferase GSTM1 and GSTT1 poly-
morphisms and colorectal cancer risk: a prospective study. Can-
cer Epidemiol Biomarkers Prev 1998; 7: 1001-1005

Terry P, Ekbom A, Lichtenstein P, Feychting M, Wolk A. Long-
term tobacco smoking and colorectal cancer in a prospective co-
hort study. Int J Cancer 2001; 91: 585-587

Chao A, Thun MJ, Jacobs EJ, Henley SJ, Rodriguez C, Calle EE.
Cigarette smoking and colorectal cancer mortality in the cancer
prevention study II. J Natl Cancer Inst 2000; 92: 1888-1896
Yoshioka M, Katoh T, Nakano M, Takasawa S, Nagata N, Itoh
H. Glutathione S-transferase (GST) M1,T1, P1, N-acetyltransferase
(NAT) 1 and 2 genetic polymorphisms and susceptibility to
colorectal cancer. J UOEH 1999; 21: 133-147

Sinha R, Chow WH, Kulldorff M, Denobile J, Butler J, Garcia
Closas M, Weil R, Hoover RN, Rothman N. Well done, grilled
red meat increases the risk of colorectal adenomas. Cancer Res
1999; 59: 4320-4324

Neugut Al, Rosenberg DJ, Ahsan H, Jacobson JS, Wahid N, Hagan
M, Rahman MI, Khan ZR, Chen L, Pablos Mendez A, Shea S.
Association between coronary heart disease and cancers of the
breast, prostate, and colon. Cancer Epidemiol Biomarkers Prev 1998;
7:869-873

Edited by Zhao M



	WJG-9-1
	WJG-9-104
	WJG-9-108
	WJG-9-112
	WJG-9-117
	WJG-9-122
	WJG-9-125
	WJG-9-129
	WJG-9-134
	WJG-9-137
	WJG-9-141
	WJG-9-148
	WJG-9-152
	WJG-9-155
	WJG-9-16
	WJG-9-160
	WJG-9-165
	WJG-9-169
	WJG-9-174
	WJG-9-179
	WJG-9-184
	WJG-9-188
	WJG-9-22
	WJG-9-26
	WJG-9-30
	WJG-9-35
	WJG-9-40
	WJG-9-44
	WJG-9-5
	WJG-9-50
	WJG-9-54
	WJG-9-59
	WJG-9-65
	WJG-9-69
	WJG-9-73
	WJG-9-79
	WJG-9-84
	WJG-9-89
	WJG-9-9
	WJG-9-94
	WJG-9-99

