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Abstract

Chronic hepatitis due to any cause leads to cirrhosis
and end-stage liver disease. A growing body of litera-
ture has also shown that fatty liver due to overweight
or obesity is a leading cause of cirrhosis. Due to the
obesity epidemic, fatty liver is now a significant prob-
lem in clinical practice. Steatosis has an impact on the
acceleration of liver damage in patients with chronic
hepatitis due to other causes. An association between
hepatitis C virus (HCV) infection, steatosis and the on-
set of insulin resistance has been reported. Insulin re-
sistance is one of the leading factors for severe fibrosis
in chronic HCV infections. Moreover, hyperinsulinemia
has a deleterious effect on the management of chronic
HCV. Response to therapy is increased by decreasing
insulin resistance by weight loss or the use of thiazoli-
denediones or metformin. The underlying mechanisms
of this complex interaction are not fully understood.
A direct cytopathic effect of HCV has been suggested.
The genomic structure of HCV (suggesting that some
viral sequences are involved in the intracellular accu-
mulation of triglycerides), lipid metabolism, the mo-
lecular links between the HCV core protein and lipid
droplets (the core protein of HCV and its transcriptional
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regulatory function which induce a triglyceride accu-
mulation in hepatocytes) and increased neolipogenesis
and inhibited fatty acid degradation in mitochondria
have been investigated.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Chronic hepatitis due to any cause leads to cirrhosis
and end-stage liver disease. A growing body of litera-
ture has also shown that fatty liver due to overweight
or obesity is a leading cause of cirrhosis'”. Due to the
obesity epidemic, fatty liver is now a significant problem
in clinical practice. An association between hepatitis C
virus (HCV) infection, steatosis and the onset of insulin
resistance has been reported[m. Moreover, steatosis has
an impact on the acceleration of liver damage in patients
with chronic hepatitis due to other causes. The underly-
ing mechanisms of this complex interaction are not fully
understood. A direct cytopathic effect of HCV has been
suggested. The genomic structure of HCV (suggesting
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that some viral sequences are involved in the intracellular
accumulation of triglycerides), lipid metabolism, and the
molecular links between the HCV core protein and lipid
droplets (the core protein of HCV and its transcriptional
regulatory function which induce a triglyceride accumu-
lation in hepatocytes) and increased neolipogenesis and
inhibited fatty acid degradation in mitochondria have
been investigated (Figure 1).

BACKGROUND OF FATTY LIVER

Excessive accumulation of triglycerides in hepatocytes

in the absence of significant alcohol consumption, de-
fined as > 5% fat by weight, occurs in about 20%-30%
of adults"”. Excessive fat in the liver predisposes to the
development of steatohepatitis which is a significant risk
factor for developing cirrhosis and its complications, in-
cluding hepatocellular carcinoma.

Background of insulin resistance in patients with HCV
The frequency of type 2 diabetes is more common in
patients with chronic HCV infection than in hepatitis B
infection (21% »s 12%, respectively) which is evidence
of a link between HCV infection and diabetes mellitus
(DM, This relationship is independent of the exis-
tence of cirrhosis. A large cross-sectional United States
study which included over 9000 individuals showed that
the frequency of type 2 DM is 3-fold more common
in hepatitis C patients. Both older age and higher body
mass index (BMI) are more common among patients
with both hepatitis C and type 2 diabetes.

Insulin resistance (IR) is a specific feature of chronic
HCV, associated with genotypes 1 and 4 and high serum
HCV RNA level”. Chronically HCV infected subjects
present a 3-fold increased risk of IR and glucose meta-
bolism impairment, with IR occurring in the very early
stages of hepatic lesions (fibrosis stage 0 or 1), with a
worsening tendency as hepatic fibrosis progresses’® .
There is also an association between IR severity and
DM, with higher viral load and an improvement in IR
after a sustained viral response.

A recently published study which investigated 600
patients [chronic hepatitis C (CHC) in 500 and chronic
hepatitis B (CHB) in 100] reported that IR was present
in 32.4% of the 462 nondiabetic CHC patients and was
associated with the metabolic syndrome, genotypes 1
and 4, significant fibrosis, and severe steatosis'. TR was
diagnosed in 15% of 145 CHC patients without meta-
bolic syndrome or significant fibrosis, and was associated
with genotypes 1 and 4, high serum HCV RNA level,
and moderate-to-severe necroinflammation. IR was less
frequent in CHB patients than in matched CHC patients
(5% vs 35%, respectively, P < 0.001).

In our clinic, we investigated 76 patients. Of these
76, 12 had hepatitis B, 19 had hepatitis C, 34 had simple
steatosis and 11 were control subjects. We found that IR
was only significant and associated with severe fibrosis in
patients with HCV!"",

(4 9
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Figure 1 Underlying mechanisms of the complex interaction resulting in
steatosis in patients with hepatitis C virus. HCV: Hepatitis C virus.

Whether fat in the liver is an important determinant
of IR is debatable. The study showed that insulin secre-
tion assessed by intravenous glucose injection was not
impaired in CHC patients compared to the controls'™.
When they studied the IR of 29 people with hepatitis C
(14 with genotype 1 and 15 with genotype 3) and con-
firmed they had high IR, nearly all the IR was found to
be in the muscle and hardly any in the liver. Of the 29
patients, 15 had very high levels of fat in the liver and
had the same degree of IR as the 14 patients who did
not have fatty livers.

IR is one of the leading factors for severe fibrosis
in CHC infections independent of steatosis, as com-
pensatory hyperinsulinemia is ﬁbrogenic“zj. Moreover,
a relationship between exogenous hyperinsulinemia and
hepatocellular carcinoma has been reported. Hyperinsu-
linemia decreases therapy response and has a deleterious
effect on the management of chronic HCV infection.
Response to therapy is increased by decreasing insulin
resistance by weight loss or the use of thiazolidene-
diones and metformin. Metformin improved virologic
response when added to hepatitis C interferon-ribavirin
therapy in those with R™,

A relationship between type 1 diabetes and hepatitis C,
and type 2 diabetes and hepatitis B has not so far been
reported“‘”.

Background of steatosis in patients with HCV infection
The prevalence of steatosis is 20%-30% in the general
population and is 50%-80% in patients with HCV infec-
tion. HCV itself has the ability to directly promote stea-
tosis and IR, If all steatogenic co-factors are exclu-
ded, the prevalence of steatosis remains at 50% resulting
in a 2.5-fold increased prevalence as compared with the
general population and other forms of chronic liver di-
sease. The prevalence of steatosis is 18% in hepatitis B
virus infection!"”,

There are 2 types of liver steatosis: metabolic steato-
sis which is related to high BMI in patients with geno-
type 1, and viral steatosis which is related to hepatitis
C genotype 3. Steatosis is more frequent in association
with genotype 3a as compared to other genotypes such

September 28, 2011 | Volume 17 | Issue 36 |
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Figure 2 Cross-talk among the insulin sensitive organs.

as genotype 1, 2 and 4 (74% vs 50%), which suggests that
some sequences of the viral genome may be involved in
intracellular lipid accumulation'"”. Additionally, steatosis
correlates with viral load and can revert after effective
treatment and reoccurs with re-infection in genotype 3
infection.

The localization of steatosis, particulatly in genotype
3 infected patients, is predominantly in the periportal
zone (acinar 1) and not in the centrilobular zone (acinar 3)
and is more typical of metabolic associated steatohepati-
tis™*’. All genotypes are steatogenic, however, genotype
3 is three times more potent. Transgenic mouse models
showed that the core protein can induce the appearance
of lipid droplets. One possible molecular explanation for
the greater steatogenic property of genotype 3, could be
a phenylalanine residue at position 164 in core protein
domain II, instead of tyrosine as in other genotypes,
which results in a higher affinity to lipids.

Hyperinsulinism, IR related, directly activates stellate
cells and, in association with hyperglycemia, increases
connective tissue growth factor, a key cytokine in hepatic
fibrogenesis”**’. Steatosis also relates to more advanced
fibrosis and to accelerated fibrosis progression. Thus,
treating HCV infected patients with evidence of hepatic
steatosis, even if they only present mild inflammatory
activity, has been suggested. How? Steatosis may sensi-
tize the liver to inflammation and apoptosis, and sub-
sequently enhance fibrosis. A recent study showed that
hepatic steatosis is associated with higher programmed

cell death by apoptosis with stellate cell activation”.

Background of insulin resistance

A balance exists between energy demand and intake in
the human body. Obesity and its consequences such as
IR and the metabolic syndrome, is a growing threat to
the health of people in developed nations. While insulin
receptor defects cause severe IR, most patients with IR
ha\% impaired post-receptor intracellular insulin signal-
ing™".

INSULIN SIGNALING PATHWAY AND GLU-
COSE HOMEOSTASIS

There is cross-talk among insulin sensitive tissues such
as skeletal muscle, adipose tissue, and liver (Figure 2).
Insulin binds o-subunits of its receptor which is a cell
surface receptor on insulin sensitive cells such as skeletal
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Insulin receptor

l

‘Insulin receptor substrates ‘

|

l

AKT

!

Inhibition of apoptosis
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Glucose
transport

Protein and
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Figure 3 Insulin signaling pathways. PI3-K: Phosphatidy! inositol 3-kinase;
AKT: A serine/threonine protein kinase.

muscle, adipocytes, and hepatocytes leading to auto-
phosphorylation of the cytoplasmic domains (3-subunits)
of the receptor™™, The insulin receptor has intrinsic
tyrosine kinase activity activated by insulin binding and
the autophosphorylated receptor activates its substrates
that include insulin receptor substrate (IRS)-1, IRS-2,
Stc homology collagen (Shc), and an adaptor protein
with a pleckstrin homology (PH) and Src homology
(SH) 2 domain by tyrosine phosphorylation (Figure 3).
These phosphorylated docking proteins bind and ac-
tivate several downstream components of the insulin
signaling pathways. Activated IRS-1 associates with
phosphatidyl inositol 3-kinase (PI3-K), which then ac-
tivates Akt. Akt substrate of 160 kDa (AS160), a setine/
threonine kinase, was identified in 3T3-L1 adipocytes.
In both skeletal muscle and adipose tissue, these insulin-
mediated phosphorylation-dephosphorylation signaling
cascades induce the translocation of glucose transport-
ers (GLUT), predominantly GLUT4-containing vesicles,
from intracellular storage sites to the plasma membrane,
increasing glucose uptake to prevent abnormal glucose
and insulin elevations in the plasma (insulin-stimulated
glucose transport). These events and insulin-dependent
inhibition of hepatic glucose output maintain glucose
homeostasis. Insulin also affects glucose homeostasis
indirectly by its regulatory effect on lipid metabolism.
Any interference in this insulin signaling pathway causes
glucotoxicity, insulin resistance and, when islet (3 cells are
capable of responding, compensatory hyperinsulinemia.
Hepatitis C virus Genotype 1b diminishes IRS-1 levels
and causes IR.

Hepatic expression of insulin receptor protein was
decreased in chronic hyperinsulinemic states. IRS-1 was
more closely linked to glucose homeostasis with the
regulation of glucokinase expression, while IRS-2 was
more closely linked to lipogenesis with the regulation
of lipogenic enzymes sterol regulatory element-binding
protein-1c (SREBP-1c) and fatty acid synthase. More-
over, insulin activates synthesis and inhibits catabolism

September 28, 2011 | Volume 17 | Issue 36 |
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‘ Increased lipogenesis within cells ‘

\

Oxidation/
peroxidation

|

]

| |

/
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[

@
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Figure 4 Pathways to insulin resistance. PKC: Protein kinase C; IKK: Inhibi-
tor kB kinase; TNF: Tumor necrosis factor; NF: Nuclear factor; SOCS: Suppres-
sors of cytokine signaling; IRS: Insulin receptor substrate.

of lipids, while shutting off the synthesis of glucose in
the liver.

Adipose tissue is one of the major insulin sensitive
organs in the human body and the process of differ-
entiation of preadipocytes to adipocytes, induced by
insulin, is called adipogenesis. Within the adipose tissue,
insulin stimulates triglyceride synthesis (lipogenesis) and
inhibits lipolysis by upregulating lipoprotein lipase activ-
ity which is the most sensitive pathway in insulin action,
facilitating free fatty acid uptake and glucose transport,
inhibiting hormone sensitive lipase, and increasing gene
expression of lipogenic enzymes. Insulin also induces
the degradation of apolipoprotein B100 (apo B100), a
key [Elc])mponent of very-low-density lipoprotein, in the
liver .

Insulin resistance

Insulin resistance can be defined as the failure of insu-
lin sensitive cells to respond to insulin normally. It is
characterized by elevated plasma glucose and, before
attrition of pancreatic f3-cells develops, elevated insulin
levels. Chronic hyperinsulinemia is a major contributor
to glucose and lipid metabolism abnormalities. Insulin
resistance also inappropriately activates peripheral li-
polysis and stimulates free fatty acid mobilization from
adipocytes in the fed state. Increased circulating free
fatty acids contribute to fat accumulation in the liver
and muscle, further causing these tissues to be insulin
resistant by disturbing their downstream insulin signaling
cascades.

Mechanisms of insulin resistance (role of tumor necrosis
factor-a. and plasma free fatty acids)

The most common mechanism of IR is disturbed post-
receptor insulin signaling (Figure 4% Whereas most
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insulin signaling is propagated by tyrosine phosphoryla-
tion, serine (Ser) phosphorylation is often inhibitory. Ser
phosphorylation of IRS-1 decreases both insulin stimu-
lated tyrosine phosphorylation of IRS-1 (phosphorylated
Ser residues of IRS-1 become poor substrates for insulin
receptor) and PI3-K activation. This diminishes the
downstream insulin signaling and insulin sensitivity of
insulin target tissues. IRS-1 has several Ser residues in-
cluding Ser 307, Ser 612 and Ser 632 which can be phos-
phorylated. Insulin and tumor necrosis factor-a, (TNF-o)
can phosphorylate the same Ser residues of IRS-1. IR
occurs very early in HCV infection, in parallel with an
elevation in TNF-a levels. HCV also directly promotes
IR through the proteasomal degradation of IRS-1.

TNF-o and plasma free fatty acids have been shown
to be major stimuli of Ser 307 phosphorylation of
IRS-1. Inhibition of IRS-1 due to the phosphorylation
of its Ser 307 residues also requires the activation of
both c-Jun N-terminal kinase (JNK) and inhibitor kB
kinase (IKK) (3. Both TNF-q and free fatty acids induce
JNK and IKK-f} activation.

TNF-o stimulates phosphorylation of Ser residues
of both IRS-1 and TRS-2 in hepatocytes™* ™" Tt was
recently reported that monocyte-derived macrophages
increasingly accumulated within the adipose tissue of
obese patients. In addition to the dysregulated produc-
tion of adipocytokines by adipocytes, adipose tissue
macrophages also produce proinflammatory cytokines
such as TNF-q, interleukin-6, and C-reactive protein.
Both adipose tissue and its macrophages contribute to
the TNF-a burden. Indeed, its circulating concentra-
tions are very low, commonly undetectable even in obese
mice or humans.

Elevated free fatty acids in the circulation are also
major contributors to IR in both humans and mice by
stimulating Ser 307 phosphorylation of IRS-1. Adipose
tissue triglycerides are the main source of circulating free
fatty acids in obesity. One mechanism of elevated free
fatty acid-induced IR in muscle is the impaired activation
of protein kinase C lamda (PKC)) and protein kinase C
XI (PKCE)™™. PKCO can also activate IKK-B which
phosphorylates Ser 307 residues of IRS-1. Additionally,
increased acyl CoAs or ceramide which is a derivative
of acyl CoAs, promote IR by diminishing Aktl activa-
tion. Increased ceramide activates a phosphatase (protein
phosphatase 2A) that reverses tyrosine phosphorylation
of Akt/protein kinase B (PKB). Inactivated PKB in-
hibits the insulin downstream signaling cascade leading
to IR in muscles [Le]. Several oxidative stress mediators
might also induce IR by affecting insulin downstream
signaling. Phosphatases such as phosphatase and tensin
homolog, small heterodimer partner 2, and protein ty-
rosine phosphatase 1B are now recognized to be major
mediators involved in IR. Another possible mechanism
for IR is defective glucose transport such as down-regu-
lation of GLUT4.

JNK is one of the stress-related kinases and plays
an important role in the development of IR™. The

September 28, 2011 | Volume 17 | Issue 36 |
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three members of the JNK group of serine/threonine
kinases, namely JNK-1, -2, and -3 are activated by proin-
flammatory cytokines such as TNF-q as well as free fatty
acids and endoplasmic reticulum stress due to metabolic
overload, which is an intracellular abnormality found in
obesity. Activated JNK induces Ser 307 phosphorylation
of IRS-1, disturbs insulin downstream signaling, and
subsequently causes insulin resistance. JNK activity has
been found to be elevated in liver, muscle, and adipose
tissue of experimental obese models. Additionally, the
loss of JNK-1 activity such as in JNK-1 knockout mice
has been shown to prevent the development of IR in
leptin-deficient 0b/0b mice or mice with high-fat induced
dietary obesity.

PKCH and IKK- are two proinflammatory kinases
involved in insulin downstream signaling. They are acti-
vated by lipid metabolites such as high plasma free fatty
acid concentrations and there is a positive relationship
between the activation of PKCO and the concentration
of intermediate fatty acid products. PKCH activates both
IKK-B and JNK, leading to increased Ser 307 phosphor-
ylation of IRS-1 and IR. IKK-f is a mediator of IR and
one of the other stress-related kinases™ ", Activation or
overexpression of IKK-f diminishes insulin signaling
and causes IR, whereas inhibition of IKK-f improves
insulin sensitivity. IKK-f phosphorylates the inhibitor
of nuclear factor (NF) -kB leading to the activation of
NF-xB by the translocation of NF-xB to the nucleus.
NF-kB is an inducible transcription factor and promotes
specific gene expression in the nucleus. NF-kB has both
apoptotic and anti-apoptotic effects. The finding that
NF-kB deficient mice were protected from high-fat diet-
induced IR suggests that NF-kB directly participates in
processes that impair insulin signaling,

Suppressors of cytokine signaling (SOCS) and induc-
ible nitric oxide synthase (INOS) ate two inflammatory
mediators recently recognized to play a role in insulin
signaling” ", Induction of SOCS proteins [SOCS 1-7
and cytokine-inducible src homology 2 domain-contain-
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ing protein (CIS)] by proinflammatory cytokines might
contribute to the cytokine-mediated IR in obese subjects.
SOCS-3 might also regulate central leptin action and play
a role in the leptin resistance of obese human subjects.
SOCS-1 knockout mice showed low glucose concentra-
tions and increased insulin sensitivity. In animal studies,
inactivation of SOCS-3 or SOCS-1 or both in the livers
of db/db mice partially improved insulin sensitivity and
decreased hyperinsulinemia, whereas overexpression
of SOCS-1 and SOCS-3 in obese animals caused IR
and also increased activation of SREBP-1c™), SREBP-
1c is one of the key mediators of lipid synthesis from
glucose and other precursors (de novo lipogenesis) in the
liver. Indeed, SOCS proteins markedly induce de novo
fatty acid synthesis in the liver by both the up-regulation
of SREBP-1c and persistent IR with hyperinsulinemia
which stimulates SREBP-1c-mediated gene expression.

The molecular mechanism that leads to IRS-1 deg-
radation varies according to genotype in patients with
heptitis C virus infection. Genotype 1 promotes the
expression of SOCS-3 as genotype 3 promotes SOCS 7
expression, with a mechanism of IRS-1 degradation si-
milar to that induced by SOCS 3; it also inhibits PPAR-y,
further worsening IR. One of the steatogenic mecha-
nisms is the promotion of de novo fatty acids synthesis by
induced expression of SREBP-1c by HCV infection.

Nitric oxide synthase-2 (NOS2) or iNOS production
are also induced by proinflammatory cytokines™**!. High-
fat diet in rats causes up-regulation of iNOS mRNA
expression and increases iINOS protein activity. Increased
production of NOS2 might reduce insulin action in both
muscle and pancreas and decreased iNOS activity pro-
tects muscles from high-fat diet-induced IR.

HCV induces protein phosphatase 2A expression,
through an endoplasmic reticulum stress response pat-
hway, which dephosphorylates protein kinase B (PkB)/
Akt (a main enzyme in the insulin signaling pathway),

and thereby lowers its kinase activity'”

THE PATHOGENESIS OF HEPATOCELLULAR
INJURY IN STEATOSIS

The accumulation of fat within the hepatocytes sensitizes
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the liver to injury from a variety of causes and the regen-
erative capacity of a fatty liver is impaired (Figures 5 and
6 An interacting network of cytokines and adipokines
that regulate inflammation is disrupted. p53 is involved in
the mechanisms of hepatocellular injury accompanied by

- [69
StCatOSlS[ ]

CONCLUSION

Steatosis is one of the characteristic histopathologic fea-
tures of HCV caused by chronic liver disease, and is
also closely related to IR. Insulin resistance is one of
the leading factors for severe fibrosis in chronic HCV
infections. Moreover, hyperinsulinemia has a deleterious
effect on the management of chronic HCV. The under-
lying mechanisms of this complex interaction are not
fully understood. A direct cytopathic effect of HCV has
been suggested. The genomic structure of HCV, lipid
metabolism, the molecular links between the HCV core
protein and lipid droplets and increased neolipogenesis
and inhibited fatty acid degradation in mitochondria
have been investigated.
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Abstract

The parathyroid glands are the main regulator of plas-
ma calcium and have a direct influence on the digestive
tract. Parathyroid disturbances often result in unknown
long-standing symptoms. The main manifestation of
hypoparathyroidism is steatorrhea due to a deficit in
exocrine pancreas secretion. The association with ce-
liac sprue may contribute to malabsorption. Hyperpar-
athyroidism causes smooth-muscle atony, with upper
and lower gastrointestinal symptoms such as nausea,
heartburn and constipation. Hyperparathyroidism and
peptic ulcer were strongly linked before the advent of
proton pump inhibitors. Nowadays, this association
remains likely only in the particular context of multiple
endocrine neoplasia type 1/Zollinger-Ellison syndrome.
In contrast to chronic pancreatitis, acute pancreatitis
due to primary hyperparathyroidism is one of the most
studied topics. The causative effect of high calcium
level is confirmed and the distinction from secondary
hyperparathyroidism is mandatory. The digestive mani-
festations of parathyroid malfunction are often over-
looked and serum calcium level must be included in the
routine workup for abdominal symptoms.
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INTRODUCTION

The parathyroid glands play a major role in calcium ho-
meostasis, and ultimately have an effect on all organs
because of the complexity of intracellular calcium physi-
ology. The gut and accessory organs are not spared. How-
ever, digestive manifestations of dysparathyroidism are
not well known and typically rely on old articles and theo-
ries. This paper summarizes the digestive consequences
of parathyroid disorders and highlights recent theories
based on older studies.

DIGESTIVE MANIFESTATIONS OF
HYPOPARATHYROIDISM

Hypoparathyroidism may be transient, genetically inher-
ited, or acquired due to an autoimmune process. It may
also be secondary to surgery or neck irradiation'. Diges-
tive manifestations of hypoparathyroidism are few and
consist mainly of steatorrhea.

Steatorrhea related to hypoparathyroidism is a conse-
quence of bilio-pancreatic exocrine deficit due to insuf-
ficient meal-stimulated cholecystokinin secretion by the
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duodenal mucosa”. The treatment of fat malabsorption
in idiopathic hypoparathyroidism comprises: medium-
chain triglycerides diet”, correction of hypoparathyroid-
ism, administration of vitamin D,
hypocalcemla
ism, as a consequence of malabsorption and steatorrhea,

and normalization of
In contrast, secondary hyperparathyroid-

is accompanied by normal or sub-normal serum calcium
level.

Idiopathic hypoparathyroidism can be associated with
other digestive autoimmune diseases that may cause diat-
rhea. Few reports have been published on the coexistence
of primary hypoparathyroidism and celiac disease®”.
Kumar ef a/” have explored this association in a cross-re-
active immunological pathway. If suspected by resistance

10 .
M the coexistence of ce-

to vitamin D supplementation
liac sprue must be ruled out by duodenal biopsy. In such
cases, gluten-free diet should be included in the treatment
. [11,12] . . .

regimen’ " ~. Moreover, in the specific context of celiac
sprue, Parathyroid hormone (PTH) level might not be
clevated because of parathyroid atrophy and secondary
hyperparathyroidism might not appear'

description by Reisner ez al"" more than 50 years ago, the

I, Finally, since its

coexistence of idiopathic hypoparathyroidism and perni-
cious anemia has not been further reported.

DIGESTIVE MANIFESTATIONS OF
HYPERPARATHYROIDISM

The gastrointestinal manifestations of primary hyperpara-
thyrmdlsm (PHPT) have been described many decades
ago!". Truly asymptomatic hyperparathyroidism is rare
when thorough anamnesis looks for subtle symptoms.
Most frequent digestive manifestations are constipation,
heartburn, nausea and appetite loss that occur in 33%
30%, 24% and 15% of cases, respectively[w]. Significant
reduction in symptom rates is found after parathyroidec-
tomy. Vague abdominal pain can be as frequent as 29%'"",
The exact pathophysiological mechanism is not fully
understood. Alterations in gene expression secondary to
sustained stimulation of PTH receptors may help explain
the symptomsw. As a result, gut atony occurs and leads
to constipation in the colon and dyspepsia in the stom-
ach"”. Finally, PHPT has been associated with increased
incidence of malignancies, especially of the colon'

The association between PHPT and peptic ulcer dis-
ease is a yet-to-be-resolved issue. Most studies about this
subject date were performed several decades ago'***),
did not include prospective large-scale studies, and led
to controversial results. Compared to 30% in adults with
hyperparathyroidism"®, peptic ulcer was found in 5% of
autopsies in the general population before the advent of
the proton pomp inhibitors””. Other studles have report-
ed results between these two extremes” . On the other
hand, among patients with duodenal ulcer, Frame ez al™
have shown a 10-fold increase in the incidence of PHPT.
As reported in old studies, complete correlation between
hyperparathyroidism and increased gastric acid secretion
could not be found, and normalization of the latter was
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not systematic after parathyroidectomym’23’28]. Again, the
correlation between hypergastrinemia and hyperparathy-
roidism was not constant throughout previous studies”™””,
although Reeder ef al™ have found a direct calcium-to-
gastric hypersecretion relationship in hypergastrinemia.
The only prospective study conducted by Cotleto ¢ al’”
failed to confirm these findings. Zollinger-Ellison syn-
drome (ZES) may coexist with PHPT in the context of
multiple endocrine neoplasia type 1. In a prospective
study, Norton ¢/ al™ reported a significant biochemical
improvement of ZES in 20% of patients who underwent
resection of more than three parathyroid glands. Finally,
pancreatic polypeptide was once correlated with hyperpar-
athyroidism™

Acute pancreatitis caused by PHPT was first described
by Cope e a* in 1957. Since that date, the exact relation-
ship between these two entities has been questioned, until
PHPT was accepted as an etiology for pancreatitism.
Incidence of acute pancreatitis in patients with PHPT
has varied from 1% to 12%"" in retrospective series,
with intermediate values®. Jacob ez a/*" have shown a
28-fold increased risk of pancreatitis in hyperparathyroid
patients compared to the general population. After elimi-
nating all other causes, mean plasma calcium level seems
to be the only predictive factor for pancreatitis develop-
ment” ™, Tts dosage must be included in the etiologi-
cal work-up, although hyperparathyroidism is found in
< 1% of patients who present with acute pancreatitis™”.
Carnaille ¢z 2" have shown that most patients had single
adenoma, which suggested that pancreatitis was a con-
sequence (and not the cause) of hyperparathyroidism.
Additionally, acute pancreatitis may be the presenting
form of PHPT™** even in its ectopic localization'**".
In contrast, Felderbauer ¢ a/””' have stressed that genetic
mutations constitute a greater risk factor for pancreatitis
than serum calcium.

The pathophysiological mechanism that leads to
pancreatitis seems more related to hypercalcemia than to
PHPT. It has been shown that hypercalcemia from any
cause can lead to pancreatitisw'wj. As confirmed by ex-
perimental studies, calcium ions cause calculus deposition
within the pancreatic ductules with consequent obstruc-
tion and inflammation”™”. Moreover, calcium can trigger
the pancreatitis cascade by promoting conversion of tryp-
sinogen to trypsinm’sz].

Interrelation between acute pancreatitis and parathy-
roid function can be summarized as follows: (1) acute
pancreatitis results in a tendency to hypocalcemia and
secondary hyperparathyroidism™". Compensation need
is correlated to pancreatitis severity as shown by PTH
level™; (2) severe and/or complicated pancreatitis can
lead to overt hypocalcernia through relative deficiency in
PTH secretion™ because exogenous administration of
PTH normalizes calclum level™; (3) in severe pancreatitis,
resistance to PTH action in bones and kidneys may occur
because of fluid sequestration and reduction in efficient
arterial blood volume™; (4) once the diagnosis of PHPT-
induced acute pancreatitis is established, parathyroldec—
tomy is mandatory because it prevents recurrence[ “,
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Bhadada ¢z a/”" have studied PHPT-induced chronic
pancreatitis and compared it to pancreatitis of other
causes. PTH and calcium levels are significantly more
elevated in PHPT, while in others, elevated PTH level is
secondary to maintain normocalcemia. With regard to
complications, it seems that chronic pancreatitis second-
ary to PHPT does not differ from chronic pancreatitis
of other causes. This entity needs to be studied by larger
studies for further understanding;

In conclusion, serum calcium level must be considered
among the usual tests in patients with rare and/or non-
specific abdominal symptoms. Hypoparathyroidism main-
ly manifests in the gut as malabsorptive diarrhea. Labo-
ratory tests are essential for the diagnosis of secondary
hypocalcemia when treatment is medical. PHPT causes
non-specific digestive symptoms that are consequent to
smooth-muscle atony. Association of peptic ulcer with
PHPT is not as clear as described by old literature except
for ZES in MEN 1. In contrast, PHPT is a confirmed
risk factor for acute pancreatitis that can be its presenting
form. Finally, PHPT-induced chronic pancreatitis needs
further study for confirmation.
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Abstract

Surgical resection offers the best opportunity for sur-
vival in patients with colorectal cancer metastatic to
the liver, with five-year survival rates up to 58% in se-
lected cases. However, only a minority are resectable
at the time of diagnosis. Continuous research in this
field aims at increasing the percentage of patients eli-
gible for resection, refining the indications and contra-
indications for surgery, and improving overall survival.
The use of surgical innovations, such as staged resec-
tion, portal vein embolization, and repeat resection has
allowed higher resection rates in patients with bilobar
disease. The use of neoadjuvant chemotherapy allows
up to 38% of patients previously considered unresect-
able to be significantly downstaged and eligible for he-
patic resection. Ablative techniques have gained wide
acceptance as an adjunct to surgical resection and in
the management of patients who are not surgical can-
didates. Current management of colorectal liver me-
tastases requires a multidisciplinary approach, which
should be individualized in each case.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is the fourth most common
cancer in the West and the second most common cause
of cancer related mortality after lung cancer in Europe
and North America'™. More than 50% of patients with
CRC will develop liver metastases during their lifespanlz’BJ.
A quarter of patients with primary CRC are found to
have synchronous hepatic secondaries'’. Almost half of
patients undergoing resection for primary CRC eventu-
ally develop metachronous liver secondariesm.Despite
improvements in chemotherapies and biological agents,
survival is rarely longer than three yearswj.

Evidence based on numerous retrospective and com-
parative studies indicates that hepatic resection is the
only available treatment that allows long-term survival".
Experiences with liver resection is associated with a 25%
to 51% 5-year survival”'”. By contrast, five-year survi-
vors with chemotherapy alone are anecdotal. Historically,
only 5%-10% of patients with colorectal liver metastases
were resectable; currently, with the advances in diagnos-
tic methods and new therapies, resectability rates have
increased to 20%-25%""".

Emerging strategies designed to increase the propor-
tion of patients who are candidates for complete surgi-
cal resection have been introduced in clinical practice.
Neoadjuvant chemotherapy!", preoperative portal vein
embolization”, and the two-stage resection approachm
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contribute to this aim. However, even with these new
strategies, the majority of patients with colorectal liver
metastases are not candidates for a curative resection.

In this review, the current data supporting the use of
liver resection in the management of colorectal liver me-
tastases are analyzed. For this purpose, the role of new
imaging techniques for the preoperative evaluation and
new staging systems to stratify the patients are exten-
sively reported. Moreover, the most recently introduced
chemotherapies and biological therapies to prevent
recurrence after surgery or to downstage unresectable
tumors are analyzed.

NATURAL HISTORY

Liver metastases from colorectal cancer carry a median

survival of 5 to 20 mo if left untreated; two-year surviv-
al is unusual, and five-year survival is extremely rare!™",
Factors associated with a significant disadvantage in the
unresected group include extent of liver disease, pres-
ence of extrahepatic disease, age of the patient, and
carcinoembryonic antigen (CEA) level™, Prognosis is
closely related to the extent of liver replacement by the
tumor'™'”, Indeed, Wood ez /™ in a retrospective study
of 113 patients undertaken in the Glasgow Royal In-
firmary, reported a one-year survival rate of 5.7% for
patients with widespread liver disease, 27% for patients
with metastases localized to one hepatic lobe, and 60%
for patients with solitary metastases.

Even when hepatic resection is performed with cura-
tive intent ", 60% to 70% of patients will develop local or
distant recurrence”. Recurrence occurs equally at intrahe-
patic and extrahepatic sites; 80% of all recurrences occur
within two years. The median survival of patients with
recurrent disease is 8 to 10 mo without any treatment",
Repeat resection is feasible in 10% to 15% of these cases
and may achieve a five-year overall survival rate of 15%
to 40% in selected patients. Cure is considered after the
achievement of 10-year disease-free survival'®,

Chemotherapy alone, whether administered systemi-
cally or regionally, has a palliative role and rarely results
in prolonged survival. Several retrospective studies have
reviewed the clinical outcome of patients with potential-
ly resectable liver metastases treated with chemotherapy
alone. An obvious survival advantage for patients under-
going curative resection compared to those treated with
chemotherapy was noted"”. Scheele ¢ a/w]compared
183 patients with resected hepatic metastases with 62
patients with resectable lesions who did not undergo
surgery and 920 patients with unresectable disease. The
median survival for the three groups was 30 mo, 14.2 mo
and 6.9 mo, respectively. Although the patients of the
second group lived longer than those of the third group,
no patient in either group survived more than five years.

These poor results in untreated hepatic metastases
from colorectal cancer and the continuous improve-
ments in hepatic surgery provided the rationale for in-
creasingly aggressive hepatic resections for the treatment
of this condition™
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CURRENT CRITERIA OF HEPATIC
RESECTION

During the past two decades the five-year survival rates
for hepatic colorectal metastases patients have almost
doubled, from 30% to 60%"". The introduction of new
chemotherapeutic agents and the shift in the criteria of
surgical resection were the main factors in this prog-
ress” . Previous absolute or relative contraindications to
resection included the presence of extrahepatic disease,
involvement of hepatic pedicle lymph nodes””, and an
inadequate resection margin of < 1 cm™. All above
contraindications for hepatic resection have been chal-
lenged and have already lost their importance in patient
selection for hepatectomy”**),

The current criteria focus on what should be left af-
ter hepatic resection. Previous criteria for resection, such
as the size, location, number of intrahepatic metastases,
and the presence of bilobar or extrahepatic disease have
been largely abandoned" """\, Nowadays, the defini-
tion of resectability includes a complete resection with
tumor-free surgical margins (RO resection), sparing at
least two liver segments having an independent inflow,
outflow, and biliary drainage. The amount of the liver
remnant after resection should not be less than 20% and
30% of the total liver volume in normal and cirrhotic
patients, respectively. This can be accurately predicted
by computed tomography (CT) or magnetic resonance
imaging (MRI) during preoperative evaluation.

PREOPERATIVE EVALUATION

Preoperative investigations before resection of colorec-
tal liver metastases are focused on: (1) determining the
diagnosis; (2) anatomically defining the lesion in the liver
parenchyma for surgical planning; and (3) meticulous
staging to rule out extrahepatic disease™.

Preoperative biopsy

Fine needle aspiration (FNA) cytology is a well estab-
lished approach for diagnosis. The potential benefit of
FNA in suspect cases is the cytological confirmation of
diagnosis, although this can be effectively obtained by
other examinations, together with the patient’s history.
However, there is a potential for false negative results.
Nevertheless, the benefit of this examination may be out-
weighed by the serious risk of needle tract seeding[zg’m].
For these reasons, FNA cytology has been virtually aban-
doned in the preoperative evaluation of colorectal liver
metastases.

Preoperative investigation

Metastatic liver tumors can usually be differentiated by
imaging modalities, including ultrasound, CT, MRI and
positron emission tomography (PET). CT plays a pivotal
role in selecting patients for hepatic resection. The use of
multidetector helical CT scans has improved resolution
and increased the previously low sensitivity (53%) of de-
tecting colorectal liver metastases to 70%-90%""*"*, Liy-

September 28, 2011 | Volume 17 | Issue 36 |



Misiakos EP et a/. Current treatment for colorectal liver metastases

er metastases can be distinguished as hypodense lesions
in the portal phase. A CT scan may provide information
regarding the anatomical characteristics of the metastatic
lesions and their relation to lobar architecture and major
vascular structures. However, a CT scan cannot detect

" Colorectal liver metastases usu-

subcentimeter lesions
ally respect the liver capsule and the intersegmental planes
and push these structures away. Even large lesions that
appear to involve the inferior vena cava or the diaphragm
on a CT scan, often do not do so and such appearances
should not preclude surgical exploration[zsl.

MRI is more useful than CT in detecting small meta-
static lesions in a fatty liver, and in defining the relation-
ship of the lesions to the hepatic vasculature and the bili-
ary tree with MR cholangiopancreatography[zs]. However,
it has a sensitivity of 70% to 80% and it does not offer
any significant advantage over a CT scan""?. Furthermore,
MRI angiography and CT angiography have gradually re-
placed the more invasive direct hepatic angiography.

Ultrasonography is an inexpensive test that may iden-
tify small metastatic lesions within the hepatic paren-
chyma. It can give information regarding the size of the
metastatic tumor and the extent of liver involvement.
Morteover, Duplex ultrasound can define the relation of
the tumor to the hilar structures, the hepatic veins, and
the inferior vena cava. Ultrasound may be used as a first-
line modality in the diagnostic evaluation of hepatic me-
tastases”

A new modality in the diagnosis of colorectal liver
metastases is whole body PET. The most common tracer
in PET scanning is fluoro-18-deoxyglucose (FDG)-PET,
a glucose analog, which can proceed down the glycolytic
pathway, and accumulate within the glucose-avid cancer
cells. A recent meta-analysis reported a sensitivity and
specificity for FDG-PET of 88% and 96%, respectively,
for the detection of hepatic metastases, and 90% to 95%
for the detection of extrahepatic disease™. The combi-
nation of CT and FDG-PET increases sensitivity and
allows the selection of surgical therapy for patients likely
to gain the most benefit™. The main limitation of a
PET scan is the reduced sensitivity in detecting subcen-
timeter lesions, mucinous lesions, and lesions that have
been treated with neoadjuvant chemotherapy"”.

During the last two decades, laparoscopy has emer-
ged as a new diagnostic modality for patients with liver
malignancies. When laparoscopy is employed, unneces-
sary laparotomy can be avoided in 78% of patients with
unresectable disease”™. In these cases, laparoscopy can
decrease the morbidity of surgery, and shorten the delay
to systemic therapy"”. Laparoscopy is indicated in cases
in which the results of imaging studies are suspicious,
but not diagnostic for extrahepatic tumor, such as en-
larged lymph nodes or possible peritoneal dissemination.

PREOPERATIVE TREATMENT
Chemotherapy

Current chemotherapy regimens including oxaliplatin
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and irinotecan in addition to 5-fluorouracil (5-FU), and
leucovorin (LLV) have achieved improved response rates
in colorectal liver metastases, with significant reduction
in disease bulk in almost 50% of patients and a median
survival approaching two yearsm. New biological agents,
such as those targeting epithelial and vascular endothelial
growth factor pathways (bevacizumab, cetuximab) have
added a significant survival benefit in these patients[38’39].

The successful use of combination chemotherapy
in colorectal liver metastases has led to the concept that
these agents could also be used before hepatic resection.
In fact, the use of neoadjuvant chemotherapy has the
benefit of downstaging the tumor, rendering a previously
unresectable tumor resectable. This approach may assess
the responsiveness of the tumor to chemotherapy, as the
initial response to chemotherapy is strongly predictive
of a favorable long-term outcome™™*. The development
of steatohepatitis is a complication of preoperative che-
motherapy, which results in a significantly increased 90-d
postoperative mortality™,

Neoadjuvant chemotherapy

The use of preoperative chemotherapy may exert a
downsizing effect on the metastatic tumors, so one may
perform surgery as soon as resectability is technically
feasible. According to the Paul Brousse experiencem],
modern chemotherapeutic regimens allow 12.5% of
patients with unresectable colorectal liver metastases to
be rescued by hepatic resection. This strategy may offer
a possibility of long-term survival (33% at five years and
22% at 10 years) with a low operative risk. It is note-
worthy that this strategy involves the wide use of repeat
hepatectomies and extrahepatic resections in an effort to
eradicate all tumors. Currently most reports suggest that
infusional FU/LV with oxaliplatin and/or irinotecan
are the most effective protocols for this purpose” .
However, although the response rates are very high
when used as first-line therapy, the response rates for
second-line therapy are very low™*. Therefore, tumors
that progress while on chemotherapy usually have a low
likelihood of becoming resectable with second-line che-
motherapy.

Neo-adjuvant chemotherapy can also be used zia he-
patic arterial infusion (HAI) with high response rates, as
first or second-line therapiesw. Patients with metastatic
lesions confined to the liver, without severe ascites or
jaundice, are ideal candidates'"”. Preliminary data from
several clinical trials with oxaliplatin or irinotecan via
HAI have been promising™. However, HAT is rarely
used outside specialized treatment centers, because of
limited expertise, high cost of infusion pumps, and on-
going concerns regarding the considerable morbidity due
to catheter-related complications, particularly sclerosing
cholangitism].

Portal vein embolization

Portal vein embolization (PVE) is another modality used
preoperatively for patients where the extent of liver
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resection is expected to result in less than the optimal
functional liver volume of 25% to 40%, necessary to
prevent postoperative liver failure”™". This technique,
which induces ipsilateral atrophy and contralateral hy-
pertrophy, is used to expand the number of patients un-
dergoing curative hepatectomy for colorectal liver metas-
tases. The most commonly used agents for embolization
include gelatin sponge particles (Gelfoam) with iodized
oil (Lipiodol), cyanoacrylate, alcohol, fibrin glue, or
gelatin sponge, and they are usually administered percu-
taneouslym’sﬂ. The amount of liver tissue gained is about
15% of the total liver volume, and the time for maxi-
mum regeneration ranges from three to nine weeks™.

Azoulay et al™ have reported on a group of 30 pa-
tients who were deemed ineligible for liver resection
because the estimated remnant liver was considered too
small. These patients underwent PVE with minimal
morbidity and no mortality. PVE substantially increased
the remnant liver volume, rendering liver resection fea-
sible in 19 patients (63%), with low morbidity and mor-
tality rates and survival rates similar to the patients who
did not undergo PVE. In conclusion, PVE followed by
hepatic resection represents a two-stage hepatectomy:
progressive atrophy of the embolized area, which trig-
gers compensatory hypertrophy of the future remaining
parenchyma, followed by liver resection. Therefore, PVE
increases the resectability of colorectal liver metastases
with a survival benefit comparable to that obtained with
primary liver resection.

Several disadvantages of PVE have emerged as more
experience is collected. Thrombosis, and/or migration
of the emboli to the contralateral hepatic lobe, hemo-
bilia, hemoperitoneum, and transient liver insufficiency,
are complications occurring in 10% of cases and can be
casily managed[sol. Another adverse side effect is the pos-
sibility that PVE may stimulate the growth of tumors
in the contralateral liver lobe, although this has yet to
be clarified™. A way of counteracting this effect is the
administration of concurrent chemotherapy soon after

PVE, the so-called “interterm chemotherapy!'?.

LIVER RESECTION

Over the last two to three decades, an aggressive surgi-
cal approach has been followed for the treatment of
colorectal hepatic metastases, based on the fact that the
liver is the first isolated site of metastases for colorec-
tal cancer. This direct treatment of hepatic metastases
prevents dissemination of the disease from the liver to
other sites™.

The role of hepatic resection as an effective treat-
ment for colorectal liver metastases was established in
1988 from the registry of hepatic metastases”. In a ret-
rospective review on 859 patients with colorectal liver
metastases who were surgically treated between 1948 and
1985, the five-year actuarial survival rate and the disease-
free survival rate were 33% and 21%, respectively. Along
with the gradual improvement in imaging techniques,
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better understanding of liver anatomy, recent refinements
of surgical techniques, and the continuous progress in
pre-and postoperative care, the postoperative mortality
rate after hepatectomy has been reduced to < 3% and the
five-year survival rate after resection of colorectal liver
metastases has reached 26%-58%!""".

Initially, liver resection was based on the anatomic
system described in the early 1950s by Couinaud””, who
defined the intrahepatic divisions of blood vessels and
bile ducts. However, there was significant confusion
regarding the description of liver anatomy and hepatic
resections until the first universally accepted terminology
system was introduced. The “Brisbane 2000 terminol-
ogy of liver anatomy and resections”™ was based on
the internal anatomy and described the several levels of
division of the liver segments; today, it has gained wide
acceptance among liver specialists.

The main purpose of liver resection is to resect the
tumor with a sufficient tumor-free margin, while preser-
ving as much normal parenchyma as possible. Hepatic
resections have regularly been along the liver segmental
anatomy planesm]. An alternative approach is a non-
anatomical or wedge resection, removing a smaller vol-
ume of liver with reduced postoperative morbidity and
mortality. However, this carries a higher risk of positive
resection marginsw. However, in a recent series where
wedge resections were performed for single rather than
multiple lesions, the incidence of positive resection mar-
gins was equivalent for both wedge resection and seg-
mental resection (8.3%), and the five-year survival was
equivalent in both groupsm.

Intraoperative ultrasound can delineate the interior
anatomy of the liver, including intrahepatic vessels, and
allows hepatic resection to be performed more safely
and anatomically. Moreover, intraoperative ultrasound
may identify extrahepatic sites of the disease, such as
infiltrated lymph nodes in the celiac axis and the liver hi-
lum, or deposits in the peritoneal caVityBS]. Extrahepatic
disease sites in the peritoneal cavity impart a significant
disadvantage in prognosis, whereas an excellent five-year
survival (20% to 48%) can be achieved with pulmonary
metastases with an RO resection’™.

There is a variety of techniques and devices used for
hepatic resection, including the clamp crushing tech-
nique, Cavitron Ultrasonic Surgical Aspirator (CUSA,
Covidien, Mansfield, MA, United States), Hydrojet
(Hydro-Jet, Erbe, Tubingen, Germany), and bipolar seal-
ing devices. Among these, the clamp crushing technique
remains the most efficient in terms of reduced operation
time, blood loss and total costs'®’.

Synchronous disease

Synchronous hepatic metastases occur in about 20%-30%
of newly diagnosed colorectal cancers, and they present
a challenging problem in the management of these pa-
tients”. Consensus has not been reached as to the timing
of surgical resection of the hepatic secondaries and the
primary colorectal tumor. Traditionally, these patients
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were managed by a second laparotomy 12-16 wk after
the resection of the primary tumors. The advantage
of this approach is that it provides less surgical insult to
the patient as the incision used in the two operations is
different’”. However, with advances in perioperative care
and the continuous improvements regarding the postop-
erative morbidity and mortality rates after liver resection,
most researchers today support simultancous resec-
tion*. In fact, very few reports in the last decade still
strongly oppose the simultaneous procedure.

Today, a simultaneous resection is preferred when
there is a right colon primary, or when a single hepatic le-
sion is contemplated, whereas a staged resection is often
done in case of rectal primaries, or multiple liver second-
aries”". However, no real indications or contraindications
exist for simultaneous resection of hepatic metastases,
and it seems that the final decision depends on the sur-
geon’s experience and the patient’s physical status. In gen-
eral, the results of simultaneous resection are comparable
to staged resection in terms of morbidity, and mortality
rates; additionally simultaneous resection offers the ad-
vantage of completing the local control of the disease in
a single procedure, allowing the use of adjuvant chemo-

. . 64
therapy for systemic micrometastases'”’.

Locally ablative modalities in combination with liver
resection

Locally ablative modalities, such as radiofrequency abla-
tion (RFA), cryotherapy[“], or high intensity focused ul-
trasound®”, can be used in combination to hepatic resec-
tion, to offer curative treatment in patients with unresect-
able tumors. RFA is the most widely used modality. The
goal of the combined approach is to resect the bulk of
the metastatic load and to ablate the residual smaller le-
sions, to achieve a RO status, preserving at the same time
adequate liver parenchyma to avoid postoperative hepatic
failure®. According to the MD Anderson Cancer Center’
S experience[“] in the combined approach for advanced
hepatic malignancies (72% were hepatic colorectal me-
tastases), the perioperative mortality and morbidity rates
were 2.3% and 19.8%, respectively. In addition, patients
with colorectal secondaries had a median actuarial surviv-
al of 37.3 mo. The authors point out that the functional
residual hepatic volume has to be accurately estimated to
avoid fatal hepatic failure postoperatively, which is quite
common in this combined approach.

The use of RFA in combination with surgical resec-
tion allows the hepatic surgeon to ablate small lesions
while removing the large ones. RFA combined with hep-
atectomy is well tolerated by the patients and adds mini-
mal complexity and morbidity to the operation. Howev-
er, RFA is inferior for local control of metastatic lesions,
systemic spread, and long-term survival. Indeed, there is
a higher local recurrence rate associated with RFA than
with resection, resulting in inferior disease-free survival
rate”"!. Therefore, for the treatment of solitary hepatic
metastases, the application of RFA cannot be primarily
recommended®. On the other hand, RFA can be used
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as palliative treatment for unresectable metastases, as it
achieves better survival than chemotherapym. The only
limitations in the use of RFA and other locally ablative
modalities are the size of the lesion and its location close

. s 31
to major biliary or vascular structures”".

Bilobar metastases

The management of bilobar liver metastases demon-
strates the advantages of a multidisciplinary approach
with a step-by-step strategy and restaging at regular in-
tervals, to achieve a complete resection in most of these
patients. The prognostic significance of bilobar distribu-
tion of multiple metastases is controversial. Some re-
searchers report bilobar distribution as a poor prognos-
tic factor'”, whereas others support the view that bilobar
distribution does not affect overall patient survival™". In
fact, the total tumor volume of liver metastases seems to
have a stronger influence on survival than the number or
location of metastatic lesions".

Surgical resection should be performed only if all
the metastatic load of the liver can be removed (RO re-
section). In case of involvement of lymph nodes in the
hepatic pedicle, with frozen section confirmation, an ex-
tensive lymphadenectomy should be performed from the
liver hilum to the celiac axis. Moreover, in patients who
have more than three poorly differentiated metastatic le-
sions in segments [V and V, a routine extended lymph-
adenectomy of the hepatic pedicle seems justiﬁedm’m.

In general, hepatic lymph node involvement is a poor
prognostic factor affecting survival of these patientsm,
but according to a multi-center study by the Association
Francaise de Chirurgie, the five-year survival rate of pa-
tients with hepatic pedicle lymph node involvement who
underwent lymphadenectomy was 12%, compared to the
expected 0% to 2 % without resection"”

The presence of extrahepatic disease is no longer a
contraindication to hepatic resection. Recently, encour-
aging results have been reported in patients treated for
liver metastases and peritoneal carcinomatosis' . How-
ever, this approach is suitable only for expert teams with
experie[nzc]e in liver surgery and intraperitoneal chemo-

7

therapy' .

Two-stage hepatectomy
The aim of this approach is to achieve in two steps a
complete resection of the metastases in cases initially
considered unresectable. In these cases, a single hepa-
tectomy would have left too small a remnant liver after
surgery, with a high risk of liver insufficiency after sur-
gerym. In two-stage hepatectomy the highest possible
number of tumors are resected first, and the remaining
tumors are resected in a second procedure after a period
of liver regeneration[13J

The aim of the first hepatectomy is to make the sec-
ond hepatectomy potentially curative. Mapping permits
the surgeon to achieve this by resecting the highest pos-
sible number of liver tumors or by clearing the meta-
static load from the less invaded hepatic lobe, leaving
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the other to be resected after regeneration. Neoadjuvant
chemotherapy is given after the first operation, begin-
ning three weeks postoperatively, so it does not interfere
with initial liver regeneration. The usual interval between
the two stages should be usually around 4 mo, (from 2
to 14 mo), depending on the progress of liver regenera-
I Patients with multiple bilobar liver metastases
and too small a future remnant liver could be treated

tion

with a two-stage procedure with the use of portal vein
embolization'.

This approach can also be used at the time of colec-
tomy when multiple synchronous hepatic lesions preclude
a single curative hepatectomy. In such cases, a limited
resection of the metastatic load of one hemiliver could be
done at the same time as the colectomy, leaving the sec-

ond major hepatectomy to be done in a second stagem

FOLLOW UP AFTER RESECTION

Patients who have undergone hepatic resection of colore-

ctal metastases are monitored to identify eatly recurrence
that may be amenable to repeat resection for cure. Most
patients undergo serial physical examination, serum CEA
level, chest X-ray, and CT of the upper and lower abdo-
men every 3 to 4 mo for the first two years and then every
6 mo for the following five yearsm]. Most patients surviv-
ing after liver resection present with recurrent disease at
the liver or lung, The liver is the site of recurrence in 45%

to 75% of cases after liver resection”, and this explains
the fact that most chemotherapeutic regimens address

mainly the liver.

ADJUVANT CHEMOTHERAPY

Postoperative chemotherapy following complete resec-

tion of metastatic disease may lead to improvement in
long-term prognosis. The past decade has been marked
with significant changes in the options available for this
group of patients. In addition to 5-FU, which has been
used since 1996, several new drugs have been introduced
on the market for the treatment of metastatic colorectal
cancer (2000): irinotecan, oxaliplatin, capecitabine, bena-
cizumab, and cetuximab. Therefore the efficacy of treat-
ment regimens has substantially increased™.

Adjuvant chemotherapy is used to increase survival
and decrease the rate of recurrence. Recently, the first
randomized clinical trial by Portier ez al™ which com-
pared surgery alone to surgery plus adjuvant chemother-
apy, provided clear evidence that adjuvant chemotherapy
is beneficial for patients with colorectal liver metastases.
In this study, 173 patients were randomly assigned to
surgery and observation or surgery plus 6 mo of sys-
temic adjuvant chemotherapy. The results showed a sig-
nificantly improved five-year disease-free survival in the
surgery plus chemotherapy group compated to surgery
alone (33.5% s 26.7%), with a trend towards improved
overall five-year survival.

Adjuvant chemotherapy does not decrease the meta-
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static recurrence rate in the remnant liver after resec-
tion””. Indeed, according to another studym, in patients
with complete clinical response to chemotherapy accord-
ing to CT imaging, in situ recurrence was observed in
78% one year after surgery, because of non-visible but
viable tumor cells or microscopic disease.

REPEAT RESECTION

As mentioned in the natural history section, the majority
of patients with colorectal liver metastases (55%0-60%0)
will develop recurrent disease in the liver within the first
two years after surgery, despite any mode of treatment
that they have received''”. For these patients, the only
chance to prolong life would be a repeat resection, usu-
ally combined with a locally ablative therapy (RFA). The

results of repeat curative resection are comparable to the
[14]

first one

The only problem with a second or third hepatec-
tomy on the same patient is increased technical difficulty.
Repeat resection carries perioperative morbidity and
mortality rates of 5%-7% and 20%-39%, respective-
1y*"" Therefore, repeat hepatectomy provides similar
long-term survival to primary hepatectomy, without
increasing perioperative morbidity and mortality™. Tn-
deed, Pessaux ¢z o/ showed that overall five-year sur-
vival rates after the first, second and third hepatectomy
are similar: 33%, 21% and 36%, respectively.

There are a number of prognostic factors determin-
ing patient eligibility and probable success after a third
hepatectomy. These factors are: the curative nature of
the first two hepatectomies, an interval of more than
one year between the two procedures, the number of re-
current tumors, serum carcinoembryonic antigen levels,
and the presence of extrahepatic disease™™". The best
candidates for repeat resection are patients with a low
tumor load, no extrahepatic disease, and removal of all
visible metastatic load during the second hepatectomy[()g].
However, the role of repeat liver resection in patients
with intrahepatic recurrence still remains controversial,
because of the disputable survival benefit and the addi-
tional risks of repeat surgery.

CONCLUSION

There is an ongoing progress in the diagnostic imaging,

chemotherapeutic regimens, and surgical techniques in
the management of hepatic colorectal metastases. He-
patic resection has been recognized as the only treatment
that could offer long-term survival. Traditional risk fac-
tors, indications, and contraindications have been aban-
doned. The present principle as to resectability is that
resection should be performed if all metastases could be
removed, while leaving a sufficient remaining liver pa-
renchyma, regardless of their size, number, location and
distribution.

Proper use of modern chemotherapy, PVE and/or
two-stage hepatectomy and locally ablative modalities
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might improve the resectability and prognosis in these

patients. This review emphasizes the importance of a
multidisciplinary approach for the optimal management
of this disease. Moreover, decision making and patient

care requires careful assessment of the risks and benefits

for each individual, as well as balancing the technical fea-

sibilities and oncological options for each case.
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Abstract

AIM: To determine the effect of non-selective cyclo-
oxygenase (COX) inhibitors, selective COX-2 inhibitors
and nitric oxide (NO)-releasing aspirin in the healing of
ulcerative colitis.

METHODS: Rats with 2,4,6 trinitrobenzenesulfon-
ic acid (TNBS)-induced colitis received intragastric
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(ig) treatment with vehicle, aspirin (ASA) (a non-
selective COX inhibitor), celecoxib (a selective COX-2
inhibitor) or NO-releasing ASA for a period of ten
days. The area of colonic lesions, colonic blood flow
(CBF), myeloperoxidase (MPO) activity and expres-
sion of proinflammatory markers COX-2, inducible
form of nitric oxide synthase (iNOS), IL-18 and tu-
mor necrosis factor (TNF)-a were assessed. The
effects of glyceryl trinitrate (GTN), a NO donor,
and 2-(4-carboxyphenyl)-4,5-dihydro-4,4,5,5-tetra-
methyl-1H-imidazolyl-1-oxy-3-oxide, onopotassium
salt (carboxy-PTIO), a NO scavenger, administered
without and with ASA or NO-ASA, and the involvement
of capsaicin-sensitive afferent nerves in the mecha-
nism of healing the experimental colitis was also deter-
mined.

RESULTS: Rats with colitis developed macroscopic
and microscopic colonic lesions accompanied by a
significant decrease in the CBF, a significant rise in
colonic weight, MPO activity and plasma IL-1f8 and
TNF-a levels. These effects were aggravated by
ASA and 5-(4-chlorophenyl)-1-(4-methoxyphenyl)-
3-(trifluoromethyl)-1H-pyrazole (SC-560), but not cele-
coxib and counteracted by concurrent treatment with
a synthetic prostaglandin E> (PGE2) analog. Treatment
with NO-ASA dose-dependently accelerated colonic
healing followed by a rise in plasma NOx content and
CBF, suppression of MPO and downregulation of COX-2,
iNOS, IL-1B and TNF-o. mRNAs. Treatment with GTN,
the NO donor, significantly inhibited the ASA-induced
colonic lesions and increased CBF, while carboxy-PTIO
or capsaicin-denervation counteracted the NO-ASA-
induced improvement of colonic healing and the ac-
companying increase in the CBF. These effects were
restored by co-treatment with calcitonin gene related
peptide (CGRP) and NO-ASA in capsaicin-denervated
animals.

CONCLUSION: NO-releasing ASA, in contrast to ASA,
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COX-1 inhibitors, and SC-560, accelerated the heal-
ing of colitis via a mechanism involving NO mediated
improvement of microcirculation and activation of sen-
sory nerves releasing CGRP.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In humans inflammatory bowel disease (IBD) includes
ulcerative colitis (UC) and Crohn’s disease, considered as
chronically relapsing disorders. The pathogenesis of IBD
is complex, with individuals displaying a genetic predispo-
sition, specific immunological properties of the gastroin-
testinal (GI) mucosa and the type of GI microflora all be-
ing involved" . The features of animal models of colitis
do not necessary mimic the human scenario of UC with
the use of chemical stimuli and the magnitude of inflam-
matory changes. However, it is believed that an increase
in mucosal prostaglandin (PG) synthesis, mainly cyclo-
oxygenase (COX)-2 derived, correlates with the discase
activity of human IBD and experimental colitis in rats”.
Nonsteroidal anti-inflammatory drugs (NSAIDs) are
commonly used in the treatment of pain and inflamma-
tion, but are also recommended prophylactically and used
as therapeutic strategies against both neurological and
cardiological disorders. The therapeutic effects and side
effects of NSAIDs in the gut are the consequence of the
inhibition of COX activity, which is the key enzyme in the
biosynthesis of prostanoids from arachidonate'”. Tt was
reported that COX-2 is undetectable or expressed at very
low levels in the healthy GI mucosa of humans and ani-
mals but is upregulated in the GI tract of individuals with
inflammatory conditions'. Thus, it has been suggested
that the anti-inflammatory action of NSAIDs depend
on the inhibition of COX-2 activity, whereas side effects,
such as gastrointestinal damage and renal toxicity, is a
consequence of COX-1 inhibition™. Tt is believed that
COX-2 detived PG play an important role in the healing
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process of colitis, which is similar to that observed for
the mechanisms of gastric ulcers' ™", Results of studies
on the influence of COX-2 inhibitors in experimental
colitis and human IBD thus far have provided conflicting
evidence for the exacerbation of colitis, and the attenua-
tion of inflammation by COX-2 inhibitors">'"".

The mechanism of ulcerogenic activity of NSAIDs
on the healing of the intestinal and colonic lesions has
not been fully explained. Reuter e a/'” reported that
NSAIDs can exacerbate colitis by a mechanism attribu-
table to the suppression of COX-2 detived PG synthe-
sis. Tanaka ez a/'" showed that the non-selective COX
inhibitor indomethacin, suppressed the mucosal prosta-
glandin E2 (PGE2) level, which in turn caused intestinal
damage that was accompanied by the upregulation of
COX-2 expression. It should be emphasized that nei-
ther a selective COX-1 inhibitor [5-(4-chlorophenyl)-
1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazole
(8C-560)], nor a COX-2 selective inhibitor (rofecoxib)
when applied alone caused intestinal damage™>'*. Re-
cent evidence indicates that incorporation of a nitric
oxide (NO) generating moiety into the basic structure of
NSAIDs, such as aspirin, attenuates the ulcerogenic ac-
tivity of native NSAID"". Under basal conditions, NO
derived from the activity of constitutive NO synthase
(cNOS) contributes to the maintenance of intestinal in-
tegrity and the control of intestinal motility™"".

In human IBD and experimental colitis, the inducible
form of nitric oxide synthase (INOS), excessive produc-
tion of NO derived from iNOS and abundant amounts
of toxic peroxynitrite are observed”. On the other hand,
NO was shown to possesses anti-inflammatory proper-
ties and contributes to the resolution of intestinal in-
flammation'"”. Moreover, iNOS deficient mice with coli-
tis were more susceptible to inflammation as compared
to animals with normal iNOS expression”. The role of
NO released from NO-NSAIDs in the mechanism of
gastroprotection has been well documented"” ! but the
efficacy of NO-aspirin (ASA) in the healing of experi-
mental colitis has yet to be determined.

In this study, we focused mainly on the mechanism
of healing of colitis by NO-ASA and therefore we com-
pared the effect of vehicle, conventional NSAIDs such
as ASA and indomethacin, SC-560 (a selective COX-1
inhibitor), celecoxib (a selective COX-2 inhibitor) with
the new derivative of ASA, NO-releasing ASA, on the
intensity of inflammation and the accompanying altera-
tions in the colonic blood flow (CBF), myeloperoxidase
(MPO) activity and expression of mRNA for COX-2,
IL-1B, tumor necrosis factor (TNF)-o and iNOS and
their activities in rats with trinitrobenzenesulfonic acid
(INBS)-induced colitis. An attempt was made to de-
termine the involvement of NO in the mechanism of
healing of colitis by using NO-ASA and ASA-treated
rats with 2-(4-carboxyphenyl)-4, 5-dihydro-4, 4, 5,
5-tetramethyl-1H-imidazolyl-1-oxy-3-oxide, onopotas-
sium salt (carboxy-PTIO), which is a NO scavenger and
glyceryl trinitrate (GTN), an NO donor, respectively.
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Also, the importance of sensory nerve neurotransmitters
in the healing of colitis were determined in rats by the
functional ablation of sensory nerves by capsaicin, in the
absence and the presence of NO-derivative of ASA.

MATERIALS AND METHODS

Animal studies were carried out on male Wistar rats
weighing 180-220 g. The animals had free access to water
and food and were adapted to laboratory conditions and
12 h day/night cycles for 10 d after TNBS administra-
tion. The study was approved by the local Ethical Com-
mittee at the Jagiellonian University Medical College in
Cracow, Poland and run in accordance with the Helsinki

declaration.

Colitis in rats was induced by rectal administration
of TNBS (Sigma, Slough, United Kingdom) at a dose
of 10 mg/kg, dissolved in 50% solution of ethanol as
reported in our previous study”. Briefly, the animals
were anaesthetized with phenobarbital (60 mg/kg ip)
and TNBS was administered into the colon in a volume
of 0.25 mL per rat at a depth of 8 cm from the rectum
with the use of a soft polyethylene catheter. Until the
moment of awakening the rats were positioned in the
Trendelenburg position so as to avoid loss of the TNBS
solution wia the rectum. Animals in the control group
were given 0.9% saline or in some cases 50% ethanol in
the same volume, corresponding to the rats that were
administered TNBS.

Animals with TNBS-induced colitis were randomized
into 8 experimental groups (A-H), consisting of 6-10 rats
per group. Rats received ig the following daily treatments:
A: vehicle (saline); B: ASA (80 mg/kg) or indomethacin
(5 mg/kg) suspended in 0.25% carboxy methylcellulose
(CMC); C: SC-560 (5 mg/kg); D: celecoxib (10 mg/kg);
E: NO-ASA (80 mg/kg; NicOx SA, Sophia Antipolis,
France); F: PGE2 (5 ug/kg) combined with non-selective
COX-1 (ASA) and selective COX-2 (celecoxib) inhibi-
tors; G: GTN (10 mg/kg ig), a NO donor combined
with ASA and carboxy-PTIO (5 mg/kg ig) combined
with NO-ASA, both NSAID administered in a dose of
80 mg/kg. In series H consisting of 30 rats, capsaicin was
administered in a large neurotoxic dose of 125 mg/kg ap-
plied in three doses of 25, 50 and 50 mg/kg 14 d prior to
TNBS administration to induce the functional ablation
of sensory nerves as described previouslymj. On day 15,
capsaicin-denervated rats received TNBS and were sub-
sequently given NO-ASA (80 mg/kg ig) with ot without
calcitonin gene related peptide (CGRP) (10 pg/kg sc),
and administration was similar to those treated with
vehicle (saline). The doses of NO-ASA and selective
COX-1 and COX-2 inhibitors were selected on the basis
of our group and others published evidence!"™">"" 1,
In the doses used in this study, the COX-1 and COX-2
selective inhibitors failed to produce gastrointestinal le-
sions after single or prolonged administration. The dose
of 80 mg/kg of ASA was selected based on our pre-

liminary determination of the dose-dependency of this
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conventional ASA applied in graded doses starting from
10 mg/kg up to 160 mg/kg on healing of TNBS colitis.
ASA given in a dose of 10 mg/kg failed to significantly
affect the healing of colitis but when this NSAID was
administered ig in graded doses of 40 mg/kg, 80 mg/kg
and 160 mg/kg, the area of colonic damage was signifi-
cantly increased by 23%, 42% and 74%, respectively, at
day 10 upon TNBS administration (data not shown).
We have previously published that 80 mg/kg of ASA is
equimolar to 128 mg/kg of NO-ASA and this dose of
NO-ASA by itself does not influence the gastrointestinal
integrity but markedly increases organ blood flow"".

After 1, 3, 10 and 14 d from induction of colonic
lesions with TNBS, the animals were weighed and anaes-
thetized to determine CBI using the Hz-gas clearance
techniquelzz’23j. The abdominal cavity was opened and af-
ter separation of the colon, the CBF in the areas of the
mucosa not affected by inflammatory lesions was mea-
sured. CBF was expressed as a percentage of the CBF in
the vehicle-control rats without TNBS administration.

At the termination of the experiment, the entire
colon was removed, isolated from surrounding tissues,
opened along the antimesenteric border, rinsed, weighed,
and processed for gross and histology determinations.
The areas of colonic damage were evaluated planimetri-
cally (Morphomat, Carl Zeiss, Berlin, Germany) by two
independent researchers. Subsequently, fragments of
the colon (2 mm X 10 mm) with colonic lesions were
sampled, fixed with formaldehyde, embedded in paraf-
fin and routinely stained with haematoxilin and eosin for
histological assessment.

The presence and intensity of histological changes
was evaluated for the following criteria: presence, area
and depth of ulceration, presence and intensity of in-
flammatory infiltrations, ulcerations and fibrosis™™/.

Determination of plasma IL-13 and TNF-c: levels, NO
concentration the mucosal generation of prostaglandin
E: and gastric mucosal MPO activity

Immediately after CBF measurements, a venous blood
sample was drawn from the vena cava and placed into
EDTA-containing vials and used for the determina-
tion of plasma IL-1f and TNF-q. Blood was collected
and placed into sterile, plastic syringes, kept in ice till
centrifugation. The blood samples were centrifuged at
a speed of 1000 g for 10 min at a temperature of 15 C
temperature and the sera were stored at -80 C. The
serum levels of proinflammatory cytokines IL.-1 and
TNF-a were evaluated with high sensitive enzyme-
linked immunosorbent assay (ELISA) (Quantikine HS,
R and D Systems, Minneapolis, Minn., United States) ac-
cording to manufacturer’s instructions. Intensity of the
color reaction was estimated in the spectrophotometer
Stat Fax 2100 (Awareness Technology Inc., Pal City, FL,
United States) at 490 nm. The intra-and inter-assay coef-
ficients of variation were 8.5% and 10.6%, respectively,
for TNF-qa, and 10.2% and 10.4%, respectively, for IL-
1B. The plasma NO concentration was quantified indi-
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Table 1 Primer sequence used in reverse transcription poly-

merase chain reaction determination of gene expression of
proinflammatory factors

Gene Primer

p-actin. Upstream  5-TTG TAA CCA ACT GGG ACG ATA TGG-3
Downstream 5-GAT CTT GAT CTT CAT GGT GCT AGG-3’

IL-18 Upstream  5-GCT ACC TAT GTC TTG CCC GT-3’
Downstream 5-GAC CAT TGC TGT TTC CTA GG-3

TNF-¢ Upstream  5-TAC TGA ACT TCG GGG TGA TTG GTC C-3’
Downstream 5-CAG CCT TGT CCC TTG AAG AGA ACC-3'

COX-2 Upstream  5-ACA ACA TTC CCT TCC TTC-3’
Downstream 5'-CCT TAT TTC CTT TCA CAC C-3'

iNOS Upstream  5-CCA CAA TAG TAC AAT ACT ACT TGG-3'
Downstream 5-ACG AGG TGT TCA GCG TGC TCC ACG-3’

TNF: Tumor necrosis factor; COX: Cyclooxygenase; iNOS: Inducible form
of nitric oxide synthase.

rectly as nitrate (NO3) and nitrite (NO2) levels using the
nitrate/nitrite kit purchased from Cayman Lab, Michi-
gan, United States as described before™”’. This method
is based on the Griess reaction and the generation of
a chromophore absorbing at 595 nm, according to the
original procedure reported previously™. Since NO in
the colonic mucosa is quickly transformed into NOs™ and
NOs™, the total nitrate and nitrite concentration (NO)
is routinely used as an index of NO production. In order
to determine NOx the blood was withdrawn and centri-
fuged for 10 min at 3000 r/min, the samples were mixed
with Griess reagent from the commercially available kit.

In rats with colitis treated with or without concurrent
COX-1 and COX-2 inhibitors, the mucosal samples were
taken by biopsy (about 200 mg) from unchanged colon
mucosa without mucosal lesions to determine PGE:
generation by radioimmunoassay (RIA) as described
previously”*, Briefly, the mucosal samples were placed
in preweighed Eppendorf vial with 1 mL of Tris buffer
(50 mmol/L, at pH 9.5) added to each vial. The samples
were finally minced (15 s) with scissors, washed and cen-
trifuged for 10 s, with the pellet being resuspended again
in 1 mL of Tris. Then, each sample was incubated on a
vortex mixer for 1 min and centrifuged for 15 s. The pel-
lets were weighed and the supernatant was transferred
to a second Eppendorf vial containing indomethacin
(10 mmol/L) and kept at -20 C until the time for RIA.
The capability of the mucosa to generate PGE:2 was ex-
pressed in nanograms of wet tissue weight.

Fragments of colonic tissue weighing about 200 mg
were collected and frozen in -70 C for the determina-
tion of MPO activity by ELISA as reported before'™,

Expression of COX-2, IL-13, TNF-o. and iNOS transcripts
in the rat colonic mucosa determined by reverse
transcriptase-polymerase chain reaction

The mRNA expression for COX-2, IL-18, TNF-a
and iNOS were determined by reverse transcriptase-
polymerase chain reaction (RT-PCR) in the unchanged
colon mucosa of intact rats or those with TNBS colitis
given vehicle, ASA and NO-ASA. Samples of the colon
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mucosa (about 200 mg) were scrapped off into ice us-
ing glass slides and then immediately snapped frozen
in liquid nitrogen and stored at -80 C. The total RNA
was isolated from the colon mucosa according to the
technique using Trizol Reagent (Invitrogen, Carlsbad,
United States) and the manufacturer’s protocolm. The
first strand of cDNA was synthesized from total cellular
RNA (2 ng) using a Reverse Transcription System (Pro-
mega, Madison, United States). The PCR was carried
out in an automatic DNA thermal cycler, using 1 pg of
cDNA and Promega PCR reagents. For amplification of
B-actin, COX-2, TNF-q, IL-1p and iNOS cDNA, and
gene-specific primers (SIGMA-Aldrich St. Louis, United
States) were used. The sequences for primers used in
this study are presented in Table 1. Primer annealing was
cartied out as follows: at 56 C, 60 ‘C, 60 ‘C and 58 C
for COX-2, IL-1B, TNF-a and iNOS, respectively. Am-
plification of the control rat B-actin was performed on
the same samples to verify the RNA integrity. PCR prod-
ucts were separated by electrophoresis in 2% agarose
gel containing 0.5 pg/mL ethidium bromide and then
visualized under UV light. Location of the predicted
PCR product was confirmed by using O’Gene Ruler 50
bp DNA ladder (Fermentas, Life Sciences, San Francisco,
United States) as a standard marker. Comparison between
different treatment groups was made by determination of
COX-2, IL-1B, TNF-¢, and the iINOS/B-actin ratio of the
immunoreactive area by densitometry (Gel-Pro Analyzer,
Fotodyne Incorporated, Hartland, W1, United States).

Statistical analysis

Results are expressed as mean * SE. Statistical analysis
was done using Student 7 test or analysis of variance and
two-way ANOVA test with Tukey posz hoc test where ap-
propriate. Differences of P < 0.05 were considered sig-
nificant.

RESULTS

Effect of vehicle, non-selective and selective COX-1

and COX-2 inhibitors on TNBS-induced colitis and
accompanying changes in CBF and MPO activity
Intrarectal administration of TNBS caused sevete damage
to the colonic mucosa manifested by inflammatory chang-
es in the colon with extensive ulcerations of the mucosa.
The area of these lesions was at 2 maximum at 24 h, it was
not significantly decreased on day 3 but then it significantly
declined at day 10 and day 14 (Figure 1). The CBF was
decreased by about 46% and 43% on day 1 and 3, respec-
tively, but it was significantly increased on day 10 and 14
(Figure 1). The 10 d administration of NO-ASA applied
ig in gradual concentrations ranging from 20 mg/kg up
to 120 mg/kg produced a dose-dependent decrease in the
area of colonic lesions and this effect was accompanied by
a significant rise in plasma NOx concentrations and CBF
(Figure 2). In contrast, after 10 d of ASA, indomethacin
and SC-560 administration, a significant aggravation of the
area of colonic lesions and a significant fall in CBF when
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Figure 1 Time-sequence of the healing of trinitrobenzenesulfonic acid-
induced colonic lesions, and accompanying changes in the colonic blood
flow following day 1, 3, 10 and 14 upon induction of colitis. The area of
trinitrobenzenesulfonic acid-induced lesions was maximal on day 1 and then
it significantly declined on day 10 and day 14, respectively. Mean + SE of 6-8
rats. °P < 0.05 vs values obtained on day 3; °P < 0.05 vs values on day 3 and
day 10. TNBS: Trinitrobenzenesulfonic acid; CBF: Colonic blood flow.
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Figure 2 The effect of 10 d administration of nitric oxide-aspirin, applied
ig in gradual concentrations ranging from 20 mg/kg up to 120 mg/kg on
the area of colonic lesions, alterations in colonic blood flow and plasma
NOx concentrations in rats with trinitrobenzenesulfonic acid-induced
colitis on day 10. Mean + SE of 6-8 rats. “P < 0.05 vs vehicle (control) and
animals treated with a dose of 20 mg/kg nitric oxide-aspirin (NO-ASA). TNBS:
Trinitrobenzenesulfonic acid; CBF: Colonic blood flow.

compared with vehicle was observed (Figure 3). Similarly
as shown in Figure 2, the treatment with NO-ASA applied
in a dose of 80 mg/kg ig produced a significant decrease
in the area of colonic damage and significantly increased
the CBI comparing to vehicle-control (Figure 3). Treat-
ment with celecoxib also significantly decreased the area
of colonic damage and produced a significant increase in
CBF; however, these changes were significantly less pro-
nounced as compared to those achieved with NO-releasing
ASA (Figure 3). Ten days after colitis induced by TNBS
treatment all animals had a significant reduction in body
weight compared with the control rats without TNBS
administration and this loss of body weight was counter-
acted by treatment with NO-ASA. In contrast, treatment
with ASA and indomethacin failed to attenuate the loss
of weight induced by TNBS administration (data not
shown). As shown in Figure 4A, the intact colonic mucosa
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Figure 3 Effect of administration of vehicle, aspirin or indomethacin, non-
selective cyclooxygenase inhibitors, a selective cyclooxygenase-1 inhibitor
5-(4-chlorophenyl)-1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazole, a
selective cyclooxygenase-2 inhibitor (celecoxib) and nitric oxide releasing
aspirin, on the area of colonic lesions and alterations in colonic blood flow
on day 10 after colitis induction. Mean + SE of 6-8 rats. °P < 0.02 vs vehicle
(control); P < 0.05 vs aspirin (ASA)-, indomethacin- and 5-(4-chlorophenyl)-1-(4-
methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazole (SC-560) groups; °P < 0.02 vs
vehicle, ASA, indomethacin, SC-560 and celecoxib groups. CBF: Colonic blood
flow; NO-ASA: Nitric oxide-ASA; TNBS: Trinitrobenzenesulfonic acid.

Figure 4 Gross appearance of the intact colon (A), and that of trinitroben-
zenesulfonic acid-induced colitis rats treated with vehicle (B), aspirin (C),
celecoxib (D) and nitric oxide-aspirin (E) at day 10 of colitis induction. In
aspirin-treated rats (C) the area of colonic damage was larger than in the con-
trol trinitrobenzenesulfonic acid rats, which were treated with vehicle (B). In the
celecoxib group (D), the area of colonic damage was significantly smaller when
compared to the aspirin (ASA) and vehicle groups. The healing of colonic le-
sions was significantly improved in nitric oxide-ASA treated rats as documented
by the small ulceration area and scar formation.

showed a normal macroscopic appearance. At day 10 after
TNBS administration, colonic damage was still observed
in vehicle-control animals (Figure 4B). This gross damage,
as reflected by the area of ulceration, was exacerbated by
treatment with ASA but significantly reduced by treat-
ment with celecoxib. The area of TNBS-induced damage
was significantly smaller in NO-ASA-treated animals as
compated to that in rats treated with vehicle or celecoxib
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Figure 5 Histological appearance of the intact colonic mucosa (A) and that treated with vehicle (B), aspirin (C), celecoxib (D) and nitric oxide releasing
aspirin on day 10 in rats with trinitrobenzenesulfonic acid-induced colitis. Intact rat colon shows regular colonic architecture and normal colonic mucosa conti-
nuity with no signs of inflammation (A). In trinitrobenzenesulfonic acid rats treated with vehicle, deep ulceration and an intense neutrophil infiltration with the presence
of numerous neutrophils penetrating the muscularis mucosa and submucosa were observed. The features of regeneration adjacent to the ulcer margin are clearly
visible. In aspirin (ASA)-treated rats with colitis (C), there is deep ulceration with necrosis and an intense inflammation followed by severe neutrophil infiltration and
the formation of granulation tissue penetrating the muscle layer of the muscularis propria. Less regeneration is observed with ASA (C) than vehicle (control) animals
(B). The partially healed epithelium and abnormal crypt architecture with much more pronounced regeneration was observed in the colonic mucosa of rats with colitis
treated with celecoxib (D) as compared with other cyclooxygenase inhibitors. In nitric oxide (NO)-ASA treated rats with colitis (E), the most advanced healing process
of colonic ulcers as reflected by scar formation, epithelial regeneration and significantly smaller neutrophil infiltration was observed. Part of the colonic crypts distant
to the scar already shows a normal appearance.

(Figure 4E). By histology, intact colonic mucosa showed clearly visible (Figure 5B). In ASA-treated rats with colitis

regular colonic architecture and continuity with no signs
of inflammation (Figure 5A). In vehicle-treated TNBS rats
on day 10 deep ulcerations and an intense infiltrate with
the presence of numerous neutrophils penetrating the 7zs-
cularis mucosa and submucosa were observed. In addition,
features of regeneration, adjacent to the ulcer margin were
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(Figure 5C) there was a deep ulceration with necrosis and
an intense inflammation followed by severe neutrophil
infiltration and formation of granulation tissue penetrating
the muscle layer of the muscularis propria. Less regeneration
was observed with ASA (Figure 5C) than in vehicle (control)
colonic mucosa (Figure 5B). The area of colonic damage
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Table 2 Evaluation of related markers in trinitrobenzene-
sulfonic acid rats treated ig with non-selective and selective

cyclooxygenase-1 and cyclooxygenase-2 inhibitors or nitric
oxide-aspirin throughout the period of 10 d in é-10 rats per
group (mean + SE)

Treatment Weight MPO IL1-B TNF-a
(mg) (ng/mL)  (pg/mL)  (pg/mlL)
Vehicle 1150+23.1 5181 42+34 4.8+0.6
ASA (80 mg/kg) 1580 £41.4° 78+9.3" 65+51° 85+0.95"
Indomethacin (5 mg/kg) 1450 +45.8° 65+52" 58+4.1° 7.8+0.62°
SC-560 (5 mg/kg) 1310 £324" 52+6.8"° 53+39" 7.5+046"
Celecoxib (10 mg/kg) 1082+14.9° 44+43° 36+22° 38033
NO-ASA (80 mg/kg) 710+£12.3° 35+3.2° 18+15° 24+0.21°

MPO: Myeloperoxidase; TNF: Tumor necrosis factor; ASA: Aspirin;
SC-560: 5-(4-chlorophenyl)-1-(4-methoxyphenyl)-3-(trifluoromethyl)-1H-
pyrazole; NO: Nitric oxide. *P < 0.05 vs vehicle; ‘P < 0.05 vs vehicle, ASA,
indomethacin or SC-560 groups; ‘P < 0.05 vs groups treated with non-
selective and selective COX-1 or COX-2 inhibitors.

was significantly smaller in celecoxib-treated animals and
in those treated with ASA and vehicle (Figure 5B and D).
Partially healed epithelium and abnormal crypt architecture
possessing a more pronounced regeneration were observed
in colonic mucosa of the rat with colitis treated with cele-
coxib (Figure 5D) when compared to those receiving ASA.
By histology, the area of colonic damage was significant-
ly decreased in NO-ASA treated colitis rats as compared
to all other COX inhibitors and vehicle-treated rats (Fig-
ure SE). NO-ASA treated rats showed the most advanced
healing of colitis, as reflected by the degree of epithelial
regeneration and the significantly smaller infiltration of
neutrophils. Part of the crypts, which were distant to the
scar, displayed a more normal appearance (Figure 5E).
In the indomethacin-group, similar to the ASA-group, the
massive hemorrhagic lesions and transmural necrosis coex-
isting with acute inflammatory infiltrate were observed (data
not shown).

As shown in Table 2, treatments with ASA, indo-
methacin and SC-560 were accompanied by a greater
increase in the weight of colonic tissue and a significant
rise in MPO activity in TNBS-treated animals as com-
pared to vehicle control. In contrast, treatment with ce-
lecoxib decreased the weight of colonic tissue and MPO
activity below those in the vehicle group; however, these
changes were significantly smaller than those caused by
NO-ASA (Table 2). In contrast, treatment with NO-
ASA resulted in a significant decrease in the area of co-
lonic lesions and colonic tissue weight, accompanied by
a significant rise in CBF and a fall in MPO activity com-
pared to the respective values in rats treated with vehicle
or those treated with non-selective and selective COX-1

and COX-2 inhibitors (Table 2, Figure 3).

Effect of non-selective and selective COX-1 and COX-2
inhibitors on plasma proinflammatory cytokine levels
and PGE: generation

Plasma levels of proinflammatory cytokines IL.-13 and
TNF-a, which were negligible in intact rats (data not
shown), were markedly elevated in animals administered
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Table 3 The generation of prostaglandin E2 in intact rats and

those treated rats (mean + SE)

Group PGE: generation in the colonic mucosa
(pg/mg tissue weight)

Intact 182 +15.4

Vehicle 409 +£23.2°

ASA (80 mg/kg per day) 130 £11.7°
Indomethacin (5 mg/kg per day) 124 +£17.8°

SC-560 (5 mg/kg per day) 145 +15.6°

Celecoxib (10 mg/kg per day) 191 £18.3°

NO-ASA (80 mg/kg per day) 175+17.3°

PGE2: Prostaglandin Ez; ASA: Aspirin; SC-560: 5-(4-chlorophenyl)-1-(4-
methoxyphenyl)-3-(trifluoromethyl)-1H-pyrazole; NO: Nitric oxide. ‘P
< 0.05 vs intact colonic mucosa; ‘P < 0.05 vs vehicle (control); “P < 0.05 vs
ASA, indomethacin and SC-560 groups.

with ASA, indomethacin and SC-560, when compared
to those treated with vehicle (Table 2). Plasma I1-1 and
TNF-a levels were significantly attenuated by treatment
with the COX-2 inhibitor (celecoxib) when compared to
the levels of those cytokines achieved in animals treated
with non-selective COX inhibitors (ASA and indometha-
cin). NO-ASA was administered at a similar dose to that
of native ASA, which accelerated the healing of colonic
damage, and significantly attenuated plasma IL-1f and
TNF-a levels as compared to those achieved with non-
selective COX inhibitors (Table 2).

As shown in Table 3, the intestinal level of PGE:
increased in the colonic mucosa of animals with TNBS
colitis as compared to that measured in vehicle-controls
that did not receive TNBS. Administration of ASA and
indomethacin significantly reduced the colonic PGE:
content when compared to the respective value in ve-
hicle-treated control animals. Treatment with ASA and
SC-560, the selective COX-1 inhibitor, also significantly
reduced PGE2 generation; however this inhibition was
less potent than in the case of ASA and indomethacin
(Table 3). Administration of the selective COX-2 inhibi-
tor celecoxib, and NO-ASA significantly inhibited the
colonic PGE:2 generation when compared to the value
measured in vehicle-control rats (Table 3).

Effect of NO donor, GTN and NO scavenger carboxy
PTIO on area of colonic damage and alteration in CBF in
rats with TNBS colitis

As shown in Figure 6, the area of colonic damage was
significantly increased in animals treated for 10 d with
ASA and this effect was accompanied by a significant fall
in CBF as compared with the respective values observed
in vehicle-control animals. Concurrent treatment with
GTN, which by itself significantly attenuated the area
of colonic damage markedly decreased these lesions and
significantly improved the CBE.

Figure 7 shows the effect of 10 d administration of
NO-ASA applied ig at a dose of 80 mg/kg on the area of
colonic damage and accompanying alterations in CBE
Treatment with NO-ASA caused a similar decrease in
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Figure 6 The effect of concurrent administration of nitric oxide donor
glyceryl trinitrate on the area of colonic damage and alterations in colonic
blood flow in rats with trinitrobenzenesulfonic acid-induced colitis, treat-
ed with vehicle or aspirin, on day 10. Mean + SE of 6-8 rats. °P < 0.02 vs
vehicle (control); °P < 0.02 vs vehicle or aspirin alone. TNBS: Trinitrobenzene-
sulfonic acid; ASA: Aspirin; GTN: Glyceryl trinitrate; CBF: Colonic blood flow.
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Figure 7 The effect of concurrent administration of nitric oxide scavenger
2-(4-carboxyphenyl)-4,5-dihydro-4,4,5,5-tetramethyl-1H-imidazolyl-1-oxy-3-
oxide, monopotassium salt on the area of colonic damage and alterations
in colonic blood flow in rats with trinitrobenzenesulfonic acid-induced
colitis, treated with vehicle or nitric oxide-aspirin (80 mgl/kg per day ig) on
day 10. Mean + SE of 6-8 rats. °P < 0.05 vs vehicle group (control); °P < 0.05
vs vehicle or nitric oxide-aspirin (NO-ASA) without 2-(4-carboxyphenyl)-4,5-
dihydro-4,4,5,5-tetramethyl-1H-imidazolyl-1-oxy-3-oxide, monopotassium salt.
TNBS: Trinitrobenzenesulfonic acid; CBF: Colonic blood flow.

area of colonic damage and a significant rise in CBF as
presented in Figure 2. The concomitant treatment of
carboxy-PTIO, the NO scavenger, which by itself had
no influence on the CBE, completely abolished the ben-
eficial effect of NO-ASA on healing of TNBS-induced
colonic lesions and reversed an increase in CBF induced

by this agent (Figure 7).

Effect of replacement therapy with exogenous PGE:

on TNBS-induced colonic damage and changes in the
weight of colonic tissue, CBF, plasma IL-13 and TNF-o
levels in rats treated with COX inhibitors

The role of PGEz in the process of healing of colonic
lesions in TNBS-induced colitis animals given ASA and
celecoxib was determined using rats exogenously admin-
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Figure 8 The weight of colonic tissue and alterations in colonic blood
flow on day 10 after induction of trinitrobenzenesulfonic acid colitis in
rats treated with aspirin or celecoxib with or without 16, 16 dm prosta-
glandin E2 (5 pg/kg per day ig). Mean + SE of 6-8 rats. “P < 0.02 vs vehicle
(control); °P < 0.05 vs vehicle (control) and aspirin (ASA) groups; °P < 0.05 vs
ASA and celecoxib groups without concurrent prostaglandin Ez (PGEz) adminis-
tration. TNBS: Trinitrobenzenesulfonic acid; CBF: Colonic blood flow.

istered with PGE:2 in doses of 5 ug/kg added to both
COX-1 and COX-2 inhibitors. An increase in both the
area of colonic lesions and colonic weight as well as a
significant fall in CBF induced by ASA and celecoxib
were counteracted by concomitant treatment with ex-
ogenous PGE:2 (Figures 8 and 9). Moreover, the admin-
istration of this synthetic analogue of PGE2 not only
reduced the area of colonic damage but also significantly
suppressed the rise in plasma IL-1f and TNF-o com-
pared to those in ASA- or celecoxib-treated rats without
PGE: administration (Figure 8).

Effect of NO-ASA on TNBS-induced colonic damage and
alterations in CBF in rats with capsaicin induced sensory
denervation

Capsaicin-deactivation of sensory nerves, which by itself
increased the area of colonic lesions and produced a sig-
nificant fall in CBF when compared to those in vehicle-
controlled rats, significantly attenuated the NO-ASA
induced acceleration of healing of these colonic lesions
and the accompanying increase in CBF (Figure 10). Con-
current administration of CGRP (10 ug/kg sc) with NO-
ASA restored the healing of colonic damage as reflected
by the significant decrease in colonic damage and the
increase in CBF induced by this NO-detivative of ASA
in rats with capsaicin denervation.

Effect of vehicle, ASA and NO-ASA treatments on the
mucosal expression of COX-2, IL-13, TNF-o. and iNOS in
rats with colitis

As shown in Figure 11 (left panel), the signal for the expres-
sion of COX-2, I-13, TNF-o and iNOS was significantly
increased in vehicle-treated colonic mucosa (lane 2) in rats
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Figure 9 The area of colonic lesions and plasma levels of proinflammatory
cytokines IL-13 and tumor necrosis factor-o. on day 10 after induction of
colitis in rats treated with aspirin or celecoxib with or without 16, 16 dm pros-
taglandin Ez (5 uglkg per day ig). Mean + SE of 6-8 rats. °P < 0.02 vs vehicle
(control); °P <0.02 vs vehicle-treated and aspirin (ASA)-treated groups; °P < 0.02
vs ASA and celecoxib groups without concurrent prostaglandin E2 (PGEz) adminis-
tration. TNBS: Trinitrobenzenesulfonic acid; TNF: Tumor necrosis factor.

with colitis when compated to that in the intact mucosa
(lane 1). The ratio of COX-2, IL-13, TNF-¢ and iNOS
mRNA over B-actin mRNA, confirmed that expression of
COX-2, IL-1B, TNF-o and iNOS mRNAs were signifi-
cantly clevated in TNBS-treated animals (Figure 11, right
panel). Treatment with ASA resulted in a strong signal
of mRNAs for COX-2, IL-13, TNF-¢, and iNOS. The
semi-quantitative ratio of COX-2, IL-1f, TNF-q and
iNOS (lane 3) confirmed that the expression of these
inflammatory markers was significantly increased in the
colonic mucosa of rats treated with ASA (Figure 11, right
panel). In NO-ASA-treated animals the signal for COX-2,
IL-1B, TNF-o and iNOS mRNAs was less pronounced
(lane 4) and the determination of the ratio of COX-2,
IL-1B, TNF-a and iNOS confirmed that expression of
mRNAs for these inflammatory factors was significantly
inhibited as compared to those recorded in ASA-treated
animals (Figure 11, right panel).

DISCUSSION

Worldwide, NSAIDs are among the most widely pre-
scribed medications, and are often the drugs of choice
for the treatment of various inflammatory conditions.
Currently, NSAIDs, including ASA, are recommended as
a prophylactic therapy against neurological and cardiolog-
ic disorders including strokes and heart infarcts™. In hu-
mans, UC is a chronic relapsing disorder, characterized by
colon mucosa inflammation, ulcerations, diarrhea, bloody
stools and abdominal pain[1’3]. The inflamed mucosa of
the lower GI tract produces a high amount of PG de-
rived from COX-2 expression and activity in response
to stimulation by proinflammatory cytokines and growth
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Figure 10 The area of colonic damage and changes in colonic blood flow
on day 10 after colitis induction in rats with intact sensory nerves and in
those with capsaicin-sensory denervation treated with vehicle (saline) or
nitric oxide-aspirin (80 mg/kg per day ig) with or without administration
of calcitonin gene related peptide (10 ng/kg per day sc). Mean + SE of 6-8
rats. “P < 0.05 vs vehicle (control); °P < 0.05 vs trinitrobenzenesulfonic acid
(TNBS) rats without capsaicin denervation; °P < 0.02 vs rats with TNBS colitis
treated with nitric oxide-aspirin (NO-ASA). CGRP: Calcitonin gene related pep-
tide; CBF: Colonic blood flow.

factors, also co-expressed at a site of inflammation"". Al-
though the NSAIDs effect on the upper GI tract is well
documented, the mechanisms by which NSAIDs and
their new NO-releasing derivatives affect the course and
the healing of colitis in humans and experimental animals
has not been fully explored. In the present study, using a
rodent model of colitis we determined the effect of the
new ASA derivative NO-ASA, and selective and non-
selective COX-1 and COX-1 inhibitors on the healing
process of this colonic damage, and the effects on weight
of colonic tissue, the CBEF and MPO activity. Moreover,
we assessed the colonic expression of COX-2 which in
contrast to COX-1 expression is negligible in normal GI
mucosa, but has been shown to be significantly upregu-
lated in most Gl-related disorders such as gastritis, gastric
mucosal damage, ulcers and ulcerative colitis™' "'+,
Interestingly, the inhibition of COX-2 activity by
selective COX-2 inhibitors enhances gastric damage
induced by stress and ischemia-reperfusion and delays
the healing process of gastric ulcers in the GI tract”",
Moreover, a single application of either COX-1 or
COX-2 inhibitors does not cause GI damage, but con-
current treatment with inhibitors of COX-1 and COX-2
activity, resulted in both gastric and intestinal dam-
age. For instance, administration of celecoxib alone or
SC-560 alone failed to cause gastric damage, but admin-
istration of both selective COX-1 together with COX-2
inhibitors resulted in the formation of gastric mucosal
injury. It was concluded that both COX-1 and COX-2
are essential for the maintenance of the integrity of the
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Figure 11 The expression of mRNA for cyclooxygenase-2, IL-1p3, tumor necrosis factor-o. and inducible form of nitric oxide synthase in colonic mucosa of
intact rats (lane 1) those treated with vehicle (lane 2), aspirin (lane 3) and nitric oxide-aspirin (lane 4) at day 10 after induction of colitis. Mean + SE of 4 de-
terminations in 4 rats. °P < 0.05 vs intact colonic mucosa; °P < 0.05 vs rats with trinitrobenzenesulfonic acid colitis administered with vehicle (Veh); °P < 0.05 vs vehicle
and aspirin (ASA) groups. COX: Cyclooxygenase; TNF: Tumor necrosis factor; iNOS: Inducible form of nitric oxide synthase; M: Marker.

upper Gl-tract™. Tanaka ez a/™" have shown that only
TNF-q, was influenced by the administration of SC-560
or celecoxib but other cytokines were not affected in
mice models of dextran sulphate (DSS)-induced colitis.
In their model of colitis produced by adding 3% DSS
to drinking water, the inhibition of both COX-1 and
COX-2 resulted in exacerbation by these NSAIDs of a
widespread intestinal inflammation in mice. This model
has, however, different histological appearance charac-
teristics and time course of pathology” from that used
in our present study”". We have utilized a colitis model
with TNBS which rather mimics some features of hu-
man UC and Crohn’s disease (CD) which do not readily
apply to the DSS model.

Expression of TNF-q is considered an important
pathogenic feature of human IBD, especially CD'""”. An-
other cytokine, 1L-1f, plays an immunoregulatory role
in amplifying the inflammatory response by inducing
the cascade activation of immune cells. In high doses,
IL-1B is responsible for the formation of epithelial cell
necrosis, edema and neutrophil infiltration™. In our
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study TNBS-induced colonic damage was accompanied
by a prominent increase in colon tissue weight as well as
the rise in the MPO, the gene expression and the plasma
levels of both IL-13 and TNF-q. This data is in keeping
with previous observations'” that pathogenesis of colitis
is associated with an increase in expression and activity
of TNF-q and IL-1f. Furthermore, treatment with the
non-selective COX-1 and COX-2 inhibitors such as ASA
or indomethacin in our study produced a further rise in
plasma IL-1f and TNF-q levels. In contrast, the admin-
istration of celecoxib moderately improved the healing
of colitis followed by a minor increase in plasma IL-1f3
and TNF-q levels, while a significant improvement of
this healing, accompanied by the suppression of these
proinflammatory cytokines, was observed in NO-ASA-
treated animals. We have also found significant differenc-
es not only in macroscopic and microscopic appearance
of the colonic mucosa treated with the selective COX-2
inhibitor and NO-releasing ASA »s the conventional
NSAID (aspirin) on healing of colonic lesions but also
in functional alterations such as CBF and MPO activity.
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We documented that an increase in plasma levels of
1L-1B and TNF-q in colitis was reduced to a greater
extent by treatment with NO-ASA and to a lesser extent
by a COX-2 inhibitor, which was not the case with the
non-selective COX inhibitor, ASA. In ASA-treated rats,
the expression and activity of these cytokines were both
enhanced. The involvement of PG in healing of colitis
is supported by our finding that an exogenously admin-
istered synthetic analog of PGE: reversed the delay in
this healing, the increase in colonic weight and the rise
in plasma levels of both IL-13 and TNF-q, induced by
ASA and celecoxib. It is concluded that the lack of in-
testinal PGEz2 plays a crucial role in the pathomechanism
of exacerbation of inflammatory colonic lesions and
the perturbations in CBF in animals administered non-
selective COX inhibitors but not to the same extent as in
the case of selective COX-2 inhibitors. This is in keep-
ing with the observation that PGE: is essential to the
process of regeneration of epithelial crypts during the
time course of DSS-induced colitis™. In another report,
PGE:2 was shown to inhibit production of proinflamma-
tory cytokines, particularly that of TNF-o™. We found
an apparent increase in MPO activity, which is consid-
ered to be an indicator of neutrophil-induced inflam-
matory infiltration, which was significantly elevated in
colitis. The colonic MPO activity was further enhanced
by non-selective COX inhibitors and selective COX-1
inhibitors such as ASA, indomethacin and SC-560,
respectively, while both celecoxib and especially NO-
ASA attenuated MPO activity in colitis rats treated with
vehicle. This deleterious effect of non-selective COX-
inhibitors, ASA and indomethacin, observed in out study
could not be attributed to GI toxicity of these NSAIDs,
since e.g, indomethacin was used in our study in a dose
which by itself failed to induce gastric mucosal lesions
but as shown before, prolonged the healing of acute and
chronic gastric ulcers, mostly due to inhibition of protec-
tive PG, Indomethacin was previously reported to in-
duce experimental colitis at doses up to 10 mg/ kgm that
was higher than that in our present study.

We were particularly interested in exploring the me-
chanism of accelerated colonic healing of the new class
of so-called “safer NSAID” such as NO-ASA. In our
study the TNBS-induced colitis was associated with a fall
in CBE, but this impairment in the colonic microcircula-
tion was worsened by native ASA and indomethacin. Ce-
lecoxib moderately enhanced colonic healing and slightly
increased CBE, suggesting that this COX-2 inhibitor
exerts the opposite effect on colonic microcirculation
than non-selective COX inhibitors. In clear contrast,
NO-ASA greatly improved CBF and reduced both MPO
activity and the expression of mRNAs and reduced
plasma IL-1f and TNF-q, levels thus contributing to the
process of healing of inflammatory lesions. We conclude
that these healing and anti-inflammatory effects could be
attributed to NO being released from NO-ASA, which
ultimately was responsible for the improvement of CBF
observed in our study. This is supported by the fact that
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GTN which is an NO donor, when co-administered
with ASA, significantly reduced colonic damage and
counteracted the fall in CBF induced by this NSAID.
Moreover, the mechanism of the acceleration of colonic
healing involves the release of NO from NO-ASA. This
notion is supported by the observation that NO-ASA
dose-dependently accelerated healing of these lesions
followed by an increase in plasma NOx levels. Second,
carboxy-PTIO, an NO-scavenger, abolished the healing
efficacy of this NO-derivative of ASA and the accom-
panying increase in CBE In addition, NO released from
NO-ASA could contribute to the intestinal elimination
of bacteria, protozoa and fungi as reported previously”.
In other studies, the addition of a NO-releasing moiety
to mesalamine exerted an immunomodulatory effect and
suppressed intestinal inflammation by inhibiting T-helper
cells while stimulating the activity of the antiinflamma-
tory cytokine IL-10, TGFfB and mucosal Treg pathway
whereas standard mesalamine was less effectivel”.

It is known that the maintenance of GI mucosal
integrity depends on different protective mechanisms
against injury, which involves the stimulation of two
populations of afferent nerves, vagal and spinal. As
shown previously, these sensory neurons are involved
in GI protection via activation of vasodilatory and anti-
inflammatory reflexes””. Tt was reported that the affer-
ent neurons from the dorsal root ganglia play a role in
the local regulation of GI circulation, secretion, motil-
ity and the process of mucosal repair and healing after
injury””. CGRP, a neurotransmitter, is released from
the peripheral fibers of sensory neurons and plays an
important role in GI mucosal defense”. Capsaicin, an
active ingredient of red pepper has been found to act on
the capsaicin sensitive afferent nerves releasing CGRP™,
When applied in small doses, capsaicin induces a protec-
tive response, but a large dose of this neurotoxin renders
the gastric mucosa more susceptible to damage induced
by indomethacin, ischemia and reperfusion and cold

329 This has also been shown to result in a delay

stress
in the process of gastric ulcer healing, an event associ-
ated with decreased tissue levels of gastric CGRP",

In our study, capsaicin-induced functional ablation of
sensory nerves with capsaicin, which by itself markedly
prolonged the healing process of colonic lesions, attenu-
ated the increase in the healing of these lesions and the
accompanying rise in CBF induced by NO-ASA. The
impaired healing and evident fall in CBF were restored
by concurrent administration of CGRP with NO-ASA in
capsaicin-denervated rats. These findings suggest that sen-
sory nerve neuropeptides such as CGRP may contribute
to the healing effect and hyperemia induced by NO-ASA.
Both CGRP and NO contribute to hyperemia in the GI
tract mucosa and facilitate other mechanisms of defense,
such as bicarbonate secretion””. Existing evidence in the
lower GI tract revealed an increased inflaimmatory reac-
tion in experimental colitis of transient receptor potential
vanilloid-1 (TRPV-1) knockout mice”™, TRPV-1 is ex-

pressed by many afferent nerves and its activation results
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in the release of vasodilatory peptides such as CGRPP*.

In summary, conventional NSAIDs, such as ASA
and indomethacin or selective COX-1 inhibitors such as
SC-560"", delay the healing of experimental colitis and
this effect is accompanied by a fall in CBF and an en-
hancement in gene expression and release of proinflam-
matory cytokines IL-1f and TNF-q. These deleterious
effects are less pronounced with the use of the selective
COX-2 inhibitor, celecoxib, which differs with respect
to colonic healing with that of conventional ASA. NO-
ASA exerts the opposite effects to those of native ASA
and selective COX-1 inhibitors on the delay in healing of
TNBS colitis and accompanying fall in colonic microcir-
culation induced by these agents. The beneficial healing
action of NO-ASA, involves the NO mediated suppres-
sion of proinflaimmatory cytokines and the activation
of sensory nerves resulting in a local release of sensory
vasodilatatory neuropeptides such as CGRP.
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Background

Nonsteroidal anti-inflammatory drugs (NSAIDs), including aspirin, are among
the most prescribed drugs because of their anti-inflammatory, antipyretic,
analgesic effects. Inhibition of prostaglandin synthesis seems to be the major
mechanism implicated in both the beneficial and adverse effects of NSAIDs.
Aside from the systemic activity of NSAIDs, resulting from the inhibition of main-
ly cyclooxygenase (COX)-1 activity, the NSAIDs exert a deleterious influence
on the upper and lower gastrointestinal (GI) mucosal integrity by affecting the
local inflammatory mechanisms, such as neutrophil recruitment, the activation
of proinflammatory cytokines, impairment of microcirculation and the release of
free oxygen metabolites. A new class of nitric oxide (NO)-releasing NSAIDs was
developed to limit the serious adverse effects associated with NSAIDs inges-
tion, but their effect in lower GI healing with respect to colitis in animal models
has not been carefully investigated. Sensory neurons releasing neuropeptides
such as calcitonin gene related peptide (CGRP) are involved in the mechanism
of Gl protection and ulcer healing due to activation of vasodilatatory mediators
such as CGRP. Currently, it is unknown whether these sensory neuropeptides
could influence the healing of ulcerative colitis (UC) in animals treated with NO-
releasing aspirin (ASA).

Research frontiers

Both UC and Crohn'’s disease belong to the category of inflammatory bowel dis-
eases (IBD). It is believed that three major factors influence the pathogenesis
of these two diseases: an individual's susceptibility, microflora of the gastroin-
testinal tract and immunological properties of the gastrointestinal mucosa. UC
is a disease of the colon which is characterized in humans by chronic inflam-
mation in both the mucosal and submucosal layer with a cellular and humoral
immunological response. Patients suffering from UC frequently require anti-
inflammatory analgesics such as NSAIDs because of inflammatory conditions
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such as arthritis, sacroilitis or osteoporosis-related fractures. On the other hand
conventional NSAIDs may either induce development of colitis in the healthy
colon or exacerbate preexisting colitis. Previous studies revealed that COX
exists in the following two isoforms: the inducible COX-2, which is detected at
the site of inflammation, and COX-1, which functions in a housekeeping fash-
ion, is present in the majority of human tissues and organs, and is responsible
for homeostasis and Gl tract integrity. PGs induced by COX-2 are involved in
maintaining the intestinal mucosa integrity, in the healing of gastrointestinal
ulcers and the modulation of IBD. But the inhibition of both COX-1 and COX-2
isoforms seems to be necessary to induce significant intestinal damage. The
new class of NSAIDs containing the NO moiety, such as NO-releasing ASA,
could be an alternative strategy in the attenuation of Gl side effects of conven-
tional NSAIDs such as ASA. This is due to the fact that NO released from ASA
possesses anti-inflammatory properties and contributes to the resolution of
intestinal inflammation.

Innovations and breakthroughs

The authors attempted to determine the involvement of NO released from
NO-ASA and its role in the mechanism of the healing of colitis. This was ac-
complished by using NO-ASA and glyceryl trinitrate (GTN), an NO donor,
added to classic ASA to mimic the protective action of NO-ASA. Treatment
with NO-ASA improved the healing of colitis, with these effects as well as the
anti-inflammatory properties of NO-ASA being attributed to the NO released
from NO-ASA, which was ultimately responsible for the improvement of colonic
blood flow (CBF) observed in this study. Furthermore, the authors found that
both NO and the activation of sensory nerve neuropeptides such as CGRP
may contribute to the healing effects and the hyperemia induced by NO-
ASA. This could be responsible for the attenuation of the expression and the
release of pro-inflammatory cytokines such as IL-1f3 and tumor necrosis factor
(TNF)-c.. This is supported by the fact that GTN, which is an NO donor, when
co-administered with ASA, significantly decreased colonic damage and coun-
teracted the decrease in CBF induced by this NSAID. The study demonstrates
that NO-ASA is beneficial when compared to its parent drug ASA in the healing
of experimental colitis. Furthermore, celecoxib, the selective COX-2 inhibitor,
showed greater efficacy in healing colitis than was observed with non-selective
COX-1 and COX-2 inhibitors (conventional ASA, indomethacin). However, the
prolonged use of coxibs in clinical practice may be associated with prothrom-
botic action and increased risk of acute myocardial infarction. This significant
finding of the authors with respect to selective COX-2 inhibitors and healing of
ulcerative colitis requires further investigation and confirmation in clinical trials.

Applications

(1) Inhibition of both COX-1 and COX-2 isoforms by non-selective and selective
COX-1 inhibitors exacerbates colonic damage and leads to functional impairment
of the colonic mucosa blood flow during the process of healing of calitis; (2) The
importance of PG inhibition by NSAIDs in the pathogenesis of colitis is confirmed
by the finding that supplementation with exogenous PGs of animals concurrently
treated with COX-1 or COX-2 inhibitors attenuated the colonic damage and the
decrease of CBF induced by these agents; and (3) The NO released from ASA
may be an alternative option to native ASA in patients with lower Gl tract disorders
such as UC.

Terminology

Incorporation of NO generating moiety into the basic structure of NSAIDs, such
as aspirin (NO-ASA) attenuates the ulcerogenic activity of native NSAID. Un-
der basal conditions, NO derived from the activity of constitutive NO synthase
(cNOS) contributes to the maintenance of intestinal integrity and the control of
intestinal motility. NO and CGRP exhibit a protective action against NSAIDs
induced impairment of colonic healing. GTN, an NO donor, and 2-(4-carboxy-
phenyl)-4,5-dihydro-4,4,5,5-tetramethyl-1H-imidazolyl-1-oxy-3-oxide, monopo-
tassium salt, an NO scavenger were used for the evaluation of the involvement
of NO in the process of colonic healing in rats with colitis. CGRP is a sensory
neurotransmitter released from the peripheral endings of afferent sensory
neurons implicated in the defense mechanism of the GI mucosa. Capsaicin, an
active ingredient of red pepper, has been found to induce a functional ablation
of the capsaicin-sensitive afferent nerves releasing CGRP. Previous studies
revealed that when applied in small doses capsaicin exerts a protective action,
but large doses of this neurotoxin render the GI mucosa more susceptible to
damage induced by various ulcerogens and stressors.

Peer review
This work is good, with proper design of research and interesting results.
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Abstract

AIM: To explore the role of high-mobility group box 1
(HMGB1) protein during liver fibrogenesis and investi-
gate the functional effects of HMGB1 gene silencing in
hepatic stellate cells (HSCs) using siRNA.

METHODS: Hepatic fibrosis in rats was induced throu-
gh serial subcutaneous injections of dimethylnitrosamine,
and expression of HMGB1 was detected by immunohis-
tochemistry. HMGB1 siRNAs were developed and tran-
siently transfected into HSC-T6 cells using Lipofectamine
2000. HMGB1 expression was evaluated by real-time
polymerase chain reaction (PCR) and Western blotting
analysis. Expression of a-smooth muscle actin (a-SMA)
and collagen types I and Il was evaluated by real-time
PCR. Cell proliferation and the cell cycle were determined
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using the methyl thiazolyl tetrazolium method. Finally,
collagen content in HSC supernatant was evaluated by
an enzyme-linked immunosorbent assay.

RESULTS: The results showed that HMGB1 was up-
regulated during liver fibrosis and that its expression
was closely correlated with the deposition of collagen.
siRNA molecules were successfully transfected into
HSCs and induced inhibition of HMGB1 expression in
a time-dependent manner. Moreover, HMGB1 siRNA
treatment inhibited synthesis of a-SMA and collagen
types I and I in transfected HSCs.

CONCLUSION: This study suggests a significant fun-
ctional role for HMGB1 in the development of liver
fibrosis. It also demonstrates that downregulation of
HMGB1 expression might be a potential strategy to
treat liver fibrosis.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic fibrosis is a major medical problem associated
with significant morbidity and mortality. Regardless of
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the underlying aetiologym, hepatic fibrosis is character-
ized by the accumulation of excess extracellular matrix
(ECM). The amount of matrix deposition depends on
the balance between its synthesis and degradation. When
synthesis of ECM exceeds its degradation, the patholog-
ical accumulation of ECM leads to liver fibrosis. There-
fore, a critical balance must be achieved between main-
taining the proper amount of ECM for homeostasis,
while at the same time, providing a means of ensuring
that excess or improper accumulation does not occur.

High-mobility group box 1 (HMGB1) protein was
originally identified as a nuclear nonhistone protein with
DNA-binding domains, and it has been implicated as
an important endogenous danger signaling molecule.
In addition, it can be secreted from cells and exert ex-
tracellular functions as a proinflaimmatory cytokine[z’ﬂ.
Increasing evidence now points to multiple functions
of HMGBI1 in infection, tissue injury, inflammation,
apoptosis, and the immune responsew. HMGB1 can be
released both through active secretion from various cells,
including activated monocytes/macrophages, neutro-
phils, and endothelial cells, and through passive release
from necrotic cells””. HMGB1 can directly promote the
secretion of proinflammatory cytokines [tumor necrosis
factor (INF), interleukin (I1)-1A/B, IL.-6 and IL-8] and
chemokines (macrophage inflammatory protein-1A/B)
by peripheral blood mononuclear cells (PBMCs)™”.
In turn, PBMCs also produce different cytokines that
are potentially involved in virus-induced liver damage.
HMGB1 acts as a chemoattractant for fibroblasts and
endothelial and smooth muscle cells, which are cell
types that significantly contribute to wound repair[g’m.
Consequently, HMGB1 can directly stimulate fibroblast
proliferation and participate in ﬁbrogenesism. Addition-
ally, inhibitors of HMGB1 significantly reduce tissue
damageﬁ’(ﬂ. Morteover, Hamada ¢# /" have reported that
inhibition of HMGB1 may be beneficial in pulmonary
fibrosis. Therefore, we postulated that inhibiting the up-
regulation of HMGB1 during liver fibrogenesis could be
a potential strategy for treating liver fibrosis.

RNA interference is known as a powerful tool for
post-transcriptional gene silencing"! and has opened new
avenues in gene therapy. In this study, we induced hepatic
fibrosis in rats through serial subcutaneous injections of
dimethylnitrosamine (DMN) for 4 wk and evaluated the
expression of HMGB1 during the process of hepatic
fibrogenesis. Additionally, siRNA molecules targeting the
sequences within the rat HMGBT7 gene were transfected
into hepatic stellate cell (HSC)-T6 cells. The results show
that the expression of HMGB1 was correlated with col-
lagen deposition during hepatic fibrosis and that down-
regulating HMGB1 expression could prohibit collagen
production and enhance collagen degradation.

MATERIALS AND METHODS

Animal models
Thirty-two 6-wk-old male Sprague-Dawley rats (230-260 g)
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were purchased from the Shanghai Laboratory Animal
Centre of Chinese Academy of Sciences and fed ad /ibitum
with standard laboratory chow. All rats received humane
care according to the Guide for the Care and Use of
Laboratory Animals by the Chinese Academy of Sciences.
Hepatic fibrosis was induced by intraperitoneal injections
of 1% DMN (1 mL/kg body weight) for three consecu-
tive days per week for up to 4 wk!". Rats were sacrificed
at 1, 2 and 3 wk from the first DMN injection. Liver tis-
sues were either snap-frozen in liquid nitrogen or fixed in
10% formalin for histology and immunostaining;

Histological and immunohistochemical examination
Liver tissue sections were stained with hematoxylin-eosin
(HE) for histopathological examination. Immunohis-
tochemical examination was performed to detect the
expression of HMGB1 and collagen types [ and I in
liver tissues. Briefly, the paraffin sections of left median
hepatic lobes were incubated with 3% H20:2 in methanol
at 37 C for 10 min to quench endogenous peroxidase ac-
tivity. After blocking at room temperature for 20 min, the
sections were incubated with antibodies against HMGB1
(R and D Systems, Germany), collagen type I or col-
lagen type Il (Boster, Wuhan, China) overnight at 4 C
followed by incubation with horseradish-peroxidase-
conjugated secondary antibody (Dako, Kyoto, Japan) at
37 °C for 20 min. Finally, the signals were detected using
the Diaminobenzidine Substrate Kit (Vector Laborato-
ries, Burlingame, CA, United States), and a positive out-
come was indicated by brown staining in the cytoplasm
or nucleus. For the semiquantitative analysis of HMGB1
and collagen expression, the brown-stained tissues in
immunohistostaining sections were measured on an im-
age analyzer by a technician blinded to the samples. Five
fields were selected randomly from each of two sections,
and six rats from each group were examined.

Double immunostaining of HUGB1 and «.-smooth mus-
cle actin

Liver sections were blocked with 5% normal goat serum
after fixing and then simultaneously incubated with both
monoclonal anti-HMGB1 (R and D Systems, Germany)
and polyclonal o-smooth muscle actin (o-SMA) (Fre-
mont, CA, United States) antibodies prepared in phos-
phate-buffered saline (PBS). The sections were incubated
overnight at 4 ‘C or 1 h at room temperature and then
washed with PBS. Sections were then simultaneously in-
cubated with fluorescein-isothiocyanate-conjugated sec-
ondary antibody and rhodamine-conjugated secondary
antibody for 30 min at 37 ‘C in the dark. Both primary
antibodies were produced in different species. Antibody
labeling was examined under a Zeiss LSM-510 laser
scanning confocal microscope.

Cell culture

The HSC-T6 cell line, an immortalized rat HSC line,
which has a stable phenotype and biochemical charac-
teristics, was kindly provided by Dr. SL Friedman (Divi-
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sion of Liver Diseases, Mount Sinai School of Medicine,
New York, NY, United States). All cells were cultured in
RPMI1640 medium supplemented with 10% fetal bovine
serum and 5% antibiotics and incubated at 37 °C in a hu-
midified atmosphere of 5% COz. Cells were seeded at 2 X
10° per well in six-well plates 24 h before transfection. The
amount of siRNA and transfection reagent was calculated
according to the manufacturer’s instructions.

Immunofiuorescence study

HSC-T6 cells were cultured for 24 h on glass coverslips
and fixed in 4% formaldehyde for 30 min at room tem-
perature prior to detergent extraction with 0.1% Triton
X-100 for 10 min at 4 “C. Coverslips were saturated with
PBS containing 2% bovine serum albumin (BSA) for 1 h
at room temperature. Next, cells were incubated with the
specific primary antibody for HMGB1 (R and D Sys-
tems, Germany) in 1% BSA for 1 h, washed, and incu-
bated with secondary antibody (TRITC AffiniPure Goat
Anti-Rabbit IgG, EarthOx, LLL.C, United States). Finally,
cells were stained for 30 min at room temperature with
4,6-diamidino-2-phenylindole. Slides were viewed with a
Zeiss LSM-510 laser scanning confocal microscope.

Preparation of siRNA, construction of siRNA expression
vector and transfection assay

The siRNAs for rat HMGB1 mRNA were designed and
synthesised by Invitrogen Life Technologies. We pre-
pared three siRNAs, and the most effective one was se-
lected for construction of the siRNA expression vector.
The siRNA sequences used are shown in Table 1. Nega-
tive control siRNAs were used to assess non-specific
gene silencing effects, and the mock group was the non-
transfection group. Cells were transfected with a mixture
of plasmid DNA and Lipofectamine 2000 (Invitrogen)
in Opti-MEM I medium without serum as recommend-
ed by the manufacturer. The medium was then replaced
with standard RPMI medium (containing 10% FBS and
gentamicin) 24 h post-transfection.

Real-time quantitative polymerase chain reaction

Total RNA was extracted at different time points after
siRNA transfection using the Trizol kit (Gibco/Life
Technologies) according to the manufacturer’s protocol.
The mixture of RNA and primers was loaded into the
polymerase chain reaction (PCR) amplifier. The PCR
protocol was as follows: predenaturate setting at 95 C
for 5 min, 94 “C for 45 s, annealing at 50 C for 1 min,
and extension at 72 ‘C for 1 min. The PCR was pet-
formed for 40 cycles followed by a final extension at
72 °C for 10 min. We then visualized the PCR product
by running it on a 1.5% agarose gel and quantitatively
analysed it with Lab Works 4.5 analysis software.

Western blotting

The same quantities of cells were collected from the
four groups, and the protein was extracted from the
cells at the 24, 48 and 72 h after transfection. The pro-
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Table 1 Design of small interfering RNA sequences for high-

mobility group box 1

Plasmid constructs Target sequence in mRNA(57-3”)

HMGB1-1 (shRNAHT1) GCAAATGACTCAATCTGATT
HMGB1-2 (shRNAH2) AATAGGAAAAGGATATTGCT
HMGB1-3 (shRNAH3) ACCCGGATGCTTCTGTCAAC

HMGBI: High-mobility group box 1.

tein content in the supernatant was detected using the
bicinchoninic acid method. An equal amount of protein
was used for sodium dodecyl sulfate polyacrylamide gel
electrophoresis electrophoresis and transferred onto a
polyvinylidene fluoride (PVDF) membrane. The PVDF
membrane was incubated overnight at 4 ‘C with mono-
clonal anti-human HMGB1 (1:300) and was then incu-
bated for 2 h with a secondary antibody (1:5000). Finally,
after staining and fixing, the film was analyzed using the
Image Analysis System.

Enzyme-linked immunosorbent assay

Commercial kits (Sigma, St. Louis, MO, United States) were
used to quantitate the amount of collagen types I and Il
in the culture supernatant of HSCs at different time points
after siRNA transfection.

Methyl thiazolyl tetrazolium used for observing cell pro-
liferation

The cell suspension was inoculated into 96-well plates at
1000 cells per well with eight ambi-wells and incubated for
1, 2, 3, 4 and 5 d after transfection. Cells were incubated
with 20 pul. methyl thiazolyl tetrazolium for 4 h. After
centrifugation, 150 pl. dimethyl sulfoxide was added to
the precipitate, and the absorbance of the enzyme was
measured at 490 nm. Cell growth rates (average absor-
bance of each transfected group/non-transfected group)
were then calculated.

Statistical analysis

Continuous data were expressed as the mean + SD and
were analyzed using the Student’s 7 test. Correlations
among the study variables were tested using Pearson’s
correlation coefficients. P < 0.05 were considered sta-
tistically significant. All calculations were performed
using SPSS version 13.0 (SPSS Inc., Chicago, 1L, United
States).

RESULTS

Histological and immunohistochemical assessment

To investigate the expression of HMGB1 during liver
fibrosis, liver sections were analysed by HE staining and
immunohistochemistry. We localized HMGB1 and col-
lagen types I and I in liver specimens by immunohisto-
chemistry. None of these proteins were observed in con-
trol rat livers. In fibrotic rat livers, HMGB1 was markedly
increased during liver fibrogenesis and was correlated with
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Figure 1 High-mobility group box 1 protein was upregulated after dimethylnitrosamine injection. A: Immunohistochemical study of high-mobility group box 1
(HMGBH1) distribution and expression in liver fibrosis specimens (original magnification, x 400). Brown color displays the positive expression. a: There was no immuno-
reactivity in the normal liver tissue; b: Weak staining in liver fibrosis tissue at 1 wk after the first dimethylnitrosamine (DMN) injection; c: Moderate staining in liver fibro-
sis tissue at 2 wk after the first DMN injection; d: Strong staining in liver fibrosis tissue at 3 wk after the first DMN injection; B: Immunohistochemical study of collagen
type I in liver fibrosis specimens (original magnification, x 400). Brown color displays the positive expression. Collagen type I was markedly increased during liver fi-
brogenesis; C: Immunohistochemical study of collagen type III in liver fibrosis specimens (original magnification, x 400). Brown color displays the positive expression.
Collagen type I was markedly increased during liver fibrogenesis; D: The amount of HMGB1, collagen types I and III staining in liver tissue was measured using an
image analyzer during liver fibrosis. HMGB1 was markedly increased during liver fibrogenesis, correlated with the expression of collagen types I and III (r=0.90, P <
0.05and r=0.89, P <0.05).

the expression of collagen types I and IlI. Immunohis-
tochemistry indicated that the intensity of HMGB1 im-
munostaining was stronger in the fibrotic samples (DMN
week 1) than in the control group. After DMN injection
for 2-3 wk, greater HMGB1 staining was found around
the portal tracts and fibrotic septa (Figure 1A). With the
development of hepatic fibrosis, there was an enhanced
expression of HMGBI1, correlating with collagen types
[ and Il expression, which was mainly located within
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the mesenchymal (Figure 1B and C). Statistical analysis
showed that the expression of HMGB1 was completely
correlated with the expression of collagen types [ and Il
during the development of hepatic fibrosis (Figure 1D) (P
< 0.05).

Cellular localization of HUGB1 in DMN-treated rats

a-SMA, a typical marker of activated HSCs, was selected
to determine the cellular localization of HMGB1 in hepat-
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Figure 2 Double immunostaining was used to analyze the cellular localization of high-mobility group box 1 protein and a-smooth muscle actin in hepatic
fibrosis tissue (original magnification, x 200). A: a-smooth muscle actin («-SMA) was stained with polyclonal a-SMA antibody and secondarily by rhodamine -conju-
gated anti-rabbit antibody (green); B: High-mobility group box 1 (HMGB1) was stained with monoclonal anti-HMGB1 antibody and secondarily by fluoresceinisothiocya-
nate-conjugated anti-rabbit antibody (red); C: The yellow areas on the merged image show co-localization of a-SMA and HMGB1.

..

Figure 3 High-mobility group box 1 protein expression in hepatic stellate cell-T6 cells by immunofluorescence staining (original magnification, x 200). A:
High-mobility group box 1 (HMGB1) protein was stained with monoclonal anti-HMGB1 antibody and secondarily by fluoresceinisothiocyanate-conjugated anti-rabbit
antibody (red); B: Nuclei were labelled with 4’,6-diamidino-2-phenylindole (blue); C: The merge picture.

ic fibrosis tissue. The localization of HMGB1 and o-SMA
was visualized by immunofluorescent double labeling and
laser scanning confocal microscopy. The image analysis
showed a diffused distribution of HMGB1 throughout
the hepatic fibrosis tissue (Figure 2A), and a similar distri-
bution was observed for aq-SMA (Figure 2B). When the
two images were merged, there was a very high degree of
co-localization of HMGB1 with a-SMA throughout the
hepatic fibrosis tissue (Figure 2C).

Intracellular localization of HUGB1 in activated HSC-T6 cells
An immunofluorescence study of HSC-TG6 cells after 24 h
of culture demonstrated the intracellular localization of
HMGB1. We evaluated the subcellular localization of
HMGBI1 by separating bulk nuclei and cytosolic fractions,
and HMGB1 was detected primarily within the cytosol
of activated HSC-T6 cells (Figure 3).

Selection of HUGB1 mRNA sequence target

As shown in Table 1, a total of three candidate siRNA
sequences were chosen to be complementary to various
regions of the rat HMGBT gene. In a set of preliminary
experiments designed to identify the most appropriate se-
quence for further study, these sequences were transfected
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into HSC-T6 using Lipofectamine. Forty-eight hours after
transfection, HMGB1 transcript and protein levels were
reduced in transfected cells. This HMGBT gene-silencing
effect was reproducible and was specific in that it failed
to knock down the expression of an unrelated protein,
B-actin. All three HMGB1 shRINAs tested in this study
were able to reduce the HMGB1 expression in HSC-T6
cells compared with the negative control (NC) siRNA
transfectants. Although all three HMGB1 shRNA con-
structs were effective, sShRNAH3 was more efficient in
reducing the HMGBI1 transcript levels than shRNAH2
and shRNAH1 (Figure 4A). Western blotting analysis (Fig-
ure 4C) further confirmed the ShARNAH3 silencing of the
HMGBI1 protein in HSC-T6 cells. Semiquantitative analysis
of the real-time (RT)-PCR and Western blot results (Fig-
ure 4B and D) also showed that HMGB1 shRNAH3 de-
creased the expression of HMGB1 in HSC-T6 cells more
efficiently than shRNAH2 and shRNAH1. Accordingly,
we chose shRNAH3 for the subsequent experiments.

HMGB1 siRNA downregulated mRNA expression of
o-SMA and types I and III collagen in HSC-T6

To investigate the effect of HMGB1 siRNA on HSCs
and its potential molecular mechanisms, we detected the
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were effective, but S\RNAH3 was more efficient in reducing the HMGB1 mRNA and protein levels than shRNAH2 and shRNAH1.
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Figure 5 High-mobility group box 1 siRNA inhibited c-smooth muscle actin, collagen types I and I mRNA expression in hepatic stellate cell-T6 cells. A:
Real-time polymerase chain reaction (RT-PCR) analysis for a-smooth muscle actin (o-SMA), collagen types I and I mRNA expression in hepatic stellate cell-T6 cells
after siRNA high-mobility group box 1 transfection. p-actin was used as the internal loading control; B-D: Semiquantitative analysis of the RT-PCR result. °P < 0.05 vs

negative controls (NC) or mock.

Table 2 Effect of high-mobility group box 1 siRNA on the cell cyde

Cell cycle phases(%) ShRNAH3 group NC group

nificant differences in the number of cells in the three-
groups 2 d after transfection (P > 0.05), but the prolif-
eration in the sShRNAH3 group was less than that in the
NC group and non-transfection group (Mock group) 3,

G0/G1 phase 58.31% + 0.48%" 44.25% £ 0.63% . .
S phase 29.12% +1.26%" 41.32% +1.58% 4 and 5 d after transfection (P < 0.05, Flgure 7). A cell
G2/M phase 12.57% +1.04% 14.53% +1.28% cycle study also indicated that cells were arrested in the

‘P <0.05 vs negataive controls (NC) group.

mRNA expression of some profibrogenic markers, includ-
ing a-SMA and collagen types [ and IIl, in transfected
HSC-T6. As shown in Figure 5, HMGB1 siRNA reduced
the mRNA levels of o-SMA and collagen types [ and III.

HMGB1 siRNA reduced the collagen content in the
HSC-T6 supernatant

To confirm the effect of HMGB1 siRNA on collagen se-
cretion and degradation, we examined the amount of colla-
gen types | and IIl in HSCs 48 and 72 h after transfection
with sShRNAH3 using an ELISA. The results reveal that the
content of both collagen types I and Il was decreased af-
ter transfection with HMGB1 siRNA. Compared with the
NC group, the content of collagen types [ and III was re-
duced to 63% and 61%, respectively, 72 h after shRNAH3
transfection (Figure 6).

HMGB1 siRNA inhibited HSC-T6 cells proliferation
The trypan blue dye test showed that there were no sig-
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4095

GO0/GT1 phase and that the proportion of cells in the S
phase was significantly reduced after downregulation of

HMGB1 in HSCs (Table 2).

DISCUSSION

Liver fibrosis is highly associated with chronic hepatocel-
lular injury and the subsequent inflaimmatory response
that produces inflammatory cytokines and recruits in-
flammatory leukocytes to the injured site. This inflam-
matory circumstance in the liver drives the activation of
HSCs through various fibrogenic mediators">", Acti-
vated HSCs transdifferentiate into myofibroblasts, which
then produce excessive amounts of ECM proteins,
including collagen types I, Ill and IV. This leads to irre-
versible collagen deposition, resulting in liver fibrosis"*'.
Many studies have suggested that enhancement of matrix
degradation may prove particulatly valuable in response
to injury caused by matrix depositionmﬂ. Some studies
have shown that HMGB1 can stimulate proinflammatory
cytokine synthesis and directly stimulate fibroblast prolif-
eration and participate in fibrogenesis'® "
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Figure 7 High-mobility group box 1 siRNA suppressed hepatic stellate
cell-T6 proliferation. Cell growth curves of hepatic stellate cell-T6 transfected
with shRNAH3 were analyzed by methyl thiazolyl tetrazolium conversion. Each
sample was tested in triplicate and error bars were included. Compared with
negative controls (NC) group and non-transfection group, proliferation of shR-
NAH3 group was less at the 3-5 d after transfection (P < 0.05).

Increased expression of HMGB1 has been reported
in several liver diseases, including Con A-induced hepati-
tis'"" hepatic ischemia™, and orthotopic liver transplanta-
tion (OLT)"”. In the present study, we evaluated HMGB1
expression in the DMN rat model. We found that the
level of HMGB1 was upregulated during DMN injec-
tion. Moreover, the expression of HMGB1 was closely
correlated with the expression of collagen types I and
Il and was mainly localized to the nonparenchymal cells,
especially HSCs. These results suggest that HMGB1 is
involved in hepatic fibrogenesis and may play a critical
role in the reversal process of liver fibrosis.

HMGB1 was originally identified as a nuclear non-
histone protein with DNA-binding domains and was
implicated as an important endogenous danger signal-
ing molecule. Although predominantly located in the
nucleus of quiescent cells, HMGB1 can be actively se-
creted in response to exogenous and endogenous infla-
mmatory stimuli such as endotoxin, TNF-q, IL-1, and
interferon'y[zo’zﬂ. In addition, extracellular HMGB1
mediates a wide range of inflammatory responses and
promotes cell proliferation, migration, and differentia-
tion"""*, The cytoplasmic localization of HMGB1 in our
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study may suggest that HMGB1 plays extra nuclear roles
in liver fibrosis and that HSC-TG6 cells may even sectrete
HMGBI to promote extracellular functions. The subcel-
lular location of HMGB1 in monocytic cells is known
to be dependent on the acetylation status of the nuclear
localization signal (NLS) of the HMGB1 protein'.
Inflammatory signals promote acetylation of the NLS,
leading to cytoplasmic accumulation of HMGBL1 in se-
cretory lysosomes in the monocytic cells”, These secre-
tory lysosomes are subsequently exocytosed when the
monocytic cells are triggered by a second inflammatory
stimulus. Whether the subcellular location of HMGB1
in HSC-T6 cells is regulated in a similar way remains to
be investigated.

It has become appatent in recent years that HMGB1
is instrumental in mediating a response to tissue dam-
age and infection. HMGB1 released from necrotic or
damaged cells not only triggers inflammation as a non-
specific proinflammatory cytokine but also triggers the
adaptive immune response””. Extracellular HMGB1
functions as a damage-associated molecular pattern mol-
ecule and activates proinflammatory signaling pathways
by activating pattern-recognition receptors including toll-
like receptor 4 (TLR4) and the receptor for advanced
glycation end-products (RAGE)®"*. A previous report
showed that RAGE expression in fibrotic livers is re-
stricted to HSCs; its expression is up regulated duri[%]c;

>

cellular activation and transition to myofibroblasts
strongly suggesting that HMGB1 is involved in the
pathogenesis of liver fibrosis. TLR4 has been suggested
to be a receptor for extracellular HMGB1P"" and
previous studies have indicated that the interaction of
HMGB!1 with TLR4 plays a critical role in hepatic fibro-
sis™. To date, little has been reported about the patho-
genic interactions between HMGB1 and HSCs in terms
of profibrogenic propensity. Kao provided evidence that
HMGB1 up regulates a-SMA expression and suppresses
the activity of the collagen-degrading enzyme matrix
metalloproteinase-2", That study also implied that
HMGBI, once it is released during rejection of OLT,
activates HSCs and exhibits profibrogenic effects either
by increasing the HSC population and ECM deposition
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in liver grafts or by transforming HSCs into myofibro-
blasts. In contrast, neutralization with an anti-HMGB1
antibody may be a therapeutic modality to prevent fibro-
genesis in post-OLT liver grafts[33].

siRNA has become a powerful tool for functional ge-
netic studies and gene therapy in mammals™*, Although
gene knockdown by siRNA is highly effective, the off-
target effect of siRNA may represent a major obstacle
for therapeutic applications. However, the potential off-
target effects could be minimized by choosing an siRNA
with maximal sequence divergence from the list of genes
with partial sequence identity to the intended mRNA tar-
getm]. Software was used to choose a maximal sequence
identity of HMGB1 siRNA, and three siRNA sequences
were designed. In preliminary experiments, we identified
the fact that shARNAH3 had certain interference effects.
Our results show that this sequence was more efficient in
reducing the HMGBI transcript levels.

In the present study, we found that after HMGB1 was
downregulated in HSCs by siRNA, there was an inhibi-
tory effect on the mRNA levels of a-SMA and collagen
types | and I, suggesting that inhibition of HMGB1
could directly result in suppression of HSC activation and
collagen production. We also discovered that HMGB1
siRNA prohibited HSC proliferation, and a cell cycle
analysis revealed that downregulation of HMGB1 arrest-
ed cells at the GO/G1 phase, which confirmed the effect
of HMGB1 on cell proliferation; however, the definitive
mechanism responsible is still uncertain because HMGB1
is multifunctional and has multiple molecular interactions.

In conclusion, HMGB1 was upregulated during liver
fibrogenesis, and downregulating HMGB1 expression
in HSCs by siRNA prohibited the activity of HSCs and
collagen synthesis and enhanced collagen degradation.
The results of our study indicate a significant functional
role for HMGBI in the development of liver fibrosis,
and downregulating HMGB1 expression with siRNA
could be an effective way to treat liver fibrosis.

COMMENTS

Background

Hepatic fibrosis is a response to injury in the liver. It is characterized by both
a quantitative and qualitative change in the extracellular matrix (ECM). The
activated hepatic stellate cell (HSC) is primarily responsible for excessive ECM
deposition during liver fibrosis. It has been shown that high-mobility group box 1
(HMGBH1) expression is up regulated during myofibroblast cellular activation and
involved in the pathogenesis of hepatic fibrosis. This suggests that HMGB1 is a
promising molecular target for hepatic fibrosis gene therapy. Inhibition of abnor-
mal expression of HMGB1 may be an effective strategy for biological therapy of
hepatic fibrosis.

Research frontiers

HMGB1 is a major component of mammalian chromatin endowed with an
architectural function. Increasing evidence now points to multiple functions of
HMGBH1 in infection, tissue injury, inflammation, apoptosis and the immune
response. It has been reported in several liver diseases, including hepatitis,
hepatic ischemia, and orthotopic liver transplantation. HMGB1 has been impli-
cated in the pathogenesis of several liver diseases, including Con-A-induced
hepatitis, hepatic ischemia, and orthotopic liver transplantation. However, the
role of HMGB1 and how to inhibit its expressiong in hepatic fibrosis has yet to
be fully elucidated. In this study, the authors demonstrate that the overexpres-
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sion of HMGB1 could be a potential mechanism for mediating collagen expres-
sion and downregulating HMGB1 expression might present as a potential
strategy to treat liver fibrosis.

Innovations and breakthroughs

Studies of targeting in vitro and in vivo over expressed genes in hepatic fibrosis
by RNA interference, including transforming growth factor-3, connective tissue
growth factor and p90RSK, have been reported. However, there has been still
no report about targeting HMGB1 by siRNA in hepatic fibrosis. In the pres-
ent study, the authors used siRNA approach to block HMGB1 expression in
HSC-T6 cells, to determine the role of constitutively activated HMGB1 during
hepatic fibrosis pathogenesis, and to explore the role and molecular mecha-
nism of targeting HMGB1 in hepatic fibrosis therapy.

Applications

By investigating the effect of silencing HMGB1 expression by siRNA on the
collagen synthesis and proliferation of HSC-T6 cells, this study may provides a
new strategy for biological therapy of liver fibrosis by targeting HMGB1.
Terminology

HMGB1 was originally identified as a nuclear nonhistone protein with DNA-
binding domains and implicated as an important endogenous danger signaling
molecule. But it can also be secreted from cells and exert extracellular functions
as a proinflammatory cytokine. HSCs are a minor and quiescent cell type in the
liver that usually reside in the space of Disse, but which undergo activation after
hepatic injury to produce large quantities of fibrillar collagens.

Peer review

The authors demonstrated the increase of HMGB1 expression in fibrotic livers.
Then, they investigated the effect of HMGB1 silencing by siRNA on stellate cell
activation and proliferation. The results show that siRNA for HMGB1 signifi-
cantly inhibits collagen expression and stellate cell proliferation.

REFERENCES

1  Moreira RK. Hepatic stellate cells and liver fibrosis. Arch
Pathol Lab Med 2007; 131: 1728-1734

2 Tsung A, Sahai R, Tanaka H, Nakao A, Fink MP, Lotze MT,
Yang H, Li ], Tracey K], Geller DA, Billiar TR. The nuclear
factor HMGB1 mediates hepatic injury after murine liver
ischemia-reperfusion. ] Exp Med 2005; 201: 1135-1143

3 Wang H, Bloom O, Zhang M, Vishnubhakat JM, Ombrel-
lino M, Che ], Frazier A, Yang H, Ivanova S, Borovikova L,
Manogue KR, Faist E, Abraham E, Andersson ], Andersson
U, Molina PE, Abumrad NN, Sama A, Tracey KJ. HMG-1 as
a late mediator of endotoxin lethality in mice. Science 1999;
285: 248-251

4 Hamada N, Maeyama T, Kawaguchi T, Yoshimi M, Fuku-
moto J, Yamada M, Yamada S, Kuwano K, Nakanishi Y. The
role of high mobility group box1 in pulmonary fibrosis. Am
] Respir Cell Mol Biol 2008; 39: 440-447

5 Ilmakunnas M, Tukiainen EM, Rouhiainen A, Rauvala H,
Arola J, Nordin A, Mikisalo H, Hockerstedt K, Isoniemi H.
High mobility group box 1 protein as a marker of hepato-
cellular injury in human liver transplantation. Liver Transpl
2008; 14: 1517-1525

6 Scaffidi P, Misteli T, Bianchi ME. Release of chromatin pro-
tein HMGB1 by necrotic cells triggers inflammation. Nature
2002; 418: 191-195

7 Ito I, Fukazawa J, Yoshida M. Post-translational methyla-
tion of high mobility group box 1 (HMGB1) causes its cy-
toplasmic localization in neutrophils. | Biol Chem 2007; 282:
16336-16344

8 Andersson U, Wang H, Palmblad K, Aveberger AC, Bloom
O, Erlandsson-Harris H, Janson A, Kokkola R, Zhang M,
Yang H, Tracey KJ. High mobility group 1 protein (HMG-1)
stimulates proinflammatory cytokine synthesis in human
monocytes. | Exp Med 2000; 192: 565-570

9 Raucci A, Palumbo R, Bianchi ME. HMGBI: a signal of ne-
crosis. Autoimmunity 2007; 40: 285-289

10 Mitola S, Belleri M, Urbinati C, Coltrini D, Sparatore B, Pe-
drazzi M, Melloni E, Presta M. Cutting edge: extracellular
high mobility group box-1 protein is a proangiogenic cyto-

September 28, 2011 | Volume 17 | Issue 36 |



11

12

13

14

15

16

17

18

19

20

21

22

23

24

Ge WS et a/. Inhibition of HMGB1 expression in HSC

kine. | Immunol 2006; 176: 12-15

Chen SW, Chen YX, Zhang XR, Qian H, Chen WZ, Xie WF.
Targeted inhibition of platelet-derived growth factor recep-
tor-beta subunit in hepatic stellate cells ameliorates hepatic
fibrosis in rats. Gene Ther 2008; 15: 1424-1435

Bataller R, Brenner DA. Liver fibrosis. | Clin Invest 2005;
115: 209-218

Friedman SL. Mechanisms of hepatic fibrogenesis. Gastroen-
terology 2008; 134: 1655-1669

Hu YB, Li DG, Lu HM. Modified synthetic siRNA targeting
tissue inhibitor of metalloproteinase-2 inhibits hepatic fibro-
genesis in rats. | Gene Med 2007; 9: 217-229

Uchinami H, Seki E, Brenner DA, D’ Armiento J. Loss of
MMP 13 attenuates murine hepatic injury and fibrosis dur-
ing cholestasis. Hepatology 2006; 44: 420-429

Roderfeld M, Weiskirchen R, Wagner S, Berres ML, Henkel
C, Grotzinger ], Gressner AM, Matern S, Roeb E. Inhibition
of hepatic fibrogenesis by matrix metalloproteinase-9 mu-
tants in mice. FASEB ] 2006; 20: 444-454

Gonzalez-Cuevas J, Bueno-Topete M, Armendariz-Borunda
J. Urokinase plasminogen activator stimulates function of
active forms of stromelysin and gelatinases (MMP-2 and
MMP-9) in cirrhotic tissue. | Gastroenterol Hepatol 2006; 21:
1544-1554

Gong Q, Zhang H, Li JH, Duan LH, Zhong S, Kong XL,
Zheng F, Tan Z, Xiong P, Chen G, Fang M, Gong FL. High-
mobility group box 1 exacerbates concanavalin A-induced
hepatic injury in mice. | Mol Med (Berl) 2010; 88: 1289-1298
Nakano T, Goto S, Lai CY, Hsu LW, Kao YH, Lin YC,
Kawamoto S, Chiang KC, Ohmori N, Goto T, Sato S, Jawan B,
Cheng YF, Ono K, Chen CL. Experimental and clinical sig-
nificance of antinuclear antibodies in liver transplantation.
Transplantation 2007; 83: 1122-1125

Rendon-Mitchell B, Ochani M, Li ], Han ], Wang H, Yang H,
Susarla S, Czura C, Mitchell RA, Chen G, Sama AE, Tracey
KJ, Wang H. IFN-gamma induces high mobility group box
1 protein release partly through a TNF-dependent mecha-
nism. | Immunol 2003; 170: 3890-3897

Wang H, Vishnubhakat JM, Bloom O, Zhang M, Ombrellino
M, Sama A, Tracey KJ. Proinflammatory cytokines (tumor
necrosis factor and interleukin 1) stimulate release of high
mobility group protein-1 by pituicytes. Surgery 1999; 126:
389-392

Palumbo R, Sampaolesi M, De Marchis F, Tonlorenzi R, Co-
lombetti S, Mondino A, Cossu G, Bianchi ME. Extracellular
HMGBI, a signal of tissue damage, induces mesoangioblast
migration and proliferation. | Cell Biol 2004; 164: 441-449
Bonaldi T, Talamo F, Scaffidi P, Ferrera D, Porto A, Bachi A,
Rubartelli A, Agresti A, Bianchi ME. Monocytic cells hyper-
acetylate chromatin protein HMGB1 to redirect it towards
secretion. EMBO ] 2003; 22: 5551-5560

Gardella S, Andrei C, Ferrera D, Lotti LV, Torrisi MR,
Bianchi ME, Rubartelli A. The nuclear protein HMGBI is
secreted by monocytes via a non-classical, vesicle-mediated
secretory pathway. EMBO Rep 2002; 3: 995-1001

(49

TR
JBaishideng®

WJG | www.wjgnet.com

4098

25

26

27

28

29

30

31

32

33

34

35

36

Dumitriu IE, Baruah P, Valentinis B, Voll RE, Herrmann M,
Nawroth PP, Arnold B, Bianchi ME, Manfredi AA, Rovere-
Querini P. Release of high mobility group box 1 by dendritic
cells controls T cell activation via the receptor for advanced
glycation end products. | Immunol 2005; 174: 7506-7515
Yang D, Chen Q, Yang H, Tracey K], Bustin M, Oppenheim
JJ. High mobility group box-1 protein induces the migration
and activation of human dendritic cells and acts as an alar-
min. | Leukoc Biol 2007; 81: 59-66

Hori O, Brett ], Slattery T, Cao R, Zhang ], Chen JX, Na-
gashima M, Lundh ER, Vijay S, Nitecki D. The receptor for
advanced glycation end products (RAGE) is a cellular bind-
ing site for amphoterin. Mediation of neurite outgrowth
and co-expression of rage and amphoterin in the develop-
ing nervous system. | Biol Chem 1995; 270: 25752-25761
Park JS, Svetkauskaite D, He Q, Kim JY, Strassheim D,
Ishizaka A, Abraham E. Involvement of toll-like receptors
2 and 4 in cellular activation by high mobility group box 1
protein. | Biol Chem 2004; 279: 7370-7377

Fehrenbach H, Weiskirchen R, Kasper M, Gressner AM.
Up-regulated expression of the receptor for advanced glyca-
tion end products in cultured rat hepatic stellate cells dur-
ing transdifferentiation to myofibroblasts. Hepatology 2001;
34: 943-952

Yang H, Hreggvidsdottir HS, Palmblad K, Wang H, Ochani
M, LiJ, Lu B, Chavan S, Rosas-Ballina M, Al-Abed Y, Akira
S, Bierhaus A, Erlandsson-Harris H, Andersson U, Tracey
KJ. A critical cysteine is required for HMGBI1 binding to
Toll-like receptor 4 and activation of macrophage cytokine
release. Proc Natl Acad Sci USA 2010; 107: 11942-11947

Han J, Zhong J, Wei W, Wang Y, Huang Y, Yang P, Purohit S,
Dong Z, Wang MH, She JX, Gong F, Stern DM, Wang CY.
Extracellular high-mobility group box 1 acts as an innate
immune medjiator to enhance autoimmune progression and
diabetes onset in NOD mice. Diabetes 2008; 57: 2118-2127
Tsung A, Klune JR, Zhang X, Jeyabalan G, Cao Z, Peng X,
Stolz DB, Geller DA, Rosengart MR, Billiar TR. HMGBI re-
lease induced by liver ischemia involves Toll-like receptor 4
dependent reactive oxygen species production and calcium-
mediated signaling. ] Exp Med 2007; 204: 2913-2923

Kao YH, Jawan B, Goto S, Hung CT, Lin YC, Nakano T, Hsu
LW, Lai CY, Tai MH, Chen CL. High-mobility group box
1 protein activates hepatic stellate cells in vitro. Transplant
Proc 2008; 40: 2704-2705

Jackson AL, Burchard J, Schelter J, Chau BN, Cleary M, Lim
L, Linsley PS. Widespread siRNA “off-target” transcript
silencing mediated by seed region sequence complementar-
ity. RNA 2006; 12: 1179-1187

Tschuch C, Schulz A, Pscherer A, Werft W, Benner A,
Hotz-Wagenblatt A, Barrionuevo LS, Lichter P, Mertens D.
Off-target effects of siRNA specific for GFP. BMC Mol Biol
2008; 9: 60

De Paula D, Bentley MV, Mahato RI. Hydrophobization
and bioconjugation for enhanced siRNA delivery and tar-
geting. RNA 2007; 13: 431-456

S- Editor Tian L L- Editor Kerr C E- Editor LiJY

September 28, 2011 | Volume 17 | Issue 36 |



wJ

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v17.i36.4099

World | Gastroenterol 2011 September 28; 17(36): 4099-4103
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2011 Baishideng. All rights reserved.

BRIEF ARTICLE

Antioxidative potential of a combined therapy of anti TNFa
and Zn acetate in experimental colitis

Michela Barollo, Valentina Medici, Renata D'Inca, Antara Banerjee, Giuseppe Ingravallo, Marco Scarpa, Surajit
Patak, Cesare Ruffolo, Romilda Cardin, Giacomo Carlo Sturniolo

Michela Barollo, Renata D'Inca, Antara Banerjee, Surajit
Patak, Cesare Ruffolo, Romilda Cardin, Giacomo Carlo
Sturniolo, Department of Surgical and Gastroenterological
Sciences, University of Padova, Padova 35128, Italy

Valentina Medici, Department of Internal Medicine, Division
of Gastroenterology and Hepatology, University of California,
Davis, CA 95616, United States

Giuseppe Ingravallo, Department of Pathology, University of
Bari, Bari 70121, Italy

Marco Scarpa, Department of Oncological Surgery, Veneto On-
cological Institute, Padova 35128, Italy

Author contributions: Barollo M and Medici V designed the
study and wrote the manuscript; Scarpa M and Ruffolo C per-
formed the experiments and the statistical analysis; Banerjee
A, Patak S revised the manuscript; D’Inca R and Sturniolo GC
designed the study and revised the manuscript; Cardin R per-
formed the biochemical analysis; Ingravallo G carried out the
histological analysis.

Supported by MIUR 40% University of Padova
Correspondence to: Giacomo Carlo Sturniolo, MD, Profes-
sor of Gastroenterology, Department of Gastroenterology, Via
Giustiniani 2, Padova 35128, Italy. gc.sturniolo@unipd.it
Telephone: +39-49-8218726  Fax: +39-49-8760820
Received: December 15,2010 Revised: February 19, 2011
Accepted: February 26, 2011

Published online: September 28, 2011

Abstract

AIM: To evaluate whether combination therapy with anti-
tumour necrosis factor o (TNFo) antibody and Zn acetate
is beneficial in dextran sodium sulphate (DSS) colitis.

METHODS: Colitis was induced in CD1-Swiss mice
with 5% DSS for 7 d. The experimental mice were then
randomised into the following subgroups: standard diet
+ DSS treated (induced colitis group); standard diet +
DSS + subcutaneous 25 pg anti-TNFo, treated group;
Zn acetate treated group + DSS + subcutaneous 25 ng
anti-TNFq; standard diet + DSS + subcutaneous 6.25 nug
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anti-TNFa treated group and Zn acetate treated group
+ DSS + subcutaneous 6.25 pg anti-TNFa. Each group
of mice was matched with a similar group of sham
control animals. Macroscopic and histological features
were scored blindly. Homogenates of the colonic mu-
cosa were assessed for myeloperoxidase activity as a
biochemical marker of inflammation and DNA adducts
(80H-dG) as a measure of oxidative damage.

RESULTS: DSS produced submucosal erosions, ulcers,
inflammatory cell infiltration and cryptic abscesses
which were reduced in both groups of mice receiving
either anti-TNFa alone or combined with zinc. The ef-
fect was more pronounced in the latter group (vs Zn
diet, # < 0.02). Myeloperoxidase activity (vs controls,
P < 0.02) and DNA adducts, greatly elevated in the
DSS fed colitis group (vs controls, P < 0.05), were sig-
nificantly reduced in the treated groups, with a more
remarkable effect in the group receiving combined
therapy (vs standard diet, 7 < 0.04).

CONCLUSION: DSS induces colonic inflammation
which is modulated by the administration of anti-TNFa..
Combining anti-TNFa with Zn acetate offers marginal
benefit in colitis severity.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis and Crohn’s disease are chronic diseases
of the gastrointestinal tract characterized by activation
of the immune system with production of several in-
flammatory cytokines'. Altered T cell apoptosis™ and
abnormal production of the pro-inflammatory cytokine
tumour necrosis factor oo (TNFq) play a central role in
intestinal inflammation of inflammatory bowel disease
patientsls].

Novel treatment strategies based on the inhibition of
TNFq have shown to be effective both in experimen-
tal models of colitis' and in inducing and maintaining
remission in humans affected with inflammatory bowel
disease!™. However, as these therapies are very expensive
they may represent an important and unaffordable eco-
nomic burden in the near future.

Trace clement metabolism is altered during inflam-
matory processes of the gastrointestinal tract. Zinc is
essential for intestinal homeostasis, since there are sev-
eral zinc-dependent antioxidant enzymes such as supet-
oxide dismutase which converts superoxide to hydrogen
peroxide and metallothionein which can neutralize free
radical production. Moreover, zinc status affects gene
expression of the inflammatory cytokines TNE, IL-
1B and IL-8. Zinc deficiency causes functional defects
in T cells, neutrophils and macrophages, and positive
modulatory responses are produced following zinc
supplementationm. In the model of acetic acid-induced
ulcerations, zinc reduced mucosal damagem. In models
of experimental colitis both oral and topical zinc treat-
ment were found to decrease intestinal inflammation, to
favour mucosal healing and to improve immune func-
tion"”, We therefore thought that zinc may be useful if
added to conventional anti-TNFa therapy in modulat-
ing the symptoms of dextran sodium sulphate (DSS)-in-
duced colitis in mice and in decreasing oxidative stress.

MATERIALS AND METHODS

Animals

Male CD1 Swiss mice, 4 wk old, weighing 20-25 ¢ pur-
chased from Charles River (Calco, Italy) were used in this
study. The animals were kept in plastic platform cages in
a temperature controlled room (22 C) under a 12-h light-
dark cycle, with free access to water and standard chow
containing 125 mg/kg zinc oxide. The experimental pro-
tocol was approved by the Veterinary and Health Com-
mittee of the University of Padua.

(4 9
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Experimental protocol
Mice were fed 5% DSS (5% dextran sulphate solution
purchased from ICN Pharmaceuticals, SRL, Italy) dis-
solved in drinking water in one single cycle to induce acute
colitis. The cycle consisted of administering 5% DSS for
7 d which caused loose stools in all animals and the pres-
ence of gross rectal bleeding in about 50% of the animals.
The animals were randomised into the following
six groups each with 6 mice: (1) healthy untreated mice
receiving standard diet; (2) induced colitis group, i.e.,
mice receiving standard diet + 5% DSS for 7 d; (3) mice
receiving standard diet + 675 mg/kg Zn acetate supple-
ment starting 7 d before induction of colitis; (4) mice
receiving standard diet + 25 pg anti-TNFa intraperito-
neally after 1 wk of DSS administration; (5) mice receiv-
ing standard diet + 675 mg/kg Zn acetate supplement
+ 25 pg anti-TNFoq intraperitoneally after 1 wk of DSS
administration; and (6) mice receiving standard diet +
675 mg/kg Zn acetate supplement + 6.25 ug ant-TNFa
intraperitoneally after 1 wk of DSS administration. The
three groups receiving anti-TNFq, treatment were sac-
rificed 48 h after initiation of treatment. Anti-TNFq
monoclonal antibody (rat anti-mouse TNFq) was pur-
chased from Biosource International Inc. (United States)
and Zn Acetate 675 mg/kg diet, from Mucedola SRL,

(Milano, Italy).

Macroscopic and histologic features of colitis

Damage was assessed macroscopically by scoring the
number and extent of ulcers, adhesions, and thickness of
the colonic wall'" and histologically by scoring cryptitis,
crypt abscesses and epithelial injury. Colonic tissue sam-
ples were obtained and processed for myeloperoxidase
and 8-hydroxydeoxyguanosine (8-OHdG) in order to
quantify inflammation and DNA damage.

Colonic samples were immediately fixed in buffered
formalin (10%). After fixation, the specimens were rou-
tinely processed and embedded in paraffin. Serial histol-
ogy sections of 4 um thickness were obtained from each
paraffin block and mounted on poly-L-lysine coated
slides. Sections were stained with haematoxylin-eosin and
examined blindly.

Cryptitis was defined as the presence of polymorpho-
nuclear cells within crypt epithelium, while crypt abscess-
es were defined as the presence of polymorphonuclear
cells within the crypt lumens. Epithelial injury included
changes such as crypt regeneration, mucodepletion, cu-
boidal shape, nuclear enlargement, loss of surface cells,
erosion, and ulceration. Each of the features, defined
above, was scored on a 0 to 3+ scale based on the sever-
ity and degree of involvement "7,

Mean colonic activity scores for cryptitis, crypt ab-
scesses and epithelial injury were marked for each slide
on the following basis: 0 (no activity); 1-2 (mild activity);
3-4 (moderate activity); 5-6 (severe activity).

Assessment of myeloperoxidase activity
Assessment of myeloperoxidase (MPO) activity was as-
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Table 1 Biochemical and morphological parameters of colitis severity among the study groups

Macroscopic score Colonic activity index Myeloperoxidase activity (U/g)

Controls 0 (0-0) 0 (0-0)
Colitis 1 (1-1)° 4 (1-1)°
Colitis + Zinc 222 5 (0-0)"
Colitis + anti-TNFo. (25 pg) 0.5 (0-1) 4 (1-3)°"
Colitis + Zinc + anti-TNFa. (25 pg) 0 (0-0)° 1(2-0)"
Colitis + anti-TNFo. (6.25 pg) 1(0.25-1) 5 (0-2)
Colitis + Zinc + anti-TNFa. (6.25 pg) 0.5 (0-1) 3 (2-0)

1.9 (1.34-1.1)
5.69 (0.04-0.21)"
7.8 (0-0.8)°
4.85 (1.81-3)"
3.88 (2.9-2.87)
5.44 (0.63-0)
4.42 (0.34-0.33)

P < 0.01 vs controls; °P < 0.03 vs controls; ‘P < 0.03 vs colitis; ‘P < 0.02 vs colitis+Zinc; °P < 0.02 vs controls. TNF: Tumour necrosis factor.

sessed according to the method previously described"”.
Briefly, colonic tissue samples were minced in 1 mlL of
50 mmol/L potassium phosphate buffer (pH = 6.0) con-
taining 14 mmol/L hexadecyltrimethylammonium bro-
mide (Fluka), homogenized and sonicated. The lysates were
frozen and thawed thrice, then centrifuged for 2 min in cold
at 15000 g Aliquots of the supernatants were mixed with
potassium phosphate buffer containing o-dianisidine-
HCI (Sigma-Aldrich, St. Louis, MO, United States) and
0.0005% Hz02. MPO activity was expressed as units/g
of wet tissue. The enzyme unit was defined as the con-
version of 1 mol of H2Oz per min at 25.

8-OHdG determination

Oxidative DNA damage was assessed following previ-
ously described methods'”. Briefly, colonic biopsy speci-
mens were thawed, homogenized in a separation buffer
and approximately 20 ug of purified DNA per sample
was injected into the HPLC system (Shimadzu, Kyoto, Ja-
pan). The 8-OHAG was detected using an electrochemi-
cal detector (ESA Coulochem II 5200A, Bedford, MA,
Untied States). The levels of 8-OHdG were expressed
as the number of 8-OHdG adducts per 10° dG bases.
The coefficient of variation was < 10%; 100 pg of DNA

were required for the determination.

Statistical analysis

Data are expressed as median (interquartile range). Sta-
tistical data were analyzed with Mann-Whitney U test for
comparison of the groups and Spearman’s rank correla-
tion test. P values less than 0.05 were considered signifi-
cant.

RESULTS

Macroscopic evaluation of colitis

The macroscopic score was increased significantly in
untreated colitic mice. Groups treated with anti-TNFq
or anti-TNFa and zinc acetate showed a decreased mac-
roscopic score which was more evident in the combined
diet. Chronic feeding of DSS significantly increased the
colonic activity score. The administration of anti-TNFo
alone or combined with zinc acetate significantly reduced
this index. The effect appeared to be significantly more
evident in the group receiving anti-TNFa and zinc ac-
etate than in the group receiving anti-TNFo alone. The
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administration of a reduced dose of anti-TNFao (6.25 pg)
was effective only if combined with zinc acetate (Table 1).

Myeloperoxidase activity

Myeloperoxidase activity was increased in all colitic mice.
However, there was a significant reduction in this activ-
ity in the groups treated with anti-TNFa alone and anti-
TNFa + Zn supplementation, with a slightly better effect
in the group receiving the combination therapy. A lower
dose of anti-TNFo was associated with reduced MPO
activity only in the group receiving both zinc and anti-
TNFq (Table 1).

Determination of oxidative damage as measured by
8-OHdG mucosal levels

Oxidative damage was significantly increased in colitic
mice. Anti-TNFq significantly reduced DNA adducts,
OH-dG levels were similar in the group receiving both
anti-TNFq and zinc acetate (Figure 1). Anti-TNFq treat-
ment significantly reduced DNA adducts at both doses
used. In both groups receiving the combination therapy,
DNA adducts were reduced compared to anti-TNFq
therapy alone, but no significant effect was demonstrated
with respect to the groups receiving anti-TNFq, alone

(Figure 1).

DISCUSSION

Chemically induced models of intestinal inflammation are
widely used as surrogate models of chronic inflammatory
bowel disease and oral DSS administration effectively re-
sembles human inflammatory bowel disease with similar
clinical features (bloody diarrhoea) and endoscopic/his-
tological findings (ulcerations and neutrophil infiltration).
DSS is believed to be directly toxic to gut epithelial cells
of the basal crypts and affects the integrity of the mu-
cosal barrier.

Zinc metabolism has been reported to be reduced in
about 65% of patients with Crohn’s disease. In an experi-
mental model of colitis we also reported that zinc sup-
plementation induced metallothionein expression, while
having little effect on the short-term course of colitis",
Zinc has several potential mechanisms of action which
can benefit the inflammatory process. It regulated tight
junction permeability in an experimental model of coli-
tis"” and in Crohn disease!"”. Sturniolo e a/' reported
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Figure 1 8-hydroxydeoxyguanosine. °P < 0.05 vs controls; °P < 0.02 vs colitis;
°P < 0.04 vs colitis. TNF: Tumour necrosis factor.

that zinc sulphate enemas exert an anti-inflammatory ac-
tion on experimental colitis.

In the last few years, biological therapies have changed
the pharmacological armamentarium of inflammatory
bowel disease therapy: the first and still most widely used
drug is the anti-TNFq, monoclonal antibody, infliximab ™.
Even in experimental models of colitis, the subcutaneous
administration of infliximab reduced the inflammatory
activity as well as tissue TNFo, concentration”. Our ex-
perimental approach which added zinc acetate to the diet
while administering anti-TNFo monoclonal antibody,
aimed to examine the effects on DSS-induced colitis in
mice.

The mucosa did not show complete healing prob-
ably because the treatment effects were evaluated 48 h
after treatment. Nevertheless, therapy with anti-TNFo
ameliorated the macroscopic and histological aspects and
decreased myeloperoxidase concentration. Similar results
were reported by Videla ez al®® who found that anti-
TNFa significantly reduced the release of inflammatory
mediators and induced histopathological remission in a
model of experimental colitis. Zinc alone had little effect
in ameliorating the severity of acute colitis induced by
intra-rectal instillation of dinitrobenzene-sulphonic acid
in rats, even though Tran ¢z a/* and Luk ez a/* recently
reported some therapeutic effects of zinc supplementa-
tion in DSS-induced colitis in mice.

Zinc supplementation alone worsened the histopatho-
logical and biochemical aspects of colitis compared to
colitis alone and this can be explained by the fact that
superoxide dismutase by itself is a pro-oxidant enzyme
by virtue of its ability to generate hydrogen peroxide[zs’%].
This may explain why a worsening of colitis was recorded
when zinc was added alone. However, in our study zinc
allowed us to reduce the dose of anti-TNFo maintaining
the same biochemical and morphological effects.

Acute colitis is characterised by an increased produc-
tion of free radicals which contribute to protein, DNA
chain and lipid damage. As the antioxidant potential of
colonic epithelial cells is quite low, this results in tissue
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injurym]. The administration of antioxidants thus has the
potential to improve the outcome of experimental colitis
by scavenging free radicals. In our experimental condi-
tions, the oxidative damage, expressed by DNA adducts
was significantly reduced in the groups treated with anti-
TNFo confirming the findings of Popivanova et al”™. 1n
our study, the effect of anti-TNFo on oxidative stress
appeared to be dose-dependent with the highest dose
having the strongest effect in reducing oxidative damage,
and the combination of anti-TNFa and zinc supplemen-
tation added little effect.

Obermeier et al™ reported that excess nitric oxide
formation occurs in experimental colitis and can be
decreased by treatment with rat anti-mouse TNF and
interferon gamma monoclonal antibodies. In several
studies, zinc supplementation ameliorated antioxidant
concentrations thus reducing the production of oxidative
speciele7'30]. In the present study, zinc supplementation
allowed a reduction in the dose of anti-TNFq, antibody,
while maintaining the same level of reduced intestinal
inflammation observed with a higher dose of anti-TNFq,
antibody alone, as quantified by the four parameters of
tissue inflammation utilized in the study. This effect is
in accordance with the described capability of zinc to
increase antioxidant concentration and reduce oxidative
species.

In conclusion, the combined administration of zinc
acetate in the diet along with the systemic administra-
tion of anti-TNFq had a positive effect in reducing the
severity of DSS-induced colitis in mice, with reduced
production of DNA adducts. Moreover, the same effect
was demonstrated with the reduced anti-TNFq dose
combined with zinc. This experimental approach offers
the advantage of reducing the potential side effects of
anti-TNFq, and costs, while ameliorating oxidative stress
and inflammation in patients with inflammatory bowel
disease.

COMMENTS

Background

Dextran sodium sulphate (DSS) colitis is a well-known model of inflammatory
bowel disease in which the authors tested the effect of the well-known drug anti-
tumour necrosis factor o (TNFo) combined with zinc with the aim of evaluating
the possibility of lowering the dose of anti-TNFo.
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Abstract

AIM: To analyse the possible association of various
Helicobacter species and certain common gut bacteria
in patients with Meckel’s diverticulum and appendicitis.

METHODS: A nested-polymerase chain reaction (PCR),
specific to 16S rRNA of the Helicobacter genus, was
performed on paraffin embedded samples, 50 with
acute appendicitis, 50 normal appendixes, and 33
Meckel’s diverticulum with gastric heterotopia and/or
ulcer. Helicobacter genus positive samples were se-
quenced for species identification. All samples were
also analysed for certain gut bacteria by PCR.

RESULTS: Helicobacter pullorum DNA was found in
one out of 33 cases and Enterobacteria in two cases
of Meckel’s diverticulum. Helicobacter pylori (H. pylori)
was found in three, Enterobacter in 18, and Bacteroides
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in 19 out of 100 appendix samples by PCR. Enterococ-
cus was not found in any MD or appendix samples. All 4.
pylori positive cases were from normal appendixes.

CONCLUSION: Helicobacter is not an etiological agent
in the pathogenesis of symptomatic Meckel’s diverticu-
lum or in acute appendicitis.

Key words: Meckel's diverticulum; Helicobacter; Ap-
pendix; Polymerase chain reaction
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INTRODUCTION

Although the stomach is the most frequent site of He-
licobacter pylori (H. pylori) infection, H. pylori and entero-
hepatic Helicobacter spp. (EHS) have also been associated
with extragastric diseases' .

Meckel’s diverticulum (MD) is the most common
developmental anomaly of the gastrointestinal tract and
is present in 1%-2% of the general population. It often
contains ectopic tissue, notably gastric and pancreatic
tissue”. Gastric mucosa is found in 10%-25% of MD
and may be associated with inflammation, ulceration,
gastrointestinal bleeding, and perforation™. H. pylori
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has been demonstrated in the ectopic gastric epithelium
within MD'., Campylobacter-like organisms in MD were
first reported in 1989 However, conflicting results
were reported concerning colonisation by H. pylori of
such ectopic mucosa''". There has been no study that
investigated EHS in MD.

Acute appendicitis is the most common abdominal
surgical emergency and can be seen in all ages, especially
in those younger than 30 years'”. However, the actiology
of acute appendicitis is uncertain, and diagnosis is often
difficult. There have been some investigations of H. pylori

51 "but none that investigated non-

in appendix tissue
pylori Helicobacters.
We hypothesized that non-pylori Helicobacters, such as
enterohepatic Helicobacters, might be associated with these
diseases. Most studies have investigated only H. pylori in
MD and the appendix and mostly used non-molecular
biological techniques; therefore, we aimed to analyse gas-
tric, EHS and certain common gut bacteria in appendici-
tis and MD patients by genus specific polymerase chain

reaction (PCR) and sequencing;

MATERIALS AND METHODS

Patients and histology

We re-examined all MD patients from 1990-2009 taken
from the files of the Department of Pathology, Lund
University Hospital. Thirty-three MD patients (two cases
of ulcer without heterotopia, 31 cases with gastric het-
erotopia, of which seven also had an ulcer) (mean age:
11 years; range: 4 wk-73 years; 26 male, 7 female) were
included in our study. Abdominal pain was the reason
for operation in 16 cases, two of whom had acute ap-
pendicitis and one enlarged lymph nodes, nine were op-
erated upon because of gastrointestinal bleeding and six
for other abdominal diseases. No indication was given in
two of the cases. Histological sections from stored pat-
affin blocks were stained with Alcian blue-periodic acid
Schiff (AB-PAS) pH 2.5, Whartin-Starry silver stain and
immunostained with an anti-H. pylori antibody (DAKO,
Glostrup, Denmark, diluted 1:300).

We also re-examined mucosa from 50 cases of acute
appendicitis (26 male, 24 female, median age: 30 years;
range: 9-87 years) and 50 cases of normal appendix (16
male, 34 female, median age: 34 years; range: 10 d-80
years) from 2008-2009. Of the latter patients 26 were
operated for a suspected appendicitis (8 male, 18 female,
median age: 21 years; range: 8-77 years), 12 for intestinal
diseases (8 male, 4 female, median age: 59 years; range:
10 d-80 years), and 12 for female genital disorders (me-
dian age: 38 years; range: 11-75 years). Histological sec-
tions from the Helicobacter positive cases were stained as
mentioned above.

From the cases of MD, heterotopic mucosa of the
gastric as well as the antral type were obtained from the
paraffin blocks for PCR-assay with the tip of a scalpel.
Ulcers were examined separately. In the case positive for
Helicobacter DNA, the intestinal type mucosa surrounding
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the heterotopia was also studied. Corresponding areas
from appendix samples of mucosa, or of necrotic ap-
pendicitis were sampled for PCR. It was not possible to
avoid including material from the appendical lumen in
these samples. In the cases positive for Helicobacter DNA,
other tissues removed at the same operation were also
examined by PCR.

DNA extraction

DNA was extracted from the paraffin-embedded tissue
samples by de-embedding, as previously described!".
DNA was extracted by a QIAamp DNA Mini Kit Tissue
protocol (Qiagen, Hilden, Germany) according to the
manufacturet’s instructions.

Helicobacter specific PCR

DNA extracts were amplified in a GeneAmp 2700 Ther-
mocycler (Applied Biosystems, Foster City, CA, United
States) using a semi-nested PCR assay specific for Helico-
bacter spp. 16S tDNA, as previously described". H. Pylori
(CCUG 17874) was used as a positive control in all PCR
reactions. The 416-bp PCR products were visualized by
1.3% agarose gel electrophoresis.

Amplification of non-Helicobacter bacteria

PCR specific for Enterobacteriaceae, the Bacterioides-Prevotella
group, and Enterococcus were performed. The reaction
mixture and amplification conditions, except for anneal-
ing temperatures, for non-Helicobacter PCR assays were
the same as in the first step of the semi-nested Helicobacter
PCR. The annealing temperatures and primers used for
detection of Ewnterobacteriaceae, Bacterioides-prevotella group,
and Enterococons were as described by Karagin e a/"' 2010.
As positive controls, Escherchia coli (CCUG 17620), Bacter-
vides fragilis (CCUG 4856), and Enterococcus faecalis (CCUG
9997) were used in all PCR reactions. The 112-bp PCR
product of Enterococcns, the 418-bp product of Bacteroides,
and the 195-bp product of Enterobacteriaceae wete visual-
ized by 1.3% agarose gel electrophoresis.

DNA sequence analysis
Helicobacter specific PCR products were purified from
agarose gels using the Montage DNA Gel Extraction
Kit (Millipore, Bedford, MA, United States), according
to the manufacturer’s instructions. DNA sequence reac-
tions were performed using the ABI PRISM™ dRhod-
amine Terminator Cycle Sequencing Ready Reaction
Kit version 3.0 (Applied Biosystems) as described by
Tolia et al'®. Products of the sequencing reaction were
aligned and the closest homologous DNA was identi-
fied by BLASTn-analysis.

The study was approved by the Research Ethics Com-
mittee at Lund University, permit number 588/2006.

RESULTS
Histology

The most dominant heterotopia seen in MD was of the
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corpus type with, in most cases, small areas of antral
heterotopia. It was therefore easy to include both types
of heterotopia, if present, in the same sample. No He//-
cobacter was found by histological and immunohistologi-
cal examinations, neither in heterotopia nor in ulcus. In
3/33 of the MD cases, a mild chronic inflammation in
the heterotopic area with slightly increased amounts of
lymphocytes was seen. The ulcer was infiltrated with
polymorphonuclear cells but there was no general, active
gastritis. The normal intestinal mucosa in the MD out-
side the heterotopia did not have an increased amount
of lympathic tissue, in except the Helicobacter pullorum
(H. pullorum) positive case. The nine ulcers and their sur-
rounding mucosa were negative for Helicobacter DNA.

One of the heterotopic mucosa specimens was posi-
tive for Helicobacter DNA, namely that from a 44-year-
old male. He was operated on for acute appendicitis.
The appendix was not sent for histological analysis. The
MD was also removed. Histology displayed a few gastric
glands of the corpus type and a small strip of surface
epithelium of the gastric type. There were a moderate
number of lymphocytes and plasma cells in the hetero-
topic area. The surrounding mucosa of the intestinal
type displayed an unusually well developed lymphatic tis-
sue with germinal centres, a predominance of lympho-
cytes, and very few polymorphonuclear cells (Figure 1).
There was no Helicobacter DNA detected by PCR in this
sample.

Three normal appendixes were positive for Helicobacter
DNA: from one an 18-year-old female with suspicion
of appendicitis, one from a 63-year-old male with colon
adenoma, one from a 55-year-old male with colon divet-
ticulitis. Adenoma, diverticulitis, and normal colon tissue
removed from the two latter patients were negative for
Helicobacter. No tissue other than the appendix was re-
moved from the first patient. All cases revealed H. pylori
on sequence analysis. There was no gastric metaplasia in
any of the appendixes, and no immunopositive H. pylori
structures in the mucosa of the samples that were PCR-
positive for Helicobacter.

Helicobacter specific PCR assay and sequencing results
Using the Helicobacter specific PCR assay and agarose gel
electrophotesis, Helicobacter spp. was detected in 1/33 (3%)
of specimens from patients with MD by genus specific
nested-PCR. The sequenced PCR amplicon showed 98%
similarity to H. pullorum. There were 3/50 (6%) samples
that were positive for Helicobacter spp., among normal ap-
pendixes. All of them showed 98%-99% sequence simi-
latity to H. pylori. However Helicobacter spp. was not found
in any samples of acute appendicitis.

PCR detection of bacterial DNA other than Helicobacter
Using the Ewnferobacteria specific PCR assay and agarose
gel electrophoresis, Enterobacteria spp. was detected in
10/50 (20%) acute appendicitis cases and 8/50 (16%)
normal appendixes. There were 7/50 (14%) and 12/50
(24%) samples that were positive for Bacteroides spp.,
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Figure 1 Microscopic analysis of the Helicobacter pullorum positive
Meckel’s diverticulum case. Low power view of a histological section from
Meckel's diverticulum, positive for Helicobacter pullorum (H. pullorum) DNA, in
the heterotopic area. There is an unusually well developed lymphatic tissue with
germinal centres and a predominance of lymphocytes in the non-heterotopic
area. Plasma cells were mainly found in the heterotopic area. The small arrows
in the big square, point to a small strip of gastric heterotopia. This area displays
at higher magnification in the inset. Large arrows point to gastric glands of
corpus type. Blue without arrows in the photo indicates intestinal mucus. Alcian
blue-PAS staining pH 2.5.

among the acute appendicitis and normal appendix sam-
ple, respectively. However, all MD and appendix samples
were negative for Enferococcus spp. MD samples were also
negative for Bacteroides; however, 2/33 (6%) were positive
tor Enterobacteria spp.

DISCUSSION

In this study, we screened for the presence of DNA of
Helicobacter spp. and certain common intestinal bacteria
by PCR in MD with gastric heterotopia and in appendix
samples. We detected H. pulloruz» DNA in one out of 33
MD cases (3%) and Ewnferobacteria in two (6%). No En-
terococus ot Bacteroides were found in the MD cases.

The H. pullorum case was positive only in the hetero-
topic area, not in the surrounding diverticulum mucosa
of the intestinal type. No luminal contents were seen in
these samples. This argues for the interpretation that the
H. pullorum DNA originated from the heterotopic mu-
cosa and not from the lumen. This assumption is further
strengthened by the very low prevalence of other bacte-
rial DNA in the MD samples. H. pullorum has, however,
been described in stools from cases with gastroenteri-
tis"” but our patient did not have such symptoms.

No Helicobacter was seen by immunohistochemistry.
However, PCR is a more sensitive method and does not
require intact bacteria. Our PCR technique is considered
to be highly reliable for genus identification of Helico-
bacter Jpp.lls’w]. Some authors have found H. pylori by im-
munohistochemistry in MD with active gastritis, implying
the presence of polymorphonuclear cells; the prevalence
varied between 2 and 28%**"*). We had no cases with
such inflammation and found no H. pylori DNA.

Interestingly, there was an increased amount of
lymphatic tissue in the intestinal type mucosa of the H.
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pullornm positive case. However, no conclusions can be
drawn from just one case.

EHS are known to cause inflammatory bowel dis-
eases”*?. We have previously found H. pullorum DNA in
cholecystitis samples with gastric metaplasiam. Perhaps H.
pullorum has some preference for the gastric epithelium.

We found H. pylori DNA in three out of 50 normal
appendixes (6%) and none in the 50 cases of acute ap-
pendicitis. Other bacterial DNA was found in up to 24%
of samples. We could not avoid including some luminal
material in the appendix samples and therefore H. py-
lori DNA in the appendixes might be a contamination.
Pavlidis ez o/ found H. pylori by PCR in two out of 46
samples (4%) of acute appendicitis. However, most au-
thors have failed to demonstrate the presence of H. pylori
in the appendixm’lizq. H. pylori commonly colonises the
gastrointestinal tract. However, our results suggest that
Helicobacter is without importance in the etiology of acute
appendicitis.

In conclusion, H. pullorum has, for the first time, been
detected by PCR in MD patients with gastric heteroto-
pias. However, there is no association between H. pu/-
lorum and MD pathogenesis. Moreovet, H. pylori has no
role in the aetiology of acute appendicitis. Its presence
might have been that of a passenger.
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Research frontiers

Helicobacter-like bacteria in Meckel's diverticulum (MD) have been reported
by histological methods. However, no study has reported Helicobacter DNA in
such specimens by polymerase chain reaction(PCR) and there is some doubt
as to the presence of Helicobacter in patients with appendicitis.

Innovations and breakthroughs

Most studies have analyzed only Helicobacter pylori (H. pylori) in Meckel's di-
verticulum and appendix samples. However, enterohepatic Helicobacter species
might also be important in the etiology of such diseases. The authors demon-
strated the presence of Helicobacter pullorum in Meckel's diverticulum for the
first time and concluded that Helicobacter might be a passenger in such patients.

Applications

By understanding the role of Helicobacters in the pathology of Meckel's diver-
ticulum and appendicitis, this study could represent a future strategy for further
pathological studies.

Terminology

Enterohepatic Helicobacter spp. (EHS) are the species of the genus Helico-
bacter that colonize the hepatobiliary tract and can cause extragastric diseases
in humans or in animals.

Peer review

This work has been had the objective of seeking any association between Heli-
cobacter species other than H. pylori with Meckel's diverticulum by very sensitive
method, i.e., Nested PCR. Most previous studies were based on conventional
methods, such as culture isolation, whereas in this study, the authors have used
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molecular techniques. Although they did not find any association between MD
and Helicobacter species, it does not undermine the importance of the study.
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Abstract

AIM: To compare the effectiveness of argon plasma
coagulation (APC) and heater probe coagulation (HPC)
in non-variceal upper gastrointestinal bleeding.

METHODS: Eighty-five (18 female, 67 male) patients
admitted for acute gastrointestinal bleeding due to
gastric or duodenal ulcer were included in the study.
Upper endoscopy was performed and HPC or APC were
chosen randomly to stop the bleeding. Initial hemosta-
sis and rebleeding rates were primary and secondary
end-points of the study.

RESULTS: Initial hemostasis was achieved in 97.7%
(42/43) and 81% (36/42) of the APC and HPC groups,
respectively (P < 0.05). Rebleeding rates were 2.4%
(1/42) and 8.3% (3/36) in the APC and HPC groups,
respectively, at 4 wk (P > 0.05).

CONCLUSION: APC is an effective hemostatic method
in bleeding peptic ulcers. Larger multicenter trials are
necessary to confirm these results.
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INTRODUCTION

Upper gastrointestinal bleeding (UGIB) is a common
and life-threatening medical emergency. UGIB is defined
as bleeding proximal to the ligament of Treitz. At least
80% of patients admitted to hospital because of acute
bleeding have an excellent prognosis; generally, bleeding
stops spontaneously and circulatory supportive therapy
is adequate. Endoscopic therapy has been shown to
reduce the rate of rebleeding, blood transfusion and
surgerym. Endoscopic therapy is indicated in the follow-
ing situations: (1) bleeding esophageal varices; (2) peptic
ulcer with major stigmata of recent hemorrhage (active
spurting bleeding, non-bleeding visible vessel or non-
adherent blood clot); (3) vascular malformations includ-
ing actively bleeding arteriovenous malformation, gastric
antral vascular ectasia, and Dieulafoy malformation; and
(4) active bleeding from a Mallory-Weiss tear.
Endoscopic hemostasis has significantly improved
the outcome of patients with gastrointestinal bleeding,
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Contact thermal coagulation with heater probe and ar-
gon plasma coagulation (APC) are among the hemostatic
methods for bleeding peptic ulcers. Devices are applied
directly to the bleeding point to cause coagulation and
thrombosis in heater probe coagulation (HPC). The
heater probe is pushed firmly on to the bleeding lesion
to apply tamponade and deliver defined pulses of heat
energy. APC is a non-contact method of delivering high-
frequency monopolar current through ionized and elec-
trically conductive argon gasm.

The aim of this study was to compare these two
methods for UGIB due to gastric and duodenal ulcers.
The primary outcome measure was initial hemostasis
and secondary outcome measure was recurrence of
bleeding. This study was approved by Erciyes University
Ethical Committee.

MATERIALS AND METHODS

All patients admitted for acute gastrointestinal bleed-
ing due to gastric and duodenal ulcers were included in

the study. Gastrointestinal bleeding was diagnosed only
if medical staff witnessed hematemesis or melena, or
detected black, tarry material on digital examination of
the rectum. Patients with actively bleeding peptic ulcers,
ulcers with adherent clots, or ulcers with non-bleeding
visible vessels were randomly assigned to epinephrine
injection plus HPC or epinephrine injection plus APC.
Informed consent was obtained before the procedure
and this was solely for the procedure itself. Patients with
previous malignant ulcers, and unidentifiable ulcers be-
cause of torrential bleeding were excluded.
Randomization of patients was carried out by means
of secaled numbered envelopes. Informed consent was
obtained for therapeutic endoscopic intervention. Pa-
tients were blind to the study. All patients underwent
endoscopy within 24 h of admission. All procedures
were performed by experienced gastroenterologists (ex-
perienced endoscopist as a specialist in gastroenterology
with a minimum of 3 years of post-training experience)
with a Fujinon-2200 endoscope. An Olympus HPU-20
heater probe system with 10 F probes was used with
power settings of 30-40 J. The heater probe was pushed
firmly on to the bleeding lesion to apply compression
and to cause coagulation and thrombosis. We used an
Erbe 200 D APC unit, which consists of an argon gas
source, a high-frequency electrosurgical unit, an APC
probe, and foot switches to activate the argon gas source
and current generator. Operative distance between the
probe and tissue was adjusted to 2-10 mm by sense of
proportion (Technically, APC cannot be activated unless
the tip of the probe is at least 2-10 mm distant from the
ulcer region. An automated switch-off system has been
integrated into the system to avoid damage to the endo-
scope when this distance increases). Power/gas flow set-
tings were 50 W and 2 L/min. All endoscopists used the
same settings on the instrument. Epinephrine injection
(5-6 mL, 1/10 000 dilution) was applied around the ulcer
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Table 1 Demographic data and randomization of the groups

APC HPC Total P value

Male 33 34 67 0.418
Female 10 8 18 0.418
Duodenal ulcer 23 25 48 0.366
Gastric ulcer 20 17 37 0.366
Age (yr) 57 52 54 0.19
Forrest

la 4 9 13

1b 39 33 72 0.291

Randomization of the groups was homogeneous (All P values > 0.05).
APC: Argon plasma coagulation; HPC: Heater probe coagulation.

in all patients, before both of these two methods.

Initial hemostasis was defined as cessation of active
bleeding. All the patients were treated with the same
protocol after the endoscopic procedure. A policy of
early feeding was adopted, and intravenous omeprazole
was prescribed at a dose of 40 mg/d. Primary failure
was defined as failure to stop bleeding during initial en-
doscopy. Recurrent bleeding was defined by one of the
following: 2 g/dL drop in hemoglobin value compared
to that when the patient was discharged from hospital;
fresh hematemesis; hypotension (systolic blood pressure
< 90 mm Hg) with tachycardia (pulse > 110 beats/min);
or melena after endoscopic treatment. Patients who did
not have initial hemostasis were excluded during evalu-
ation of rebleeding rates. Patients were followed for the
next 4 wk after initial hemostasis to monitor rebleeding.
Distribution of bleeding focus and severity of bleeding
(by using Forrest Classification) was found to be similar
by 7° analysis (Table 1).

Analysis of data was performed using SPSS version
16.0 (SPSS, Chicago, 1L, United States). P < 0.05 was
regarded as significant. We calculated the power of the
study with PASS 2008 software, with o, = 0.05, #» = 85,
degrees of freedom = 1, and power of study = 99.9%.

RESULTS

Eighty-five (18 female, 67 male) patients were included
in the study between February 2008 and November 2009
in the Gastroenterology Department, Erciyes University
School of Medicine. Forty-two patients received HPC
and 43 received APC. Forty-eight bleeding duodenal
ulcers (25 received HPC therapy and 23 APC) and 37
bleeding gastric ulcers (17 received HPC therapy and 20
APC) were included. A consort flow diagram was de-
signed and is presented in Figure 1.

Initial hemostasis was achieved in 97.7% (42/43) and
81% (36/42) of the APC and HPC groups, respectively
(P < 0.05). There were significant differences in initial
hemostasis rates (P = 0.015). One patient died, two had
surgery, and three had hemoclips applied in the HPC
group; one patient had hemoclips applied in the APC
group, who did not have initial hemostasis. Rebleeding
rates were 2.4% (1/42) and 8.3% (3/36) in the APC and
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Excluded (7 = 15)
Not meeting inclusion criteria (7 = 10)
Other reasons (7 = 5)

Randomized (7 = 85)

APC (7 = 43)

HPC (7 = 42)
HPC (7 = 42)|

Primary Primary Primary Primary
hemostasis hemostasis hemostasis hemostasis
Yes: 42 No: 1 Yes: 36 No: 6
Rebleeding Rebleeding Hemoclips Rebleeding Rebleeding Died 1
Yes: 1 No: 41 applied Yes: 3 No: 33 Surgery 2
Hemoclips 3

Figure 1 Consort flow diagram of the study. APC: Argon plasma coagulation; HPC: Heater probe coagulation.

Table 2 Initial hemostasis and rebleeding rates of the groups

No. of cases Initial hemostasis Rebleeding

(gastric/duodenal ulcer) (%) (%)
APC 43 (20-23) 42/43(97.7) 1/42 (2.4)
HPC 42 (17-25) 36/42 (81) 3/36 (8.3)
Total 85 (37-48) 78 (91.7) 4/78 (5.1)

There was a significant difference (P < 0.05) in initial hemostasis but not
in rebleeding rates between the groups. APC: Argon plasma coagulation;
HPC: Heater probe coagulation.

HPC groups, respectively at 4 wk after index bleeding
(P = 0.25). Although rebleeding rate was greater in the
HPC group, there was no significant difference between
the groups (Table 2).

DISCUSSION

Acute UGIB is a common medical emergency that car-
ries hospital mortality in excess of 10%", Bleeding
stops spontancously in about 80% of patients with non-
variceal UGIB. Various modalities of endoscopic therapy
have been used to reduce recurrent bleeding, surgery, and

mortality rates, and therefore, endoscopic intervention is
a preferable procedure in acute gasrointestinal (GI) bleed-
ing, In the past few decades, several endoscopic methods
have been developed for hemostasis of gastrointestinal
bleeding. Some of these are HPC, direct injection of
fluids (e.g., diluted epinephrine or distilled water) into
the bleeding lesion using disposable needles, mechanical
devices such as endoclips, and APC. There have been
several studies about the efficiency of these methods in
gastrointestinal bleeding. Although APC is used especially
for chronic radiation proctitism
and ablation of Barrett’s esophagus, there are no current
clinical studies about the application of APC in bleed-
ing ulcers and for other causes of UGIB. APC therapy
has various theoretical merits over contact-type thermal
coagulation. First, depending on different power/flow
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settings, the burn depth can be preset between 0.5 mm
and 3 mm, which is a particularly appropriate range for
hemostasis in thin-walled duodenum and colon. Second,
some bleeding points, such as those in the posterior
wall or lesser curvature of the upper gastric body or the
posterior wall of the duodenal bulb, may be difficult to
approach. The no-touch technique in APC can make the
approach easier by the arcing effect™, Wang ef al” have
compared APC and distilled water injection in treating
high-risk bleeding ulcers, and they have reported that
bleeding recurrence was 11% in the APC group and
27% in the distilled water injection group. They have
concluded that endoscopic therapy is more effective
than distilled water injection for preventing rebleeding
in these patients, and no significant differences were ob-
served between the two groups in terms of surgery and
mortality. There have been a few studies in which APC
and HPC were compared for treatment of peptic ulcer
bleeding”’. Although HPC is the more commonly used
method in active bleeding lesions” APC is not used as
much as HPC for stopping gastrointestinal bleeding, In
our study, APC appeared to be more effective in initial
hemostasis, but rebleeding rates were similar with both
techniques. Bleeding recurrence has consistently been
identified as the most important prognostic factor for
mortality”. Arresting recurrence of bleeding can de-
crease the rate of morbidity and mortality from UGIB.
Cipolletta ¢ /" have reported that initial hemostasis
rates were 95% and 95.2%, and recurrent bleeding rates
were 21% and 15% in HPC and APC group, respec-
tively, and there was no significant difference between
the groups in the rate of recurrent bleedingm. Although
rebleeding rates wete much lower in the APC group, we
found no significant difference in the rebleeding rates
between the groups. Skok ¢ a/'” have reported that clini-
cally and endoscopically diagnosed bleeding recurred in
14% of patients in the APC group, and 18% of patients
in the sclerotherapy group. Although these controlled
trials had similar hemostatic efficacy, the patients treated
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with APC had noticeably lower rebleeding rates.

The theoretical advantages of APC include its ease
of application, speedy treatment of multiple lesions in
the case of arteriovenous malformations ot wide areas
(the base of resected polyps or tumor bleeding), and
safety due to reduced depth of penetrationm. Superficial
ulceration occurs following APC, which typically heals
within 2-3 wk. Despite theoretical safety advantages due
to reduced depth of penetration, all of the complica-
tions that have been reported with other thermal hemo-
stasis techniques may occur. The first series of clinical
applications of APC in gastrointestinal endoscopy was
published in 1994, Although no specific data were
provided to assess the outcome for GI bleeding, the au-
thors have described the technique as successful”. Sev-
eral centers have subsequently reported experience with
this technique in the management of GI bleedinglz’lzl.
However, few randomized studies comparing with APC
with other hemostasis techniques have been performed,
and our study is believed to be the first comparison of
these two techniques in UGIB in recent years. APC ap-
plication had better rates of initial hemostasis than HPC
in our study.

The heater probe has a thermocouple at the tip of
the probe that can heat up quickly and achieve tissue
coagulation. As a result, deep coagulation is feasible with
the heater probe, but this effect may risk perforation. As
mentioned above, few studies have directly compared
APC to other methods, especially HPC, for achieving
hemostasis. In conclusion, APC is one of the effective
hemostatic methods in bleeding peptic ulcers. Larger
multicenter trials are necessary to confirm these data.

COMMENTS

Background

Contact thermal coagulation with heater probe coagulation (HPC) and argon
plasma coagulation (APC) are the hemostatic methods used for the treatment
of bleeding peptic ulcers. Few studies have directly compared the use of epi-
nephrine injection plus APC versus epinephrine injection plus HPC for achiev-
ing hemostasis.

Research frontiers

Upper gastrointestinal bleeding (UGIB) is a common and life-threatening medi-
cal emergency. Contact thermal coagulation with HPC and APC are among the
hemostatic methods for treatment of bleeding peptic ulcers. In this study, the
authors demonstrate that there is a higher initial hemostasis rate in APC when
compared with HPC in ulcer bleeding.

Innovations and breakthroughs

Few randomized studies have compared APC with other hemostasis tech-
niques, and the study is believed to be the first comparison of these two tech-
niques with additional use of epinephrine injections for UGIB in recent years.
This study suggests that APC could be used instead of HPC, and that APC
could provide clinicians with an effective alternative method to stop bleeding
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ulcers, due to its high rate of primary hemostasis and low rate of rebleeding.

Applications

This study may encourage clinicians without experience in APC to use the tech-
nique for treatment of ulcer bleeding.

Terminology

APC is a non-contact method of delivering a high-frequency monopolar current
through ionized and electrically conductive argon gas. Devices are applied
directly to the bleeding point to cause coagulation and thrombosis in HPC. The
heater probe is pushed firmly onto the bleeding lesion to apply tamponade and
deliver defined pulses of heat energy.

Peer review

The authors have compared the effectiveness of APC and HPC for ulcer bleed-
ing. They have concluded that APC is superior to HPC for initial hemostasis.
This was a well-designed study because the patients were assigned to two
groups at random.
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Abstract

AIM: To evaluate the clinical significance of -765G/C
and -1195G/A cyclooxygenase-2 (COX-2) gene poly-
morphisms in patients with pancreatic cancer (PC).

METHODS: The study included 201 patients: 85 with
PC and 116 healthy controls. -765G/C and -1195G/A
COX-2 gene polymorphisms were studied in DNA iso-
lated from blood samples. The associations of the
analyzed genotypes and clinical data at diagnosis were
evaluated.

RESULTS: We found an increased frequency of the
homozygous -7179544 COX-2 genotype in patients with
PC (53.7%) compared with the control group (21%)
(P < 0.01). In contrast, the distribution of genotype
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and allele frequencies of the -/65G/C COX-2 polymor-
phism in the PC patients were not different from those
in control groups. A correlation between presence of
homozygous -717954A COX-2 genotype and tumor size
> 3 cm was observed (P < 0.05). Analyzed polymor-
phisms were unrelated to the patients’ sex and age,
nor to the presence of regional or distant metastases.

CONCLUSION: These preliminary results indicate that
the -1795G/A COX-2 polymorphism may play an impor-
tant role in PC prognosis and carcinogenesis.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Cyelooxygenase-2 (COX-2), also known as prostaglandin en-

doperoxide synthase, is a key enzyme in the arachidonic
acid pathway, initiating the synthesis of biologically im-
portant prostanoids and eicosanoids. COX-2 is involved
in many biologic processes, such as cell proliferation,
invasion, angiogenesis and inhibition of apoptosis, which

are all relevant to cancer development and progression'”.
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COX-2 is expressed under certain extracellular or intracel-
lular stimuli, such as mitogens, growth factors, hormones,
infectious agents and proinflammatory cytokjnes”’z]. Nu-
merous studies have demonstrated increased expression
of COX-2 in various cancers, including pancreatic tu-
mors” . In several studies, the overexpression of COX-2
in pancreatic cancer (PC) cells has been shown to be an
independent prognostic factor and to increase the clinical
aggressiveness of this disease™".

The COX-2 gene was demonstrated to be genetically
polymorphic, which may affect the expression or activity
of this enzyme and consequently contribute to variation
in individual susceptibility to cancer through aberrant
arachidonic acid metabolism. Genetic variants repre-
sented by single nucleotide polymorphisms (SNPs) of the
COX-2 gene, among them -765G/C and -1195G/.A in
the promoter region, have been identified. The functional
effects of these SNPs have been recently confirmed™ ',
The -765G allele is associated with heightened COX-2
transcription by creating a transcriptional factor c-MYB-
binding site and with significantly higher promoter
activity compared with -765C allele™. In the study of
Zhang et al the -1 195 A-containing haplotypes also had
significantly increased COX-2 messenger RNA levels in
esophageal tissues compared with the -7795G-containing
counterparts.

COX-2 has been the object of prevention/interven-
tion strategies in many clinical trials, including being a
potential therapeutic target for chemoprevention and
therapy of PC"*'"!, Selective inhibition of COX-2 results
in variable responses in individual patients. Information
regarding the functional significance of COX-2 polymort-
phisms with risk-modulating ability would have significant
implications, not only for risk identification, but also for
pharmacological management of the disease.

The purpose of this study was to evaluate the clini-
cal significance of -765G/C and -1795G/.A COX-2 gene
polymorphisms in patients with PC.

MATERIALS AND METHODS

The study included 201 Caucasian patients: 85 with PC (41
men and 44 women, aged 44-84 years) and 116 gender-
and age-matched healthy volunteers. Analyzed patients
were hospitalized in the Department of Digestive Tract
Diseases, Medical University of Lodz Hospital or in the
Department of Digestive Tract Surgery of Silesian Medi-
cal University in Katowice between 2004 and 2009. Only
patients with a confirmed pathological diagnosis of ductal

pancreatic adenocarcinoma were included in the study.
The pathological diagnosis was confirmed after surgi-
cal treatment or after pancreatic tissue biopsy in patients
who qualified for palliative chemotherapy. Twenty-nine
patients (34.1%) with PC underwent Whipple resection
or distal pancreatectomy, 33 patients (38.8%) underwent
palliative surgery and 23 patients (27.1%) underwent pal-
liative chemotherapy and/or endoscopic treatment. Tu-
mor grade was classified into G1 (well differentiated), G2
(moderately differentiated) and G3 (poorly differentiated).

(4 9
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The study protocol was approved by the ethical commit-
tee of Lodz Medical University.

Peripheral venous blood samples were obtained from
all analyzed patients at the time of hospital admission.
-765G/Cand -1195G/.A COX-2 gene polymorphisms wete
studied in DNA isolated from blood samples using the QI-
Amp DNA Mini Kit (Qiagen). Polymerase chain reaction
(PCR) products for the COX-2 variants were analyzed by
the restriction fragment length polymorphism method. The
primers used to amplify the COX-2 promoter region were 5’
-TAT TAT GAG GAG AAT TTA CCT TTC GC-3’ and
5-GCT AAG TTG CTT CAA CAG AAG AAT-3’ for
the -765G/ C variant; and 5-CCC TGA GCA CTA CCC
ATG AT-3" and 5-GCC CTT CAT AGG AGA TAC
TGG-3’ for the -17195G/ A polymorphism. PCR amplifica-
tion was per-formed in a final volume of 25 pl. containing
30-100 ng of DNA, 10 mmol/L Tris-HCl (pH 8.3), 4 ul.
of 25 mmol/L MgCl, 50 mmol/L KCl, 0.5 pul. ANTP
(10 mmol/L), each primer at 1.0 ymol/L and 1.0 unit of
Taq polymerase (BIOKOM, Takara, Japan) in a GeneAmp
PCR system 9700 Thermocycler (Applied Biosystems).

Ten microliters of the PCR product were digested
with 2 units of restriction enzymes Hhal or Pvull (Bio-
Laps, New England) using the manufacturer’s recom-
mended protocol. PCR products were visualized on 8%
polyacrylamide gels with 10% ethidium bromide. COX-2
genotypes that could be detected were respectively:
-765CC (100 bp fragment), -765GC (100 and 74 and
26 bp fragments), -765GG (74 and 26 bp fragments),
-1195A4A4 (273 bp fragment), -71795GA (273 and 220
and 53 bp fragments) and -7795GG (220 and 53 bp frag-
ments).

The serum concentrations of CA19-9 were measured
by an enzyme-linked immunoassay (DRG International,
United States), according to the manufacturer’s recom-
mendations. The associations of the analyzed genotypes
and patient characteristics at PC diagnosis were evalu-
ated. The following demographic and clinical data were
analyzed: age, gender, tumor size, lymph node involve-
ment, histological grade, CA19-9 levels, weight loss and
history of smoking, The cut-off point of CA19-9 was
set at 37 U/mL.

Statistics analysis

The results were analyzed using StatSoft Statistica for
Windows, release 6.0 (StatSoft, Inc., Tulsa, United States).
To determine differences between groups, Mann-Whitney
# tests were used. Clinical significance of analyzed poly-
morphisms was determined using logistic regression
analysis and presented in tables as odds ratios (OR) with
their 95% confidence intervals. The deviations from Har-
dy-Weinberg equilibrium were analyzed using the y” test.
Differences with a P value less than 0.05 were considered
significant.

RESULTS

All patients involved in the study were Caucasians. Mean
ages were not significantly different for patients with PC

September 28, 2011 | Volume 17 | Issue 36 |



Talar-Wojnarowska R et al. Cyclooxygenase-2 gene polymorphisms in pancreatic cancer

Table 1 Distribution of -7725 G/A and -765 G/C COX-2

genotype in the analyzed group of patients n (%)

Genotype PC patients Control group OR (95% CI)
(n = 85) (n =116)

41195 G/A
GG 13 (15.7) 44 (37.9) Reference
GA 26 (30.6) 48 (41.4) 1.83 (0.84-4.00)
AA 46 (53.7) 24 (21.0) 6.48 (2.93-14.31)

-765G/C
GG 47 (55.4) 44 (37.9) Reference
GC 27 (31.7) 40 (34.5) 0.63 (0.33-1.19)
cc 11 (12.9) 32 (27.6) 0.32 (0.14-1.71)

PC: Pancreatic cancer; OR: Odds ratios.

Table 2 Relationship between -7795 G/C COX-2 polymor-

phism and clinical data of patients with pancreatic cancer 7 (%)

Group G* allele P value G allele P value
(GA and GG) (AA)
(n =39) (n = 46)
Age <65 20 (51.3) NS 19(413) NS
= 65 19 (48.7) 27 (58.7)
Gender Male 18 (46.2) NS 23(50.00 NS
Female 21 (53.8) 23 (50.0)
Tumor size <3cm 21 (53.8) NS 13(28.3) P<0.05
>3 cm 18 (46.2) 33 (71.7)
Tumor G1+G2 21 (53.8) NS 27(587) NS
Differentiation ~ G3 17 (43.8) 18 (39.2)
Lymph node Absent 23 (58.9) NS 23(50.0) NS
Metastases Present 16 (41.1) 23 (50.5)
Weight loss <10 % 19 (48.7) NS 25(544) NS
=10% 20 (51.3) 21 (45.6)
Smoking Yes 21 (53.8) NS 19(41.3) NS
No 18 (46.2) 27 (58.7)
CA19-9 <37U/mL 10 (25.6) NS 13(28.3) NS
=37U0/mL 29 (74.4) 33 (71.7)

(mean 66.8 £ 4.1 years) and controls (63.1 4.7 years, P
> 0.05). In patients with pancreatic adenocarcinoma, the
tumor size ranged from 2 cm to 7 cm (mean 3.7 = 2.3).
As for histological differentiation, 19, 29 and 35 patients
were classified into G1, G2 and G3 respectively, whereas
2 patients had missing data. Lymph node metastases were
observed in 39 patients with PC (45.9%) and liver me-
tastases in 16 of them (18.8%). Serum levels of CA19-9
were higher in patients with PC compared to control
group (P < 0.001; respectively 101.2 £ 21.4 U/mL »5 17.6
+ 3.2 U/mL; data shown in our previously published
work™),

The genotype distributions of analyzed -765G/C and
-1195G/ A COX-2 gene polymorphisms are summarized
in Table 1. We found an increased frequency of the ho-
mozygous -1795.4A4 COX-2 genotype in patients with
PC compared with control group [OR 6.48 (2.93-14.31),
P < 0.01]. In contrast, the distribution of genotype and
allele frequencies of the -765G/C COX-2 polymorphism
in the PC patients did not differ from those in control
groups (Table 1). Each of the COX-2 polymorphisms in
the controls was consistent with Hardy-Weinberg equi-
librium.

The potential relationship between COX-2 genotype
distribution and clinical data of the PC patients was in-
vestigated. COX-2 -17195A4A genotype showed a signifi-
cant association with tumor size > 3 cm in patients with
PC (P < 0.05, Table 2). This analyzed polymorphism was
unrelated to the patients’ sex and age, weight loss, history
of smoking, CA19-9 levels, nor with the presence of
regional or distant metastases. In contrast, the -765G/C
COX-2 polymorphism was not associated with any clini-
cal data (Table 3).

NS: Not significant.

Table 3 Relationship between -765 G/C COX-2 polymor-

phism and clinical data of patients with pancreatic cancer 7 (%)

Group G* allele P value G allele P value
(GC and GG) (CO)
(n = 47) (n = 38)
Age <65 23 (48.9) NS 16(421) NS
= 65 24 (51.1) 22 (57.9)
Gender Male 22 (46.8) NS 19(50.0) NS
Female 25 (53.2) 19 (50.0)
Tumor size <3cm 17 (40.4) NS 15(39.5) NS
>3 cm 28 (59.6) 23 (60.5)
Tumor Gl + G2 27 (57.4) NS 21(553) NS
Differentiation ~ G3 20 (40.4) 16 (42.1)
Lymph node Absent 28 (59.8) NS 18(474) NS
Metastases Present 19 (40.4) 20 (52.6)
Weight loss <10 % 30 (63.8) NS 21(553) NS
=10% 17 (36.2) 17 (44.7)
Smoking Yes 23 (48.9) NS 17(447) NS
No 24 (51.1) 21 (55.3)
CA19-9 <37 U/mL 12 (25.5) NS 12(31.6) NS
=37 U/mL 35 (74.5) 26 (68.4)

NS: Not significant.
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DISCUSSION

The overexpression of COX-2 has been shown to in-
duce angiogenesis by increased synthesis of vascular
endothelial growth factor and to inhibit apoptosis by
activation of proto-oncogene Bcl-2. It is known that
the expression of COX-2 is increased in the majority of
PC cells and may represent a target for adjuvant therapy
of PC. Howevet, little is known about the role of COX-2
gene polymorphisms in pancreatic carcinogenesis. We
investigated the clinical significance of the -765G/C and
-1195G/ A COX-2 gene polymorphisms, as well as their
potential association with the risk of developing PC.

In our study, the presence of the -7795.4.4 genotype
was found more frequently in patients with PC compared
to the control group. Similarly, Zhao ez al® observed that
subjects carrying the COX-2 -717195.A allele had signifi-
cantly increased risk for developing PC compared with
subjects carrying the -7795G allele. In previous studies,
the association of the -7795.4 allele with an increased
risk of lung, oral and esophageal cancers was also
demonstrated* ™. In the study of Bi e o/, -11954A4
genotype was significantly correlated with worse overall
survival (15.7 mo »s 20.2 mo, P = 0.006) and with shorter
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progression-free survival (9.5 mo »s 11.9 mo, P = 0.0034)
in patients with unresectable locally advanced non-small
cell lung cancer.

However, others authors observed opposite results.
In the study of Kristinsson ez al” the -1195GG geno-
type resulted in a higher risk of developing esophageal
adenocarcinom. On the other hand, Pereira ¢f a/'” ob-
served that men carrying the -7795G allele appeared
to have a nine-fold increased risk for colorectal cancet.
Racial and ethnical differences in the studies’ populations
may explain these contradictory results, because the dis-
tribution of COX-2 polymorphisms may differ consider-
ably between populations.

The published data about clinical significance of
the second analyzed polymorphism of COX-2 gene,
765G/ C, ate also controversial. In the study of Hoff ez
al'", the -765GG genotype was present more often in pa-
tients with colorectal cancer compared to control group.
Similarly, Coskunpinar ez al'" observed increased risk of
lung carcinoma in Turkish patients carrying the -765G
allele. In contrast, the -765C allele was associated with
an increased risk for developing PC and urinary bladder
cancer™'®, This is not in line with our findings, since we
could not demonstrate a significant difference in -765G/
C genotype distribution in patients with PC. Similarly,
Dong ez al'” in a meta-analysis of 47 case-control studies
did not find a convincing association between -765G/C
COX-2 gene polymorphism and the risk of cancer in di-
verse populations.

Another important aspect of our analysis was to as-
sess the potential association of -765G/C and -17195G/ A
COX-2 gene polymorphisms with clinical data of patients
with PC. In the current study, the homozygous -7795.1.4
was found to be present more frequently in patients with
larger tumor size. To the best of our knowledge there are
no available data about relationships between -7795G/ A
COX-2 polymorphism and clinical characteristics of pa-
tients with PC. Eatlier, Tan ¢/ /™" demonstrated that the
COX-2 -1195A allele was associated with the presence
of distant metastases in patients with colorectal cancer.
They suggested that COX-2 may play a role not only in
colorectal tumorigenesis but also in cancer progression
by stimulating cell proliferation and spread.

According to our data, the second analyzed COX-2
polymotphism, -765G/ C, was not associated with clinical
parameters. Similarly, in other studies the -765G/C vati-
ant was not correlated with clinical stage of patients with
cervical and colorectal cancers!".

Overexpression of COX-2 may be an important cel-
lular mechanism in smoking-related PC development.
Numerous studies have shown that smoking induces
COX-2 expression, but the exact signal pathways remain
to be elucidated. Zhao ef a/” suggested that COX-2
genetic polymorphisms may determine interindividual
variation in the inducibility of COX-2 expression. They
observed that smoking remarkably increased COX-2
promoter activity, especially in patients with PC carrying
the -765C allele. In contrast, in our study, there was no
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association between analyzed polymorphisms and smok-
ing. Similarly, Pandey e/ 2" did not find a correlation
between smoking and COX-2 polymorphisms in patients
with cervical cancer. This lack of association could be
due to a relatively small number of subjects and certainly
needs further validation.

In summary, we found a significant difference in
the -717195G/ A COX-2 gene polymorphism distribution
between patients with PC and the control group. The
presence of -71795.44 genotype was associated with an
increased PC risk; however, further studies are needed
to investigate its possible association with PC prognosis.
Our results are consistent with the biological function of
the polymorphisms and support the hypothesis that aber-
rant arachidonic acid metabolism may play an important
role in pancreatic carcinogenesis.
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Abstract

AIM: To investigate whether bile duct angulation and
T-tube choledochostomy influence the recurrence of
choledocholithiasis.

METHODS: We conducted a retrospective study inclu-
ding 259 patients who underwent endoscopic sphinc-
terotomy and cholecystectomy for choledocholithiasis
between 2000 and 2007. The imaginary line was drawn
along the center of the bile duct and each internal
angle was measured at the two angulation sites of
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the bile duct respectively. The values of both angles
were added together. We then tested our hypothesis
by examining whether T-tube choledochostomy was
performed and stone recurrence occurred by reviewing
each subject’s medical records.

RESULTS: The overall recurrence rate was 9.3% (24
of 259 patients). The mean value of sums of angles
in the recurrence group was 268.3° £+ 29.6°, while
that in the non-recurrence group was 314.8° £ 19.9°
(P < 0.05). Recurrence rate of the T-tube group was
15.9% (17 of 107), while that of the non T-tube group
was 4.6% (7 of 152) (P < 0.05). Mean value of sums
of angles after T-tube drainage was 262.5° £+ 24.6°
and that before T-tube drainage was 298.0° + 23.9° in
22 patients (P < 0.05).

CONCLUSION: The bile duct angulation and T-tube
choledochostomy may be risk factors of recurrence of
bile duct stones.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Since its introduction in 1974, endoscopic sphincter-
otomy (EST) has become a well established therapeutic
method for the extraction of common bile duct (CBD)
stones'". In previous studies of EST, 4%-24% of pa-
tients experienced recurrent CBD stones during follow-
up intervals of up to 15 years” ™. The suggested causes
of recurrent bile duct stones after EST are bile duct
inflammation, papillary stenosis, dilated common bile
duct, petipapillary diverticulum, reflux of the duodenal
contents into the bile duct, and foreign bodies within the
bile duct™”. After EST, the biliary sphincter is rendered
permanently insufficient™. The loss of this physiologic
barrier between duodenum and biliary tract results in
duodenocholedochal reflux and bacterial colonization
of the biliary tract™. The presence of bacteria in the
biliary system might lead to late complications after EST.
These complications may include recurrence of CBD
stones from deconjugation of bilirubin by bacterial en-
zymes'", inflammatory changes of the biliary and/or he-
patic system" > recurrent ascending cholangitis'?, and
even malignant degeneration'>"”,

Bile stasis may be one of the possible mechanisms
of stone recurrence”. If bile flow can be decreased by
the bile duct angulation, it may be a risk factor of stone
recurrence. In a previous study, it was disclosed that in
treatment of CBD stones, a T-tube drainage group had
a higher recurrence rate of stones than cither a choledo-
choduodenostomy group or an EST group, although
their accurate mechanism was not elucidated"”. Tt was
also reported that the angulation of the extrahepatic bile
duct-so called “the elbow sign”-occurred as a sequela of
T-tube drainage'"”. Therefore, we investigated whether
draining the T-tube changes configuration of the extra-
hepatic bile duct significantly and then whether bile duct
deformity affects recurrence of CBD stones.

MATERIALS AND METHODS

Patient selection

All patients who were treated for choledocholithiasis
by means of endoscopic retrograde cholangiopancrea-
tography (ERCP) with EST between January 2000 and
December 2007 in our institution were recruited. Their
medical records were retrospectively reviewed. Among

them, patients who met the following criteria were se-
lected: (1) complete clearance of the bile duct stones was
achieved; (2) cholecystectomy performed; (3) absence
of bile duct stricture; (4) absence of concurrent hepato-
lithiasis; (5) absence of coexisting malignant neoplasm;
and (6) absence of coexisting severe medical disease.
Consequently, in total 259 patients were enrolled in the
study.

For all the patients, the following data were collected:
gender, age, recurrence, presence of periampullary diver-
ticulum, maximal CBD diameter and presence of T-tube
drainage. We divided them into two groups; recurrent and
non-recurrent groups, and the sum of extrahepatic bile
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Figure 1 Cholangiographic configuration of (A) usual extrahepatic bile
duct and (B) deformed bile duct. The imaginary line was drawn along the
center of the bile duct and each internal angle was measured at the angulation
of the proximal (a) and distal (b) bile duct level respectively. The values of both
angles were added together (a + b).

duct angles and maximal CBD diameter between both
groups was compared. EST was performed completely
by traction-type or needle-knife sphincterotome and the
bile duct stones were extracted with basket and/or stone-
retrieval balloon catheters. After extraction of CBD
stones, we performed a regular check-up on each patient
at the outpatient department base, and considered ab-
sence of symptoms of biliary colic or cholangitis episode
as absence of recurrence by using telephone interviews
in patients who were missed.

Periampullary diverticulum

Periampullary diverticulum was defined as the presence
of a diverticulum within a 2-cm radius from ampulla of
Vater. We could identify whether periampullary divertic-
ulum was present or not in 231 of the subjects. The in-
formation was missing from the medical records of the
remaining patients. We divided patients into two groups:
non-periampullary diverticulum and periampullary diver-
ticulum groups, and the recurrence rate between the two
groups was compared.

Measurement of bile duct angulation

There were films of acceptable quality, taken in the prone
position during ERCP. When the exrahepatic bile duct
was deformed, the number of its angulation site was one
or two in most patients. The angles were measured at the
intersection of imaginary lines drawn down the center
of the bile duct. Its intersection did not necessarily occur
within the lumen of the duct, particularly where angula-
tion took the form of a gentle curve. Each internal angle
was measured at the two angulation sites of the proximal
and distal bile duct level respectively by one experienced
radiologist (Figure 1). The values of both angles were
added together to estimate the grade of angulation. The

smaller sum of angles implies more angulation.
T-tube choledochostomy

T-tube drainage was performed during the cholecystec-
tomy when the bile duct was injured surgically or when a
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Table 1 Univariate analysis of risk factors for recurrent bile duct stones n (%)

Variable Non recurrence group Recurrence group P value
(n = 235) (n = 24)

Age (yr) 57.5+15.2 624+11.6 0.064

Gender (M/F) 116/119 11/13 0.742

Common bile duct diameter (mm)" 158 +6.2 20.6+7.6 0.001

Sum of angle (°)' 314.9 +£20.0 268.3 +29.6 0.001

T-tube drainage No 145 (95.4) 7 (4.6) 0.002
Yes 90 (84.1) 17 (15.9)

Periampullary diverticulum® No 111 (93.3) 8 (6.7) 0.091
Yes 97 (86.6) 15 (13.4)

M: Male; F: Female. 'Values expressed as mean + SD; *231 patients identified by whether periampullary diverticulum was present or not were included.

Figure 2 The bile duct angulation caused by T-tube choledochostomy.
A: Extrahepatic bile duct configuration before T-tube choledochostomy; B: Bile
duct configuration during T-tube drainage; C: Bile duct configuration altered
after T-tube drainage. This change of cholangiographic findings showed that
T-tube drainage would have induced bile duct angulation.

bile duct stone remained after EST. We divided patients
into two groups; T-tube drainage (107 patients) and non-
T-tube drainage group (152 patients). The recurrence
rate in each group and the sum of angles, especially the
sum of the angles before and after T-tube drainages
in 22 patients whose films of ERCP before and after
T-tube drainage were available among T-tube drainage
group, were determined. We compared the recurrence
rate and sum of angles between the T-tube drainage
group and the non-T-tube drainage group, and evaluated
the change of the sum of angles before and after the
T-tube drainages in 22 patients to find the influence of
T-tube drainage on bile duct configuration (Figure 2).

Maximal transverse common bile duct diameter

We defined transverse diameter of the CBD as a diam-
eter measured in the line which forms a right angle to
an imaginary line drawing down along the center of the
CBD lumen. We measured the maximal transverse di-
ameter of the CBD in all subjects and corrected for the
magnification, with the external diameter of the distal
end of the duodenoscope as a reference. We also evalu-
ated the recurrence rate according to the CBD diameter.

Statistical analysis
Categorical variables (gender, presence of periampul-
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lary diverticulum and presence of T-tube drainage) were
compared by chi-square test or Fisher exact test. Contin-
uous variables (age, CBD diameter, sum of angle) were
analyzed using the Student 7 test when the variables were
normally distributed or by using the Mann Whitney U
test for non-normal distribution. Significant predictors
for choledocholithiasis recurrence identified by univari-
ate analyses were included in a multiple logistic regres-
sion model to determine the most significant risk factors
for recurrence of the bile duct stones. For multivariate
analysis, we categorized continuous variables into two
subgroups: age (< 65 years s5 = 65 years), sum of angle
(< 270° »s = 270°), and maximal transverse CBD diam-
eter (< 13 mm »s = 13 mm).

Statistical analysis were conducted using SPSS (Statis-
tical Package for the Social Sciences) computer program
(version 14.00).

RESULTS

Two hundred and fifty-nine patients were included in
the study. Median age was 58 years (range, 17-85 years).
There were 132 (50.9%) women and 127 (49.1%) men.
Median follow-up period was 47.9 mo (6-101 mo). The
results of univatiate analyses for recurrence of bile duct
stones in relation to each factor were presented in Table 1.

Recurrence rate

The overall recurrence rate of CBD stones was 9.3% (24
of 259 patients). The recurrence rate was 8.7% (11 of
127 patients) in males and 9.9% (13 of 132 patients) in
females respectively.

A total of 13.4% (15 of 112) of the patients with
periampullary diverticulum developed recurrent stones,
while 6.7% (8 of 119) of those without diverticulum
showed recurrence. There was no evidence that the peri-
ampullary diverticulum exerted a significant influence
on the recurrence of bile duct stones statistically (P =
0.091). Seventeen of 107 patients (15.9%) who under-
went T-tube drainage had a recurrence, compared with 7
of 152 patients (4.6%) without T-tube drainage, and the
presence of T-tube drainage was shown to be statistically
associated with the recurrence of CBD stones (P = 0.002).

Bile duct angulation
The mean value of the sum of angles in the non-recur-
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Table 2 Adjusted odds ratio of risk factors for recurrent bile
duct stones

Recurrence of bile duct stones

Variables Odds ratio P value  95% CI'
Periampullary diverticulum 2.648 0.107 0.809-8.668
Common bile duct diameter 3.011 0.152 0.564-11.700
T-tube drainage 2.578 0.119 0.785-8.470
Sum of angle (°) 17.897 0.000 5.083-63.015
Age = 65 years 0.372 0.102 0.113-1.219

195% CI: Expressed as 95% confidence interval.

rence group was 314.9° £ 20.0°, while the mean sum of
angles in the recurrence group was 268.3° £ 29.6° (P =
0.001). These results mean that the more angulation in
the extrahepatic bile duct could develop, the greater re-
currence of the stone.

common bile duct diameter

The mean maximal transverse CBD diameter in the non-
recurrence group was 15.8 £ 6.2 mm while the mean val-
ue of CBD in the recurrence group was 20.6 £ 7.6 mm.
CBD diameter was a significant risk factor for recurrence
on univariate analysis (P = 0.001).

T-tube drainage

The mean value of sums of angles at the cholangiogram
before T-tube choledochostomy was 311.7° + 22.4°
in T-tube group, while that in the non T-tube group
was 314.9° £ 19.3° (P = 0.232). On the other hand, the
mean value of sums of angles before T-tube drainage
was 298.0° + 3.9° , while after T-tube drainage, it was
262.5° £ 24.6° in some patients (7 = 22) who underwent
ERCP after removal of the T-tube among members of
the T-tube group (P = 0.001). Consequently, these re-
sults suggested that T-tube drainage may affect bile duct
angulation.

Multivariate analysis

A univariate analysis revealed that CBD diameter, T-tube
drainage and sum of angle were significant risk factors
for the recurrence of choledocholithiasis (P < 0.05). But
multivariate analyses of all variables that reached a P val-
ue of less than 0.1 in univariate analysis were performed.
On multivariate analysis, angulation was the only inde-

pendent risk factor for the recurrence of choledocholi-
thiasis (Table 2).

DISCUSSION

ERCP with EST is the therapeutic procedure of choice
for CBD stones. Eatly complications of EST include
acute pancreatitis, bleeding, duodenal perforation, and
acute cholangitis. On the other hand, its late complica-
tions include recurrence of stones and papillary steno-
sis"”?*". In long-term follow-up studies after EST, the
recurrence rate of CBD stones in patients with cho-
lecystectomy has been in the range of 4% to 249,71,
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However, the theory that loss of sphincter function after
EST leads to formation of recurrent CBD stones seems
to need validation. Several authors have demonstrated
that the biliary tree becomes infected with bacteria after
EST™" and there is substantial evidence that bacteria
play an essential role in the formation of brown pigment
stones. Some bacterial species, especially Escherichia ol
produce enzymes such as 3-glucuronidase that are
known to precipitate bilirubin and calcium!" the main
components of brown pigment stone™. Furthermore,
electron microscopy studies have demonstrated that
bacteria are present in the core of brown pigment stone
whereas they are absent in cholesterol and black pigment
stonel#524

Apart from bacterial infection, biliary stasis is thought
to be an important factor in the pathogenesis of recur-
rent bile duct stones™**. The matkedly dilated bile duct
is often contaminated with bacteria and also leads to bile
stasis, which is thought to be an important factor in the
pathogenesis of recurrent stones. The association be-
tween dilated CBD and stone recurrence has been report-
ed in previous studies of post-EST patients[%’m. In the
univariate analysis of our study, in the recurrence group (»
= 21, mean CBD diameter = 20.6 mm * 7.6 mm) there
was greater dilation in the extrahepatic bile duct than in
the non-recurrence group (# = 200, mean CBD diameter
=158 mm * 6.2 mm) (P = 0.001). Therefore dilated
bile ducts may be another important risk factor of CBD
stone recurrence by causing impaired bile flow.

Previous studies of the peripapillary diverticulum in
relation to recurrence of bile duct stone have disclosed
inconsistent results™ ", Biliary stasis in patients with di-
verticulum could be caused by either mechanical factors
or the presence of coexisting motility disorders involv-
ing the sphincter of Oddi®'. Theoretically, the effect
of the diverticulum on bile flow might not completely
disappear after the EST. In our study, the recurrence rate
of the diverticulum group (#z = 112, 13.4%) was higher
than that of the non-diverticulum group (» = 119, 6.7%),
but the result was not statistically significant (P = 0.91).
Hence further studies on periampullary diverticulum as a
risk factor of stone recurrence might be needed.

Bile duct angulation may cause stasis of bile flow.
Warren suggested that angulation of CBD is associated
with choledocholithiasis™. Mean cholangiographic an-
gulation of CBD differed significantly between patients
with cholelithiasis only and those with choledocholithia-
sis in this previous series. The degree of ductal angula-
tion may be a useful consideration in development of
bile duct stones. Recently two reports showed angulation
of the CBD contributes to biliary stasis, and hence pre-
disposes to recurrent choledocholithiasis™*¥. In the cut-
rent study, the recurrence group (z = 24, mean of sums
of angles = 268.3° + 29.6°) was more angulated in the
extrahepatic bile duct than the non-recurrence group (»
= 235, mean of sum of angles = 314.9° + 20.0°) (P <
0.05). In multivariate analysis, the sum of angles was the
only independent risk factor of CBD stone recurrence

(Table 2).
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There was a previous study describing long-term
results of medical or surgical treatment in patients with
choledocholithiasis . Two hundred and thirteen patients
were treated for CBD stones, and then the patients were
divided into 3 groups based on the treatment modality:
group 1, choledocholithotomy and T-tube choledochos-
tomy; group 2, choledochoduodenostomy; and group 3,
endoscopic sphincterotomy. Recurrence of choledocho-
lithiasis was examined for each type of treatment modal-
ity. This study suggested that patients treated by T-tube
drainage had more recurrent bile duct stones than those
in the choledochoduodenostomy or EST groups, but ac-
curate mechanisms were not cleatly demonstrated.

Lee and Burhenne suggested that extrahepatic bile
duct angulation was caused by T-tube drainagem]. They
observed lateral distortion in the shape of the bile ducts
in a considerable number of patients with an indwelling
T-tube such that an angle measured between the proxi-
mal and distal parts of the duct, centered at the site of
T-tube drainage insertion, decreased to a range of 60
to 158. They have called this finding the “elbow sign”.
In the current study, the mean sum of angles before
T-tube drainage was 298.0° + 23.9°, while the mean
value of angles after T-tube drainage was 262.5° & 24.6°
in the same patients. The sum of the angles in the CBD
changed after T-tube drainage by 35.5° and was statisti-
cally significant (P < 0.05). Furthermore, the extrahepatic
bile duct deformity caused by T-tube drainage influenced
the recurrence rate of CBD stones. The recurrence rate
of the non-T-tube drainage group was 4.6%, while the
recurrence rate of the T-tube drainage group was 15.9%
(P < 0.05). It is presumed that T-tube placement could
P which, in turn, influences the
angulation of the bile duct and then leads to recurrence
of bile duct stones as one of the mechanisms.

Our study has some limitations. First, this study is
retrospective. Second, we did not prove recurrence with
repeat ERCP or cholangiogram in every patient. It may
have ascertainment bias. Third, we should estimate the
three dimensional image, but we measure bile duct an-
gulation by two-dimensional fluoroscopic imaging. This
may show some difference from real angulation. Practi-
cally, it is difficult to get three dimensional bile duct im-
ages. Fourth, there may be several possible confounders
which we did not consider. Medication such as ursode-
oxycholic acid and the time of drainage of contrast from
the bile duct were not reported in our series. On account
of these limitations, it is difficult to be absolutely certain
that our specific risk factors were solely responsible for
the recurrence of choledocholithiasis.

In conclusion, subsequent to endoscopic biliary sph-
incterotomy and clearance of bile duct stones, three sig-
nificant risk factors for the recurrence of the stone were
identified on univariate analyses, although bile duct an-
gulation was the only risk factor for recurrence of cho-
ledocholithiasis in the multivariate analysis. Patients with
a more angulated and dilated bile duct, and a history of
T-tube choledochostomy developed stone recurrence
more frequently. T-tube choledochostomy performed af-

introduce local adhesion
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ter cholecystectomy were prone to recurrence of stones
by an influence on bile duct angulation.

COMMENTS

Background

After endoscopic sphincterotomy (EST), 4%-24% of patients might experience
recurrent choledocholithiasis. The risk of stone recurrence is an important is-
sue, especially for relatively young patients. Bile duct angulation may be a risk
factor of stone recurrence by decreasing bile flow.

Research frontiers

The risk factors for true recurrence of bile duct stones after EST are subop-
timally defined. Until now, infection along the bile duct and bile stasis were
thought to contribute to the recurrence.

Innovations and breakthroughs

Recent several studies showed the association between bile duct angulation
and recurrence of stones. The authors added more information about that. In
addition, the authors suggested that T-tube choledochostomy influences the
recurrence of choledocholithiasis by angulating the bile duct.

Applications

This article provides important data about the risk factors of choledocholithiasis
recurrence. By identifying risk factors for stone recurrence, people can improve
outcomes by prophylactic treatments or earlier intervention.

Peer review

This is an interesting study that investigated the risk factors of recurrence of
common bile duct stones. This study suggested an association between T-tube
drainage and recurrence of choledocholithiasis by analyzing the angulation of
the common bile duct before and after T-tube drainage.
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Abstract

AIM: To measure the perceived satisfaction with gas-
tric cancer screening as part of the National Cancer
Screening Program (NCSP) in South Korea.

METHODS: Data were derived from the participants
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in a satisfaction survey of the Quality Evaluation of Na-
tional Cancer Screening in 2009. This is a population-
based nationwide telephone survey of participants who
were screened by the NCSP between May and October
2009. This study included 4412 participants who pro-
vided full sets of data and who had upper endoscopies
for the purpose of gastric cancer screening.

RESULTS: The negative appraisal percentages for
each of the seven questions were as follows: explana-
tion in preparation for the upper endoscopy, 12.3%;
explanation about the process and procedure of the
upper endoscopy, 13.8%; explanation about any pain
or discomfort related to the upper endoscopy, 27.5%;
level of pain during the procedure, 30.3%; physical
environment, 16.2%; manner of the staff, 11.2%, and
privacy protection, 8.8%.

CONCLUSION: The critical issues identified by the Pa-
reto analysis include the adequacy of the explanation
about any pain or discomfort associated with the upper
endoscopy and the level of pain experienced during
the procedure.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

In recent years, patient satisfaction with endoscopic pro-
cedures has become an important outcome measure of
gastrointestinal (GI) endoscopiesm. Patient satisfaction
not only establishes performance standards, but also
increases the accountability of physicians and staff, and
most importantly, can lead to improvement in the quality
of care. Few studies have assessed the factors associated
with patient satisfaction with upper endoscopies. Fac-
tors that have been significantly and positively associated
with patient satisfaction included the adequacy of anal-
gesia during the procedure, low patient anxiety before
the endoscopic procedure, respectful personal manner
of endoscopists, respectful personal manner of nurses,
patient positive perceptions of endoscopists’ technical
skills, pleasant physical environment in the endoscopy
unit, and adequate time spent by physicians explaining
the procedure .

Understanding the level of satisfaction with upper
endoscopies performed for gastric cancer screening may
provide information necessary for optimising adherence
to screening protocols. The satisfaction or procedure-
related discomfort in upper endoscopies has rarely been
given priority because the procedure can be done quickly
and is associated with few complications. Despite a low
rate of medical complications, the procedure is associ-
ated with substantial pre-procedural anxiety and proce-
dure-related discomfort. Endoscopists tend to underesti-
mate patient discomfort or dissatisfaction'”.

Gastric cancer is the second most common type of
cancer wotldwide. With estimated 934 000 new cases in
2002 (8.6%), gastric cancer fell to the 4th place behind
cancers of the lung, breast, and colon and rectum'.
However, gastric cancer remains the most frequently di-
agnosed cancer in South Korea™®. Gastric cancer screen-
ing is an increasingly important activity in the effort to
eatly detect and control gastric cancer™", Countries, such
as Japan and South Korea, where gastric cancer is highly
prevalent, have conducted gastric cancer screenings for
people at average risk. Although there is debate over the
value and risk of screening asymptomatic individuals,
interest has shifted to determining the preferred screen-
ing strategy and discerning the most effective ways of
implementing screening procedures for the general
population",

In South Korea, screening for gastric cancer started in
1999 as a part of the National Cancer Screening Program
(NCSP) for low-income groups. Currently, the NCSP
provides Medical Aid recipients and National Health In-
surance beneficiaries in the 50% of income brackets with
free screening services for five common cancers: gastric,
liver, colotrectal, breast, and cervical. The NCSP recom-
mends a biennial upper gastrointestinal series (UGIS) or
an upper endoscopy for men and women over 40 years
of age. In recent years, mass screenings using upper
endoscopies have replaced upper GI X-rays in several
cities in South Korea. In 2002, 75.0% of the participants
underwent upper-GI X-rays, and 25.0% received upper
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endoscopies. In 2008, 50.9% received upper-GI X-rays,
and 49.1% received upper endoscopiesﬂz].

The objectives of this study were to analyze the data
obtained by questionnaires measuring the perceived
satisfaction with gastric cancer screening as part of the
NCSP and to identify and ameliorate the issues that con-
tribute most to patient dissatisfaction.

MATERIALS AND METHODS

Data source

Quality Evaluation of National Cancer Screening (QENCS)
programs to improve the quality of NCSP were estab-
lished in 2008. QENCS programs in an upper endos-

copy evaluate all aspects of cancer screening, including

the structure, process and outcome. It also includes the
general items, such as the indication for the endoscopic
examination, informed consent, patient risk stratifica-
tion, and sedation practice. Outcome indicators are pat-
ticipant satisfaction and accuracy such as cancer detec-
tion rate, false positive rate, and interval caner.

Based on a previously validated questionnairem], we
conducted a population-based nationwide telephone
survey among participants who were screened by the
NCSP between May and October 2009. A sample of
43 157 participants was randomly chosen and stratified
according to age, gender and gastric cancer unit. We
evaluated participants’ satisfaction with gastric cancer
screening performed in hospitals. In total, 12 922 calls
were successful, and 9090 participants (70.3%) agreed to
complete the survey. Participants who received gastric
cancer screening with an upper gastrointestinal series
were excluded from the study. Finally, 4412 participants
who provided full sets of data and who had upper en-
doscopies for purposes of gastric cancer screening were
included in this study. This research was approved by the
Institutional Review Board Committee.

Questionnaire

The questionnaire addressed six specific aspects of
participant satisfaction with the screening experience:
the adequacy of explanations (questions 1, 2 and 3), the
manner adopted by doctors and nurses (question 4),
privacy protection (question 5), physical surroundings
(question 6), pain or discomfort during the procedure
(question 7), and overall satisfaction (question 8). The
items and scoring method are presented in Table 1. Par-
ticipants answered each question, except the question
regarding overall satisfaction, with a numerical score
on a Likert scale, ranging from 1 (poor) to 4 (excellent).
Opverall satisfaction was scored on a 10-point scale.

Statistical analysis and graphic representation

We defined the problem rate as the percentage of “fair”
or “poor” responses given by all participants to all ques-
tions''?. The problem rate was calculated by adding all
poor or fair responses on all questionnaires, dividing this
figure by the total number of questions, and multiplying
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Table 1 Items and scoring methods

Questions Poor Fair  Good Excellent

I received adequate information/explanations in preparation for the upper endoscopy 1 2 8] 4

I received adequate information/explanations about the process and procedure of the upper endoscopy 1 2 8] 4

I received adequate information/explanations about any pain or discomfort related to the upper 1 2 ) 4

endoscopy

I was satisfied with the respectfulness of the staff and the manner of doctors and nurses 1 2 3 4

I'had adequate privacy during the procedure 1 2 3 4

T was satisfied with the pleasantness of the physical environment 1 2 3 4

I did not experience too much pain/discomfort during the procedure 1 2 3 4
Strongly disagree Strongly agree

T'am satisfied with my overall experience with gastric cancer screening 1 2 3 4 5 6 7 8 9 10

Table 2 Characteristics of study population (7 = 4412)

Variable group Frequency (%)

Gender
Male 40.1
Female 59.9
Age
=40 yr, <50 yr 49.9
=50 yr, <60 yr 33.6
=60 yr 179
Education level
Elementary school or none 17.3
Middle school 19.7
High school 443
University or above 18.7
Sedation
Yes 48.0
No 52.0

this result by 100. This calculation can be expressed by
the following formula:

Zpoor and fair answers
x 100

Ztimes each question was evaluated

The percentage of poor or fair responses was also calcu-
lated for each question.

Quality assessment uses special methods for graphic
representation and analysis, and is considered to be as
important as the statistical analysis itself. Of the various
graphic analysis methods used currently, the Pareto chart
was adopted in this study“ﬂ. This chart presents the
relative importance assigned by all participants to each
question included in the calculation of the problem rate
and produces a bar chart representing the percentage
of problems for each question over the total number of
problems emerging from the data. Bars are shown from
the left to right in order of decreasing level of impor-
tance. Figures in the column represent the percentages
of poor and fair responses over the total of poor and
fair responses. In addition, we drew a line over the bars
to represent the accumulated percentage of problems

RESULTS

Of the total 4412 participants in the study population,
men accounted for 40.1%, and those aged 40-49 years
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Figure 1 Relative importance of each question for the problem rate
among all participants.

accounted for 49.9%. Additionally, 48.0% underwent
upper endoscopies while sedated (Table 2). In general,
the mean and median satisfaction scores were high (> 3)
for all questions, with the exception of the question ad-
dressing the level of pain (Table 3). We observed a trend
toward higher mean satisfaction scores among the se-
dated group with respect to seven of the eight questions;
the exception was the question addressing the adequacy
of the explanation of any pain or discomfort associated
with the procedure.

The critical few issues identified by the Pareto analysis
included the question about the adequacy of the expla-
nation about any pain or discomfort associated with the
procedure and the question regarding the level of pain
experienced during the procedure (Table 3, Figure 1). The
problem rate was 17.2% (5298 poor or fair responses to
a total of 30 884 questions) in the total study population.
The critical few with a 30.3% problem rate, included the
question about the level of pain experienced during the
procedure (Table 3). The problem rate was 12.8% (1900
poor or fair responses to a total of 14 812 questions) in
the sedated group and 21.1% (3398 poor or fair respons-
es to a total of 16 072 questions) in the unsedated group.
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Table 3 Comparison of satisfaction scores between sedated and unsedated groups

Total (n = 4412)

Sedated group(n = 21164) Unsedated group (7 = 2296)

Question label Mean Median  Poor and fair Mean Median  Poor and fair Mean Median  Poor and fair
(SD) (25Q-75Q) (%) (SD) (25Q-75Q) (%) (SD) (25Q-75Q) (%)

Adequacy of explanations in prepara- 3.3 (0.8) 3 (3-4) 123 3.4 (0.8) 4 (3-4) 114 3.3 (0.8) 3 (3-4) 13.2

tion for upper endoscopy (%)

Adequacy of explanations about process 3.3 (0.8) 3 (3-4) 13.8 3.3 (0.8) 4 (3-4) 12.6 3.2(0.8) 3 (3-4) 14.9

and procedure of upper endoscopy (%)

Adequacy of explanations about any 3.0 (1.0) 3 (2-4) 275 3.0 (1.0) 3 (2-4) 28.7 3.0 (0.9) 3 (2-4) 26.3

pain or discomfort related to upper

endoscopy (%)

Staff's manner (%) 33(0.7) 334 11.2 3.4(0.7) 3 (3-4) 10 33(0.7) 334 122

Privacy protection (%) 34(07) 334 8.8 34(07) 434 7.9 33(0.7) 334 9.6

Physical environment (%) 32(0.7) 334 16.2 3.2(0.7) 3 (3-4) 14 31(0.7) 334 18.3

Level of pain experienced 3.0 (1.0) 3 (2-4) 30.3 3.7 (0.6) 4 (4-4) 5.2 2.4 (0.8) 2 (2-3) 53.5

during the procedure (%)

Overall satisfaction 78 (1.8)  8(7-10) 8.0(1.8)  8(7-10) 7.6 (1.7) 8 (7-8)

Problem rate 17.2 12.8 21.1

DISCUSSION

We used the overall score on questions 1-8 as an indica-
tor of participants’ satisfaction with the upper endos-
copy offered by the NCSP. In general, the mean and me-
dian satisfaction scores were high (> 3) for all questions,
with the exception of the question concerning the level
of pain. We observed a trend toward higher mean satis-
faction scores in the sedated group. Our research shows
that the level of pain experienced during the procedure
and the adequacy of the explanation of any pain or dis-
comfort associated with the procedure constituted the
factors that contributed most to the problem rate among
participants.

In terms of quality, these two concerns comprise the
critical few. The implementation of measures to improve
these two main problem areas would probably reduce
the rate of problems among participants. The level of
pain was an important determinant of satisfaction with
the upper endoscopic procedure used for gastric cancer
screening, especially in the unsedated group. This find-
ing is consistent with the results of previous studies,
which reported that higher levels of pain or discomfort
were correlated with lower patient satisfaction with the
procedure“s’mj. A second reason for dissatisfaction iden-
tified by our study was the adequacy of explanations
of any pain or discomfort associated with the proce-
dure. A large percentage of complaints in both sedated
and unsedated groups was related to communication
problemslm. The total problem rates identified by the
three questions regarding the adequacy of explanations
were greater than 50% in both sedated and unsedated
groups, indicating that dissatisfaction with explanations
and communication is the most important contributor
to the problem rate. This suggests that screenings are
often performed without sufficient explanation, even
though participants acquire information before this pro-
cedure """, Before screening, both the preparation for
and the actual process of the endoscopy should be ex-
plained. It would also be helpful to explain the possible

(49

Boiovideng>  WIG | www.wjgnet.com

discomfort associated with this procedure. Additionally,
efforts to ensure privacy and improve the interactional
style of staff members may improve population screen-
ing programmes.

The total gastric cancer-screening rates have been
increasing steadily in South Korea, and the rate of up-
per endoscopic examination has also been increasing“zj.
However, the rate of participation in gastric cancer scre-
ening programs is still not optimalm]. Previous results
of a population-based survey have identified the upper
endoscopy as the preferred gastric cancer screening
method. Interestingly, respondents with higher income
levels were more likely to have had an endoscopic ex-
amination compared with those in lower income levels.
Under the South Korean NCSP, endoscopic examina-
tion, like UGI tests, are free of charge. Despite these
programmes, the use of endoscopy varies with house-
hold income, suggesting the possible impact of barriers
other than the cost of endoscopy per sé”. Indeed, under
this NCSP, participants have to pay for all procedure-
related costs associated with sedation, which may repre-
sent one of the barriers associated with income dispari-
ties.

Patient satisfaction is a crucial parameter in the ma-
nagement of the quality of endoscopies because it dir-
ectly reflects patient acceptance of procedures and
possibly reflects patient compliance with screening and
rnonitoring[zol, thus, dissatisfaction with the screening ex-
perience may lead to non-compliance**Y. Satisfaction
is particularly important when targeting asymptomatic
individuals because they have no obvious reason to seek
the services of a screening program. Moreover, levels of
satisfaction are also important indicators of the quality
of care, and feedback from participants can be used to
modify program operations™. To increase compliance
with the NCSP, we addressed issues related to improving
satisfaction with screening services.

Upper endoscopy is a safe and quick procedure, and
can be performed without sedation”. However, it can
also evoke anxiety, feelings of vulnerability, embarrass-
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ment, and discomfort, and the fears and concerns asso-
ciated with endoscopic procedures decrease patient com-
pliance. Conscious sedation is the method most widely
used, and good tolerance or conscious sedation has been
related to the acceptance of and higher satisfaction with
endoscopic procedures“’l5’16’26’2‘7]. Although usually safe,
gastric cancer screening tests have tradeoffs in terms of
efficacy, complications, discomfort, time, and cost™*,
The performance of upper endoscopies using seda-
tion is more costly but remains an efficacious strategy
because it increases the rates of successful endoscopies,
patient satisfaction, and willingness to undergo repeat
procedures™,

For these reasons, the NCSP should support the
cost of sedation for upper endoscopies and let patients
choose whether to undergo this procedure with or with-
out sedation. Such decisions should be based on patient
preferences and the clinical judgment of endoscopists,
which, in turn, are based on patient age, sex, and toler-
ance for the procedure[(”ml. Providers’ assessment of
individuals’ screening preferences, in combination with
intervention strategies to promote the preferred screen-
ing method, may increase compliance with gastric cancer
#59 Tt will be imperative
to consider these results when making decisions about
population-based screening strategiesm.

This study has several limitations, including the pos-
sibility of a degree of participant bias. Respondents who
completed the follow-up questionnaire were often those

screening recommendations

who reported discomfort on the post-procedure ques-
tionnaire; thus, this group may have been more likely
to respond. The study was conducted among healthy
individuals (i.e., participants in the National Gastric
Cancer Screening Program), and the results may not be
applicable to other patient populations. Indeed, partici-
pants might have different values, expectations about the
procedure, and pain tolerance, which would potentially
influence their satisfaction with the endoscopic proce-
dure. Additionally, our study was conducted at a hospital,
which may influence the extent to which our findings are
generalizable to non-hospital settings such as clinics.

Despite these limitations, the present study used a
reliable and valid survey methodology to evaluate satis-
faction with the NCSP. The assessment of satisfaction
with the NCSP is useful, as the degree of satisfaction
with screening programmes is correlated with adher-
ence patterns. The present study serves as a basis for
future interventions to improve satisfaction with upper
endoscopic procedures, including using sedation or es-
tablishing a program for training staff in communication
skills and interpersonal interactions. These findings may
be used to develop strategies to promote participation
in and adherence to the South Korean Gastric Cancer
Screening Program.
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Background

In recent years, patient satisfaction with endoscopic procedures has become
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an important outcome measure of gastrointestinal (GI) endoscopies. Patient
satisfaction not only establishes performance standards, but also increases
the accountability of physicians and staff, and most importantly, can lead to
improvement in the quality of care.

Research frontiers

National gastric cancer-screening rates have been increasing steadily in South
Korea. However, the rate of participation in gastric cancer screening programs
is still not optimistic. The authors suggest measuring the perceived satisfaction
with gastric cancer screening as part of the National Cancer Screening Program
so as to identify and ameliorate the issues that contribute most to participant
dissatisfaction.

Innovations and breakthroughs

This study shows that the level of pain experienced during the endoscopic
procedure and the adequacy of the explanation of any pain or discomfort as-
sociated with the procedure constituted the factors that contributed most to the
problem rate among participants. The implementation of measures to improve
these two main problem areas would probably reduce the rate of problems
among participants.

Applications

This study serves as a basis for future interventions to improve the satisfaction
with upper endoscopic procedures, including using sedation or establishing a
program for training staff in communication skills and interpersonal interactions.
Peer review

The study is well done both number and selection of cases, and the results
quite clear.
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Abstract

AIM: To determine the seroprevalence of anti-hepatitis
A virus (HAV) antibodies in patients with chronic liver
disease (CLD) and to justify the need for hepatitis A
vaccination.

METHODS: Patients (7 = 119) were enrolled between
July and September 2009. The diagnosis of CLD was
based on the presence of viral markers for more than
6 mo. The diagnosis of liver cirrhosis was based on
clinical, biochemical and radiological profiles. Patient
serum was tested for anti-HAV IgG.

RESULTS: The overall anti-HAV seroprevalence was
88.2%. The aetiology of CLD was hepatitis B in 96 pa-
tients (80.7%) and hepatitis C in 23 patients (19.3%).
Mean age was 44.4 = 14 years. Patients were grouped
according to age as follows: 24 (20.2%) patients in the
21-30 years age group, 22 (18.5%) in the 31-40 years
age group, 31 (26.1%) in the 41-50 years age group, 23
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(19.3%) in the 51-60 years age group and 19 (16.0%)
patients aged greater than 60 years, with reported se-
roprevalences of 66.7%, 95.5%, 93.5%, 91.3% and
94.7%, respectively. There was a marked increase of se-
roprevalence in subjects older than 30 years (P = 0.001).

CONCLUSION: Our study demonstrated that patients
aged greater than 30 years of age were likely to have
natural immunity to hepatitis A. Therefore, hepatitis A
vaccination may not be routinely required in this age
group.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis A remains a significant problem in Malaysia.
Malaysia is among those countries reported to be of inter-
mediate endemicity, along with Thailand and Sri Lanka'™.
The hepatitis A virus (HAV) has been reported to be the
main cause of symptomatic clinical hepatitis (up to 66.4%
in 1996) in the Eastern region of Peninsular Malaysia
when compared to other causes of viral hepatitis'”. Kelan-
tan is one of the states situated in the Eastern region of
Peninsular Malaysia. However, over the last 20 years, pat-
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terns of endemicity in South-East Asia have changed due
to improvements in living standards, with some countries
shifting from high to intermediate or intermediate to low
endemicities’ ", The prevalence of HAV in Malaysia
is expected to fall with time; this means, however, that
reintroduction of the virus to a non-immune population
could produce a community-level outbreak, which may
lead to an increase in morbidity and mortality™”,

HAV super-infections in patients with underlying
chronic liver disease (CLLD) may lead to decompensation
of the liver. Acute HAV super-infection is associated
with higher morbidity and mortality than are isolated
cases of acute HAV infection, leading to an increase in
the likelihood of developing a fulminant liver failure” .
Based on epidemiological studies of large hepatitis A
outbreaks in Shanghai in the late 1980s, acute hepatitis
A 1n patients with chronic hepatitis B has an even more
severe clinical course and higher risk of death™. The
fatality rates for acute hepatitis A were 5.6 times higher
among hepatitis B surface antigen (HBsAg) carriers
1A similar
scenario may also be true for super-infection of hepatitis
A in chronic hepatitis C patients. An observational study
conducted over a 7-year period among 432 Italian pa-
tients with chronic hepatitis C reported that amongst the
17 patients (3.9%) with acute hepatitis A super-infection,
41% progressed into fulminant hepatic failure!"”. This
emphasises the need for vaccination in CLD patients
without natural immunity.

In the West, hepatitis A vaccination has been rec-
ommended in all patients with CLD to prevent supet-

infection with HAV, which may cause high morbidity
[18°

when compared to HBsAg-negative patients

and mortality in this group of patients'*™. However,
in countries where hepatitis A is still endemic, such as
Malaysia, the utility of this vaccine must be examined,
as it is possible that most patients have already acquired
natural imrnunitymzﬂ.

Therefore, we aimed to determine the seroprevalence
of anti-HAV antibodies in patients with CLD in our re-

gion.

MATERIALS AND METHODS

Sample population

Patients with CLD (# = 119) attending the Gastroen-
terology Clinic of Universiti Sains Malaysia, Kelantan
between July and September 2009 were enrolled after
having signed written informed consents. Diagnosis
of CLD was based on the presence of HBsAg or anti-
hepatitis C virus antibody (anti-HCV) in serum for a pe-
riod of at least 6 mo. The underlying liver diseases were
classified into either liver cirrhosis (LC) or non-cirrhotic
CLD. I.C was evidenced by previous ultrasonography (i.c.,
coarse liver architecture, nodular liver surface and blunt
liver edges) as well as confirmation of hypersplenism (i.e.,
splenomegaly on ultrasonography with a platelet count <
100 000/mm’*)". Patients with underlying CLD of non-
viral origin were excluded.
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The patients were classified into the following five
groups according to age: (1) Group A: 21 to 30 years; (2)
Group B: 31 to 40 years; (3) Group C: 41 to 50 years; (4)
Group D: 51 to 60 years; and (5) Group E: greater than
60 years of age. The study was approved by the local
university’s Research and Ethics Committee and com-
plied with the Declaration of Helsinki.

Detection of HAV IgG, HBV and HCV infections
Immunity towards hepatitis A was established by detec-
tion of anti-HAV IgG using commercially available im-
munoassay kits for anti-HAV IgG (Abbot Laboratories,
Chicago, Illinois, United States) that rely on microparti-
cle enzyme immunoassay methods. Presence of hepatitis
B virus (HBV) and hepatitis C virus infection was deter-
mined by detection of HBsAg and anti-HCV antibodies,
respectively.

Statistical analysis

All data analyses were carried out using SPSS statistical
software (Version 12.0.1). Continuous variables were ex-
pressed as mean and standard deviation for normally dis-
tributed data while categorical variables were expressed
as frequency and percentage. A chi-square (") test was
used to determine whether significant differences exist
between two categorical variables. Results were reported
as significant when P < 0.05. For multivariate analyses,
a stepwise multivariate logistic regression model was
employed to assess the relative importance of variables
showing a significant association (P < 0.05) or any other
clinically important variables in univariate analysis (P <
0.10). Results of all multivariable analyses were reported
as adjusted odds ratio, 95% CI and exact P value.

RESULTS

The mean age at presentation was 44.4 = 14 years (range
21-76 years). Males comprised the majority of the study
population (62.2%). The Malay constituted the highest
proportion of the study subjects (80.7%). This distribu-
tion reflects the current ethnic diversity in our population.

The aetiology of the underlying liver disease was
chronic HBV infection in 96 (80.7%) patients, while
chronic HCV infection was present in the remainder of
the population (19.3%). The distribution of disease status
was LC (14.3%), while others were in the non-cirrhotic
group (Table 1).

The overall prevalence of anti-HAV was 88.2%
(105/119), while seroprevalence differed greatly based
on age group: 66.7% in Group A, 95.5% in Group B,
93.5% in Group C, 91.3% in Group D and 94.7% in
Group E (Figure 1). The anti-HAV prevalence was sig-
nificantly lower in patients younger than 30 years of
age when compared to those who were in the older age
groups (Table 2). Multivariate analysis of age category
variables also showed a significant difference between
patients younger than 30 years when compared to those
who were in the older age groups, with the exception of
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Table 1 Patient demographic and clinical data

Table 3 Multivariate analysis of age category variables

Characteristics Values (%)
Mean age (yr) 44.4+14.0
Male 74 (62.2)
Aetiology of liver disease

HBV 96 (80.7)

HCV 23 (19.3)
Status of liver disease

Non-cirrhotic 102 (85.7)

Liver cirrhosis 17 (14.3)
Prevalence of IgG HAV 105/119 (88.2)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HAV: Hepatitis A virus.

Table 2 Univariate analysis of demographic data and anti-

hepatitis A virus IgG positivity

Anti-HAV IgG n (%)

Variables ..
Positive

2
. value P value
Negative [

Age (yr), mean = SD 457+134 351+15.8

Age less than 30 yr 16 (66.7) 8 (33.3) 13473 0.001'
Age more than 30 yr 89 (93.7) 6 (6.3)

Race
Malay 84 (87.5) 12 (12.5) 0259  0.611'
Non-Malay 21 (91.3) 2(8.7)

Gender
Male 68 (91.9) 6(8.1) 2521 0112
Female 37 (82.2) 8 (17.8)

Aetiology of liver disease

Hepatitis B 83 (86.5) 13 (13.5) 1511  0.219'
Hepatitis C 22 (95.7) 1(4.3)
Status of CLD

88(863) 14 (137) 2644 0216
17 (100.0)  0(0.0)

Non cirrhotic

Liver cirrhosis
Education level
2 (28.6) 2024 0191

No formal education 5(71.4)

Primary 12 (100.0) 0 (0.0) 1.779  0.356'
Secondary 61 (89.7) 7 (10.3) 0331 0565
Tertiary 27 (84.4) 5 (15.6) 0.628  0.522'
Salary category (RM)
<1000 48 (84.2) 9 (15.8) 1.707  0.257
1001-2000 31 (88.6) 4 (11.4) 0.005  1.000'
2001-3000 14 (93.3) 1(6.7) 0.43 1.000"
> 3000 12 (11.4) 0 (0.0) 1.779  0.356'
Comorbidities
Diabetes 21 (100) 0 (0.0) 3.4 0.127'
Hypertension 19 (100.0) 0(0.0) 3.015  0.122'
Ischaemic heart 6 (100.0) 0(0.0) 0.842  1.000'

"Fisher’s exact test; “Pearson 12 Test. P < 0.05 was considered as significant
at the 95% confidence level. HAV: Hepatitis A virus; CLD: Chronic liver
disease.

group D (P = 0.053) (Table 3).

The overall prevalence of hepatitis A was 80.5% in
the 96 patients with chronic HBV infection and 95.7%
in the 23 patients with chronic HCV infection. Anti-
HAV was more frequently (100%) detected in L.C pa-
tients when compared to non-cirrhotic patients (86.3%)

DISCUSSION
A study by Ton ez a/*" investigated 100 healthy individu-
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Variables (age) Walds (df) Adg':ed P value Lowﬁ * °lfp'per
Group A: 21 to 30 yr  11.021 (4) 0.026"

Group B: 31to40yr  4.664 (1) 11 0.031° 1.248 96.951
Group C: 41to50yr  5.236 (1) 7 0.022* 1.322  37.066
Group D: 51to 60 yr  3.741 (1) 525 0.053 0.978 28.182
Group E: > 60 yr 3.884 (1) 9 0.049" 1.012 28182

P < 0.05 was considered as significant at the 95% confidence level. OR:
Odds ratio.

100.0 |
90.0 |
80.0 |
70.0 | 66.7%
60.0 |
50.0 T
40.0 |
300 |
20.0 |
10.0 t

0.0 I I I I |
21-30 yr 31-40yr 41-50yr 51-60yr > 60 yr

5% 93.5% gy30, 947%

Percent

Figure 1 Seropositivity of anti-hepatitis A virus IgG according to age groups.

als from Kuala Lumpur in 1983 and reported a sero-
prevalence of hepatitis A of 78.2%. In 1985, a study
reported that 100% of a Malaysian population were anti-
HAV positive by 30 years of age™. However, in 1992,
only 45% of the same age group were antibody-positive,
indicating a shifting epidemiology, most probably due to
improvements in living standards™. In the present study,
we found that the overall anti-HAV seropositivity was
high, at 88.2%. The higher seroprevalence of hepatitis
A in our chronic viral hepatitis patients compated to
previously reported seroprevalence for normal individu-
als was most likely related to the characteristics of the
studied population in this region. This study was con-
ducted in Kelantan, which is located in the north-eastern
corner of the peninsula facing the South China Sea, with
a chiefly agrarian economy. The population has diverse
socioeconomic status and large income inequalities. The
previous study was conducted in Malaysia’s capital, Kua-
la Lumpur™, which has higher living standards, while
the other included paediatric age groups with lower ex-
pected natural immunity”. Therefore, it is possible that
the seroprevalence of HAV in other parts of Malaysia
might not be similar to our findings, and we recommend
further study in each locality to determine this. It is also
possible that CLD patients have a higher prevalence of
HAV positivity than the normal population. Contra-
dicting this, Joshi and colleagues have revealed similar
hepatitis A seroprevalence differences between CLD and
normal populations in India®"

We also show that the main factor that influences the
rate of positivity is the age group. The seroprevalence
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rates in patients in Groups B, C, D and E were greater
than 90%, compared to only 66.7% in patients belong-
ing to Group A. These data imply that most patients with
chronic viral liver disease who are greater than 30 years of
age may have been exposed to HAV infection and have
therefore already acquired natural immunity towards the
disease. Therefore, routine HAV vaccination cannot be
recommended in this age group. However, there remains
the need to vaccinate patients aged less than 30 years
with chronic liver disease.

Malaysia is a multiracial country consisting of three
major ethnic groups: Malay, Chinese and Indian. Because
the Indian population is generally very small in Kelantan,
we did not manage to enrol any Indian patients, and only
the Malay and Chinese races could be compared. There
was no significant difference in the seroprevalence rate
between these two ethnicities. However, this should be
interpreted with caution, as various sociocultural behav-
iours may also play a role in influencing viral transmis-
sion rates.

The anti-HAV seropositive rate was 86.5% in hepatitis
B and 95.7% in hepatitis C. Even though chronic hepati-
tis C is a different disease entity from chronic hepatitis B,
there was no significant difference in anti-HAV positivity
according to aetiology of underlying chronic liver disease
(P> 0.05). This could be due to the small sample size of
patients with hepatitis C infection (#z = 23) in our study.
Notably, the seroprevalence of hepatitis A was higher in
hepatitis C patients than in hepatitis B patients, which
is consistent with Korean data, where 100% of chronic
hepatitis C patients were anti-HAV IgG positive com-
pared to only 86.1% of hepatitis B patients””. Similarly,
the Korean and Indian studies also failed to demonstrate
any significance in hepatitis A seropositivity in relation to
chronic liver disease aetiology™*".

All cirrhotic patients were anti-HAV positive, com-
pared to only 86.3% in non-cirrhotic liver disease cases.
The higher prevalence in cirrhotics was due to these
patients falling into an older age group (mean age 52.4
* 13.4) than non-cirrhotics (mean age 43.06 £ 13.7), as
shown by multiple logistic regression analyses. Various
studies, particularly those in highly endemic regions such
as India, have demonstrated that the majority of cirrhot-
ic patients of any aetiology are positive for anti-HAV
IgG. A study from New Delhi revealed that 97.6% of
cirrhotics (248/288) were found to be positive for anti-
HAV™. Another study from South India demonstrated
that 51 out of 52 patients with cirrhosis had antibod-
ies towards HAV™. All these studies proposed that the
higher seroprevalence of anti-HAV IgG in cirrhotic pa-
tients was actually related to increased age. Our findings
are in agreement with the results of these studies.

Our study demonstrated that the overall hepatitis A
seroprevalence was higher in CLD patients in Kelantan
compared to the previously determined prevalence in
normal individuals in other parts of Malaysia. Age was
the most important factor in determining anti-HAV
positivity, and most patients greater than 30 years of age
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were likely to have natural immunity.

ACKNOWLEDGMENTS

We would like to thank Dr. Habsah Hasan for her skilful
help in conducting the anti-HAV IgG tests.

COMMENTS

Background

Populations in developed countries may not have had prior exposure to hepa-
titis A virus (HAV) and, therefore, no natural immunity; thus, there is a need for
hepatitis A vaccination in selected high-risk groups. In view of this, Western
guidelines advocate hepatitis A vaccination for those with chronic liver disease
(CLD), as infection may lead to further deterioration of liver function, which can
then cause significant morbidity and mortality amongst these patients.
Research frontiers

Over the last 20 years, patterns of endemicity in South East Asia have changed
due to improvements in living standards, with some countries shifting from
high to intermediate or intermediate to low endemicity. The question remains
as to the importance of hepatitis A vaccination amongst hepatitis B and C CLD
patients in Malaysia, a country of intermediate endemicity for hepatitis A. To
answer this, a research team from Universiti Sains Malaysia determined the
prevalence and associated factors of natural immunity towards hepatitis A
amongst these patients in the eastern region of Peninsular Malaysia.
Innovations and breakthroughs

The study demonstrated that the overall prevalence of natural immunity towards
hepatitis A was high (88%). There was a statistically significant difference when
the data were broken down according to age. Results revealed that hepatitis B
and C CLD patients less than 30 years of age were significantly less likely to
have a natural immunity towards hepatitis A. This implies that although hepatitis
A vaccination is not needed for the majority of CLD patients, a subset of pa-
tients (particularly patients who are younger than 30 years old) will still benefit
from being vaccinated.

Applications

Study results show that for north-eastern Peninsular Malaysia, there is currently
no need for routine hepatitis A vaccination amongst hepatitis B and C CLD
patients. However, CLD patients who are younger than 30 years of age will still
benefit from being vaccinated. Patterns of endemicity in South East Asian coun-
tries are expected to change; in Malaysia, the prevalence of hepatitis A viral
exposure is expected to fall with time. Thus, there is a need to repeat this study
in the future, as it is expected that the prevalence of natural immunity towards
hepatitis A will fall as the country becomes more developed.
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The authors investigated the seroprevalence of anti-HAV antibodies in patients
with CLD and the need for vaccination in the region of Kelantan, Malaysia.
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Abstract

AIM: To characterise the viral kinetics of enterovirus
71 (EV71).

METHODS: In this study, human rhabdomyosarcoma
(RD) cells were infected with EV71 at different multi-
plicity of infection (MOI). After infection, the cytopathic
effect (CPE) was monitored and recorded using a phase
contrast microscope associated with a CCD camera at
different time points post viral infection (0, 6, 12, 24 h
post infection). Cell growth and viability were measured
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay in both EV71 infected and mock
infected cells at each time point. EV71 replication kinet-
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ics in RD cells was determined by measuring the total
intracellular viral RNA with real-time reverse-transcrip-
tion polymerase chain reaction (qRT-PCR). Also, the in-
tracellular and extracellular virion RNA was isolated and
quantified at different time points to analyze the viral
package and secretion. The expression of viral protein
was determined by analyze the levels of viral structure
protein VP1 with Western blotting.

RESULTS: EV71 infection induced a significant CPE as
early as 6 h post infection (p.i.) in both RD cells infect-
ed with high ratio of virus (MOI 10) and low ratio of
virus (MOI 1). In EV71 infected cells, the cell growth
was inhibited and the number of viable cells was rap-
idly decreased in the later phase of infection. EV71
virions were uncoated immediately after entry. The
intracellular viral RNA began to increase at as early as
3 h p.i. and the exponential increase was found be-
tween 3 h to 6 h p.i. in both infected groups. For viral
structure protein synthesis, results from western-blot
showed that intracellular viral protein VP1 could not
be detected until 6 h p.i. in the cells infected at either
MOI 1 or MOI 10; and reached the peak at 9 h p.i. in
the cells infected with EV71 at both MOI 1 and MOI
10. Simultaneously, the viral package and secretion
were also actively processed as the virus underwent
rapid replication. The viral package kinetics was com-
parable for both MOI 1 and MOI 10 infected groups.
It was observed that at 3 h p.i, the intracellular virions
obviously decreased, thereafter, the intracellular viri-
ons began to increase and enter into the exponential
phase until 12 h p.i. The total amounts of intracellular
virons were decreased from 12 to 24 h p.i. Consistent
with this result, the increase of virus secretion oc-
curred during 6 to 12 h p.i.

CONCLUSION: The viral kinetics of EV71 were es-
tablished by analyzing viral replication, package and
secretion in RD cells.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Enterovirus 71 (EV71) is a member of human entero-
virus species which belongs to the Picornaviridae family.
It is one of the major causative agents for herpangina
and hand, foot and mouth disease (HEMD)"?. Among
young children, acute EV71 infection may also cause
severe neurological diseases such as encephalitis and
meningitis that lead to significant mortalit§7[3’4]. Recently,
outbreaks of EV71 infection have been frequently re-
ported throughout the world®"". In China, a recent out-
break of EV71 infected more than 1.4 million children
and caused 760 deaths from January to July, 2010. It is
also noted that an adult died due to EV71 infection in
Hong Kong in May, 2010 (http://www.hked.com.hk/con-
tent/2010-05/28/content_2531606.htm).

EV71 is a small RNA virus containing a non-en-
veloped capsid and a single-stranded positive genomic
RNA (about 7400 bp)"". The life cycle of EV71 was
speculated according to studies on other enteroviruses.
EV71 would attach to the host cell »a its specific recep-
tors' and then the viral genomic RNA is released into
the cytoplasm, where it directly translates into a polypro-
tein. This precursor protein can subsequently be cleaved
into four structural (VP1, VP2, VP3 and VP4) and
seven non-structural (2A, 2B, 2C, 3A, 3B, 3C and 3D)
proteinsw. For virus RNA replication, a complementary
minus-strand RNA is synthesised in the cytoplasm and
then this minus-strand RNA can serve as a template for
new plus-strand RNA molecules. Newly synthesized
virus RNA may go into another round of translation
and replication, or is packaged into capsid proteins to
produce infectious viral particles (see review in Ref.[13]).
Studies on other viruses demonstrate that the knowledge
of wvirus kinetics is important for clarifying viral patho-
genesis and exploring effective treatments. The knowl-
edge of the viral kinetics on human immunodeficiency
virus, hepatitis B virus and hepatitis C virus has greatly
improved the understanding of the cell response to these
viruses and mechanisms of related antiviral therapym"m].
In the Picornavirns family, the kinetics of swine vesicular
disease virus (SVDV) and foot-and-mouth disease vi-
rus (FMDV) have been described in several studies' ™.
However, little information is known about EV71 infec-
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tion. In this study, we used rhabdomyosarcoma (RD) cells
as an 7 vifro model and intensively investigated the viral
kinetics of EV71, including the kinetics of viral replica-
tion, viral protein synthesis, packaging and secretion.

MATERIALS AND METHODS

Cell culture and virus propagation

RD cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% (v/v) fetal bo-
vine serum (FBS), 100 U/mL penicillin and 100 pg/mL
streptomycin. EV71 strain SHZH98 (GenBank accession
number AF302996.1) was obtained from Shen-zhen Cen-
ter for Disease Control and Prevention, Shenzhen, China.
To prepare virus stocks, viruses were propagated on a
90% confluent cell monolayer in DMEM with 2% FBS.
The viral titres were measured by the cytopathic effect
(CPE) microtitration assays and expressed as 50% tissue
culture infective dose (TCID50) per millilitre (mL) accord-

ing to the Kirber formula”,

Viral infection and cytopathic effects assay

RD cells were cultured in 12-well plates and infected
with nil or EV71 at multiplicity of infection (MOI) 1
and 10, respectively. Briefly, plated cells were washed
twice with phosphate buffered saline (PBS) and infected
with EV71. Time was set as zero after adsorption for 1 h.
The culture media were removed and cells were washed
twice with PBS to remove unattached virus before add-
ing 1 mlL of DMEM medium containing 10% FBS to
each well. The cells were cultured at 37 °C in 5% COa.
The cell morphology was monitored and recorded us-
ing a phase-contrast microscope associated with a CCD
camera and computer at different time points. The in-
fected cells and culture supernatants were harvested to
isolate RNA and proteins.

MTT assay

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] assays were performed to determine the
cell viability upon EV71 infection. Briefly, RD cells wete
set in 96-well plates at 1 X 10" cells per well 24 h before
infection with EV71 at MOI 1 or MOI 10. The me-
dium was then replaced with 0.5 mg/mL MTT medium
at different time points and incubated for another 4 h.
The MTT solution was removed from the wells and the
formazan crystals were dissolved in DMSO. Absorbances
of the formazan products were measured at 550 nm with
the reference wavelength at 690 nm.

RNA isolation

For intracellular viral RNA quantification, the total cel-
lular RNA was isolated from EV71 infected cells using
TRIzol reagent (Invitrogen, United States) according to
the manufacturer’s instructions. To quantitate the extra-
cellular virions, we first isolated the virions from the cul-
ture media of infected cells. The media were harvested
and briefly centrifuged to remove cell debris. Viral core
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particles were then precipitated with 10% polyethylene
glycol 8000 containing 0.5 mol/L NaCl at 4 ‘C overnight.
After centrifuging for 30 min at 16000 g, viral particles
were pelleted and treated with 100 yug/mIL of RNase A
(Sigma, United States). To isolate the intracellular viri-
ons, EV71 infected cells were lysed with lysis buffer (1%
Triton 100 and 1 X Roche protease inhibitor cocktail
in PBS). Then the cell lysates were used to isolate viral
particles as described above. The virion-associated RNA
was then isolated by using TRIzol reagent. To set up the
standard curve of infectious viruses, the viral titres were
first determined by CPE assay. Then the viral RNA was
extracted from those infectious EV71 viruses. RNA was
diluted at ten-fold serial and used to reflect the calculated
PFU from 10 to 1 x 10’ live vitions.

Quantitative reverse transcription-polymerase chain
reaction

The one-step quantitative real-time polymerase chain
reaction (qQRT-PCR) was carried out using the ABI
7500 Real-Time PCR system (Applied Biosystems) with
QuantiTect SYBR Green RT-PCR Kit (Qiagen) and
specific forward EV71-VP1F (5-GCAGCCCAAAA-
GAACTTCAC-3’) and reverse EV71-VP1R (5-ATT-
TCAGCAGCTTGGAGTGC-3’) primers targeting a
conserved region of the ["P7 gene[zo]. PCR assay was
carried out in a 20 pl. volume consisting of 10 pl. of 2
X Quantitect SYBR green RT-PCR Master Mix, contain-
ing HotStarTaq DNA polymerase, 1 uL of 10 pmol/L
of each oligonucleotide primer, 0.2 pL. of 100 X Quanti-
Tect RT Mix (containing Omniscript and Sensiscript
reverse transcriptases) and 2 ul. of RNA extracted from
samples or from ten-folds serial diluted virus RNA
standard (from 10" to 10 copies). The target fragment
amplification was carried out as follows: reverse tran-
scription at 50 'C for 30 min; initial activation of Hot-
Star Taq DNA Polymerase at 95 C for 15 min; 45 cycles
in four steps: 94 'C for 10 s, 56 ‘C for 30 s, and 72 C
for 30 s. At the end of the amplification cycles, melting
temperature analysis was carried out by a slow increase
in temperature (0.1 C/s) up to 95 C.

Western blotting

To prepare total cellular protein extracts, the cells were
lysed with RIPA buffer (50 mmol/L Tris-HCI, pH 7.5,
150 mmol/L NaCl, 1 mmol/L EDTA, 1% Triton X-100,
0.1% SDS, 1 X Roche protease inhibitor cocktail) with
occasional vortexing. Lysates were collected by centrifu-
gation at 14000 g for 10 min at 4 °C and protein concen-
trations were measured by the Bradford method (Bio-
Rad, United States). Equal amounts (20 pg) of proteins
from each sample were separated through 12% SDS-
PAGE and transferred onto polyvinylidene difluoride
(PVDF) membranes (Amersham Biosciences). Mem-
branes were blocked by 5% skim milk in Tris-Buffered
Saline Tween-20 (ITBST) (20 mmol/L Tris-HCI, pH 7.4,
150 mmol/I. NaCl, 0.1% Tween 20) followed by incu-
bation with specific antibodies against VP1 (PAB7631-
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DO01P, Abnova) or GAPDH (Santa Cruz Biotechnol-
ogy). Target proteins were visualized with horseradish
peroxidase-conjugated secondary antibodies (Santa Cruz
Biotechnology) and a chemiluminescence detection sys-
tem (Amersham Biosciences). Each immunoblotting was
carried out at least three times.

Statistical analysis

Data are depicted as mean £ SD. All statistical analyses
were carried out with SPSS 14.0 software (SPSS Inc.).
Two-tailed Student’s 7 test was applied for two-group
comparison. P < 0.05 was considered statistically signifi-
cant.

RESULTS
Cytopathic effects and the kinetic of cell viability

Morphological changes were observed as early as 6 h
pd. when RD cells were infected with EV71 at either
MOI 1 or 10 (Figure 1A, panels f and j). Initially, the
cells rounded up and became more refractile. As the cul-
ture progressed, some infected cells detached from the
culture plate and floated into the medium (Figure 1A,
panels g, h, k and I). Compared with the cells infected
at MOI 1, more cells were unhealthy at 6 h p.i. when in-
fected at MOI 10 (Figure 1A, panel j ss f). Later on, the
cells infected with EV71 both at MOI 1 and 10 under-
went significant cell death and detached from the surface
of culture dishes (Figure 1A, panels g and k). At 24 h
pi, most of the cells were detached from the surface of
the plate in both infected groups (Figure 1A, panels h
and ). The MTT assay showed that the viability of the
cells infected with EV71 at MOI 1 did not significantly
decrease at 12 h p.i., but slightly reduced in cells infected
at MOI 10 (Figure 1B). At 18 and 24 h p.i., the viability
of the cells infected with EV71 either at MOI 1 or 10
significantly decreased.

The kinetics of viral replication

To examine the kinetics of viral replication, the levels of
intracellular viral RNA were measured by qRT-PCR at
each time point. As shown in Figure 2, the intracellular
viral RNA began to increase as eatly as 3 h p.. and the
exponential phase was from 3 to 6 h p.i in both infected
groups. In the case of infection at MOI 1, the intracel-
lular viral RNA continually increased from 6 to 12 h p.i,,
and then gradually decreased until 24 h p.i. In the case
of MOI 10, the intracellular viral RNA reached a peak
between 6 and 9 h p.i., and then began to decrease.

The kinetics of viral protein synthesis

The intracellular viral protein VP1 was not detected until 6 h
p.. in the cells infected at MOI 1 and10 (Figure 3). The VP1
protein level reached a peak at 9 h p.i. in the cells infect-
ed with EV71 at both MOI 1 and MOI 10. Obviously,
the VP1 levels were much higher in the cells infected at
MOI 10 than at MOI 1. In the case of infection at MOI 1,
the VP1 level was maintained until 12 h p.i.; whereas the

September 28, 2011 | Volume 17 | Issue 36 |



Lu J et a/. Viral kinetics of EV71

A
Ce” ‘l“““““““““‘
- ‘|““““““““‘|‘|
N .
B
110
O Cell
o | W MOI=1
— 0 MOI =10
Q a
Z a
= 70
o
S
3
50 a
a
30 Iiliw
Oh 6h 12h 18 h 24 h

Figure 1 Cytopathic effects and kinetics of cell viability upon enterovirus 71 infection. Rhabdomyosarcoma cells were infected with enterovirus 71 (EV71) at
multiplicity of infection (MOI) 1 or MOI 10. A: The cytopathic effects were shown by cell morphological changes (original magnification, x 100); B: Cell viability was
measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays at different time points after EV71 infection. Data are the mean * SD of three inde-

pendent experiments, each carried out in triplicate. °P < 0.05.

VP1 protein level rapidly decreased after 9 h p.i. when
the cells were infected with EV71 at MOI 10.

The kinetics of viral package

To determine the kinetics of virus package, the intra-
cellular EV71 virions were quantified at different time
points pi. At 3 h pi., the intracellular virions significantly
decreased. Thereafter, the intracellular virions began to
increase and enter into the exponential phase until 12 h p.i.
when the amount of intracellular virions reached a peak.
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The viral package kinetics were comparable for both the
MOI 1 and MOI 10 infected groups (Figure 4). The total
amounts of intracellular virions then decreased from 12

to 24 h pi.

The kinetics of viral secretion

To determine the kinetics of virus secretion, the extra-
cellular EV71 virions were quantitated. The EV71 viri-
ons began to be released from the cells infected either at
MOI 1 or 10 3 h p.i. (Figure 5). The amounts of extra-
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Figure 2 The kinetics of enterovirus 71 Replication. Rhabdomyosarcoma cells were infected with enterovirus 71 (EV71) virus at multiplicity of infection (MOI) = 1
or MOI = 10. At the indicated time points, the levels of total intracellular viral RNA were measured by quantitative real-time polymerase chain reaction. Data are the
mean + SD of three independent experiments; each carried out in triplicate.
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Figure 3 The kinetics of virus VP1 protein synthesis. Rhabdomyosarcoma cells were infected with enterovirus 71 (EV71) virus at multiplicity of infection (MOI) = 1 (A)
and MOI = 10 (B). The intracellular viral protein VP1 was measured by Western blotting. The relative VP1 levels (the density of VP1/GAPDH) were calculated and are
shown as solid bars.
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Figure 4 The kinetics of enterovirus 71 virus package. Rhabdomyosarcoma cells were infected with enterovirus 71 (EV71) virus at multiplicity of infection (MOI) =

1 or MOI = 10. The intracellular virus particles were isolated to measure the virion RNA by quantitative real-time polymerase chain reaction. Data are the mean + SD
of three independent experiments; each carried out in triplicate.
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Figure 5 The kinetics of enterovirus 71 virus secretion. Rhabdomyosarcoma cells were infected with enterovirus 71 (EV71) virus at multiplicity of infection (MOI)
=1 or MOI = 10. Extracellular EV71 virions in the culture media were measured by quantitative real-time polymerase chain reaction at different time points post infec-
tion. Data are the mean + SD of three independent experiments; each carried out in triplicate.

cellular EV71 virions in the cultures of the two groups
were constitutively increased. From 3 to 6 h p.i., the viri-
ons were slowly secreted into the culture media, and the
virus secretion entered into the exponential phase from
6 to 12 h pi. At 12 h p.., the rate of increase declined
and the total amount of extracellular virions reached a
maximum at 24 h p.i. For cells infected at MOI 1 or 10,
the virions in the culture media were similar at 24 h p.i.

DISCUSSION

Viral kinetics is an important parameter for demonstrat-
ing viral activities in the host cells and provides basic
information on viral-host interactions and pathogenesis.
The kinetics of some picornaviruses such as SVDV
and FMDV have been described in several studies”'".
However, little information on EV71 is available. Some
studies provided brief descriptions on EV71 RNA rep-
lication and the growth kinetics of EV71 infected cells,
however, the infection ratios used in these studies wetre
too low (MOI =< 0.01) to guarantee the synchronicity
of infection™ . In this situation, some cells were un-
dergoing cell death, whereas others just had a chance to
be infected by new EV71 viruses secreted from the first
round infected cells. Therefore, the viral life cycle could
not be accurately examined. In addition, with the excep-
tion of RNA synthesis, no information was provided
on viral protein expression, virus package and secretion.
Our study, for the first time, comprehensively described
the detailed viral kinetics in human RD cells. As RD
cells infected by EV71 would develop cellular pathogen-
esis (CPE), these cells have been extensively used to in-
vestigate the viral activities of EV71 and host responses
to EV71 infection™ . To obtain a synchronized infec-
tion, RD cells were pulse infected at high MOIs (MOI
1 and 10) to ensure that the majority of the cells were
primarily infected in our study. Following infection, the
unattached viruses were removed by washing the cells
twice with PBS. This would minimize the interference
of non-infectious virions. In this study, the kinetics of
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viral replication, gene expression, package and secretion
as well as the effects of viral activities on host cells were
carefully examined at different time points.

We showed here that the intracellular virions signifi-
cantly decreased by over 90% at 3 h p.i. (Figure 4), while
the total intracellular RNA copies remained almost at the
same levels (Figure 2). These results suggested that the
virions were immediately uncoated after entry and virus
replication was inactive within the first 3 h after infection.
During this phase, the viral RNA could be translated
to generate viral proteins essential for viral replication.
From 3 to 6 h pi., the virus underwent fast replication
and the total intracellular viral RNA was rapidly accu-
mulated (Figure 2). Similar results were also reported in
other poliovirus infection™”. The total intracellular viral
RNA increased by more than 64-fold within this period.
In the meantime, viral gene expression was also initiated
along with viral replication, as viral VP1 proteins in the
host cells were cleatly detected at 6 h (Figure 3). The viral
package was also started (Figure 4) but very few virions
were secreted (Figure 5). At 6 h pi., about 1% (MOI 1)
to 3% (MOI 10) of viral RNA was packaged into virions
(Figures 2 and 4). Although the virus was rapidly repli-
cating, the host cells were generally healthy during this
period. From 6 to 9 h p.i., some cells became unhealthy
(Figure 1), the viral replication entered a static stage as
the total intracellular viral RNA only increased by about
2-fold in the MOI 1 and MOI 10 group. In the case of
MOI 1, the total intracellular viral RNA increased a fur-
ther 2-fold from 9 to 12 h p.i., but began to decrease 9 h
pd. in the cells infected at MOI 10. This suggested that
viral RNA in cells infected with higher MOI reached
maximal levels earlier. The viral gene expression and
package were also actively processed in this period. The
viral protein VP1 levels reached a peak at 9 h p.i. and
rapidly decreased at 12 h p.i. in the MOI 10 group. In
the case of MOI 1, the VP1 levels also reached a maxi-
mum at 9 h pi. and maintained the same levels at 12 h
p.i. Following viral protein synthesis, the intracellular
virions also rapidly increased over 16-fold (MOI 10) or
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Figure 6 Schematic view of enterovirus 71 activities in rhabdomyosarcoma
cells. Within one hour of inoculation, enterovirus 71 would first attach and enter
into the host cell via its specific receptors. The virus was then uncoated in the first
3 h and started to synthesize the essential viral proteins for replication. From 3 to
6 h p.i., the virus rapidly replicated its genomic RNA and initiated structure protein
synthesis. Fast viral package was observed from 6 to 12 h p.i. and virion secretion
increased from 6 h p.i. to the end of the observation period.

64-fold (MOI 1). In both cases, the intracellular virions
reached a peak and about 30% of viral RNA was pack-
aged into the virions at 12 h p.. (Figure 4 »s Figure 2).
In the case of MOI 1, the extracellularly accumulated
vitions increased 8- and 64-fold from 6 to 9 h, and 9 to
12 h, respectively; while the extracellularly accumulated
virions increased 30- and 5-fold during the same peri-
ods in the MOI 10 group. From 12 to 24 h p.i., as more
and more infected cells became unhealthy and died, the
intracellular viral RNA levels significantly decreased and
viral replication became less active. These findings sug-
gested that the cells could no longer sustain further viral
replication and died™>". This was further supported by
the data on intracellular and extracellular virion levels.
We showed here that the intracellular virions maintained
high levels at 16 h p.i. although more and more virions
were secreted into the culture media. After that, the
ratio of packaged viral RNA to total viral RNA was
constant at about 50% in both the MOI 1 and MOI 10
group.

In summary, we have established a viral kinetics model
of EV71 in human RD cells (Figure 6). We showed that
upon infection, the virus uncoated within the first 3 h and
started to synthesize the essential viral proteins for repli-
cation. From 3 to 6 h p.., the virus rapidly replicated its
genomic RNA and initiated viral package. The fast viral
package displayed from 3 to 12 h p.i. and virion secretion
from 6 h p.i. continued until death of the host cells. Host
cells started to become unhealthy as early as 6 h p.i. but
still supported viral replication, package and secretion un-
til death. Thus, our study provides important information
for further investigations into virus-host interactions and
host pathogenesis.

COMMENTS

Background

Enterovirus 71 (EV71) infection causes hand-foot-and-mouth disease (HFMD)
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infection are still largely unknown.
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Applications
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Abstract

AIM: To evaluate the comparative therapeutic efficacy
of radiofrequency ablation (RFA) and hepatic resection
(HR) for solitary colorectal liver metastases (CLM).

METHODS: A literature search was performed to
identify comparative studies reporting outcomes for
both RFA and HR for solitary CLM. Pooled odds ratios
(OR) with 95% confidence intervals (95% CI) were
calculated using either the fixed effects model or ran-
dom effects model.

RESULTS: Seven nonrandomized controlled trials
studies were included in this analysis. These studies
included a total of 847 patients: 273 treated with RFA
and 574 treated with HR. The 5 years overall survival
rates in the HR group were significantly better than
those in the RFA group (OR: 0.41, 95% CI: 0.22-0.90,
P = 0.008). RFA had a higher rate of local intrahe-
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patic recurrence compared to HR (OR: 4.89, 95% CI:
1.73-13.87, P = 0.003). No differences were found
between the two groups with respect to postoperative
morbidity and mortality.

CONCLUSION: HR was superior to RFA in the treat-
ment of patients with solitary CLM. However, the find-
ings have to be carefully interpreted due to the lower
level of evidence.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer continues to be one of the most com-
mon human malignancies, afflicting nearly one mil-
lion individuals worldwide every year!. Approximately
50% of patients with colorectal cancer develop hepatic
metastases during the course of their disease. Survival
without treatment is very limited, with a median of 7.4
to 11 mo®. Hepatic resection (HR) is the only chance
of cure for patients with colorectal liver metastases
(CLM) and 5 years survival rates after radical resection

are about 27%-58%". However, the great majority of
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patients with CLM present with unresectable disease,
mainly due to the extent or distribution of their disease,
or concurrent medical disability, so only up to 20% of
patients are candidates for HR™, So, many nonsurgical
ablative methods have been developed. The most widely
utilized modality is radiofrequency ablation (RFA), which
includes generation of high-frequency alternating cur-
rent which causes ionic agitation and conversion to heat,
with subsequent evaporation of intracellular water which
leads to irreversible cellular changes, including intracel-
lular protein denaturation, melting of membrane lipid
bilayers, and coagulative necrosis of individual tumor
cells.

Although RFA has established its role in the treat-
ment algorithm of patients with inoperable CLM as
a safe, well tolerated, easily repeated and less invasive
procedure®’ the therapeutic efficacy of RFA for those
with resectable CLM remains controversial, especially
for solitary lesions. For example, Oshowo e# al” reported
equivalent median (41 mo »s 37 mo) and 3 years overall
survival rates (55.4% vs 52.6%) between HR and RFA
groups, whereas White ¢/ a/” reported better 5 years (71%
vs 27%) and overall median survival (56 mo »s 36 mo) for
resection »s RFA.

Meta-analysis can be used to evaluate the existing
literature in both a qualitative and quantitative way by
comparing and integrating the results of different studies
and taking into account vatiations in characteristics that
can influence the overall estimate of the outcome of
interest”. Therefore, we evaluated the available evidence
comparing the clinical efficacy and safety of RFA and
HR for treatment of solitary CLM using meta-analysis.

MATERIALS AND METHODS

Study selection

A MEDLINE, EMBASE, OVID, and Cochrane database
search was performed on all studies between 1996 and
2010 to compare RFA and HR for solitary CLM. The
following MeSH search headings were used: “colorectal

<

liver metastases”, “hepatic resection”, “radiofrequency
ablation” and “comparative study”. Only studies on hu-
mans and in English language were considered for inclu-
sion. Reference lists of all retrieved articles were manually
searched for additional studies.

Data extraction

Two reviewers (BL. and TW, respectively) independently
extracted the following parameters from each study: (1)
first author and year of publication; (2) number of pa-
tients, patients’ characteristics, study design; and lastly (3)
treatment outcome. All relevant text, tables and figures
were reviewed for data extraction. Discrepancies be-
tween the two reviewers were resolved by discussion and
consensus.

Criteria for inclusion and exclusion
For inclusion in the meta-analysis, a study had to fulfill
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the following criteria: (1) compare the initial therapy ef-
fects of RFA and HR for the treatment of solitary CLM;
(2) report on at least one of the outcome measures
mentioned below; (3) cleatly document indications for
RFA and HR; and (4) if dual (or multiple) studies were
reported by the same institution and/or authors, the one
of higher quality or the most recent publication was in-
cluded in the analysis.

Abstracts, letters, editorials and expert opinions, re-
views without original data, case reports and studies lack-
ing control groups were excluded. The following studies
were also excluded: (1) those dealing with multiple CLLM;
(2) those with no clearly reported outcomes of interest;
and (3) those evaluating patients with primary liver cancer.

Study objectives

The primary outcome was efficacy, including 5 years
overall survival, local intrahepatic recurrence or 5 years
disease-free survival. The secondary outcome was safety,
including the morbidity and mortality.

Statistical analysis

The meta-analysis was performed using the Review
Manager (RevMan) software, version 4.2.7. We analysed
dichotomous variables using estimation of odds ratios
(OR) with a 95% confidence interval (95% CI). Pooled
effect was calculated using either the fixed effects model
or random effects model. Heterogeneity was evaluated
by 7° and I’. We considered heterogeneity to be present
if the I statistic was > 50%. P < 0.05 was considered
significant.

RESULTS

Selection of trials

After initial screening, 13 potentially relevant clinical tri-
als were identified™'*?. Of these, in three trials includ-
ing patients with multiple metastases, it was impossible
to extract or calculate the appropriate data regarding
solitary CLM"™ two trials included patients with non-
colorectal cancer'™ and one trial lacked information
concerning 5 years overall survival'™; all 6 studies were
excluded. Finally, a total of 7 nonrandomized studies
published between 2003 and 2009 matched the inclusion
criteria and were therefore included™ ",

The characteristics of these 7 studies are summarized
in Table 1. The 7 studies included a total of 847 patients:
273 in the RFA group and 574 in the HR group. Four
studies were conducted in United States™*"* two in
Korea"™" and one in United I{ingdomm. The sample
size of each study varied from 45 to 192 patients. The
proportion of men ranged from 46.6% to 66.6%. Median
duration of follow-up ranged from 17 to 68 mo.

Efficacy

The pooled analysis of the 7 studies furnishing data
demonstrated a significant improvement in 5 years over-
all survival favoring HR over RFA (OR: 0.41, 95% CI:
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Table 1 Baseline characteristics of studies included in the meta-analysis

Author/(yr) Country Group n M/F Mean age (yr) Mean tumor size (cm) Median follow-up (mo)
Oshowo'! United Kingdom  RFA 25 11/14 57 (34-80) 3 (1-10)! 37 (9-67)
2003 HR 20 10/10 63 (52-77) 4(2-7) 41 (0-97)
Aloia™ United States RFA 30 23/7 - 3.0 (1.0-7.0)" 31.3 (4-138)
2006 HR 150 85/65 - 3.5 (0.5-17.0) 31.3 (4-138)
White” United States RFA 22 8/14 62+7.5 24+1.0 17

2007 HR 30 20/10 63+9.6 2.7+11 68
Berber”! United States RFA 68 43/25 67 £ 1.4 3.7+02 23 (2-86)
2008 HR 90 57/33 63.7+13 38202 33 (2-132)
Lee™ Korea RFA 37 26/11 59.0 (28-75)" 2.25 (0.8-5.0) 48.2 (0.9-133.9)
2008 HR 116 76/40 58.0 (26-79) 3.29 (0.5-18.0) 48.2 (0.9-133.9)
Hur™ Korea RFA 25 15/10 62.6 (33-82) 2.5 (0.8-3.6) 42 (13-120)
2009 HR 42 27/15 58 (42-75) 2.8 (0.6-8) 42 (13-120)
Reuter United States RFA 66 46/20 63.5 3.2 20

2009 HR 126 69/57 61.9 5.3 20

RFA: Radiofrequency ablation; HR: Hepatic resection; M: Male; F: Female. "Median.

Review: Meta-analysis of radio frequency ablation vs hepatic resection for solitary colorectal liver metastasis

Comparison: 01 Efficacy
Outcome: 01 5 years overall survival

Study or sub-category RFA group HR group

OR (random) 95% CI Weight % OR (random) 95% CI

(/M) (/)
Oshowo 2003 13/25 11/20 13.50 0.89 (0.27, 2.88)
Aloia 2006 8/30  106/150 - 16.74 0.15 (0.06, 0.36)
White 2007 0/22 17/30 < 4.22 0.02 (0.00, 0.31)
Berber 2008 8/27 12/30 [ E— 14.29 0.63 (0.21, 1.90)
Lee 2008 18/37 76/116 — 18.29 0.50 (0.24, 1.06)
Hur 2009 6/25 21/42 B 14.33 0.32 (0.11, 0.95)
Reuter 2009 14/66 29/126 I — 18.63 0.90 (0.44, 1.85)
Total (95% CI) 232 514 100.00 0.41 (0.22, 0.80)
Total events: 67 (RFA group), 272 (HR group) ‘
Test for heterogeneity:
7°=16.78,df = 6 (P = 0.01), I’ = 64.2%
Test for overall effect: Z = 2.65 (P = 0.008) ‘ ‘ ‘ ‘ ‘ ‘
0.1 0.2 0.5 1 2 5 10
RFA group HR group

Figure 1 Results of the meta-analysis on 5 years overall survival. RFA: Radiofrequency ablation; HR: Hepatic resection; OR: Odds ratios; Cl: Confidence inter-

vals.

0.22-0.90, P = 0.008, I’ = 64.2%) (Figure 1).

Six trials investigated local intrahepatic recurren-
e, Local recurrence was more frequently observed
after RFA than after HR (OR: 4.89, 95% CI: 1.73-13.87, P
=0.003, I = 77.3%) (Figure 2).

Only two studies reported on 5 years disease-free
survival. Aloia ez a/'” reported that 5 years disease-free
survival rates were higher after HR compared with RFA
(50% 25 0%), whereas Lee ¢z al™™ reported equivalent re-
sults between two groups (25.7% »s 30.1%). We did not
perform an analysis because of the small number of tri-
als included in the review.

Safety

There was no statistically significant difference in the post-
operative morbidity (five trials reported this data™*""""*"
OR: 0.32, 95% CI: 0.07-1.52, P = 0.15, I’ = 75.6%) and
mortality (all trials reported this data, OR: 0.58, 95% CI:
0.06-5.66, P = 0.64, I = 0%) between the two groups
(Figures 3 and 4). There were no deaths reported in the
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4145

RFA group, and 2 in the HR group.

DISCUSSION

This meta-analysis shows that the HR treatment group
had better 5 years survival outcomes than the RFA treat-
ment group for solitary CLM. The major contributing
factor for this finding may be the higher local recurrence
rate after RFA. In addition to being more likely to have
a recurrence, RFA patients also recurred eatlier than
resection patients””. This could be due to incomplete
ablation secondary to lesion size, heat sink effect, or the
limitations of the modality™. Resection of the entire
area of preexisting tumor is more oncologically sound
than attempting thermal destruction of a frequently ill
defined region in the liver™. This may explain the better
outcomes following HR.

In a mouse xenograft model of CLM, von Breitenbu-
ch et al* revealed that RFA led to an increased survival
of residual neoplastic cells and significantly promoted the
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Review: Meta-analysis of radio frequency ablation vs hepatic resection for solitary colorectal liver metastasis
Comparison: 01 Efficacy
Outcome: 02 Local recurrence

Study or sub-category RFA group  HR group OR (random) 95% CI Weight % OR (random) 95% CI
(/) (/)

Aloia 2006 11/30 8/150 18.90 10.28 (3.67, 28.75)

White 2007 8/22 0/30 8.22 35.76 (1.93, 662.93)

Berber 2008 11/68 18/90 N 20.22 0.77 (0.34, 1.76)

Lee 2008 11/37 8/116 — 19.05 5.71 (2.09, 15.62)

Hur 2009 7/25 4/42 ——> 16.68 3.69 (0.96, 14.26)

Reuter 2009 11/66 3/126 E— 16.92 8.20 (2.20, 30.56)

Total (95% CI) 248 554 100.00 4.89 (1.73, 13.87)

Total events: 59 (RFA group), 41 (HR group) T

Test for heterogeneity:

27°=22.02,df = 5 (P =0.0005), > = 77.3%

Test for overall effect: Z = 2.99 (P = 0.003) ‘ ‘ ‘ ‘ ‘ ‘

0.1 0.2 05 1 2 5 10
RFA group HR group

Figure 2 Results of the meta-analysis on local recurrence rate. RFA: Radiofrequency ablation; HR: Hepatic resection; OR: Odds ratios; Cl: Confidence intervals.

Review: Meta-analysis of radio frequency ablation vs hepatic resection for solitary colorectal liver metastasis
Comparison: 02 Safety
Outcome: 01 Morbidity

Study or sub-category RFA group HR group OR (random) 95% CI Weight % OR (random) 95% CI
(/) (/)

Oshowo 2003 1/25 1/20 = 15.07 0.79 (0.05, 13.50)

White 2007 1/22 4/30 - 18.34 0.31 (0.03, 2.98)

Berber 2008 2/68 28/90 @« 23.51 0.07 (0.02, 0.29)

Hur 2009 0/25 6/42 = 14.64 0.11 (0.01, 2.04)

Reuter 2009 39/66 68/126 — 28.43 1.23 (0.67, 2.25)

Total (95% CI) 206 308 100.00 0.32 (0.07, 1.52)

Total events: 43 (RFA group), 107 (HR group) "'

Test for heterogeneity:

7°=16.41, df = 4 (P = 0.003), I’ = 75.6%

Test for overall effect: Z = 1.43 (P = 0.15) ‘ ‘ ‘ ‘ ‘ ‘

0.1 0.2 05 1 2 5 10
RFA group HR group

Figure 3 Results of the meta-analysis on postoperative morbidity. RFA: Radiofrequency ablation; HR: Hepatic resection; OR: Odds ratios; Cl: Confidence inter-
vals.

Review: Meta-analysis of radio frequency ablation vs hepatic resection for solitary colorectal liver metastasis
Comparison: 02 Safety
Outcome: 02 Mortality

Study or sub-category RFA group  HR group OR (fixed) 95% CIL Weight %  OR (fixed) 95% CI
(/M) (/)

Oshowo 2003 0/25 1/20 - 76.40 0.25 (0.01, 6.60)

Aloia 2006 0/30 1/150 = 23.60 1.63 (0.07, 41.07)

White 2007 0/22 0/30 Not estimable

Berber 2008 0/68 0/90 Not estimable

Lee 2008 0/37 0/116 Not estimable

Hur 2009 0/25 0/42 Not estimable

Reuter 2009 0/66 0/126 Not estimable

Total (95% CI) 273 574 100.00 0.58 (0.06, 5.66)

Total events: 0 (RFA group), 2 (HR group) —

Test for heterogeneity:

7' =064,df =1 (P=0.42), I’ = 0%

Test for overall effect: Z = 0.47 (P = 0.64) ‘ ‘ ‘ ‘ ‘

Il
0.1 0.2 05 1 2 5 10
Favours treatment Favours control

Figure 4 Results of the meta-analysis on postoperative mortality. RFA: Radiofrequency ablation; HR: Hepatic resection; OR: Odds ratios; Cl: Confidence inter-
vals.

proliferation of neoplastic cells. Recently, Nijkamp ez a/”) found that RFA treatment resulted in a highly localized
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hypoxia-driven acceleration of tumor growth occur-
ring in the transition zone between necrosis induced by
RFA and the normal liver tissue, and that the stimulated
outgrowth of perilesional micrometastases is associated
with profound and chronic microvascular disturbances,
chronic tissue and tumor hypoxia, and stabilization of
hypoxia-inducible factor (HIF)-1a and HIF-2a. These
experimental findings may further explain the better out-
come after RFA compared with HR in current study.

For liver metastases < 3 c¢cm, Mulier and colleagues
found that local recurrence after RFA is extremely low in
a recent review, and the authors proposed a randomized
trial comparing resection and RFA for resectable CLM <
3 cm is warranted”. However, in a study of 79 patients
with solitary CLM << 3 cm, RFA treatment resulted in a
higher local recurrence rate than HR treatment (31% us
3%, respectively). RFA was also associated with a marked
decrease in the 5 years survival rate and the 5 years local
recurrence-free rate compared with those of HR (18% us
72% and 66% vs 97%, respectively)'”. Similarly, another
study of 60 patients showed that both time to recurrence
after treatment of liver metastases and overall survival
were significantly shorter, and marginal recurrence signifi-
cantly more frequent, in the RFA group!”. Although Hur
et al” reported equivalent 5 years survival rates (56.1%
vs 55.4%) and local recurrence-free survival rates (95.7%
vs 85.6%) between HR and RFA groups in patients with
tumors < 3 cm, it must be noted that the limited number
of patients (# = 38) in their study might have insufficient
power to detect any differences.

In that review, Mulier e/ o/ stated that the two ran-
domized clinical trials”**" showed equivalent survival
after percutaneous RFA and surgical resection for small
HCC will encourage the use of RFA for resectable
CLM. However, in one of the two studies, 19 of 90 pa-
tients (21%) who were randomized for RFA converted
to HR™. More importantly, a recently published meta-
analysis and a randomized clinical trial both found that
HR was superior to RFA in the treatment of patients
with small HCC with respect to survival and local con-
trol of the disease””*. Thus, we agree with the idea pro-
posed by Cutley that “it is not yet time for a randomized
clinical trial comparing resection with RFA for resectable
CLM.”

The results of this meta-analysis should be interpre-
ted with caution for several reasons. First, all of data in
the present study comes from nonrandomized studies,
and the overall level of clinical evidence is low. Second,
there is important heterogeneity between two groups, be-
cause it was not possible to match patients characteristics
in all studies. We applied a random effect model to take
between study variation into consideration. This does not
necessarily rule out the effect of heterogeneity between
studies, but one may expect a very limited influence. Fi-
nally, potential publication bias might be present due to
the small number of trials included in the current study.

In summary, HR was superior to RFA in the treat-
ment of patients with solitary CLM. RFA should be
reserved for patients who are not optimal candidates for
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resection, rather than being used as a first-line therapeu-
tic option. However, the findings have to be carefully
interpreted due to the lower level of evidence.

COMMENTS

Background

Hepatic metastases are the commonest cause of morbidity and death of pa-
tients with colorectal cancer. Survival without treatment is very limited, with a
median of 7.4 to 11 mo. Hepatic resection (HR) is the only chance of cure for
patients with colorectal liver metastases (CLM) and 5 years survival rates after
radical resection are about 27%-58%. Unfortunately, only up to 20% of patients
are candidates for HR.

Research frontiers

Radiofrequency ablation (RFA) is an established effective nonsurgical ablative
method for treatment of inoperable CLM, but its therapeutic efficacy for resect-
able CLM remains controversial, especially for solitary lesions.

Innovations and breakthroughs

This meta-analysis shows for the first time that HR was superior to RFA in the
treatment of patients with solitary CLM with respect to survival and local control
of the disease.

Applications

The results suggest that RFA should be reserved for patients with solitary CLM
who are not optimal candidates for resection, rather than being used as a first-
line therapeutic option.

Peer review

The article is a well written, well analysed one that is worth publishing.
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Abstract

Understanding all facets of membrane microdomains
in normal and cancerous cells within the digestive tract
is highly important, not only from a clinical point of
view, but also in terms of our basic knowledge of cel-
lular transformation. By studying the normal and can-
cer stem cell-associated molecule CD133 (prominin-1),
novel aspects of the organization and dynamics of
polarized epithelial cells have been revealed during the
last decade. Its association with particular membrane
microdomains is highly relevant in these contexts and
might also offer new avenues in diagnosis and/or tar-
geting of cancer stem cells.

© 2011 Baishideng. All rights reserved.
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TO THE EDITOR

We read with great interest a recent Editorial entitled
“Multifaceted nature of membrane microdomains in
colorectal cancer” by Jahn ez al" published in issue 17 of
the World Jonrnal of Gastroenterology 2011 which proposes
to describe the pioneering and recent studies on mem-
brane microdomains (the so-called lipid rafts) and their
potential roles in cancers. An important section dealing
with prominin-1 (alias CD133), a cholesterol-binding
glycoprotein often described as a stem and cancer stem

cell marker, is unfortunately entirely based on a single
publication released in 2009 thus leaving out valuable
biochemical and morphological information concerning
CD133 and membrane microdomains from eatlier works.
We fear that as such, it might lead to underestimation of
the importance and complexity of such a molecular as-
sociation and contribute to certain confusion, particularly
with regard to the debated AC133 epitope of CD133
and its association with cancer. We propose to expose
here earlier overlooked data regarding its expression in
epithelial cells and summarize the current knowledge on
its cell biology and association with distinctive membrane
microdomains. We hope that this might enlighten current
issues regarding the implication of CD133 in colorec-
tal cancer, whether it is in metastases, or as a prognostic
marker or as a cancer stem cell marker.

Actually, the demonstration of the presence of CD133
in Caco-2 cells and its association with membrane
microdomains is much less recent than 2009, since it was
more than a decade ago that we reported its presence
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in this widely used human colon catcinoma-derived cell
line. The detection of CD133 by immunolabeling was
originally documented by its particular epitope AC133
that appeared to be restricted to stem/progenitor cell
populations but was also thought to be dependent on
conformation and/or sensitive to changes in glycosyla-
tion". This antigen was attractive in the context of
stem/progenitor and cancer stem cells and has often
been used to define them in numerous organ systems
including the digestive tract, but at the same time con-
troversy was generated on the implication of CD133 as
a specific market” ",

We have previously demonstrated in a key publica-
tion of 2000 using the Caco-2 cells as a model of ente-
rocytic epithelial differentiation” together with a later
study'"", that the AC133 epitope, but neither the CD133
transcript nor the CD133 protein, is down-regulated
upon differentiation, with the result that only a minute
sub-fraction of CD133 molecules will carry it!'", We
have therefore stressed several times in the literature that
it is important to consider that AC133 antibody detects
only a subpopulation of human prominin-1/CD133
glycoproteins carrying the AC133 epitope, and that
consequently, AC133 antigen is not fully synonymous
with CD133""", The importance of CD133 glycosyla-
tion states for the definition of cancer stem cells has
been analyzed by Bindlingmaier and colleaguesm. In the
meantime, the prominin-1 (PROMT) gene was shown to
be transcriptionally active all along the gastrointestinal
tract as CD133 mRNA is detectable by Northern blot”,
and several studies have demonstrated that in humans, as
in mice, its protein is physiologically expressed in several
differentiated epithelia"'**". Thus, the AC133 epitope
might be simply down- or up-regulated during the proc-
ess of differentiation or transformation, respectivelym.
The alteration of the general glycosylation pattern of
intestinal cells might explain such a phenomenonm. Im-
portantly, the lack of AC133 detection might additionally
reflect its instability™ or its differential accessibility!"” (see
below). Of note, the proportion of CD133 molecules
carrying (or not) the AC133 epitope in a given differenti-
ated cell remains, however, unknown.

As proposed carlier” and pointed out in the Edito-
rial of Jahn and colleagues, the molecular environment
surrounding CD133 within the plasma membrane might
influence the detection of certain epitopes (e.g., AC133
or those within putative ganglioside-binding sites™). To
fully appreciate the importance of CD133, one should
bear in mind that, at the subcellular level, CD133 se-
lectively marks plasma membrane protrusions, e.g.,, mi-
crovilli and primary cilia, that are located in the apical
domain of polarized epithelial cells including Caco-2
cells, and was therefore originally named prominin (from
Latin, prominere) P162224 \Within these protrusions, CD133
binds directly to plasma membrane cholesterol™* and
is incorporated into membrane microdomains that differ
from those found in non-protruding areas of the plasma
membrane, as demonstrated biochemically using mild
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detergents[25], and morphologically by co-localization
with the ganglioside GMi*". Such protein-lipid interac-
tions appear essential to maintain the proper localization
of CD133 in microvilli”, and potentially its physiologi-
cal function which yet remains clusive™™. Thus, the di-
rect binding of certain gangliosides to CD133**" within
the densely packed lipid microdomain might mask some
CD133 epitope(s), particularly those in the vicinity of
the membrane. Technically, they might be revealed, at
least in part, using sensitive methods including harsh
conditions for antigen retrieval as in the case of native

. 8,19,30,31
tissues' ]

, upon cell-detachment as in the case of cell
lines (e.g., Caco-2 cells)m], ot by chemical interference
with membrane microdomain integritym.

Although tightly associated with plasma membrane,
CD133 is nonetheless released into numerous physiolog-
ical body fluids including urine, saliva, seminal fluids and
cerebrospinal fluids in association with small membrane
vesicles™. It is important to point out that such vesicles
are budding from the tip of a microvillus or primary cil-
ium by a molecular mechanism involving cholesterol-de-
pendent membrane microdomains®*. In other words,
their release might be modulated by the cholesterol level
(and possibly that of other lipids) within the plasma
membrane. Interestingly, such release occurs solely dur-
ing and after the differentiation of Caco-2 cells oz,
vivo, of neural progenitor cells™. Based on the latter ob-
servation and the expression of CD133 (AC133 epitope
in the case of humans) by numerous somatic stem cells,
the concept of “stem cell-specific membrane microdo-
mains” was postulatedm]. Given that membrane micro-
domains are implicated in several signaling cascades
by allowing the formation of active transduction com-
plexesm], CD133-containing membrane microdomains
might carry and/or functionally organize molecular de-
terminants essential to maintain the stem cell and undif-
ferentiated cell properties and their loss or disposal, e.g,,
via membrane vesicles, and could modify the status or
even the fate of the cells™ . Yet, these microdomains,
given their dependence on cholesterol, seem to differ
from those defined by Hakomoti and co-workers in the
glycosynapse concept, and which have been implicated
in several biological phenomena related to tumorigen-
esis”™. However, the coalescence of small CD133-lipid
entities into the largest platform within the microvillar
membranes might be dragged by carbohydrate moieties,
as proposed eatlier >, Thus, a certain interdepend-
ence of lipid rafts and glycosynapses per se might exist.
Whether CD133 molecules carrying AC133 epitope are
preferentially released upon differentiation remains to
be determined. Collectively, numerous physiological and
technical parameters might interfere with immuno-de-
tection of certain CD133 epitopes, and importantly, the
lack of their detection needs to be evaluated with some
caution, and maybe alternative methods such as iz situ
hybridization should complement the investigation!*”,

Clinically, in addition to its potential value as a bio-
marker in tissue diagnosis, the association of CD133/
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lipid complexes with extracellular membrane vesicles
might offer an alternative screening method for the
detection of cancers associated with the digestive tract
as demonstrated for central nervous system diseases™
Moreover, CD133 expression by cancer stem cells might
contribute to outlining new prospects for more effective

cancer therapy by targeting tumor-initiating cells.
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GENERAL INFORMATION

World Jonrnal of Gastroenterology (World | Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1144 experts in gastroenterology and hepatol-
ogy from 60 countries.

The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true ap-
proach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scien-
tist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achieve-
ments, but also in formally recognizing the “priotity” and “copy-
right” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and cteate a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of oth-
ers. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer re-
view of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and detet-
mine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have prior-
ity to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribu-
tion; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJ]G official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theories, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus en-
suring that their articles have novel arguments or viewpoints, solid
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evidence and correct conclusion; and (4) Maximization of the ben-
efits of employees: It is an iron law that a first-class journal is un-
able to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realiz-
ing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

Aims and scope

The major task of WJG is to report rapidly the most recent re-
sults in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endos-
copy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, micro-
flora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriattic and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Columns

The columns in the issues of WJG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, com-
ment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a com-
mentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemi-
cally progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original find-
ings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities wotldwide on basic
research and clinical practice gastroenterology and hepatology.

Name of journal
World Jonrnal of Gastroenterology

September 28, 2011 | Volume 17 | Issue 36 |



Instructions to authors

ISSN and EISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

Indexed and Abstracted in

Current Contents®/ Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch(E),Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifer, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2010 Impact Factor: 2.240 (35/71 Gastroen-
terology and Hepatology).

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints
of the authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics from to evaluate the statistical method
used in the paper, including #test (group or paired comparisons),
chi-squared test, Ridit, probit, logit, regression (linear, curvilinear,
or stepwise), correlation, analysis of variance, analysis of covari-
ance, ef. The reviewing points include: (1) Statistical methods
should be described when they are used to verify the results; (2)
Whether the statistical techniques are suitable or correct; (3) Only
homogeneous data can be averaged. Standard deviations are pre-
ferred to standard errors. Give the number of observations and
subjects (1). Losses in observations, such as drop-outs from the
study should be teported; (4) Values such as ED50, LD50, IC50
should have their 95% confidence limits calculated and compared
by weighted probit analysis (Bliss and Finney); and (5) The word
‘significantly’ should be replaced by its synonyms (if it indicates
extent) or the P value (if it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any
potential bias, ]G requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked
to indicate any potential conflict they might have reviewing a
particular paper. Before submitting, authors are suggested to read
“Uniform Requirements for Manuscripts Submitted to Biomedi-
cal Journals: Ethical Considerations in the Conduct and Reporting
of Research: Conflicts of Interest” from International Committee
of Medical Journal Editors ICMJE), which is available at: http://
www.icmje.org/ethical_4conflictshtml.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding
from [names of organization]. [Name of individual] is an employ-
ee of [name of organization]. [Name of individual] owns stocks
and shares in [name of organization]. [Name of individual] owns
patent [patent identification and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all hu-
man studies have been reviewed by the appropriate ethics com-
mittee or it should be stated cleatly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under

(49

Boishidongs  WIG | www.wjgnet.com

II

study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declara-
tion of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Admin-
istration Good Clinical Practice in FDA-Regulated Clinical Trials;
UK Medicines Research Council Guidelines for Good Clinical
Practice in Clinical Trials) and/or the World Medical Association
Declaration of Helsinki. Generally, we suggest authors follow
the lead investigator’s national standard. If doubt exists whether
the research was conducted in accordance with the above stan-
dards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly ap-
proved the doubtful aspects of the study.
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proved by the relevant research ethics committee or institutional
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must be accompanied by a statement that the experiments were
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that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
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acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in ]G,
reviewers of accepted manusctipts will be announced by publish-
ing the name, title/position and institution of the reviewer in the
footnote accompanying the printed article. For example, review-
ers: Professor Jing-Yuan Fang, Shanghai Institute of Digestive
Disease, Shanghai, Affiliated Renji Hospital, Medical Faculty,
Shanghai Jiaotong University, Shanghai, China; Professor Xin-
Wei Han, Department of Radiology, The First Affiliated Hospital,
Zhengzhou University, Zhengzhou, Henan Province, China; and
Professor Anren Kuang, Department of Nuclear Medicine, Huaxi
Hospital, Sichuan University, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific re-
quirements for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...”; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 words): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g. 6.92 & 3.86 us 3.61
+ 1.67, P < 0.001; CONCLUSION (no mote than 26 wotds).

Key words
Please list 5-10 key words, selected mainly from Index: Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles and brief arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/¢_info_20100315215714.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned clear-
ly in the main text. Provide a brief title for each figure on a sep-
arate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wignet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wijgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
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used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:..;
B:..; Ci..; D Ees Fro; Ge LLLefe Tt is our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., and men-
tioned clearly in the main text. Provide a brief title for each
table. Detailed legends should not be included under tables,
but rather added into the text where applicable. The informa-
tion should complement, but not duplicate the text. Use one
horizontal line under the title, a second under column heads,
and a third below the Table, above any footnotes. Vertical and
italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
P < 0.05,"P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, ‘P < 0.05 and ‘P
< 0.01 are used. A third series of P values can be expressed as
P < 0.05 and ‘P < 0.01. Other notes in tables or under illustra-
tions should be expressed as 'F, °F, °F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be la-
beled with @, 0, m, 0, A, A\, efc., in a certain sequence.
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