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Abstract
Biliary strictures are caused by a heterogeneous group 
of benign and malignant conditions, each requiring a 
specific treatment approach. Management of biliary 
strictures often involves endoscopy either for definite 
treatment, as a bridge to surgery or for palliative 
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EDITORIAL

Common controversies in management of biliary strictures

Mansour A Parsi

purposes. Endoscopic treatment of various types of 
biliary strictures is not standardized and there are 
multiple areas of controversy regarding the best 
treatment options. These controversies are mainly due 
to lack of well-designed comparative studies to support 
a specific therapy. This paper reviews three common 
areas of controversy in the endoscopic management of 
biliary strictures. The areas discussed in this editorial 
include the role of biliary drainage in resectable 
malignant strictures and whether such drainage should 
be performed routinely prior to surgery, the best 
endoscopic palliation for unresectable hilar strictures 
and whether unilateral or bilateral stenting should be 
attempted, and the optimal endoscopic management 
for dominant strictures in patients with primary 
sclerosing cholangitis. The goal of this editorial is 
twofold. The first is to review the current literature on 
management of the aforementioned strictures and offer 
recommendations based on available evidence. The 
second goal is to highlight the gaps in our knowledge 
which in turn can encourage future research on these 
topics.

Key words: Biliary stricture; Benign; Primary sclerosing 
cholangitis; Malignant; Controversy; Biliary drainage; 
Preoperative; Hilar stricture

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Based on available evidence preoperative 
biliary drainage is not routinely indicated in resectable 
malignant strictures. However, it is appropriate in 
acute cholangitis, in severely symptomatic patients 
and in those with delayed surgery. In patients with 
unresectable hilar stricture, cross-sectional imaging 
is advised prior to attempt at palliative drainage. In 
such patients unilateral stenting during endoscopic 
retrograde cholangiopancreatography is adequate in 
most cases. Routine stenting of dominant strictures 
in primary sclerosing cholangitis patients is not recom-
mended. Stenting of dominant strictures is appropriate 



if there is poor drainage of contrast after dilatation 
or concern for collapse of the bile duct compromising 
biliary drainage.

Parsi MA. Common controversies in management of biliary 
strictures. World J Gastroenterol 2017; 23(7): 1119-1124  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Preoperative biliary drainage in resectable malignant 
strictures
The rationale behind preoperative biliary drainage 
is the belief that cholestasis is associated with 
higher postoperative morbidity and mortality and that 
preoperative biliary drainage may improve surgical 
outcomes by improving the liver synthetic function, 
increasing clearance of endotoxins and improving the 
gastrointestinal mucosal barrier function which in turn 
may reduce the risk of bacterial translocation[1].

Increased risk of surgery in jaundiced patients has 
been suggested for decades. In fact, the first report 
of preoperative biliary drainage has been attributed to 
Allen Whipple who in 1935 described performance of 
cholecystogastrostomy to relieve jaundice prior to pan-
creatoduodenectomy for treatment of periampullary 
cancers[2]. The issue of preoperative biliary drainage, 
however, has remained controversial.

Preoperative drainage in distal biliary strictures
In an attempt to shed some light on the role of pre-
operative drainage for distal biliary strictures, a clinical 
trial randomized patients with pancreatic head cancer 
and obstructive jaundice with bilirubin levels between 
2.3-14.6 mg/dL to preoperative biliary drainage or 
early surgery. The preoperative biliary drainage group 
underwent endoscopic retrograde cholangiopancrea-
tography (ERCP) with plastic stent placement followed 
by surgery 4-6 wk later. The early surgery group had 
surgery within a week of randomization. The investiga-
tors compared serious adverse events between the 
two groups within 120 d of randomization. In all, 
102 patients were randomized to preoperative biliary 
drainage while 94 patients were randomized to early 
surgery. Surgery-related complications and mortality 
did not differ between the two groups. Overall serious 
complications, on the other hand, were significantly 
higher in patients who had undergone preoperative 
biliary drainage compared to those who had early sur-
gery[3]. The study concluded that preoperative biliary 
drainage with stent placement has no beneficial effect 
on surgical outcomes in patients with distal biliary 
stricture[3].

The study was criticized for exclusion of patients 
with severe jaundice (bilirubin > 14.6 mg/dL) and 

higher than expected stent-related complications[4-6]. 
Some experts argued that if the study investigators 
had used metallic rather plastic stents, the stent-
related complications would have been lower, possibly 
leading to different study results[7].

The investigators therefore conducted a follow up 
study in which patients with pancreatic cancer and 
obstructive jaundice who could not undergo early 
surgery were assigned to undergo ERCP with metallic 
stent placement[8]. The observed outcomes in these 
patients were compared to the patients in the original 
study[3,8]. Comparison of the patients who received 
plastic stent with those who received metallic stent 
showed that the drainage-related complications 
were significantly lower in the metallic stent group 
mostly because of a significant decrease in the stent-
related complications[8]. However, when the study 
investigators compared the metallic stent group with 
early surgery group, the early surgery group still had 
significantly less serious complications. The authors 
concluded that early surgery is preferable to preopera-
tive biliary drainage independent of the type of the 
stent used[8].

A recent meta-analysis identified six randomized 
studies assessing the role of preoperative biliary 
drainage in patients with distal biliary strictures[9]. Four 
of these studies had used a percutaneous approach 
while 2 had used an endoscopic approach for biliary 
drainage. The studies included in this meta-analysis 
had a total of 520 patients, of whom 265 had received 
preoperative biliary drainage and 255 did not. The 
meta-analysis showed that although there were no 
differences in mortality rate or hospital length of stay, 
preoperative biliary drainage was associated with 
significantly higher morbidity[9].

Recommendations for preoperative drainage 
in distal biliary strictures: Based on available 
evidence preoperative biliary drainage is not rou-
tinely indicated in patients with resectable distal 
strictures[10]. However, preoperative biliary drainage is 
appropriate in patients with acute cholangitis, those 
who are severely symptomatic and also those who 
have delayed surgery either because of logistical 
issues or need for neo-adjuvant therapy. If preopera-
tive biliary drainage is to be performed, metallic stents 
are preferable to plastic stents. Both covered and 
uncovered metallic stents can be used in this setting. 
If uncovered metallic stents are to be used, shortest 
possible stent length should be utilized in order to 
prevent interference with surgery.

Preoperative biliary drainage in hilar strictures
There are no randomized controlled trials assessing the 
role of preoperative biliary drainage in hilar strictures. 
There are, however, multiple retrospective studies 
available[11-15]. With the exception of one study which 
suggested a decreased incidence of intra-abdominal 
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abscess formation[14], other studies have shown a 
deleterious effect associated with preoperative biliary 
drainage in the form of increased rates of postoperative 
infections or increased length of hospital stay[11-13,15]. 
None of the studies showed any survival benefit 
associated with preoperative biliary drainage[11-15]. A 
systematic review and meta-analysis of studies up to 
2010 showed no clinical benefit associated with preop-
erative biliary drainage in patients with hilar stricture 
and suggested that preoperative biliary drainage in 
such strictures may increase postoperative adverse 
events and infectious complications[16].

Recommendations for preoperative biliary drain-
age in hilar strictures: Based on available evidence 
preoperative biliary drainage is not recommended 
routinely in patients with malignant hilar stricture. 
Preoperative biliary drainage, however, is appropriate 
in patients with acute cholangitis, those who require 
neo-adjuvant therapy and those who have hyperbiliru-
binemia induced malnutrition, hepatic insufficiency or 
renal insufficiency[17]. Severely symptomatic patients 
and those with delays in surgery should also be con-
sidered for preoperative biliary drainage.

PallIaTION Of UNReseCTable hIlaR 
sTRICTURes
Regardless of histology less than 30% of malignant 
hilar strictures are suitable for curative resection. 
Palliation is therefore needed in the majority of patients 
and biliary drainage is a major component of palliation 
in such patients. Whether biliary drainage for palliation 
of unresectable hilar strictures is best achieved by 
unilateral or bilateral stenting remains a controversial 
issue. Two randomized controlled trials have assessed 
unilateral versus bilateral drainage for palliation of hilar 
strictures[18,19].

In the first trial, 157 patients with hilar strictures 
were randomized to ERCP with unilateral plastic stent 
placement (79 patients) or ERCP with bilateral plastic 
stent placement (78 patients). Technical success was 
significantly higher in patients with unilateral stent 
placement[18]. Complications including infectious 
complications were significantly lower in patients with 
unilateral stent placement. Drainage success, defined 
as at least 75% reduction in pre-procedure bilirubin 
levels, were significantly higher in patients with 
unilateral stent placement compared to those who had 
bilateral stenting[18]. Survival did not differ between 
the two groups. The investigators of the study, there-
fore, concluded that routine bilateral stenting is not 
advised[18].

The second trial included 60 patients with hilar 
strictures who were randomized to ERCP with plastic 
stent placement (30 patients) or ERCP with metallic 
stent placement (30 patients)[19]. Within each group 

approximately half of the patient’s received unilateral 
while the other half received bilateral stenting. 
Although the main goal of the study was to compare 
metallic with plastic stents, subgroup analysis of 
unilateral versus bilateral stenting were performed. 
This study did not show any difference in patency 
time between unilateral versus bilateral stenting[19]. 
Re-intervention success, however, was significantly 
higher in patients with unilateral stent placement com-
pared to those who had bilateral stenting[19]. The study 
also showed that metallic stents had longer patency 
time and less need for re-intervention compared to 
plastic stents[19].

One prospective and multiple retrospective studies 
have also looked at this topic[20-24]. Although none of 
the studies showed any survival benefit with unilateral 
or bilateral stenting, they showed mixed results in 
other areas. A study by Chang et al[20] utilizing plastic 
stents showed that survival is worse if the ducts in 
both liver lobes are injected during ERCP but only one 
lobe drained. A small prospective study by Freeman 
et al[21] utilizing metallic stents showed that unilateral 
stenting is adequate in most patients. A retrospec-
tive study by Naitoh et al[22] utilizing metallic stents 
suggested longer patency time with bilateral stenting 
although survival time and complication rates were 
the same as with unilateral stenting. A retrospec-
tive study by Iwano et al[23] utilizing metallic stents 
showed that unilateral stenting is associated with 
lower infection rates but the same survival and stent 
patency compared to bilateral stenting. A retrospec-
tive study using both metallic stents and plastic stents 
by Liberato et al[24] suggested that bilateral stenting 
is associated with longer stent patency time without 
affecting survival time. Metallic stents in that study 
had longer patency time than plastic stents[24].

A French retrospective study suggested that drain-
age of more than 50% of liver volume confers longer 
survival[25]. It also suggested that injection of contrast 
during ERCP and stenting of an atrophic lobe in the 
liver is associated with higher complication rates. That 
study suggested that preprocedural cross-sectional 
imaging would be of value to avoid stenting or inject-
ing an atrophic lobe during ERCP[25].

A recent meta-analysis, including 7 studies with 
634 patients, did not find any difference in mortality, 
stent occlusion rate or cholangitis rate between those 
who had unilateral versus bilateral stenting for pallia-
tion of malignant hilar strictures[26]. The meta-analysis 
concluded that there are no benefits to routine bilateral 
stenting for palliation of unresectable hilar strictures[26].

Recommendations for endoscopic palliation of 
unresectable hilar strictures
A cross-sectional imaging study such as CT or MRI 
is advised prior to attempt at palliative drainage of 
unresectable malignant hilar strictures as a roadmap 
to better define the biliary anatomy and avoid injecting 
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or stenting an atrophic liver lobe. Unilateral stenting 
during ERCP in such patients seems to be adequate 
in most cases. Bilateral injection of contrast, however, 
requires bilateral stenting to assure drainage. For pal-
liation of hilar strictures, metallic stents seem to have 
longer patency and require less re-intervention that 
plastic stents.

MaNageMeNT Of DOMINaNT 
sTRICTURes IN PRIMaRy sCleROsINg 
ChOlaNgITIs
Primary sclerosing cholangitis (PSC) is a chronic 
progressive disease that can affect both intrahepatic 
and extrahepatic bile ducts[27]. According to epide-
miologic studies, intrahepatic and extrahepatic bile 
duct involvement are seen in approximately 69% of 
the patients while involvement of only intrahepatic or 
only extrahepatic ducts are seen in 25% and 4% of 
the patients respectively[27,28]. Endoscopic therapy in 
the form of ERCP is effective in patients with strictures 
localized to the extrahepatic and large intrahepatic 
bile ducts, described as dominant strictures. On 
cholangiography, dominant strictures are defined as 
stenoses measuring < 1.5 mm in the common bile 
duct or < 1.0 mm in the hepatic ducts[27,29]. Between 
45%-58% of patients with PSC develop dominant 
biliary strictures during their course of disease[27]. In 
addition to cholangiocarcinoma, dominant strictures 
have been associated with increased risk of ascending 
cholangitis, stone formation and hepatic decompensa-
tion[27]. Treatment of dominant strictures is therefore 
recommended[27].

Endoscopy for treatment of dominant strictures 
is the preferred mode of therapy and multiple 
observational studies have shown that endoscopic 
treatment of dominant strictures not only leads to 
clinical improvement but also can lead to biochemi-
cal and radiological improvements[27,29]. Endoscopic 
approaches to treatment of dominant strictures include 
ERCP with stent placement, balloon dilatation or both. 
The optimal endoscopic approach to treatment of 
dominant strictures in patients with PSC, however, is 
not known. There are no randomized controlled studies 
assessing effectiveness of balloon dilatation vs stenting 
in patients with PSC and dominant stricture. There are, 
however, a few retrospective studies available. In a 
retrospective study 34 patients were treated with only 
balloon dilatation, while 37 patients had balloon dilata-
tion and stenting of dominant strictures[30]. During a 
median follow-up of 24 mo, there were 30 complica-
tions associated with balloon dilatation plus stenting 
compared to 6 complications in the group who had 
balloon dilatation only. Postprocedure cholangitis rates 
were significantly higher in patients who had stenting 
compared to those who had only balloon dilatation[30]. 
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In another retrospective study 64 ERCP procedures 
were performed in 30 patients with PSC associated 
dominant stricture[31]. Thirteen of those ERCP proce-
dures were performed with only balloon dilatation and 
51 with stenting. Although the difference in the rate of 
complications between the groups who had dilatation 
versus dose who had stenting did not reach statistical 
significance, percentagewise there were twice as many 
complications with stenting compared to dilatation[31]. 
It is likely that statistical significance could not be 
reached due to low number of patients. Two other 
retrospective studies have compared balloon dilatation 
with stenting in patients with PSC related dominant 
strictures[32]. In a retrospective study involving 75 
patients, the investigators reported that stenting 
was not associated with an increased risk of adverse 
events[32]. On the other hand, another retrospective 
study including 72 patients found that even short-
term stenting was associated with higher likelihood of 
adverse events[33].

Recommendations for endoscopic treatment of 
dominant strictures in PSC
Based on the available evidence ERCP with balloon 
dilatation is effective in most patients with PSC and 
dominant stricture. Routine stenting of dominant stric-
tures in PSC patients is not recommended. Stenting 
of dominant strictures is appropriate if there is poor 
drainage of contrast after dilatation and concern for 
collapse of the bile duct comprising biliary drainage. 
If stenting is performed, short-term stenting should 
be considered. These recommendations are in line 
with the American College of Gastroenterology clinical 
guidelines[29].

CONClUsION
Preoperative biliary drainage in patients with resect-
able malignancies has been a controversial issue for 
many years. Based on current evidence preoperative 
biliary drainage is not routinely indicated. However, 
it is appropriate in patients who suffer from acute 
cholangitis, are severely symptomatic or in cases of 
delayed surgery. Another point of controversy has 
been whether unilateral or bilateral stenting would 
offer the best palliation for patients with unresectable 
hilar strictures. In such patients unilateral stenting 
during ERCP seems to provide adequate palliation in 
most cases while maintaining minimal risk.

Finally, the best management strategy for endo-
scopic treatment of dominant strictures in PSC patients 
remains unknown. Based on currently available evi-
dence routine stenting of such strictures is not recom-
mended. However, stenting of dominant strictures may 
become necessary if there is poor drainage of contrast 
after dilatation or concern for collapse of the bile duct 
compromising biliary drainage.

Parsi MA. Controversies in biliary stricture management
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Abstract
Yīn-Chén-Hāo decoction (YCHD) is a traditional Chinese 
medicine formula composed of capillaris (Artemisia 
capillaris ), gardenia (Gardenia jasminoides ), and rhubarb 
(Rheum rhabarbarum ) that is used for the treatment of 
damp-heat jaundice. In modern clinics, YCHD is mostly 
used for hepatic diseases. This review summarizes the 
biological activities of YCHD and its medical applications. 
The main active compounds of YCHD are chlorogenic 
acid, rhein, geniposide, emodin, and scoparone. The 
pharmacological actions of YCHD include inhibition of 
hepatic steatosis, apoptosis, necrosis, anti-inflammation, 
and immune regulation. YCHD could be developed as a 
new therapeutic strategy for the treatment of hepatic 
diseases.

Key words: Yīn-Chén-Hāo decoction; Hepatic disease; 
Clinical application; Effector mechanism; Review

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Yīn-Chén-Hāo decoction (YCHD) was a 
classical prescription for more than 1800 years in 
China. This review summarizes the efficacy of YCHD in 
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liver disease from clinical trials and its mechanisms of 
action in vitro  and in vivo . Studies indicate that YCHD 
can modulate various molecular pathways in liver 
disease. YCHD is widely used in clinical settings for the 
treatment of liver diseases, and could be a safe and 
novel therapeutic drug for liver injury worldwide.

Li JY, Cao HY, Sun L, Sun RF, Wu C, Bian YQ, Dong S, Liu P, 
Sun MY. Therapeutic mechanism of Yīn-Chén-Hāo decoction in 
hepatic diseases. World J Gastroenterol 2017; 23(7): 1125-1138  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i7/1125.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1125

INTRODUCTION
Yīn-Chén-Hāo decoction (YCHD) was first described 
in the “Treatise on Febrile Diseases” by Zhong-Jing 
Zhang during the Eastern Han Dynasty (AD 25-220). 
It a classic prescription in traditional Chinese medicine 
(TCM) that is mainly used for internal stasis heat 
and jaundice arising from Yang Ming disease and 
malnutrition, with doctors also widely using this 
prescription for heat jaundice. Modern usage of YCHD 
includes treatment for acute icteric infectious hepatitis 
along with other herbal medicines. YCHD is also used 
for hepatic diseases and has some uses in internal 
medicine, surgery, and pediatrics (Table 1). This paper 
discusses studies on YCHD and its mechanisms in the 
treatment of hepatic diseases.

Classic Chinese formulae include four elements: 
the monarch drug, the minister drug, the assistant 
drug, and the servant drug; the monarch drug plays 
the most important role in the formula, the assistant 
drug increases the effectiveness of the monarch drug, 
the minister drug helps the monarch and minister 
drugs reach their target positions, and the servant 
drug can reduce the adverse effects or increase the 
potency of the entire formula[1].

YCHD (Figure 1) is comprised of 12 g capillaris 
(Artemisia capillaris), 9 g gardenia (Gardenia 
jasminoides), and 9 g rhubarb (Rheum rhabarbarum). 
Capillaris is the monarch drug, and can clear heat 
and dampness and remove jaundice. Gardenia is the 
minister drug, and can clear heat-fire and damp-heat in 
the triple burner, and remove pathogenic factors from 
the urine. Rhubarb is both the assistant and servant 
drug, and acts to purge heat from the bowels, cool the 
blood, detoxify, dispel stasis, and dredge the meridians. 
The three drugs together prevent stasis, promote bowel 
movement, and guide stagnant heat to be excreted 
alongside the stool. YCHD is usually used twice daily. In 
an animal study with rats, total bilirubin (TBIL), alanine 
aminotransferase (ALT), and aspartate aminotransferase 
(AST) were improved and the blood level of scoparone 
was higher for longer when YCHD was administered 
once vs twice or three times daily. The exact mechanism 
of this effect has yet to be determined[2].

CHEMICAL COMPOSITION OF YCHD
YCHD has broad prospects for application in the 
field of liver disease, particularly in the treatment 
of hepatitis with jaundice; for example, it promotes 
bilirubin metabolism, can prevent liver damage, and 
inhibits hepatic apoptosis, hepatic stellate cell (HSC) 
activation, and collagen synthesis[3]. Studies on its 
chemical composition have determined some effective 
compounds found in YCHD. Capillaris mainly contains 
five classes[4] of active compounds: coumarins (e.g., 
scoparone); flavonoids (e.g., arcapillin, 5,3’,4’,hydroxy-
6,7-dimethoxycoumarin, cirsimaritin, 3’-methoxy 
thistle flavin); chromones (e.g., capillarisn, 7-a methyl 
wormwood color ketone, 4’-a methyl wormwood color 
ketone, 1-methoxy 4’ methyl 6 gall color ketone); 
organic acids (e.g., chlorogenic acid, coumaric acid 
A and B); and alkaloids (e.g., alkynes, monoter-
penes, sesquiterpenes, water-soluble polypeptides). 
Rhubarb mainly contains five classes of active com-
pounds: anthraquinones (including two types of free 
anthraquinones like rhein, emodin, aloe emodin, 
chrysophanol, and physcion; and bound anthraquinones 
like anthraquinone glycoside and dianthrone glucosides); 
tannins (e.g., gallic acid, D-catechin); stilbenes (e.g., 
rhaponticin, piceatannol, resveratrol, 3’,4’,5-hydroxyl 
stilbene, rhaponticin-2”-O-gallate, rhaponticin-6”-O-
gallate); volatile oils (e.g., palmitic acid, hexacosanoic 
acid, palmitic ethyl ester, dibutyl phthalate); and 
rhubarb polysaccharides. Gardenia mainly contains 
five classes of active compounds: gardenosides 
(e.g., geniposide, hydroxyl gardenoside, caryptoside, 
gardoside, scandoside methyl ester, geniposidic acid); 
pigments (e.g., crocin, crocetin); organic acids (e.g., 
chlorogenic acid, bitter saffron acid, alicyclic acid, 
3-oxygen α coffee α mustard acyl α 4-oxygen quinic 
acid); volatile oils (e.g., linoleic acid, palmitic acid); and 
gardenia polysaccharides.

One study identified 45 compounds from YCHD, with 
21 found in rat blood after oral administration. After 
studying the influence of different herbs alone compared 
with the whole YCHD decoction, investigators found 
eight compounds that are selectively absorbed into the 
bloodstream only after administration of all herbs from 
the YCHD decoction. Each compound had a significant 
effect on protecting the liver and gallbladder[5] (Figure 2).

The biological effects of many ingredients in YCHD 
reflect the therapy of the entire formula (Table 2). For 
example, rhein may relieve cellular insult through its 
anti-inflammatory activity in combination with nitric 
oxide (NO) from L-arginine[6]. Rhein can improve 
liver function and remove hepatic fibrosis via anti-
inflammatory and antioxidant pathways, and inhibit 
TGF-α activity and HSC activation[7]. Chlorogenic acid, 
another critical active ingredient of YCHD, can counteract 
liver injury at various levels by preventing apoptosis 
and oxidative stress damage. More specifically, both the 
glutathione and thioredoxin antioxidant systems and 
the mitogen-activated protein kinase (MAPK) signaling 
cascade appear to be engaged in the protective 
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mechanism of chlorogenic acid[8]. Geniposidic acid, the 
critical active ingredient of gardenia, alleviates liver 
injury by enhancing the antioxidative defense system 
and slowing the apoptotic signaling pathways[9].

One study used high-performance liquid chro-
matography-UV to test scoparone in rat plasma after 
intragastric administration of YCHD or water decoctions 
of capillaris, gardenia, and rhubarb separately. The 
study found that the scoparone level after YCHD 
administration was significantly higher than that of 
water decoctions alone. Moreover, the therapeutic effect 
of YCHD was found to be better than that of the herbs 
alone[10]. Another study used scoparone, geniposide, 
or rhein alone or in combination, and investigated their 
immunohistochemistry, biochemistry, metabolomics, 
and proteomics. The results showed that the scoparone, 
geniposide, and rhein combination exerts a more 
robust therapeutic effect than any one or two of the 
three individual compounds in a rat model of hepatic 
injury. Furthermore, scoparone, geniposide, and rhein 
synergistically cause intensified dynamic changes in 
metabolic biomarkers, regulate molecular networks 
through target proteins, have a synergistic effect, and 
activate both intrinsic and extrinsic pathways[11].

MECHANISMS OF YCHD EFFECTS
Liver injury repair
The liver is a major location for the metabolism and 
elimination of drugs, as well as being involved in their 
absorption. Therefore, the liver greatly influences 
the pharmacokinetics of compounds. Studies de-
monstrate that liver injury significantly influences the 
pharmacokinetics of scoparone, not only via changes 
in intestinal absorption, but also via changes in 
hepatic metabolism. In one study, the absorption and 
distribution of scoparone was accelerated in liver-

injured rats at the cost of slowed metabolism and 
elimination. Changes in parameters like metabolism 
can explain some molecular mechanisms of YCHD in 
the treatment of liver injury[12].

Research into different drug-induced liver injury forms 
have been conducted with YCHD. One study explored 
liver injury induced by α-naphthyl isothiocyanate (ANIT) 
and carbon tetrachloride (CCl4). ANIT intoxication groups 
were given ANIT (in corn oil at a ratio of 10:1) at a single 
dose of 80 mg/kg orally, while CCl4 intoxication groups 
were given CCl4 (in corn oil at a ratio of 1:4) at a single 
dose of 1 mL/kg orally. In the ANIT group, the levels 
of ALT, alkaline phosphatase (AKP), and TBIL were 
significantly higher than those in the control group. 
In the CCl4 group, the malondialdehyde content was 
significantly higher and superoxide dismutase and 
glutathione peroxidase activities were significantly 
lower compared with those in the control group. YCHD 
significantly reduced AST, ALT, and AKP levels in the 
ANIT group and significantly reduced AST, ALT, AKP, 
and malondialdehyde levels in the CCl4 group. In 
addition, YCHD was also found to increase the ratio of 
liver weight to body weight[13].

Scoparone is an important compound found in 
capillaris that has been shown to be hepatoprotective, 
effective in the treatment of liver diseases, and 
contribute directly to the therapeutic effect of YCHD[14]. 
The metabonomic characteristics of CCl4-induced 
hepatotoxicity and intervention with scoparone illustrate 
that scoparone could have hepatoprotective effects 
via multiple pathways, including primary bile acid 
biosynthesis and pyrimidine metabolic pathways[15]. 
The hepatoprotective effects of scoparone in rat liver 
injury were associated with regulated expression of 
six proteins that appear to be involved in antioxidation 
and signal transduction, energy production, immunity, 
metabolism, and chaperoning[16].
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Figure 2  Molecular structures of compounds found in Yīn-Chén-Hāo decoction. 
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Anti-inflammatory and anti-viral effects 
Hepatitis B is a major global health problem cau-
sed by the hepatitis B virus (HBV). Many clinical 
studies have reported that YCHD can reduce serum 
transaminase activity, elevate serum albumin, reduce 
the ratio of albumin and globulin (A/G), improve 
liver function, and provide satisfactory long-term 
effects[23,24]. These effects could help in the treatment 
of hepatitis B.

The pathogenic process of HBV is immune-
mediated inflammation. Cytotoxic T lymphocytes 
(CTL) recognize and destroy target cells by antigen 
presentation, and cause target-cell apoptosis when 
fas ligand protein on the membrane surface unites 
with target-cell Fas antigen. HBV infection activates 
the immune system to produce and release cytokines, 
which promote liver inflammation and cause liver 
damage.

One study found that, in the treatment of chronic 
hepatitis B, YCHD combined with Western medicine was 
significantly better than Western medicine treatment 
alone[25]. In an experiment with concanavalin A-induced 
acute immune liver injury in mice infected with hepatitis 
B, YCHD was found to reduce AST, interferon-γ, and Fas 
gene levels, and increase the level of interleukin (IL)-4 
in the liver. YCHD was also able to repair damage to 
liver cells, decrease the frequency of liver cell apoptosis, 
and reduce inflammatory response[26].

Drug-induced hepatitis refers to liver damage 
caused by drugs or their metabolites. In recent years, 
increased usage of new drugs and drug combinations 
has increased the incidence of drug-induced hepatitis. 
YCHD plus glycyrrhizinate or transmetil was found to be 
more effective than Western medicine in the treatment 
of drug-induced hepatitis. A control group was treated 
with glycyrrhizinate capsules and transmetil, while 
a treatment group received the same drugs plus 
modified YCHD. The levels of ALT, TBIL, and globulin in 

the treatment group were lower than those in control 
group after treatment (P < 0.05). In addition, the level 
of albumin in the treatment group was higher than 
that in the control group[27].

Chronic severe hepatitis is another common type 
of hepatitis. The treatment of chronic severe hepatitis 
is difficult, and usually results in such complications 
as ascites, hepatic encephalopathy, gastrointes-
tinal bleeding, and hepatorenal syndrome. Clinical 
research indicates that YCHD can reduce liver cell 
inflammation, expand intrahepatic bile capillaries, 
promote bile secretion, increase bile flow, improve 
hepatic microcirculation, reduce the absorption of 
intestinal toxins, and increase the excretion of bilirubin. 
These effects can reduce symptoms and significantly 
improve liver function in patients with chronic severe 
hepatitis[28]. Liver dialysis combined with YCHD is an 
especially effective therapeutic regimen for severe 
hepatitis[29].

Anti-fibrotic effects
Fibrosis is a wound-healing response that engages 
a range of cell types and mediators to encapsulate 
an injury. During fibrogenesis, pathological factors 
including inflammation from Kupffer cells (KCs), 
angiogenesis, and HSC activation lead to collagen 
deposition[30]. Cirrhosis, an advanced liver disease, 
is characterized by fibrosis, nodule formation, and 
inflammation[31]. Despite the high incidence of 
hepatic fibrosis worldwide, no generally accepted 
antifibrogenic therapy is available. However, TCM has 
been widely used for treating chronic liver hepatitis 
and liver cirrhosis, with said treatments appearing to 
improve clinical symptoms, liver function, and patient 
quality of life[32].

YCHD can significantly inhibit apoptosis in liver 
cells, inhibit HSC activation, and inhibit KC activation, 
thereby protecting liver function and preventing 

Table 2  Mechanisms of action of compounds found in Yīn-Chén-Hāo decoction

Compound Pharmacological activities Mechanisms of action Ref.

Chlorogenic 
acid

Antibacterial, antiviral, antioxidation, Reversed liver reduced GSH levels and expression of TRX, triggering 
GSH and TRX antioxidant systems and MAPK signaling cascade

[8]
free radical scavenging, 

mutation suppression, anti-tumor
Scoparone Anti-inflammatory, analgesia, antioxidant, 

immunosuppressive, cholagogue, blood pressure, 
hypolipidemic, anti-asthmatic

Inhibition of protein tyrosine kinase and release of arachidonic acid 
metabolites, reduced expression of tissue factor at mRNA level 
and thrombus generation; enhancement of prostacyclin release, 

protection against endothelium derived relaxing factor inactivation, 
and activating guanylate cyclase, relaxed bronchial smooth muscle

[86-89]

Geniposide Anti-inflammatory, analgesia, cholagogue,  laxness, soft 
tissue injury repair, gastric acid secretion inhibition, 

amylopsin secretion reduction

Enhancing antioxidative defense system and reducing apoptotic 
signaling pathways; regulating adipocytokine release and the 

expression of PPARα expression

[9,90]

Rhein Antineoplastic, anti-inflammatory, antimicrobial, 
immunosuppressive, diuresis and purgation, improve 

glycometabolic

Inhibiting cytochrome P450 enzymes in liver microsomes [91]

Emodin Antineoplastic, anti-inflammatory, antimicrobial, 
immunosuppressive, diuresis and purgation

Inhibiting HSC activation [92]

GSH: Glutathione; TRX: Thioredoxin; MAPK: Mitogen-activated protein kinase; PPARα: Peroxisome proliferator activated receptor-α; HSC: Hepatic stellate 
cell.
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fibrosis. In a rat model of dimethylnitrosamine (DMN)-
induced liver fibrosis, YCHD significantly improved liver 
function, liver pathology, and reduced collagen content 
in liver tissue[33]. In addition, a DMN-induced liver 
fibrosis study in rats found that YCHD could decrease 
abnormal ALT, AST, TBIL, GGT, hydroxyproline, 
hyaluronic acid, laminin, collagen type IV, and amino-
terminal type III procollagen peptide levels. The study 
also found that YCHD treatment could improve mRNA 
and protein levels of α-SMA (a marker of activated 
HSCs), restore normal albumin levels, and change 
amino acid metabolism. The molecular mechanism 
of the anti-fibrotic effects of YCHD might operate via 
suppression of HSC activation[34,35]. In addition, the 
therapeutic effect of YCHD is better than that of other 
classic TCM formulae, such as Yīn-Chén-Si-Ni-Tang[36] 
and Gan-Lu-Xiao-Du-Dan[37] in the treatment of 
dampness-heat with liver fibrosis.

KCs are liver macrophages generally believed to 
be involved in liver damage via inflammation. There 
are two ways to activate KCs: the classical pathway 
and the alternative pathway[38,39]. KC activation via the 
classical pathway releases inflammatory cytokines, 
which further activate HSCs and lead to a phenotypic 
transition to myofibroblasts. This transition results in 
excessive proliferation, as well as the synthesis and 
secretion of ECM components, which leads to fibrosis. 
The inhibition of HSC activation can reduce the 
biosynthesis of collagen, and therefore inhibit fibrosis.

YCHD administration attenuates liver fibrosis partially 
by inhibiting HSC activation, rather than promoting 
cell apoptosis of activated HSCs or suppressing the 
activation of KCs[40]. YCHD reduced the expression of IL-
1β, CD68, Tnfrsf14, Tnfrsf9, COL1α2, MMP2, MMP23, 
TNF-α, and Prkcb, and increased the expression of 
CD14, Tf, and Igf1. These gene expression changes 
indicate that YCHD can inhibit liver inflammation, HSC 
activation, liver sinusoidal endothelial cell activation, and 
liver parenchymal damage via inhibition and regulation 
of the classical KC activation pathway. These effects in 
combination result in anti-fibrotic effects from YCHD[41].

YCHD can also reduce the expression of TNF, FAS, 
and Prkcb, and regulate the expression of CD14 genes, 
indicating that it can block the MAPK pathway, which 
inhibits hepatocyte apoptosis to prevent fibrosis[42].

One study found YCHD plus Huang-Qi decoction 
reversed liver cirrhosis in rats via a reduction in 
oxidative stress. YCHD was found to eliminate hepatic 
lipid peroxide formation and Huang-Qi decoction 
enhanced the antioxidative ability of the liver[43].

The pathogenesis of DMN-induced liver cirrhosis 
corresponds to the syndrome of interior dampness-
heat with qi deficiency[44], and the pathogenesis of 
liver cirrhosis corresponds to the syndrome of interior 
dampness-heat[35].

Relief of ascites
Cirrhosis with ascites often occurs during chronic 

hepatitis, with ascites often being observed in end-
stage cirrhosis. The clinical manifestations of ascites 
are tympanites and edema. One clinical study found 
that YCHD combined with Jijiaolihuang bolus could 
clear heat and expel dampness, induce diuresis to 
remove edema, and reduce ascites[45].

Effects in other liver diseases
Since YCHD can clear heat, promote diuresis, and 
remove jaundice, it also plays an important role in 
the treatment of primary liver cancer[46].

Liver failure is caused by extensive liver cell necrosis, 
which results in severely impaired liver function, while 
chronic liver failure results from decompensation of 
the liver during cirrhosis and is accompanied by a poor 
prognosis and high mortality rate.

HBV is the most common cause of liver failure in 
China. Although nucleoside analogs can inhibit viral 
replication in the short-term, they usually result in 
drug resistance in the long-term. TCM enema can 
solve issues such as difficulties in oral administration, 
effectively removing harmful bacteria in the gut, 
improving intestinal endotoxemia, and promoting the 
recovery of liver function. In patients with HBV-induced 
liver failure, an enema of YCHD plus colon lavage 
was found to result in liver function and symptom 
improvement, jaundice improvement, TBIL reduction, 
and increased prothrombin time[47].

One study established a rat model with hepatic 
failure after 70% liver resection to research the 
therapeutic effect of capillaris. The results showed 
that the herb can improve IL-6 levels, increase serum 
IL-6 levels, and improve survival rate in rats with liver 
failure after surgery[48].

OTHER PHARMACOLOGICAL ACTIVITIES
YCHD-ameliorated alloxan (ALX) induced hyperglycemia 
in mice and significantly reduced fasting blood glucose 
(FBG) in normal mice and ALX-diabetes in mellitus 
model mice and rats. YCHD also improved impaired 
glucose tolerance in a dexamethasone-induced insulin 
resistance rat model and reduced 2-h post-prandial 
blood glucose after an oral glucose tolerance test. This 
suggests that YCHD has hypoglycemic effects like 
sulfonylurea or biguanide[49].

Clinical studies indicate that YCHD plus Bai-
Tou-Weng decoction and hormones have a better 
treatment effect than Western medicine in the clinical 
treatment of Behçet’s disease. In one study, a control 
group was treated with prednisone, while a treatment 
group was treated with the same drug plus YCHD and 
Bai-Tou-Weng decoction. According to the diagnostic 
criteria of the International Society for Behçet’s 
Disease, the therapeutic effect in the treatment group 
was better than in the control group (P < 0.05)[50].

YCHD has also been used clinically in neonatal 
hyperbilirubinemia[51], neonatal jaundice[52], maternal-
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fetal ABO blood type incompatibility[53-56], intrahepatic 
cholestasis of pregnancy[57], newborn pathological 
jaundice[58], and acne[59].

Compared with insulin and insulin analogs, com-
bined therapy of NovoRapid and modified YCHD is 
an effective, safe, and economical approach to the 
treatment of chronic hepatitis B with diabetes[60].

DRUGS THAT INCLUDE THE HERBS 
FROM YCHD 
Drugs that include the herbs found in YCHD have 
been on the market for many years and most have 
important therapeutic uses. Xiong-Dan-Yīn-Chén Oral 
Solution® (XDYCKFY, Hei-Bao-Yao-Ye, Hei-Long-Jiang, 
China) is an effective and safe treatment for chronic 
liver diseases, and can slow down the progress of 
cholecystitis and cholelithiasis. Moreover, Ling-Zhi-
Yīn-Chén Capsule® (LZYC capsule, Zhong-Long-Yi-
Yao, Hei-Long-Jiang, China) and Huang-Dan-Yīn-Chén 
Granule® (HDYCKL, Fo-Ci-Zhi-Yao, Lan-Zhou, China) 
are used to improve the symptoms of idiopathic pain, 
abdominal distension, anorexia, malaise, fatigue, 
and greasy yellow tongue coating. Yīn-Chén-Tui-
Huang Capsule® (YCTH capsule, De Shang Yao Ye, 
Jilin, China) is often used in the treatment of jaundice 
caused by acute and chronic liver disease.

CONCLUSION
This review summarized the efficacy of YCHD in 
liver disease from clinical trials and its mechanisms 
of action in vitro and in vivo. Studies indicate that 
YCHD can modulate various molecular pathways in 
liver disease. YCHD is widely used in clinical settings 
for the treatment of liver diseases, and could be 
a safe and novel therapeutic treatment for liver 
injury worldwide (Table 3). Future studies on YCHD 
could help define its various effective constituents, 
molecular mechanisms, and targets that help prevent 
inflammation and fibrosis. Although YCHD has 

been used clinically for thousands of years, most 
studies on it are basic, and so its material basis and 
mechanisms remain unclear. At present, there are 
few multicenter, large, randomized, double-blind, 
controlled clinical trials on YCHD. Extensive clinical 
research is warranted to evaluate the safety and 
efficacy of YCHD alone or in combination with other 
drugs. 
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Abstract
Hepatocellular carcinoma (HCC) is the sixth most 
common type of cancer and the third most frequent 
cause of cancer-related death. Advances in preoperative 

assessment of HCC (e.g. , imaging studies and liver 
function tests), surgical techniques, and postoperative 
care have improved the surgical outcomes and survival 
of patients who undergo hepatic resection for HCC. 
However, in the last 20 years, the long-term survival 
after hepatectomy has remained unsatisfactory owing 
to the high rates of local recurrence and multicentric 
occurrence. Anatomical liver resection (AR) was 
introduced in the 1980s. Although several studies 
have revealed tangible benefits of AR for HCC, these 
benefits are still debated. Because most HCCs occur in 
patients with liver cirrhosis and poor hepatic function, 
there are many factors that affect survival, including 
the surgical method. Nevertheless, many studies have 
documented the perioperative and long-term benefits 
of AR in various conditions. In this article, we review 
the results of several recently published, well-designed 
comparative studies of AR, to investigate whether 
AR provides real benefits on survival outcomes. We 
also discuss the potential pitfalls associated with this 
approach.

Key words: Hepatocellular carcinoma; Cirrhosis; Curative; 
Anatomical resection; Prognosis
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Core tip: Anatomical liver resection (AR) has been 
widely used for two decades in hepatocellular car-
cinoma and although many studies have shown the 
perioperative benefits, long term survival benefit of 
AR is still debated. For evaluation of benefits of AR, 
many factors should be considered, such as degree of 
cirrhosis, anatomical variation and surgical techniques. 
Moreover, critical review of previous studies considering 
bias is necessary. In this article, we review the results of 
several recently published, well-designed comparative 
studies of AR to investigate whether AR provides real 
benefits on survival outcomes. We also discuss the 
potential pitfalls associated with this approach.
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INTRODUCTION
Primary liver cancer is the second leading cause 
of cancer death worldwide[1]. The most common 
histologic types of liver cancer are hepatocellular 
carcinoma (HCC) and intrahepatic cholangiocarcinoma 
(ICC). HCC is the sixth most common type of cancer 
and the third most frequent cause of cancer-related 
death[2]. Advances in preoperative assessment of 
HCC (e.g., imaging studies and liver function tests), 
surgical techniques, and postoperative care have 
markedly improved the surgical outcomes and survival 
of patients who undergo hepatic resection for HCC. 
However, in the last 20 years, the long-term survival 
after hepatectomy has remained unsatisfactory owing 
to the high rates of local and multicentric recurrence.

The oncologic principles of hepatic resection, 
especially in cirrhotic liver, are to resect all of the 
malignant tissue (tumor, satellite nodules, and portal 
vein territory) completely with effective clearance while 
preserving enough nontumorous liver parenchyma 
to prevent postoperative liver failure[3]. Regarding 
hepatectomy, modern surgical techniques were 
developed and important insight was gained in the late 
1980s and through the 1990s. In the mid-1980s, hepatic 
surgeons gained more knowledge about liver anatomy, 
including its segments, leading to the introduction of 
systematic segmentectomy. Several strategies for 
reducing blood loss during hepatic transection were 
also introduced. They included keeping central venous 
pressure (CVP) as low as possible, the Pringle maneuver,  
and establishment of ischemia and reperfusion injury[4-6]. 
As a consequence of these developments, the surgical 
outcomes improved markedly in this era and the 
mortality rate decreased from 5%-10% to < 1%[7].

Although most hepatic surgeons estimate the 
optimal tumor-free margin during hepatic resection of 
the primary hepatic tumor, the concept of anatomical 
resection (AR) was introduced, in which the tumor-free 
margin is independent of margin length. This approach 
may improve the survival rate by reducing local 
recurrence[8]. AR was first proposed by the distinguished 
Japanese hepatic surgeon, Dr. Makuuchi[9,10]. The 
concept involves resection of the entire hepatic 
parenchymal tissue supplied by the portal venous 
system draining the tumor tissue. To achieve this, the 
liver surface is tattooed by injecting indigo carmine dye 
into the portal vein under intraoperative ultrasound 
guidance. A similar approach, Glissonean pedicle 
transection, was introduced by Dr. Takasaki[11]. Both 
groups suggested that AR confers a survival benefit. 

However, the outcomes of AR reported for other case-
series differed between institutions when compared 
with non-anatomical resection (NAR). Accordingly, 
the benefits of AR are still debated. Different results 
may be due to patient selection bias and the use of 
different surgical techniques at each institution. To date, 
no prospective randomized studies have compared 
the outcomes of AR and NAR, for example. Several 
case-controlled studies have been published in which 
cases and controls were matched by propensity 
score matching. Although this statistical method is 
retrospective, it may provide valuable data in lieu of 
randomized studies.

Here, we perform a review of well-designed 
comparative studies, including case-series, meta-
analyses, and case-control studies with propensity 
score matching, to investigate whether AR confers real 
clinical benefits relative to other resection methods. We 
also discuss the possible pitfalls of AR in this setting.

DEFINITION AND THEORETICAL 
BACKGROUND
AR is defined as resection of the tumor together with the 
portal veins draining the tumor and the corresponding 
hepatic territory, as determined by dye injection 
into the feeding portal vein, or Glissonean pedicle 
transection[8,11]. AR involves either segmentectomy 
or sectionectomy, which includes bisectionectomy, 
hemihepatectomy, and trisectionectomy. NAR is defined 
as resection of a lesion regardless of the anatomical 
segment or section of the lobar anatomy, and includes 
limited resection or enucleation[8,11-15]. In the case of 
subsegmentectomy, which involves resection of the 
hepatic parenchyma fed by the fourth-order portal 
venous branch or one of several third-order branches, it 
is debated whether resection of parenchyma fed by one 
or several fourth-order branches should be classified as 
either AR or NAR.

Liver tumors are thought to invade the portal 
venous branches, allowing tumor cells to be carried 
to other regions of the liver in the portal venous flow. 
These disseminated tumor cells grow into microscopic 
tumor thrombi and then into daughter nodules[8]. 
Accordingly, it is theorized that AR confers a survival 
benefit by removing possible microscopic tumor 
thrombi or hitherto undetected daughter nodules in 
other parts of the liver. Several rigorous comparative 
analyses of the survival benefits of patients who 
underwent hepatic resection by AR or NAR have 
been conducted in many different centers. Most of 
these studies were performed in Eastern countries, 
and the results were inconsistent. This theory to 
explain the survival benefit of AR was subsequently 
reinforced by a well-designed imaging study, in which 
the authors used CT angiography to monitor the 
intratumoral hemodynamic changes associated with 
hepatocarcinogenesis[16]. The study showed that early 
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deterioration of arterial blood flow and an increase in 
neovascularized arterial blood flow was followed by a 
decrease in portal flow. Therefore, these intratumoral 
vascular and hemodynamic changes allow intratumoral 
blood containing free cancer cells to flow into the 
portal vein.

SURGICAL TECHNIQUES OF 
ANATOMICAL RESECTION
There are two main types of AR technique, the Glis-
sonean pedicle transection method and transection 
guided by dye injected into the portal venous branches.

Systematic segmentectomy with ultrasound-guided dye 
injection
In segmentectomy or subsegmentectomy, it is 
important that the ligations are made at a point inside 
the liver parenchyma. In this method, the tumor-
bearing portal pedicle is punctured and dye is injected 
under ultrasound guidance[8]. There are some tips to 
consider when performing ultrasound-guided puncture. 
The tip of the 21-gauge needle used in percutaneous 
ethanol injection therapy is easily visible on ultrasound. 
The needle tip has three holes, and its visibility can be 
improved by moving the needle forward and backward 
by millimeters, which sends vibrations towards the 
target portal vein. If the tip does not reach the target 
portal vein, the angle of the needle should be changed. 
Once the needle has punctured the vein, a blue dye 
(indigocarmine) should be injected very slowly without 
regurgitation. To stain the liver surface, the blood flow 
of the hepatic artery should be temporarily clamped 
with a Bulldog-type clamp[10]. The stained area 
must be carefully marked with electrocautery, and 
transection should gradually proceed from the liver 
surface towards the portal pedicle stained by the dye. 
Finally, the target segment should be removed after 
cutting the pedicle[8,9].

Glissonean pedical transection
This procedure is based on the three ramifications of 
the Glissonean pedicle, namely the left, middle, and 
right, as initially proposed by Takasaki[11]. The hepatic 
parenchymal territory of each ramification includes 
the relevant sector or segment, and is now referred to 
by section according to the Brisbane terminology[17]. 
Resection of the hepatic area corresponding to one 
ramus was originally referred to as “systematized 
hepatectomy”[11,18]. In this procedure, right posterior 
sectionectomy and anterior sectionectomy correspond 
to the right ramus and middle ramus, respectively. 
Meanwhile, left hemihepatectomy of the left ramus can 
be divided into left medial and lateral sectionectomy. 
The ramifications of the Glissonean pedicles are 
located outside the liver. The sheath can be easily 
detached from the liver tissue without injuring the 
hepatic parenchyma or the portal vein or duct inside 

the pedicle, especially when the surgeon uses a 
Yankauer suction device plus a periosteal elevator. The 
trunks of the secondary or tertiary branches run inside 
of the liver. The area fed by each tertiary branch is 
cone-shaped, and is termed a “cone unit”.

Anatomical variation of the portal pedicles
The pattern and number of third-order portal branches 
in each ramification differ between patients. In a 
study of 16 cadavers, it was found that the segmental 
branches of the anterior pedicle arose from the 
main trunk of the anterior pedicle, while branches 
of the posterior pedicle arose from the main trunk 
of the posterior pedicle in 55.9% of the cadavers[19]. 
Meanwhile, anterior pedicle branches arose from the 
posterior dominant branches in 26.5% of cadavers 
and posterior pedicle branches arose from the ante-
rior dominant branch in 17.6% of cadavers. These 
findings were confirmed in multidetector computed 
tomographic (MD-CT) study of 20 liver donors[19]. In 
most cases, the tertiary branches of the portal pedicle 
are supplied by one pedicle in a cone unit. However, 
in 33%-70% of cases, a single Couinaud segment is 
supplied by ≥ 2 tertiary branches arising from the 
same or different secondary branches, especially in 
segments 7 and 8[20,21]. In these variations, the sliding 
branch is not included in one Couinaud segment, 
instead crossing into a neighboring segment. In 
anatomical segmentectomy with ultrasound-guided 
dye injection, 54.8% percent of lesions were fed by a 
single main portal vein and 23.3% by adjacent double 
portal vein branches. In addition, 15.1% of lesions 
were partially stained and the opposite side could 
not be distinguished after dye injection because the 
resection line was demarcated through counterstaining 
of the adjacent segment in some cases. Furthermore, 
7.1% of lesions were supplied by several small 
distributed portal veins or the lesions were difficult 
to see, in which case it is impossible to stain the 
tributaries. In these patients, AR is unfeasible[22].

Selection of appropriate surgical method for AR
Glissonean pedicle transection is a feasible and safe 
method for AR, especially in cases requiring hemi-
hepatectomy and sectionectomy. However, in cases 
requiring segmentectomy, the Glissonean approach 
is an invasive and technically demanding modality for 
patients with complicated portal anatomical variations 
or tumors located in the posterosuperior segments 
(segments Ⅶ and Ⅷ). In these cases, a larger volume 
of parenchyma in the noninvolved segment needs to be 
dissected to determine the involved Glissonean pedicle. 
Ultrasound-guided dye injection might be superior 
to Glissonean pedicle transection in cases requiring 
systematic segmentectomy, especially for tumors 
located farther from the main portal branches, tumors 
located in superioposterior segments (Ⅶ or Ⅷ), and 
if the tumor is fed by several branches. However, the 
ultrasound-guided dye injection method is a technically 
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Glissonean pedicle cross over a segment included 
in AR? If the tumor is fed by two or more different 
segmental branches, is resection of all of the feeding 
Glissonean pedicles, including the parenchymal 
territory for AR? We suggest that AR procedures 
also include resection of one cone unit, whether or 
not the target tissue is smaller than a segment (i.e., 
subsegmentectomy), is larger than the anatomical 
segment, or is fed by several branches when resection 
includes the hepatic parenchyma with the tumor-
feeding Glissonean pedicle.

BENEFICIAL OUTCOMES OF AR
Perioperative results
HCC is usually associated with liver cirrhosis and 
many patients with HCC have poor liver function. 
Therefore, for curative resection with preservation 
of liver function, an adequate amount of tumor-
bearing hepatic parenchyma should be resected 
while preserving a sufficient remnant liver volume. 
Considering these features of hepatic resection in 
cirrhotic liver, AR typically involves resection of the 
tumor-bearing portal pedicles, correspond to the 
liver parenchyma, without disrupting the blood flow 
through and the biliary drainage from the remnant 
segments. This approach may be ideal for limited liver 
resection. Although the benefits of this procedure 
on patient survival are still controversial, AR is often 
considered the gold standard procedure based not 
only on the pattern of intrahepatic spread of HCC but 
also because it preserves as much of the remnant 
liver tissue as possible, thereby reducing the risk of 
postoperative hepatic failure. It has been reported to 
offer several benefits in terms of achieving adequate 
surgical margins, reducing intraoperative blood loss, 
and reducing perioperative biliary complications by 
preserving the vascular and biliary structures in the 
remnant liver[15,22-29]. The advantages of AR are further 
magnified in patients with deep-seated tumors. 
Therefore, in most reports, AR was usually preferred in 
patients with HCC, whenever possible.

Long-term results
Dozens of well-designed studies have compared 
the benefits of AR versus NAR using the systematic 
segmentectomy technique or the Glissonean pedicle 
transection method. Most of the prior studies were 
published between 1990 and 2005. All of the studies 
were conducted retrospectively, and most were case-
series, including one large nationwide survey in Japan 
and three case-controlled studies with propensity score 
matching. The results of these studies are summarized 
in Table 1 for case-series and Table 2 for propensity 
score matching studies[7,12-15,18,22,25-38].

Of 18 studies evaluated, 8 reported that AR 
was beneficial while 8 revealed no benefits of AR. 
Meanwhile, one report described benefits of AR in 

demanding procedure that may be invasive, cause 
bleeding and prick the tumor. In addition, it is possible 
to inject the dye into the wrong portal vein branch. 
Aside from AR of the portal vein, some tumors span two 
or more segments and sections. If major hepatectomy 
is not indicated, a combination of the Glissonean pedicle 
approach and ultrasound-guided dye injection may 
allow the surgeon to remove the tumor with a cone-
shaped resection. Therefore, the surgical method(s) can 
be selected based on tumor location and the surgeon’s 
preference. Moreover, a combination of both techniques 
might be helpful in complex cases.

For safe AR, it is essential that the surgeon has 
good understanding of the anatomical variability of 
the Glisson pedicle, particularly the right hepatic vein, 
which serves as the reference structure for dividing 
the right anterior and right posterior sections. Careful 
imaging studies are very important; in addition to 
intraoperative ultrasound, careful review of the relation 
between portal venous branches and tumor looking at 
MD-CT that taken before hepatectomy. 

Other issues regarding AR and what is real AR?
There is another issue of importance to segmen-
tectomy. For segmentectomy of Couinaud’s segments 
7 or 8, it is essential to expose the adjacent hepatic 
vein(s): the right hepatic vein for segment 7, and 
the right and mid-hepatic veins for segment 8[9,12]. 
This is reasonable when we consider the concept of 
Couinaud’s classification of liver segments in patients 
with normal anatomy. However, in cases with sliding 
pedicles, for example the anterior pedicular branch 
has slid from the posterior ramus and posterior 
pedicle branch from the anterior ramus, the slid 
branch may bypass the hepatic venous limitation of 
the corresponding segment[19]. In patients with these 
variations, hepatic segmentectomy should include 
partial resection of the neighboring segment, including 
the relevant peripheral branch of the hepatic vein.

Some questions arise regarding how to perform 
AR and what technique should be used if the bran-
ching pattern of the portal vein does not match the 
Couinaud’s segment and the tumor location is not 
confined to the Couinaud’s anatomical segment.

Does cone-shaped parenchymal resection of 
tissue fed by one or several fourth-order branches 
represent AR or NAR? If the sliding branches cross 
over another neighboring segment[19], resection of the 
entire cone unit of the Glissonean pedicular branch, 
including partial resection of the neighboring segment, 
can be included in AR. If one cone unit partially 
fills a segment, resection of the cone unit without 
exposing the neighboring hepatic vein (for right upper 
segments) corresponds to resection of less than one 
segment. Therefore, does this constitute NAR? Should 
we always expose the segment bordering the hepatic 
veins in anatomical segmentectomy of segments 
7 or 8? Does resection of the cone unit fed by the 
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Table 1  Summary of studies comparing the outcomes of anatomical and non-anatomical resection in patients with hepatocellular 
carcinoma

Ref. Study 
period

Patient 
number 

total 
(AR:NAR)

Inclusion 
criteria

Method of 
AR

Cirrhosis 
(yes/no)

Bleeding 
amount (mL, 

AR:NAR)

Survival benefit of 
AR for OS and RFS

Recurrence 
pattern 
(local or 

multicentric)

Others

D:Dye injection ICG R15

G:Glissonian Difference
B/W AR and 

NAR

Benefit
   Yamamoto 
   et al[18]

1990-1994 n = 204 
(90:114)

Solitary ≤ 5 
cm

Glissonian P = 0.02 Not shown Yes NA
NA OS (P = 0.0002)

   Regimbeau 
   et al[7]

1990-1996 n = 64 
(30:34)

Solitary < 4 
cm

Glissonean + US NA Not shown Yes NA
NA OS and RFS (P < 0.05)

   Hasegawa 
   et al[12]

1994-2001 n = 210 
(156:54)

Solitary Dye injection 0.002 P = 0.8 (574: 
560)

Yes NA
P < 0.0001 OS (P = 0.01)

RFS (P = 0.006)
   Cho et al[38] 1998-2001 n = 168 

(99:69)
Solitary ≤ 5 

cm
Not described P = 0.026 Not shown Yes NA

NA OS (P = 0.032)
RFS (P = 0.003)

   Wakai 
   et al[15]

1990-2004 n = 158 
(95:63)

Solitary 
pT1-T2

Glissonean P = 0.015 AR < 
NAR

P = 0.017 
(813:590)

Yes NA

P = 0.001 OS (P = 0.03) RFS 
(P = 0.008), for pT2 
OS (P = 0.001) and 

RFS (P = 0.0004)
   Yamashita 
   et al[25]

1985-2004 n = 321 
(201:120)

Solitary Glissonean P < 0.01 P < 0.01 
(1353:993)

Yes NA
P < 0.01 OS and RFS (P = 0.01) 

for liver damaged, 
No for less damaged

   Ueno 
   et al[37]

1990-2004 n = 116 
(52:64)

≤ 3 
nodules, ≤ 

3 cm

Dye injection NA P = 0.46 
(1609:1224)

No for OS (P = 0.19) NA
P = 0.006 Yes for RFS (P < 0.03)

   Kobayashi 
   et al[33]

1990-2004 n = 233 
(106:127)

Solitary Dye injection P < 0.0001 NA Yes Different
P < 0.0001 RFS (P = 0.0002) local recu: 

AR < NAR 
(P < 0.002)

   Eguchi 
   et al[31]

1994-2001 n = 5781 
(2267:3514)

Mixed D&G mixed NA Not shown Yes NA Japanese 
nationwide 

survey
OS (P = 0.0529)
RFS (P = 0.0089)

   Yamazaki 
   et al[26]

1994-2007 n = 209 
(111:98)

Solitary ≤ 5 
cm

Glissonean P = 0.003 P < 0.0001 
(1266:842)

Yes NA
NA OS (P = 0.004),

RFS (P = 0.023)
No benefit
   Capussotti 
   et al[30]

1985-2001 n = 216 
(156:60)

No 
limitation

Not clear NA Not shown No OS (P = 0.9) NA

   Portolani 
   et al[36]

1986-2003 n = 213 
(131:82)

NA Not described NA Not shown No NA
NA

   Tanaka 
   et al[14]

1992-2005 n = 125 
(83:42)

Solitary Not clear P = 0.035 P = 0.23 
(1000:1200)

No No diff (P = 
0.39)NA OS (P = 0.34)

   Kaibori 
   et al[13]

1992-2003 n = 237 
(34:217)

HepC(+) Dye injection P = 0.006 0.27 (1779:1414) No No diff (P = 
0.12)(OS = 0.7 and DFS 

0.76)
   Tomimaru 
   et al[27]

1990-2008 n = 92 
(30:62)

Solitary ≤ 3 
cm

Not clear P = 0.4 P = 0.03 
(1112:756)

No No diff (P = 
0.29)P = 0.7 OS (P = 0.67)

RFS (P = 0.77)
   Ahn et al[22] 2001-2011 n = 140 

(65:75)
Solitary Dye injection P = 0.008 P = 0.05 

(410:559)
No NA Segmentectomy 

vs NARP < 0.001 OS (P = 0.08)
   Marubashi 
   et al[34]

2001-2012 n = 424 
(243:181)

No 
limitation

Dye injection NA P < 0.001 
(1237:640)

No No diff (P = 
0.23)

No difference 
in  recurrence 

pattern
P < 0.001 RFS P = 0.3

   Yamamoto 
   et al[29]

2003-2013 n = 44 
(16:28)

Solitary Dye injection 0.005 P = 0.002 No NA
P = 0.029 (711:222) OS (P = 0.6), DFS 

(0.58)
Yes for HBsAg(+) 

(P = 0.008)

AR: Anatomical resection; NAR: Non-anatomical resection; D: Dye injection method; G: Glissonean pedicle method; ICG R15: Indocyanine green retention 
rate at 15 min; B/W: Between; OS: Overall survival; RFS: Recurrence-free survival; NA: Not applicable; US: Ultrasound; DFS: Disease-free survival; diff: 
Difference; HBsAg: Hepatitis B surface antigen.
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patients with non-cirrhotic HCC but not in patients 
with cirrhotic HCC[25]. The nationwide survey in Japan 
revealed that AR was only beneficial in HCC patients 
whose tumor size within the range of 2 to 5 cm. All 
three case-controlled studies using the propensity 
score matching method revealed no benefit of AR.

Critical review of prior studies
The prognosis of HCC is affected by the degree of 
cirrhosis and tumor stage. It is difficult to assess 
the degree of cirrhosis and tumor stage, and these 
classifications have changed over time. Therefore, 
survival analysis is difficult when considering the 
degree of cirrhosis and tumor stage. The type of 
surgical resection (i.e., AR or NAR) may not affect the 
survival outcomes in cirrhotic patients. Furthermore, 
it is very difficult to determine whether disease 
recurrences are due to local recurrence, intrahepatic 
metastasis, or de novo multicentric recurrence. To 
determine the impact of AR, it is important to assess 
the pattern of recurrence, and local recurrence may be 
influenced by the surgical method. Therefore, in order 
to determine whether a specific surgical resection 
method has advantages on patient outcomes over 
another method, the endpoint should be recurrence-
free survival rather than overall survival. However, 
many of the studies analyzed overall survival. It is 
also important to consider that there is a lot of bias, 
especially selection bias, in studies examining the 
benefits of AR.

First, the background liver functions of patients in 
both groups were significantly different in most of the 
studies shown in Table 1. Patients who underwent AR 
had better liver function in terms of cirrhotic status 
and/or the indocyanine green retention rate at 15 
min, which closely reflects the degree of cirrhosis. 
Five studies assessed whether the recurrence pattern 
was local recurrence, intrahepatic metastasis, or 
multicentric recurrence. Only one study showed 
a significantly higher local recurrence rate in NAR 
than in AR; the other four studies did not find any 
differences in the recurrence pattern between the two 
groups[13,14,27,33,34]. If the background liver function 

was better in the AR group and the local recurrence 
rate was similar in the AR and NAR groups, how do 
we know that the survival benefit of AR was due to 
superiority of this resection rather than an effect of 
cirrhosis?

Second, all of the studies were conducted retro-
spectively, and the tumor size and T stage were 
not standardized between AR and NAR in most of 
the studies, although many studies were limited to 
patients with a solitary mass of less than 3-5 cm. 
In the nationwide survey in Japan, which comprised 
5781 patients with a single HCC lesion, the overall and 
disease-free survival rates were significantly better for 
AR than for NAR. When the patients were stratified 
according to tumor size (< 2 cm, 2-5 cm, or > 5 cm), 
the disease-free survival rate was better in patients 
who underwent AR, but only in those with a tumor size 
of 2-5 cm. There was no benefit of AR in patients with 
tumors of < 2 cm or > 5 cm[31]. It seems reasonable 
that, in patients with small tumors (i.e., < 2 cm), any 
type of surgery, even ablative therapy, is associated 
with favorable survival. By contrast, for larger tumors 
(i.e., > 5 cm), survival is more likely to be affected 
by advanced tumor stage rather than the resection 
method. Therefore, the importance of AR should be 
emphasized in patients with a tumor of 2-5 cm in size. 
Most of the studies did not consider other factors likely 
to influence the short-term and long-term outcomes.

Finally, many other factors, including an anterior 
approach and perioperative transfusion, can influence 
the long-term survival after liver resection. During 
mobilization of the liver, the surgeon’s or assistant’
s left hand may compress the liver, including the 
tumor. The degree of compression may affect 
intrahepatic metastasis differently, and its impact 
may also differ according to tumor location. This 
problem can be overcome by using an anterior 
approach or the hanging maneuver for standard right 
hepatectomy[39-41]. Unfortunately, this factor was not 
mentioned in most studies. Regarding transfusion, 
although the effects of perioperative transfusion 
on survival after hepatic resection for HCC are 
controversial, a meta-analysis of 22 studies revealed 

Table 2  Summary of case-control studies using the propensity score matching method to compare the outcomes of anatomical and 
non-anatomical resection for hepatocellular carcinoma

Ref. Study 
period

Patient total number and 
after propensity score 
matched (AR:NAR)

Inclusion 
criteria

Method of AR ICG R15 Bleeding amount Survival benefit of AR
D:Dye injection Difference (mL, AR:NAR)

G:Glissonian B/W AR and 
NAR

Okamura et al[35], 
2014 

2002-2013 n = 236 (139:97 and 
64:64)

Solitary Dye injection P = 0.07 P = 0.008 
(551:465)

No 
RFS (P = 0.52)

Ishii et al[32], 2014 2002-2010 n = 268 (110:158 and 
44:44)

Solitary ≤ 
5 cm

Not Clear P = 0.053 0.9 (400:355) No
OS (P = 0.29) RFS (P = 0.28)

Marubashi et al[28], 
2015

1981-2012 n = 1102 (577:525 and 
329:329)

No 
limitation

Not clear NA Not shown No
OS (P = 0.7) and RFS (P = 0.4)

AR: Anatomical resection; NAR: Non-anatomical resection; D: Dye injection method; G: Glissonean pedicle method; ICG R15: Indocyanine green retention 
rate at 15 min; B/W: Between; OS: Overall survival; RFS: Recurrence-free survival; NA: Not applicable.

Kang KJ et al . Benefits of anatomical resection for HCC



1145 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

that perioperative blood transfusion was associated 
with adverse clinical outcomes, including increased 
mortality, recurrence, and complication rates, but 
opposite findings were reported in other articles[42,43]. 
Extensive blood loss in cirrhotic patients, who were 
more likely to undergo NAR, might be associated 
with poor prognosis and this factor could represent 
a bias towards poor prognosis of NAR. A technique 
comprising low central venous pressure (LCVP) 
management combined with extrahepatic control of 
venous outflow enables the surgeon to easily control 
the hepatic veins before and during parenchymal 
transection. This LCVP technique combined with 
the Pringle maneuver reduced bleeding and blood 
transfusion, and improved the surgical outcomes. The 
hanging maneuver and LCVP approach was introduced 
in the late 1990s and its use widened in the early 
2000s, a similar period of time over which most of the 
AR studies were conducted. As indicated in Table 1, 
although the amount of bleeding was not recorded in 
all of the studies, the available data are fairly high in 
the amount of bleeding. This may be possible because 
the study was performed under development of new 
surgical and anesthetic methods. Therefore, the 
changes over time in the surgical techniques, such as 
use of the hanging maneuver, and management by an 
anesthesiologist using a low CVP technique, may affect 
the recurrence rate after hepatectomy.

CONCLUSION
AR in patients with HCC has a theoretical benefit in 
terms of improving recurrence-free survival, and this 
is partly observed in clinical practice. However, three 
recently published, well-designed, case-controlled 
studies using the propensity score matching method 
did not show an improvement in recurrence-free 
survival following AR. Studies examining the benefits 
of AR displayed considerable bias, including liver 
function, surgical techniques, anatomical variability, 
tumor size, tumor location, pathologic heterogeneity 
and chronology. Because prospective randomized 
studies are not possible for ethical reasons, it is 
difficult to reach a conclusion on the benefit of AR in 
HCC. However, the results of previous studies suggest 
that AR is associated with favorable perioperative and 
long-term outcomes in some conditions, including in 
patients with a tumor of 2-5 cm in size that is located 
in a deep region of the parenchyma.
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Abstract
AIM
To develop a colon-targeting bioreversible delivery 
system for β-boswellic acid (BBA) and explore utility 
of its prodrugs in 2,4,6-trinitrobenzene sulfonic acid 
(TNBS)-induced colitis in rats.

METHODS
Synthesis of 4 co-drugs of BBA with essential amino 
acids was achieved by CDI coupling, followed by 
their spectral characterization. In vitro  kinetics were 
studied by HPLC in aqueous buffers, homogenates of 
gastrointestinal tract and fecal matter. In vivo  kinetic 
studies were performed in Wistar rat plasma, urine and 
feces. The prodrugs were screened in TNBS-induced 
colitis modeled Wistar rats. Statistical significance 
was assumed at P  < 0.05, P  < 0.01, P  < 0.001 when 
compared with disease controls using one-way and 
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two-way ANOVAs.

RESULTS
Prodrugs were stable in 0.05 mol/L HCl buffer (pH 
1.2) and stomach homogenates. Negligible hydrolysis 
was observed in phosphate buffer and intestinal 
homogenates. Substantial release (55%-72% and 
68%-86%) of BBA was achieved in rat fecal matter 
and homogenates of colon. In vivo  studies of BBA with 
L-tryptophan (BT) authenticated colon-specific release 
of BBA. But, surprisingly substantial concentration of 
BBA was seen to reach the systemic circulation due 
to probable absorption through colonic mucosa. Site-
specifically enhanced bioavailability of BBA could be 
achieved in colon, which resulted in demonstration of 
significant mitigating effect on TNBS-induced colitis in 
rats without inducing any adverse effects on stomach, 
liver and pancreas. Prodrug of BT was found to be 1.7% 
(P  < 0.001) superior than sulfasalazine in reducing the 
inflammation to colon among all prodrugs tested. 

CONCLUSION
The outcome of this study strongly suggests that these 
prodrugs might have dual applicability to inflammatory 
bowel disease and chronotherapy of rheumatoid 
arthritis.

Key words: Inflammatory bowel disease; Boswellic 
acid; Complementary and alternative medicine; Colon-
targeting; Mutual prodrugs; Amino acids; TNBS-induced 
colitis 
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Core tip: Boswellic acids (BAs) are traditionally used 
in the treatment of inflammatory diseases and are 
effective in the treatment of inflammatory bowel 
disease (IBD) in particular, but they undergo extensive 
metabolism that results in low oral bioavailability. 
Colon-targeted delivery of BA was achieved by 
designing prodrugs that deliver BA site-specifically. 
The synthesized prodrugs were designed by semi-
synthetic approach, wherein β-boswellic acid (BBA) 
was derivatized into a bioreversible delivery system by 
incorporation of amino acids as promoities for targeted 
delivery to inflamed colon in IBD. Prodrug of BBA with 
L-tryptophan (BT) was 1.7-times more effective than 
sulfasalazine (SLZ) in 2,4,6-trinitrobenzene sulfonic 
acid-induced colitis in Wistar rats. In vivo  behavior of 
prodrug BT was very interesting and similar to SLZ, 
which is known to treat local inflammation in IBD as 
well as in rheumatoid arthritis (RA). The outcome of 
this study strongly suggests that these prodrugs might 
have dual applicability to IBD and chronotherapy of RA.

Sarkate A, Dhaneshwar SS. Investigation of mitigating effect of 
colon-specific prodrugs of boswellic acid on 2,4,6-trinitrobenzene 
sulfonic acid-induced colitis in Wistar rats: Design, kinetics 

and biological evaluation. World J Gastroenterol 2017; 
23(7): 1147-1162  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i7/1147.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1147

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD) 
are together known as inflammatory bowel disease 
(IBD). IBD is a chronic inflammatory state, comprised 
of relapsing inflammation of the gastrointestinal 
tract (GIT) with unknown etiology and which lasts 
throughout the lifetime[1-3]. It is estimated that about 
1.4 million people in the United States, as well as 2.2 
million people in Europe, are affected by IBD[4]. In CD, 
the inflammation is characteristically discontinuous, 
transmural and often granulomatous, and can occur 
anywhere in the GIT, from the mouth to the anus[3,5]. 
UC is limited to the colon and usually affects the 
superficial layers of the intestinal wall. The onset of IBD 
may be a result of complex and elusive interactions 
between genetic alterations in intestinal barrier 
function, inherent apoptosis, signal transduction, and 
immunological and environmental factors[1,6]. 

5-aminosalicylate (5-ASA) and corticosteroids 
are used as first-line therapy of IBD[7]. Azathioprine, 
6-mercaptopurine, methotrexate, calcineurin inhibitors 
and anti-TNF-α-antibodies have an important role in 
the treatment of severe disease stages[8]. Minimizing 
drug-induced side effects and mortality are the main 
challenges during management of IBD. Sulfasalazine 
(SLZ) was the first colon-targeting prodrug of 5-ASA 
and sulfapyridine, representing a cornerstone of IBD 
therapy. Thirty percent of patients taking SLZ suffer 
from serious adverse effects, such as hypersensitivity, 
nephritis, pancreatitis, hepatitis, pneumonitis, 
drug-induced blood disorders and male infertility. 
Corticosteroid therapy induces side effects such as 
hypertension, hyperglycemia, osteoporosis, glaucoma, 
depression and development of cataracts[9]. Treatment 
with immunosuppressive agents is linked with an 
increased susceptibility to infections, malignoma, 
increased vulnerability for opportunistic infections and 
GI complaints[2,10-12]. It has been observed that use of 
complementary and alternative medicine is on the rise 
generally, and particularly for herbal medicine for IBD 
management. 

The gum resin of Boswellia serrata (Bs) Roxb. 
Ex Colebr. (Family Burseraceae, Syn. B. glabra) is a 
traditional Ayurvedic remedy with anti-inflammatory 
properties and has become popular in Western 
countries for its usefulness in treatment of IBD[13-15]. It 
was in the latter part of the 20th century that the resin 
received scientific interest as an anti-inflammatory 
phytomedicine, and extracts of the resin have been 
applied to treat a variety of chronic inflammatory and 
autoimmune diseases[16]. Boswellic acids (BAs) are 

1148 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

Sarkate A et al . Prodrugs of boswellic acid for IBD



chemically a mixture of triterpenic acids obtained from 
the oleo gum resin of BS and consist of β-boswellic 
acid (BBA), acetyl-β-boswellic acid (ABA), 11-keto-β-
boswellic acid (KBA) and acetyl-11-keto-β-boswellic 
acid (AKBA). BAs have been studied extensively for 
anti-inflammatory, immunomodulatory and anti-tumor 
activities. They help to preserve the structural integrity 
of joint cartilage, promote gastrointestinal health and 
maintain a healthy immune mediator cascade at the 
cellular level[17-28]. 

BAs are non-redox, non-competitive inhibitors of 
5-lipoxygenase (5-LOX), human leukocyte elastase 
(HLE) and the nuclear factor-κB pathway, without 
exerting the adverse effects known for steroids[17,19,29]. 
The inhibition of leukotrienes is the primary and 
the most scientifically proven mechanism for anti-
inflammatory and anti-arthritic activity of BAs[17,30]. 
The leukotrienes are also involved in the pathogenesis 
of IBD. Gerhardt et al[31] reported that alcoholic 
extract of BS oleo gum resin improved the quantifying 
parameters of UC in 34 patients. In several clinical 
studies, extracts of oleo gum resins of BS appeared to 
be effective in the treatment of chronic bowel diseases 
and the effects were comparable with the conventional 
treatment. The non-steroidal anti-inflammatory drug-
induced GIT side effects were not observed with BS. 
The oleo gum resin has proven to be effective in 
dextran-induced and 2,4,6-trinitrobenzene sulfonic acid 
(TNBS)-induced colitis models in rodents. The in vitro 
assays, animal studies and numerous clinical trials 
have established the efficacy of BS and formulations 
containing BAs to be effective in the treatment of 
IBD[16,32]. The results obtained from the studies of BA 
were found to be comparable with that of standard 
marketed drugs SLZ and mesalazine for the treatment 
of CD and UC, with risk-benefit analysis findings 
being in favor of BAs[24,31]. BAs are reported to inhibit 
the intestinal motility and reduce chemically-induced 
edema and inflammation in intestine in rodents[33].

It has been reported that BAs improve the clinical 
well-being of patients with IBD. Treatment with 
this herbal drug is associated with improvement in 
a number of parameters, such as stool properties, 
microscopic findings of rectal biopsies, hemoglobin 
and other blood parameters, serum iron, calcium, 
phosphorus, proteins, total leukocytes and eosinophils, 
as well as the CD activity index[24,31,34]. BAs reduce 
lipid peroxidation and increase the levels of superoxide 
dismutase, thus ameliorating the oxidative stress 
associated with intestinal inflammation[17,18,35]. A clinical 
study conducted on patients with IBD has shown 
that BA reduces mucosal injury by inhibiting activity 
of activated leucocytes as well as their adherence to 
intestinal mucosal cells[36,37].  

Borrelli et al[38] evaluated the effect of a Bs 
gum resin extract (BSE) on intestinal motility and 
diarrhea in a clinical study in rodents. BSE depressed 

electrically acetylcholine and barium chloride-induced 
contractions in the isolated guinea-pig ileum. BSE also 
prevented diarrhea and normalized intestinal motility 
in pathophysiological states without slowing the rate 
of transit in control animals. These results explain the 
clinical efficacy of BSE in reducing diarrhea in IBD 
patients.

In a study using BA in chronic UC patients, its 
efficacy on UC with minimal side effects was con-
firmed[24] and it produced an 82% remission rate, 
compared to 75% of those in the SLZ group. Thus, BA 
offered improvement of UC symptoms similar to that 
of SLZ[24,39]. Similar findings were reported in patients 
with CD[31]. As a result of the clinically established 
symptomatic improvement of IBD symptoms by 
treatment with BA, it is now considered as a potential 
therapeutic agent for IBD therapy[38]. Gupta et al[39] 
have investigated the treatment options for UC. In 
grade Ⅱ and grade Ⅲ colitis patients, the positive effect 
of BS has also been observed. 

Bioavailability is a major hurdle in the conversion 
of the pre-clinical potential of many botanical extracts 
into remedial effects, especially for those whose active 
ingredients show poor water solubility and strong 
affinity towards self-aggregation. This is observed 
for many polyphenolics and triterpenoid acids[14]. 
Pharmacokinetic studies have demonstrated that the 
systemic absorption of BAs is very low, both in animals 
and in humans, and extensive metabolism could play 
a vital role in limiting their systemic availability[14,19]. 
A United States’ patent has utilized the extract of the 
gum resin of BS in a phytonutrient formulation for the 
relief of chronic pain resulting from inflammation[40]. A 
semi-synthetic form of AKBA significantly reduced the 
disease activity in experimental murine colitis induced 
by dextran sodium sulfate (DSS)[32].

For the present work, BBA was selected as the drug 
candidate for developing its colon-targeting prodrugs 
because it is present in the highest percentage 
in the oleo gum resin and shows prominent anti-
inflammatory activity[15,16,20-25]. Bioavailability of BAs 
at the site of action, i.e. colon, can be improved by 
enhancing hydrophilicity through designing colon-
targeting prodrugs where the selected carriers will 
impart more hydrophilicity to the BAs so that their 
systemic absorption is minimized and they reach an 
effective concentration level in the colon. A mutual 
prodrug strategy was explored by conjugating BBA 
with various amino acids into amide co-drugs that 
would undergo colon-specific activation by N-acyl 
amidases[41]. This would ensure attainment of effective 
concentration of BA in the colon for its local mitigating 
effect on colonic inflammation.

The selection of 4 amino acids, namely L-tryptophan, 
L-histidine, D-phenylalanine and L-tyrosine, as carriers 
for designing mutual prodrugs of BBA was based on 
the recent evidence that has indicated that amino 
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MW-assisted synthesis of amino acid methyl ester 
hydrochloride
A mixture of amino acid (0.1 mol) and freshly distilled 
thionyl chloride (0.05 mol) was placed in a MW-safe 
glass vial. To this, methanol (5 mL) was added and the 
resulting solution was irradiated with 40 W, 150 psi at 
65 ℃ for 9-15 min in the MW synthesizer. The reaction 
mixture was cooled at room temperature to give a clear 
solution and then concentrated on a rotary evaporator to 
yield amino acid methyl ester hydrochloride (AAME. HCl) 
and recrystallized with methanol[46]. TEA (0.05 mol) was 
added to a suspension of AAME. HCl (0.025 mol) in 30 
mL chloroform at 0 ℃ and stirred for 30 min. The solvent 
was distilled off under vacuum and the dry residue of 
ester (AAME) was recrystallized with methanol.

Synthesis of mutual amide prodrugs of BBA with amino 
acids by CDI coupling
BBA (0.001 mol) was dissolved in DCM (10 mL), and 
to this solution CDI (0.0015 mol) was added at room 
temperature with stirring for 2-4 h. AAME (0.001 mol) 
in DCM (10 mL) was then added to the above solution 
and refluxed at 45 ℃ for 16-20 h. The completion of 
reaction was monitored by TLC using DCM:n-hexane:
TEA (0.8:0.2:0.05 v/v/v). The reaction mixture was 
washed with distilled water (3 × 10 mL) and saturated 
solution of sodium bicarbonate (2 × 10 mL). The 
organic layer was separated and dried over anhydrous 
sodium sulfate. The residue obtained upon evaporation 
of the organic layer was recrystallized with ethanol. 
Purification of prodrugs of BBA with L-tryptophan, 
D-phenylalanine and L-tyrosine was achieved by 
column chromatography silica gel (mesh size: 60-120, 
for column chromatography packed in n-hexane; 
Merck) using ethyl acetate:hexane (80:20 v/v), while 
for prodrug of BBA with L-histidine preparative TLC 
was used (DCM:n-hexane:TEA; 80:15:5 v/v/v) for 
purification.

Amide prodrug of BBA and L-histidine 
Methyl 2-(3-hydroxy-4,6b,8a,11,12,14a,14b 
heptamethyl 1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a, 9, 
10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-4-
carboxamido)-3-(4H-imidazol-4-yl)propanoate yield: 
61% (solid); M.P 84-88 ℃ FTIR (KBr) cm-1: 3554 (OH 
str), 3327 (NH str), 3102 (aliphatic CH), 1737 (C=O 
str. ester), 1666 (C=O str. amide); 1H NMR (400 MHz, 
DMSO, δ ppm): 8.2 [s, 1H] NH, 7.3 [d, 2H] imidazole 
ring, 5.1 [t, 1H] CH=C, 4.4 [t, 1H] CH, 3.9 [s, 1H] 
OH, 3.6 [s, 3H] CH3, 3.3 [t, 2H] CH2, 2.2-1.1 [m, 25H] 
methylenes and methines of BA, 1.1-0.6 [m, 21H] 
methyls of BA. 13C NMR (400 MHz, CDCl3, δ ppm): 
15.5, 17.0, 18.2, 19.9, 20.1, 21.2, 23.4, 23.7, 26.8, 
26.9, 27.0, 27.2, 29.0, 32.6, 33.0, 33.9, 37.8, 39.2, 
39.3, 39.4, 40.1, 40.4, 41.3, 42.3, 44.0, 47.9, 51.4, 
51.8, 52.0, 59.5, 76.7, 116.8, 144.4, 153.8, 163.8, 
172.2, 172.8 Mass: m/z 608.87 (M + 1). Elemental 
analysis: Calculated for C37H57N3O4: C, 73.11; H, 

acids may play an important role in maintaining gut 
health, modulate intestinal immune functions and 
influence inflammatory responses, and may be useful 
as alternative or ancillary treatment of IBD. The role 
of amino acids in reducing inflammation, oxidative 
stress and apoptosis in the gut is well documented 
in the literature[42,43]. L-tryptophan has been shown 
to reduce oxidative stress and immune suppression. 
It was also reported to decrease pro-inflammatory 
cytokine expression, thereby inhibiting Th1-mediated 
inflammation in DSS-induced porcine IBD[44]. Histidine 
significantly inhibited both hydrogen peroxide- and 
TNF-α-induced IL-8 secretion and mRNA expression 
in Caco-2 cells and HT-29 cells. Dysregulation of 
these cytokines’ balance plays a key role in the patho-
genesis of IBD[45,46]. D-phenylalanine restores gut 
immune homeostasis by attenuating inflammatory 
responses[47,48]. D-phenylalanine, L-tryptophan and 
L-tyrosine were chosen as promoieties due to their 
marked anti-inflammatory activity[43,46,49,50]. Being the 
natural components of our body, these amino acids 
would be nontoxic and free from any side effects. 
N-aromatic acyl amino acid conjugates reported in the 
literature are stable in upper intestine and hydrolyzed 
when incubated with mammalian cecal content[51]. 
Introduction of amide linkage in the prodrug would 
increase aqueous solubility, thus transcellular ab-
sorption by lipid membrane permeation might be 
limited in the upper GIT. This would be expected to 
facilitate delivery of intact prodrug to the colon.

MATERIALS AND METHODS
Materials
BA was purchased from Herbal Remedies Corp. 
(Bangalore, India). All reagents and chemicals 
used were of analytical reagent grade. Microwave 
(MW)-assisted synthesis was performed on the MW 
synthesizer (Discover System; CEM Corp., Matthews, 
NC, United States). Infra-red (FTIR) spectra were 
recorded using KBr on a Jasco V-530 FT/IR-4100 
spectrophotometer. 1H-NMR and 13C-NMR spectra were 
recorded on a Bruker Avance II 400 instrument at 400 
MHz. Chemical shifts (δ) are given in ppm using TMS 
as an internal reference. Mass spectra were recorded 
on an Agilent 1260 Infinity HPLC-MASS Analyzer 6460 
Triple Quad LC/MS. Elemental analysis was performed 
using Vario Micro Cube (Elementar, Germany). The 
HPLC system consisted of Jasco PU model 2080, with 
UV detector. Thermo Scientific Syncronis C18 column 
(250 mm × 4.6 mm) was used for estimation of 
prodrugs and their active metabolites. 

Synthesis of title compounds
The title prodrugs were synthesized by CDI coupling[52] 
and purified by column chromatography or preparative 
TLC. The products were characterized by spectral and 
elemental analyses.
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9.45; N, 6.91. Found: C, 73.23; H, 9.52; N, 6.98. Aq. 
Solubility: 29.45 mg/mL; log Poct: 5.1

Amide prodrug of BBA and D-phenylalanine
Methyl 2-(3-hydroxy-4, 6b, 8a,11, 12, 14a, 
14b-heptamethyl 1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a, 
9, 10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-4-
carboxamido)-3-phenylpropanoate Yield: 65% (solid); 
M.P 72-76 ℃. FTIR (KBr) cm-1: 3554 (OH str), 3337 
(NH str), 3034 (aliphatic CH), 1748 (C=O str. ester), 
1613 (C=O str. amide); 1H NMR (400 MHz, DMSO, δ 
ppm): 8.2 [1H] NH, 7.3 [d, 2H] Ar. CH, 7.2 [d, 2H] Ar. 
CH, 7.02 [t, 1H], Ar. CH, 5.19 [t, 1H] CH=C, 4.5 [t, 
1H] CH, 4.0 [s, 1H] OH, 3.6 [s, 3H] CH3, 3.3 [t, 1H] 
CH, 3.2 [d, 2H] CH2, 2.2-1.2 [m, 23H] methylenes and 
methines of BA, 1.2-0.7 [m, 21H] methyls of BA. 13C 
NMR (400 MHz, CDCl3, δ ppm): 15.5, 17.0, 18.2, 19.9, 
20.1, 21.2, 23.4, 23.7, 26.8, 26.9, 27.0, 27.3, 29.0, 
32.6, 33.9, 36.8, 37.8, 39.2, 39.3, 39.5, 40.1, 40.4, 
41.3, 42.4, 44.0, 47.9, 51.9, 57.3, 59.2, 76.8, 116.5, 
125.9, 127.7, 127.9, 128.6, 128.7, 136.6, 144.1, 
171.6, 172.1; Mass: m/z 617.90 (M+ ion). Elemental 
analysis: Calculated for C40H59NO4: C, 77.75; H, 9.62; 
N, 2.27. Found: C, 77.82; H, 9.66; N, 2.28. Aq. 
Solubility: 21.08 mg/mL; log Poct: 5.7.

Amide prodrug of BBA and L-tryptophan
Methyl 2-(3-hydroxy-4, 6b, 8a, 11, 12, 14a, 
14b-heptamethyl-1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a, 
9, 10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-
4-carboxamido)-3-(1H-indol-3-yl)propanoate. Yield: 
68% (solid); M.P 90-94 ℃. FTIR (KBr) cm-1: 3543 (OH 
str), 3330 (NH str), 2866 (aliphatic CH), 1735 (C=O 
str. ester), 1653 (C=O str. amide); 1H NMR (400 MHz, 
DMSO, δ ppm): 8.2 [s, 1H] NH, 7.4 [d, 1H] Ar. CH, 7.3 
[d, 1H] Ar. CH, 7.08 [s, 1H] Ar. CH, 7.02 [t, 1H] Ar. 
CH, 6.9 [t, 1H] Ar. CH, 5.2 [t, 1H] CH=C, 4.6 [t, 1H] 
CH, 4.1 [s, 1H] OH, 3.6 [s, 3H] CH3, 3.32 [t, 1H] CH, 
3.03 [d, 2H] CH2, 2.1-1.3 [m, 23H] methylenes and 
methines of BA, 1.3-0.7 [m, 21H] methyls of BA. 13C 
NMR (400 MHz, CDCl3, δ ppm): 15.5, 17.0, 18.2, 19.9, 
20.1, 21.2, 23.4, 23.7, 26.8, 26.9, 27.0, 27.2, 28.5, 
29.0, 32.6, 33.9, 37.8, 39.2, 39.3, 39.4, 40.1, 40.4, 
41.3, 42.3, 44.0, 47.9, 51.9, 58.4, 59.2, 76.8, 109.8, 
111.1, 116.5, 118.8, 119.9, 121.8, 123.0, 127.5, 
136.6, 144.2, 171.6, 172.2; Mass: m/z 656.94 (M+ 
ion); Elemental analysis: Calculated for C42H60N2O4: C, 
76.79; H, 9.21; N, 4.26. Found: C, 76.84; H, 9.25; N, 
4.31. Aq. Solubility: 25.22 mg/mL; log Poct: 4.1.

Amide prodrug of BBA and L-tyrosine
Methyl 2-(3-hydroxy-4, 6b, 8a, 11, 12, 14a, 
14b-heptamethyl-1, 2, 3, 4, 4a, 5, 6, 6a, 6b, 7, 8, 8a, 
9, 10, 11, 12, 12a, 14, 14a, 14b-icosahydropicene-4-
carboxamido)-3-(4-hydroxyphenyl)propanoate. Yield: 
45% (solid); M.P 82-86 ℃. FTIR (KBr) cm-1: 3547 (OH 
str), 3334 (NH str), 2856 (aliphatic CH), 1745 (C=O 
str. ester), 1691 (C=O str. amide); 1H NMR (400 MHz, 

DMSO, δ ppm): 8.2 [s, 1H] NH, 6.9 [d, 2H] CH, 6.7 
[d, 2H] CH, 5.1 [t, 1H] CH=C, 4.5 [t, 1H] CH, 4.0 [s, 
1H] OH, 3.6 [s, 3H] CH3, 3.3 [t, 1H] CH, 3.1 [d, 2H] 
CH2, 2.2-1.2 [m, 23H] methylenes and methines of 
BA, 1.2-0.6 [m, 21H] methyls of BA. 13C NMR (400 
MHz, CDCl3, δ ppm): 15.5, 17.0, 18.2, 19.9, 20.1, 
21.2, 23.4, 23.7, 26.8, 26.9, 27.0, 27.1, 29.0, 32.6, 
33.9, 36.8, 37.8, 39.2, 39.3, 39.4, 40.1, 40.4, 41.3, 
42.3, 44.0, 47.9, 51.9, 57.3, 59.2, 76.8, 115.7, 115.8, 
116.5, 129.2, 130.1, 130.2, 144.1, 155.7, 171.5, 
172.2; Mass: m/z 633.91 (M+ ion); Elemental analysis: 
Calculated for C40H59NO5: C, 75.79; H, 9.38; N, 2.21. 
Found: C, 75.83; H, 9.40; N, 2.24. Aq. Solubility: 
15.22 mg/mL; log Poct: 6.3.

Partition coefficient and aqueous solubility 
Partition coefficients of BBA and its prodrugs were 
determined in n-octanol/water system using shake flask 
method, whereas the aqueous solubility was determined 
in distilled water at 25 ± 1 ℃. Estimation was carried 
out on UV-visible double beam spectrophotometer at 
predetermined λmax values. 

Stability studies of prodrugs in aqueous buffers 
Stability studies of prodrugs were carried out in 0.05 M 
HCl and phosphate buffers prepared as per IP 2007[53] 
(pH 1.2 and 7.4 respectively). Prodrugs in the presence 
of their hydrolyzed products were simultaneously 
estimated by RP-HPLC method using acetonitrile:
water:methanol (70:25:5; v/v/v) at a flow rate of 0.5 
mL/min with UV estimation wavelength of 215 nm. 
All-glass double-distilled water was used throughout 
the kinetic studies. Before analysis, the mobile phase 
was degassed using sonicator and filtered through 
a 0.45 µm membrane filter. Sample solutions were 
also filtered through the same. Calibration curves 
of prodrugs and BBA were constructed in HCl and 
phosphate buffers in the range of 10-100 µg/mL. 
Prodrug (10 mg) was introduced in 100 mL of HCl 
or phosphate buffer in a beaker kept in a constant 
temperature bath at 37 ± 1 ℃, with occasional stirring. 
Aliquots (5 mL) were withdrawn and replaced with 
the fresh aqueous buffer at regular intervals of 15 min 
at the 1st hour and after every 30 min up to 3 h for 
HCl buffer and 4 h for phosphate buffer. Samples (20 
µL) reconstituted with mobile phase were injected in 
the column. The equations generated from calibration 
curves were used to calculate the concentration of BBA 
and prodrugs. Samples were analyzed in triplicate and 
methods were validated as per International Conference 
on 1 Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (ICH) 
guidelines.

In vitro kinetics in tissue homogenates of Wistar rats
Wistar rats were sacrificed to remove stomach, small 
intestine and colon samples, which were homogenized 
in HCl or phosphate buffer. A stock solution of prodrug 
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(100 µg/mL) was prepared in respective buffers. To 
each test tube, 0.8 mL of prodrug solution was placed 
and 0.2 g of stomach or small intestinal homogenate 
was added. In the case of colon homogenates, 0.9 
mL of prodrug solution and 0.1 mL of homogenate 
were added. The tubes containing prodrugs and 
homogenates of stomach, small intestine and colon 
were incubated at 37 ± 1 ℃ for 3, 4 and 12 h 
respectively. The samples were removed from the 
incubator at predetermined time intervals, centrifuged 
at 10000 rpm, filtered through 0.45 µm membrane 
filter and analyzed by HPLC using the same mobile 
phase, flow rate and detection wavelength as 
mentioned in the above section.

In vitro kinetics in fecal matter 
Fresh rat fecal matter suspended in phosphate buffer 
(0.1 mL) and prodrug solution (0.9 mL) were placed 
in test tubes and incubated at 37 ± 1 ℃. The samples 
were removed from the incubator at predetermined 
time intervals over a period of 12 h and the same 
procedure was followed for analysis as mentioned in 
the above section.

In vivo studies 
BBA and L-tryptophan (BT) was selected as a 
representative of the four synthesized prodrugs to 
investigate the in vivo behavior, which was then 
compared with standard BBA. Male Wistar rats 
(200-250 g; n = 6) were housed in metabolic cages, 
individually, under normal conditions (at 27 ± 0.5 ℃ 
and relative humidity of 70% ± 0.5% under natural 
light/dark conditions). The same HPLC system, column 
and mobile phase were used for this purpose as 
mentioned in the above section. All the kinetic studies 
were carried out in triplicate. Rats were starved for 24 
h prior to experimentation and administered water ad 
libitum. Blood (0.5 mL) was withdrawn by retro-orbital 
puncture and the reading was considered as the 0 
min reading. BT and BBA (377.5 mg and 270 mg 
respectively) were suspended separately in sodium 
CMC solution prepared in physiological saline (1 mL) 
and were orally administered to the animals. Blood 
samples were collected in EDTA-coated tubes at an 
interval of 15 min for the first 1 h. Then, subsequent 
blood collection was made on a bi-hourly basis up 
to the 12th h and finally at the 24th h. Blood samples 
were centrifuged (2 cycles of 15 min each at 5000 
rpm, 0-4 ℃). Supernatant was filtered through 0.45 
µm membrane filter, reconstituted with methanol 
(0.5 mL), centrifuged and filtered again. Calibration 
curves generated in 80% human plasma were used 
to calculate the concentration of released BBA and 
intact prodrugs in blood, and the samples were then 
analyzed by HPLC. Urine and feces of the prodrug-
treated rats were collected from the metabolic cages 
at different time intervals over a period of 24 h and 
then pooled together, diluted with HCl buffer (pH 1.2) 

and phosphate buffer (pH 7.4) by 10-fold and 100-fold 
respectively, and then centrifuged at 5000 rpm at 
0-5 ℃ for 10 min. Supernatant of the centrifuged 
solutions of urine and feces (0.1 mL) were added to 
eppendorf tube (1 mL capacity) and 0.9 mL methanol 
was added. All the solutions were then vortexed for 2 
min, re-centrifuged at 5000 rpm for 10 min at 0-5 ℃ (in 
order to precipitate other impurities), and analyzed by 
HPLC using the procedure described above to study 
the excretion pattern of prodrugs. The equations 
generated from the calibration curves in HCl buffer 
(pH 1.2) and phosphate buffers (pH 7.4) were used to 
calculate the concentrations of released components 
in urine and feces respectively. 

Biological evaluation
Materials: The Institutional Animal Ethical Com-
mittee approved the experimental protocols (CPCSEA/
PCH/10/2014-15), and all protocols were followed for 
pharmacological screening of synthesized prodrugs. 
The activity was performed at the CPCSEA-approved 
animal facilities of Poona College of Pharmacy (Pune, 
India). Wistar rats (males, 200-230 g) were procured 
from the National Institute of Biosciences (Pune, 
India). Animals were divided into 16 groups (n = 
6 each). TNBS was purchased from Sigma Chemi-
cals (United States). Gastric ulcers were analyzed 
using Adobe Photoshop and ImageJ software. 
Histopathological evaluation was carried out at SAI 
Pathology Labs (Pune, India). The tissue sections 
were stained with hematoxylin-eosin (H/E) and 
images were captured with the camera-equipped 
Nikon Optical Microscope Eclipse E-at 200 resolution 
× 40.

Statistical analysis
An average of six readings was calculated and data 
were expressed as mean ± SEM. Statistical evaluation 
was performed using one-way ANOVA followed by 
Dunnett’s multiple comparison test for colon-to-
body weight ratio, myeloperoxidase (MPO) assay and 
ulcerogenic activity, and by two-way ANOVA followed 
by Bonferroni’s test for clinical activity score rate. 
Statistical significance was considered at P < 0.05, 
P < 0.01, P < 0.001 when compared to the disease 
control.

TNBS-induced experimental colitis
Colitis was induced by intrarectal administration of 
0.25 mL of TNBS in ethanol, following a reported 
procedure (dose of TNBS was 100 mg/kg of body 
weight in 50% v/v ethanol solution)[54]. The doses 
of prodrugs were calculated on an equimolar basis 
to BBA and are presented in Table 1. The standard 
and the test compounds were administered orally as 
a suspension in 1% sodium CMC. Throughout the 
11-d study, the animals were monitored for three 
parameters, viz weight loss, stool consistency and 
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rectal bleeding. Colitis activity was quantified with a 
clinical activity score assessing these parameters as 
previously applied by Hartmann et al[55] (Table 2). The 
clinical activity score was determined by calculating 
the average of the above three parameters for each 
day, for each group and ranged from 0 (healthy) to 
4 (maximal activity of colitis). On the 11th day, the 
animals were sacrificed. Colon-to-body weight ratio 
and MPO activity[56] were determined on the dissected 
sections of colon. Anti-colitic activity of prodrugs was 
compared with the standard drugs SLZ and BBA. Rat 
stomach, colon, liver and pancreas were removed. 
Gastric ulcers were scanned and ulcer index was 
calculated by scoring the ulcers as per the method 
reported by Cioli et al[57]. Specimens of colon, liver 
and pancreas were fixed in formalin and sent for 
histopathological evaluation. 

RESULTS 

Synthesis and characterization
Synthesis of novel amide conjugates of BBA and 

L-histidine (BH), BBA and D-phenylalanine (BP), BT and 
BBA and L-tyrosine (BTY) was accomplished successfully 
using the CDI coupling method (Figure 1). MW-assisted 
technology was specially developed and optimized 
for conversion of amino acids into their methyl ester 
hydrochlorides[58]. Methyl esters were further coupled 
with BBA by refluxing with CDI at 45 ℃ for 16-20 h. 
Reactions were monitored by TLC (DCM:n-hexane:
TEA, 0.8:0.2:0.01 v/v/v). Synthesized prodrugs 
were characterized by FTIR, 1H-NMR, 13C-NMR, mass 
spectroscopy and elemental analysis. Formation of 
amide linkage was confirmed through IR, where the 
characteristic amide C=O stretch and NH-stretch 
were observed in the range of 1653-1666 cm-1 and 
3327-3439 cm-1 respectively. The other characteristic 
bands, such as O-H stretch of BBA between 3542 to 
3554 cm-1 and C=O stretch of methyl ester of amino 
acid in the range of 1735-1740 cm-1, further confirmed 
the structures of anticipated prodrugs. Formation of 
amide linkage was also confirmed by 1H-NMR spectra, 
where the chemical shift of proton of secondary amide 
appeared between δ 8.1 to 8.3 as a singlet. Chemical 
shifts for protons of the BBA backbone: CH-OH (δ 3.9), 
23 protons methylenes and methines between δ 1.1-2.2 
and 21 protons of 7 methyl groups between δ 0.6-1.1, 
as well as relevant chemical shifts for amino acid 
backbone were also observed. Number of carbon atoms 
was confirmed by 13C-NMR. Elemental analysis and 
molecular ion peaks documented by mass spectroscopy 
for respective conjugates matched with their anticipated 
molecular weights.

Aqueous solubility and partition coefficient 
BBA was found to be practically insoluble in water, with 
logPoct of 9.3 when determined experimentally. For a 
successful colon-targeted delivery, it is essential to 
restrict absorption from upper GIT so that maximum 
concentration is achieved at the site of action (colon). 
Conjugation of BBA with amino acids significantly 
enhanced the aqueous solubility of prodrugs (15-29 
mg/mL), which was in accordance with the observed 
logPoct of prodrugs (4.1-6.3). 

Table 1  Doses of test and standard drugs

Compound Dose1 in mg/kg Compound Dose1 in mg/kg

HC 0.9 % saline (1 mL) P   759
BBA 2159 T   938
SLZ   300 TY   832
BH 2795 BBA + H 2871
BP 2841 BBA + P 2918
BT 3020 BBA + T 3097
BTY 2914 BBA + TY 2991
H   712

1All doses are calculated on an equimolar basis to the dose of BBA. HC: 
Healthy control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug 
of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: 
Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; 
H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA 
+ H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of 
BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; 
BBA + TY: Physical mixture of BBA + L-tyrosine.

Table 2  Scoring rate of clinical activity

Sr. No. Weight loss, 
%

Stool 
consistency 

Rectal bleeding Score rate

1 No loss Well-formed 
pellets

No blood 0

2 1-5 - - 1
3 5-10 Pasty and semi-

formed stools, 
not sticking to 

anus

Positive finding 2

4 10-20 - - 3
5 > 20 Liquid stools, 

sticking to anus
Gross bleeding 4

Adapted from Hartmann et al[55].

Figure 1  Scheme of synthesis for the amide prodrugs.
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Stability studies of prodrugs in aqueous buffers
Chemical stability of colon-targeted prodrugs at 
physiological pH values of upper GIT is the essence 
of their successful design, otherwise the prodrug 
might revert back to the active drug prematurely. 
Colon-specific prodrugs face the challenge of sur-
viving during their passage through upper GIT in 
an intact form, so as to reach the colon, where they 
are expected to become degraded (hydrolyzed) by 
colonic microbial enzymes. Therefore, to explore 
the behavior of prodrugs in acidic and basic 
environments, their stability was studied in HCl 
buffer (pH 1.2) and phosphate buffer (pH 7.4). In 
vitro studies confirmed the stability of prodrugs in 
HCl buffer and negligible hydrolysis in phosphate 
buffer (pH 7.4) after 4 h (Table 3). 

In vitro kinetics in tissue homogenates of Wistar rats
To quantify the sensitivity of the synthesized prodrugs 
to the enzymatic environment of the GIT, release of 
BBA from prodrugs was studied in homogenates of 
stomach, small intestine and colon of Wistar rats. 
Prodrugs were incubated at 37 ± 1 ℃ in stomach, 
small intestine and colon homogenates for 3 h, 4 h 

and 12 h respectively. All prodrugs were stable in 
stomach homogenate, which was in accordance with 
their similar behavior in HCl buffer (pH 1.2). However, 
negligible hydrolysis of prodrugs was observed in 
intestinal homogenates at the end of 4 h. In colon 
homogenates, 68%-86% release (Figure 2) of BBA 
was achieved in 12 h, following first-order kinetics that 
suggests anticipated colon-targeted release of BBA 
with minimum loss in the upper GIT. The half-lives of 
the prodrugs were found to be in the range of 379-514 
min, whereas rate constants (K) were in the range of 
0.0013-0.0018 min-1 (Table 3). 

In vitro kinetics in fecal matter
The prodrugs were incubated in fecal matter for 
a period of 12 h, furnishing 55%-72% BBA. The 
half-lives and rate constants were in the range of 
636-723 min and 0.0009-0.0010 min-1 respectively. 
Significant release in colon homogenates and fecal 
matter indicates colon-specific, hydrolytic activation 
of prodrugs into their active metabolites, which could 
be mediated by N-acyl amidases secreted by the 
endogenous colonic microorganisms. The proposed 
mechanism of activation is depicted in Figure 3.

Table 3  In vitro  kinetics of prodrugs in aqueous buffers, gastrointestinal tract homogenates and fecal matter 

Prodrug Incubation medium

HCl buffer 
(pH 1.2) 

and stomach 
homogenates

Phosphate 
buffer (pH 7.4) 

and intestinal 
homogenates

Colon homogenate Fecal matter

K ± SD 
(min-1)1

t1/2
 (min) Prodrug 

hydrolyzed
BBA 

released
K ± SD 
(min-1)1

t1/2 (min) Prodrug 
hydrolyzed

BBA released

BH Stable Negligible 0.0013 514.1 78.10% 73.60% 0.0009 723.1 62.29% 57.37%
hydrolysis

BP Stable Negligible 0.0014 488.3 75.08% 71.79% 0.0010 636.7 57.38% 56.67%
hydrolysis

BT Stable Negligible 0.0018 379.4 86.67% 86.39% 0.0010 662.5 69.75% 72.52%
hydrolysis

BTY Stable Negligible 0.0014 484.4 70.33% 68.57% 0.0010 677.6 55.95% 55.13%
hydrolysis

1Average of three readings; follows first-order kinetics.
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In vivo pharmacokinetics in plasma
The prodrugs of BBA were designed to increase its 
bioavailability in colon by enhancing the hydrophilicity, 
so that systemic absorption of prodrugs is minimized, 
helping to ensure reaching the colon in intact form 
followed by colon-specific release of BBA for its local 
mitigating effect on colonic inflammation. BT was 
selected as a representative of the four synthesized 
prodrugs to study in vivo behavior, and was compared 
with orally administered BBA. BT and plain BBA were 
orally administered to the rats and their plasma 
concentrations were compared at pre-determined time 
intervals. 

Appearance of BBA in blood started at 30 min, 
reaching a maximum at 240 min (4 h) and then 
declining gradually with disappearance at 24 h (Figure 
4). This behavior indicated ready absorption of BBA 
in the upper GIT. On the contrary, when BT was 
administered orally, neither BT nor BBA was observed 
in blood until 300 min (5 h), indicating that prodrug 
did not absorb from the stomach and remained intact 
there. BT started appearing in blood at 330 min 
(5.5 h), indicating minimal absorption through the 
small intestine. The concentration of BT consistently 
increased in blood, reaching a maximum of 79% at 
570 min (9.5 h), indicating its absorption from large 
intestine (colonic mucosa) into systemic circulation. 

Interestingly, appearance of BBA was observed 
in blood at 600 min (10 h), indicating colon-specific 
hydrolysis of BT into BA in the large intestine, which 
- due to its high lipophilicity - might have traversed 
through colonic mucosa into systemic circulation. The 
BBA concentration reached a maximum of 75% at 780 
min (13 h). The concentration of BT and BBA started 
declining, reaching negligible level at 24 h. Prodrug BT 
could restrict release of BBA throughout its passage in 
the upper GIT - which might be due to the introduction 
of an amide linkage in the prodrug - ensuring efficient 
delivery to the large intestine in contrast to plain BBA, 
which was promptly absorbed from the upper GIT with 
negligible fraction of administered dose available in the 
colon. 

Incidentally, the in vivo behavior of BT seemed 

quite similar to that of SLZ, which has dual applicability 
in IBD as well as RA. Therefore, from the outcome of 
these in vivo studies, we hypothesize that although 
BT was designed for IBD, it might prove to be worthy 
for the treatment of inflammatory diseases affected 
by circadian rhythm, such as RA, due to systemic 
availability of BBA in high concentration at 13 h[59-62]. 

Biological evaluation
The synthesized prodrugs were evaluated for clinical 
activity score rate, colon-to-body weight ratio and MPO 
activity in TNBS-induced experimental colitis modeled 
Wistar rats[63-65]. The anti-colitic activity of prodrugs 
was compared with SLZ and BBA. Before induction of 
colitis, the animals were starved for 48 h. On the 3rd 
day, colitis was induced by intrarectal administration 
of TNBS and by 5th day colitis was fully developed. The 
clinical activity score increased rapidly and consistently 
for all TNBS-treated groups (Table 4). From day 6 to 
10, standards SLZ and BBA, prodrugs, carriers and 
physical mixtures were orally administered to animals. 
All prodrugs significantly minimized the clinical activity 
score rate (85%-101%) as compared to BBA (79%), 
revealing efficient delivery of BBA to colon by the 
developed prodrugs. BT was 1.7% superior to SLZ in 
lowering the clinical activity, which might be due to 
significant inhibition of leukotrienes by BBA[17,30] and 
the inhibitory effect of L-tryptophan on Th1-mediated 
inflammation in the gut, thus providing a synergistic 
effect[44]. Overall, the positive contribution of amino 
acids[42-50] was obvious from the gross difference 
between the lowering effect of all the synthesized 
prodrugs and plain BBA. 

On the 11th day, all animals were sacrificed and 
colon-to-body weight ratio was calculated to quantify 
inflammation. Prodrug-treated groups showed a 
distinct decrease in the colon-to-body weight ratio, 
compared to the colitis control group (Figure 5). The 
extent of decrease in colon-to-body weight ratio shown 
by BT was highest among all prodrug-treated groups, 
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which are in accordance with its superior lowering 
effect on the clinical activity score rate. 

MPO activity is an important quantitative index for 
colonic inflammation and it was measured according 
to the technique described by Krawisz et al[56]. It 
is a peroxidase enzyme secreted by the activated 
neutrophils into the inflamed tissue, and is directly 
proportional to severity of inflammation. The results 
were expressed as MPO units per gram of wet tissue, 
and one unit of MPO activity was defined as that 
degrading 1 mmol min-1 of hydrogen peroxide at 25 ℃. 
Maximum colonic MPO activity was shown by BP and 
BT (39.74 and 37.49 mU/100 mg tissue respectively), 

which was comparable to SLZ (36.21 mU/100 mg 
tissue), indicating significant anti-inflammatory effect 
on colonic inflammation (Figure 6). However, plain BBA 
showed significantly high MPO activity (60.71 mU/100 
mg tissue), suggesting higher extent of neutrophil 
infiltrate in the inflamed colon, which might be due to 
ready absorption and considerably high concentration 
of BBA in upper GIT and not at the targeted site (colon). 

The severity of colonic inflammation and the effect 
of prodrugs on the recovery from TNBS-induced 
colitis were evaluated by examining the H/E-stained 
colon sections. In healthy colon, the normal colonic 
architecture was observed with intact mucosal layer, 

Table 4  Clinical activity score rate1

Intervention 1 d 2 d 3 d 4 d 5 d 6 d 7 d 8 d 9 d 10 d 11 d

HC 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
DC 0 ± 0 0.77 ± 1.34 1.00 ± 1.73 1.66 ± 1.52 1.66 ± 1.52 1.88 ± 1.71 3.11 ± 1.01 3.22 ± 1.07 3.33 ± 1.15 3.33 ± 1.15 3.33 ± 1.15
BBA 0 ± 0 0.66 ± 1.15 1.00 ± 1.73 1.66 ± 1.52 2.00 ± 1.73 2.77 ± 1.34 3.00 ± 1.00 2.33 ± 0.57 1.99 ± 0.66 1.33 ± 1.15  0.99 ± 1.10e

SLZ 0 ± 0 0.38 ± 0.67 0.83 ± 0.92 1.88 ± 0.83 2.72 ± 0.63 2.88 ± 0.83 2.44 ± 0.50 1.61 ± 1.13 1.11 ± 1.01 0.72 ± 0.75  0.38 ± 0.60e

BH 0 ± 0 0.66 ± 1.15 1.55 ± 1.50 2.11 ± 0.83 2.77 ± 1.01 3.00 ± 1.00 2.66 ± 0.57 2.11 ± 0.50 1.55 ± 1.07 1.31 ± 0.83  0.70 ± 1.10e

BP 0 ± 0 0.77 ± 1.34 1.00 ± 1.73 1.50 ± 1.58 2.16 ± 1.09 2.66 ± 0.88 2.55 ± 0.76 1.88 ± 1.01 1.22 ± 1.17 0.97 ± 1.07  0.61 ± 0.70e

BT 0 ± 0 0.72 ± 1.25 1.05 ± 1.82 2.16 ± 0.86 2.38 ± 0.67 2.38 ± 0.67 2.16 ± 0.92 1.44 ± 1.17 0.94 ± 1.10 0.50 ± 0.86  0.33 ± 0.50e

BTY 0 ± 0 0.66 ± 1.15 1.44 ± 1.50 2.00 ± 0.88 2.77 ± 0.69 3.05 ± 1.00 2.88 ± 1.07 2.00 ± 1.20 1.61 ± 1.25 1.22 ± 1.17  0.83 ± 0.90e

H 0 ± 0 0.66 ± 1.15 1.11 ± 1.16 1.33 ± 1.52 1.88 ± 1.01 2.33 ± 0.67 2.55 ± 0.50 2.88 ± 0.83 2.77 ± 0.69 2.60 ± 0.82    2.00 ± 1.00NS

P 0 ± 0 0.50 ± 0.86 0.88 ± 1.53 1.22 ± 1.57 1.99 ± 0.88 2.22 ± 0.83 2.55 ± 0.50 3.16 ± 1.04 3.33 ± 1.15 2.66 ± 1.44    2.27 ± 1.13NS

T 0 ± 0 0.61 ± 1.05 1.00 ± 1.73 1.66 ± 1.52 2.11 ± 0.83 2.44 ± 0.69 2.60 ± 0.58 2.94 ± 0.82 2.66 ± 0.66 2.16 ± 1.08   1.88 ± 1.17a

TY 0 ± 0 0.55 ± 0.95 1.00 ± 1.73 1.00 ± 1.73 1.99 ± 0.88 2.11 ± 0.84 2.55 ± 0.50 3.22 ± 1.07 3.33 ± 1.15 2.72 ± 1.49    2.33 ± 1.45NS

BBA + H 0 ± 0 0.44 ± 0.76 1.00 ± 1.73 1.88 ± 0.96 1.99 ± 0.88 2.33 ± 0.67 3.22 ± 1.07 3.33 ± 1.15 2.88 ± 1.92 2.72 ± 1.80  1.77 ± 1.34a

BBA + P 0 ± 0 0.66 ± 1.15 1.00 ± 1.73 1.44 ± 1.50 1.99 ± 0.88 2.33 ± 0.88 3.11 ± 1.01 3.22 ± 1.07 3.22 ± 1.07 2.55 ± 1.64  1.88 ± 1.17a

BBA + T 0 ± 0 0.38 ± 0.66 0.88 ± 1.53 1.66 ± 1.20 2.10 ± 0.77 2.44 ± 1.07 2.99 ± 0.87 3.33 ± 1.15 2.99 ± 1.45 2.55 ± 1.71  1.77 ± 1.34b

BBA + TY 0 ± 0 0.55 ± 0.95 0.88 ± 1.53 1.33 ± 1.52 1.88 ± 1.01 2.55 ± 0.50 2.99 ± 0.87 3.22 ± 1.07 3.27 ± 1.10 2.44 ± 1.26  1.88 ± 1.17a

1Average of six readings; Two-way ANOVA followed by Bonferroni’s test, statistical significance considered at aP < 0.05, bP < 0.01, eP < 0.001 vs disease 
control. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA 
with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; 
TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + 
L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine; NS: Non-significant.
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Figure 5  Colon-to-body weight ratio. Average of six readings is presented; One-way ANOVA followed by Dunnett’s multiple comparison Test, and statistical 
significance was considered at aP < 0.05, bP < 0.01, eP < 0.001 vs disease control. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: 
Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with 
L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + 
D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine.
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crypt-architecture and presence of goblet cells. The 
colitis control showed severe erosion with absence of 
mucosal layer, goblet cells’ depletion, distorted crypts’ 
architecture, lymphocytic infiltration, and thickening 
of the muscularis mucosa. The lamina propria was 
also infiltrated with leukocytes. Due to destruction of 
the crypts, the normal mucosal architecture was lost 
completely. 

In vivo treatment with the synthesized prodrugs 
significantly decreased the extent and severity of 
colonic damage. Histopathology slides of the colon 
samples revealed that the inflammation and crypt 
damage associated with the TNBS administration were 
corrected by treatment with prodrugs (Figure 7). These 
results were comparable with those obtained for the 
SLZ-treated group. The prodrugs were also assessed 
for their probable damaging effects on pancreas and 
liver with the help of histopathological analysis. No 
adverse effects on liver and pancreas were observed 

(Figures 8 and 9). Ulcer indices of BBA and prodrugs 
were profoundly lower (2.83-3.33) than for SLZ (7.66 
± 1.21) (Table 5). 

In conclusions, the present work aimed at deve-
loping novel colon-specific prodrugs of BBA with 
essential amino acids involved in restoration of gut 
immune homeostasis by attenuating inflammatory 
response and modulating intestinal immune functions 
to maintain gut health. The synthesized prodrugs were 
designed innovatively by applying a semi-synthetic 
approach, wherein one natural active constituent of 
BS, namely BBA, was derivatized into a bioreversible 
delivery system by incorporation of amino acids as 
promoities for targeted delivery to inflamed colon 
in IBD. Site-specifically enhanced bioavailability of 
BBA could be achieved in colon, which resulted in 
demonstration of significant mitigating effect on TNBS-
induced colitis in rats without any adverse effects on 
stomach, liver and pancreas. 

Interestingly, in vivo pharmacokinetic studies 
of BT revealed that after release of BBA in colon, 
its substantial concentration reached the systemic 
circulation due to probable absorption through colonic 
mucosa. This behavior was similar to that of SLZ, 
which is known to release 5-ASA and sulfapyridine in 
the colon, the former being involved in treating local 
inflammation in IBD. However, 30% of released 5-ASA 
and 100% of sulfapyridine enter circulation due to their 
absorption from large intestine, accounting for their 
usefulness in the treatment of RA. Therefore, screening 
of the synthesized prodrugs in animal models of RA 
has been undertaken and is currently under progress. 
The outcome of this study strongly suggests that 
these prodrugs might find dual applicability in IBD and 
chronotherapy of RA.
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Figure 6  MPO activity. Average of six readings is presented; One-way ANOVA followed by Dunnett’s multiple comparison test, and statistical significance was 
considered at aP < 0.05, bP < 0.01, eP < 0.001 vs disease control. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug 
of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: 
D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: 
Physical mixture of BBA + L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine.

a

Table 5  Ulcerogenic activity

Code Ulcer index ± SD1

HC 1.16 ± 0.40
BBA  3.66 ± 0.51e

SLZ  7.66 ± 1.21e

BH  3.16 ± 0.40e

BP  2.83 ± 0.40e

BT  3.06 ± 0.89e

BTY  3.33 ± 0.51e

1Average of six readings; One-way ANOVA followed by Dunnett’s 
multiple comparison test, statistical significance was considered at eP < 
0.001 vs healthy control. HC: Healthy control; DC: Disease control; BBA: 
β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; 
BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with 
L-tryptophan; BTY: Prodrug of BBA with L-tyrosine.
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Figure 7  Histology of colon of rats subjected to 2,4,6-trinitrobenzene sulfonic acid. HC: Healthy control showing intact colonic cyto-architecture; DC: Disease 
control showing mucosal injury characterized by absence of epithelium, architectural distortion and a massive mucosal/submucosal infiltration of inflammatory cells; 
BBA: β-boswellic acid showing slight mucosal abscess and moderate protection against 2,4,6-trinitrobenzene sulfonic acid (TNBS); SLZ: Sulfasalazine showing 
corrected cyto-architecture of colon; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: 
Prodrug of BBA with L-tyrosine showing corrected morphology of colon; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; TY: Showing significant 
loss of epithelium without mucosal injury providing mild protection against TNBS; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + 
D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; BBA + TY: Physical mixture of BBA + L-tyrosine showing some loss of epithelial layer while other 
layers seem reconstructed, indicating moderate protection of cyto-architecture.  
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Figure 8  Histology of liver of rats subjected to 2,4,6-trinitrobenzene sulfonic acid. All groups showing normal liver architecture with no significant pathological 
changes nor adverse effects on liver. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: 
Prodrug of BBA with D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; 
TY: L-tyrosine; BBA + H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; 
BBA + TY: Physical mixture of BBA + L-tyrosine.
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Figure 9  Histology of pancreas of rats subjected to 2,4,6-trinitrobenzene sulfonic acid. All groups showing normal pancreas architecture without any evidence 
of pancreatitis. HC: Healthy control; DC: Disease control; BBA: β-boswellic acid; SLZ: Sulfasalazine; BH: Prodrug of BBA with L-histidine; BP: Prodrug of BBA with 
D-phenylalanine; BT: Prodrug of BBA with L-tryptophan; BTY: Prodrug of BBA with L-tyrosine; H: L-histidine; P: D-phenylalanine; T: L-tryptophan; TY: L-tyrosine; BBA 
+ H: Physical mixture of BBA + L-histidine; BBA + P: Physical mixture of BBA + D-phenylalanine; BBA + T: Physical mixture of BBA + L-tryptophan; BBA + TY: Physical 
mixture of BBA + L-tyrosine.
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COMMENTS
Background
The need to discover effective treatment options for inflammatory bowel 
disease (IBD) is growing due to the incidence of treatment-related side-
effects. The use of complementary and alternative medicine is also on the rise, 
particularly herbal medicine for IBD management. β-boswellic acid (BBA) was 
selected as the drug candidate for developing its colon-targeting prodrugs. 
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis modeling of Wistar 
rats was used for investigation and to ensure attainment of an effective 
concentration of BBA in the colon for its local mitigating effect on colonic 
inflammation. 

Research frontiers
To our knowledge, this is the first study of its kind to identify the therapeutic 
effect of prodrugs of BBA in the TNBS-induced colitis model in Wistar rats for 
IBD.

Innovations and breakthroughs
This is the first study examining the potential for prodrugs of BBA for restoration 
of gut immune homeostasis by attenuating inflammatory response and 
modulating intestinal immune functions to maintain gut health. The synthesized 
prodrugs were designed innovatively by applying a semi-synthetic approach, 
wherein one natural active constituent of Boswellia serrata, namely BBA, was 
derivatized into a bioreversible delivery system by incorporation of amino acids 
as promoities for targeted delivery to inflamed colon in IBD. The prodrug BBA 
+ L-tryptophan (BT) was found to be 1.7% superior in reducing inflammation 
in the colon and showed similar behavior to standard drug sulfasalazine 
(SLZ). Interestingly, the in vivo pharmacokinetic behavior of BT was found to 
be similar to SLZ in treatment of IBD, as well as for rheumatoid arthritis (RA). 
Therefore, screening of the synthesized prodrugs on animal models of RA has 
been undertaken and is currently under progress. The outcome of this study 
strongly suggests that these prodrugs might find dual applicability in IBD and 
chronotherapy of RA.

Applications
The promising findings presented in the current study indicate that the prodrugs 
exhibited an improvement in selected parameters of the TNBS-induced colitis 
model. Site-specifically enhanced bioavailability of BBA could be achieved 
in colon that resulted in demonstration of a significant mitigating effect on 
TNBS-induced colitis in rats, without any adverse effects on the stomach, 
liver and pancreas. These prodrugs might find dual applicability in IBD and 
chronotherapy of RA.

Terminology
A prodrug is a pharmacologically-inactive, bioreversible derivative of a parent 
drug molecule that requires chemical or enzymatic activation in the biological 
environment to release the active drug. Physico-chemical properties can be 
tailored by means of changing the structure of the promoiety, and the intrinsic 
activity of the parent drug is assured through in vivo cleavage of the prodrugs. 
A mutual prodrug or co-drug strategy involves formation of a covalent linkage 
between drug and carrier in such a manner that upon oral administration the 
moiety remains intact in the stomach and small intestine but releases the active 
drug in the colon through enzymatic activation. This ensures attainment of 
effective concentration of the drug in the colon for its local mitigating effect on 
colonic inflammation of IBD.

Peer-review
The authors demonstrated the efficacy of colon-specific prodrugs of BA on 
TNBS-induced colitis in mice. The present study was well organized and well 
investigated, and will give us important information, especially in the field of 
IBD.  
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Abstract
AIM
To evaluate the role of biofilm formation on the resis-
tance of Helicobacter pylori  (H. pylori ) to commonly 
prescribed antibiotics, the expression rates of resistance 
genes in biofilm-forming and planktonic cells were 
compared.

METHODS
A collection of 33 H. pylori  isolates from children and 
adult patients with chronic infection were taken for the 
present study. The isolates were screened for biofilm 
formation ability, as well as for polymerase chain 
reaction (PCR) reaction with HP1165 and hp1165 efflux 
pump genes. Susceptibilities of the selected strains to 
antibiotic and differences between susceptibilities of 
planktonic and biofilm-forming cell populations were 
determined. Quantitative real-time PCR (qPCR) analysis 
was performed using 16S rRNA  gene as a H. pylori -
specific primer, and two efflux pumps-specific primers, 
hp1165 and hefA .

RESULTS
The strains were resistant to amoxicillin, metronidazole, 
and erythromycin, except for one strain, but they were 
all susceptible to tetracycline. Minimum bactericidal 
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concentrations of antibiotics in the biofilm-forming cells 
were significantly higher than those of planktonic cells. 
qPCR demonstrated that the expression of efflux pump 
genes was significantly higher in the biofilm-forming 
cells as compared to the planktonic ones.

CONCLUSION
The present work demonstrated an association between 
H. pylori  biofilm formation and decreased susceptibility 
to all the antibiotics tested. This decreased susceptibility 
to antibiotics was associated with enhanced functional 
activity of two efflux pumps: hp1165 and hefA . 

Key words: Helicobacter pylori ; Biofilm; Antibiotic 
resistance; Efflux genes; hp1165; hefA

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The current study has addressed the co-
incidence of biofilm formation by Helicobacter pylori  (H. 
pylori ) and decreased susceptibility to antibiotics. The 
results demonstrated a significantly higher expression 
of two efflux pump genes, hp1165 and hefA  (involved 
in the specific resistance to tetracycline and multidrug 
resistance, respectively), in the biofilm-forming cells 
as compared to the planktonic cells. There was also 
association between H. pylori  biofilm formation and 
decreased susceptibility to antibiotics. This event 
would probably be involved in the failure of H. pylori  
eradication and might be beneficial for developing new 
therapeutic approaches for this infection.
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INTRODUCTION
Helicobacter pylori (H. pylori) colonizes the stomach of 
approximately half of the world’s population[1]. Gastritis 
may be the first manifestation of stomach colonization 
by H. pylori that can progress to the fatal states such 
as peptic ulceration and gastric adenocarcinoma. 
Although a low number of H. pylori-infected individuals 
can develop the serious symptoms of infection, in 
all cases non-treatment with appropriate antibiotics 
may result in a persistent infection, which can favor 
progression to the fatal outcomes[2]. 

The current treatment regimen of H. pylori infection 
includes a proton pump inhibitor in combination with 
two out of the following antibiotics: amoxicillin (AMX), 
metronidazole (MTZ), clarithromycin and tetracycline 
(TET)[3]. However, data from various geographical 
areas indicate that resistance to these antibiotics 

debilitates the treatment of H. pylori infections[3,4].
Bacterial biofilms are communities of individual cells 

that form microcolonies, grow in the third dimension 
and develop the phenotypic and biochemical properties 
which may differ from those of the corresponding 
freely existing (planktonic) cells[5,6]. Gene expression 
profiles in biofilms may, therefore, also be different 
from those of the planktonic cells[7]. The investigators 
have observed that biofilm formation by numerous 
pathogenic bacteria may be involved in increased rate 
of antibiotic resistance[8]. 

In practice, biofilm-forming cells may be observed 
on the surfaces of tissues and biomaterials at the site 
of persistent infections, where they can be protected 
from the killing effects of antibiotics[9]. Hence, during 
long-term infection, biofilm formation by pathogenic 
bacteria may play an important role in the emergence 
of resistant bacteria and can increase the rates of 
antibiotic resistance. 

To date, the mechanisms of higher resistance 
to antibiotics in biofilm-forming cells are not fully 
understood. However, poor antibiotic penetration, 
adaptive stress responses due to expression of specific 
genes in the biofilm, slow growth rate, and formation 
of persister cells (which form multi-layers) may be the 
causes of higher resistance rates in biofilms[10,11].

Resistance mechanisms of H. pylori to macrolides, 
nitroimidazole, β-lactams, and TET have been reported 
to occur via mutations in the peptidyltransferase region 
encoded in 23S rRNA, different mutations involving 
the rdxA gene, multiple mutations in the penicillin 
binding protein “pbp gene” as well as production of 
β-lactamase, and mutations in the 16S rRNA gene, 
respectively[12]. Involvement of the efflux pumps may 
also be one of the important reasons for decreased 
susceptibility of H. pylori to various antibiotics[13-17]. 
Numerous and structurally different efflux pumps 
have been identified in the H. pylori 26695 genome, 
capable of acting either on the structurally non-related 
antibiotics or more specifically on one antibiotic[13-15]. 
For this purpose, investigators have studied the roles 
of a few putative efflux pumps in the resistance of H. 
pylori to antibiotics[16]. Liu et al[17], for example, have 
observed the  role of hefA on the multidrug resistance 
of H. pylori and have demonstrated the role of Hp1165 
in TET resistance. 

To gain a better understanding of biofilm formation’s 
role in the resistance of H. pylori to commonly pres-
cribed antibiotics, in the present study, the resistance 
profiles of biofilm-forming cells and their planktonic 
counterparts were evaluated and the expression of 
the two efflux pumps genes, hp1165 and hefA, were 
compared between biofilm-forming and planktonic 
cells. 

MATERIALS AND METHODS
H. pylori strains and culture condition
A collection of 33 clinical H. pylori strains isolated from 
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children and adult patients with chronic infections 
were examined for biofilm formation ability. The 
protocols, under which the biopsies for culture had 
been obtained, were in accordance with the Helsinki 
Declaration of 1975. The isolated strains were cultured 
at 37 ℃ under microaerobic atmosphere on modified 
Campy blood agar (MCBA) plates containing Brucella 
agar base (Merck, Germany), supplemented with 7% 
defibrinated sheep blood and antibiotics (polymyxin B, 
amphotericin B, vancomycin) for 3-7 d. The resulting 
colonies were identified by Gram staining, biochemical 
tests and polymerase chain reaction (PCR) using 
H. pylori-specific primers for glmM, as previously 
described by Espinoza et al[18].

Screening of the strains for biofilm formation ability
The strains were screened for biofilm formation ability 
according to our previously described protocol[19]. 
Briefly, bacteria were inoculated in Brucella broth 
(Biolife, Italy) supplemented with fetal calf serum 
(2%) and glucose (0.3%) (Merck). Suspensions were 
incubated at 37 ℃ under microaerobic atmosphere 
with shaking (100 rpm), to an optical density (OD) of 
0.2 at 600 nm (A600) equivalent to approximately 5-8 × 
103 CFU/mL. Portions of these cultures were inoculated 
into the wells of 96-well flat-bottomed tissue culture 
plates (BIOFIL, Jet Bio-Filtration Products Co., Ltd, 
China) and were incubated at 37 ℃ under microaerobic 
conditions for 6 d. The wells were vigorously washed 
(3 times) with sterile phosphate buffered saline (PBS). 
Tightly attached bacteria were fixed with 99% ethanol 
(200 μL per well) for 20 min, and air-dried. Plates were 
then stained with 1% crystal violet (200 μL per well) 
for 5 min and the excess of stain was rinsed off with 
running tap water. Dried plates were treated with 33% 
glacial acetic acid (160 μL per well) and the OD of the 
wells was measured at 505 nm using an ELISA reader 
(SCO GmbH, Germany). A culture medium (Brucella 
broth) without bacterial cells was used as negative 
control. 

Antibiotics
Four classes of the antibiotics were selected for present 
study: MTZ as a nitromidazole (Sigma, United States), 
ERY as a macrolide (Sigma), AMX as a β-lactam (Shafa 
Pharmaceutical Co., Iran), and TET as a tetracycline 
(Sigma).

The stock solutions of MTZ (128 μg/mL) and AMX 
(200 μg/mL) were prepared by addition of acetic acid 
and dimethyl sulfoxide, respectively; those of TET 
(128 μg/mL) and ERY (128 μg/mL) were obtained by 
addition of ethanol.

Antibiotic susceptibility testing
The minimal inhibitory concentration (MIC) was 
determined using agar dilution method in accordance 
with the guidelines established by the Clinical and 
Laboratory Standards Institute[20]. For this purpose, 

Mueller-Hinton agar (MH) plates containing 7% fresh 
sheep blood were supplemented with increasing 
concentration of antibiotics. A bacterial suspension 
adjusted to number 2 of McFarland standard, cor-
responding to 108-2 × 108 CFU/mL was inoculated 
onto the agar dilution plates. After spreading the 
bacteria, the plates were incubated under microaerobic 
conditions for 72 h. Quality control for the antibiotics 
was ensured using Pseudomonas aeruginosa ATCC 
27853 and Escherichia coli ATCC 25922 strains. MIC 
breakpoints for resistance were defined as follows: 
MTZ: 8 mg/mL; ERY: 1.0 mg/mL; AMX: > 0.5 mg/mL; 
TET: 8 mg/mL[21,22].

Comparison of antibiotic susceptibilities between 
biofilm-forming and planktonic cell populations
The susceptibilities of biofilm-forming cells (group B) 
and planktonic cells (group P) to the antibiotics were 
evaluated by comparing the minimal bactericidal 
concentration (MBC). For this purpose, the 96-well 
culture plates were inoculated with 100 μL of bacterial 
suspension containing 5-8 × 103 CFU/mL according 
to the protocol described for biofilm formation. After 
biofilm formation, the planktonic cells were removed 
for further MBC determination. The remaining biofilm 
forming cells were washed (3 times) and exposed to 
2-fold increasing concentrations of the antibiotics (from 
0.5 μg/mL to 64 μg/mL) for 24 h. After the incubation 
period, the cells were removed via an ultrasonic bath 
for 7 min (Elmasonic S 60/ (H); Elma Schmidbauer 
GmbH, Germany) using ultrasonic frequency of 37 
kHz, and cultured on MCBA plates[10]. To determine the 
susceptibility of planktonic cells, similar concentrations 
of the antibiotics were added to the 96-well plates 
containing 5-8 × 103 CFU/mL planktonic bacteria 
(previously removed from the plates after biofilm 
formation) and incubated for 24 h. Their antibiotic 
susceptibility was determined by culturing a small 
amount (10 μL) of bacterial suspension on the MCBA 
plates. The plates were then incubated at 37 ℃ under 
microaerobic conditions for > 72 h incubation. Test 
controls were similar culture plates containing bacteria 
but without antibiotics. The results presented for this 
analysis correspond to the mean of 3 independent tests. 

Determination of minimal biofilm inhibitory 
concentration
By this assay, minimal concentration of the antibiotics 
which inhibited formation of the biofilms on plates was 
determined. For this purpose, similar serial dilutions of 
the antibiotics noted above were made in the culture 
medium. The microplates were seeded with these 
serial dilutions of antibiotics and were inoculated with 
100 μL of bacterial suspension containing 108-2 × 108 
CFU/mL. After incubation, the plates were vigorously 
washed (3 times) with sterile PBS, in order to remove 
all non-adherent bacteria, and then incubated with 
Brucella broth supplemented with 0.05% (w/v) of 
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performed for the cDNA samples using 16S rRNA-
specific primers and efflux pump-specific primers, 
including hp1165 and hefA[25]. Real-time PCR was 
performed with the QuantiFast SYBR Green PCR Kit 
(Qiagen, Germany) in a StepOne Real-time PCR system 
(Applied Biosystems, United States). The PCR reaction 
was held at 95 ℃ for 5 min, followed by 2- step cycling 
consisting of 40 cycles at 95 ℃ for 10 s and 60 ℃ for 30 s. 

The final results were expressed as the amount 
of expression for each efflux pump gene relative to 
that of the 16S rRNA gene. We selected 16S rRNA 
for control of the quantitative real-time RT-PCR 
(qPCR) analysis since its expression does not change 
in biofilm-forming and planktonic cells in the RNA 
samples.

Statistical analyses were carried out using the 
ANOVA one-way test with Minitab 17 statistical software, 
and probability levels of < 0.05 were considered as 
statistically significant.

RESULTS
Selection of strains
Screening of clinical isolates for biofilm production 
demonstrated their variable ability for biofilm formation, 
such that their biofilm formation abilities could be 
classified as high (one strain), moderate (23 strains), 
and low (six strains). The strains were also screened 
for detection of two efflux genes, hp1165 and hefA, by 
PCR. The PCR results were then analyzed according to 
production of the sharp bands on gels. To select the 
most suitable strains for further experiments, beside 
higher biofilm formation ability and PCR result, their 
subculture states (none more than three laboratory 
passages) were also taken into account. PCR results 
from three selected strains (Hp141, Hp932 and 
Hp70) for hp1165, hefA, and 16Sr RNA genes which 
demonstrated moderate biofilm formation ability are 
shown in Figure 1. 

Determination of MIC by agar dilution
All three selected isolates were resistant to AMX, MTZ 
and ERY, except one. All three were susceptible to TET. 
MICs of AMX for Hp932, Hp141 and Hp70 were 2, 2 
and 1 μg/mL, respectively. The MIC of TET was 4 μg/
mL for all the three isolates. MICs of ERY for Hp141, 
Hp932 and Hp70 were 2, 2 and 1 μg/mL, respectively. 
MICs of MTZ for Hp932, Hp141 and Hp70 were 16, 8 
and 8 μg/mL, respectively. 

Comparison of antibiotic resistance between biofilm-
forming and planktonic cell populations
For this comparison, MBCs were selected as the better 
criteria. The results of comparison between MBC of 
biofilm-forming cells and their planktonic counterparts 
are demonstrated in Table 2. We noted that the MBCs 
to all the antibiotics were increased significantly 
in biofilm-forming cells as compared to those of 

2,3,5-triphenyl tetrazolium chloride (TTC; Merck) at 
37 ℃ under microaerobic conditions for 24 h. The 
control assay was performed with the same medium 
but without bacteria. After incubation, the broth was 
removed, the wells were air-dried and the bound TTC 
dyes were dissolved using 20% acetone/80% ethanol. 
To quantify the biofilm formation, absorbance (OD) of 
the wells was measured at 505 nm[23].

Detection of 16S rRNA, hp1165, and hefA genes by PCR
H. pylori specific primers for 16S rRNA and glmM, 
were designed according to the previously described 
protocol[24]. Efflux pump-specific primers for hp1165 
was designed according to hp1165 gene sequences 
using Primer3 software online, and efflux-specific 
primers for hefA were designed according to Zhang 
et al[25]. All primer sequences, including that of glmM, 
that were used for bacterial identification process are 
listed in Table 1.

DNA was extracted using boiling method according 
to the previously described protocol[26]. PCR reactions 
were performed in a 25 mL mixture containing 0.5 μg 
of extracted DNA, 0.2 mmol (each) deoxyribonucleoside 
triphosphates, 0.2-0.4 μmol/L (each) primer, 1.5-2 
mmol/L MgCl2, and 5 U of Taq polymerase in PCR buffer 
(SinaClon BioScience, Iran). Following denaturation at 
94 ℃ (2 min), the fragments were amplified through 
35 cycles at 94 ℃ (30 s). Annealing for 16S rRNA gene, 
hp1165 and hefA was performed at 58 ℃, 59 ℃ and 
59.5 ℃ respectively. Reactions were continued at 72 ℃ 
for 1 min and 72 ℃ for 10 min. 

Quantitative real-time reverse transcription-PCR 
analysis
Biofilms were removed via an ultrasonic bath for 7 
min. RNA was extracted from the planktonic and 
biofilm-forming cell cultures. For this purpose and 
following bacterial wash with PBS (× 3), total RNA 
extraction was carried out using a commercial Cinna 
Pure RNA kit (SinaClon BioScience). The RNA samples 
were then treated with DNase I (Roche Diagnostics 
GmbH, Germany) according to the manufacturer's 
recommendations. Reverse transcription (RT) was 
carried out with an RT-PCR Kit (Vivantis Technologies, 
Malaysia) according to the company's recommendations 
for using 2 ng RNA sample. Real-time RT-PCR was 

Table 1  Polymerase chain reaction primers

Primer name Sequence Product 
size, bp

glm-F 5' GGATAAGCTTTTAGGGGTGTTAGGGG 3' 140
glm-R 5' GCATTCACAAACTTATCCCCAATC 3'
16s rRNA-F 5' GAAGATAATGACGGTATCTAAC 3' 139
16s rRNA-R 5' ATTTCACACCTGACTGACTAT 3'
hp1165-F 5' F; TACAACCCCCACGCTAAAAG 3' 117
hp1165-R 5' GGATTTGATGAGCCGAAAAA 3'
hefA-F 5' CTCGCTCGCATGATCGC 3' 162
hefA-R 5' CGTATTCGCTCAAATTCCCT 3'
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planktonic ones.

Determination of minimal biofilm inhibitory 
concentration
We observed that the minimal biofilm inhibitory 
concentrations (MBICs) of AMX required for preventing 
biofilm formation was similar to that of the MICs for all 
three isolates. However, MBICs of TET, ERY and MTZ 
were at least 2-folds lower than the MICs of the isolates 
determined in agar dilution (Table 3). 

Expression of hp1165 and hefA in biofilm-forming and 
planktonic cells
The differences in transcription levels of hefA and 
hp1165 efflux genes between biofilm-forming and 
planktonic cells, using hp16S rRNA as internal control, 
were compared. For this purpose, the quantities of 
cDNA corresponding to these genes were determined 
by real-time qPCR and their amounts were normalized 
using 16S rRNA gene in each unique reaction. Each 

experiment was repeated 3 times with at least duplicate 
samples from independently isolated RNA preparations. 
Data are expressed as the means of all experiments ± 
standard error. The results of qPCR products for hp1165 
(117 bp), hefA (162 bp), and 16S rRNA (136 bp) genes 
in biofilm-forming (group B) and planktonic (group P) 
populations on 1.5% agarose gel are demonstrated 
in Figure 2. The results displaying the amounts of 
expression for each efflux pump gene relative to that of 
the 16S rRNA gene are demonstrated in Figure 3. We 
noted that expression of these genes was significantly 
higher in the biofilm-forming cells as compared to their 
planktonic counterparts.

DISCUSSION
Long-term infection of humans by H. pylori may favor 
the possibilities of biofilm formation in the stomach, 
which might be a barrier for antibiotic capture, thereby 
increasing resistance to antibiotic[11]. 

Several investigators have reported that H. pylori 
can form the biofilm in vitro and most probably in 
vivo[27-31]. In light of these investigations, a few scientific 
observations, including that of Yonezawa et al[29], have 
reported in vitro biofilm formation by H. pylori strains. 

In a previous study, we investigated the role of bio-
film formation on H. pylori colonization of the mouse 
model[19]. In the present work, we investigated its 
role in the resistance to commonly used antibiotics by 
comparing the expression rates of two efflux pumps 
between the biofilm-forming cells and their planktonic 

1        2             3              4                 1           2        3           4             5            1             2            3          4           5

A B C

Figure 1  Polymerase chain reaction products of hefA (162 bp), hp1165 (117 bp) and 16S rRNA genes on 1.5% agarose gel. A: Detection of hefA gene: 1: 100 
bp size marker, 2: Control, 3: Hp932 strain, 4: Hp141 strain; B: Detection of hp1165 gene: 1: HP70 strain, 2: Control, 3: Size marker, 4: Hp932 strain, 5: Hp141 strain; C: 
Detection of 16S rRNA gene: 1: Hp932 strain, 2: Hp141 strain, 3: Hp70 strain, 4: Control, 5: Size marker.

Table 2  Minimal bactericidal concentration of selected antibiotics in biofilm-forming cells and their planktonic counterparts

Strain MBC, μg/mL
AMX TET ERY MTZ

MBC-P MBC-B MBC-P MBC-B MBC-P MBC-B MBC-P MBC-B
Hp932 2 8 8 16 4 4 16 32
Hp141 2 4 4 16 2 4 16 32
Hp70 1 4 4   8 2 4   8 16

MBC: Minimal bactericidal concentration; AMX: Amoxicillin; TET: Tetracycline; MTZ: Metronidazole; B: Biofilm-forming; P: Planktonic counterparts.

Table 3  Minimal biofilm inhibitory concentration

Strain MBIC, μg/mL

AMX TET ERY MTZ
Hp932 2 2 1 8
Hp141 2 2 1 4
Hp70 1 1    0.5 4

MBIC: Minimal biofilm inhibitory concentration; AMX: Amoxicillin; TET: 
Tetracycline; MTZ: Metronidazole.
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counterparts. 
To observe the effectiveness of antibiotics against 

planktonic and biofilm-forming cells, we compared 
their MBCs, instead of MICs, since it was demonstrated 
that planktonic cells are more susceptible to antibiotics 
and the eventual presence of planktonic cells (even at 
low density) in established biofilms may not result in 
a fair MIC comparison between biofilm-forming and 
planktonic cells[32]. Furthermore, the possibility exists 
that in such an evaluation, instead of MIC comparison, 

the MIC of planktonic cells be compared with the MBIC 
of biofilm-forming cells. This comparison may result 
in an erroneous conclusion since MBIC and MIC may 
not be similar for the majority of the antibiotics. In 
agreement with this situation, we found that MBIC of 
selected H. pylori isolates for TET, ERY and MTZ were 
at least 2-folds lower than their MIC (Table 3). Using 
MBC as a criterion of comparison, the MBC of biofilm-
forming cells were at least 2-folds higher than their 
planktonic counterparts (Table 2). 

1               2              3              4             5                   1                  2                  3                      4

1         2         3         4         5          6          7           1          2          3          4          5          6          7 
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C D

Figure 2  Real-time reverse transcription-polymerase chain reaction products of hp1165 (117 bp), hefA (162 bp), and 16S rRNA (136 bp) genes in biofilm-
forming (B) and planktonic (P) populations on 1.5% agarose gel. A: Detection of hp1165 gene: 1: Hp141 strain (B), 2: Hp141 strain (P), 3: Hp932 strain (B), 4: 
Hp932 strain (P), 5: 100 bp size marker; B: Detection of hp1165 gene: 1-2: Hp70 strain (B), 3: Hp70 strain (P), 4: Size marker; C: Detection of hefA gene: 1: Size 
marker, 2: Hp932 strain (B), 3: Hp932 strain (P), 4: Hp141 strain (B), Hp141 strain (P), 5: Hp70 strain (B), 6: Hp70 strain (P); D: Detection of 16S rRNA gene: 1: Hp932 
strain (B), 2: Hp932 strain (P), 3: Hp141 strain (B), 4: Hp141 strain (P), 5: Hp70 strain (B), 6: Hp70 strain (P), 7: Size marker.

25

20

15

10

5

0

RQ

a

HP 9
32

-1
16

5-
b

HP 9
32

-h
efA

-b

HP 9
32

-1
16

5-
p

HP 9
32

-h
efA

-p

HP 1
41

-1
16

5-
b

HP 1
41

-1
16

5-
p

HP 1
41

-h
efA

-b

HP 1
41

-h
efA

-p

HP 7
0-

11
65

-b

HP 7
0-

11
65

-p
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Expression analysis of mRNA for two efflux pump 
genes, hp1165 and hefA, involved in the specific 
resistance to TET and multidrug resistance, respectively, 
showed that they were active in both the biofilm-
forming and planktonic cell populations (Figure 2). By 
analyzing the amount of expression, we observed that 
both efflux genes had significantly increased expression 
in biofilm-forming cells, compared to their planktonic 
counterparts (Figure 3). 

Impact of biofilm formation by H. pylori on anti-
biotic resistance was also studied by Yonezawa and 
coworkers[33], who found a decreased susceptibility to 
clarithromycin via increased frequency of mutations in 
the biofilm-forming cells.

Although the actual treatment regimen for 
eradication of H. pylori infection may be effective 
in some cases, the failure of this approach is well 
documented in many cases[34]. The main reasons for 
unsuccessful eradication appear to be the emergence 
of resistant strains or resistant populations to 
selected antibiotics. Biofilm-forming populations may 
develop multiple functional genes which favor more 
resistance to antibiotics, while planktonic cells do 
not. Involvement of the efflux pumps may be one of 
the important reasons for reduced susceptibility of 
these resistant populations to the various antibiotics. 
Situations triggering  an overexpression of the efflux 
pump genes could also have several effects on biofilm 
formation through an increase in the interchange of 
quorum sensing molecules[35]. 

The present research provides a new finding about 
the roles of biofilm on the increased expression of two 
efflux pumps, hefA and hp1165, in the clinical isolates 
of H. pylori. Future investigations based upon these 
findings may reveal the nature of this mechanism and 
illuminate the role of biofilm formation in the antibiotic 
resistance of H. pylori in vivo. 

As prevalence of H. pylori infection is high in 
West Asia, particularly in Iran[3], the need exists for 
improving our knowledge about the mechanism(s) 
of antibiotic resistance during chronic infection by 
H. pylori. Furthermore, investigations about the role 
and the nature of biofilms may help select better 
eradication regiments capable of acting on biofilm-
forming cells as well.

The results of the present work demonstrate the 
existence of an association between H. pylori biofilm 
formation and decreased susceptibility to various 
antibiotics via increased functional activity of two efflux 
pumps, hp1165 and hefA, in biofilm-forming cells. 
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COMMENTS
Background
In this study, the authors investigated the role of biofilm formation on the 
resistance of Helicobacter pylori (H. pylori) to commonly prescribed antibiotics 
and examined expression of two efflux pump genes, hp1165 and hefA, involved 
in the specific resistance to tetracycline and multidrug resistance, respectively, 
in the biofilm-forming and planktonic cells. In addition, these studies can provide 
insights into the way for development and application of the new therapeutic 
approaches in the case of H. pylori infection. 

Research frontiers
The authors investigated the importance of biofilm formation in the antibiotic 
resistance of clinical isolates of H. pylori. This study will provide new 
approaches towards the treatment of H. pylori-related diseases.

Innovations and breakthroughs
The current research showed significantly increased expression levels of 
hefA and hp1165 efflux pumps genes in the biofilm-producing H. pylori cell 
populations. In addition, the results showed that the efflux pumps may be one 
of the important reasons for reduced susceptibility of these resistant populations 
to various antibiotics. 

Applications
One of the fatal outcomes of chronic H. pylori infection may be production of 
gastric cancer. So, the next step of this research would be to understand the 
mechanism and modality of antibiotic resistance in biofilm formation during 
chronic infection by H. pylori. Another application would be the development of 
novel therapeutic strategies to overcome biofilm formation in vivo.

Terminology
In bacteria, the biofilm is a well-organized assembly of the cells clustered 
together to form microcolonies. These colonies attach to surfaces and take 
up different characteristics from the free-floating or planktonic bacteria. Gram-
negative bacteria are able to exclude drugs by efflux pumps, which may 
represent the mechanism by which they can be protected from toxic effects 
of non-desirable compounds. In general, the efflux pumps of Gram-negative 
bacteria consist of an inner-membrane protein, a periplasmic adaptor protein 
and an outer-membrane protein in which the first one acts with the second 
and third ones. These efficiently structured complexes are involved in specific 
resistance as well as multi-resistance to antibiotics. 

Peer-review
This is an interesting manuscript about up-regulation of two efflux pumps in 
biofilm-forming cell populations. Also, the manuscript provides valuable and 
interesting information about H. pylori.
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Abstract
AIM
To identify potential anti-cancer constituents in natural 
extracts that inhibit cancer cell growth and migration.

METHODS
Our experiments used high dose thymoquinone 
(TQ) as an inhibitor to arrest LoVo (a human colon 
adenocarcinoma cell line) cancer cell growth, which was 
detected by cell proliferation assay and immunoblotting 
assay. Low dose TQ did not significantly reduce LoVo 
cancer cell growth. Cyclooxygenase 2 (COX-2) is an 
enzyme that is involved in the conversion of arachidonic 
acid into prostaglandin E2 (PGE2) in humans. PGE2 
can promote COX-2 protein expression and tumor cell 
proliferation and was used as a control.

RESULTS
Our results showed that 20 µmol/L TQ significantly 
reduced human LoVo colon cancer cell proliferation. TQ 
treatment reduced the levels of p-PI3K, p-Akt, p-GSK3β, 
and β-catenin and thereby inhibited the downstream 
COX-2 expression. Results also showed that the 
reduction in COX-2 expression resulted in a reduction 
in PGE2 levels and the suppression of EP2 and EP4 
activation. Further analysis showed that TG treatment 
inhibited the nuclear translocation of β-catenin in LoVo 
cancer cells. The levels of the cofactors LEF-1 and 
TCF-4 were also decreased in the nucleus following 
TQ treatment in a dose-dependent manner. Treatment 
with low dose TQ inhibited the COX-2 expression at 
the transcriptional level and the regulation of COX-2 
expression efficiently reduced LoVo cell migration. The 
results were further verified in vivo  by confirming the 
effects of TQ and/or PGE2 using tumor xenografts in 
nude mice.

CONCLUSION
TQ inhibits LoVo cancer cell growth and migration, and 
this result highlights the therapeutic advantage of using 
TQ in combination therapy against colorectal cancer.

Key words: Thymoquinone; LoVo cell; Cyclooxygenase 2; 
Prostaglandin E2; Migration

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Prostaglandin E2 (PGE2) induces migration 
of human LoVo colon cancer cells, and the major 
mechanism involves the activation of the p-Akt/
p-PI3K/p-GSK3β/β-catenin/LEF-1/TCF-4 pathway that 
ultimately up-regulates cyclooxygenase 2 (COX-2) 
expression. Thymoquinone (TQ) suppresses cancer cell 
migration and represents a potential therapeutic target 
for colon adenocarcinoma metastasis. PGE2 activation 
of COX-2 and β-catenin to induce human LoVo colon 
cancer cell migration was blocked by TQ. Our study 
used cell proliferation assay, immunoblotting assay, 
immunofluorescence assay, nuclear extraction and in 
vivo  experiments to examine the COX2 protein, which 
affects the metastasis of highly metastatic LoVo cancer 
cells treated with TQ.

Hsu HH, Chen MC, Day CH, Lin YM, Li SY, Tu CC, 
Padma VV, Shih HN, Kuo WW, Huang CY. Thymoquinone 
suppresses migration of LoVo human colon cancer cells by 
reducing prostaglandin E2 induced COX-2 activation. World J 
Gastroenterol 2017; 23(7): 1171-1179  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i7/1171.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1171

INTRODUCTION
Colorectal cancer is one of the most universally diag
nosed gastrointestinal cancers and among the main 
causes of cancerrelated death in western developed 
countries[1,2]. Despite advanced chemotherapeutic 
treatments, more than 130000 new cases of colon 
cancer are diagnosed each year[3], causing more than 
56000 deaths/year in America[4]. Thymoquinone (TQ) is 
a phytochemical compound isolated from Nigella sativa 
that possesses anticarcinogenic activity and induces 
apoptosis in tumor cells, and it can interfere with cancer 
cell survival through different mechanisms[5,6]. Available 
treatments for cancer include surgical removal, 
chemotherapy and adjuvant chemotherapy for patients 
who are strong enough to undergo it. To date, the 
surgical removal of cancer tissue is considered the most 
appropriate way to address colon cancer. Our present 
study investigated the use of phytochemical drugs as 
a supplementary chemotherapy approach. Laboratory 
studies have shown that TQ significantly inhibits oral 
cancer through the p38β MAPK family[7]. Among the 
hereditary colon cancers, hereditary nonpolyposis 
colon cancer (HNPCC) patients present a particularly 
high risk for synchronous metastasis via the lymphatic 
system[8,9]. In this study, we used the colorectal cancer 
cell line LoVo, which was developed from a 56year
old colon cancer patient. Many previous studies have 
verified that prostaglandin E2 (PGE2) promotes cancer 
development and have considered it a cancer marker; 
therefore, we used PGE2 as a control[1012]. PGE2 
seems to assist cell survival in colorectal cancer cells 
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by augmenting RasMAPK signaling[13].
Compared to normal intestinal tissues, COX2 

expression is 80%90% higher in colorectal cancers. 
Cancers of the head, breast, cervix, bladder and 
gastrointestinal system have also shown high levels 
of COX2 expression[1416]. COX-2/PGE2 signaling 
affects cell physiology in multiple tumor types and 
maintains colorectal tumorigenesis[12,17]. PGE2 as a 
proangiogenic factor is associated with transformed 
vascular permeability and angiogenesis[18]. COX2 
expression is thought to contribute to the principal 
PGE2 metabolic product[19,20]. Some nonsteroidal anti
inflammatory drugs (NSAIDs) and vegetables produce 
anti-tumor effects that reduce PGE2 synthesis or 
inhibit COX2[2124]. In our experiments, we sought to 
identify compounds similar to NSAIDs or adjunct drugs 
to increase the effectiveness of cancer chemotherapy. 
Our experimental drug, TQ, has promising antitumor 
effects, and it inhibited the incidence of forestomach 
tumors and fibrosarcoma tumors and increased 
cellular longevity[25,26]. We previously evaluated PGE2-
induced migration in human LoVo cancer cells, and the 
major mechanism involves the activation of the pAkt/
p-PI3K/p-GSK3β/βcatenin pathway that ultimately up
regulates COX2 expression (unpublished data). After 
the addition of TQ, the exact anticancer mechanism 
produced by PGE2 was determined. Previous studies 
have demonstrated that βcatenin translocation, which 
includes cointeraction with and activation of the 
promoters LEF-1 and TCF-4, subsequently modulates 
downstream gene expression[27]. The nuclear cofactors 
LEF and TCF were triggered to initiate the transcription 
and translation of COX2[28]. Cell metastasis efficiency 
is a focus of our work because it correlates with COX2 
activity[29,30]. Moreover, cell migration is promoted due 
to COX2 expression[31]. Numerous studies of animals 
treated with TQ have demonstrated that TQ is not 
toxic[3234].

Our study used immunoblotting assays, immuno
fluorescence assays, nuclear extraction and in vivo 
experiments to examine the COX2 protein, which 
affects the metastasis of highly metastatic LoVo cancer 
cells treated with TQ.

MATERIALS AND METHODS
Cells, antibodies, reagents, and enzymes
The human colon cancer cell line LoVo was obtained 
from the American Tissue Culture Collection (ATCC) 
(Rockville, MD, United States). LoVo cells were 
established from metastatic nodules that were 
resected from a 56yearold colon adenocarcinoma 
patient. 

We utilized antibodies against the following 
proteins: phosphoPI3K, phosphoAkt, COX2, 
phospho-GSK3β, β-catenin, LEF-1, HADAC-1 (Santa 
Cruz Biotechnology, Inc. Santa Cruz, CA, United 
States), and TCF-4 (Cell Signaling Technology, Inc. 

Beverly, MA, United States). αtubulin and βactin 
(Santa Cruz Biotechnology, Inc. Santa Cruz, CA, United 
States) were used as loading controls. The following 
horseradish peroxidaseconjugated antibodies were 
purchased from Santa Cruz Biotechnology, Inc. (CA, 
United States): goat anti-mouse IgG, goat anti-
rabbit IgG, and rabbit anti-goat IgG. Nude mice were 
purchased from the National Laboratory Animal Center 
(NLAC).

Cell culture
The colon cancer cell line LoVo was cultured in 10cm2 
culture dishes in Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 100 µg/mL penicillin, 100 
µg/mL streptomycin, 2 mmol/L glutamine, 1 mmol/L 
HEPES buffer, and 10% fetal bovine serum (FBS) in 
humidified air (5% CO2) at 37 ℃.

Cell proliferation assay
LoVo cells were seeded at a density of 1.5 × 104 
cells per well in 24well plates, and after 24 h the 
cells were treated with different concentrations of 
TQ varying from 0 to 20 µmol/L (Sigma Aldrich, St 
Louis MO, United States) dissolved in DMSO. An MTT 
(3(4,5Dimethylthiazol2yl)2,5diphenyltetrazolium 
bromide) assay was used to determine living cells 24 h 
after treatment. Culture supernatants were removed, 
and MTT (Sigma, United States) in phosphatebuffered 
saline (PBS, pH 7.4) was added to each well. After 4 h 
of incubation at 37 ℃, the MTT solution was removed, 
and DMSO was added to dissolve the resultant 
formazan crystals. Absorbance was read at 540 nm in 
a Flexstation 3 device (MDS Analytical Technologies, 
Canada). The percentage viability was calculated as 
(testbackground)/(controlbackground) × 100.

Immunoblotting assay
Cultured LoVo cells were washed with cold PBS and 
resuspended in lysis buffer [50 mmol/L Tris (pH 
7.5), 0.5 mol/L NaCl, 1.0 mmol/L EDTA (pH 7.5), 
10% glycerol, 1 mmol/L BME, 1% IGEPAL-630, 
and a proteinase inhibitor cocktail (Roche Molecular 
Biochemical)] to isolate total proteins. After incubation 
for 30 min on ice, the supernatant was collected by 
centrifugation at 12000 × g for 15 min at 4 ℃. Protein 
concentration was then determined using the Bradford 
method. Samples containing equal protein amounts (60 
µg) were loaded and analyzed using immunoblotting 
analysis. Proteins were separated using 10% SDS
PAGE and transferred onto PVDF membranes (Millipore, 
Belford, MA, United States). The membranes were 
blocked with blocking buffer (5% nonfat dry milk, 20 
mmol/L TrisHCl, pH 7.6, 150 mmol/L NaCl, and 0.1% 
Tween 20) for at least 1 h at room temperature. The 
membranes were incubated with primary antibodies 
in the above solution on an orbital shaker at 4 ℃ 
overnight. Following the primary antibody incubations, 
the membranes were incubated with horseradish 
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lower compartment was filled with DMEM containing 
10% FBS. LoVo cells were placed in the upper part 
of the Boyden chamber, which contained serumfree 
medium, and incubated for 48 h. After incubation, 
cells on the membrane filter were fixed with methanol 
and stained with 0.05% Giemsa for 1 h. The cells on 
the upper filter surface were removed with a cotton 
swab. The filters were then rinsed in doubledistilled 
water for additional stain leaching. The cells were 
then airdried for 20 min. Migratory phenotypes were 
determined by counting the cells that migrated to the 
lower side of the filter using microscopy at 200 × and 
400 × magnification. Ten fields were blindly selected 
and counted as the mean cell number in each filter. 
The sample was assayed in triplicate.

Study animals
Twelve nude mice were bred in the animal care facility 
of the Chinese Medicine Library (Taichung, Taiwan) 
and were purchased from The National Laboratory 
Animal Center. The animals received subcutaneous 
injections of LoVo colorectal cancer cells (1 × 106 

cells per injection) in the back. Ambient temperature 
was maintained at 25 ℃, and the mice were kept 
on an artificial 12h lightdark cycle, with the light 
period beginning at 7:00 am. All of the protocols were 
approved by the Institutional Animal Care and Use 
Committee of China Medical University, Taichung, 
Taiwan, ROC. 

LoVo cells were treated with PGE2 (5 µmol/L) for 24 
h and were then injected subcutaneously into the mice 
(1 × 106 cells). After one week, various concentrations 
(0.5, 10 and 20 µmol/L) of TQ were administered for 
three weeks (3 times per week) by intraperitoneal 
injection. All protocols were reviewed and approved by 
the Institutional Review Board (IRB, ethical clearance 
number 104223N), Animal Care and Use Committee 
of China Medical University, Taichung, Republic of 
China, and the study was conducted in accordance 
with the principles of laboratory animal care[36].

Statistical analysis
Each experiment was duplicated at least three times. 
The results are presented as the mean ± SE, and 
statistical comparisons were made using Student’s 
t-test. Significance was defined at p < 0.05 or 0.01. 

RESULTS
Effect of TQ on viability of LoVo cells
We first tested the effect of TQ on the viability of LoVo 
cells. Several TQ concentrations were used to evaluate 
cell viability after coculture for 24 h. The results 
indicated that 20 µmol/L TQ can significantly reduce 
LoVo cell proliferation (Figure 1).

p-PI3K-, p-Akt-, p-GSK3β - and β -catenin-induced COX-2 
expression is down-regulated by TQ 
Previous reports have demonstrated that PGE2 

peroxidaselinked secondary antibodies (anti
rabbit, anti-mouse, or anti-goat IgG). Detection was 
performed using ECL reagents and a digital imaging 
system.

Nuclear extraction
Cytoplasmic and nuclear fractions were obtained using 
extraction reagents containing membrane lysis buffer 
[10 mmol/L HEPES (pH 8.0), 1.5 mmol/L MgCl2, 10 
mmol/L KCl, 1 mmol/L DDT, and proteinase inhibitor] 
and nuclear lysis buffer [20 mmol/L HEPES (pH 
8.0), 1.5 mmol/L MgCl2, 10 mmol/L NaCl, 1 mmol/L 
DDT, 0.2 mmol/L EDTA, 0.25 mol/L glycerol, and 
proteinase inhibitor]. Following treatment, the cells 
were resuspended in PBS, incubated with icecold 
membrane lysis buffer for 10 min, and centrifuged at 
12000 rpm for 2 min to pellet nuclei. The supernatant 
was stored for use as a cytoplasmic fraction, and the 
nuclear pellet was lysed with nuclear lysis buffer to 
obtain a nuclear fraction.

Immunofluorescence assay
LoVo cells were treated with increasing TQ dosages (5, 
10, and 20 µmol/L) for 24 h, and PGE2 (5 µmol/L) was 
added for the last six hours. An immunofluorescence 
assay was performed on the LoVo cells using a βcatenin 
antibody (1:250) directed against a target of interest. 
A fluorophore-conjugated secondary antibody (green) 
that was directed against the primary antibody was 
used for detection, and a blue fluorescent DAPI nuclear 
acid counterstain that preferentially stains dsDNA 
was included. Antiβcatenin (green) merged with 
DAPI (blue) is also shown in the resultant confocal 
microscopy images. 

Migration assay
A migration assay was performed using a 48well 
Boyden chamber (Neuro Probe) plate with 8µm 
pore size polycarbonate membrane filters[35]. The 
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Figure 1  Thymoquinone affects the viability of LoVo colon cancer cells. 
To explore the effect of thymoquinone (TQ) on the viability of human LoVo 
colon cancer cells, we first treated LoVo cells with various concentrations (2.5, 5, 
7.5, 10 and 20 µmol/L) of TQ for 24 h and subsequently measured cell viability 
by MTT assay. The results showed a significant reduction of cell viability of 
approximately 60% following treatment (20 µmol/L) for 24 h. Each value 
represents the mean ± SE. aP < 0.05; bP < 0.01.
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increases COX2 expression via activation of the EP4/
β-catenin pathway, suggesting that PGE2 regulates 
p-PI3K, p-AKT, and p-GSK-3β expression in LoVo 
cells. PGE2 has been reported to activate downstream 
signaling via EP2 and EP4 to elicit various biological 
responses. As shown in Figure 2, TQ treatment 
reduced the upregulation of COX2 expression by 
PGE2, and β-catenin had an obvious effect on EP2 and 
EP4 regulation by PGE2.

Effect of TQ on β -catenin translocation 
βcatenin is a key protein that affects nuclear COX2 
transcription. We used an immunofluorescence assay 
to evaluate βcatenin protein levels in the cytosol 
and nucleus. Confocal microscopy confirmed that TQ 
treatment led to the translocation of βcatenin into the 
LoVo cell nucleus (Figure 3). 

Nuclear translocation inhibition of β -catenin in the LoVo 
cancer cell line
Previous studies have demonstrated that the trans
location of βcatenin involves cointeraction with and 
activation of the promoters LEF-1 and TCF-4, which 
subsequently modulate downstream gene expression. 
Evaluation of isolated LoVo cell nuclei showed that 
βcatenin translocation decreased in the nucleus, but 
its interactions with the cofactors LEF-1 and TCF-4 did 
not change. We observed a concentrationdependent 
decrease in the levels of βcatenin and the proteins 
LEF-1 and TCF-4 in the nucleus following TQ treatment 
(Figure 4).

TQ treatment inhibits LoVo cell migration
Migration is an important step in LoVo colon cancer 
progression because this cancer metastasizes supra
clavicular lymph nodes. We performed a Boyden 
chamber migration assay to determine the effect of 
TQ on LoVo cells and found that TQ inhibited LoVo cell 
migration in a dose-dependent manner (Figure 5).

Effect of TQ on tumor growth in nude mouse xenografts
To verify previous results on the growth inhibition and 
antimetastatic effects of TQ in human LoVo cells, 
the therapeutic potential of TQ in a presubcutaneous 
LoVo cell model in nude mice was determined. TQ 
was administered for 30 consecutive days. The drug 
did not induce death or weight loss of more than 15% 
to 20% of original weight, which is a very sensitive 
parameter for perniciousness in mice. The effects of TQ 
on PGE2-associated protein markers for inflammation 
and metastasis in the nude mouse xenograft model 
were then determined. COX2 and βcatenin protein 
levels in different tissue groups in the nude mice were 
downregulated by TQ treatment in a concentration
dependent manner (Figure 6).

DISCUSSION
TQ was shown to be an anticancer agent by virtue of 
its antiproliferative potential and capacity to induce 
cell cycle arrest[37]. In our previous studies, COX2 
protein was found to be regulated by PGE2, resulting 
in cell proliferation and migration. Here, a 20 µmol/L 
concentration of TQ, which is 50% of the noncytotoxic 
concentration determined by MTT assay, arrested the 
migration of LoVo colorectal cancer cells. We tested 
TQ on LoVo colorectal cancer cells that were already 
induced by PGE2 (5 µmol/L); these cells exhibited 
significantly enhanced performance over the control 
group. Our experimental drug TQ inhibited the survival 
pathway proteins p-PI3K, p-Akt, p-GSK3β, βcatenin 
and COX2.

When βcatenin is translocated from the cytosol 
into the nucleus, it plays a role in the transcription and 
translation of COX2[28]. The translocation of βcatenin 
from the cytosol into the nucleus also plays a role in 
the transcription and translation of COX2. 

Nuclear isolation techniques and immunofluo
rescence were used to determine the localization 
of βcatenin and the COX2 transcription cofactors 
LEF-1 and TCF-4[38]. Our experiments showed that TQ 
suppresses β-catenin translocation induced by PGE2, 
and the expression of both LEF-1 and TCF-4 was 
also suppressed. This result suggests that βcatenin 
loses its ability to translocate into the nucleus and 
bind to LEF-1 and TCF-4 following TQ treatment. 
These cofactors were also affected by TQ with a 
gradually declining, concentrationdependent trend. 
Immunofluorescence confocal microscopy showed 
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Figure 2  Thymoquinone inhibits the expression of PI3K, Akt, p-GSK3β, 
β-catenin and COX-2 proteins in LoVo cells. LoVo cells were cultured in 
medium that was treated with TQ (5, 10 and 20 µmol/L) for 24 h; PGE2 (5 
µmol/L) was added for the last 6 h. Following this, the cells were immunoblotted 
with the indicated antibodies. The cells were lysed, and the extracts were 
separated by 10% SDS-PAGE, transferred to PVDF membranes and 
immunoblotted with antibodies against p-PI3K, p-Akt, p-GSK3β, β-catenin and 
COX-2. 
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Figure 3  Thymoquinone inhibits β-catenin nuclear translocation in the LoVo cancer cell line. Nuclear isolation showed a decrease in β-catenin translocation 
into the nucleus. The cofactors LEF-1 and TCF-4 decreased in the nucleus following TQ treatment in a dose-dependent manner. TQ: Thymoquinone.

Figure 4  Thymoquinone treatment inhibits β-catenin translocation into LoVo cell nuclei. An immunofluorescence assay was performed on LoVo cells using 
a β-catenin primary antibody and a secondary antibody (1:250) producing green fluorescence; DAPI (blue fluorescence) was included to stain cell nuclei. Merged 
β-catenin and DAPI (green and blue, respectively) signals are shown. The indicated treatments were assessed. PGE2: Prostaglandin E2; TQ: Thymoquinone.
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fluorescent images of antiβcatenin (green) and 
DAPI staining (blue) in the panel representing the 
cell nucleus. These results indicate that TQ treatment 
inhibited βcatenin translocation into the nucleus and 
subsequently reduced COX2 activation.

We can observe the impact of TQ on COX2 
by assessing these translation and transcription
associated proteins. COX2 plays a central role in 
cell migration. These results showed that decreasing 
COX2 levels will correspondingly reduce cell migration. 
In this context, we demonstrated that TQ significantly 
reduces metastasis in vivo. However, we investi
gated the therapeutic potential of TQ using a highly 
aggressive human LOVO cancer cell xenograft nude 
mouse model. pAkt, βcatenin and COX2 expression 
substantially decreased. TQ inhibited LoVo colorectal 
cancer cell growth and inhibited migration. In the 

future, we will evaluate the therapeutic advantage 
of combining chemotherapeutic agents for colorectal 
cancer.

COMMENTS
Background
Several types of phytochemicals are used for cancer chemotherapy. The aim 
was to identify potential anti-cancer constituents in natural extracts that inhibit 
cancer cell growth and migration. Thymoquinone (TQ) is a phytochemical 
compound isolated from Nigella sativa. Previous data show that TQ suppresses 
the activation of AKT, inhibits cellular proliferation, and shows anti-oxidant/anti-
inflammatory effects.

Research frontiers
Prostaglandin E2 (PGE2) induces migration of human LoVo colon cancer cells, 
and the major mechanism involves the activation of the p-Akt/p-PI3K/p-GSK3β/
β-catenin/LEF-1/TCF-4 pathway that ultimately up-regulates cyclooxygenase 2 

Control                                                               PGE2  5 µmol/L

PGE2   5 µmol/L +
 TQ       5 µmol/L

PGE2   5 µmol/L +
 TQ       10 µmol/L

PGE2   5 µmol/L +
 TQ       20 µmol/L

Figure 5  Thymoquinone efficiently inhibits LoVo cell migration. LoVo cells were pretreated with increasing dosages (5, 10, and 20 µmol/L) of TQ for 24 h. 
A Boyden chamber migration assay was performed to assess cell migration ability. The responses to different treatments were analyzed via microscopy. PGE2: 
Prostaglandin E2; TQ: Thymoquinone.
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Innovations and breakthroughs
TQ suppresses cancer cell migration and represents a potential therapeutic 
target for colon adenocarcinoma metastasis. PGE2 activation of COX-2 and 
β-catenin to induce human LoVo colon cancer cell migration was blocked by 
thymoquinone.

Applications
The results reveal that TQ can be considered a potential treatment strategy for 
advanced stage colon cancer treatment. 

Peer-review
The study described in this paper investigated the use of phytochemical drugs 
as a supplementary chemotherapy approach. For this purpose the authors 
used the high dose of TQ as an inhibitor to arrest LoVo (a human colon 
adenocarcinoma cell line) cell growth. The authors used immunoblotting assays, 
immunofluorescence assays, nuclear extraction and in vivo experiments to 
examine the COX2 protein, which affects the metastasis of highly metastatic 
LoVo cancer cells treated with TQ.
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Abstract
AIM
To investigate the therapeutic effect of Jianpi 
Qingchang decoction (JPQCD) on dextran sulfate 
sodium (DSS)-induced ulcerative colitis (UC) in mice.

METHODS
C57BL/c mice were injected intragastrically with 5% 
DSS instead of drinking water for 7 d, and their body 
weight, diarrhea severity and fecal bleeding were 
monitored, while the mice in the control group were 
treated with standard drinking water, without DSS. 
After 7 d, the DSS drinking water was changed to 
normal water and the DSS group continued with DSS 
water. The control and DSS groups were given normal 
saline by intragastric injection. The 5-aminosalicylic 
acid (5-ASA) group was treated orally with 5-ASA at a 
dose of 100 mg/kg daily. The JPQCD group was treated 
orally with JPQCD at a dose of 17.1 g/kg daily. On 
day 14, the colon length was measured, the colorectal 
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histopathological damage score was assessed, and 
protein levels of interleukin (IL)-1β, IL-8 and tumor 
necrosis factor-alpha (TNF-α) in colon supernatants 
were measured by enzyme-linked immunosorbent 
assay. mRNA expression of IL-1β, IL-8, TNF-α and 
nuclear factor-kappa B (NF-κB) was detected by real-
time quantitative polymerase chain reaction. Western 
blotting was used to detect the protein expression of 
NF-κB and inhibitor of kappa B. 

RESULTS
Acute inflammation occurred in the mice administered 
DSS, including the symptoms of losing body weight, 
loose feces/watery diarrhea and presence of fecal 
blood; all these symptoms worsened at 7 d. The 
colons of mice treated with DSS were assessed by 
histological examination, and the results confirmed 
that acute inflammation had occurred, as evidenced 
by loss of colonic mucosa and chronic inflammatory 
cell infiltration, and these features extended into the 
deeper layer of the colon walls. The expression levels 
of IL-1β, IL-8 and TNF-α in the DSS group were higher 
than those in the control group (P  < 0.05), and the 
expression levels of IL-1β, IL-8 and TNF-α in the 
JPQCD and 5-ASA groups were lower than those in 
the DSS group after treating with JPQCD and 5-ASA. 
Comparing with the DSS group, the mRNA level of IL-
1β, IL-8, TNF-α and NF-κB was significantly reduced by 
5-ASA and JPQCD. The difference between JPQCD and 
5-ASA groups was not statistically significant (P  > 0.05). 
Comparing with the DSS group, due to using JPQCD 
and 5-ASA, significant suppression of activation in DSS-
induced NF-κB and increased phosphorylation of IκB in 
mice with experimental colitis occurred (P  < 0.05). The 
difference between the JPQCD group and the 5-ASA 
group was not statistically significant (P  > 0.05).    

CONCLUSION
Activation of the NF-κB signaling pathway is inhibited 
by JPQCD, which shows the potential mechanism by 
which JPQCD treats UC. 

Key words: Jianpi Qingchang decoction; Dextran 
sodium sulfate; Ulcerative colitis; Nuclear factor-κB; 
Inflammation

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Nuclear factor-kappa B (NF-κB) is a major 
transcription factor inducing the expression of 
inflammatory mediators, which plays a crucial role in 
the transcription in diverse immune responses, and its 
signaling has been confirmed to be a major pathway 
for ulcerative colitis. It is demonstrated in the current 
study that Jianpi Qingchang decoction (JPQCD), which 
can decrease levels of proinflammatory cytokines, plays 
a role in inhibiting nuclear translocation of NF-κB and 
phosphorylation of inhibitor of kappa B, thus indicating 
that JPQCD can suppress the activation of NF-κB 
signaling pathway.  

Zheng L, Zhang YL, Dai YC, Chen X, Chen DL, Dai YT, Tang 
ZP. Jianpi Qingchang decoction alleviates ulcerative colitis by 
inhibiting nuclear factor-κB activation. World J Gastroenterol 
2017; 23(7): 1180-1188  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1180.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1180

INTRODUCTION
Ulcerative colitis (UC) is a chronic gastrointestinal 
disorder characterized by inflammation and mucosal 
damage in colon, the pathophysiology of which 
is multifactorial, with environmental, genetic and 
immunological factors being involved[1]. Chronic colonic 
inflammation in patients with UC may be attributed 
to activation of the immune system through intestinal 
flora. The main clinical manifestations of UC include 
recurrent abdominal pain and diarrhea, as well as 
mucous, bloody or purulent stools[2]. Currently, disease 
severity is an important factor in selecting treatment 
strategies, most of which concentrate on alleviation of 
disease symptoms, rather than disease treatment. In 
addition, a large number of ways for treating UC may 
result in systemic immunosuppression, thus leading 
to limited long-term application and an urgent need 
to develop a novel therapeutic. At present, many 
researchers are interested in traditional Chinese 
medicine (TCM), such as herbal therapy, because these 
complementary and alternative agents have few side 
effects in treating various diseases, including UC[3-6]. 
Multiple cellular signal transduction pathways highly 
regulate inflammatory responses, including the nuclear 
factor-kappa B (NF-κB) pathway, a nuclear factor that 
can be activated by a variety of pathogens. 

NF-κB, a major transcription factor, which induces 
expression of a large array of inflammatory mediators, 
is crucial in transcription related to diverse immune 
responses, and the NF-κB signaling pathway is 
regarded as a major pathway for UC[7]. Abnormal 
expression of NF-κB leads to release of proinflammatory 
cytokines, for instance, interleukin (IL)-1β, IL-8, tumor 
necrosis factor-alpha (TNF-α) and adhesion molecules. 

Jianpi Qingchang decoction (JPQCD) is a TCM 
prescription that consists of nine Chinese herbs, 
namely, Astragalus, Codonopsis pilosula, Portulaca 
oleracea, Sanguisorba officinalis, Notoginseng, Bletilla 
striata, Radix Aucklandiae, and Licorice. JPQCD can 
clear away heat and dampness, and strengthen the 
spleen to produce vitality, thanks to effects of these 
components. In the TCM system, pathogenesis of UC is 
formed in the case of accumulation of toxic dampness 
and heat, therefore the basic principle for JPQCD to 
treat inflammatory diseases is to clear away heat and 
eliminate dampness. In China, JPQCD has long been 
applied in the treatment of UC in clinic; however, its 
precise mechanism of action of anti-inflammatory 
activities remains unknown. In this study, C57BL mice 
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with dextran sodium sulfate (DSS)-induced UC were 
used as models of human intestinal epithelium, so as 
to evaluate the anti-inflammatory effects of JPQCD 
and to investigate its molecular mechanism.

MATERIALS AND METHODS
Mice  
C57BL/6 male mice weighing 18-22 g were purchased 
from the Laboratory Animal Center of Shanghai 
University of Traditional Chinese Medicine, and 
they were raised under the following conditions: a 
standard cycle of 12-h light/12-h dark, with the room 
temperature at 24 ± 2 ℃ and the relative humidity 
at 50% to 60%. Forty mice were randomly divided 
into four groups after 1 wk of acclimation, which 
were control group, DSS group, JPQCD group and 
5-aminosalicylic acid (5-ASA) group, with 10 mice in 
each group.  

DSS-induced colitis
After acclimation, mice were fed with 5% (w/v) DSS 
(MW 36000-50000; MP Biomedicals, Santa Ana, CA, 
United States)[8] dissolved in sterile distilled water ad 
libitum for 7 d to induce acute UC. When DSS-induced 
acute UC models were successfully established 7 d 
later, the DSS drinking water was replaced by normal 
water but the DSS group continued to be fed with DSS 
drinking water. Control and DSS groups were given 0.3 
mL normal saline by intragastric administration. The 
5-ASA group was offered oral administration of 5-ASA 
at a dose of 100 mg/kg daily. The JPQCD group was 
treated orally with JPQCD at a dose of 17.1 g/kg daily. 
Body weights were monitored daily, and daily weight 
changes were calculated as the percentage of initial 
weights. 

Parameters shown below were adopted to calculate 
the disease activity index (DAI) in combination with a 
scale involving the grading from 0-4: weight loss (0: 
normal; 1: 0%-5%; 2: 5%-10%; 3: 10%-15%; and 
4: > 15%); stool consistency (0: normal; 2: loose 
stools; and 4: watery diarrhea); and fecal occult blood 
(0: negative; 2: positive; and 4: gross bleeding)[9,10]. 
Mice were sacrificed under anesthesia 14 d later. 
Colons were removed, cut open longitudinally along 

the main axis, and washed with phosphate-buffered 
saline (pH 7.4). After gross examination, colons were 
fixed in 10% neutral-buffered formalin for histological 
examination, and the remaining colons were used for 
enzyme-linked immunosorbent assay (ELISA), mRNA 
and western blot analyses.

ELISA
Protein expressions of IL-1β, IL-8 and TNF-α (BioLegend, 
San Diego, CA, United States) in supernatants from the 
colon were measured by commercially available ELISA 
kits.

Histological analysis 
Paraffin-embedded samples were cut into 5-μm 
sections and examined under light microscope after 
being stained with hematoxylin and eosin (HE). 
Samples were analyzed and scored as described 
previously[11,12].

RNA isolation and quantitative PCR
The tissue samples were frozen and dissociated 
mechanically in RNA buffer, and total RNA was 
extracted using RNAprep Pure Tissue Kit (Tiangen, 
Shanghai, China). Real-time (RT)-PCR was carried out 
with the help of an Eppendorf PCR system; meanwhile, 
QuantiFast SYBR Green PCR Master Mix (TOYOBO, 
Osaka, Japan), 1 mmol/L primers (Table 1), and 1 
μL cDNA in 20 μL reaction mixture were also used. 
Activation was performed for 30 s at 95 ℃ to initiate 
the thermal cycling, followed by 40 cycles of 10 min at 
95 ℃, 15 s at 95 ℃ and 1 min at 60 ℃. Immediately 
after amplification, melt curve protocol was utilized to 
guarantee minimization in primer dimers and other 
non-specific products. Expression of target genes was 
analyzed by the ΔΔCt method. 

Protein extraction and western blot analysis 
Western blot analysis described in previous studies 
was used[13]. Colonic tissue was cut into pieces 
and homogenized in 5-fold volumes of ice-cold 
homogenizing buffer (0.1 mmol/L NaCl, 0.1 mol/L 
Tris-HCl, and 0.001 mol/L EDTA) containing 1 mmol/L 
phenylmethylsulfonyl fluoride, 1 mg/mL aprotinin, 
and 0.1 mmol/L leupeptin at 3000 g and 4 ℃ for 1 
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Table 1  List of primers used in this study

Gene Primer sequence Primer length (bp)

IL-1β Forward 5’-TAGACAACTGCACTACAGGCTCCGA-3’ 25
Reverse 5’-GGGTCCGACAGCACGAGGCT-3’ 20

IL-8 Forward 5’-ATGCTGGTGACAACCACGGCC-3’ 21
Reverse 5’-CCTCTGTGAAGTCTCCTCTCCGGAC-3’ 25

TNF-α Forward 5’-TGGTGACCAGGCTGTCGCTACA-3’ 22
Reverse 5’-TACAGTCACGGCTCCCGTGGG-3’ 21

NF-κB Forward 5’-GTGGAGGCATGTTCGGTAGTG-3’ 21
Reverse 5’-TCTTGGCACAATCTTTAGGGC-3’ 21

Actin Forward 5’-GTGCCGCCTGGAGAAACC-3’ 18
Reverse 5’-GGTGGAAGAGTGGGAGTTGC-3’ 20

Zheng L et al . Jianpi Qingchang decoction alleviates UC
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RESULTS
General observations 
Compared with the control group, the characteristic 
weight loss in mice with DSS-induced acute colitis 
developed on day 3 (Figure 1A), and significant dif-
ferences (P < 0.05) could be seen from day 4. However, 
administration of JPQCD and 5-ASA resulted in increased 
body weights, with significant difference (P < 0.05) 
being seen on day 9. Results in previous studies had 
indicated that length of colon was negatively correlated 
with severity of experimental colitis[14,15]. Observation 
results in the DSS-treated mice showed that colon was 
significantly shortened, and the suppressed results 
derived from treatment with JPQCD and 5-ASA (Figure 
1B-D). 

JPQCD inhibits DSS-induced inflammatory response in 
acute colitis mice
Secretion of IL-1β, IL-8 and TNF-α was measured 
to evaluate effects of JPQCD on DSS-induced 
experimental mice with acute colitis. Cytokines were 
released, which was regarded as an indicator of 
inflammatory response. JPQCD and 5-ASA groups 
were administered gavage once daily for 1 wk, and 
levels of IL-1β, IL-8 and TNF-α in supernatants from 

h. Bovine serum albumin was used to estimate the 
protein content in supernatants. The protein samples 
(40 µg in each sample) were subjected to SDS-PAGE 
and transferred to polyvinylidene fluoride membranes 
using a transfer apparatus (Bio-Rad, Hercules, CA, 
United States). The membranes were blocked for 1 
h before NF-κB and inhibitor of kappa B (IκB) (Cell 
Signaling Technology, Danvers, MA, United States) 
were adopted as the primary antibodies to incubate 
under the proper dilution at 4 ℃ overnight, and the 
corresponding horseradish-peroxidase-conjugated 
secondary antibody (Cell Signaling Technology) was 
used to incubate for another 1 h. Protein–antibody 
complexes were detected by Clarity Western ECL 
Substrate (Bio-Rad), and results were qualified with 
the ImageJ software (Gene Company Limited, China). 

Statistical analysis
Research results were analyzed by SPSS 21.0 (SPSS, 
Chicago, IL, United States); analyses were performed 
by adopting statistical methods, such as student’s 
t-test and one-way analysis of variance (ANOVA), 
and histograms were generated by GraphPad Prism 
5.0 (GraphPad Software Inc., San Diego, CA, United 
States). Difference with the P value < 0.05 was 
deemed as statistically significant. 

Figure 1  Jianpi Qingchang decoction alleviated dextran sodium sulfate-induced experimental colitis. A: Body weight changes after induction of colitis by 
dextran sodium sulfate (DSS); B: Disease activity index; C: Macroscopic appearance; and D: Length of colon. Data are presented as mean ± SEM of 10 mice in each 
group. aP < 0.01 vs control group; cP < 0.05 vs DSS group; eP > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.
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colonic tissue were assessed by ELISA, the results of 
which indicated that JPQCD and 5-ASA significantly 
decreased the release of IL-1β, IL-8 and TNF-α in mice 
with experimental colitis (Figure 2). 

JPQCD decreases microscopic colon damage in 
experimental colitis 
Histological and morphological characteristics of colon 
were assessed after HE staining, and representative 
results as well as the microscopic scores are shown in 
Figure 3A and B. Colons in the control group presented 
with normal crypt morphology, abundant goblet cells, 
no signs of mucosal thickening, and complete absence 
of ulceration. However, severe epithelial damage 
occurred in mice with induced colitis, giving rise to 
a higher score for microscopic damage (Figure 2A). 
On the contrary, scores for microscopic damage were 
lower in mice treated with JPQCD and 5-ASA than 
those in mice treated with DSS. 

JPQCD reduces mRNA levels of IL-1β , IL-8, TNF-α  and 
NF-κB 
Expression levels of IL-1β, IL-8, TNF-α and NF-κB in 
control and experimental mice were measured by RT-
PCR (Figure 4). Expression of IL-1β, IL-8, TNF-α and 
NF-κB was elevated during UC[16], as had been shown 
in numerous studies. Compared with control mice, 
increased expression of IL-1β, IL-8, TNF-α and NF-κB 
could be detected in experimental mice in this study, 
which was consistent with previous findings. However, 
oral administration of JPQCD and 5-ASA contributed 
to reducing expression levels of IL-1β, IL-8, TNF-α and 
NF-κB (P < 0.05). 

JPQCD suppresses NF-κB activation in experimental 
colitis 
As one of the core transcription factors in inflammation, 
activation of the NF-κB pathway involved several key 
processes, such as phosphorylation, IκB depredating 
and nuclear translocation of NF-κB. Effects of JPQCD 

on DSS-induced activation of NF-κB pathway in mice 
with experimental colitis were studied, with an aim to 
examine the mechanism of anti-inflammatory activity. 
Mice in the JPQCD group were pretreated with JPQCD 
once daily for 1 wk, and IκB was detected by western 
blot. Expression of IκB was significantly increased 
after treatment with JPQCD, and such increase was 
markedly alleviated by JPQCD (Figure 5). 

DISCUSSION
UC, a major form of inflammatory bowel disease 
(IBD), results from chronic intestinal inflammatory 
response[17,18], the exact cause of which remains 
undiscovered, thus giving rise to ineffective treatment 
results. Additionally, a majority of treatments applied 
at present are associated with occurrence of systemic 
immunosuppression. As a consequence, there is in an 
urgent need to develop new medicines targeting UC. 
Natural products with few side effects[19], such as in 
TCM, have been studied and applied in treating various 
diseases and for replacing some remedies. It has been 
revealed in previous studies that the NF-κB pathway 
regulates UC in a close way, so it may be an efficient 
strategy for treating UC. JPQCD, a TCM prescription, 
has been applied in treating UC in clinic for many 
years; nevertheless, its anti-inflammatory properties 
remain unknown. In the current study, effects of 
JPQCD and its molecular mechanism were evaluated in 
C57BL mice with DSS-induced UC, which were treated 
as experimental models of colitis[20-22]. 

It was successfully demonstrated in this study 
that clinical features of UC reoccur in models of acute 
colitis. Typical features of UC, such as diarrhea, bloody 
feces, and weight loss occur on d 3 and are markedly 
expressed by day 7. Results in mice could also be 
seen in human, suggesting that weight loss and colon 
shortening, the stable markers of colitis, are correlated 
with histopathological changes. 

It is noted in our research that body weight and 

Figure 2  Jianpi Qingchang decoction reduced proinflammatory mediator production in mice with dextran sodium sulfate-induced colitis. IL-1β (A), IL-8 (B) 
and TNF-α (C) in colon were determined by ELISA. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs dextran sodium sulfate (DSS) group; 
eP > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.
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colon length are outstandingly increased, while DAI is 
reduced after treating with JPQCD and 5-ASA for 7 d. 
Day 9 (2 d after completing the treatment) witnesses 
the beginning of inflammation reduction, which is 
consistent with results of research indicating that it 
takes a long time for the human body to respond 
to treatment. As an important nuclear transcription 
factor, NF-κB controls several important physiological 
processes, as well as immune and inflammatory 
responses. IκB kinase will phosphorylate IκB protein 
in the presence of pathologically stimulated cells. 
IκB proteins promote ubiquitination and degradation 
as a result of its phosphorylation, which leads to 
subsequent release of sequestered NF-κB, and further 
renders nuclear translocation, thus inducing expression 
of a variety of proinflammatory cytokines[23-25]. 

In the intestine, proinflammatory cytokines are 
produced, which play vital roles in pathogenesis of IBD. 
Hence, it is considered that release of proinflammatory 
cytokines is an indicator of inflammatory response[26]. 
TNF-α is crucial in recruiting immune cells at the sites 
of damaged tissues and in the pathogenesis of IBD. As 
a result, anti-TNF-α antibodies, including infliximab, are 
applied in treating UC and skin rash, extra-intestinal 
manifestations. However, it is indicated in the current 
study that anti-TNF antibodies, effective medicine in 
treating psoriasis, can result in psoriasiform skin lesion 
in IBD patients[27,28]. Furthermore, elevated levels of 
cytokines in UC, such as IL-8, IL-17 and IL-21 are 
reported[29,30]. 

It is observed that JPQCD has a remarkable effect 
on reducing DSS-induced secretion of proinflammatory 

Figure 3  Jianpi Qingchang decoction treatment protected mice against dextran sodium sulfate-induced colon damage. A: Colon tissues were stained with 
HE; B: Histopathological scores were analyzed from slides. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs dextran sodium sulfate (DSS) 
group; eP > 0.05 vs 5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.
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cytokines in mice with colitis, so as to inhibit inflam-
matory responses in intestinal epithelial cells. It can 
be seen from our findings that mRNA levels of IL-
1β, IL-8, TNF-α and NF-κB in mice with DSS-induced 
colitis are increased, while those are decreased in the 
presence of oral administration of JPQCD and 5-ASA, 
suggesting that JPQCD and 5-ASA have similar effects, 
but there is no significant difference between them. 
Consequently, JPQCD contributes to decreasing levels 

of proinflammatory cytokines.
Furthermore, NF-κB is considered to be an impor-

tant factor to activate IBD in human and colitis in 
animals[31-33]. Actually, antisense oligonucleotides can 
inhibit disease activity in mice with colitis, indicating 
that NF-κB plays a key role in mediating inflammatory 
response[34]. Results in our current study reveal that 
compared with mice in the control group, expression 
of NF-κB is increased, while that of IκB is decreased. 

Figure 4  Jianpi Qingchang decoction reduced mRNA levels in mice with dextran sodium sulfate-induced colitis. IL-1β (A), IL-8 (B), TNF-α (C) and NF-κB (D) 
in colon were determined by RT-PCR. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs dextran sodium sulfate (DSS)-group; eP > 0.05 vs 
5-aminosalicylic acid (5-ASA) group. JPQCD: Jianpi Qingchang decoction.

Figure 5  Effects of Jianpi Qingchang decoction on dextran sodium sulfate-induced NF-κB nuclear translocation in mice with experimental colitis. Jianpi 
Qingchang decoction (JPQCD) and 5-aminosalicylic acid (5-ASA) suppressed expression of NF-κB while increased that of IκB, as was indicated in western blot. β-actin 
was used as the internal control. Images are representative of three independent experiments. The dextran sodium sulfate (DSS) group had increased expression of 
NF-κB, which was reduced by subsequent administration of JPQCD and 5-ASA. Data are presented as mean ± SEM. aP < 0.01 vs control group; cP < 0.05 vs DSS 
group; eP > 0.05 vs 5-ASA group.
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In the acute colitis model[35], mucosal inflammation 
can be controlled by using an agent to block the NF-
κB pathway, which marks a successful attempt. Similar 
experimental results can also be obtained, which are 
that JPQCD treatment can inhibit phosphorylation of 
IκB and nuclear translocation of NF-κB, demonstrating 
that JPQCD inhibits the NF-κB signal pathway. In 
summary, results in our study show that JPQCD is 
promising in treating UC.  
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COMMENTS
Background
Multiple cellular signal transduction pathways, including the nuclear factor-
kappa B (NF-κB) pathway, regulate the inflammatory response. A variety of 
pathogens can activate the NF-κB pathway, while the treatment is not effective 
in the long term. Currently, disease severity is an important factor when 
considering treatment strategies, and the attenuation of illness symptoms, 
rather than the treatment of illness is the focus in most of the strategies. As a 
result, development of a new treatment agent is urgently needed. Now, many 
researchers are interested in traditional Chinese medicine (TCM), such as 
herbal therapy, because these complementary and alternative agents have few 
side effects in treating various illnesses, including ulcerative colitis (UC).

Research frontiers
The NF-κB signaling pathway plays a pivotal role in experimental UC in mice. 
This pathway is currently a hot topic in UC studies.

Innovations and breakthroughs
NF-κB is thought to be vital in the activation and progression of inflammatory 
bowel disease in humans and colitis in animals. Abnormal expression of NF-
κB leads to release of proinflammatory cytokines, adhesion molecules and 
growth factors, and overexpression of cell proliferation-related genes and 
survival-related genes. The present study demonstrated that Jianpi Qingchang 
decoction (JPQCD) can decrease the levels of proinflammatory cytokines, and 
inhibit phosphorylation of inhibitor of kappa B and nuclear translocation of NF-
κB in experimental colitis, which indicates that JPQCD suppresses activation of 
the NF-κB signaling pathway.

Applications
The present study provides evidence that JPQCD, a TCM decoction, inhibits 
activation of the NF-κB signaling pathway, suggesting that the potential 
mechanism by which JPQCD ameliorates dextran sulfate sodium (DSS)-induced 
UC is associated with this pathway. Thus, the findings of this study indicate a 
new potential mechanism by which JPQCD treats UC.

Terminology
NF-κB is a transcription factor that can induce the expression of a large array of 
inflammatory mediators and plays a role as a core transcription factor in diverse 
immune responses.

Peer-review
The authors demonstrated that JPQCD has potential therapeutic effect on the 
treatment of UC through the inhibition of NF-κB activation. This is an important 
mechanistic advancement in our understanding of the herbal product JPQCD 
and its role in preventing UC. The anti-inflammatory effects of JPQCD and its 
underlying molecular mechanisms have been correlated with the reduction in 

the level of pro-inflammatory cytokines (IL-1β, IL-8 and TNF-α). Using real-time 
PCR, ELISA and H&E staining of the colon tissue clearly shows that JPQCD 
has protective effects against DSS-induced colon damage in mice. 
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Abstract 
AIM
To explore novel therapeutic target of cisplatin resistance 
in human gastric cancer.

METHODS
The sensitivity of SGC7901 cells and cisplatin-resistant 
SGC7901 cells (SGC7901/DDP) for cisplatin were 
detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay. High-quality total 
RNA which isolated from SGC7901/DDP cells and 
SGC7901 cells were used for mRNA microarray analysis. 
Results were analyzed bioinformatically to predict their 
roles in the development of cisplatin resistance and 
the expression of 13 dysregulated mRNAs we selected 
were validated by quantitative real-time polymerase 
chain reaction (qRT-PCR). 

RESULTS
SGC7901/DDP cells highly resistant to cisplatin 
demonstrated by MTT assay. A total of 1308 mRNAs 
(578 upregulated and 730 downregulated) were 
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differentially expressed (fold change ≥ 2 and P -value 
< 0.05) in the SGC7901/DDP cells compared with 
SGC7901 cells. The expression of mRNAs detected by 
qRT-PCR were consistent with the microarray results. 
Gene Ontology, Kyoto Encyclopedia of Genes and 
Genomes pathway and protein-protein interaction 
analysis demonstrated that the differentially expressed 
mRNAs were enriched in PI3K-Akt , Notch , MAPK, ErbB , 
Jak-STAT , NF-kappaB  signaling pathways which may 
be involved in cisplatin resistance. Several genes such 
as PDE3B, VEGFC, IGFBP3 , TLR4, HIPK2 and EGF may 
associated with drug resistance of gastric cancer cells 
to cisplatin.

CONCLUSION
Exploration of those altered mRNAs may provide more 
promising strategy in diagnosis and therapy for gastric 
cancer with cisplatin resistance. 

Key words: Gastric cancer; Dysregulate; Cisplatin 
resistance; Microarray; Biology

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We tested the sensitivity of human gastric 
cancer cells SGC7901/DDP and SGC7901 for cisplatin 
and compared their mRNA expression profile using 
a human mRNA microarray, and then performed 
bioinformatics analysis to depict comprehensively 
the properties of the differentially expressed mRNAs. 
Results demonstrated that the dysregulated mRNA 
were enriched in functions and pathways that may 
be involved in cisplatin resistance. Exploration of the 
dysregulated genes could suggest a promising strategy 
in diagnosis and therapy of gastric cancer with cisplatin 
resistance.

Xie XQ, Zhao QH, Wang H, Gu KS. Dysregulation of mRNA 
profile in cisplatin-resistant gastric cancer cell line SGC7901. 
World J Gastroenterol 2017; 23(7): 1189-1202 Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v23/i7/1189.htm 
DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1189

INTRODUCTION
Gastric cancer is the fourth most common cancer 
and the second leading cause of cancer death 
globally[1], and more than two thirds of patients when 
diagnosed with unresectable disease[2]. The 5-year 
overall survival rate of patients with advanced gastric 
cancer approximately 25%[3]. Currently, platinum-
based chemotherapy regimen is the standard first-line 
chemotherapy frequently used for advanced gastric 
cancer[4,5], and median overall survival and progression 
free survival was significantly longer in cisplatin-
containing combination therapy compared to non-

cisplatin containing regimens[6,7]. However, cisplatin-
based chemotherapeutic agents are often limited in 
chemotherapy due to drug resistance[8,9]. 

Cisplatin resistance of gastric cancer is multi-
factorial, accumulating evidence have suggested that 
the aberrant expression of proteins which associated 
with decreased cellular accumulation, increased 
DNA repair capacity, increased drug inactivation[10] 
play important role in the acquisition of cisplatin 
resistance. Previous researches have shown that 
abnormal expression of copper transporter 1 (CTR1) 
and MRP2 lead to cisplatin resistance by reducing the 
concentration of cisplatin in cells[11-13]. Moreover, the 
upregulation of excision repair cross complementing 
1 (ERCC1)[14], X-ray repair cross complementing 1 
(XRCC1)[15] and breast cancer 1 (BRCA1)[16] have 
shown to be involved in cisplatin resistance by removal 
of Pt-DNA adducts[17,18]. Other studies have shown 
that downregulation of the human epidermal growth 
factor receptor II (ErbB2) can significantly enhanced 
the apoptosis-inducing effects of cisplatin in gastric 
cancer[19,20]. 

The mechanisms of cisplatin resistance are quite 
complex and have not been fully revealed till now, 
so investigation of the molecular mechanisms and 
biomarkers is urgently needed. This study aims to 
analyze mRNA expression profiles in SGC7901/DDP 
cells to explore more chemotherapeutic molecular 
targets and to guide appropriate chemotherapy for 
gastric cancer with cisplatin resistance.

MATERIALS AND METHODS
Cell lines and culture
The human cisplatin-resistant gastric cancer cell line 
SGC7901/DDP and its parental cells SGC7901 were 
purchased from KeyGEN Biotechnology Company 
(Nanjing, Jiangsu, China). Cells were cultured in 
RPMI-1640 medium (Gibco, Grand Island, NY, United 
States) containing 10% fetal calf serum (Gibco, NY, 
United States) supplemented with 100 U/mL penicillin 
and 100 μg/mL streptomycin. Cells were cultured in a 
humidified atmosphere with 5% CO2 at 37 ℃. Cisplatin 
(Sigma, CA, United States) with final concentration 
of 800 ng/mL was added to the culture media for 
SGC7901/DDP cells to maintain the cisplatin-resistant 
phenotype. 

MTT method assay for SGC7901/DDP and SGC7901 cells 
viability 
SGC7901/DDP and SGC7901 cells were suspended at 
a density of 1 × 105 cells/mL and planted into 96-well 
culture plate. After 24 hours, the cells were treated 
with freshly prepared DDP. The final concentrations 
were 133.34 μmol /L, 66.67 μmol/L, 6.67 μmol/L, 
0.67 μmol/L and 0.067 μmol/L, because the human 
peak plasma concentration for DDP has been reported 
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as 6.67 μmol/L[21]. Cell viability was examined after 
48 h and was determined by adding 20 μL MTT (5 
mg/mL) to each well and incubated for a further 4 
h. The resulting formazan crystal was dissolved by 
addition of 150 μL dimethyl sulfoxide (DMSO) (sigma, 
Germany) each well, and then plates were shaken for 
10 minutes. The absorbance at 490 nm was measured 
by spectrophotometer (ELx 800; BioTek; Winooski, 
VT, United States). The inhibition of growth (IC50) for 
DDP was calculated by the cells relative viability. Each 
experiment was performed in triplicate.

Total RNA extraction and mRNA microarray
Cells were harvested when they had grown to 
80%-90% confluency and were still in logarithmic 
phase. Total RNA was extracted from the three matched 
pairs of SGC7901/DDP and SGC7901 cells using TRIzol 
reagent (Invitrogen, Carlsbad, CA, United States) 
according to the manufacturer’s instructions. The quality 
of total RNA was measured by NanoDrop ND-2000 
spectrophotometer (Thermo Scientific, Waltham, MA, 
United States). Total RNA from three paired samples 
were amplified and transcribed into fluorescent 
cDNA, and then the fluorescent labeled samples were 
hybridized to the Agilent LncRNA-mRNA Human Gene 
Expression Microarray V4.0 (Capital Bio Corp, Beijing, 
China) which contains 25069 human mRNA according to 
the manufacturer’s recommendations. The microarray 
was scanned by an Agilent Microarray Scanner. Image 
processing was conducted using Agilent Feature 
Extraction software and raw microarray signals 
normalized using Agilent Gene-Spring software. The 
normalized mRNA expression profiles data output 
was received in Excel spreadsheets. The two group 
of samples data were analyzed by t-test to get the 
P-values. FC values representing the differently 
expressed mRNAs between SGC7901/DDP and their 
parental cells. Cluster 3.0 software was performed to 
show differential expression patterns of mRNAs. 

Bioinformatics analysis
Bioinformatics analysis were generated using KOBAS 
software and STRING 9.1 software. KOBAS software 
was used to analyze Ontology, Disease and pathways 
of the dysregulated mRNAs. KOBAS associated with 
1 ontology database (Gene Ontology), 5 disease 
databases (OMIM, KEGG DISEASE, PID Reactome, 
FunDO, GAD, NHGRI) and 7 pathway databases 
(KEGG PATHWAY, PID Curated, PID BioCarta, BioCyc, 
eactome, Panther). The entire analysis process 
includes two steps: first, bring the input gene ID 
map to the gene in the databases, and then annotate 
pathways, disease and function of these genes 
involved in. Second step, compare the first step results 
with background (usually the entire genome of the 
gene, or the entire probe on the chip), and unearth 
statistically significant enrichment pathways, disease 

or function. Fisher’s exact test and χ 2 test were used 
as statistical tests and the FDR was performed to 
correct the P-value[22]. Additionally, we used STRING 
9.1 software to decipher the protein-protein interaction 
(PPI) network of the differentially expressed proteins. 
The PPI network may help in understanding the 
molecular mechanism of cisplatin resistance. All mRNA 
microarray data were given by Capital Bio Corp. 

Quantitative real-time PCR validation of microarray 
results
To validate the reliability of microarray analysis, we 
performed quantitative real-time PCR (qRT-PCR). The 
reverse transcription production cDNA was synthesized 
using oligo-dT primers and Superscript II reverse 
transcriptase. PCR was performed with SYBR® Premix 
Ex TaqTM (TaKaRa Bio; Japan) by a Light Cycler PCR 
system (Agilent Technologies, Palo Alto, CA, United 
States) according to the manufacturer’s instructions. 
After amplification, melting curves were analyzed. Beta-
actin snRNA used as endogenous control, each sample 
was done in triplicate. The relative expression levels of 
target mRNAs were calculated using the 2-∆∆Ct method 
(where ∆∆Ct is the difference in threshold cycles 
for the ∆Ct of SGC7901/DDP sample and SGC7901 
sample, and Ct is the difference between the target 
gene and endogenous control beta-actin). Sequences 
of primers for qRT-PCR are provided in supporting 
Table 1.

Statistical analysis
MTT test and qRT-PCR statistical analysis was 
performed using GraphPad Prism software (v. 5.0a; 
GraphPad Software, La Jolla, CA, United States). We 
used one-way analysis of variance (ANOVA) followed 
by Student’s t-test to assess the statistical significance 
of differences between different cell groups. The 
threshold for statistical significance was P-values < 
0.05. Fold changes of mRNAs validated by qRT-PCR in 
SGC7901/DDP cells compared with SGC7901 cells are 
shown as mean ± SD.

RESULTS
Sensitivity of SGC7901/DDP and SGC7901 cells to DDP
To determine the chemotherapy sensitivity of 
SGC7901/DDP and SGC7901 cell line to cisplatin, 
varying concentrations of cisplatin were added into 
the 96-well plates and incubated for 48 h. From these 
data, half maximal inhibitory concentration (IC50) 
cisplatin dose was calculated. IC50 cisplatin doses 
for SGC7901/DDP and SGC7901 (after 48 h in DDP-
containing media) were 43.47 ± 0.21 μmol/L and 1.24 
± 0.02 μmol/L, respectively, and the resistance index 
for SGC7901/DDP cell lines was 35.12, confirming that 
these cells are refractory to cisplatin. Cell viability was 
checked by MTT assay (Figure 1).
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Table 1  Primer of quantitative real-time polymerase chain reaction
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Validation of microarray results by qRT-PCR of 13 
mRNAs
First, we concentrated on validating the microarray 
results. From the abnormally expressed (P < 0.05) 
mRNAs obtained from the microarray analyses, 
we selected 8 upregulated mRNAs (HIPK2, PDE3B, 
FGF2, TWIST1, ZEB2, VEGFC, SPHK1, BAX) and 5 
downregulated (PTEN, HTRA1, CCL5, TGM2, TLR4) 
mRNAs for qRT-PCR validation. The relative fold-
changes (SGC7901/DDP vs SGC7901) detected 
by qRT-PCR were consistent with the microarray 
results (Figure 3), indicating the dependability of our 
microarray platform. 

Statistical analysis
To depict comprehensively the properties of the 
differentially expressed mRNA in SGC7901/DDP cells, 
GO annotation and enrichment analysis was performed 
to evaluate which cellular components, molecular 
functions and biological processes may be are affected 
by this dysregulation. The GO enrichment analysis 
showed that the differentially expressed genes were 
involved in a variety of functions, including locomotion, 
chemotaxis, cell adhesion, regulation of cell migration, 
extracellular matrix disassembly, response to xeno-
biotic chemotaxis, localization of cell adhesion and 
blood vessel morphogenesis (Figure 4A). 

Additionally, 59 human diseases were significant 
enriched (P < 0.05) in five human disease databases 

Expression profile of mRNAs in SGC7901/DDP cells
To show mRNA expression profile in cisplatin-resistant 
SGC7901/DDP cells, we used a stringency cutoff to 
identify significantly differently mRNAs (P < 0.05, FC 
≥ 2) and two-dimensional hierarchical clustering 3.0 
to represent expression profiles between samples 
(Figure 2). The results indicated that 1308 mRNAs 
were significantly differentially expressed in SGC7901/
DDP cells compared with SGC7901 cells. Among these 
transcripts, 578 mRNAs were upregulated, and 730 
mRNAs were downregulated. 

ID Primer Sequence  (5'to3') Base (bp) Tm (℃) GC

HIPK2 Forward CCCCGTGTACGAAGGTATGG 20 59.90    60%
Reverse GGGATGTTCTTGCTCTGGCT 20 60.03    55%

PDE3B Forward TGAGAGTTATGGCTGCCTGT 20 58.72    50%
Reverse CTGAGGGGCATTTGTAGCCA 20 60.30    55%

FGF2 Forward TCCACCTATAATTGGTCAAAGTGGT 25 59.99    40%
Reverse CATCAGTTACCAGCTCCCCC 20 59.82    60%

TWIST1 Forward ATTCAAAGAAACAGGGCGTGG 21 59.39 47.6%
Reverse CAGAGGTGTGAGGATGGTGC 20 60.39    40%

ZEB2 Forward GCCTCTGTAGATGGTCCAGTGA 22 61.21 54.6%
Reverse ATCGCGTTCCTCCAGTTTTCT 21 60.00 47.6%

VEGFC Forward CCCGCCTCTCCAAAAAGCTA 20 60.04    55%
Reverse CGGGTGTCAGGTAAAAGCCT 20 59.96    55%

SPHK1 Forward GCTGCGAAGTTGAGCGAAAA 20 60.04    50%
Reverse CGTTCCCTACAGTGGCCTG 19 60.08 63.2%

BAX Forward GCCCTTTTGCTTCAGGGTTT 20 59.24    50%
Reverse CATCCTCTGCAGCTCCATGT 20 59.82    55%

PTEN Forward CAGGATACGCGCTCGGC 17 60.73 70.6%
Reverse ACAGCGGCTCAACTCTCAAA 20 57.89    50%

HTRA1 Forward AGCCAAAGAGCTGAAGGACC 20 59.96    55%
Reverse GACATCATTGGCGGAGACCA 20 60.11    55%

CCL5 Forward TGCTGCTTTGCCTACATTGC 20 59.76    50%
Reverse CTTGTTCAGCCGGGAGTCAT 20 60.04    55%

TGM2 Forward CCTCTGTCTCTCCGGGAACC 20 61.32    65%
Reverse TGGCAACCAGGGGTCCTAT 19 60.23 57.9%

TLR4 Forward CTCGGTCAGACGGTGATAGC 20 59.97    60%
Reverse TTTAGGGCCAAGTCTCCACG 20 59.68    55%

ACTB Forward CTCACCATGGATGATGATATCGC 23 59.13 47.8%
Reverse AGGAATCCTTCTGACCCATGC 21 59.79 52.4%

Figure 1  Cell viability treated with different concentrations of cisplatin 
for 48 h. MTT assay for SGC7901 cells and SGC7901/DDP cells treated with 
cisplatin (133.34, 66.67, 6.67, 0.67 and 0.067 μmol/L, respectively).

GC: Gastric cancer.
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(KEGG DISEASE, FunDO, GAD, NHGRI GWAS Catalog 
and OMIM) (Figure 4B, Table 2). Furthermore, it is 
worth noting that in KEGG disease database, gastric 
cancer is the most highly enriched disease, and the 
input genes include DCC, CD44, CDH1, VEGFC, EGF, 
TGFA. 

To determine which pathway might be involved in 
drug resistance formation, KEGG pathway analysis 
was used to authenticate pathways and understand 
biological functions of significantly differentially 
expressed genes. The result indicated that the 
differentially expressed mRNAs were enriched for 233 
pathways, including the Rap1 signaling pathway, PI3K-
Akt signaling pathway, ECM-receptor interaction, TNF 
signaling pathway, and pathways in cancer, among 
others (Figure 5, Table 3). Cluster 3.0 software were 
performed the heat-map.This finding identified many 

candidate pathways and input genes that may play an 
important role in resistance mechanism.

Interaction network analysis
The STRING 9.1 software (Search Tool for the Re-
trieval of Interacting Genes) was used to perceive 
functional relations and generate networks of differential 
expression of proteins (Figure 6). For all of the 1002 
differentially expressed proteins, we extracted a network 
containing 443 upregulated and 559 downregulated 
proteins which functionally associated with each other. 
We found that interacting proteins which participate in 
angiogenesis, toll-like receptor signaling pathway and 
cell adhesion had a high level of co-expression.

DISCUSSION
Cisplatin is widely used against a variety of solid 
neoplasms, including testicular, ovarian, colorectal, 
bladder, head and neck cancers and gastric cancer[23]. 
However, the repeated clinical expose to cisplatin 
often results in the tumor cells evading the apoptosis 
program initiated by cisplatin. Therefore, there is a 
need to explore the molecular mechanisms of cisplatin 
resistance, in order to overcome drug resistance in 
tumor therapy. Recently, several studies have indicated 
that many proteins are involved in the recognition 
of Pt-DNA adducts and cisplatin-induced apoptosis 
program[24,25]. In this study, we used microarray, GO, 
KEGG pathway and protein-protein interaction (PPI) 
analysis to explore the roles of differentially expressed 
mRNAs in cisplatin resistance and to support other 
studies. 

Many genes which shown differentially expression 
in the microarray analysis have been demonstrated to 
be associated with cisplatin resistance in human cancer 

Figure 2  mRNA expression levels from microarray. A: The volcano plot image showed the mRNA expression levels of microarray in SGC7901/DDP cells 
compared with SGC7901 cells. Black dots: equally expressed mRNAs between SGC7901/DDP cells and SGC7901 cells (FC ≤ 2); red dots: mRNAs were over-
expressed in SGC7901/DDP cells compared with SGC7901 cells (FC ≥ 2); green dots: mRNAs in SGC7901/DDP cells were down-expressed compared to SGC7901 
cells (P-values < 0.05, FC ≥ 2). Fold changes of these mRNAs in SGC7901/DDP cells compared with SGC7901 cells are shown as mean ± SD; B: Two-dimensional 
hierarchical clustering image of the 1308 dysregulated mRNAs in the SGC7901/DDP cells compared with the SGC7901 cells, each row represents an mRNA, each 
column represents a sample. 7901-1, 7901-2 and 7901-3 represent the three samples of SGC7901 cells, DDP-1, DDP-2 and DDP-3 represent the three samples of 
SGC7901/DDP cells. Red: Higher expression levels; green: Lower expression levels. 

Figure 3  Quantitative real-time polymerase chain reaction validation of 
the microarray results of the 13 mRNAs. Relative fold changes in expression 
between SGC7901/DDP cells and SGC7901 cells were in agreement with 
microarray. 

Volcano plot

7

6

5

4

3

2

1

0

-lg
 (

co
rr

ec
te

d 
P

 v
al

ue
)

P  = 0.05

-4      -3      -2      -1       0       1        2       3       4
                        log2 (fold change)

mRNA

-2     0  1  2
     Value

79
01

_3

79
01

_2

79
01

_1

D
D

P_
2

D
D

P_
3

D
D

P_
1

A B

20

10

0

-10

TW
IS

T1

VE
G

FC
 

BA
X 

PT
EN

H
TR

A1

PD
E3

B

ZE
B2

FG
F2

TL
R4

SP
H

K

H
IP

K2

TG
M

2

CC
L5

Microarry
qRT-PCR

Fo
ld

 c
ha

ng
e

Xie XQ et al . Dysregulated mRNAs in SGC7901/DDP cells



1194 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

(Table 4), such as PDE3B, which was substantially 
upregulated (P value = 0.00029, Fold Chang (FC) 
= 10.45) in SGC7901/DDP cells. Treatment with 

a combination of a PDE3B inhibitor and DDP can 
significantly increase the number of apoptotic and cell 
growth-suppressive cancer cells in cisplatin resistant 

Figure 4  Bioinformatic analysis of differentially expressed mRNAs. Gene ontology analysis of mRNAs dysregulated in SGC7901/DDP cells compared with 
SGC7901 cells. A: Top 30 molecular functions of the dysregulated mRNAs may associated with. Gene ontology analysis include biological processes, cellular 
components and molecular function; B: Gene ontology enriched diseases. Top 30 diseases annotations of dysregulated mRNAs may involve in. The disease enrich 
system include 5 disease databases: OMIM, KEGG disease, FunDO, GAD and NHGRI GWAS Catalog.
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squamous cell carcinoma (SCC) and Hela cells[26]. 
Research shows that VEGFC, which is upregulated in 
our data (P value = 0.00013 FC = 2.93), enhanced cell 
invasion and cisplatin resistance in gastric cancer[27]. In 
non-small cell lung cancer, loss of IGFBP-3 expression 
may activate the PI3K/AKT pathway and induce 

resistance to cisplatin[28]. In support of this association, 
our results showed that this mRNA is downregulated (P 
= 0.00007, FC = 2.93) in SGC7901/DDP cells. 

GO enrichment analysis exhibits many functions 
which the differently expressed mRNAs are involved 
in, including locomotion, chemotaxis, cell adhesion, 

Figure 5  Heat-map of gene ontology enriched cisplatin resistance pathways and input mRNAs which significantly altered in SGC7901/DDP cells compared 
with SGC7901 cells. A: PI3K-Akt signaling pathway and input genes; B: MAPK signaling pathway and input genes; C: Notch signaling pathway and input genes; 
D: ErbB signaling pathway and input genes; E: Jak-STAT signaling pathway and input genes; F: NF-kappa B signaling pathway and input genes; G: HIF-1 signaling 
pathway and input genes; H: MicroRNAs in cancer and input genes. Each row represents an mRNA, and each column represents a sample. The intensity of the color 
indicates the relative levels of mRNAs. Red: Higher expression levels; green: Lower expression levels. The name of the input mRNAs which significantly altered (P < 
0.05, FC ≥ 2) is present at the right of the figure.
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regulation of cell migration, extracellular matrix 
disassembly, response to xenobiotic chemotaxis, 
localization of cell adhesion and blood vessel 
morphogenesis. Functional annotation showed that the 
differently expressed mRNAs mainly regulate cellular 
biological behaviors in the progress of regulation of 
transcription. How the underlying targets of each GO 
term are implicated in the cisplatin resistance needs 
further investigation in the future.

Our KEGG pathway analysis showed that the 
differently expressed mRNAs are enriched in pathways 
of ECM-receptor interaction, PI3K-Akt, Rap1, MAPK, 
Notch1, ErbB, ABC transporters, Jak-STAT, NF-

κB, HIF-1 and TGF-β . All of those pathways have 
been confirmed to be involved in cisplatin resistance 
in different experiments described previously. For 
example, the inhibition of PI3K-Akt signaling pathway 
may increase the sensitivity of gastric cancer cells to 
cisplatin chemotherapy[29]. Another study found that 
Janus kinase 2 (JAK2) signal transducer and activator 
of transcription 3 (STAT3) signaling pathways were 
activated by overexpressed AKT in cisplatin resistant 
human gastric cancer cells[30]. A study revealed that 
the canonical NF-κB signaling pathway was involved 
in APRIL-mediated cisplatin resistance in gastric 
cancer[31]. Our data are consistent with these previous 

Figure 6  Interaction network analyses of differentially express proteins. In the network, nodes represents proteins, lines as functional associations between the 
abnormal expressed proteins and the thickness of the lines indicates the level of confidence in association reported.
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Table 2  Different expressed mRNAs enriched by KOBAS

Term Database P  value Input gene symbols

Gastric cancer KEGG DISEASE 0.0016 DCC, CD44, CDH1, VEGFC, EGF, TGFA
Skin diseases KEGG DISEASE 0.0078 DSP, TGM1, CCL5, IL31RA, SPINK5, HLA, FERMT1, KRT14, CTSC, 

COL17A1, LAMA3, REEP1, RIN2, ALOXE3, ABCC6, WNT10A, FBLN5
Skin and soft tissue diseases KEGG DISEASE 0.0078 DSP, TGM1, CCL5, IL31RA, SPINK5, HLA, FERMT1, KRT14, CTSC, 

COL17A1, LAMA3, REEP1, RIN2, ALOXE3, ABCC6, WNT10A, FBLN5
Macular degeneration KEGG DISEASE 0.0140 C3, FBLN5, CFH, TLR4
Cancers of the digestive system KEGG DISEASE 0.0439 DCC, CD44, CDH1, VEGFC, EGF, TGFA
Familial thoracic aortic aneurysm and 
dissection (TAAD)

KEGG DISEASE 0.0459 MYLK, TGFBR1

Hypomagnesemia KEGG DISEASE 0.0459 TRPM6, EGF
Multiple epiphyseal dysplasia (MED) KEGG DISEASE 0.0459 COL9A3, MATN3
Transient neonatal diabetes mellitus 
(TNDM)

KEGG DISEASE 0.0459 PLAGL1, ZFP57

Non-syndromic autosomal dominant 
mental retardation

KEGG DISEASE 0.0461 EPB41L1, DOCK8, PACS1, SMARCA4

Cardiac hypertrophy NHGRI GWAS Catalog 0.0028 PLXNA2, GRIK2, COL17A1, JAG1, SNAP25, BTBD3,  SLX4IP
Response to fenofibrate (adiponectin 
levels)

NHGRI GWAS Catalog 0.0046 OAS2, PMEPA1, SHANK2, SCUBE1, SLC30A4, PCK1

Complement C3 and C4 levels NHGRI GWAS Catalog 0.0094 HLA, CFHR3, CFH, C3
Neutrophil count NHGRI GWAS Catalog 0.0119 PLCB4, TGFA, FGGY, PDGFD, PSD3
Nephropathy(idiopathic membranous) NHGRI GWAS Catalog 0.0137 HLA, ITGB6, PLA2R1
Sleep duration NHGRI GWAS Catalog 0.0195 PLLP, TMC5, ADAMTS14
Airflow obstruction NHGRI GWAS Catalog 0.0259 HYKK, LEF1, SERPINB8, GPR126, MAP3K13, PTPRD
Cystic fibrosis severity NHGRI GWAS Catalog 0.0265 HLA, EHF, AHRR
Metabolite levels (5-HIAA/ MHPG Ratio) NHGRI GWAS Catalog 0.0265 PIEZO2, ROBO2, ADAM12
Bronchopulmonary dysplasia NHGRI GWAS Catalog 0.0296 PLXDC2, ZNF770, SPOCK1, TRPS1, RASGRF1, HIVEP3
Major depressive disorder NHGRI GWAS Catalog 0.0346 PCLO, SLC6A15, ENOX1, SYPL2, IGFBP1, IGFBP3,  C12orf5, ATXN1, 

PIEZO2, TRPS1, RASGEF1B, FGF12, KCNH5
IgA nephropathy NHGRI GWAS Catalog 0.0346 HLA, ACOXL, TNFSF13
Pulmonary function decline NHGRI GWAS Catalog 0.0368 MUSK, CSMD1, RORA, FLRT2
Palmitic acid (16:0) plasma levels NHGRI GWAS Catalog 0.0368 SCD, CNN3, GRIK2, PTPRD
Male-pattern baldness NHGRI GWAS Catalog 0.0439 AUTS2, EDA2R, AR
Response to citalopram treatment NHGRI GWAS Catalog 0.0439 LAMA1, RORA, EGFLAM
Hyperlipidemia FunDO 0.0050 IRS1, CCL5, C3, PAPPA, TXNIP, APOC1, F3, SCD
Thrombocytopenia FunDO 0.0068 GATA1, CCL5, ITGB3, IL11, CXCL8, MPL
Fibromyalgia FunDO 0.0126 MAOB, CXCL8, BDNF, IGFBP3
Cirrhosis FunDO 0.0209 RBP4, KRT18, IGFBP3, KRT8, EGF, F3, FGF2IGFBP1
Hepatitis C FunDO 0.0321 CD274, CCL5, RBP4, MKI67, CXCL8, KRT18, TLR4, KRT8, FGF2
Thalassemia FunDO 0.0345 LCN2, CXCL8, ANK2, KIR3DL1, MUC1
Gingival overgrowth FunDO 0.0417 EDN1, IL15, FGF7
Pulmonary fibrosis FunDO 0.0474 CSF1, BDNF, MMP7, EDN1, CCL5, ERBB3
Ovary cancer FunDO 0.0477 LCN2, IL15, CXCL8, FGF7, CASP1
Esophageal tumor FunDO 0.0477 CD274, TSPAN8, FRAT1, PDCD1LG2, FGF7
Hyperlipidemia GAD 0.0093 CCL5, HLA, CXCL8, CD22, TNFRSF1B, CD19
Thrombocytopenia GAD 0.0114 CSMD1, DOCK4, GALNTL6, SOBP, PLXDC2, SESN3, ADAMTS5, EHF, 

TMC5, LPL, CD109, FAM117B, PDE1C, TAGLN, PTN, FGD4, DYNC2H1, 
GNG4, MUSK, FBLN5, CCDC54, TTC9, PMEPA1, TLR4, ANK3, EDA2R, 

APOC1, BMP2, TOX3, NRG1, ITPK1, PTPRD, KLF6, PAM, PTPRU, 
LEPR, IKZF2, LHX5, MCTP2, ANKRD50, SEMA6D, PLXNA2, DPYD, 

GRIK2, SRGAP3, ACOXL, TDRKH, FAM135B, VEGFC, CHST2
Fibromyalgia GAD 0.0136 GLI3, CELF2, VWA3B, PLXDC2, EDNRA, EDN1, JUN, DOCK8, 

DCLK2, BTBD3, DCN, CD74, EGFLAM, TLL1, TLR4, BMP2, PTPRD, 
ANK2, PTPRU, JADE2, IGF2BP2, PAPPA, DOCK2, KLK4, FAM49A, 

RGS3, AATK, FN1, IGSF10, NCOA7, SCIN, TNS1, FAM135B, MUC16, 
ADAM19, ATXN1, MTUS2, NXNL2, KCNQ3, ANPEP, CDH2

Cirrhosis GAD 0.0204 IRS1, CCL5, ITGB3, NPR1, NPR3, APOC1, LPL
Hepatitis C GAD 0.0258 DPYD, CELF4, CELF2, FAM117B, TDRKH, LPCAT4, FBLN5, SOBP, 

PMEPA1, CSMD1, STOX1, CACNB2, CADM1, VEGFC, SLC7A11, LPL, 
CD109, MCTP2, SLC24A2, PTPRD, ITPK1

Thalassemia GAD 0.0362 MCTP2, PSD3, CCDC54, ROBO2, ELOVL6
Gingival overgrowth GAD 0.0419 PLXNA2, ATXN1, IGF2BP2, ABCA13, FN1
Pulmonary fibrosis GAD 0.0420 CREG2, GALNTL6, LINC01550, KIF16B, SH3BGR, TRPS1, PDE1C, 

NCKAP5, TNFRSF21, RYR3, MAGEC2, EDIL3, CXCL16, MCF2, DTD1, 
GPC5, KLF6, IKZF2, KCNH5, AJAP1, BTBD3, PHACTR2, ITPK1, IGSF10, 

SRGAP3, C12orf75, ABI3BP, FOS, SCUBE1
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Table 3  Cisplatin resistance pathway and input gene (P  < 0.05, FC ≥ 2.0)

Ovary cancer GAD 0.0426 CELF4, TRPS1, TWIST1, PQLC2L, MAL2, PSD3, RCAN2, SUPT3H, 
TGFA, TMEM131L, HIVEP3, CSMD1, ROBO2, CCDC54, PRNP, APOC1, 
HRK, GPC5, AR, FN1, ABCA13, F2RL2, KLF6, IGF2BP2, LEPREL1, GNG4, 
SNAP25, MCTP2, FAM49A, ANKRD50, CACNA2D1, PLXNA2, ELOVL6, 

RUNX2, SCN8A, ATXN1, ID2, SLC24A2, CMTM7, LINGO2
Esophageal tumor GAD 0.048 CACNA2D1, SLC46A3, CHST2, PKDCC, PPID, CDH2

Pathway Input gene Fold change   Regulation Genomic coordinates Cyto band

PI3K-Akt signaling pathway LAMA1 2.60826 Up Chr18:6958512-6956742 hs|18p11.31
LAMA1 2.75269 Up Chr18:6942035-6941976 hs|18p11.31
GNG4 2.09356 Up Chr1:235714443-235714384 hs|1q42.3
ITGB3 2.96629 Up Chr17:45389027-45389086 hs|17q21.32
ITGB6 7.72783 Up Chr2:160964233-160958330 hs|2q24.2

VEGFC 2.92538 Up Chr4:177604882-177604823 hs|4q34.3
PDGFD 2.42861 Up Chr11:103778445-103778386 hs|11q22.3

IRS1 2.00967 Up Chr2:227596677-227596618 hs|2q36.3
GNGT1 2.04779 Up Chr7:93536149-93540155 hs|7q21.3

CSF1 2.25620 Up Chr1:110466137-110466196 hs|1p13.3
EGF 4.76437 Up Chr4:110932689-110932748 hs|4q25
FGF2 3.02437 Up Chr4:123819331-123819390 hs|4q28.1
FGF2 2.99240 Up Chr4:123819317-123819376 hs|4q28.1
FN1 2.31254 Up Chr2:216288895-216288217 hs|2q35

COL4A6 2.08497 Up Chrx:107399109-107399050 hs|Xq22.3
FGF12 10.99211 Up Chr3:191860574-191860515 hs|3q28
GNG11 2.01984 Up Chr7:93555764-93555823 hs|7q21.3
FGF7 2.19252 Up Chr15:49776810-49776869 hs|15q21.2

LAMA3 2.56116 Down Chr18:21534735-21534794 hs|18q11.2
IFNA21 2.30808 Down Chr9:21166331-21166272 hs|9p21.3

CREB3L3 2.40183 Down Chr19:4172219-4172278 hs|19p13.3
TLR4 2.13271 Down Chr9:120476856-120476915 hs|9q33.1

COL6A2 2.89458 Down Chr21:47546086-47546145 hs|21q22.3
CD19 2.09302 Down Chr16:28950600-28950659 hs|16p11.2

LPAR5 3.83177 Down Chr12:6728794-6728735 hs|12p13.31
COL4A4 2.11177 Down Chr2:227867523-227867464 hs|2q36.3

PCK1 4.49558 Down Chr20:56141030-56141089 hs|20q13.31
VTN 3.82587 Down Chr17:26694806-26694747 hs|17q11.2

GNGT2 16.48365 Down Chr17:47284034-47283975 hs|17q21.32
IL2RG 2.87954 Down Chrx:70328539-70328480 hs|Xq13.1

COL5A3 7.53410 Down Chr19:10070602-10070543 hs|19p13.2
FGF13 17.08866 Down Chrx:137713947-137713888 hs|Xq26.3

MAPK signaling pathway FLNC 4.57879 Down Chr7:128498538-128498597 hs|7q32.1
FLNC 4.81302 Down Chr7:128498476-128498535 hs|7q32.1

CACNB2 7.83293 Down Chr10:18787305-18787364 hs|10p12.31
RASGRF1 4.87152 Down Chr15:79254554-79254495 hs|15q25.1

FOS 2.17501 Down Chr14:75748214-75748273 hs|14q24.3
JUN 2.04000 Down Chr1:59246570-59246511 hs|1p32.1

RASGRP2 3.10358 Down Chr11:64508971-64508912 hs|11q13.1
FGF13 17.08866 Down Chrx:137713947-137713888 hs|Xq26.3

TGFBR1 2.93035 Up Chr9:101916322-101916381 hs|9q22.33
TGFBR1 4.76437 Up Chr4:110932689-110932748 hs|4q25

EGF 4.76437 Up Chr4:110932689-110932748 hs|4q25
FGF12 10.99211 Up Chr3:191860574-191860515 hs|3q28

MAP3K13 2.25019 Up Chr3:185161379-185165590 hs|3q27.2
FGF2 3.02437 Up Chr4:123819331-123819390 hs|4q28.1
FGF2 2.99240 Up Chr4:123819317-123819376 hs|4q28.1

MAP2K7 2.08267 Up Chr19:7979302-7979361 hs|19p13.2
FGF7 2.19252 Up Chr15:49776810-49776869 hs|15q21.2

CACNG4 8.83585 Up Chr17:65028139-65028198 hs|17q24.2
CACNG4 2.94145 Up Chr17:65029115-65029174 hs|17q24.2
CACNB4 2.14311 Up Chr2:152694239-152694180 hs|2q23.3

GADD45A 2.56659 Up Chr1:68153371-68153430 hs|1p31.3
BDNF 2.32411 Up Chr11:27679959-27679900 hs|11p14.1
BDNF 2.30323 Up Chr11:27677072-27677013 hs|11p14.1

CACNA2D1 2.09452 Up Chr7:81579504-81579445 hs|7q21.11
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Table 4  Dysregulated mRNAs (P  < 0.05, FC ≥ 2.0) associated with cisplatin resistance 

Gene symbol P  value FC (abs) Regulation Genename Ref.

FGF7 0.00035   2.19252 Up Fibroblast growth factor 7 PMID: 22990650
HIPK2 2.63E-06   4.06213 Up Homeodomain interacting protein kinase 2 PMID: 24846322
EDN1 9.94E-05   2.46437 Up Endothelin 1 PMID: 21220476
CBS 0.00108   2.29340 Up Cystathionine-beta-synthase PMID: 24236104
PDE3B 0.00029 10.44998 Up Phosphodiesterase 3B, cgmp-inhibited PMID: 24133626
E2F5 0.00041   2.42888 Up E2F transcription factor 5, p130-binding PMID: 22193543
PIN1 0.00104   2.13293 Up Peptidylprolyl cis/trans isomerase, NIMA-interacting 1 PMID: 26820938
EGF 0.00346   4.76437 Up Epidermal growth factor PMID: 27086487
CSF1 0.00025   2.25620 Up Colony stimulating factor 1 (macrophage) PMID: 22005523
PCNA 0.00103   2.17028 Up Proliferating cell nuclear antigen PMID: 24474685
HIPK2 2.63E-06   4.06213 Up Homeodomain interacting protein kinase 2 PMID: 24846322
ENTPD6 0.00011   2.43726 Up Ectonucleoside triphosphate diphosphohydrolase 6 

(putative)
PMID: 21519793

AKR1C1 0.00097   2.29646 Up Aldo-keto reductase family 1, member C1 PMID: 23165153, 
PMID: 17266043

ASNS 0.00172   2.19491 Up Asparagine synthetase (glutamine-hydrolyzing) PMID: 23956056, 
PMID: 17409444

BDNF 0.00062   2.32411 Up Brain-derived neurotrophic factor PMID: 22276165, 
PMID: 17044982

CABYR 0.01089   2.55664 Up Calcium binding tyrosine-(Y)-phosphorylation regulated PMID: 24362251
FGF2 2.15E-06   2.99240 Up Fibroblast growth factor 2 (basic) PMID: 12894531
SLC7A11 1.95E-05   2.93256 Up Solute carrier family 7 member 11 PMID: 24516043
TUBB3 0.00046   2.00213 Up Tubulin, beta 3 class III PMID: 25107571
TWIST1 0.00180   2.96340 Up Twist family bhlh transcription factor 1 PMID: 22673193, 

PMID: 22245869
JAG1 9.41E-05   3.20086 Up Jagged 1 PMID: 24659709
ANXA11 0.00031   2.36619 Down Annexin A11  PMID: 19484149, 

PMID: 17982121

Notch signaling pathway MAML2 2.03379 Up Chr11:95712434-95712375 hs|11q21
JAG1 3.20086 Up Chr20:10619120-10619061 hs|20p12.2

MAML3 2.57919 Up Chr4:140810806-140810747 hs|4q31.1
DTX4 9.99859 Down Chr11:58975615-58975674 hs|11q12.1

ErbB signaling pathway EGF 4.76437 Up Chr4:110932689-110932748 hs|4q25
NRG1 2.77996 Up Chr8:32474390-32585512 hs|8p12

MAP2K7 2.08267 Up Chr19:7979302-7979361 hs|19p13.2
JUN 2.04000 Down Chr1:59246570-59246511 hs|1p32.1

ERBB3 5.29571 Down Chr12:56482380-56482439 hs|12q13.2
ERBB3 8.12050 Down Chr12:56496160-56496219 hs|12q13.2
TGFA 2.37427 Down Chr2:70675378-70675319 hs|2p13.3

Jak-STAT signaling pathway IL11 4.21849 Up Chr19:55875847-55875788 hs|19q13.42
IL15 2.92970 Up Chr4:142654431-142654490 hs|4q31.21

SOCS2 2.00180 Up Chr12:93969799-93969858 hs|12q22
SPRY1 5.95682 Up Chr4:124324494-124324553 hs|4q28.1
LEPR 2.90187 Up Chr1:66102129-66102188 hs|1p31.3
IL2RG 2.87954 Down Chrx:70328539-70328480 hs|Xq13.1
MPL 3.41581 Down Chr1:43819826-43819885 hs|1p34.2

NF-kappaB signaling pathway CXCL2 2.03846 Up Chr4:74963044-74962985 hs|4q13.3
CXCL8 9.97781 Up Chr4:74609265-74609324 hs|4q13.3
TLR4 2.13271 Down Chr9:120476856-120476915 hs|9q33.1

HIF-1 signaling pathway EDN1 2.39081 Up Chr6:12296672-12296731 hs|6p24.1
EDN1 2.46437 Up Chr6:12296218-12296277 hs|6p24.1
EGF 4.76437 Up Chr4:110932689-110932748 hs|4q25
TLR4 2.13271 Down Chr9:120476856-120476915 hs|9q33.1

MicroRNAs in cancer IRS1 2.00967 Up Chr2:227596677-227596618 hs|2q36.3
ZEB2 3.32563 Up Chr2:145146320-145146261 hs|2q22.3
ZEB2 2.70558 Up Chr2:145182422-145182363 hs|2q22.3
CD44 2.02409 Up Chr11:35253812-35253871 hs|11p13
RECK 2.25018 Up Chr9:36124319-36124378 hs|9p13.3
ITGB3 2.96629 Up Chr17:45389027-45389086 hs|17q21.32

SERPINB5 2.61864 Up Chr18:61172218-61172277 hs|18q21.33
GLS 2.36144 Up Chr2:191829716-191829775 hs|2q32.2
GLS 2.07371 Up Chr2:191827822-191827881 hs|2q32.2

ERBB3 5.29571 Down Chr12:56482380-56482439 hs|12q13.2
ERBB3 8.12050 Down Chr12:56496160-56496219 hs|12q13.2
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studies, and these pathways and input genes deserve 
our attention in gastric cancer cisplatin resistance. 

Although protein expression is generally stable 
when organs mature, under various pathological 
and physiological conditions, gene expression may 
change and ultimately result in aberrant protein 
levels. Therefore, research on proteomics is helpful 
to illustrate some biological mechanisms, including 
cisplatin resistance. Protein-protein interaction network 
analysis might uncover previously unknown molecular 
mechanisms of cisplatin resistance. Hub proteins of 
subnetworks which interact with many partners might 
associate with drug resistance. For example, studies 
have shown that dysregulation of the genes PDE3B, 
TLR4, and HIPK2 is associated with cisplatin resistance 
in human SCC cells, ovarian granulosa tumor cells and 
bladder cancer cells, respectively[26,32,33]. Moreover, hub 
proteins and their partners may have similar biological 
functions. Since downregulation of EGF has been 
shown to substantially overcome resistance to cisplatin 
in ovarian cancer[34], we predict that the proteins EDN1 
and DCN, whose hub protein is EGF, may contribute to 
cisplatin resistance in a similar fashion. We also found 
that ZEB2, which over-expressed in SGC7901/DDP 
compared with SGC7901 has a similar expression 
profile to TWIST1, suggesting that ZEB2 may play an 
important role in cisplatin resistance by regulating the 
expression of TWIST1. Nevertheless, more evidence 
and research is needed.

In conclusion, our study identified mRNAs differ-
entially expressed between gastric cancer cell lines 
SGC7901/DDP and SGC7901. These results provide 
a global view of the function of the differentially 
expressed mRNAs. Several molecular and pathway 
abnormalities detected in our study have previously 
been reported to be associated with drug resistance 
in gastric cancer. The dysregulated mRNAs identified 
participate in cisplatin resistance through diverse 
mechanisms, and further investigation is required to 
confirm the role in drug resistance of these transcripts, 
pathways and the interaction networks of the proteins 
they code for.
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Abstract
AIM
To investigate the antioxidant effect of caffeic acid 
phenethyl ester (CAPE) in hepatic stellate cell-T6 
(HSC-T6) cells cultured in vitro  and the potential 
mechanisms.

METHODS
HSC-T6 cells were cultured in vitro  and treated with 
various concentrations of CAPE for 24, 48 and 72 h, 
respectively. Cell proliferation was investigated using 
the MTT assay, and cell ultrastructural alterations were 
observed by transmission electron microscopy. Flow 
cytometry was employed to investigate the effects of 
CAPE on apoptosis and the levels of reactive oxygen 
species in HSC-T6 cells cultured in vitro . An enzyme 
immunoassay instrument was used to evaluate 
antioxidant enzyme expression. The effect on α-smooth 
muscle actin was shown using immunofluorescence. 
Gene and protein levels of Nrf2, related factors, and 
mitogen activated protein kinases (MAPKs), in HSC-T6 
cells were detected using RT-PCR and Western blot, 
respectively.

RESULTS
CAPE inhibited the proliferation and activation of 
HSC-T6 cells cultured in vitro . CAPE increased the 
antioxidant levels and the translocation of Nrf2 from 
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the cytoplasm to the nucleus in HSC-T6 cells. Moreover, 
the phosphorylation of MAPKs in cells decreased 
in response to CAPE. Interestingly, CAPE-induced 
oxidative stress in the cells was significantly attenuated 
by pretreatment with MAPKs inhibitors.

CONCLUSION
CAPE inhibits cell proliferation and up-regulates the 
antioxidant levels in HSC-T6 cells partly through the 
Nrf2-MAPKs signaling pathway. 
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Core tip: Liver fibrosis is a pathological response to 
hepatocyte injury, including oxidative stress, which 
is a primary mechanism of liver damage. Caffeic 
acid phenethyl ester (CAPE) is a phenolic compound 
extracted from honeybee propolis that has strong 
biological properties in liver protection and as an 
antioxidant and anti-fibrosis agent. It has been used 
in the treatment of several diseases. In this study, 
we investigated the antioxidant effect of CAPE in 
HSC-T6 cells and its potential mechanism. Our results 
demonstrated that CAPE inhibited cell proliferation and 
up-regulated the antioxidant levels in HSC-T6 cells 
partly through the Nrf2-MAPKs signaling pathway.

Yang N, Shi JJ, Wu FP, Li M, Zhang X, Li YP, Zhai S, Jia XL, 
Dang SS. Caffeic acid phenethyl ester up-regulates antioxidant 
levels in hepatic stellate cell line T6 via an Nrf2-mediated 
mitogen activated protein kinases pathway. World J Gastroenterol 
2017; 23(7): 1203-1214  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1203.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1203

INTRODUCTION
Liver fibrosis is a pathological response to hepatocyte 
injury, including injury caused by viral infection, 
chronic inflammation, and other factors such as 
oxidative stress, which is a primary mechanism of 
liver damage[1,2]. Oxidative stress can stimulate the 
activation of hepatic stellate cells (HSCs) through 
paracrine and autocrine mechanisms, leading to the 
formation of liver fibrosis[1,2]. HSC-T6 cells, a well-
differentiated transformed cell line[3,4], were used in 
this study to observe the role of HSC in liver fibrosis.

Caffeic acid phenethyl ester (CAPE) is a phenolic 
compound extracted from honeybee propolis that has 
strong biological properties in liver protection and as 
an antioxidant and anti-fibrosis agent. It has been 
used in the treatment of several diseases[5-7]. Our 
previous studies have shown that CAPE inhibited liver 
fibrosis in rats due to its ability to suppress oxidative 

stress[8].
Antioxidants play a pivotal role in the development 

of liver fibrosis[1]. Several antioxidative stress factors 
have been identified, including superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase, and 
nonenzymatic compounds [vitamin E, carotene, and 
glutathione-S-transferase (GSTs)], in liver tissue[9,10]. 
SOD, CAT, and GSTs are recognized enzymes that are 
closely related to nuclear factor-erythroid 2 related 
factor 2 (Nrf2)[11,12]. Nrf2 is an important transcription 
factor regulating the expression of antioxidative stress 
factors. Nrf2 binds to an antioxidant response element 
(ARE) in the promoter region of genes encoding several 
phase-II detoxifying/antioxidant enzymes and related 
stress-responsive proteins, including SOD, CAT and 
GSTs[12]. Several studies have confirmed that Nrf2 is 
involved in the signaling pathway of mitogen activated 
protein kinase (MAPKs) in nuclear translocation[13]. 
MAPKs, including the ERK1/2, JNK1/2, and p38 sig-
naling pathways, play a critical role in regulating the 
oxidative stress response in various types of cells. 
However, it is still largely unknown whether CAPE can 
reduce the expression of these factors via the Nrf2-
mediated MAPKs signaling pathway in HSCs.

In this study, we show that CAPE inhibits the 
proliferation and activation, but increases apoptosis, 
of HSC-T6 cells in vitro. CAPE up-regulates the 
antioxidant capacity in HSC-T6 cells through the Nrf2-
mediated MAPKs signaling pathway.

MATERIALS AND METHODS
Reagents
The cell apoptosis kit and SB203580 were purchased 
from Joincare Pharmaceutical Industry Group Co., 
Ltd. (Nanjing, China). SP600125 and PD98059 were 
obtained from Sigma-Aldrich (St. Louis, United States) 
and Cell Signaling Technology (Boston, United States), 
respectively. CAPE (Sigma-Aldrich, St. Louis, MO, 
United States) was dissolved in dimethyl sulfoxide 
(DMSO, Sigma-Aldrich, St. Louis, MO, United States) 
to 40 mmol/L as a stock solution and stored at 
-20 ℃. Control flasks or plates contained DMSO at an 
equivalent dilution in cultures containing CAPE.

Cell culture
HSC-T6 cells were purchased from Joincare Phar-
maceutical Industry Group Co., Ltd. (NanJing, China). 
Cells were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM, HyClone, Utah, United States) supplemented 
with 10% (v/v) fetal bovine serum (FBS, HyClone, 
Utah, United States), 100 μg/mL streptomycin (Sigma-
Aldrich, St. Louis, United States), 100 U/mL penicillin 
(Sigma-Aldrich, St. Louis, MO, United States), 2 
mmol/mL L-glutamine (Sigma-Aldrich, St. Louis, 
United States), and 100 U/mL DNase I (Sigma-Aldrich, 
St. Louis, United States) at 37 ℃ in a 5% (v/v) CO2 
humidity atmosphere. Cells adhering to the culture flask 
in logarithmic phase were trypsinized and subjected to 

1204 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

Yang N et al . CAPE up-regulates antioxidation in HSC-T6 cells



passage as usual for further experimentation.

Cell viability assay 
The tetrazolium dye colorimetric test [3-(4,5-dimethy-
lthiazolyl-2)-2, 5-diphenyl-tetrazolium bromide, MTT, 
Sigma-Aldrich, St. Louis, MO, United States] was used 
to determine the viability of HSC-T6 cells. The MTT 
assay is based on the ability of functional mitochondria 
to catalyze the reduction of MTT to insoluble purple 
formazan, the concentration of which can be measured 
spectrophotometrically, as described previously[14]. 
HSC-T6 cells were incubated on a 96-well plate at a 
density of 5 × 105 cells/well for 24 h and treated with 
different concentrations of CAPE (0, 5, 10, 15, 20, 40, 
60, 80 and 100 μmol/L). MTT solution (0.5 mg/mL) was 
then added to each well. The MTT solution was replaced 
with DMSO to dissolve the blue formazan crystals. Four 
hours later, absorbance was measured at 490 nm using 
a microplate reader (BioTekInstruments, United States) 
and the percentage viability was calculated. 

Transmission electron microscopy 
Cells in the logarithmic phase were treated with a 
range of CAPE (5, 10 and 15 μmol/L) for 24 h or 
established as controls. At the end of the treatment, 
cells were washed twice with phosphate buffered 
solution (PBS, 137 mmol/L NaCl, 2.7 mmol/L KCl, 4.3 
mmol/L Na2HPO4, 1.4 mmol/L KH2PO4, pH 7.4), fixed 
in 2.5% (v/v) glutaraldehyde followed by 1% (v/v) 
perosmic acid, and dehydrated in an ethanol series. 
Ultrathin sections were placed on 400-mesh grids and 
double-stained with uranyl acetate and lead citrate. 
The ultrastructures were observed using a transmission 
electron microscope (HITACHI-H7650, Tokyo, Japan). 

Apoptosis assay 
Cell apoptosis was determined using Annexin V-FITC 
and PI double staining (KaiJi, Nanjing, China), as 
described previously[15]. Cells grown in logarithmic 
phase were treated with a range of CAPE (5, 10 and 15 

μmol/L) for 24 h or established as controls. At the end 
of the treatment, cells were collected by centrifugation 
and washed twice with PBS. Cell pellets were 
resuspended in 0.5 mL PBS and fixed in 5 mL 70% (v/v) 
ice-cold ethanol at 4 ℃ for 24 h. After resuspension in 
1 mL PBS, the cells were incubated with ribonuclease 
A (Rnase A, 20 mg/L, Sigma-Aldrich) and propidium 
iodide (PI, 50 mg/L, Sigma-Aldrich) for 1 h at 37 ℃ 
in the dark. The stained cells were analyzed using a 
FACscan flow cytometer in combination with BD lysis II 
software (CALIBUR, BD, United States).

Detection of SOD and CAT activity and GSH content
SOD and CAT activity and GSH content were measured 
using a SOD protein reagent kit (Bio-Rad, Hercules, 
CA, United States), CAT protein reagent kit (Bio-Rad, 
Hercules, CA, United States), and GSH protein reagent 
kit (Bio-Rad, Hercules, CA, United States), respectively. 
Briefly, HSC-T6 cells grown in logarithmic phase were 
treated with a range of CAPE (5, 10 and 15 μmol/L) for 
24 h. The cells were washed twice with PBS, collected 
by centrifugation, and lysed in cell disrupter buffer (Bio-
Rad, Hercules, CA, United States). After centrifugation, 
the protein concentrations of the supernatant were 
determined using a protein reagent kit. The optical 
density (OD) of SOD, GSH, and CAT was measured 
using a spectrophotometer (ND-1000, Thermo Fisher, 
United States) at wavelengths of 450 nm, 405 nm and 
420 nm to generate the standard curve and calculate 
the concentrations of SOD, GSH and CAT, respectively.

Real-time PCR
Total RNA was extracted using Trizol reagent (Invi-
trogen, United States) and reverse transcription was 
carried out using an RT-PCR kit (Takara, Japan), as 
described previously[16]. Real-time PCR was performed 
using the SYBRE Script TM RT-PCR Kit (Takara, Japan) 
on an iQ5 Multicolor Real-Time PCR Detection System 
(Bio-Rad, Hercules, CA, United States) according to 
the manufacturer’s protocols. The primers are shown 
in Table 1. The comparative CT method was used to 
quantify the target gene expression, with β-actin used 
as an internal control[17].

Immunocytochemistry
The expression of α-SMA and Nrf2 in HSC-T6 cells 
was investigated using immunofluoresence sta-
ining[18]. Briefly, the cells were fixed in 4% (w/v) pa-
raformaldehyde (Sigma-Aldrich) and permeabilized 
with 0.1% (v/v) Triton X-100 (Sigma-Aldrich). After 
blocking with 5% (w/v) bovine serum albumin (BSA, 
Sigma-Aldrich) and 1% (v/v) normal donkey serum 
(Sigma-Aldrich), the cells were incubated with rabbit 
anti-α-SMA (1:500) or Nrf2 (1:500) primary antibody 
(Table 2) for 16 h at 4 ℃. The cells were washed and 
further incubated with peroxidase-conjugated anti-
rabbit IgG (1:1000, Pierce Biotechnology, Rockford, 
United States) for 1 h. The cell nuclei were counter-
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Table 1  Primers used for real-time PCR analysis

Gene Primer sequence Tm 
(℃)

Size 
(bp)

Source

Nrf2
   F 5’-CTGCCATTAGTCAGTCGCTCTC-3’ 57.3 22 Rat
   R 5’-TCGGCTGGGACTTGTGTTC-3’ 57.7 19 Rat
SOD1
   F 5’-GCTTCTGTCGTCTCCTTGCT-3’ 55.7 20 Rat
   R 5’-CTCGAAGTGAATGA CGCCCT-3’ 55.8 20 Rat
CAT
   F 5’-TGGCTATGGCTCACACACCTTC-3’ 59.3 22 Rat
   R 5’-GAGGCCA TAATCCGGGTCTTC-3’ 57.7 21 Rat
GSTs
   F 5’-GTGGAGATTGACGGGATGAA -3’ 54.2 20 Rat
   R 5’-CGGTCTTGGCTTCTCTTTGG -3’ 56.0 20 Rat
β -actin
   F 5’-GGAGATTACTGCCCTGGCTCCTA-3’ 60.2 23 Rat
   R 5’-GACTCATCGTACTCCTGCTTGCTG-3’ 59.3 24 Rat
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with an all-enhanced chemiluminescence detection 
system (Syngene, United Kingdom) and quantified 
using a Gel-Pro Analyzer v4.0 (Media Cybernetics, L.P., 
United States). β-actin was used as the loading control.

Statistical analysis
The results are shown as the mean ± SD. Differences 
between groups were assessed by Student’s t-test 
and one- or two-way ANOVA with post-hoc Duncan 
multiple comparisons using SPSS 13.0. A P-value < 
0.05 was considered statistically significant.

RESULTS
Effect of different concentrations of CAPE on biological 
characteristics of HSC-T6 cells
The MTT assay results indicated that 5, 10 and 15 
μmol/L CAPE treatment for 24 h did not decrease cell 
viability compared to the control group (P > 0.05, 
Figure 1A). However, 20-100 μmol/L of CAPE was 
cytotoxic in HSC-T6 cells (P < 0.05, Figure 1A). Similar 
results were obtained after 48 and 72 h (data not 
shown). Therefore, 5, 10 and 15 μmol/L CAPE were 
used for all subsequent experiments. After treatment 
for 24 h, the proportion of cell apoptosis increased 
in a concentration-dependent manner compared 
to the control group (Figure 1B). Transmission 
electron microscopy was then used to investigate the 
ultrastructure of apoptotic cells. In the control group, 

stained using 4’,6-diamidino-2-phenylindole (DAPI, 
Sigma-Aldrich). After neutral gum mounting, 
fluorescence microscopy images were obtained using 
a confocal microscope (Ti-E, Nikon, Japan) with a laser 
at 405 nm and 535 nm excitation.

Western blot analysis
The expression of Nrf2, related factors, and MAPKs 
in HSC-T6 cells was investigated using Western blot, 
as described previously[16]. Briefly, the cells were 
harvested and re-suspended in a Nuclear/Cytosol 
Fractionation Kit (BioVision, Mountain View, CA, 
United States) or RIPA lysis buffer [20 mmol/L Tris, 
150 mmol/L NaCl, 1% (v/v) Triton X-100, 1% (w/v) 
digestive phosphatase inhibitors, 1% (w/v) protease 
inhibitors, 1% (w/v) phenylmethyl sulfonylfluoride 
(PMSF), pH 7.5] (Sigma-Aldrich). The protein content 
was determined using a commercial protein reagent kit 
(Bio-Rad, Hercules, CA, United States). Equal amounts 
of proteins in each sample were resolved by 10% (w/
v) sodium dodecyl sulfate-polyacrylamide gel (SDS-
PAGE, Sigma-Aldrich) electrophoresis and the proteins 
were transferred onto PVDF membranes (Sigma-
Aldrich). After blocking with skim milk, the membranes 
were incubated with the specific antibodies (Table 2) 
for 24 h at 4 ℃. After washing, the membranes were 
incubated with a horseradish peroxidase-conjugated 
secondary antibody (Pierce Biotechnology, Rockford, 
United States) for 2 h at 37 ℃. Proteins were detected 

Table 2  Antibodies used for Western blot analysis

Antibody (dilution) Clone Species Specificity Source

Nrf2 M Rabbit  Immunogen: ag9489 ProteinTech, United 
States (16396-1-AP 1:500) 

P38MAPK M Rabbit Synthetic peptide corresponding to residues near the C-terminus of human p38 
MAP kinase was used as immunogen. Predicted to react with CSBP1 splice form 

based on sequence homology

EPITOMICS, United 
States(ab32142, 1:500)  

P-p38MAPK M Rabbit Phospho-P38 MAPKinase (Thr180/Tyr182) (3D7) rabbit mAb detects endogenous 
levels of p38MAP kinase only when dually phosphorylated at Thr180 and Tyr182. 

This antibody does not cross-react with the phosphorylated forms of either 
p42/44 MAPK or SAPK/JNK

Cell Signaling, United 
States (#4511, 1:500)

Erk1/2 M Rabbit  P44/42 MAP kinase (137F5) rabbit mAb detects endogenous level of total P44/42 
MAP kinase (Erk1/Erk2) protein. The antibody does not cross-react with JNK/

SAPK or p38 MAP kinase

Cell Signaling, United 
States (#4695, 1:500)

Erk1phospho(pY204)/
Erk2phospho

M Rabbit A phospho-specific peptide corresponding to residues surrounding tyrosine 204 
of human Erk1. This antibody detects Erk1 phosphorylated at tyrosine 204

EPITOMICS, United 
States 

(pY187)
(ab76299 1:500)
SAPK/JNK M Rabbit SAPK/JNK(56G8) rabbit mAb detects endogenous levels of total SAPK/JNK 

protein
Cell Signaling, United 

States(#9258 1:500) 
JNK1phospho(pT183) 
/JNK2phospho(pT221) 
(ab124956 1:500) 

M Rabbit A phospho-specific peptide corresponding to residues surrounding threonine 221 
of human JNK3 was used as immunogen. The antibody detects JNK1 (pT183), 

JNK2 (pT183) and JNK3 (pT221)

EPITOMICS, United 
States

α-SMA M Rabbit A synthetic peptide corresponding to N-terminus of human actin was used as 
immunogen

EPITOMICS, United 
States(ab124964,1: 1000)

Collegen-1 P Rabbit KLH conjugated synthetic peptide derived from human Collagen I C-terminal 
propeptide

Bioss, China
(bs-0578R 1:500)
β-actin M Mouse β-actin is recommended for detection of β-actin of mouse, rat, human, chicken, 

dog, pig, rabbit
SANTA CRUZ, United 

States(sc-47778,
1:1000)

M: Monoclone; P: Polyclone.
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the cells were round with tiny villous projections 
observed on the cell membrane. Many plasmosomes 
were distributed in the nucleus; the structure of 
mitochondria was clear; the rough endoplasmic 
reticulum was streaky; and lipid droplets were found in 
the cytoplasm (Figure 1C-A1-3). In the CAPE treatment 
groups, the growth of HSC-T6 cells was obviously 
inhibited; cell volume gradually declined; surface 
villous structure decreased or disappeared; there 
were fewer multiple nucleoli; there was mitochondrial 

swelling; the endoplasmic reticulum was slender; and 
a scattered distribution of lipid droplets was observed 
in the cytoplasm (Figure 1C-B/C/D).

α -SMA and collegen-1 protein expression in HSC-T6 
cells treated with CAPE
In the control group, HSC-T6 cells were spindle-
shaped and fully stained with α-SMA (Figure 2A). After 
treatment with 5, 10 and 15 μmol/L of CAPE for 24 
h, the cell volume was lower and the cell morphology 

Figure 1  Effect of different concentrations of caffeic acid phenethyl ester on biological characteristics of hepatic stellate cell-T6 cells. After HSC-T6 cells 
were treated with  CAPE(0, 5, 10, 15, 20, 40, 60, 80 and 100 μmol/L) for 24 h (A) the effect of CAPE on the viability of HSC-6 cells was detected by the MTT assay; B: 
Cell apoptosis was investigated using annexin V-FITC and PI and the proportion of cell apoptosis increased in a concentration-dependent manner; C: Ultrastructure of 
the HSC-T6 cells. The normal structure is shown in the control groups (group A). The treatment groups (groups B, C, and D) displayed prominent myofilament disarray 
and rupture, cytoplasmic vacuolization, and significant mitochondrial swelling (black bar: mitochondria; red bar: Endoplasmic reticulum; yellow bar: myofilament). The 
upper scale bar = 2 μm, the middle scale bar = 1 μm, and the lower scale bar = 0.5 μm. The data represent averages of the results of four independent experiments. 
aP < 0.05 vs control. CAPE: Caffeic acid phenethyl ester.
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became round with reduced α-SMA fluorescent staining 
(Figure 2A). Western blot analysis showed that α-SMA 
and collegen-1 protein expression decreased in a dose-
dependent manner in HSC-T6 cells compared to the 
control group (P < 0.05, Figure 2B and C).

Antioxidant-related indicator protein and mRNA 
expression in HSC-T6 cells 
After treatment with CAPE for 24 h, gene and 
protein expression of SOD, CAT, GSH and GSTs was 
significantly increased in HSC-T6 cells treated with 10 
μmol/L or 15 μmol/L CAPE compared to the control 
group (P < 0.05, Figure 3A and B). However, 5 μmol/L 
of CAPE did not affect SOD, CAT, GSH, or GSTs (P > 
0.05, Figure 3A and B).

Effect of CAPE on Nrf2 expression in HSC-T6 cells
We observed that 10 μmol/L and 15 μmol/L of CAPE 
significantly increased Nrf2 gene expression in HSC-T6 
cells (P < 0.05, Figure 4A). However, there was no 

alteration in Nrf2 gene expression in HSC-T6 cells in 
response to 5 μmol/L CAPE (P > 0.05, Figure 4A). 
Interestingly, Nrf2 protein expression in the cytosol 
was decreased in a dose-dependent manner (P < 0.05), 
whereas in the nucleus it was increased in a dose-
dependent manner (P < 0.05) in HSC-T6 cells after 
treatment with CAPE (5, 10 and 15 μmol/L) for 24 h 
(Figure 4B). The nuclear/cytosol ratio of Nrf2 protein 
levels was significantly higher in CAPE-treated HSC-T6 
cells than in the control group (P < 0.05, Figure 4B). 
Indirect immunofluorescence showed that Nrf2 protein 
translocated from the cytosol to the nucleus in HSC-T6 
cells in the 15 μmol/L CAPE treatment group compared 
to the control group (Figure 4C). These results 
suggest that CAPE induces the activation and nuclear 
transcription of Nrf2. 

CAPE up-regulates antioxidant levels through an Nrf2-
mediated MAPKs signaling pathway in HSC-T6 cells
The phosphorylation levels of ERK1/2, p38MARK 

Figure 2  α-SMA and collegen-1 protein expression in hepatic stellate cell-T6 cells. After HSC-T6 cells were treated with 5 μmol/L, 10 μmol/L and 15 μmol/L 
CAPE for 24 h, indirect immunofluorescence (× 200) analysis of α-SMA protein expression (A) were undertaken. Western blot analysis of α-SMA and collegen-1 
protein expression was also performed. Gray levels were normalized against those of the corresponding β-actin and the results are expressed relative to control (B 
and C). The data are the mean ± SD of three independent experiments. aP < 0.05 vs control. CAPE: Caffeic acid phenethyl ester.
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and JNK1/2 were significantly increased in a dose-
dependent manner in HSC-T6 cells after treatment 
with CAPE (5, 10 and 15 μmol/L) for 24 h compared 
to the control group (P < 0.05, Figure 5A). To further 
investigate the connection between Nrf2 and MAPKs 
pathways in HSC-T6 cells, HSC-T6 cells were pre-
treated with the ERK1/2 inhibitor PD98059, the 
p38MAPK inhibitor SB203580, and the JNK1/2 inhibitor 
SP600125 for 2 h, followed by treatment with CAPE 
(15 μmol/L) for 24 h. All of the inhibitors partially 
decreased Nrf2 mRNA expression and nuclear/cytosol 
protein levels in HSC-T6 cells (P < 0.05, Figure 5B), 
suggesting that inhibition of MAPKs suppresses the 
translocation of Nrf2 protein in HSC-T6 cells. 

Inhibitors of MAPKs and CAPE alter antioxidant-related 
indicator protein and mRNA expression in HSC-T6 cells
Gene and protein expression of SOD, CAT and GST 
was significantly decreased in HSC-T6 cells after 
incubation with the inhibitors of MAPKs and 15 μmol/L 

CAPE compared to the control group (P < 0.05, Figure 
6A and B). 

DISCUSSION
Previous studies have confirmed that CAPE has 
active biological antioxidant and anti-fibrosis 
properties[5,6,19,20]. Considering the fact that HSC 
proliferation and activation are key during liver 
fibrosis[21-23], it is interesting to know whether CAPE 
treatment can influence HSC proliferation and 
activation. Unfortunately, only one study has shown 
that CAPE inhibited HSC cell proliferation in vitro[24]. 
In this study, our data showed that the proliferation 
and activation of HSC-T6 cells were significantly 
inhibited and apoptosis was induced by CAPE in a 
dose-dependent manner. In addition, the expression 
of α-SMA and collegen-1 proteins was significantly 
reduced in HSC-T6 cells in response to CAPE. Taken 
together, these results suggested that CAPE inhibited 

Figure 3  Antioxidant-related indicator protein and mRNA expression in hepatic stellate cell-T6 cells. After HSC-T6 cells were treated with 5 μmol/L, 10 μmol/L 
and 15 μmol/L CAPE for 24 h, the SOD activity, GSH and CAT content (A) and the mRNA expression of SOD, GSTs and CAT (B) were assessed. The data represent 
averages of the results of three independent experiments. aP < 0.05 vs control. CAPE: Caffeic acid phenethyl ester; SOD: Superoxide dismutase; CAT: Catalase; GST: 
Glutathione-S-transferase.
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HSC-T6 cell proliferation and activation, which is 
one of the key events initiating the occurrence and 
development of liver fibrosis.

CAPE has been confirmed to inhibit liver fibrosis 
in rats[8], in this study the results showed that CAPE 
increased the expression levels of SOD, CAT and GSH 

activities in HSC-T6 cells. Therefore, it is reasonable 
to suspect that CAPE may inhibit HSC cell proliferation 
and activation through its antioxidant effect. To confirm 
our hypothesis, the effect of CAPE on the expression of 
Nrf2, an upstream transcription factor regulating the 
expression of anti-oxidative stress factors, in HSC-T6 

Figure 4  Effect of caffeic acid phenethyl ester on Nrf2 expression in hepatic stellate cell-T6 cells. A: HSC-T6 cells were treated with 5 μmol/L, 10 μmol/L and 
15 μmol/L CAPE for 24 h. Nrf2 mRNA and cytosol and nuclear protein expression levels were investigated using real-time PCR and Western blot, respectively; B: The 
nucleus/cytosol ratio defines Nrf2 protein expression in the nucleus/Nrf2 protein expression in cytosol; C: Indirect immunofluorescence (× 200) analysis of Nrf2 protein 
expression in HSC-T6 cells. The upper: control group and the lower: 15 μmol/L CAPE group. The data presented are the mean ± SD (n = 3). aP < 0.05 vs control. 
CAPE: Caffeic acid phenethyl ester.
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Figure 5  Phosphorylation levels of ERK1/2, p38MARK, and JNK1/2 are significantly increased in a dose-dependent manner in hepatic stellate cell-T6 
cells. A: Effect of caffeic acid phenethyl ester on phosphorylation of ERK1/2, p38MAPK and JNK. Western blot analysis of total and phosphorylated protein levels of 
ERK1/2, p38MARK and JNK in HSC-T6 cells treated with CAPE (5 μmol/L, 10 μmol/L and 15 μmol/L) was performed. Total MAPKs were used as the internal control. 
The gray levels were normalized against those of the corresponding total MAPKs and the results are expressed, relative to control; B: Effect of inhibitors of MAPKs 
on the expression of Nrf2 in HSC-T6 cells. Cells were treated with ERK1/2 inhibitor PD98059 (30 μmol/L), p38 MAPK inhibitor SB203580 (20 μmol/L) or JNK inhibitor 
SP600125 (25 μmol/L) for 2 h, then incubated with CAPE (15 μmol/L) for 24 h, and protein expression was evaluated by Western blot. Lane 1: Control group; Lane 
2: 15 μmol/L CAPE group; Lane 3: CAPE + PD98059 group; Lane 4: CAPE + SB203580 group; Lane 5: CAPE + SP600125 group. Histone was used as the internal 
control to reflect the expression of nuclear Nrf2. The gray levels were normalized against histone and the results are expressed, relative to control. The data are the 
mean ± SD of three independent experiments. aP < 0.05 vs control; cP < 0.05 vs CAPE group. CAPE: Caffeic acid phenethyl ester.
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Figure 6  Effect of inhibitors of mitogen activated protein kinases and caffeic acid phenethyl ester on the antioxidant-related indicator protein and mRNA 
expression. A: Effect of inhibitors of MAPKs and CAPE on the SOD activity and GSH and CAT content in HSC-T6 cells. Cells were treated with the ERK1/2 inhibitor 
PD98059 (30 μmol/L), p38MAPK inhibitor SB203580 (20 μmol/L) or JNK inhibitor SP600125 (25 μmol/L) for 2 h, then incubated with CAPE (15 μmol/L) for 24 h; B: 
Effect of inhibitors of MAPKs and CAPE on antioxidant-related mRNA expression in HSC-T6 cells. The data represent averages of the results of three independent 
experiments. aP < 0.05 vs control; cP < 0.05 vs CAPE group. CAPE: Caffeic acid phenethyl ester; SOD: Superoxide dismutase; CAT: Catalase; GST: Glutathione-S-
transferase.
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cells was investigated. Interestingly, we found that 
CAPE significantly increased Nrf2 gene expression in 
HSC-T6 cells. Moreover, CAPE treatment significantly 
promoted Nrf2 protein translocation from the cytosol 
to the nucleus in HSC-T6 cells. These results indicated 
that CAPE promotes the synthesis and activation of 
Nrf2 in HSC cells. 

The precise mechanism by which CAPE regulates 
Nrf2 expression and activation in HSC cells is still 
unknown. However, previous studies have shown 
that MAPKs, including ERK, JNK, and p38, play a role 
in regulating Nrf2 expression[25-30]. Therefore, we 
investigated the effects of CAPE on MAPKs signaling 
pathways in HSC-T6 cells. Our study showed that 
the phosphorylation levels of ERK1/2, p38MARK 
and JNK1/2 were significantly increased in a dose-
dependent manner in HSC-T6 cells after treatment with 
CAPE. Meanwhile, pretreatment of HSC-T6 cells with 
inhibitors significantly attenuated antioxidant enzyme 
expression. Moreover, all of the inhibitors partially 
decreased Nrf2 mRNA expression and nuclear/cytosol 
protein levels in HSC-T6 cells, suggesting that inhibition 
of MAPKs suppresses the translocation of Nrf2 protein 
in HSC-T6 cells. Taken together, our results are the 
first report that MAPKs are the key signaling pathways 
involved in the CAPE-induced anti-oxidative responses 
in cultured HSC-T6 cells.

In conclusion, we demonstrated that CAPE inhibited 
cell proliferation, induced cell apoptosis, increased 
expression levels of SOD, CAT and GSH, and decreased 
α-SMA expression level in HSC-T6 cells by activation 
of the Nrf2-mediated MAPKs signaling pathways. We 
propose a working model of the antioxidative role and 
potential mechanism of CAPE in HSC-T6 cells (Figure 
7). In this model, CAPE inhibits cell proliferation and 
activation and increases the expression levels of 
antioxidative enzymes in HSC-T6 cells, which might 
partly depend on an Nrf2-mediated MAPKs signaling 

pathway, and thereby is a potential anti-fibrosis agent 
for the treatment of human liver fibrosis.
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agent. It has been used in the treatment of several diseases. These data also 
indicate that CAPE can up-regulate the antioxidant levels in HSC-T6 cells partly 
through the Nrf2-MAPKs signaling pathway and thereby is a potential anti-
fibrosis agent for the treatment of human liver fibrosis in the future.

Terminology
MAPK: a type of protein kinase that is specific to the amino acids serine, 
threonine, and tyrosine (i.e., a serine/threonine-specific protein kinase). MAPKs 
are involved in directing cellular responses to a diverse array of stimuli, such 
as mitogens, osmotic stress, heat shock, and proinflammatory cytokines. They 
regulate cell functions including proliferation, gene expression, differentiation, 
mitosis, cell survival, and apoptosis. CAPE: a phenolic compound extracted 
from honeybee propolis.

Peer-review
This is an interesting study showing that caffeic acid phenethyl ester up-
regulates antioxidant levels in the hepatic stellate cell line. In this study, the 
authors investigated the antioxidation effect of caffeic acid phenethyl ester 
in hepatic stellate cells T6 cultured in vitro and the potential mechanisms 
of the effect. The effect on a-smooth muscle actin was shown using 
immunofluorescence. Gene and protein levels of Nrf2, including related factors 
and mitogen activated protein kinases, in HSC-T6 cells were detected using 
RT-PCR and Western blot, respectively. CAPE inhibited the proliferation and 
activation of HSC-T6 cells cultured in vitro. CAPE increased the antioxidant 
levels and the translocation of Nrf2 from the cytoplasm to the nucleus in 
HSC-T6 cells. Moreover, the phosphorylation of MAPKs in cells decreased in 
response to CAPE. Interestingly, CAPE-induced oxidative stress in the cells 
was significantly attenuated by pretreatment with MAPKs inhibitors. Overall, this 
study is well designed, and the results are interesting. 

REFERENCES
1 Mormone E, George J, Nieto N. Molecular pathogenesis of 

hepatic fibrosis and current therapeutic approaches. Chem Biol 

Figure 7  Nrf2-mediated mitogen activated protein kinases signaling 
pathway contributes to antioxidant capacity of caffeic acid phenethyl 
ester in hepatic stellate cell-T6 cells.

Yang N et al . CAPE up-regulates antioxidation in HSC-T6 cells

MAPK

Nrf2

Nrf2

CAPE

Proliferation

Antioxidant
capacity

HSC-T6

P  COMMENTS



1214 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

Interact 2011; 193: 225-231 [PMID: 21803030 DOI: 10.1016/
j.cbi.2011.07.001]

2 Bansal R, Nagórniewicz B, Prakash J. Clinical Advancements in 
the Targeted Therapies against Liver Fibrosis. Mediators Inflamm 
2016; 2016: 7629724 [PMID: 27999454]

3 Vogel S, Piantedosi R, Frank J, Lalazar A, Rockey DC, Friedman 
SL, Blaner WS. An immortalized rat liver stellate cell line 
(HSC-T6): a new cell model for the study of retinoid metabolism 
in vitro. J Lipid Res 2000; 41: 882-893 [PMID: 10828080]

4 He L, Li Z, Zhou D, Ding Y, Xu L, Chen Y, Fan J. Galanin receptor 
2 mediates antifibrogenic effects of galanin on hepatic stellate 
cells. Exp Ther Med 2016; 12: 3375-3380 [PMID: 27882166 DOI: 
10.3892/etm.2016.3764]

5 Márquez N, Sancho R, Macho A, Calzado MA, Fiebich BL, 
Muñoz E. Caffeic acid phenethyl ester inhibits T-cell activation by 
targeting both nuclear factor of activated T-cells and NF-kappaB 
transcription factors. J Pharmacol Exp Ther 2004; 308: 993-1001 
[PMID: 14617683 DOI: 10.1124/jpet.103.060673]

6 Altuğ ME, Serarslan Y, Bal R, Kontaş T, Ekici F, Melek IM, 
Aslan H, Duman T. Caffeic acid phenethyl ester protects rabbit 
brains against permanent focal ischemia by antioxidant action: a 
biochemical and planimetric study. Brain Res 2008; 1201: 135-142 
[PMID: 18308295 DOI: 10.1016/j.brainres]

7 Shi Y, Guo L, Shi L, Yu J, Song M, Li Y. Caffeic Acid Phenethyl 
Ester inhibit Hepatic Fibrosis by Nitric Oxide Synthase and 
Cystathionine Gamma-Lyase in Rats. Med Sci Monit 2015; 21: 
2774-2780 [PMID: 26378818 DOI: 10.12659/MSM.895272]

8 Li M, Wang XF, Shi JJ, Li YP, Yang N, Zhai S, Dang SS. 
Caffeic acid phenethyl ester inhibits liver fibrosis in rats. World 
J Gastroenterol 2015; 21: 3893-3903 [PMID: 25852274 DOI: 
10.3748/wjg.v21.i13.3893]

9 Ho YS, Xiong Y, Ma W, Spector A, Ho DS. Mice lacking catalase 
develop normally but show differential sensitivity to oxidant tissue 
injury. J Biol Chem 2004; 279: 32804-32812 [PMID: 15178682 
DOI: 10.1074/jbc.M404800200]

10 Eggler AL, Gay KA, Mesecar AD. Molecular mechanisms of 
natural products in chemoprevention: induction of cytoprotective 
enzymes by Nrf2. Mol Nutr Food Res 2008; 52 Suppl 1: S84-S94 
[PMID: 18435489 DOI: 10.1002/mnfr.200700249]

11 Edeas M, Attaf D, Mailfert AS, Nasu M, Joubet R. Maillard 
reaction, mitochondria and oxidative stress: potential role of 
antioxidants. Pathol Biol (Paris) 2010; 58: 220-225 [PMID: 
20031340 DOI: 10.1016/j.patbio.2009.09.011]

12 Kim J, Cha YN, Surh YJ. A protective role of nuclear factor-
erythroid 2-related factor-2 (Nrf2) in inflammatory disorders. 
Mutat Res 2010; 690: 12-23 [PMID: 19799917 DOI: 10.1016/
j.mrfmmm.2009.09.007]

13 Jain AK, Bloom DA, Jaiswal AK. Nuclear import and export 
signals in control of Nrf2. J Biol Chem 2005; 280: 29158-29168 
[PMID: 15901726 DOI: 10.1074/jbc]

14 Shi JJ, Jia XL, Li M, Yang N, Li YP, Zhang X, Gao N, Dang 
SS. Guggulsterone induces apoptosis of human hepatocellular 
carcinoma cells through intrinsic mitochondrial pathway. World 
J Gastroenterol 2015; 21: 13277-13287 [PMID: 26715810 DOI: 
10.3748/wjg.v21.i47.13277]

15 Sun MZ, Dang SS, Wang WJ, Jia XL, Zhai S, Zhang X, Li M, Li 
YP, Xun M. Cytokeratin 8 is increased in hepatitis C virus cells 
and its ectopic expression induces apoptosis of SMMC7721 cells. 
World J Gastroenterol 2013; 19: 6178-6187 [PMID: 24115814 
DOI: 10.3748/wjg.v19.i37.6178]

16 Dang SS, Sun MZ, Yang E, Xun M, Ma L, Jia ZS, Wang WJ, 
Jia XL. Prohibitin is overexpressed in Huh-7-HCV and Huh-
7.5-HCV cells harboring in vitro transcribed full-length hepatitis 
C virus RNA. Virol J 2011; 8: 424 [PMID: 21896168 DOI: 

10.1186/1743-422X-8-424]
17 Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the 

comparative C(T) method. Nat Protoc 2008; 3: 1101-1108 [PMID: 
18546601]

18 Bradford MM. A rapid and sensitive method for the quantitation 
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 1976; 72: 248-254 [PMID: 942051]

19 Zhao WX, Zhao J, Liang CL, Zhao B, Pang RQ, Pan XH. Effect 
of caffeic acid phenethyl ester on proliferation and apoptosis 
of hepatic stellate cells in vitro. World J Gastroenterol 2003; 9: 
1278-1281 [PMID: 12800240 DOI: 10.3748/wjg.v9.i6.1278]

20 Jia CH, Wang XY, Qi JF, Hong ST, Lee KT. Antioxidant Properties 
of Caffeic acid Phenethyl Ester and 4-Vinylcatechol in Stripped 
Soybean Oil. J Food Sci 2016; 81: C35-C41 [PMID: 26641978 
DOI: 10.1111/1750-3841.13160]

21 Rockey DC .  The cell and molecular biology of hepatic 
fibrogenesis. Clinical and therapeutic implications. Clin 
Liver Dis 2000; 4: 319-355 [PMID: 11232195 DOI: 10.1016/
S1089-3261(05)]

22 Fagone P, Mangano K, Mammana S, Pesce A, Pesce A, Caltabiano 
R, Giorlandino A, Portale TR, Cavalli E, Lombardo GA, Coco M, 
Puleo S, Nicoletti F. Identification of novel targets for the diagnosis 
and treatment of liver fibrosis. Int J Mol Med 2015; 36: 747-752 
[PMID: 26135677]

23 Romanelli RG, Stasi C. Recent Advancements in Diagnosis 
and Therapy of Liver Cirrhosis. Curr Drug Targets 2016; 17: 
1804-1817 [PMID: 27296314 DOI: 10.2174/13894501176661606
13101413]

24 Roos TU, Heiss EH, Schwaiberger AV, Schachner D, Sroka IM, 
Oberan T, Vollmar AM, Dirsch VM. Caffeic acid phenethyl ester 
inhibits PDGF-induced proliferation of vascular smooth muscle 
cells via activation of p38 MAPK, HIF-1α, and heme oxygenase-1. 
J Nat Prod 2011; 74: 352-356 [PMID: 21265554 DOI: 10.1021/
np100724f]

25 Kang ES, Woo IS, Kim HJ, Eun SY, Paek KS, Kim HJ, Chang 
KC, Lee JH, Lee HT, Kim JH, Nishinaka T, Yabe-Nishimura C, 
Seo HG. Up-regulation of aldose reductase expression mediated 
by phosphatidylinositol 3-kinase/Akt and Nrf2 is involved in the 
protective effect of curcumin against oxidative damage. Free Radic 
Biol Med 2007; 43: 535-545 [PMID: 17640564 DOI: 10.1016/
j.freeradbiomed.2007.05.006]

26 Lubet RA, Yao R, Grubbs CJ, You M, Wang Y. Induced expression 
of drug metabolizing enzymes by preventive agents: role of the 
antioxidant response element. Chem Biol Interact 2009; 182: 22-28 
[PMID: 19695238 DOI: 10.1016/j.cbi.2009.08.011]

27 Chen CY, Jang JH, Li MH, Surh YJ. Resveratrol upregulates heme 
oxygenase-1 expression via activation of NF-E2-related factor 2 in 
PC12 cells. Biochem Biophys Res Commun 2005; 331: 993-1000 
[PMID: 15882976]

28 Hyung JH, Ahn CB, Il Kim B, Kim K, Je JY. Involvement of 
Nrf2-mediated heme oxygenase-1 expression in anti-inflammatory 
action of chitosan oligosaccharides through MAPK activation in 
murine macrophages. Eur J Pharmacol 2016; 793: 43-48 [PMID: 
27826077 DOI: 10.1016/j.ejphar]

29 Kadam PD, Chuan HH. Erratum to: Rectocutaneous fistula with 
transmigration of the suture: a rare delayed complication of vault 
fixation with the sacrospinous ligament. Int Urogynecol J 2016; 
27: 505 [PMID: 26811110]

30 Ahn CB, Je JY, Kim YS, Park SJ, Kim BI. Induction of 
Nrf2-mediated phase II detoxifying/antioxidant enzymes in 
vitro by chitosan-caffeic acid against hydrogen peroxide-
induced hepatotoxicity through JNK/ERK pathway. Mol Cell 
Biochem 2017; 424: 79-86 [PMID: 27743232 DOI: 10.1007/
s11010-016-2845-4]

P- Reviewer: Arredondo M, Kesavadevi J    S- Editor: Qi Y    
L- Editor: Wang TQ    E- Editor: Wang CH  

Yang N et al . CAPE up-regulates antioxidation in HSC-T6 cells



Hirotaka Konishi, Daisuke Ichikawa, Toshiyuki Kosuga, 
Shuhei Komatsu, Kazuma Okamoto, Eigo Otsuji, Division 
of Digestive Surgery, Department of Surgery, Kyoto Prefectural 
University of Medicine, Kamigyo-ku, Kyoto 602-8566, Japan

Hiroshi Itoh, Department of Surgery, North Medical Center, 
Kyoto Prefectural University of Medicine, Yosa-gun, Kyoto 
629-2261, Japan

Kenichiro Fukuda, Department of Surgery, Saiseikai Shigaken 
Hospital, Ritto, Shiga 520-3046, Japan

Naoki Kakihara, Department of Surgery, Japanese Red Cross 
Kyoto Daini Hospital, Kamigyo-ku, Kyoto 602-8026, Japan

Manabu Takemura, Department of Surgery, Osaka General 
Hospital of West Japan Railway Company, Abeno-ku, Osaka 
545-0053, Japan

Kaori Okugawa, Department of Surgery, Omihachiman Community 
Medical Center, Omihachiman, Shiga 523-0082, Japan

Kiyoshi Uchiyama, Department of Surgery, Kyoto Okamoto 
Memorial Hospital, Kumiyama-cho, Kyoto 613-0034, Japan

Masashi Nakata, Department of Surgery, Kyoto Yamashiro 
General Medical Center, Kizugawa, Kyoto 619-0214, Japan

Hiroshi Nishi, Department of Surgery, Saiseikai Kyoto Hospital, 
Nagaokakyo, Kyoto 617-0814, Japan

Author contributions: Konishi H and Itoh H contributed equally 
to this study; Konishi H, Ichikawa D, Itoh H and Otsuji E designed 
the research; Konishi H, Ichikawa D, Itoh H, Fukuda K, Kakihara 
N, Takemura M, Okugawa K, Uchiyama K, Nakata M, Nishi H, 
Kosuga T, Komatsu S and Okamoto K treated the patients and 
collected the data; Konishi H, Ichikawa D and Itoh H analyzed 
the data; Konishi H, Ichikawa D, Itoh H and Otsuji E wrote the 
manuscript.

Institutional review board statement: The study was reviewed 

and approved by the Faculty of Science Ethics Committee at 
Kyoto Prefectural University of Medicine (RBMR-C-179).

Informed consent statement: All study participants provided 
informed written consent prior to their treatments and study 
enrollment.

Conflict-of-interest statement: All authors declare no conflict 
of interest related to this study or its publication.

Data sharing statement: The technical appendix, statistical 
code and dataset are available from Hirotaka Konishi at h-koni7@
koto.kpu-m.ac.jp.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Daisuke Ichikawa, MD, PhD, Assistant 
Professor, Division of Digestive Surgery, Department of 
Surgery, Kyoto Prefectural University of Medicine, Kajii-cho 
465, Kamigyo-ku, Kyoto 602-8566, 
Japan. ichikawa@koto.kpu-m.ac.jp
Telephone: +81-75-2515527
Fax: +81-75-2515522

Received: October 19, 2016
Peer-review started: October 20, 2016
First decision: November 9, 2016
Revised: November 26, 2016
Accepted: January 11, 2017
Article in press: January 11, 2017
Published online: February 21, 2017

Submit a Manuscript: http://www.wjgnet.com/esps/

DOI: 10.3748/wjg.v23.i7.1215

1215 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

World J Gastroenterol  2017 February 21; 23(7): 1215-1223

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

ORIGINAL ARTICLE

Surgery for gastric cancer patients of age 85 and older: 
Multicenter survey

Retrospective Cohort Study

Hirotaka Konishi, Daisuke Ichikawa, Hiroshi Itoh, Kenichiro Fukuda, Naoki Kakihara, Manabu Takemura, 
Kaori Okugawa, Kiyoshi Uchiyama, Masashi Nakata, Hiroshi Nishi, Toshiyuki Kosuga, Shuhei Komatsu, 
Kazuma Okamoto, Eigo Otsuji



Abstract
AIM
To investigate the surgical therapies for gastric cancer 
(GC) patients of age 85 or older in a multicenter 
survey.

METHODS
Therapeutic opportunities for elderly GC patients have 
expanded in conjunction with extended life expectancy. 
However, the number of cases encountered in a single 
institution is usually very small and surgical therapies 
for elderly GC patients have not yet been standardized 
completely. In the present study, a total of 134 GC 
patients of age 85 or older who underwent surgery in 
9 related facilities were retrospectively investigated. 
The relationships between surgical therapies and 
clinicopathological or prognostic features were 
analyzed.

RESULTS
Eighty-nine of the patients (66%) presented with a 
comorbidity, and 26 (19% overall) presented with more 
than two comorbidities. Radical lymphadenectomy 
was performed in 59 patients (44%), and no patient 
received pre- or post-operative chemotherapy. Forty 
of the patients (30%) experienced perioperative 
complications, but no surgical or perioperative mortality 
occurred. Laparoscopic surgery was performed in only 
12 of the patients (9.0%). Univariate and multivariate 
analyses of the 113 patients who underwent R0 or R1 
resection identified the factors of pT3/4 and limited 
lymphadenectomy as predictive of worse prognosis 
(HR = 4.68, P  = 0.02 and HR =2.19, P  = 0.05, 
respectively). Non-cancer-specific death was more 
common in cStage Ⅰ patients than in cStage Ⅱ or Ⅲ 
patients. Limited lymphadenectomy correlated with 
worse cancer-specific survival (P  = 0.01), particularly 
in cStage Ⅱ patients (P  < 0.01). There were no 
relationships between limited lymphadenectomy and 
any comorbidities, except for cerebrovascular disease (P  
= 0.07). 

CONCLUSION
Non-cancer-specif ic death was not negligible, 
particularly in cStage Ⅰ, and gastrectomy with radical 
lymphadenectomy appears to be an effective treatment 
for cStage Ⅱ elderly GC patients. 

Key words: Gastric cancer; Elderly more than 85; 
Surgery; Limited lymphadenectomy; Multicenter survey

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Therapeutic opportunities for elderly gastric 
cancer (GC) patients have expanded. This multicenter 
study investigated surgical therapies for GC patients 
of age 85 or older. Cancer-specific and overall survival 
rates were 100% and 56% in cStage Ⅰ. The factors of 
pT3/4 and limited lymphadenectomy were predictive 

of worse prognosis. Cancer-specific survival in cStage 
Ⅱ with radical lymphadenectomy was significantly 
better, but did not significantly benefit cStage Ⅲ. 
Only cerebrovascular disease was related with limited 
lymphadenectomy. Non-cancer-specific death was not 
negligible, particularly in cStage Ⅰ, and gastrectomy 
with radical lymphadenectomy appeared to be an 
effective treatment for cStage Ⅱ elderly patients.

Konishi H, Ichikawa D, Itoh H, Fukuda K, Kakihara N, 
Takemura M, Okugawa K, Uchiyama K, Nakata M, Nishi H, 
Kosuga T, Komatsu S, Okamoto K, Otsuji E. Surgery for gastric 
cancer patients of age 85 and older: Multicenter survey. World 
J Gastroenterol 2017; 23(7): 1215-1223  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i7/1215.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1215

INTRODUCTION
The elderly population is increasing worldwide, and 
life expectancy has also consistently increased in most 
countries[1]. In Japan, the average lifetime of women 
is 87 years while that of men is 81 years, and the life 
expectancies of 85-year-old women and men are 8.4 
and 6.2 years, respectively[2]. Therefore, gastric cancer 
(GC) patients of age 85 or older may undergo radical 
gastrectomy with the aim of achieving 5-year survival. 
On the other hand, elderly patients may present 
with existing functional decline in major organs and 
comorbidities[1,3]. The rate of non-cancer-specific death 
in elderly patients has generally been increasing, and 
post-operative disorders following gastrectomy may 
indirectly influence the cause of death[4-6]. Therefore, 
the decision to perform surgery on elderly GC patients 
needs to be made carefully.

Standard therapeutic strategies for GC patients 
in Japan are selected according to the Japanese 
Gastric Cancer Treatment Guidelines[7]; however, 
these guidelines are not standardized for elderly 
GC patients, particularly those aged 85 or older. 
Although some retrospective studies of GC patients 
in single institutions have evaluated gastrectomy for 
its feasibility and safety among the elderly patient 
population[8-10], few have investigated patients of age 
85 or older[11,12].

We previously reported the surgical outcomes of 
gastrectomy for elderly GC patients and concluded 
that the outcomes were similar to those in non-elderly 
patients[13]. However, it remains unclear as to whether 
radical gastrectomy has prognostic significance in 
elderly GC patients. There are some limitations in 
the selection of therapeutic strategies for elderly 
GC patients, due to the small number of cases that 
a single institution usually encounters. Therefore, 
we collected data on GC patients of age 85 or older 
who underwent surgery in our related hospitals, and 
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herein report our findings on the surgical therapies, 
clinicopathological features and survival.

MATERIALS AND METHODS
Patients
A total of 134 GC patients of age 85 or older who 
underwent surgery in any of our related hospitals (9 
facilities) between 2000 and 2014 were retrospectively 
registered. Thirty-six patients were treated at hospital 1, 
21 at hospital 2, 20 at hospital 3, 12 at hospital 4, 11 at 
hospital 5, 9 at hospital 6, 10 at hospital 7, 4 at hospital 
8, and 11 at hospital 9. Clinical and pathological stages 
were determined based on the Japanese Classification 
of Gastric Carcinoma 3rd edition[14]. No patients in 
the present study received neo-adjuvant or adjuvant 
chemotherapy. Some clinicopathological and prognostic 
data were not usable, as they were outdated. The 
median length of follow-up for censored cases was 19.5 
mo (range: 1-88 mo).

Written informed consent for surgery was obtained 
from all patients in each institution; however, it 
was confirmed that written informed consent for 
participation in the present study was not always 
necessary because this was a retrospective non-
interventional study.

Surgical therapy
Standard operability for each case was decided 
according to the Japanese Gastric Cancer Treatment 
Guidelines[7]. The operative procedure and extent of 
resection or lymphadenectomy were ultimately selected 
by each institution based on the clinical stage and 
location of the cancer. The extent of lymphadenectomy 
was re-evaluated using data obtained from the 
dissected lymph nodes and pre-operative clinical 
staging that was based on the Japanese Classification 
of Gastric Carcinoma 3rd edition[14]; briefly, radical 
lymphadenectomy was adapted to cT1N0 patients who 
underwent D1 or more extended lymphadenectomy 
and to cN+ or cT2-4 patients who underwent D2 
lymphadenectomy. In the present study, splenectomy 
in total gastrectomy was not related to the extent of 
lymphadenectomy because significance of splenectomy 
due to No.10 or 11d lymph node dissection was 
controversial. 

The status of residual tumors after surgery was also 
described as the R status, according to the Japanese 
Classification of Gastric Carcinoma 3rd edition[14]. R0 
denoted curative resection, R1 denoted resection with 
a microscopic residual tumor (positive in the resection 
margin, or CY+), and R2 denoted resection with a 
macroscopic residual tumor. In the present study, 
patients with bypass or un-resected surgery were 
included among the R2 cases.

Statistical analysis
All statistical analyses were performed using StatView 

5.0 J software (SAS Institute Inc., Cary, NC, United 
States). Survival curves for overall survival, cancer-
specific survival and non-original disease-specific 
death were derived using the Kaplan-Meier method 
and compared by the stratified Log-rank test. A 
multivariate survival analysis was performed using 
Cox’s proportional hazard regression model. A P-value 
less than 0.05 was considered significant.

RESULTS
Patient characteristics
The characteristics and perisurgical outcomes of 
the total 134 patients analyzed in this study are 
shown in Table 1. All patients were diagnosed with 
adenocarcinoma, and 57 patients (43%) were female. 
Comorbidities were present in 89 of the patients 
(66%), and 26 of the patients (19%) had more than 
one comorbidity. Hypertension was the most frequent 
comorbidity (52/134, 39%), followed by cardiovascular 
disease (36/134, 27%), respiratory disease (13/134, 
10%) and diabetes mellitus (13/134, 10%). The mean 
post-operative hospital stay was 29 d (range: 9-305 d), 
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Table 1  Patient characteristics and perisurgical outcomes  n  (%)

Total patients (n  = 134)

Age (yr) 87.4 (85-97)
Sex (male/female) 77/57
Post-operative hospital stay (d)   29 (9-305)
Comorbidity 89 (66.0)
   Hypertension 52 (39.0)
   Cardiovascular disease 36 (27)
   Respiratory disease  13 (9.7)
   Cerebrovascular disease    9 (6.7)
   Diabetes mellitus  13 (9.7)
   Renal dysfunction    4 (3.0)
   Other    4 (3.0)
Number of comorbidities
   0 45
   1/2 63/18
   3/4 6/2
Operation
   Distal 84
   Proximal   5
   Total 34
   Partial   4
   Bypass   4
   Unresectable   3
Procedure
   Open 122
   Laparoscopy   12
Lymphadenectomy
   D0/D1 17/52
   D1+/D2 40/25
Lymphadenectomy
   Radical/limited 59/75
Number of resected LN 23 (0-67)
Operative time (min)   206 (62-426)
Bleeding (g)     263 (10-1855)
Residual tumor
   R0/1/2 103/10/21

LN: Lymph node.
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Table 2  Pathological features and complications  n  (%)
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remarkably worse (at 56%) because of non-cancer-
specific deaths. The cStage Ⅱ or Ⅲ patients showed 
similar overall and cancer-specific survival rates, again 
with the rate of cancer-specific deaths higher than that 
of non-cancer-specific deaths. Cancer-specific survival 
was significantly different in each pStage (P < 0.01; 
Figure 1B).

Relationships between survival and clinicopathological 
features
Table 3 shows the relationships between survival 
and clinicopathological features for the 113 patients 
applicable for these analyses, after exclusion of 
those patients who underwent R2 resection. Limited 
lymphadenectomy (P = 0.01), cT3-4 (P < 0.01), pT3-4 
(P < 0.01), pN+ (P < 0.01), pStage Ⅲ-Ⅵ (P < 0.01), 
and positive venous invasion (P < 0.01) were identified 
as worse prognostic factors in the univariate analysis, 
whereas only an advanced pT factor and limited 
lymphadenectomy appeared to be prognostic factors 
in the multivariate analysis (HR = 4.68, 95%CI: 
1.29-20.7, P = 0.02 and HR = 2.19, 95%CI: 1.00-4.97, 
P = 0.05, respectively).

Cancer-specific survival in the patients who under-
went radical lymphadenectomy was significantly better 
than in those who underwent limited lymphadenectomy 
(P = 0.01; Figure 2A). In a subgroup analysis, the 
cancer-specific survival in cStage Ⅱ patients who 
underwent radical lymphadenectomy was also 
significantly better than in those who underwent limited 
lymphadenectomy (P < 0.01; Figure 2B); however, the 
difference was not significant in the cStage Ⅲ patients (P 
= 0.08; Figure 2C).

Preoperative factors affecting limited lymphadenectomy
Most comorbidities were not associated with limited 
lymphadenectomy, and only the presence of cere-
brovascular disease was found to be associated (P = 
0.07; Table 4).

DISCUSSION
Life-span has been extended for the elderly by 
advances in medical treatments[1,2]. In conjunction, 
therapeutic opportunities for elderly cancer patients, 
including those with GC, have also increased[1]. 
Therapeutic strategies for GC in Japan are standar-
dized by the Japanese Gastric Cancer Association 
Guidelines[7]; however, strategies for elderly patients 
are not clearly stated. An important issue is that 
systemic conditions and previous histories generally 
vary among elderly patients[3-6,17], and generally the 
number of elderly patients is still smaller than of 
young patients treated in a single Japanese institution. 
Therefore, comprehensive data on GC patients, 
particularly those aged 85 or older, have not been 
reported in detail[11,12,18-20].

In the present study, we retrospectively collected 

and no operative or perioperative mortalities occurred, 
excluding gastric cancer-specific death.

Therapeutic outcomes
Distal gastrectomy was performed on 84 patients, 
proximal gastrectomy on 5, total gastrectomy on 34, 
and partial gastrectomy on 4 (Table 1). Neither pre- 
nor post-operative chemotherapy was performed on 
any patient. The original lesions were un-resectable 
in 7 patients, and bypass surgery was performed 
on 4 of these patients. Laparoscopic surgery was 
performed on only 12 patients (12/134, 9.0%), 
including 9 distal and 3 total gastrectomies. The rates 
of R0+1 resection, radical lymphadenectomy and 
post-operative complications in laparoscopic surgery 
were 100% (12/12), 75% (9/12) and 17% (2/12), 
respectively.

Clinicopathological features and complications
Table 2 shows the clinicopathological features and 
post-operative complications, with the Clavien-Dindo 
classification of more than grade Ⅱ[15,16]. Complications 
were present in 40 of the total 134 patients (30%). 
Although the frequencies of anastomotic leakage 
(12/134, 9.0%) and pneumonia (7/134, 5.2%) were 
slightly high, no lethal complications or re-operations 
occurred. 

Survival analysis in each stage
Overall survival and cancer-specific survival in 
cStage Ⅰ/Ⅱ/Ⅲ patients are shown in Figure 1A. In 
cStage Ⅰ patients, the 5-year cancer-specific survival 
rate was 100%, whereas the overall survival rate was 

Total patients, n  =134

Location L/M/U 59/51/24
Macroscopic type 0/1/2/3/4/5/unknown 35/8/35/25/10/3/18
cT 1-2/3-4 64/70
cN -/+ 70/64
cStage Ⅰ/Ⅱ/Ⅲ/Ⅳ 54/36/32/12
pT 1-2/3-4 62/72
pN -/+/unknown 59/68/7
pStage Ⅰ/Ⅱ/Ⅲ/Ⅳ 49/29/39/17
Differentiation Well/moderate/poor/

unknown
46/17/55/16

Lymphatic invasion - +/unknown 38/79/17
Venous invasion -/+/unknown 55/62/17
Complications -/+ 94/40

Surgical site infection 11 (8.2)
Anastomotic leakage 12 (9.0)
Anastomotic stenosis   4 (3.0)

Pneumonia   7 (5.2)
Pancreatic fistula   3 (2.2)

Intestinal hypoperistalsis   2 (1.5)
Cardiac complication   1 (0.7)

Brain complication   1 (0.7)
Other   2 (1.5)

L/M/U: Lower third/middle third/upper third.
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information on GC patients of age 85 or older who 
underwent surgery in our related hospitals in order 
to investigate therapeutic strategies for elderly GC 
patients. We were unable to confirm information on 
the frequency of patients treated by non-surgical 
therapies or untreated due to their general condition. 
Therefore, although this set of data may be slightly 

biased due to regional characteristics or therapeutic 
strategies in each institution, the average frequency of 
GC patients aged 85 or older treated by surgery was 
almost similar among all the institutions (at 2.6%, 
range: 2.2%-3.8%).

There were some distinct characteristics noted 
for the treatment of elderly GC patients compared 

Table 3  Univariate and multivariate analyses for survival

n  = 113 5-yr survival Univariate Multivariate

P  value HR 95%CI P  value

Sex
   Male   65 33    0.17 -
   Female   48 48
Comorbidities
   < 2   93 35    0.35 -
   ≥ 2   20 63
Operation
   Total   29 36    0.13 -
   Others   84 41
Procedure
   Open 101 37    0.10 -
   Laparoscopy   12 62
Lymphadenectomy
   Radical   59 43    0.01 1.00 1.00-4.97 0.05
   Limited   54 35 2.19
Operative time (min)
   < 240   76 32    0.34 -
   ≥ 240   33 58
   Unknown     4
Bleeding (g)
   < 400   91 40    0.12 -
   ≥ 400   18 27
   Unknown     4
cT
   1-2   63 49 < 0.01 1.16 0.41-3.23 0.78
   3-4   50 27 1.00
cN
   Absent   67 45    0.43 -
   Present   46 35
cStage
   Ⅰ-Ⅱ   87 40    0.59 -
   Ⅲ- Ⅳ   26 37
pT
   1-2   62 58 < 0.01 1.00 1.29-20.7 0.02
   3-4   51 16 4.68
pN
   Absent   58 56 < 0.01 1.00 0.68-5.62 0.24
   Present   55 23 1.84
pStage
   Ⅰ-Ⅱ   78 55 < 0.01 -
   Ⅲ- Ⅳ   35   9
Residual tumor
   R0 103 41    0.06 1.14 0.39-3.87 0.81
   R1   10 31 1.00
Lymphatic invasion 
   Absent   37 55    0.09 1.49 0.43-5.10 0.53
   Present   67 29 1.00
   Unknown     9
Venous invasion
   Absent   53 58 < 0.01 1.00 0.75-5.80 0.17
   Present   51 15 2.00
   Unknown     9
Complications
   Absent   81 34    0.31 -
   Present   32 51
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Table 4  Relationships between lymphadenectomy and 
clinicopathlogical features
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with younger GC patients. Neo-adjuvant or adjuvant 
chemotherapy was not performed in any of the elderly 
GC patients, and the frequencies of laparoscopic 
gastrectomy and radical lymphadenectomy were 
slightly low for the elderly GC patients as well. Although 
lymphadenectomy was limited in some patients, 
cancer-specific survival in cStage Ⅰ was remarkably 
favorable and the leading cause of death was non-
cancer-specific death, specifically due to pneumonia 
or cardiovascular event. These non-cancer-specific 
events occurred equally among the elderly patients. 
Therefore, gastrectomy with limited lymphadenectomy 
or less-invasive laparoscopic surgery is permissible, 
at least for elderly patients with cStage Ⅰ[21]. On the 
other hand, among the elderly patients with cStage 
Ⅱ or Ⅲ, non-cancer-specific death was not of greater 
clinical importance than cancer-specific death. Cancer-
specific survival in patients who underwent radical 
lymphadenectomy was significantly better than in 
those who underwent limited lymphadenectomy. In 
subgroup analysis, this tendency was more significant 
in cStage Ⅱ patients than in cStage Ⅲ patients.

There was no positive relationship found between the 
limited lymphadenectomy and the presence or number 
of comorbidities or the extent of resection; however, the 

n  = 113 Lymphadenectomy P  value

Radical Limited

Comorbidity
   Present   75 45 30 0.02
   Absent   38 14 24
Hypertension
   Present   43 28 15 0.03
   Absent   70 31 39
Cardiovascular disease
   Present   31 14 17 0.36
   Absent   82 45 37
Respiratory disease 
   Present   11   7   4 0.42
   Absent 102 52 50
Cerebrovascular disease
   Present     6   1   5 0.07
   Absent 107 58 49
Diabetes mellitus
   Present   12   7   5 0.65
   Absent 101 52 49
Renal dysfunction
   Present     3   3   0 0.09
   Absent 110 56 54
Number of comorbidities
   < 2   93 47 46 0.44
   ≥ 2   20 12   8
cStage
   Ⅰ-Ⅱ   87 45 42 0.85
   Ⅲ- Ⅳ   26 14 12
Operation
   Total   29 14 15 0.62
   Other   84 45 39

Figure 1  Survival analysis for patients according to GC stage. A: Cancer-
specific and overall survivals using the Kaplan-Meier method are shown for 
cStage Ⅰ (n = 54), cStage Ⅱ (n = 36), and cStage Ⅲ (n = 30); B: Cancer-
specific survival using the Kaplan-Meier method is shown for each pathological 
(p)Stage (P < 0.01).
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patients with cerebrovascular disease were more likely 
to have undergone limited lymphadenectomy.

As reported by the Japanese Association of Clinical 
Cancer Centers, the 5-year relative survival rates of GC 
patients treated with any surgical therapy between 2004 
and 2007 were 96% in cStage Ⅰ, 66.9% in cStage Ⅱ, 
48.1% in cStage Ⅲ and 15.7% in cStage Ⅳ[22]. When 
the results of the present study are generally compared 
with results of younger GC patients, the cancer-
specific survival rate in cStage Ⅰ elderly patients is 
acceptable, regardless of the surgical extent; however, 
non-cancer-specific death was frequent in the elderly 
patient population of the present study and appeared 

to be affected by surgical therapy and previous 
histories[3,4,6]. On the other hand, the survival rate of 
cStage Ⅲ elderly patients was slightly low compared 
to that which is known for younger GC patients. We 
attributed this discrepancy to the lack of adjuvant 
chemotherapy[23,24] and the stage migration of cStage 
Ⅳ patients due to limited lymphadenectomy[25,26]. The 
survival rate in cStage Ⅱ elderly patients was similar 
to that in younger patients[20]. Moreover, cancer-
specific survival in cStage Ⅱ patients who underwent 
radical lymphadenectomy was significantly better than 
in those who underwent limited lymphadenectomy. 
This result indicates that radical lymphadenectomy can 
improve survival in cStage Ⅱ elderly patients[10,12].

There were some limitations to the present 
study, particularly related to the small number of 
cases, which must be considered when interpreting 
the findings. Stage migration should be considered 
because limited lymphadenectomy was performed 
more frequently[23,24]. The rate of cancer-specific 
survival in cStage Ⅰ patients was very high, regardless 
of lymphadenectomy; however, survival among 
cStage Ⅱ or Ⅲ patients who underwent limited 
lymphadenectomy was expected to be improved by 
stage migration. Therefore, this feature may have 
affected the results of the present study. Furthermore, 
overall and cancer-specific survivals were not fully 
divided by clinical stages, particularly for the cStage Ⅱ 
or Ⅲ patients. The clinical staging data may have been 
influenced by a limitation in imaging techniques, the 
criteria used to reach a diagnosis in each institution, 
or short follow-up length. In the present study, we 
were unable to reconfirm details on clinical staging or 
prognosis in each institution.

In conclusion, although the present study was 
performed using limited case samples and with 
some biases, the results obtained showed a trend of 
elderly GC patients towards surgical therapy. A less-
invasive gastrectomy will be permissible, at least for 
cStage Ⅰ elderly patients, and surgical therapy with 
radical lymphadenectomy may be effective for cStage 
Ⅱ elderly patients; however, further studies on non-
cancer-specific death or chemotherapy are needed.

COMMENTS
Background
The elderly population is increasing worldwide, and therapeutic opportunities 
for elderly gastric cancer (GC) patients have also expanded. On the other hand, 
elderly patients may present with existing functional decline in major organs 
and comorbidities. Although retrospective studies using information of single 
institutions have evaluated gastrectomy among elderly patient populations, 
therapeutic strategies for elderly GC patients, particularly those aged 85 or 
older, are not standardized due to the generally small number of cases. 

Research frontiers
GC patients of age 85 or older have undergone radical gastrectomy with the 
aim of achieving 5-year survival. However, the decision to perform surgery on 
an elderly GC patient needs to be made carefully, because the rate of non-
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Figure 2  Survival analysis on cStage Ⅱ and Ⅲ patients who underwent 
radical or limited lymphadenectomy. A: Cancer-specific survival using the 
Kaplan-Meier method is shown for all patients who underwent radical or limited 
lymphadenectomy; B and C: Cancer-specific survival using the Kaplan-Meier 
method is shown for patients with cStage Ⅱ (B: n = 33) or cStage Ⅲ (C: n = 25).  
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cancer-specific death will be increasing generally and post-operative disorders 
following gastrectomy may indirectly influence the cause of death. The research 
hotspot is to examine optimized surgical therapies for elderly GC patients in 
each clinical disease stage by using a multicenter survey approach.

Innovations and breakthroughs
There are some limitations in the selection of therapeutic strategies for elderly 
GC patients due to the small number of cases in a single institution. In the 
present study, the data for 134 GC patients of age 85 or older who underwent 
surgery were collected from our 9 related hospitals. The cancer-specific survival 
rate for cStage Ⅰ elderly patients was acceptable, regardless of the surgical 
extent; however, the rate of non-cancer-specific deaths due to pneumonia or 
cardiovascular event was frequent and not negligible. On the other hand, the 
rate of non-cancer-specific death was not high in cStage Ⅱ or Ⅲ patients, and 
cancer-specific survival with radical lymphadenectomy was significantly better 
than that achieved with limited lymphadenectomy in cStage Ⅱ patients.

Applications
The data in this study suggests that a less-invasive gastrectomy will be 
permissible for elderly patients, at least for those with cStage Ⅰ GC. 
Furthermore, this study also provides readers important information regarding 
surgical therapy with radical lymphadenectomy in elderly GC patients, 
particularly as related to its effectiveness in cStage Ⅱ elderly patients. 

Terminology
A limited lymphadenectomy for GC is considered for lymphadenectomy less 
frequently than standard resection, but it has been successfully performed 
in selected patients with poor general condition or of elderly age. Although 
the definitive indication of limited lymphadenectomy is not determined, such 
a limited therapy will be acceptable for some patients, such as the oldest-old 
patients, after careful considerations of the therapeutic quality or prognosis.

Peer-review
The authors do a good work, they collected data on GC patients aged 85 or 
older who underwent surgery in their related hospitals, and examined surgical 
therapies, clinicopathological features, and survival, which give us some 
treatment advice for elder gastric cancer patients.
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Abstract
AIM
To investigate incidence and survival of post-transplant 
lymphoproliferative disorder (PTLD) patients after liver 
transplantation.  

METHODS
A cross-sectional survey was conducted among pa-
tients who underwent liver transplantation at Shiraz 
Transplant Center (Shiraz, Iran) between August 2004 
and March 2015. Clinical and laboratory data of patients 
were collected using a data gathering form. 

RESULTS
There were 40 cases of PTLD in the pediatric age 
group and 13 cases in the adult group. The incidence 
of PTLD was 6.25% in pediatric patients and 1.18% 
in adult liver transplant recipients. The post-PTLD 
survival of patients at 6 mo was 75.1% ± 6%, at 1 
year was 68.9% ± 6.5% and at 5 years was 39.2% ± 
14.2%. Higher serum tacrolimus level was associated 
with lower post-PTLD survival in pediatric patients 
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EBV infection has minimal consequences in normal 
subjects, in liver transplant recipients it is associated 
with a spectrum of disorders, ranging from reactive 
monoclonal hyperplasia to aggressive malignant 
lymphoma[5]. In immunocompetent subjects, the EBV 
genome remains latent in resting memory B cells after 
immortalization[6]. However, after transplantation, long-
term immunosuppressive therapy results in depressed 
T-cell function and lack of T-cell inhibition on B-cell 
proliferation[7]. This may lead to uncontrolled B-cell 
proliferation and subsequent hyperplasia, and even 
malignant transformation. 

PTLD is more frequently encountered in pediatric 
patients, and younger age by itself is a known risk 
factor for PTLD despite controversies[8]. Another 
proposed risk factor for PTLD development after liver 
transplantation is hepatitis C virus infection[9]. With a 
mortality rate ranging from 12% to 60% in different 
studies, PTLD has imposed considerable negative 
impact on transplant patients until recently[10-12]. 
However, outcomes of patients and survival rates have 
been substantially improved by using new modalities 
for treatments, such as rituximab (a chimeric anti-
CD20 monoclonal antibody) and sirolimus, in addition 
to reduced-dose immunosuppression[13-15].  

This study aimed to investigate incidence, risk 
factors (including impact of immunosuppressive 
regimen) and survival of PTLD patients after liver 
transplantation in Iranian patients.  

MATERIALS AND METHODS
Patients
Shiraz Organ Transplant Center (Shiraz, Iran) is a 
leading transplant center in Iran, with considerable 
annual cases of liver transplantation for both adult 
and pediatric patients. A cross-sectional survey was 
conducted among the adult and pediatric patients 
(< 18 years) who underwent liver transplantation 
at Shiraz Transplant Center between August 2004 
and March 2015. Clinical and laboratory data of 
patients were collected using a data gathering form 
containing information regarding age, sex, underlying 
liver disease, type of allograft (deceased donor, living 
related donor, split liver transplantation), time of 
liver transplantation and time of PTLD development, 
survival of patients from date of liver transplantation, 
survival after PTLD diagnosis, immunosuppressive 
regimen and dosage, rejection episodes, EBV status 
before and after transplantation, presenting sign and 
symptoms, PTLD histology, multi-organ involvement, 
modality of treatment, response to therapy, and 
serum level of calcineurin inhibitors (including 
tacrolimus and cyclosporine). All patients received 
intravenous methylprednisolone as induction of 
immunosuppression. Patients received tacrolimus, 
cyclosporine, mycophenolate mofetil and prednisolone 
as immunosuppressive therapy during their follow-
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(OR = 1.07, 95%CI: 1.006-1.15, P  = 0.032). A serum 
tacrolimus level over 11.1 ng/mL was predictive of post 
PTLD survival (sensitivity = 90%, specificity = 52%, 
area under the curve = 0.738, P  = 0.035). 

CONCLUSION
Incidence of PTLD in our liver transplant patients is 
comparable to other centers. Transplant physicians may 
consider adjustment of tacrolimus dose to maintain its 
serum level below this cutoff point. 

Key words: Post-transplant lymphoproliferative disorder; 
Liver transplantation; Survival; Tacrolimus; Epstein-Barr 
virus 

© The Author(s) 2017. Published by Baishideng Publishing 
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Core tip: Post-transplant lymphoproliferative disorder 
(PTLD) is one of the complications that may occur 
after liver transplantation. The present study is a 
survival analysis of liver transplant patients after PTLD 
development. The incidence of PTLD was 6.25% in 
pediatric patients and 1.18% in adult liver transplant 
recipients. The main new finding is association of 
serum tacrolimus level with post-PTLD survival. Higher 
serum tacrolimus level was associated with lower post-
PTLD survival in pediatric patients.

Eshraghian A, Imanieh MH, Dehghani SM, Nikeghbalian S, 
Shamsaeefar A, Barshans F, Kazemi K, Geramizadeh B, Malek-
Hosseini SA. Post-transplant lymphoproliferative disorder 
after liver transplantation: Incidence, long-term survival and 
impact of serum tacrolimus level. World J Gastroenterol 2017; 
23(7): 1224-1232  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i7/1224.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1224

INTRODUCTION
Liver transplantation is an established modality of 
treatment for end-stage liver diseases of various 
etiologies. Despite considerable improvement in 
outcomes of patients, complications frequently occur 
after transplantation that may have negative impact 
on survival[1]. Post-transplant lymphoproliferative 
disorder (PTLD) is one of the complications that may 
occur after liver transplantation and threatens both 
graft and patient survival. PTLD is generally believed 
to be a consequence of relative immunodeficiency 
state secondary to immunosuppressive regimens in 
these patients[2]. Immunosuppressive therapy results 
in depressed T-cell function that predisposes patients 
to lymphoid proliferation[3]. Epstein-Barr virus (EBV) 
infection is the other major risk factor for development 
of PTLD after liver transplantation and the majority 
of cases (60%-70%) are EBV-positive[4]. While 



up. Serum tacrolimus level was measured periodi-
cally during follow-up for each patient and the last 
measured serum tacrolimus levels before diagnosis 
of PTLD were recorded and analyzed for each patient. 
Patients were treated with rituximab or chemotherapy 
based on grade, type and invasiveness of PTLD. 
Change from tacrolimus to sirolimus was applied for all 
of the patients diagnosed with PTLD. Thirteen patients 
with positivity for cytomegalovirus (CMV)-DNA were 
treated with ganciclovir or valganciclovir.   

PTLD diagnosis
Diagnosis of PTLD was confirmed by tissue biopsies 
reviewed by expert pathologists. World Health 
Organization (WHO) classification for tumors of 
lymphoid tissue was used for PTLD classification[16]. 
While diagnosis of PTLD was confirmed, patients 
underwent staging work-up, including CT scans 
(abdomen, chest and pelvis) and bone marrow 
aspiration and biopsy to detect possibility of multiple 
organ involvement. Frozen section or paraffin im-
munoperoxidase staining or flow cytometry were 

applied for immunophenotyping of B-cell- and T-cell-
associated antigens, as previously described. 

Whether PTLD is monoclonal or polyclonal was de-
termined by flow cytometry on fresh cell suspensions 
checking immunoglobulin light chain restriction, by 
immunoperoxidase staining on frozen or paraffin-
embedded tissues or by southern blot on frozen tissues 
checking immunoglobulin or T-cell receptor gene 
rearrangements[17]. 

Based on these classification, one patient had nodular 
sclerosis Hodgkin disease, one had plasmacytoma, 
and others had polymorphic and monomorphic B cell 
lymphoma. 

Ethics and consent
The study protocol was approved by the institutional 
review board of Shiraz University of Medical Sciences. 
The study protocol was carried out in accordance with 
the Helsinki Declaration as revised in Seoul 2008. 
Written informed consent was obtained from patients. 

Statistical analysis
Comparisons of continuous variables were performed 
with the Student’s t-test, and categorical variables were 
compared using the chi-square test. Non-parametric 
Mann-Whitney test was used when appropriate. Data 
were presented using mean ± standard deviation 
for numeric variables, and percent and counts for 
categorical variables. Kaplan-Meier estimates were used 
for analysis of time to PTLD development and survival 
after PTLD diagnosis. Kaplan-Meier and Cox regression 
analyses were used to calculate the influence of 
probable risk factors on PTLD development and survival. 
Rejection episodes were considered a time varying 
statistical variable, and rejections that occurred after 
PTLD development were excluded. Statistical analysis 
was performed with SPSS 16.0 (SPSS Inc., Chicago, 
IL, United States). A P value of < 0.05 were considered 
statistically significant.

RESULTS
PTLD characteristics and post-PTLD survival
Overall, 53 patients were diagnosed with PTLD. There 
were 40 cases of PTLD in the pediatric age group and 
13 cases in the adult group. The incidence of PTLD was 
6.25% in the pediatric patients and 1.18% in the adult 
liver transplant recipients. The baseline characteristics 
of PTLD patients are outlined in Table 1. 

The mean overall (adult and pediatric) post-
PTLD survival was 66.29 ± 11.86 mo. The post-PTLD 
survival of patients at 6 mo was 75.1% ± 6%, at 1 
year was 68.9% ± 6.5% and at 5 years was 39.2% ± 
14.2% (Figure 1A). 

The mean post-PTLD survival in adult patients was 
82.94 ± 18.58 mo. The post-PTLD survival of adult 
patients at 6 mo was 83.9% ± 10.4%, at 1 year was 
74.6% ± 12.8% and at 5 years was 59.7% ± 16.8% 
(Figure 1B).
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Table 1  Baseline characteristics of patients

Pediatrics Adults Overall

Number 40 13 53
Mean age in years 5.05 ± 4.43 42 ± 13.39 14.11 ± 17.71
Sex, male/female 23/17 10/3 33/20
Allograft 
   Living donor 28   0 28
   Deceased donor 12 13 25
Presenting sign and symptoms
   LAP 18   9 27
   Fever 13   1 14
   Abdominal pain 15   3 18
   Diarrhea   5   0   5
   Weight loss   0   1   1
   Cough and dyspnea   1   0   1
   Bowel obstruction   1   0   1
   Unilateral weakness   1   0   1
Underlying liver disease
   HBV cirrhosis   0   5   5
   Cryptogenic cirrhosis   0   2   2
   PSC   0   2   2
   HCV cirrhosis   0   1   1
   AIH   2   1   3
   Wilson’s disease   1   0   1
   PFIC   5   0   5
   Crigler-Najjar syndrome   8   0   8
   Biliary atresia 12   0 12
   Tyrosinemia 10   0 10
   Budd-Chiari syndrome      1   1   2
   Liver metastasis   0   1   1
   Neonatal hepatitis   1   0   1
Immunosuppressive regimen
   Prednisolone 39 12 49
   Tacrolimus 36 10 46
   Mycophenolate mofetil 15 11 26
   Cyclosporine   1   4   5
   Sirolimus 35   8 43

AIH: Autoimmune hepatitis; LAP: Lymphadenopathy; HBV: Hepatitis 
B virus; HCV: Hepatitis C virus; PFIC: Progressive familial intrahepatic 
cholestasis; PSC: Primary sclerosing cholangitis.
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(Figure 2A). EBV-positive patients with PTLD had 
significantly higher mean survival compared to EBV-
negative PTLD patients (60.58 ± 7.62 mo vs 16.72 
± 5.66 mo, P = 0.018) (Figure 2B). Other variables 
including sex, CMV status, rejection episodes, time to 
PTLD before or after 1 year, and type of allograft had 
no significant effect on post-PTLD survival (Table 2). 

We also analyzed the influence of different 
risk factors on pediatric PTLD patients separately. 
Multi-organ involvement and EBV negativity were 
significantly associated with lower mean post-PTLD 
survival in pediatric patients (Table 3). Higher serum 
tacrolimus level was associated with lower post-PTLD 
survival in pediatric patients (OR = 1.07, 95%CI: 
1.006-1.15, P = 0.032) (Table 4). 

Impact of multi-organ involvement, and time to PTLD 
development
Patients were divided into those who developed PTLD 
in ≤ 1 year and those who developed PTLD in ≥ 1 
year. Age, post-PTLD survival, serum tacrolimus level, 
tacrolimus dose and prednisolone dose were not 
correlated with time to PTLD development in pediatric 

The mean post-PTLD survival in pediatric patients 
was 42.61 ± 6.1 mo. The post-PTLD survival of 
pediatric patients at 6 mo was 72.4% ± 7.1%, at 1 
year was 67.1% ± 7.5% and at 5 years was 24.1% ± 
18.6% (Figure 1C).

When both pediatric and adult patients were 
analyzed altogether, multi-organ involvement was 
significantly associated with lower post-PTLD survival 
(104.25 ± 9.08 mo vs 27.13 ± 6.30 mo, P = 0.002) 

Figure 1  Post-transplant lymphoproliferative disorder survival. A:  
Pediatric and adult patients; B: Adult patients; C: Pediatric patients. PTLD: Post-
transplant lymphoproliferative disorder.
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C Figure 2  Post-transplant lymphoproliferative disorder survival of pediatric 
and adult patients. A: Impact of multi-organ involvement; B: Impact of EBV 
status. EBV: Epstein-Barr virus; PTLD: Post-transplant lymphoproliferative 
disorder.
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patients (P > 0.05) (Table 5). However, multi-organ 
involvement was more common in patients who 
developed PTLD within 1 year after liver transplantation 
(P = 0.007) (Table 6). Multi-organ involvement was 
also more common in pediatric patients who developed 
PTLD within 1 year after liver transplantation (P = 

0.007) (Table 6).
Multi-organ involvement was associated with 

increased mortality after PTLD development (P < 0.05) 
(Table 7). EBV-positive patients with PTLD had lower 
mortality when compared to EBV-negative patients (P 
< 0.05) (Table 7). 

Multi-organ involvement was not associated 
with age, serum tacrolimus level, tacrolimus dose, 
prednisolone dose in univariate analysis (Table 5). EBV-
positive patients were less likely to have multi-organ 
involvement in comparison with EBV- negative patients 
(P = 0.008) (Table 8). Pediatric patients who received 
liver allograft from deceased donors were more likely 
to develop PTLD with multi-organ involvement when 
compared to those receiving liver allograft from living 
donors (P = 0.019) (Table 8).  

Estimation of a cutoff value for tacrolimus level in 
pediatric patients
To estimate a cutoff point value for tacrolimus level 
in relation to post-PTLD survival in pediatric patients, 
we used receiver operating characteristic (ROC) curve 
analysis. A serum tacrolimus of over 11.1 ng/mL was 
predictive of post-PTLD survival (sensitivity = 90%, 
specificity = 52%, area under the curve = 0.738, P = 
0.035). 

DISCUSSION
The present study is one of the largest series of 
patients with PTLD after liver transplantation. Our 
study showed that the incidence of PTLD following 
pediatric liver transplantation was much higher than 
for adult liver transplantation (6.25% in pediatrics 
and 1.18% in adults). While previous studies reported 
PTLD incidence of up to 20% after pediatric liver 
transplantation[18], recent reported incidence from 
different studies are lower and range from 10% 
to 5.5%[19,20]. Since PTLD is mainly considered as 
a result of interaction of immunosuppression and 
EBV infection, the decreased incidence in pediatric 
patients may be secondary to the better monitoring of 
patients, especially for immunosuppressive regimen 
and EBV infection. In pediatric patients, our reported 
incidence is comparable to other studies; however, due 
to unexplained reasons the incidence of PTLD after 

Table 2  Kaplan-Meier analysis of risk factors and post-
transplant lymphoproliferative disorder survival of pediatric 
and adult patients

Mean survival in mo P  value

Sex 0.902
   Male     65.65 ± 13.18
   Female   36.06 ± 5.30
Multi-organ involvement 0.002
   (+)   27.13 ± 6.30 
   (-) 104.25 ± 9.08
CMV status 0.370
   CMV-positive     51.98 ± 10.50
   CMV-negative   23.29 ± 5.76
EBV status 0.002
   EBV-positive   60.58 ± 7.62 
   EBV-negative      16.72 ± 5.66
Rejection episode 0.762
   (+)     64.90 ± 13.78
   (-)     65.86 ± 15.76
Time to PTLD development in years 0.704
   ≤ 1     62.18 ± 14.03
   ≥ 1     75.13 ± 12.49
Type of allograft 0.904
   Living donor   50.56 ± 6.95
   Deceased donor     60.32 ± 14.33

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant 
lymphoproliferative disorder.

Table 3  Kaplan-Meier analysis of risk factors and post-
transplant lymphoproliferative disorder survival of pediatric 
patients

Mean survival in mo P  value

Sex 0.749
   Male 41.41 ± 7.38
   Female 35.85 ± 5.76
Multi-organ involvement 0.002
   (+) 25.82 ± 6.90
   (-) 67.62 ± 5.56
CMV status 0.139
   CMV-positive 58.82 ± 9.56
   CMV-negative 19.35 ± 6.21
EBV status 0.002
   EBV-positive 60.58 ± 7.62
   EBV-negative     5.58 ± 2.72
Rejection episode 0.888
   (+) 43.61 ± 8.49
   (-) 36.02 ± 5.24
Time to PTLD development in years 0.326
   ≤ 1 39.72 ± 6.86
   ≥ 1 36.45 ± 5.30
Type of allograft 0.806
   Living donor 50.56 ± 6.95
   Deceased donor 37.37 ± 8.11

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant 
lymphoproliferative disorder.

Table 4  Cox regression analysis showing association of 
different risk factors and post-transplant lymphoproliferative 
disorder survival of pediatric patients

Mean OR 95%CI P  value

Age in years   5.05 0.94   0.82-1.08 0.434
Time to PTLD in months 15.63 0.96   0.91-1.02 0.242
Tacrolimus level 14.99 1.07 1.006-1.15 0.032
Tacrolimus dose   3.81 1.06   0.67-1.66 0.797
Prednisolone dose 10.12 0.99   0.86-1.13 0.897

PTLD: Post-transplant lymphoproliferative disorder.
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adult liver transplantation in our study was lower than 
previous reports from other centers[21].   

Mean post-PTLD survival was higher in the adult 
patients than in the pediatric patients. This observation 
is probably due to the long-term survival (> 10 years) 
of 2 of our adult patients. In a recent study conducted 
in our center, the 1-year and 5-year overall survival 
of pediatric liver transplant recipients was found to be 
73% and 66% respectively[22]. In this way, the 1-year 
post-PTLD survival in the pediatric age group is nearly 
equal to the overall survival of our pediatric patients. 
However, it should be noted that the 5-year post-PTLD 
survival in pediatric patients has dramatically declined 
to 24.1%.     

Due to small numbers of adult PTLD patients, the 
analyses were performed on either pediatric patients 
or adult plus pediatric patients. We investigated the 
impact of different variables on post-PTLD survival. 
As expected, multi-organ involvement was associated 
with a lower post-PTLD survival and increased 
mortality. EBV-positive patients had higher mean 
post-PTLD survival in comparison with EBV-negative 
subjects. EBV positivity was also associated with lower 

Table 5  Influence of different continuous variables on time to post-transplant lymphoproliferative disorder development, mortality 
and multi-organ involvement of post-transplant lymphoproliferative disorder patients

Mean rank Mean rank U value Z  score P  value

PTLD development PTLD development
≤ 1 yr ≥ 1 yr

Age 19.85 21.85 158 -0.50 0.61
Post-PTLD survival 20.19 21.15 167 -0.24 0.80
Tacrolimus level 16.57 14.61 86 -0.54 0.58
Tacrolimus dose 19.84 18.85 154 -0.27 0.78
Prednisolone dose 20.56 18.88 154 -0.44 0.65

Alive patient Deceased patient
Age 23.19 16.47    127.5 -1.78 0.74
Tacrolimus level 13.62 21.00   55 -2.11 0.03
Tacrolimus dose 18.96 20.43 175 -0.40 0.68
Prednisolone dose 19.65 20.57 171 -0.25 0.79
Mean time to PTLD 23.12 16.56 129 -1.74 0.08

Multi-organ (+) Multi-organ (-)
Age 19.50 19.50 176  0.00 1.00
Tacrolimus level 16.50 14.74   97 -0.54 0.58
Tacrolimus dose 20.27 18.14 146 -0.60 0.54
Prednisolone dose 19.81 19.27 171 -0.15 0.87
Post-PTLD survival 15.59 22.34 113 -1.85 0.06
Mean time to PTLD 13.62 23.77   82 -2.78   0.005

PTLD: Post-transplant lymphoproliferative disorder.

Table 6  Influence of different risk factors on time to post-
transplant lymphoproliferative disorder development 

PTLD 
development

PTLD 
development

P  value

≤ 1 yr ≥ 1 yr

All PTLD patients
Sex 0.150
   Male 17 16
   Female 14   6
Multi-organ involvement 0.007
   (+) 15   3
   (-) 14 18
CMV status 0.186
   CMV-positive   9   4
   CMV-negative 11   1
EBV status 0.296
   EBV-positive 12   5
   EBV-negative     8   1
Rejection episode 0.399
   (+) 15   9
   (-) 16 13
Mortality 0.324
   (+) 13   7
   (-) 18 15
Type of allograft 0.118
   Living donor 19   9
   Deceased donor 12 13
Pediatric PTLD patients
Sex 0.496
   Male 15   8
   Female 12   5
Multi-organ involvement 0.018
   (+) 14   2
   (-) 11 11
CMV status 0.368
   CMV-positive   9   3
   CMV-negative   9   1
EBV status 0.184
   EBV-positive 12   5
   EBV-negative     6   0

Rejection episode 0.587
   (+) 13   6
   (-) 14   7
Mortality 0.120
   (+) 13   3
   (-) 14 10
Type of allograft 0.609
   Living donor 19   9
   Deceased donor   8   4

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant 
lymphoproliferative disorder.
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mortality, especially among the pediatric age group. 
These findings may be jeopardized by our other 
finding that EBV-positive patients had lower probability 
of multi-organ involvement.

Although up to 30% of PTLD patients are EBV-
negative, EBV has been generally considered as 
responsible for most cases of PTLD. However, the 
influence of recipient EBV status on outcomes of PTLD 
patients is conflicting. Some studies have shown that 
EBV-negative PTLD patients have more malignant 
appearing disease with an aggressive course and 
higher mortality rate[23,24]. In univariate analysis, our 
findings are inconsistent with these mentioned results. 
However, in regression analysis, EBV status was not 
associated with post-PTLD survival. Several other 
studies showed that EBV status had no significant 
impact on outcomes of PTLD patients, including their 
survival[25-28]. EBV status was not associated with 
time of PTLD development in our study. This finding 

is in contrast with previous reports showing that EBV-
negative PTLD occurs later after liver transplantation 
when compared to EBV-positive PTLD patients[29,30].

Immunosuppressive therapy has been reported 
to be associated with PTLD development. Treatment 
of rejection episodes with steroid or OKT3 were 
risk factors of PTLD development, especially during 
1 year after treatment[31,32]. Reducing dose of 
immunosuppressive medications is another treatment 
strategy used on PTLD patients in some studies[33,34]. 
In our study, rejection episode, steroid dose and 
tacrolimus dose were not associated with PTLD 
survival, while higher serum tacrolimus level was 
associated with lower survival. Finally, we showed 
that a serum tacrolimus cutoff value of over 11.1 
ng/mL is associated with post-PTLD survival, having 
a high sensitivity but a rather low specificity in 
pediatric patients. Therefore, it might be suggested 
that transplant physicians consider adjustment of 
tacrolimus dose to maintain its serum level around this 
cutoff point. 

Although a PTLD series has been published from 

Table 7  Influence of different risk factors on mortality after 
post-transplant lymphoproliferative disorder

Alive patient Deceased patient P  value

All PTLD patients
Sex 0.491
   Male 10 13
   Female 13   7
Multi-organ involvement 0.001
   (+)   6 12
   (-) 26   6
CMV status 0.284
   CMV-positive   9   4
   CMV-negative   6   6
EBV status 0.042
   EBV-positive 13   4
   EBV-negative      3   6
Rejection episode 0.600
   (+) 15   9
   (-) 18 11
Type of allograft 0.485
   Living donor 18 10
   Deceased donor 15 10
Pediatric PTLD patients
Sex 0.424
   Male 13 10
   Female 11   6
Multi-organ involvement 0.001
   (+)   5 11
   (-) 19   3
CMV status 0.110
   CMV-positive   9   3
   CMV-negative   4   6
EBV status 0.018
   EBV-positive 13   4
   EBV-negative      1   5
Rejection episode 0.525
   (+) 11   8
   (-) 13   8
Type of allograft 0.309
   Living donor 18 10
   Deceased donor   6   6

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant 
lymphoproliferative disorder.

Table 8  Influence of different risk factors on multi-organ 
involvement in patients with post-transplant lymphoproliferative 
disorder

Multi-organ 
involvement (+)

Multi-organ 
involvement (-)

P  value

All PTLD patients
Sex 0.421
   Male 12 19
   Female   6 13
CMV status 0.418
   CMV-positive   6   7
   CMV-negative   7   5
EBV status 0.008
   EBV-positive   5 11
   EBV-negative      8   1
Rejection episode 0.448
   (+)   9 14
   (-)   9 18
Type of allograft 0.235
   Living donor   8 19
   Deceased donor 10 13
Pediatric PTL patients
Sex 0.206
   Male 11 11
   Female   5 11
CMV status 0.335
   CMV-positive   5   7
   CMV-negative   6   4
EBV status 0.006
   EBV-positive   5 11
   EBV-negative   6   0
Rejection episode 0.520
   (+)   8 10
   (-)   8 12
Type of allograft 0.019
   Living donor   8 19
   Deceased donor   8   3

CMV: Cytomegalovirus; EBV: Epstein-Barr virus; PTLD: Post-transplant 
lymphoproliferative disorder.
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our center previously[35], this study is the first that 
evaluates incidence, survival and associated factors 
influencing survival of PTLD patients after liver 
transplantation. This study is also the first that shows 
the association between serum tacrolimus level and 
post-PTLD survival, and suggests a serum tacrolimus 
cutoff point value to adjust tacrolimus dose.  
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study aimed to investigate incidence and survival of PTLD patients after liver 
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not associated with time of PTLD development in our study. This finding is in 
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Abstract
AIM
To develop predictive markers in blood for colorectal 
cancer liver metastasis.

METHODS
Twenty colorectal cancer patients were selected and 
divided into two groups. Group A consisted of 10 
patients whose pathological TNM stage was ⅢC (T3-
4N2M0), while another 10 patients with synchronous 
liver metastasis (TNM stage Ⅳ) were recruited for group 
B. During the surgical procedure, a 10-ml drainage 
vein (DV) blood sample was obtained from the DV of 
the tumor-bearing segment prior to the ligation of the 
DV. At the same time, a 10-ml peripheral vein (PV) 
blood sample was collected via  peripheral venipuncture. 
The serum levels of 24 molecules that are potentially 
involved in the mechanism of liver metastasis in 
both DV blood and PV blood were analyzed by using 
high-throughput enzyme-linked immunosorbent assay 
technology.

RESULTS
Univariate analysis revealed that platelet-derived 
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growth factor AA (PDGFAA) in DV blood (dPDGFAA) 
(P  = 0.001), PDGFAA in PV blood (pPDGFAA) (P  = 
0.007), and human epidermal growth factor receptor-2 
in PV blood (pHER2) (P  = 0.001), pMMP7 (P  = 
0.028), pRANTES (P  = 0.013), and pEGF (P  = 0.007) 
were significantly correlated with synchronous liver 
metastasis. Multivariate analysis identified dPDGFAA 
(HR = 1.001, P  = 0.033) and pHER2 (HR = 1.003, 
P  = 0.019) as independent predictive factors for 
synchronous liver metastasis. Besides, high peripheral 
HER2 level may also be a risk factor for metachronous 
liver metastasis, although the difference did not 
reach statistical significance (P  = 0.06). Significant 
correlations were found between paired DV and PV 
blood levels for PDGFAA (r  = 0.794, P  < 0.001), but 
not for HER2 (r  = 0.189, P  = 0.424).

CONCLUSION
PDGFAA in tumor drainage and HER2 in PV blood 
may be useful predictive factors for synchronous liver 
metastasis of colorectal cancer.

Key words: Platelet-derived growth factor AA; Human 
epidermal growth factor receptor-2; Colorectal cancer; 
liver metastasis

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: We investigated the serum levels of most 
commonly studied tumor growth factors that are known 
to be associated with the mechanism of liver metastasis 
not only in peripheral vein (PV) blood but also in tumor 
drainage vein (DV) blood. To our knowledge, this is 
one of few studies taking DV blood into analysis and 
comparing the differences in serum molecules between 
PV blood and DV blood. We found that platelet-
derived growth factor AA in tumor drainage and human 
epidermal growth factor receptor 2 in PV blood may 
be useful predictive factors for synchronous liver 
metastasis of colorectal cancer.

Pan HD, Peng YF, Xiao G, Gu J. High levels of serum platelet-
derived growth factor-AA and human epidermal growth factor 
receptor-2 are predictors of colorectal cancer liver metastasis. 
World J Gastroenterol 2017; 23(7): 1233-1240  Available from: 
UrL: http://www.wjgnet.com/1007-9327/full/v23/i7/1233.htm  
DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1233

INTRODUCTION
Liver metastasis occurs in almost 50% of patients with 
colorectal cancer and it is the leading cause of death 
from colorectal cancer[1]. Thus, developing useful 
predictive markers for screening patients at high risk 
for liver metastasis is of prime importance. Although 
many studies have reported predictive factors for 

liver metastasis[2-13], the fundamental pathogenesis 
remains unclear. The majority of previous studies 
mainly focused on clinicopathologic characteristics and 
features in tumor tissue specimens.

Several studies have revealed that circulating 
factors constitute significant predictors of metastasis 
in patients with colorectal cancer[2-13]. However, the 
prognostic value of factors in blood, especially in tumor 
drainage vein (DV) blood, has received relatively 
little attention. Theoretically, factors produced by the 
primary tumor must first go through the metabolism 
or undergo breakdown in the liver, lungs, and other 
organs before they can reach the peripheral veins (PV). 
Therefore, the levels of factors in a tumor DV could 
provide more accurate information about the primary 
tumor than assessments performed using PV blood. 

This study was undertaken to develop predictive 
markers in blood for liver metastasis and improve our 
understanding of its prognosis. We investigated the 
serum levels of the most commonly studied tumor 
growth factors that are known to be associated with 
the mechanism of liver metastasis not only in PV blood 
but also in tumor DV blood. 

MATERIALS AND METHODS
Patients
This retrospective study was approved by the Ins-
titutional Review Board and written informed consent 
was obtained from each patient before the study. The 
data of patients who underwent surgery for colorectal 
cancer in the Department of Colorectal Surgery, Peking 
University Cancer Hospital, from January 2011 to 
May 2011 were identified from a surgical database. 
Patients pathologically diagnosed with colonic or rectal 
adenocarcinoma, with radiologically confirmed non-
metastasis (M0) or synchronous liver metastasis (M1), 
were included. Patients with extrahepatic metastasis, 
patients who received prior chemotherapy or radio-
therapy, or patients who had a history of cancer within 
5 years were excluded from the study. 

Twenty patients were selected for the study and 
they were divided into two groups. Group A consisted 
of 10 patients whose pathological TNM (tumor-node-
metastasis) stage was ⅢC (T3-4N2M0), while another 
10 patients with synchronous liver metastasis (TNM 
stage Ⅳ) were recruited for group B. The diagnosis 
of synchronous liver metastasis was confirmed by 
intraoperative biopsy, liver magnetic resonance 
imaging, or positron emission tomography (PET)/
computed tomography (CT). Abdominal CT and/or PET 
scans ruled out extrahepatic metastasis. The patients 
in group A received curative surgery for the primary 
colorectal cancer. In group B, nine patients received 
surgery for the primary tumor only and one patient 
underwent simultaneous liver resection with curative 
intent. All of the patients were recommended to receive 
postoperative chemotherapy. 
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Follow-up
Patients were followed every 3 mo during the first 2 
years, and every 6 mo thereafter in the outpatient 
clinic. At each follow-up, physical examination, detection 
of serum tumor markers, routine blood tests, and 
serum chemistry profiling were performed. Proctoscopy, 
abdominal ultrasonography, abdomen and pelvis CT, 
and chest radiography were performed every 6-12 
mo. The primary endpoints were metastasis and local 
recurrence.

Selection of candidate molecules
We searched PubMed using the following keywords: 
colorectal adenocarcinoma, liver metastasis, and 
tumor growth factor. Then we reviewed the published 
relevant articles and selected molecules that could 
be detected in serum and that could be analyzed 
by enzyme-linked immunosorbent assay (ELISA) 
with commercially available antibodies. Twenty-
four molecules that are potentially involved in the 
mechanism of liver metastasis were identified for 
further investigation, including fibroblast growth 
factor-b, hepatocyte growth factor, platelet-derived 
growth factor-BB (PDGFBB), vascular endothelial 
growth factor (VEGF), matrix metalloproteinase 2, 
VEGFD, CD30, myeloperoxidase, total plasminogen 
activator inhibitor 1, regulated on activation normal 
T cell expressed and secreted (RANTES), Resistin, 
tissue inhibitor of metalloproteinase (TIMP) 1, TIMP2, 
vascular cell adhesion molecule 1, epidermal growth 
factor (EGF), intercellular adhesion molecule 3, 
platelet-derived growth factor AA (PDGFAA), P-selectin, 
E-cadherin, osteopontin, MMP9, human epidermal 

growth factor receptor 2 (HER2), and MMP7. 

Blood sample collection and ELISA
Once the peritoneal cavity was opened, a 10-mL DV 
blood sample was obtained from the DV of the tumor-
bearing segment prior to the ligation of the DV and 
removal of the tumor. While sampling the DV blood, a 
10-mL PV blood sample was collected via peripheral 
venipuncture by a circuit nurse. Blood samples were 
instantly centrifuged and serum and cells were stored 
separately at -80 ℃ for later analysis. Measurement 
of serum levels of all 24 molecules was conducted by 
ELISA using commercially available kits (LightArray 
Biotech Co., Ltd) according to the manufacturer’s 
instructions.

Statistical analysis 
Statistical analyses were performed using IBM SPSS 
Statistics for Mac, Version 20.0 (Armonk, New York: 
IBM Corp.). For continuous covariates, means were 
compared by the Student’s t-test, while nonparametric 
data were assessed by the Mann-Whitney U test 
(GraphPad Software Prism 5). Categorical variables 
were analyzed by the Pearson chi-squared or Fisher’s 
exact test, when appropriate. Variables with a P value 
less than 0.2 during univariate analysis were selected 
for multivariate analysis using a logistic regression 
model. Correlations of factor levels in tumor drainage 
and in PV blood were performed by the Spearman rank 
correlation analysis. All hypothesis tests were two-
sided, with a P value less than 0.05 and 0.1 considered 
statistically significant in univariate and multivariate 
analysis, respectively.

RESULTS
Patient characteristics
The median follow-up period of the patients was 40 
mo (range, 38-42 mo), with no patients lost to follow-
up. The clinical and pathological characteristics were 
comparable between the two groups (Table 1). The 
median age of group A (68 years) was higher than 
that of group B (60 years), but the difference was not 
statistically significant (P = 0.150). In both groups A 
and B, 60% of the patients had pT3 disease, and the 
remaining 40% had pT4. All patients in group A had 
pN2, while 60% of patients in group B had pN2, but 
the difference did not reach statistical significance (P 
= 0.168). Location and histological differentiation of 
the tumor were not different between groups A and B. 
The preoperative CEA level was significantly higher in 
group B (1.74 ng/mL vs 9.64 ng/mL, P = 0.017). No 
perioperative mortality was reported in either group. 
Five patients in group A developed metachronous 
distant metastases, but no local recurrence was 
observed. One patient in group B who received simul-
taneous liver resection with curative intent developed 
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Table 1  Patient clinical and pathological characteristics  n  (%)

Clinical variable Group A 
(n  = 10)

Group B 
(n  = 10)

P  value

mean age (yr) 68 (41-79) 60 (30-73) 0.150
Male 6 (60) 4 (40) 0.625
pT stage 1.000
   pT3 6 (60) 6 (60)
   pT4 4 (40) 4 (40)
pN stage 0.168
   pN0 0 1 (10)
   pN1 0 3 (30)
   pN2 4 (40) 6 (60)
Location 1.000
   Right colon 4 (40) 4 (40)
   Left colon/rectum 6 (60) 6 (60)
Histology differentiation 1.000
   Well 2 (20) 2 (20)
   Moderately 4 (40) 4 (40)
   Poorly/mucinous 4 (40) 4 (40)
Lymphovascular invasion 6 (60) 4 (40) 0.625
Preoperative CEA 
(median, range)

1.74 (1.18-11.0) 9.64 (1.12-512.9) 0.017

Quantitative variables are represented as median (range); qualitative 
characteristics are represented as n (%). CEA: Carcinoembryonic antigen.
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analysis were selected for correlation analysis using 
Spearman rank correlation analysis (Table 3). pEGF 
level was significantly correlated with the level of 
pPDGFAA (r = 0.887, P < 0.001). The levels of 
PDGFAA (r = 0.794, P < 0.001) and MMP7 (r = 0.863, 
P < 0.001) in tumor DV blood samples were highly 
correlated with those in paired PV blood samples. It 
was noteworthy that there was a very low correlation 
between paired tumor DV and PV blood levels for 
HER2 (r = 0.189, P = 0.424).

Factors associated with metachronous liver metastasis
In the subgroup analysis of group A, we investigated 
factors correlated with metachronous liver metastasis 
by univariate and multivariate analyses; however, no 
factor was found to be associated with metachronous 
liver metastasis. The patients who developed metachro-
nous metastasis had higher pHER2 levels than those 
who did not, but there was no statistical significance 
(2.33 ng/mL vs 1.70 ng/mL, P = 0.06).

DISCUSSION
This study is one of few to analyze serum molecules 
not only in PV blood but also in DV blood to develop 
predictive factors for colorectal cancer liver metastasis. 
Group A and group B consisted of patients with 
stage ⅢC and stage Ⅳ colorectal cancer, respectively. 
Except for the TNM stage, other clinicopathological 
characteristics were comparable between the two 
groups. 

There is a great difference in the 5-year overall 
survival between stage ⅢC and Ⅳ colorectal cancer 
(28% vs 5.7% for colon cancer[14], and 33.4% vs 
6.0% for rectal cancer[15]). Second only to stage Ⅳ, 
stage ⅢC has the worst prognosis in locally advanced 
colorectal cancer. It is notable that although lymph 
node metastasis is present in stage ⅢC cases, the 
disease is still confined to the local region rather than 
spreads to distant organs. Therefore, we propose the 
hypothesis that stage Ⅳ tumors may have stronger 
capabilities of proliferation, colonization, invasion, and 
angiogenesis than stage ⅢC tumors. There might be 
some critical factors that trigger the final progression 
from locally advanced to systemic metastasis. The 
rationale behind this study is that if the difference 

a hepatic recurrence. 

Serum levels of factors related to synchronous liver 
metastasis
In the PV, serum levels of RANTES (36.34 ± 23.64 vs 
66.60 ± 25.55, P = 0.013), EGF (135.16 ± 67.01 vs 
289.36 ± 147.24, P = 0.007), PDGFAA (2.38 ± 0.85 
vs 3.99 ± 1.46, P = 0.007), HER2 (2.01 ± 0.55 vs 
2.91 ± 0.49, P = 0.001), and MMP7 (2.20 ± 1.08 vs 
3.98 ± 2.10, P = 0.028) in group B were significantly 
higher than those in group A. In the DV, only serum 
level of PDGFAA in group B was significantly higher 
than that in group A (2.30 ± 0.80 vs 4.62 ± 16.00, P 
= 0.001) (Table 2). Other clinicopathological factors 
were also included in the univariate analysis; however, 
no significant difference was found (Figure 1). 

Variables with a P-value less than 0.2 in univariate 
analysis were selected for multivariate analysis. A 
logistic regression model was used to identify factors 
associated with synchronous liver metastasis. The 
levels of PDGFAA in the DV (HR = 1.001, P = 0.033) 
and HER2 (HR = 1.003, P = 0.019) in the PV were 
identified as independent predictive factors for 
synchronous liver metastasis.

Correlation between factor levels in tumor DV and PV 
blood 
Factors that showed statistical significance in univariate 

Table 2  Analyses of serum levels of factors between group A and group B in tumor drainage and peripheral veins

Drainage blood Peripheral blood

Group A (non-metastatic) Group B (metastatic) P  value Group A (non-metastatic) Group B (metastatic) P  value
RANTES (ng/mL)   52.61 ± 35.37 95.17 ± 70.21 0.104   36.34 ± 23.64 66.60 ± 25.55 0.013
EGF (pg/mL) 150.09 ± 70.40 270.67 ± 163.70 0.053 135.16 ± 67.01 289.36 ± 147.24 0.007
PDGFAA (ng/mL)   2.30 ± 0.80 4.62 ± 1.60 0.001   2.38 ± 0.85 3.99 ± 1.46 0.007
HER2 (ng/mL)   2.54 ± 0.68 2.95 ± 1.02 0.296   2.01 ± 0.55 2.91 ± 0.49 0.001
MMP7 (ng/mL)   2.77 ± 1.47 4.57 ± 2.70 0.080   2.20 ± 1.08 3.98 ± 2.10 0.028

Values are presented as mean ± SD. RANTES: Regulated on activation normal T cell expressed and secreted; EGF: Epidermal growth factor; PDGFAA: 
Platelet-derived growth factor AA; HER2: Human epidermal growth factor receptor 2; MMP7: Matrix metalloproteinase 7.

Table 3  Correlation between factor levels in peripheral and 
tumor drainage venous blood

Correlation r P  value

dPDGFAA-pPDGFAA 0.794 < 0.001
dHER2-pHER2 0.189 0.424
dRANTES-pRANTES 0.705 0.001
dEGF-pEGF 0.605 0.005
dMMP7-mMMP7 0.863 < 0.001
pEGF-dPDGFAA 0.678 0.001
pEGF-pPDGFAA 0.887 < 0.001
pEGF-pHER2 0.489 0.029
pHER2-pMMP7 0.529 0.016

d means factors in drainage vein blood; p means factors in peripheral 
vein blood. RANTES: Regulated on activation normal T cell expressed 
and secreted; EGF: Epidermal growth factor; PDGFAA: Platelet-derived 
growth factor AA; HER2: Human epidermal growth factor receptor 2; 
MMP7: Matrix metalloproteinase 7.
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between ⅢC and Ⅳ can be identified, we may possibly 
clarify the underlying mechanism of colorectal cancer 
liver metastasis.

Many studies have investigated the molecules not 
only in PV blood, but also in tumor DV blood, and 
the relationship between recurrence or metastasis 
of colorectal cancer and those molecules has been 
explored. Tien et al[6] postulated that if the primary 
colorectal tumor is the exclusive or major source 
of tumor growth factors, the levels of serum tumor 
growth factors should be higher in tumor DV blood 
than in PV blood, and there should be a good 
correlation for the levels of all tumor growth factors 
between paired tumor DV and PV blood. After entering 
the circulation, molecules that are expressed and 
secreted by the primary tumor may be metabolized 
and broken down by the liver, lungs, or other organs 
before they reach the PV.

These authors[6] investigated the relationship 
between tumor stage and disease recurrence with 
the level of angiogenic factors in both the DV and 

PV in patients with colon cancer. The results showed 
that the level of VEGF in the tumor DV blood was an 
independent predictor of disease recurrence. A previous 
study by Min et al[5] demonstrated that colon cancer 
patients with high levels of VEGF and TIMP-1 in the 
DV had a high risk of metachronous liver metastasis 
and hepatic recurrence following the resection of 
synchronous liver metastasis.

The results of the present study have shown that 
the elevated levels of PDGFAA detected in the DV 
blood of the primary tumor, and HER2 in the PV blood, 
were significantly correlated with synchronous liver 
metastasis. Moreover, high peripheral HER2 level may 
also be a risk factor for metachronous liver metastasis, 
although the difference did not reach statistical 
significance (P = 0.06).

Platelet-derived growth factor (PDGF) is one 
of the numerous growth factors that regulate cell 
growth and division. In chemical terms, PDGF is a 
dimeric glycoprotein composed of two A (PDGFAA) 
or two B (PDGFBB) chains or a combination of the 
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two (PDGFAB). In particular, it plays a significant 
role in angiogenesis and its overexpression leads to 
uncontrolled angiogenesis in the majority of solid 
organ cancers[16-18]. Several studies have shown that 
PDGF expression in tumor tissue is correlated with a 
poor prognosis of colorectal cancer[7,8]. However, there 
are few reports studying the relationship between 
serum PDGFAA levels and prognosis in colorectal 
cancer. Inanç et al[10] assessed the serum levels and 
prognostic role of tumor growth and angiogenic factors 
in patients with metastatic colorectal cancer treated 
with chemotherapy. These authors found that PDGFAA 
was significantly decreased in both patients with a 
partial response and stable disease.

HER2 (ErbB2) has been shown to play a role in 
the tumor growth process and it is an established 
therapeutic target in breast[19-21] and gastric cancers[22-24]. 
Nevertheless, the role of HER2 in colorectal cancer 
remains unclear, because conflicting data on the 
prevalence of HER2 expression have been re-
ported[25-30]. Park et al[26] reported that 47.4% of 
patients with colorectal cancer were determined by 
immunohistochemistry to overexpress HER2. Patients 
with tumors with HER2 overexpression had a higher 
postoperative recurrence rate (39.3% vs 14.6%, 
P = 0.013), and its overexpression was associated 
with poorer 5-year survival rates (55.1% vs 78.3%, 
P < 0.05). However, the authors of the EXPERT-C 
trial reported that only 4.3% of patients had HER2 
overexpression, and HER2 does not appear to 
represent a useful therapeutic target in high-risk rectal 
cancer[27]. Our previous study[28] showed that HER2 
was overexpressed in 15% of rectal cancer patients 
who received neoadjuvant radiotherapy. Moreover, 
HER2 overexpression could be a predictive biomarker 
of distant metastasis in rectal cancer patients 
after preoperative radiotherapy. A recent study[29] 
assessed HER2-amplification/overexpression in 1914 
stages Ⅱ-Ⅲ and Ⅳ CRC patients. The result showed 
that HER2 was not associated with overall survival or 
progression free survival. A higher proportion of HER2-
overexpressing cases experienced recurrence, but the 
difference was not significant. Fusco et al[30] considered 
that HER2 status should be assessed as a putative 
biomarker of resistance to anti-EGFR therapy in KRAS 
wild-type patients.

In the correlation analysis, we found significant 
correlations between paired distal vein and PV blood 
levels for PDGFAA (r = 0.794, P < 0.001), but not 
for HER2 (r = 0.189, P = 0.424). These findings 
indicate that the primary tumor was the dominate 
source of PDGFAA. PDGFAA levels in tumor DV blood 
provided better prognostic information than those 
in PV blood. On the other hand, there may be some 
additional sources producing HER2 outside the primary 
tumor, perhaps the metastatic tumors in the liver, 
and therefore the HER2 level detected in the distal 
vein cannot faithfully reflect the characteristics of the 
tumor. In addition, a significant correlation was noted 

between pEGF and pPDGFAA levels, which indicated 
that EGF and PDGFAA have an interaction effect in the 
development of colorectal cancer liver metastasis.

Limitations
The limitations of this study are obvious. The study 
only enrolled a small series of patients and these 
results require validation. Variations of the mesentery 
vein are very common, and exposure of the vein needs 
well-developed surgical skills. Blood from the tumor 
DV is difficult to obtain, and requires more effort than 
that from the PV. It is impossible to draw DV blood in 
non-surgical patients. 

In conclusion, the present study analyzed the 
serum levels of 24 commonly studied tumor growth 
factors in both tumor drainage and PV blood from 
patients with colorectal cancer by using high-
throughput ELISA technology. We found that PDGFAA 
in tumor drainage and HER2 in PV blood may be useful 
predictive factors for synchronous liver metastasis. 
PDGFAA levels in tumor DV blood provided better 
prognostic information than those in PV blood. On 
the contrary, HER2 levels in PV blood reflected tumor 
characteristics more accurately than those in tumor DV 
blood.

COMMENTS
Background
Liver metastasis occurs in almost 50% of patients with colorectal cancer and 
it is the leading cause of death. Developing useful predictive markers for 
screening patients at high risk for liver metastasis may optimize our therapy 
strategy. Previous studies mainly involved clinicopathologic characteristics and 
factors in tumor tissue specimens, however, the fundamental pathogenesis 
remains unclear.

Research frontiers
Several studies have revealed that circulating factors constitute significant 
predictors of metastasis for patients with colorectal cancer. However, the 
prognostic value of factors in blood, especially in drainage venous (DV) blood, 
has received relatively little attention.

Innovations and breakthroughs
The authors investigated the serum levels of most commonly studied tumor 
growth factors that are known to be associated with the mechanism of liver 
metastasis not only in peripheral venous (PV) blood but also in tumor DV blood. 
To our knowledge, this is one of few studies taking DV blood into analysis and 
comparing the differences of serum molecules between PV blood and DV 
blood.

Applications
The present study provides us with a new angle of predicting liver metastasis 
of colorectal cancer. Platelet-derived growth factor AA (PDGFAA) in tumor 
drainage and human epidermal growth factor receptor 2 (HER2) in PV blood 
may constitute useful predictive factors for synchronous liver metastasis. 
PDGFAA levels in tumor DV blood provided better prognostic information 
than those in PV blood, while HER2 levels in PV blood reflected tumor 
characteristics more accurately than those in tumor DV blood.

Terminology
Platelet-derived growth factor (PDGF) plays a significant role in blood vessel 
formation, the growth of blood vessels from already-existing blood vessel tissue. 
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Uncontrolled angiogenesis is a characteristic of cancer. PDGF is a dimeric 
glycoprotein composed of two A (-AA) or two B (-BB) chains or a combination 
of the two (-AB). HER2 is a member of the human epidermal growth factor 
receptor (HER/EGFR/ERBB) family. Amplification or overexpression of this 
oncogene has been shown to play an important role in the development and 
progression of certain aggressive types of cancer.

Peer-review
This is an interesting manuscript about the predictors of colorectal cancer 
liver metastasis. In this study, twenty patients were selected for the study and 
they were divided into two groups. The serum levels of 24 molecules that are 
potentially involved in the mechanism of liver metastasis in both DV blood 
and PV blood were analyzed by using enzyme-linked immunosorbent assay 
technology.
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Abstract
AIM
To assess the rate of matrix Gla-protein carboxylation 
in patients with small intestinal bacterial overgrowth 
(SIBO) and to decipher its association with subclinical 
atherosclerosis.

METHODS
Patients with suspected SIBO who presented with a low 
risk for cardiovascular disease and showed no evidence 
of atherosclerotic plaques were included in the study. 
A glucose breath test was performed in order to 
confirm the diagnosis of SIBO and vascular assessment 
was carried out by ultrasound examination. Plasma 
levels of the inactive form of MGP (dephosphorylated-
uncarboxylated matrix Gla-protein) were quantified by 
ELISA and vitamin K2 intake was estimated using a 
food frequency questionnaire.

RESULTS
Thirty-nine patients were included in the study. 
SIBO was confirmed in 12/39 (30.8%) patients 
who also presented with a higher concentration of 
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dephosphorylated-uncarboxylated matrix Gla-protein 
(9.5 μg/L vs  4.2 μg/L; P  = 0.004). Arterial stiffness was 
elevated in the SIBO group (pulse-wave velocity 10.25 
m/s vs  7.68 m/s; P  = 0.002) and this phenomenon 
was observed to correlate linearly with the levels of 
dephosphorylated-uncarboxylated matrix Gla-protein (β 
= 0.220, R 2 = 0.366, P  = 0.03). Carotid intima-media 
thickness and arterial calcifications were not observed 
to be significantly elevated as compared to controls.

CONCLUSION
SIBO is associated with reduced matrix Gla-protein 
activation as well as arterial stiffening. Both these 
observations are regarded as important indicators of 
subclinical atherosclerosis. Hence, screening for SIBO, 
intestinal decontamination and supplementation with 
vitamin K2 has the potential to be incorporated into 
clinical practice as additional preventive measures.

Key words: Small intestinal bacterial overgrowth; 
vitamin K; Dysbiosis; Atherosclerosis; Cardiovascular 
disease risk

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The matrix Gla-protein is involved in 
maintaining vascular health and vitamin K2 is a 
prerequisite for its activation and function. Intestinal 
bacteria are the main source of vitamin K2 in humans 
and small intestinal bacterial overgrowth (SIBO) is 
associated with altered vitamin K2 metabolism. This 
study demonstrates that SIBO is associated with 
increased plasma levels of inactive matrix Gla-protein, 
which, in turn, correlates directly with early markers 
of atherosclerotic disease such as increased arterial 
stiffness. Therefore, SIBO has the potential to serve as 
an indicator for increased risk of developing an overt 
cardiovascular disease.

Ponziani FR, Pompili M, Di Stasio E, Zocco MA, Gasbarrini A, 
Flore R. Subclinical atherosclerosis is linked to small intestinal 
bacterial overgrowth via vitamin K2-dependent mechanisms. 
World J Gastroenterol 2017; 23(7): 1241-1249  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v23/i7/1241.htm  
DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1241

INTRODUCTION
The presence of bacteria in the gastrointestinal tract 
is crucial for maintaining host health. One of the most 
important functions of gut bacteria is to metabolize 
carbohydrates, lipids, and proteins derived from food 
and to synthesize nutrients that are not adequately 
supplied by the diet.

Vitamin K is a lipophilic vitamin that is present 
in two main forms: (1) phylloquinone or vitamin 
K1; and (2) menaquinone (MK) or vitamin K2; the 

nomenclature is representative of the number of 
prenyl units contained in these isoforms[1]. Studies 
conducted on European populations have shown that 
the bulk of vitamin K intake in Western diets is in the 
form of phylloquinone (90%) with menaquinones 
accounting for only 10% (about 7.5% by MK-5 
through to MK-13 and 2.5% by MK-4)[2]. This can be 
partially accounted for the fact that menaquinones are 
found only in meat, dairy-based foods and fermented 
soybeans (known as “natto”) that are a part of the 
Japanese diet. Therefore, while MK-4 is obtained by 
peripheral tissue conversion of menadione, which is 
produced by intestinal cleavage of phylloquinone[2], 
the bulk of menaquinones is derived from gut bacteria 
biosynthesis. In particular, bacterial species, such as 
Eggerthella lenta and Veillonella, are involved in the 
production of MK-7 while Enterobacteriaceae, such as 
Escherichia coli and Shigella, are responsible for the 
production of MK8. Bacteroides produce MK9-11 and 
Prevotella synthesize MK-5 and MK11-13[2,3]. 

Vitamin K2 is a cofactor that is involved in 
the carboxylation of several proteins, such as the 
matrix Gla-protein (MGP)[4]. The MGP is expressed 
by chondrocytes, vascular smooth muscle cells, 
endothelial cells and fibroblasts, and its primary 
function is to bind calcium crystals present in the vessel 
wall thereby preventing their nucleation on elastin 
fibers. Additionally, MGP also prevents osteoblastic 
differentiation of vascular smooth muscle cells 
and maintains the composition of the extracellular 
matrix[5]. Hence it can be concluded that MGP plays 
a crucial role in maintaining both arterial structure as 
well as function. Increased levels of the inactive form 
of MGP (dephosphorylated-uncarboxylated MGP, dp-
ucMGP) is widely regarded as one of the best marker 
for low vitamin K2 status[6] and has been known 
to be associated with the signs of early vascular 
disease (intima-media thickening, arterial stiffness, 
and vascular calcifications)[7-14] and cardiovascular 
morbidity and mortality[15-17].

Although several recent studies have highlighted 
that patients with small intestinal bacterial overgrowth 
(SIBO) have low circulating levels of vitamin K2[18], 
investigations exploring the clinical relationship 
between SIBO, MGP activity, and arterial structure and 
function are still lacking. 

The aim of this study was to investigate the rate 
of MGP carboxylation in patients with SIBO and to 
decipher its association with the risk of developing 
subclinical atherosclerosis.

MATERIALS AND METHODS
During a six month period, all outpatients at the 
Gastroenterology Division of the Agostino Gemelli 
Hospital in Rome that presented with clinical signs of 
SIBO (e.g., bloating, abdominal pain, and diarrhea) 
were included in the study. 

Patient history with an emphasis on the personal 
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and family history of coronary heart disease, lifestyle, 
and pharmacotherapy was stringently recorded. 

Only subjects that were between 40 and 60 
years without any previous cardiovascular events 
(including myocardial infarction or angina, congestive 
heart failure, intermittent claudication, previous 
arterial revascularization, thromboembolic disease 
and stroke) and with a low cardiovascular disease 
risk (as per the Framingham risk score up to 8 
points) were considered eligible for inclusion in this 
investigation[19]. The exclusion criteria were (1) current 
heavy smoking (> 10 cigarettes/d by self-report); 
(2) morbid obesity (body mass index > 30 kg/m2); 
(3) dyslipidemia (LDL cholesterol > 160 mg/dL); (4) 
hypertriglyceridemia (triglycerides > 400 mg/dL); and 
(5) uncontrolled hypertension (systolic blood pressure 
> 140 mmHg and/or diastolic blood pressure > 95 
mmHg). The patients suffering from diabetes, chronic 
kidney disease (at any stage), those receiving oral 
anticoagulant treatment and those afflicted with any 
carotid, aortic, femoral, and popliteal plaque (according 
to the Mannheim criteria as detected at the time of 
ultrasound examination) were also excluded from the 
protocol[20].

The patients fulfilling the selection criteria under-
went a glucose breath test (GBT), filled in a food 
frequency questionnaire for the assessment of daily 
vitamin K2 intake, provided a blood sample for the 
quantification of circulating dp-ucMGP, and underwent 
ultrasound (US) examination of the non-coronary 
arterial system. 

The study was performed in agreement with the 
Declaration of Helsinki and subsequent amendments. 
Written informed consent was obtained from all 
patients.

GBT test for SIBO diagnosis
All patients included in the study underwent a GBT 
to confirm the diagnosis of SIBO[21]. In order to avoid 
false positive or negative results, each patient was 
advised to strictly adhere to certain instructions before 
taking the test. These conditions were (1) laxatives, 
antibiotics, and prokinetics to be prohibited for at 
least four weeks before the GBT; (2) consumption of 
a low-fiber dinner was allowed but the patients were 
prohibited from eating or drinking eight hours before 
the test; (3) washing of mouth with antiseptics was 
done immediately before administration of the test; 
and (4) smoking, chewing gum, and doing physical 
exercise were prohibited before and during the test.

The GBT procedure was performed according to 
the recommendations of the Rome consensus[22]. The 
procedure was as follows: after the administration of 
50 g glucose dissolved in 250 mL of water, hydrogen 
and methane excretion in the expired air was assessed 
at 15-min intervals for a total time period of 120 min. 
These values were then compared to baseline values. 
SIBO diagnosis was regarded as confirmed if the 

expired air exhibited an increase of at least 12 parts 
per million (ppm) above the baseline in hydrogen and/
or methane activity.

Quantification of vitamin K2 daily intake 
In order to assess the daily intake of vitamin K2, a food 
frequency questionnaire obtained from the European 
Prospective Investigation on Cancer and Nutrition 
(EPIC) nutrient database project was readapted and 
used[23]. 

The questionnaire was structured into three 
sections. The first section addressed the type and 
frequency of foods that were consumed by the 
subjects and included a list of more than 100 items 
divided into categories (fruit, vegetables, cereals, 
pasta/bread/rice, soups, meat, fish, eggs, milk/dairy 
products, fast food products, condiments, sweets, 
beverages, and vitamins). The frequency of intake 
of each food item was recorded and ranked (daily, 
weekly, monthly, yearly, or never). 

The second section estimated the serving size and 
ranked it according to food weight (small, medium, 
and large portions). 

Finally, the last section of the questionnaire 
investigated cooking habits (e.g., addition of salt to 
foods, preferred cooking method, etc.). 

For the purpose of the study, scientific literature 
was reviewed in order to identify vitamin K2 rich 
foods that are commonly present in a Western diet. 
The results of the literature survey were taken into 
consideration while composing the food questionnaire 
so as to avoid underestimation of vitamin K2 intake by 
the study subjects. A list of vitamin K2 content in food 
is provided as Supplementary Table 1. 

Although the food frequency questionnaire only 
referred to the dietary intake of the previous 12 mo, all 
subjects participating in the study attested to having 
followed a stable dietary regimen for the last five 
years.

Plasma assay dp-ucMGP 
Citrated plasma was separated from whole blood by 
centrifuging at 1500 × g for 10 min. The aliquots 
of 2 mL each were frozen at -20 ℃ or -80 ℃ within 
30 min of blood sampling. For long-term storage 
exceeding 2 months, all samples were kept at -80 ℃ 
till use. dp-ucMGP concentration was assessed using 
a dual-antibody test based on the sandwich ELISA 
methodology developed by VitaK (inaKtif MGP iSYS 
kit, Immunodiagnostic Systems Ltd, Boldon, United 
Kingdom). 

Ultrasound examination 
The US and Doppler US (D-US) examination of the 
non-coronary arterial system was conducted in order 
to examine for early signs of vascular dysfunction 
(arterial stiffening) and for the presence of early 
vascular lesions (intima-media thickening, arterial 
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parameters. A linear regression was constructed using 
PWV as dependent variable, and the assumptions were 
verified by the appropriate diagnostics. Correlations 
and regression analyses were performed on both 
the overall population as well as the SIBO group 
separately. 

Statistical analysis was conducted using the R 
statistics program version 3.1.2[27]. All statistical tests 
were two-sided and differences were considered 
significant at P-values below 0.05. 

RESULTS
Amongst the 189 patients that were initially recruited 
into the study, 44 were deemed ineligible as a result 
of moderate or high Framingham risk score. A further 
86 were ruled out as they were found to be afflicted 
with one or more of the comorbidities listed among the 
exclusion criteria. Twenty patients refused consent for 
being a part of this investigation (Figure 1). Eventually, 
39 patients were selected to be a part of this study. 

Patient characteristics are described in Table 1. The 
median age of the study group was 53 (41-60) years, 
and 14 (35.9%) of the participants were male. SIBO 
was diagnosed in 12/39 (30.8%) patients and the 27 
patients without SIBO were regarded as the control 
group (no-SIBO group). The analysis of the data 
contained in the food questionnaires revealed that the 
median vitamin K2 daily intake was approximately 
29.5 (8-103.6) μg/d. No differences in median age, 
sex, and Framingham score could be observed 
between the SIBO and no-SIBO groups.

Vitamin K2 intake was determined to be 21.2 
(8-49.7) μg/d in the SIBO group, which was similar 
to 31.9 (10.5-103.6) μg/d consumed by the control 
subjects in the no-SIBO group (P = 0.111). The 
median dp-ucMGP serum level was 4.76 μg/L (1.75–
25.7) (Table 2); dp-ucMGP was observed to be 
significantly increased in patients with SIBO (9.5 μg/L 
vs 4.2 μg/L, P = 0.02; Table 2 and Figure 2).

The daily intake of vitamin K2 was not associated 
with plasma levels of dp-ucMGP (t = -0.08, P = 0.441). 

Sixteen of the 39 patients (41%) presented with at 
least one or more microcalcifications in the explored 
arterial districts (Supplementary Table 2). It is to be 
noted however that no arterial plaque was detected. 
In the overall population, median carotid artery PWV 
was 8.5 m/s (5.69-14) and median IMT was 661 μm 
(467-1009). In patients with SIBO, the median PWV 
was significantly higher than that observed in the no-
SIBO group (10.25 m/s vs 7.68 m/s; P = 0.002; Figure 
3) but the median IMT value and the rate of early 
arterial calcifications did not differ substantially (Table 
2). dp-ucMGP levels correlated with arterial stiffness as 
measured by PWV (t = 0.339, P = 0.002). In particular, 
regression analysis showed that there was a significant 
direct linear correlation between dp-ucMGP and PWV (β 
= 0.219, R2 = 0.293, P = 0.0004; Figure 4).

Additionally, in patients with SIBO, a direct linear 

calcifications, and subclinical plaques).
Arterial stiffness was assessed by applying an 

automated radiofrequency-based method (Quality 
Arterial Stiffness (RF-QAS); Esaote Medical Systems, 
Genova, Italy) to the D-US examination of the left 
common carotid artery. Local pulse-wave velocity 
(PWV) was calculated by combining arterial distension 
with local distending pressure measure. Assuming a 
constant difference between mean arterial pressure 
and diastolic pressure along the arterial tree, the QAS 
system is able to detect systo-diastolic changes in the 
arterial diameter following arterial wall movements 
during the cardiac cycle and to convert local distension 
variations in modifications of local distending pressure 
(pulse pressure). PWV was calculated by the Bramwell-
Hill equation[24,25], as follows: 

PWV = √ΔP · V/ΔV · ρ
where ΔV and ΔP are changes in volume and 

pressure, respectively, and ρ is the density of blood. 
As per the equation, PWV increases when there is an 
increase in arterial stiffness.

Using the same radiofrequency-based technology 
outlined above, intima-media thickness (IMT) was 
measured (Quality Intima-Media Thickness (RF-QIMT); 
Esaote Medical Systems, Genova, Italy) in a 1 cm 
long segment of the left common carotid artery, i.e., 1 
cm before the bifurcation. To preserve measurement 
quality, mean IMT values calculated over 6 cardiac 
cycles were recorded only if the standard error was 
lower than 20 μm. 

The presence of vascular calcifications was 
investigated by B-mode US in 11 vascular segments 
(common carotid arteries, common femoral arteries, 
popliteal arteries, posterior tibial arteries, anterior tibial 
arteries, and subrenal abdominal aorta) as has been 
previously described in the literature[26]. 

Statistical analysis
The Shapiro-Wilk test was performed to verify the 
normality of data distribution and statistical analysis 
was carried out using non-parametric tests. 

Continuous variables were expressed as median 
and range (minimum and maximum value) while 
categorical variables were expressed as frequencies 
and percentages. 

For comparing patients with SIBO with those 
without, the Mann-Whitney and chi-square tests were 
applied in order to highlight differences, if any, in 
baseline characteristics such as sex, age, and vitamin 
K2 intake. The same tests were also employed to test 
discrepancies in variables under study (plasma levels 
of dp-ucMGP, PWV, IMT, vascular calcifications).

Due to the presence of repeat values in the 
dataset, Kendall’s tau-b correlation coefficient was 
used to investigate the association between dp-
ucMGP levels, PWV, IMT, and vascular calcifications. 
Additionally, data distribution was explored in order to 
find the best-fit regression model for elucidating the 
relationship between dp-ucMGP levels and US/D-US 
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correlation between dp-ucMGP levels and PWV could 
be verified (β = 0.220, R2 = 0.366, P = 0.03) but no 
such relation was found between dp-ucMGP and IMT (P 
= 0.507).

In the no-SIBO group, no significant relationship 
between dp-ucMGP, arterial stiffness, and IMT could be 

observed (P = 0.08 and P = 0.415, respectively).

DISCUSSION
In recent years, the studies on identifying early 
markers of atherosclerosis have garnered a significant 

44
moderate or high

cardiovascular
risk

86
comorbidities

20
refusal to

participate to the
study

150
excluded
patients

189
evaluated patients

39
eligible patients

12 (30.8%)
SIBO group

27 (69.2%)
no-SIBO group

Figure 1  Study workflow.

Table 2  Comparison of circulating levels of dephosphorylated-uncarboxylated matrix Gla-protein and ultrasound parameters (pulse-
wave velocity, intima-media thickness, and vascular calcifications) in patients with or without small intestinal bacterial overgrowth

Overall SIBO (n  = 12) no-SIBO (n  = 27) P  value

dp-ucMGP (μg/L)  4.73 (1.75-23.8) 9.5 (3.6-23.8)    4.2 (1.75-14.5)  0.004a

PWV (m/s) 8.5 (5.7-14) 10.25 (5.7-14) 7.68 (5.6-11)  0.002a

IMT (μm)   661 (467-1009)  596 (467-1009) 663 (506-932) 0.465
Calcifications 16 (41) 6 (50) 10 (37) 0.609

Data are expressed as median (range) or frequency (%), significant comparisons (aP < 0.05). SIBO: Small intestinal bacterial overgrowth; dp-ucMGP: 
Dephosphorylated-uncarboxylated matrix Gla-protein; PWV: Pulse-wave velocity; IMT: Intima-media thickness.

Table 1  Patients’ baseline characteristics

Overall SIBO (n  = 12) no-SIBO (n  = 27) P  value

Age 53 (41-60) 55 (41-60) 57 (43-60) 0.306
Sex (males/females) 14 (35.9)/25 (64.1) 2 (16.7)/10 (83.3) 12 (44.4)/15 (55.6) 0.095
Vitamin K2 intake (μg/d) 29.5 (8-103.6) 21.2 (8-49.7) 31.9 (10.5-103.6) 0.111

Males: 25.7 (8-103.6)
Females 29.6 (10.4-91.8)

Framingham risk score 5.4 (2-8) 5.5 (2-7) 5.2 (2-8) 0.897
Males: 5.8 (2-8)

Females: 6.9 (0-8)

Data are expressed as median (range) or frequency (%). Comparisons have been performed between SIBO and no-SIBO group. Framingham score was built 
on age, sex, race, arterial pressure, smoking, diabetes, total blood cholesterol, HDL-cholesterol. SIBO: Small intestinal bacterial overgrowth.
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amount of scientific interest. The early identification of 
vascular dysfunction and lesions has the potential to 
help individuals that stand to benefit from prevention 
of disease progression policies[28-30]. 

For the successful implementation of strategies 
aimed at prevention of disease formation and 
progression, it is crucial to recognize pathologies 
that function as risk factors for the development of 
atherosclerosis. Several diseases of the gastrointestinal 
tract, wherein gut bacteria act in a pathogenic 
capacity, are associated with vascular dysfunction and 
increase the risk of atherosclerosis in the host[31-33]. 
Nevertheless, it has been recently demonstrated 
that metabolic products generated by gut bacteria 
are implicated in the development of atherosclerotic 
lesions[34].

MGP is a vitamin K2 dependent protein that helps 
in preventing calcium accumulation in the arterial 
wall. Humans need gut bacteria in order to fulfill 

their vitamin K2 requirement as dietary intake is 
often insufficient. This is especially true in the case 
of the Western population. SIBO, a condition that is 
characterized by gut bacteria dysbiosis, is associated 
with impaired vitamin K metabolism in humans[18,35]. 
For this reason, patients afflicted with SIBO and/or 
low vitamin K2 status could hypothetically be at an 
increased risk for the development of atherosclerotic 
disease. 

To the best of our knowledge, the present study is 
the first to investigate the consequences of vitamin K2 
metabolism derangement on MGP activity in patients 
with SIBO. When compared to the control group, 
the SIBO group presented with higher dp-ucMGP 
serum levels, which is suggestive of either a reduced 
dietary vitamin K2 intake or an altered vitamin K2 
production by intestinal bacteria. It is to be noted 
that the daily median vitamin K2 intake of patients 
included in the study was comparable to that of other 
European populations[36,37] and was similar between 
patients with SIBO and those without (21.1 μg/d vs 
31.9 μg/d, P = 0.111; Table 2). As plasma vitamin 
K2 levels are difficult to assess with accuracy[38], we 
adopted dp-ucMGP levels as surrogate biomarkers 
for estimating the vitamin K2 nutritional status. Our 
results strongly indicated that dietary vitamin K2 
intake does not correlate with dp-ucMGP serum levels. 
This observation indirectly confirms the previously 
reported theory that food is not the primary source 
of vitamin K2 supplementation in humans and that 
the gut microbiota is crucial for overcoming dietary 
insufficiencies under physiologic conditions[2,3].

In all subjects including those in the SIBO group, 
the serum levels of inactive dp-ucMGP were found 
to directly correlate with PWV, which is a surrogate 
parameter of arterial stiffness. However, no significant 
association was found with either IMT or the presence 
of calcifications. Atherosclerosis is a progressive 

Figure 2  Plasma concentration of dephosphorylated-uncarboxylated 
matrix Gla-protein in patients under study. Patients with small intestinal 
bacterial overgrowth (SIBO) exhibited significantly higher levels as compared 
to the patients without SIBO (9.5 μg/L vs 4.2 μg/L; P = 0.02). Median values 
are represented by boxplot internal lines and ranges by whiskers. dp-ucMGP: 
Dephosphorylated-uncarboxylated matrix Gla-protein.

Figure 3  Pulse-wave velocity values observed in the study population. 
Pulse-wave velocity (PWV) was increased in patients with small intestinal 
bacterial overgrowth (SIBO) compared to the no-SIBO group (10.25 m/s vs 7.68 
m/s; P = 0.002). Median values are represented by boxplot internal lines and 
ranges by whiskers.

Figure 4  Linear regression model highlighting the direct correlation 
between plasma concentration of dephosphorylated-uncarboxylated 
matrix Gla-protein and pulse-wave velocity (β = 0.219, R2 = 0.293, P = 
0.0004). dp-ucMGP: Dephosphorylated-uncarboxylated matrix Gla-protein; 
PWV: Pulse-wave velocity.
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disease characterized by a wide spectrum of vascular 
changes[39]. While arterial stiffening is an early marker 
of vascular dysfunction, intima-media thickening and 
calcifications are the first structural changes that 
can be detected in atherosclerotic vessels; these 
changes are usually a manifestation of the adaptive 
remodeling to flow, wall tension, and lumen diameter 
alterations[40]. As a result of this, even in the cases 
that are potentially at low risk for the development 
of cardiovascular diseases, SIBO appears to cause 
early vascular dysfunction possibly due to reduced 
MGP activity. This observation holds true even in 
the absence of clear signs of structural alterations. 
The absence of a statistical correlation between dp-
ucMGP values and initial signs of vascular remodeling 
can be explained by the absence of study subjects 
with medium and high Framingham risk scores. It 
is reasonable to argue that in the presence of other 
cardiovascular risk factors, patients with SIBO may 
be at increased risk for developing structural arterial 
lesions as compared to patients without SIBO, and that 
SIBO itself may confer an increased risk of developing 
an overt cardiovascular disease. Therefore, based on 
the results obtained in our study, we propose that even 
asymptomatic patients should be screened for SIBO 
so as to rule out an additional factor that predisposes 
patients to cardiovascular diseases. This screening 
is especially important for patients with known 
atherosclerotic lesions or previous cardiovascular 
events as it offers a chance for therapeutic intervention 
so as to correct a condition that can potentially 
contribute to disease progression. In patients with 
SIBO vitamin K2 supplementation and intestinal 
decontamination, along with additional preventive 
measures, may be therefore recommended.

The present study suffers from certain limitations. 
Firstly, information regarding the specific composition 
of the small intestinal bacteria was not collected due 
to the invasiveness of the procedure. In addition, 
at our institution, SIBO is diagnosed by GBT as 
per the Rome consensus recommendations[18]. We 
were, therefore, unable to perform metagenomic or 
metabolomic analyses to assess if the abundance of 
bacteria specifically involved those involved in vitamin 
K2 production.

Secondly, instead of computed tomography 
(CT) scans, US and D-US were used to investigate 
the presence of vascular calcifications and flow 
parameters. This was done because US is less harmful, 
easily reproducible and allows for the quantification 
of parameters useful for assessing arterial stiffness 
whereas CT scans require radiation exposure and are 
also more expensive[41]. 

Lastly, this study included a relatively small 
number of patients. A strict adherence to the selection 
criterion was followed so as to avoid the effect of 
confounding factors such as treatment with oral 
vitamin K antagonists, diabetes and kidney disease 
on MGP carboxylation, or the influence of the previous 

history of vascular disease and of moderate/high 
cardiovascular disease risk on the prevalence of 
vascular calcifications and on the measurement of 
D-US parameters. The exclusion of patients with 
comorbidities limited external interactions which 
allowed us to exclusively evaluate the correlation 
between SIBO, vitamin K2 metabolism, MGP 
carboxylation and early arterial dysfunction or vascular 
lesions without the interference of any confounding 
factors.

In conclusion, patients affected by SIBO have 
higher levels of inactive MGP as well as increased 
arterial stiffness both of which are early markers for 
vascular dysfunction. This condition is not influenced 
by vitamin K2 intake from diet confirming that bacteria 
are the main source of this vitamin in humans and 
that vitamin K2 metabolism may be altered as a 
consequence of small intestinal dysbiosis. Longitudinal 
studies assessing the role of SIBO as a condition 
that predisposes patients to the development of 
atherosclerosis are needed; for this category of 
patients, vitamin K2 supplementation and the 
treatment of intestinal dysbiosis may be therapeutic 
alternatives of significant utility.
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Abstract
AIM
To study the morphology of the enteric nervous 
system and the expression of beta-2 adrenergic (B2A) 
receptors in primary colorectal cancer.

METHODS
In this study, we included forty-eight patients with 
primary colorectal cancer and nine patients for control 
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tissue from the excision of a colonic segment for benign 
conditions. We determined the clinicopathological 
features and evaluated the immunohistochemical 
expression pattern of B2A receptors as well as the 
morphological changes of the enteric nervous system 
(ENS). In order to assess statistical differences, we 
used the student t -test for comparing the means of 
two groups and one-way analysis of variance with 
Bonferroni’s post hoc  analysis for comparing the means 
of more than two groups. Correlations were assessed 
using the Pearson’s correlation coefficient.

RESULTS
B2A receptors were significantly associated with tumor 
grading, tumor size, tumor invasion, lymph node 
metastasis (P  < 0.05), while there were no statistically 
significant associations with gender, CRC location 
and gross appearance (P  > 0.05). We observed, on 
one hand, a decrease of the relative area for both 
Auerbach and Meissner plexuses with the increase of 
the tumor grading, and on the other hand, an increase 
of the relative area of other nervous elements not in 
the Meissner plexus or in the Auerbach plexus with 
the tumor grading. For G1 tumors we found that 
epithelial B2A area showed an inverse correlation with 
the Auerbach plexus areas [r (14) = -0.531, P < 0.05], 
while for G2 tumors, epithelial B2A areas showed an 
indirect variation with both the Auerbach plexus areas 
[r (14) = -0.453, P  < 0.05] and the Meissner areas 
[r (14) = -0.825, P  < 0.01]. For G3 tumors, the inverse 
dependence increased for both Auerbach [r (14) = 
-0.587, P  < 0.05] and Meissner [r (14) = -0.934, P  < 
0.05] plexuses.

CONCLUSION
B2A receptors play an important role in colorectal 
carcinogenesis and can be utilized as prognostic 
factors. Furthermore, study of the ENS in colorectal 
cancer may lead to targeted molecular therapies. 

Key words: Beta-2 adrenergic receptors; Enteric 
nervous system; Colorectal adenocarcinoma; Spectral 
unmixing immunohistochemistry; Tumor grading 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: In the present study, we provide the first 
description of beta-2 adrenergic (B2A) receptors found 
on the nuclear membrane of colon adenocarcinoma 
cells. B2A receptors have a high level of expression in 
the neoplastic cells from colorectal adenocarcinoma, 
and a significant association was found between 
the expression of B2A receptors and tumor grading. 
Regarding the enteric nervous system and its 
associations with colorectal cancer, we observed a 
decrease of the relative area, both for Auerbach and 
Meissner plexuses, with the increase of the tumor 
grading, and an increase of the relative area of other 
nervous elements with the tumor grading.

Ciurea RN, Rogoveanu I, Pirici D, Târtea GC, Streba CT, 
Florescu C, Cătălin B, Puiu I, Târtea EA, Vere CC. B2 adrenergic 
receptors and morphological changes of the enteric nervous 
system in colorectal adenocarcinoma. World J Gastroenterol 
2017; 23(7): 1250-1261  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1250.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1250

INTRODUCTION
Despite the progress of recent years in the field of 
antineoplastic therapy, colorectal cancer still remains 
one of the major public health problems. In the United 
States, at January 1st 2016, out of 15.5 million patients 
suffering from cancer, 724690 men had cancer of 
the colon and rectum; this cancer being the third 
most prevalent in women after breast and uterine 
corpus cancer[1]. Regarding the mortality, colon and 
rectum cancer rank as the fourth cause of mortality 
in the world with 694000 deaths, representing 
about 8.5% of the total deaths caused by cancer in 
2012[2]. Translational studies that identify new cancer 
prognostic markers, molecular changes that appear 
at the initiation of carcinogenesis and during the 
progression phase, as well as treatment targets such 
as elements of the nervous system, are thus needed[3].

The idea of establishing connections between 
cancer and psychological influences originates from 
the Greek doctor Galen, who in the second century 
before Christ, showed that women with melancholic 
temperament develop breast cancer more frequently 
than other temperamental types[4]. 

The enteric nervous system (ENS) is the most 
complex part of the autonomic nervous system[5]. It 
consists of three major ganglionic plexuses (mucous 
plexus, submucosal plexus also called Meissner, and 
myenteric plexus also called Auerbach), together with 
many aganglionar plexuses[6]. The Auerbach plexus is 
found starting at the esophagus and extending to the 
terminal part of the digestive tract, between circular 
and longitudinal muscular layers[7]. The ENS consists 
of approximately 500 million neurons, more than in 
the peripheral autonomic nervous system[8]. The ENS 
is developed from the neural crest, from the sacral and 
vagal segments of the neural tube[9]. 

The ENS is connected with the central nervous 
system via sympathetic and parasympathetic 
pathways, a connection known as the cerebroenteral 
axis[10]. The background of the connections between 
the two divisions of the autonomic nervous system 
is represented by neurotransmitters such as 
acetylcholine for the parasympathetic nervous system 
and norepinephrine for the sympathetic nervous 
system[5]. Although norepinephrine is not found in 
the enteric neurons, but only in the sympathetic 
afferent fibers that they receive, Li et al[11] showed that 
norepinephrine transporter, which plays an important 
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role in mediating the effects of norepinephrine, 
is expressed by enteric neurons. Some of these 
neurotransmitters act on receptors which are also 
expressed by colorectal carcinoma cells[4,11]. B2A 
receptors are part of the family of catecholamine 
receptors, and their activation can initiate multiple 
signaling pathways in colorectal tumorigenesis[12]. 
Moreover, blocking them may slow down or even stop 
the progression of the neoplastic process, but in this 
case, the studies are contradictory[12].

Our aim was to compare the morphological changes 
of the ENS and to evaluate the expression changes of 
the B2A receptors in primary colorectal cancer versus 
normal colic mucosa, and also to investigate significant 
associations between these parameters and the 
clinicopathological features.

MATERIALS AND METHODS
Patients and specimens
In this study, we analyzed specimens from forty-eight 
consecutive patients who underwent surgery with 
potentially curative resection for primary colorectal 
cancer, performed in the 1st Surgery Clinic of the 
Emergency County Hospital, Craiova, Romania. 
Patients were diagnosed with colorectal cancer in the 
1st Medical Clinic, Gastroenterology Department of the 
Emergency County Hospital of Craiova between 2015 
and 2016. As controls, we used normal colorectal 
tissue taken from nine patients who were diagnosed 
with intestinal obstruction or other pathologies that 
needed surgery in order to perform the excision of a 
colonic segment. The study was approved by the Ethics 
Committee of the University of Medicine and Pharmacy 
of Craiova (registration no. 53/19.05.2016), according 
to the Declaration of Helsinki. All patients included in 
the study provided written acceptance and informed 
consent. In order to obtain clinical information from the 
patients, we reviewed their medical records for gender, 
age, tumor size, sites of the primary tumor (right, 
transverse, left and sigmoid colon and rectum), T and 
N stages according to the American Joint Committee 
on Cancer, histological grading according to World 
Health Organization criteria including well, moderate, 
or poor differentiated colorectal adenocarcinoma[13].

Tissue processing and immunohistochemistry
After we reviewed the slides and confirmed the 
pathologies and tumor gradings, three µm-thick serial 
sections were cut from each block, deparaffinized 
in xylene, rehydrated in graded alcohol series, and 
subjected to enzymatic immunohistochemistry utilizing 
a rabbit-anti-human anti-beta-2 adrenergic receptor 
(NBP2-15564, diluted as 1:200, Novus Biologicals, 
United Kingdom) and a rabbit anti-human anti-S100 
(Z0311, diluted as 1:100, Dako, Glostrup, Denmark) 
primary antibodies. Briefly, the sections were first 
processed for antigen retrieval by microwaving in 
citrate buffer pH 6 for 20 min, incubated in 1% 

hydrogen peroxide in distilled water for 30 min to 
block the endogenous peroxidase activity, kept for 
another 30 min in 3% skimmed milk in PBS, then 
incubated with the primary antibodies at 4°C for 18 
h. Next day, the signal was amplified for 30 minutes 
utilizing a species-specific peroxidase polymer-based 
system adsorbed for human immunoglobulins (Nikirei-
Bioscience, Tokyo, Japan). The signal was finally 
detected with 3,3’-diaminobenzidine (DAB) (Dako) and 
the slides were coverslipped in DPX (Sigma-Aldrich, 
St. Louis, MO, United States) after a hematoxylin 
and eosin staining. All slides stained for each of the 
primary antibodies have been processed at the same 
time for protocol consistency together with control 
slides stained either with DAB or with hematoxylin and 
eosin in order to obtain pure spectral signatures of the 
respective stains (see further below). Negative controls 
were obtained by omitting the primary antibodies.

Image processing and statistics
In order to evaluate and quantify the immunohis-
tochemical expression of the targets, light microscopy 
images were acquired on a Nikon Eclipse 90i motorized 
microscope (Elta90, Bucharest, Romania) equipped 
with a Nuance FX multispectral camera and the Nuance 
analysis software (Perkin Elmer, Hopkinton, MA, United 
States). After building a spectral library from individual 
slides stained with either hematoxylin or DAB (as 
described above), we were able to efficiently unmix 
and characterize the immunohistochemical expression 
patterns of interest (Figure 1). Furthermore, unmixed 
DAB signal was quantified as area and integrated 
optical density (average intensity/density of each area 
of interest) on 10 random images captured with a 20 
× objective, using the Image-Pro Plus AMS 7 image 
analysis software (Media Cybernetics, Bethesda, MD, 
United States); the resulting data were averaged for 
each patient, and finally averaged and compared 
for each histopathological grade. Stroma was also 
considered separately in this analysis, by manually 
defining regions of interest in the captured images prior 
to their analysis.

The total identifiable submucosal (Meissner's), 
myenteric (Auerbach's), and intratumoral nervous 
plexuses, as well as the multiaxonal bundles of nerves 
(> 20 µm) were imaged on the slides stained for S100 
protein, and areas measured by manually defining 
the respective regions of interest. For referring 
densitometry data to total histological areas, whole 
hematoxylin-eosin slides were scanned on a desktop 
Benq 5560 scanner together with a microscopic stage 
micrometer at 4.800 dpi against a white background. 
Image files were loaded in Image-Pro Plus, and after 
pixel-size calibration for 1 mm against the microscopic 
stage micrometer, images were segmented and areas 
measured based on the same RGB profile created to 
automatically select the tissue on all the slides. 

Data obtained after using the Image-Pro Plus 
AMS software were exported and plotted in Microsoft 
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the signal seemed to lose its granular appearance, 
becoming more diffuse and more intense in the 
epithelial cells.

In poorly differentiated adenocarcinomas, the 
intensity of the signal increased in the cytoplasm of the 
tumor cells, where on a general intense background, 
one could also identify very intense hotspots sur-
rounding the nuclei with a random-like disposition 
against them. This time, a clear-cut granular signal 
could now be observed on occasions in the nuclei or 
the folds of the nuclear membrane of the tumor cells. 
A direct counting of the epithelial tumor cells exhibiting 
this intranuclear/close perinuclear expression pattern 
of B2A revealed a heterogenous distribution with an 
average of 12.84% positive- cells [± 12.10% (SD), 
min = 3%, max = 49%]. 

On average, there was no signal difference between 
different tumor stages for the staining of the stromal 
elements.

B2A receptors were also present in both stromal 
cells as well as nerves and nervous ganglia. In both 
submucosal and myenteric plexuses from the normal 
colon, the marker exhibited a dense-diffuse pattern 
in the cytoplasm of the ganglion cells, as well as 
in the satellite cells (Figure 3). Its expression was 
much fainter in the Schwann cell cytoplasm within 
the nerve bundles associated with non-tumor tissue. 
In the tumor tissue, there was a somewhat denser 
appearance in the cytoplasm of ganglion cells, and 
interestingly, larger nerve bundles showed a clear-
cut increase in signal density compared to non-tumor 

Office Excel 2010 (Microsoft Corporation, Redmond, 
Washington, United States) and were analyzed by using 
SPSS software (IBM SPSS Statistics, Version 20.0). 
In order to assess statistical differences we used the 
student t-test for comparing the means of two groups 
and one-way ANOVA (ANOVA - analysis of variance) 
with Bonferroni’s post hoc analysis in order to compare 
the means of more than two groups. Correlations were 
assessed using the Pearson’s correlation coefficient. 
Data were reported as mean ± SD or the standard error 
of the means (SE). In all cases, p < 0.05 was used to 
indicate statistical significance.

RESULTS
Histopathological characterization
We first sought to characterize the morphological 
expression of B2A receptor, taking advantage of the 
multispectral unmixing microscopy (Figure 2). Besides 
a faint diffuse cytoplasmic reaction on normal colon 
mucosae, B2A exhibited a granular-like pattern in the 
cytoplasm of the enterocytes above the nuclei, towards 
the luminal side of the covering epithelium. In the 
goblet cells, the signal was localized most frequently 
below the nucleus. Stromal cells also showed granular 
staining in their cytoplasmic compartment.

In well differentiated adenocarcinomas, most of the 
signal was still located towards the luminal side of the 
tumor cells, although on occasion granules could be 
clearly identified in the basal pole of the cells. 

In moderately differentiated adenocarcinomas, 

A B

C D

Figure 1  Example of spectral unmixing for the series of slides. A: Immunostained for beta-2 adrenergic receptors with DAB and counterstained with hematoxylin; 
B: Pure DAB and hematoxylin signals are shown either overlapping or (C and D), individually. 

20 µm

20 µm

20 µm

20 µm
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tissue. Smaller nerve bundles (deemed thinner than 
20 µm for data stratification) were stained very faintly, 
as in the control tissue. 

B2A expression pattern in normal colonic mucosa and 
in different gradings of colorectal adenocarcinoma
In this study, nine patients as controls and sixteen for 
each tumor grading were included. The expression of 
B2A receptors was analyzed by determining both the 
area and the integrated optical density (IOD) of the 
signal, both in the total tissue and in the epithelial and 
stromal tissue for all the cases included in the study, 
as described in the Materials and Methods section; 
this was expressed as the mean ± SD. Regarding 
the expression of B2A receptors in the total tissue 
belonging to each patient included in the study, we 

observed that there was a gradual increase of both 
the area and IOD (Figure 4A and D) from the normal 
tissue to G1, G2 and G3 differentiated adenocarcinoma 
(from 5598.4 ± 3393.9 µm2 for area and 862176.0 
± 469798.7 for IOD in normal tissue to 11583.3 ± 
5521.3 µm2 for area and 1717361.9 ± 886266.2 
for IOD in G1, 27891.1 ± 12118.5 µm2 for area and 
4240529.2 ± 1795221.7 for IOD in G2 and 37218.5 ± 
9738.5 µm2 for area and 5560460.5 ± 1720879.6 for 
IOD in G3). In this instance, we observed a statistical 
significance on one-way analysis of variance with post 
hoc comparisons using the Bonferroni’s test between 
normal tissue and G2, G3 (p = 0.000) and also 
between G1 and G2, G3 (p = 0.000) both for the area 
of B2A and for the IOD. 

Regarding the expression of B2A receptors only 

Figure 2  Analysis of the expression of beta-2 adrenergic receptors in the normal and tumor colon tissue. RGB (A) and unmixed (B; b1, b1a; b2, b2a) images 
showing receptor presence mostly as dense granules in the supranuclear sector of the superficial layer of enterocytes (b1; b1a), as well as in the sub-nuclear region 
of the glandular cells of the crypts (b2; b2a). In well differentiated adenocarcinoma, RGB (C) and unmixed images (D; d1, d1a; d2, d2a) revealed a more dense-diffuse 
like pattern of expression mostly in the apical sector of the cells (d, d1a), but also in the basal pole of the cells (d2, d2a). In moderately differentiated adenocarcinoma, 
RGB (E) and unmixed images (F; f1, f1a; f2, f2a) revealed an ever denser and more uniform expression pattern in all the cytoplasm of the tumor cells. In poorly 
differentiated adenocarcinomas, RGB (G) and unmixed images (H; h1, h1a; h2, h2a) reveal an even denser granular expression pattern, with occasional intra(peri) 
nuclear localization (arrows in h2 and h2a). Small letters represent enlarged insets from the capital lettered images. 
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in the epithelium areas, this had a similar growth to 
its expression in the total tissue (Figure 4B and E); 
from normal tissue to G1, G2 and G3 differentiated 
adenocarcinoma (from 3076.5 ± 1895.5 µm2 for area 
and 485440.8 ± 299641.9 for IOD in normal tissue 
to 7997.6 ± 5344.5 µm2 for area and 1255032.6 ± 
834235.5 for IOD in G1, 25423.0 ± 11100.6511 µm2 
for area and 3914461.91 ± 1673240.4 for IOD in G2 
and 34670.1 ± 9146.9 µm2 for area and 5184455.0 ± 
1670704.2 for IOD in G3). Moreover, in this situation, 
we also observed a statistically significant difference 
between the normal tissue and G2, G3, similar to 
the expression of B2A receptors in the total tissue 
(p = 0.000) and G1, G2 and G3 (p = 0.000), but 
in addition, we also noticed a statistically significant 
difference between G2 and G3 (p = 0.047) only for the 
area, while for IOD there was no significant difference 
(p = 0.141).

No significant differences between the means of 
B2A receptor expression and IOD in the stroma of 
the normal colonic mucosa and different gradings 
of the colorectal adenocarcinoma could be observed 
(Figure 4C and F). These data show an increase of the 
expression of B2A receptors with the tumor grading 
with regard to the epithelium and not the stroma.

Morphological changes of the ENS in colorectal 
adenocarcinoma
We analyzed the submucosal (Meissner’s), myenteric 
(Auerbach’s) and intratumoral nervous plexuses, as 
well as those of multiaxonal bundles of nerves (larger 
than 20 µm) that could not be included either in the 
Auerbach or in the Meissner plexus, by calculating the 
percentage average of the area of total nervous tissue 
separately for both the normal colonic tissue and in 

different tumor gradings.
The density of the total nervous tissue expressed 

by percentage area recorded the smallest values in 
G1 graded tumors (0.129% ± 0.052%), followed by 
normal colonic tissue (0.184% ± 0.041%), G2 graded 
tumors (0.355% ± 0.131%) and G3 graded tumors 
(0.264% ± 0.172%) (Figure 5A). Here, statistical 
differences between the percentage area from the 
normal colonic tissue and percentage area from G2 
tumors (p = 0.013) were observed.

The density of the Auerbach plexus relative areas 
revealed a net decrease from the normal tissue 
(0.136% ± 0.039%) to G1 (0.067% ± 0.043%), G2 
(0.094% ± 0.078%) with a minimum for G3 gradings 
(0.023% ± 0.040%) (Figure 5B). As far as this plexus’ 
density was concerned, significant differences were 
recorded between the percentage area from the 
normal colonic tissue and the percentage area from G3 
(p = 0.013) tumors.

On the other hand, larger nervous bundles showed 
about the same pattern for the total analyzed areas 
(Figure 5C), but with a growth of the percentage 
nervous area in the normal colonic mucosa (0.013% 
± 0.006%), in G1 (0.052% ± 0.033%), G2 (0.248% 
± 0.087%) and in G3 (0.241% ± 0.146%) tumors. 
In this case, significant differences between the 
percentage nervous area in the normal colonic tissue 
and the area in G2 (p = 0.001) and G3 tumors (p = 
0.002), and also between the percentage nervous area 
in G1 and the percentage nervous area in G2 (p = 
0.004) and G3 tumors (p = 0.008), were recorded.

Furthermore, differences between the relative area 
of Meissner plexuses revealed the same pattern as for 
the Auerbach plexuses (Figure 5D), with a maximum 
in the normal colonic tissue (0.034% ± 0.017%), 

Figure 3  Expression of beta-2 adrenergic receptors in the normal and tumor peripheral nervous tissue on serial sections immunostained for S100 
protein (A, C, E, G) and B2A (B, b1; D; d1; F, f1; H, h1). Spectral unmixing showed that in the normal submucosal (b1) and myenteric (d1) plexuses, B2A was 
mostly expressed in the cytoplasm of the ganglion cells, being absent in small nerves dissecting the muscularis proper layer (C and D). Even in larger non-invaded 
nerves B2A showed a faint expression (E-F, f1 spectral unmixing). However, in invaded ganglia (G, g1) and nerves (H, h1) its expression seems to be expressed in 
both the cytoplasm of the ganglion cells (arrows in g1 - unmixed), as well as in the larger nerve bundles (h1 - unmixed). Small letters represent enlarged insets from 
the capital lettered images. 
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followed by G1 (0.009% ± 0.005%), G2 (0.012% ± 
0.013%) and with a minimum in G3 tumors (0.002% 
± 0.003%).

These data suggest, on one hand, a decrease 
of the relative area of both Auerbach and Meissner 
plexuses with increasing tumor grading, and on the 
other hand, an increase of the relative area of other 
nervous elements that could not be included either in 
the Meissner plexus or in the Auerbach plexus, again 
with the tumor grading.

Relationship between B2A receptor area-IOD and 
clinicopathological features
Both B2A receptor expression area and IOD were 
significantly linked with tumor size, tumor invasion 
and lymph node metastasis, while there were no 
statistically significant connections with gender, 
CRC location and gross appearance. Regarding the 
involvement of age, there was no significant difference 
between B2A area in patients under 60 years old 
and patients over this age, while between B2A IOD 

Figure 4  Analysis of the expression of beta-2 adrenergic receptors. Total expression area increases gradually from normal tissue to G1, G2 and G3 differentiated 
adenocarcinoma (A), and this differentiation is driven by the expression in the epithelial areas (B), where assessing stromal signal revealed no differences (C). The 
same scenario is obtained when evaluating the integrated optical density (IOD) of the signal (D-F). aP < 0.05 represents statistical significance on one-way analysis of 
variance with post hoc comparisons using the Bonferroni’s test. Error bars represent standard errors of the mean. B2A: Beta-2 adrenergic.
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and patients included in these age groups we found 
a significant difference (p = 0.018). These data are 
summarized in Table 1.

Moreover, for G1 tumors we found that epithelial 
B2A area showed an inverse correlation with the 
Auerbach plexus areas [r(14) = -0.531, p < 0.05], 
while for G2 tumors, epithelial B2A areas showed an 
indirect variation with both the Auerbach plexus areas 
[r(14) = -0.453, p < 0.05] and the Meissner areas 
[r(14) = -0.825, p < 0.01]. For G3 tumors, the inverse 
dependence increased for both Auerbach [r(14) = 
-0.587, p < 0.05] and Meissner [r(14) = -0.934, p 
< 0.05] plexuses. In control tissue, we also found a 
strong indirect correlation between the B2A signal area 
and the Auerbach relative areas [r(7) = -0.897, p < 
0.01], but not with the Meissner plexuses.

DISCUSSION
Both tumor microenvironment and its constituents 
have an extremely important role in carcinogenesis 
and in tumor progression. The interaction of neoplastic 

and of endothelial cells and the extracellular matrix 
with the cells of the immune system and also with 
other elements have been carefully analyzed for 
their contribution as putative molecular targeted 
(antiangiogenic) therapies[14]. However, the mechanisms 
that drive the pathogenesis and evolution of neoplasms 
are far from being understood. In colorectal neoplasm, 
nervous elements from the tumor microenvironment 
seem to play an important role. Regarding, for 
example, perineural invasion, Liebl et al[15], in a study 
that included 673 patients diagnosed with colorectal 
cancer, concluded that nerve invasion influences in a 
negative way the survival of the patients with colorectal 
cancer. However, it is not known if the nervous 
elements intervene first in the neuro-neoplastic 
chain, or if this role belongs to neoplastic cells both 
at the colorectal level and in other localizations of the 
neoplastic process.

In our study, we approached the neuro-neoplastic 
interrelationships in colorectal adenocarcinoma, 
both as a structural characterization (by showing the 
changes of the ENS) and as an indirect functional 
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characterization (by analyzing the expression of B2A 
receptors).

Regarding the morphology of the ENS, we found 
a decrease of the relative area, both for Auerbach 
and Meissner plexuses, with the increase of the 
tumor grading and on the other hand, an increase 
of the relative area of other nervous elements that 
could not be stratified in the Meissner plexus or in 
the Auerbach plexus with the tumor grading. A study 
from 2004 showed that degenerative changes of the 
intrinsic neurons of the digestive tract cause either 
direct proportional variation between the size of 
nervous ganglions and tumor invasion and also an 
inverse proportional variation with the expression of 
synaptophysin in the enteric neurons of the colon[16]. 
However, Godlewski showed that enteric nervous 
elements were not found in solid colorectal tumors, 
a finding which in fact supports some symptoms of 
patients with colorectal carcinoma[17]. Kozlowska et 
al[18] recently discovered that atrophy of the myenteric 
plexus takes place in the immediate vicinity of the 
colorectal neoplasm, leading to a decrease both 
in the size of the nervous ganglia and also in the 
number of neurons per plexus, in comparison with 
the nervous plexuses located at a distance from 
the tumor advancing edge, but this atrophy did not 
occur in the submucosal plexus. The atrophy of the 
myenteric plexus is most probably not caused by 
apoptosis, as both the extrinsic pathway of apoptosis 
activation via caspase 8 (CASP8) and the intrinsic 
pathway via activation of the caspase 3 (CASP3) are 
not different between the myenteric plexuses situated 
in the immediate vicinity of the colorectal neoplasm 
and those which are located at a distance from this 

process[18]. Many of the symptoms specific to colorectal 
cancer, such as change in bowel habit, flatulence, 
bloating and mucus discharge, constipation due to 
the alteration of the peristalsis, abdominal pain and 
others[19] can be explained by the structural alterations 
of the ENS, highlighted both in our study as well as in 
the studies mentioned above. 

Regarding the neuro-neoplastic interrelationships at 
the colorectal level, we chose to study the expression 
of B2A receptors, because many intracellular 
signaling pathways have been discovered via this 
type of receptors up till now; these are involved in 
the initiation, progression and cancer metastasis. 
In a previous study of a group of three patients, we 
have recently reported that the expression of B2A 
receptors increases with the tumor grading, but a 
large cohort study is still necessary in order to confirm 
this observation[20]. Neurotransmitters which act 
on this type of receptor are mainly adrenaline and 
noradrenaline. The role of noradrenaline in colorectal 
cancer development was highlighted by an increase 
in the locomotor activity of SW 480 colon carcinoma 
cells and by blocking its effects on this type of cells 
after using the beta1/2 blocker propranolol[21]. 
Moreover, the norepinephrine transporter, which 
plays an important role in mediating the effects of 
norepinephrine, is expressed by the enteric neurons[11]. 
Also, adrenaline acts on this type of receptor, being 
the most important agonist of B2A receptors[22]. 
Several studies have shown the effects of adrenaline 
in colorectal adenocarcinoma[23-26]. It is well known 
that B2A receptors for these neurotransmitters are 
G protein-coupled receptors[27], and their activation 
may trigger complex intracellular signaling involved 

Table 1  Relationship between beta-2 adrenergic receptor expression and clinicopathological features

Clinicopathological features n  B2A only area (µm2) P  value1 B2A only IOD P value1

mean ± SD mean ± SD

Gender
   Male 38   25332.4 ± 15753.5 0.126     2861294.1 ± 1735364.6 0.109
   Female 19   19450.2 ± 11703.5     3833335.5 ± 2431953.4
Age group
   < 60 15   28796.9 ± 13781.3 0.085         4742202.6 ± 2372372.902  0.018a

   ≥ 60 42   21584.2 ± 14860.9     3086368.8 ± 2092543.9
Tumor size
   < 5 cm 23   15778.7 ± 13661.5  0.003a 2463149.731 ± 2229187.1  0.008a

   ≥ 5 cm 25   28241.1 ± 13584.4     4188867.1 ± 2074271.4
CRC location
   Right and transvers colon   9   24817.5 ± 19874.7 0.412     3818617.6 ± 3131069.5 0.375
   Left colon, sigmoid and rectum 39   23347.2 ± 14047.3     3492859.3 ± 2140467.2
Gross appearance
   Exophytic 20   23166.8 ± 14796.3 0.429     3260358.1 ± 2057001.7 0.208
   Infiltrative, ulcero-infiltrative 28   24010.8 ± 15114.6     3852705.4 ± 2501409.4
Tumor invasion
   T1-2 17 11110.3 ± 6784.4  0.000a     1650300.5 ± 1004078.8  0.000a

   T3-4 31 36025.2 ± 8632.1     5433145.7 ± 1423440.9
Lymph node metastasis
   N0-1 21   19264.3 ± 12628.1  0.010a     2904065.0 ± 1922977.6  0.013a

   N≥ 2 27   30022.8 ± 15745.7     4498210.2 ± 2467186.4

1Student t-test. aP < 0.05 statistically significant. IOD: Integrated optical density; B2A: Beta-2 adrenergic.
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in the carcinogenesis process, such as the activation 
of the arachidonic acid cascade and also other 
pathways via the second messenger cyclic adenosine 
monophosphate (cAMP)[14,28]. Other intracellular 
signaling pathways are: proto-oncogene tyrosine-
protein kinase Src (c-Src), involved in cancer 
progression and also in promoting other signals; 
mitogen-activated protein kinase (MAPK); protein 
kinase B(Akt); extracellular signal-regulated kinases 
(ERK1/2); cAMP response elements (CREB), which 
are linked to certain DNA sequences that decrease 
or increase the transcription of variate genes 
downstream[12,29,30]. This type of receptor was also 
studied in other types of cancer including for example 
pancreas cancer[28], lung cancer[31], breast cancer[32] 

and prostate cancer[33]. Moreover, our analysis revealed 
a possible intranuclear/tight perinuclear localization of 
B2A receptors in poorly differentiated adenocarcinoma, 
suggesting a connection between its arresting on 
the downstream of the signaling pathways and more 
drastic cellular dedifferentiation and loss of function/
gain of function signaling misbalances. Although 
more data are not yet available to clearly show the 
connection between B2A receptor levels and tumor 
recurrence, corresponding to the clinical outcomes of 
these patients, we are following up these patients for 
future reference. To date, functional B2A receptors 
have been reportedly found on the nuclear membranes 
of ventricular myocardiocytes[34], but to our knowledge 
this is the first description for colon adenocarcinoma 
cells. Further functional and electron microscopy 
studies will still be needed to clarify the implications of 
this observation.

In our study, it was not possible to know for sure 
if the nervous structures that were deemed as other 
nerves were actually modified ganglia from the two 
plexuses or whether they represent sympathetic 
or parasympathetic afferents or efferents. They 
could not be catalogued either as ganglia belonging 
to the Meissner plexus or as ganglia belonging to 
the Auerbach plexus due to the structural changes 
caused by the neoplastic process. Neuro-neoplastic 
functional studies are required in order to find out if 
these nervous elements found in advanced gradings 
of colorectal adenocarcinoma secrete adrenaline and 
noradrenaline, and in this case, the regulation of B2A 
receptors examined in our study would be paracrine; 
however, the source of catecholamines could only be 
represented by the medulla, which seems to be least 
plausible if we take into account the short half-life of 
the catecholamines that activate B2A receptors[22].

We showed here that B2A area of expression in 
the tumor epithelium shows a moderate to strong 
inverse correlation with the areas of the Auerbach and 
Meissner plexuses. Although these are components 
of the stroma, there was no significant correlation 
between stromal or total B2A area and the number 
of nervous plexuses. There are too few elements 

to judge a functional association between these 
factors, but this is to our knowledge the first report 
of such a correlation for colon cancer. However, there 
are studies on breast tumors showing that stress-
induced neuroendocrine activation leads to a massive 
increase of metastasis, and treatment of stressed 
animals with the β-antagonist propranolol reversed the 
stress-induced inflammatory infiltrate and inhibited 
tumor metastasis[32]; all these suggesting that the 
sympathetic nervous system might act as a regulator 
for tumor spreading and metastasis.

In conclusion, B2A receptors have a high ex-
pression level in the neoplastic cells from colorec-
tal adenocarcinoma, and we found a significant 
association between the expression of B2A receptors 
and tumor grading. This shows that B2A receptors 
may play an important role in antineoplastic therapy 
or that they can be utilized as a prognostic factor. 
On the other hand, besides the functional changes 
caused by B2A receptors, structural changes of the 
ENS caused by the neoplastic process and the upward 
trend of the relative area of the nerves in colorectal 
adenocarcinoma might suggest that studies to develop 
targeted molecular therapies could be aimed not only 
at angiogenesis but also at neurogenesis in colorectal 
cancer; this might represent an important treatment 
pathway. 
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Colorectal cancer still remains one of the major health problems worldwide. In 
this article, the authors wanted to compare the morphological changes of the 
enteric nervous system (ENS) and to evaluate the changes in expression of the 
beta-2 adrenergic (B2A) receptors in primary colorectal cancer compared with 
normal colic mucosa, and also to find significant associations between these 
parameters and clinicopathological features.
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The mechanisms that drive the pathogenesis and the evolution of neoplasms 
are far from being understood. Translational studies that identify new colorectal 
cancer prognostic markers, molecular changes that appear at the initiation of 
carcinogenesis and during cancer’s progression, as well as treatment targets 
such as nervous elements, are thus needed. 

Innovations and breakthroughs
The authors provide the first description of B2A receptors found in/on the 
nuclear membrane of colon adenocarcinoma cells. B2A receptors have a high 
level of expression in the neoplastic cells from colorectal adenocarcinoma, and 
a significant association was found between the expression of B2A receptors 
and tumor grading. Until now, many intracellular signaling pathways have 
been discovered via this type of receptor, which are involved in the initiation, 
progression and cancer metastasis. On the other hand, in colorectal neoplasm, 
nervous system elements from the tumor microenvironment seem to play an 
important role.

Applications
The present study looks into B2A receptors and morphological changes of 
the ENS in primary colorectal cancer. B2A receptors may play an important 
role in antineoplastic therapy, and they can be utilized as a critical prognostic 
factor. On the other hand, the structural changes of the ENS in colorectal 
adenocarcinoma may lead to targeted molecular therapies not only regarding 
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angiogenesis, but also concerning neurogenesis in colorectal cancer.

Terminology
B2A receptors are G protein-coupled receptors and their activation may 
trigger complex intracellular signaling involved in the carcinogenesis process. 
Neurotransmitters which act on this type of receptor are mainly adrenaline and 
noradrenaline.
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serve as a prognostic factor in colorectal cancer.
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Abstract
AIM
To identify early predictive markers of poor outcomes 
in patients with acute liver injury from wild mushroom 
intoxication.

METHODS
This observational, retrospective record review involved 
adults aged ≥ 18 years admitted to emergency 
department with mushroom intoxication from January 
2005 to December 2015. The diagnosis of mushroom 
intoxication was based on the following: (1) a positive 
history of recent wild mushroom intake (either raw or 
cooked); (2) the onset of gastrointestinal symptoms, 
such as watery diarrhea, vomiting, and/or abdominal 
pain, after ingestion; and (3) the exclusion of other 
possible causes of acute liver injury. Acute liver injury 
was defined by a > 5-fold elevation of liver enzymes 
or moderate coagulopathy [international normalized 
ratio (INR) > 2.0]. Clinical and laboratory findings were 
compared in survivors and non-survivors.

RESULTS
Of 93 patients with mushroom intoxication, 23, 11 
men (47.8%) and 12 women (52.2%), of median age 
61 years, developed acute liver injury. The overall in-
hospital mortality rate was 43.5% (10/23). Among the 
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laboratory variables, mean serum alkaline phosphatase 
(73.38 ± 10.89 mg/dL vs  180.40 ± 65.39 mg/dL, P  < 
0.01), total bilirubin (2.312 ± 1.16 mg/dL vs  7.16 ± 2.94 
mg/dL, P  < 0.01) concentrations and indirect/direct 
bilirubin (2.45 ± 1.39 mg/dL vs  0.99 ± 0.45 mg/dL, P  
< 0.01) ratio as well as prothrombin time (1.88 ± 0.83 
mg/dL vs  10.43 ± 4.81 mg/dL, P  < 0.01), and activated 
partial thromboplastin time (aPTT; 32.48 ± 7.64 s vs  
72.58 ± 41.29 s, P  = 0.01), were significantly higher 
in non-survivors than in survivors. Logistic regression 
analysis showed that total bilirubin concentration (OR = 
3.58, 95%CI: 1.25-10.22), indirect/direct bilirubin ratio 
(OR = 0.14, 95%CI: 0.02-0.94) and aPTT (OR = 1.30, 
95%CI: 1.04-1.63) were significantly associated with 
mortality. All patients with total bilirubin > 5 mg/dL or 
aPTT > 50 s on day 3 died.

CONCLUSION
Monitoring of bilirubin concentrations and aPTT may 
help in predicting clinical outcomes in patients with 
acute liver injury from wild mushroom intoxication.

Key words: Mushroom; Liver; Outcome; Intoxication; 
Bilirubin

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Wild mushroom-induced acute liver failure is 
potentially fatal. Many candidates for liver transplantation 
progress to multi-organ failure resulting in deterioration 
while awaiting liver transplantation. Identifying early 
predictive markers of poor outcomes in patients 
with acute liver injury resulting from wild mushroom 
intoxication is critical for improving survival rates. Total 
bilirubin and activated partial thromboplastin time 
(aPTT) levels were associated with in-hospital mortality 
in patients with acute liver injury from wild mushroom 
intoxication. Monitoring total bilirubin and aPTT as 
predictors of survival outcomes may determines the need 
for advanced intervention such as liver transplantation.

Kim T, Lee D, Lee JH, Lee YS, Oh BJ, Lim KS, Kim WY. 
Predictors of poor outcomes Predictors of poor outcomes in 
patients with wild mushroom-induced acute liver injury. World 
J Gastroenterol 2017; 23(7): 1262-1267  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i7/1262.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1262

INTRODUCTION
Although mushroom poisoning is associated with 
high morbidity and mortality rates[1], little is known 
about the in-hospital prognosis of these patients 
during treatment. Wild mushroom-induced acute liver 
failure (ALF) is potentially fatal, with selected patients 
requiring liver transplantation[2,3]. Unfortunately, 
many candidates for transplantation progress to 

multi-organ failure resulting in deterioration while 
awaiting liver transplantation[3-5]. Early and precise 
determination of patients who will not survive without 
liver transplantation is crucial for improving survival 
rates[1], indicating the importance of identifying 
suitable candidates as quickly as possible[5]. Despite 
several proposed sets of criteria for emergency liver 
transplantation in patients with ALF, the criteria for 
emergency liver transplantation in patients with 
wild mushroom-induced ALF have not been clearly 
determined[3,6]. This study was therefore designed to 
identify early predictive markers of poor outcomes 
in patients with acute liver injury resulting from wild 
mushroom intoxication.

MATERIALS AND METHODS
Study design and data collection
This retrospective single-center study was performed 
at a 2800-bed, university-affiliated, tertiary referral 
center in Seoul, South Korea. The electronic charts 
of all adults, aged ≥ 18 years, with wild mushroom 
intoxication admitted to the emergency department 
(ED) from January 2005 to December 2015 were 
retrospectively reviewed. The diagnosis of mushroom 
intoxication was based on the following: (1) a positive 
history of recent intake of wild mushrooms, either raw 
or cooked; (2) the onset of gastrointestinal symptoms, 
such as watery diarrhea, vomiting, and/or abdominal 
pain, after ingestion; and (3) the exclusion of other 
possible causes of acute liver injury. This study was 
approved by the ethics committee of our institution, 
which waived informed consent because of the 
retrospective design of this study.

Baseline data on patients, including age, gender, 
medical history, and initial vital signs in the ED, were 
obtained, as were laboratory data obtained between 
the time of ED admission (day 1) and hospital day 7. 
Acute liver injury was defined as a > 5-fold elevation 
in liver enzymes or moderate coagulopathy (INR > 
2.0). The primary outcome was in-hospital mortality, 
and clinical and laboratory findings were compared in 
survivors and non-survivors. 

Statistical analysis
Continuous variables are presented as median and 
interquartile range (IQR), and categorical variables as 
absolute or relative frequencies. Continuous variables 
were compared in groups of survivors and non-survivors 
by Mann-Whitney U tests, and categorical variables by 
Fisher’s exact tests. Logistic regression analysis was 
performed to identify factors associated with in-hospital 
mortality, with the results of logistic regression analyses 
summarized as odds ratios (ORs) and 95% confidence 
intervals (CIs). Because total bilirubin concentrations 
and activated partial thromboplastin time (aPTT) are 
numerical data, receiver operating characteristic (ROC) 
curves were constructed and areas under the curves 
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(AUCs) were evaluated. The cutoff values of total 
bilirubin and aPTT predicting death were estimated 
by ROC analyses. A two-sided p value < 0.05 was 
considered statistically significant. All statistical analyses 
were performed using SPSS for Windows, version 21.0 
(IBM Corp, Armonk, NY, United States).

RESULTS
During the study period, 93 patients with wild 
mushroom intoxication were admitted to the ED, with 
23 of these patients developing acute liver injury. 
These 23 patients consisted of 11 men (47.8%) and 
12 women (52.2%), of median age 61 years (IQR, 
51-66 years). The median time between mushroom 
ingestion and hospital admission was 3.0 d. The overall 
in-hospital mortality rate was 43.5% (10/23). 

Table 1 summarizes the demographic characteristics, 
comorbidities, initial vital signs, and laboratory values 
of the survivor and non-survivor groups. Mean serum 
alkaline phosphate (ALP; 73.38 ± 10.89 mg/dL vs 
180.40 ± 65.39 mg/dL, p < 0.01), total bilirubin 

(2.31 ± 1.16 mg/dL vs 7.16 ± 2.94 mg/dL, p < 0.01) 
concentrations and indirect/direct bilirubin (2.45 ± 1.39 
vs 0.99 ± 0.45, p < 0.01) ratio as well as prothrombin 
time (PT)-INR (1.88 ± 0.83 s vs 10.43 ± 4.81 s, p < 
0.01) and activated partial thromboplastin time (aPTT; 
32.48 ± 7.64 s vs 72.58 ± 41.29 s, p = 0.01), were 
significantly higher in the non-survivor than in the 
survivor group. However, other variables, including 
white blood cell (WBC) and platelet counts and 
concentrations of hemoglobin (Hb), blood urea nitrogen 
(BUN), creatinine (Cr), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and gamma-
glutamyl transferase (γ-GT), did not differ significantly 
in the survivor and non-survivor groups. Logistic 
regression analysis showed that elevated total bilirubin 
concentration (OR = 3.579, 95%CI: 1.253-10.221), 
indirect/direct bilirubin ratio (OR = 0.14, 95%CI: 
0.02-0.94) and prolonged aPTT (OR = 1.301, 95%CI: 
1.037-1.634) were significantly associated with patient 
mortality (Table 2). Figure 1 shows static serum total 
bilirubin, aPTT, PT INR, and ALP levels in survivors and 
non-survivors. All patients with total bilirubin > 5 mg/dL 
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Table 1  Baseline demographic and clinical characteristics of study patients  n  (%)

Total patients Survivors Non-survivors P  value

(n  = 23) (n  = 13) (n  = 10)

Age, yr 61.0 (51.0-66.0) 61.0 (53.0-69.0) 52.0 (38.0-62.0)    0.74
Male   11 (48) 6 (46) 5 (50)    0.86
Comorbidities
   Hypertension   6 (26) 5 (38) 1 (10)    0.11
   Diabetes mellitus 2 (9) 2 (17) 0 (0)    0.17
   Chronic kidney disease 0 (0) 0 (0) 0 (0)
   Chronic liver disease 0 (0) 0 (0) 0 (0)
Time from ingestion to hospitalization, d 3.0 (3.0-3.0) 3.0 (3.0-3.0) 3.0 (3.0-3.0)    0.26
Vital signs, initial
   SBP, mmHg   126.0 (112.0-134.0)   122.0 (116.0-133.0)   128.5 (112.0-146.0)    0.47
   DBP, mmHg 71.0 (66.0-89.0) 78.0 (67.0-90.0) 69.5 (66.5-77.5)    0.59
   Heart rate, min 78.0 (65.0-89.0) 70.0 (63.0-87.0)   94.5 (78.5-116.2)    0.03
   Respiratory rate, min 20.0 (18.0-20.0) 20.0 (18.0-20.0) 20.0 (20.0-20.0)    0.24
   Temperature, ℃ 36.6 (36.1-37.1) 36.6 (36.2-36.1) 36.6 (36.1-37.0)    0.56
   SpO2, % 98.0 (97.0-99.0) 98.0 (97.0-99.0) 98.0 (97.0-99.0)    0.36
Laboratory data
   WBC, × 103/mL   7.5 (5.8-12.2) 7.0 (6.0-8.3) 11.3 (6.0-15.6)    0.11
   Hemoglobin, g/dL   14.1 (13.0-15.4) 14.2 (13.4-15.4)   12.8 (10.6-15.0)    0.12
   Platelet, × 103/mL     172.0 (115.0-223.0)    197.0 (156.0- 223.0)   125.5 (87.3-181.3)    0.06
   BUN, mg/dL 21.0 (9.0-33.0) 15.0 (10.0-29.0)   23.0 (10.3-31.5)    0.66
   Cr, mg/dL   0.90 (0.60-1.30) 0.70 (0.60-0.90)   1.70 (1.00-1.80)    0.23
   AST, IU/L 4568.0 (863.0-6933.0) 4568.0 (702.0-5471.0) 5650.0 (2065.3-8155.8)    0.19
   ALT, IU/L   4750.0 (1561.0-5543.0)   4436.0 (1561.0-5543.0) 5002.0 (2235.5-6584.3)    0.31
   γ-GT, IU/L   38.0 (23.0-71.0) 26.0 (13.0-53.0) 55.50 (39.0-85.0)    0.35
   ALP, IU/L     85.0 (71.0-162.0) 71.0 (69.0-81.0)     165.0 (151.0-208.0) < 0.01
   Total bilirubin, mg/dL   3.50 (1.70-6.40) 1.80 (1.60-3.00)   6.80 (6.00-8.80) < 0.01
   Indirect/direct bilirubin ratio 1.79 (0.5-3.08) 2.45 (1.06-3.84)   0.99 (0.54-1.44) < 0.01
   PT-INR, s   2.90 (1.40-8.80) 1.60 (1.20-2.60)     9.70 (7.60-14.30) < 0.01
   aPTT, s   41.4 (28.9-54.3) 29.1 (28.9-35.3)   54.6 (52.6-71.4)    0.01
Management
   Vasopressor 7 (30) 0 (0) 7 (70) < 0.01
   Mechanical ventilation 6 (26) 0 (0) 6 (60) < 0.05
   CRRT 5 (22) 0 (0) 5 (50) < 0.01

Values are expressed as median with interquartile range and n (%). SBP: Systolic blood pressure; DBP: Diastolic blood pressure; SpO2: Peripheral 
capillary oxygen saturation; WBC: White blood cell count; BUN: Blood urea nitrogen; Cr: Creatinine; AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; γ-GT: Gamma-glutamyl transferase; ALP: Alkaline phosphatase; PT: Prothrombin time; aPTT: Activated partial thromboplastin time; 
CRRT: Continuous renal replacement therapy.
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15 studies involving more than 20 patients from 1980 
to 1999 ranges from 4.8% to 34.5%[10]. However, 
more recent studies report mortality rates of around 
10%[11-13]. This is consistent with the results of the 
present study, which found that 10 (10.8%) of the 
93 patients with mushroom poisoning died. These 10 
patients constituted 43.5% of the 23 patients with 
acute liver injury. 

Mushroom-induced acute liver injury is potentially 
fatal, with the definitive treatment being liver 
transplantation[2,3]. Laboratory studies showed that 
urea, AST, ALT, LDH, and total bilirubin concentrations, 
as well as PT and aPTT, were significantly higher in 
patients who died than in those who survived[11]. 
Similarly, patients with ALT or AST concentrations 
> 2000 IU/mL, or PT > 50 s, were at serious risk of 

or aPTT > 50 s on day 3 died in-hospital of ALF.

DISCUSSION
Poisoning of toxic mushrooms can be divided into 
seven main categories: amatoxin, gyromitrin, coprine, 
muscarine, ibotenic acid-muscimol, psilocybin-psilocin 
and gastrointestinal irritants[7,8]. In South Korea, the 
vast majority of toxic mushroom ingestions were the 
amatoxin-containing mushrooms such as Amanita 
abrupta Peck, Amanita castanopsidis Hongo, Amanita 
subjunquillea S. Imai, Amanita verna (Bull.) Lam., 
Amanita virosa (Fr.) Bertill., Conocybe filaris (Fr.) 
Kühner, Galerina calyptrata P.D. Orton, Galerina 
helvoliceps (Berk. and M.A. Curtis) Singer[8,9]. 

This study showed that total bilirubin and aPTT 
levels were associated with in-hospital mortality in 
patients with acute liver injury from wild mushroom 
intoxication. Indeed, all patients with total bilirubin > 5 
mg/dL or aPTT > 50 s on day 3 died in-hospital. These 
results emphasize the critical need for monitoring 
total bilirubin and aPTT as predictors of survival 
outcomes and for determining the need for advanced 
intervention such as liver transplantation. 

Although the precise incidence of mushroom 
poisoning cannot be estimated, the mortality rate in 
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Figure 1  Static ALP (A), aPTT (B), PT INR (C), and total bilirubin (D) levels in survivors and non-survivors from day 1 to day 7 after wild mushroom 
ingestion. ALP: Alkaline phosphatase; aPTT: Activated partial thromboplastin time; PT: Prothrombin time; INR: International normalized ratio.
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Table 2  Odds ratios for poor outcomes in patients

OR 95%CI P  value

Alkaline phosphatase     1.21 (0.91, 1.60) 0.20
Total bilirubin     3.58   (1.25, 10.22) 0.02
Indirect/direct bilirubin ratio     0.13 (0.02, 0.94) 0.04
Prothrombin time 789.00 - 0.98
Activated partial 
thromboplastin time

    1.30 (1.04, 1.63) 0.02



intoxication. 

Limitations
This study had several major limitations. First, we 
enrolled patients from a single institution who ingested 
wild mushrooms; therefore, caution should be used 
when applying our results to other populations, 
including those in other countries. Second, the 
retrospective observational design of this study 
suggests that undetected bias may have been present. 
Third, because kits that measure amatoxin levels in 
serum and urine are not commercially available in 
South Korea, serum alpha-amanitin levels were not 
analyzed in this study.

This study showed that total bilirubin concentration 
and aPTT were useful in predicting outcomes in 
patients with acute liver injury caused by wild 
mushroom intoxication. Moreover, total bilirubin > 5 
mg/dL or aPTT > 50 s on day 3 were prognostic of 
impending death.

COMMENTS
Background
Wild mushroom induced acute liver failure (ALF) is rare but fatal, with selected 
patients requiring liver transplantation. Many candidates for transplantation 
progress to multi-organ failure resulting in rapid deterioration while awaiting liver 
transplantation. However, the specific criteria and optimal timing for emergency 
liver transplantation in patients with wild mushroom-induced ALF are unclear. 

Research frontiers
Currently, little is known about wild mushroom induced ALF, including its 
etiology, pathophysiology, clinical outcome, and the in-hospital prognosis in 
these patients. Few studies have addressed appropriate treatment with wild 
mushroom induced ALF. Appropriate criteria and precise timing for emergency 
liver transplantation in patients with wild mushroom-induced ALF are lacking in 
the medical literature.

Innovations and breakthroughs
Although prior studies have suggested the association of the prothrombin 
index and mortality, this study showed that both total bilirubin concentration 
and activated partial thromboplastin time (aPTT) level were associated with in-
hospital mortality in patients with acute liver injury arising from wild mushroom 
intoxication. 

Applications
This study demonstrates more specific criteria to assess the need for transplantation 
in patients with amatoxin-induced acute liver injury. Daily monitoring with total 
bilirubin and aPTT level appears to be of benefit in these patients. 

Terminology
Poisoning of toxic mushrooms in South Korea, the vast majority of toxic 
mushroom ingestions were the amatoxin-containing mushrooms. Acute 
liver injury was defined as a > 5-fold elevation in liver enzymes or moderate 
coagulopathy (INR > 2.0).
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In this study, specific criteria and precise timing for emergency liver 
transplantation in patients with wild mushroom-induced ALF were assessed. 
Presence of total bilirubin > 5 mg/dL or aPTT > 50 s on day 3 was prognostic of 
impending death.
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death[14]. By contrast, we found that AST and ALT 
levels at admission were not associated with patient 
mortality. This was not surprising, as AST and ALT 
levels were shown not to reflect hepatocellular necrosis 
and hepatotoxicity in patients with ALF[15,16]. Similarly, 
although serum Cr concentration has been associated 
with unfavorable outcome[6], we found that serum Cr 
concentrations did not differ significantly in our groups 
of survivors and non-survivors. Moreover, in contrast 
to findings that PT levels were prognostic in patients 
with liver dysfunction[17], the present study found that 
PT was not associated with mortality, perhaps because 
elevated PT may have been masked by the transfusion 
of coagulation factors into patients hospitalized for 
mushroom-induced acute liver injury. 

Total bilirubin concentration may be a better 
indicator of the severity of acute liver injury than ALT 
concentration[18]. High bilirubin concentrations can 
not only predict short-term mortality, but can also 
constitute a biochemical marker to improve triage of 
patients with acute-on-chronic liver failure, especially 
selecting patients for emerging interventions, such 
as extracorporeal liver assist devices and possibly 
improved early phase pharmacological therapies[19].

aPTT measures coagulation via the intrinsic (i.e., 
contact-activated) pathway[17]. Recent studies show 
that aPTT reflects failure of coagulation as a multi-
organ dysfunction in critically ill patients with ALF. 
Stravitz et al[20] noted monitoring the reaction time 
by thromboelastography or the aPTT might be more 
appropriate to assess bleeding risks in patients with 
ALI and ALF than the INR. Although aPTT is often less 
valuable than INR for diagnosing liver dysfunction, 
it may be more suitable for monitoring mushroom-
induced liver injury[21]. 

Deciding whether to transplant livers into patients 
with wild mushroom-induced ALF continues to be 
challenging. Although liver transplantation was shown 
to dramatically increase the survival rate of patients 
with amatoxin-induced ALF[1], the specific criteria and 
optimal timing of emergency transplantation remain 
to be determined[3,6]. Traditionally, transplant decisions 
are based on King’s College[22,23] or Clichy[24] criteria. 
Other, more specific, criteria have been developed to 
assess the need for transplantation in patients with 
amatoxin-induced acute liver injury. Ganzert’s criteria 
suggest that patients with amatoxin poisoning be listed 
for urgent LT, regardless of the presence of hepatic 
encephalopathy, if their prothrombin index is < 25% 
and their serum Cr is > 106 µmol/L on the third day 
after ingestion[6]. Escudie’s criteria suggest that urgent 
LT be considered in patients showing a reduction in 
prothrombin index below 10% of normal (INR > 6) 4 
or more days after ingestion[25]. Our study showed that 
both total bilirubin concentration and aPTT level were 
factors associated with in-hospital mortality in patients 
with acute liver injury arising from wild mushroom 
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Abstract
AIM
To evaluate the effects of hydrotalcite combined with 
esomeprazole on gastric ulcer healing quality. 

METHODS
Forty-eight patients diagnosed with gastric ulcer 
between June 2014 and February 2016 were randomly 
allocated to the combination therapy group or 
monotherapy group. The former received hydrotalcite 
combined with esomeprazole, and the latter received 
esomeprazole alone, for 8 wk. Twenty-four healthy 
volunteers were recruited and acted as the healthy 
control group. Endoscopic ulcer healing was observed 
using white light endoscopy and narrow band imaging 
magnifying endoscopy. The composition of collagen 
fibers, amount of collagen deposition, expression of 
factor Ⅷ and TGF-β1, and hydroxyproline content were 
analyzed by Masson staining, immunohistochemistry, 
immunofluorescent imaging and ELISA. 

RESULTS
Following treatment, changes in the gastric microvascular 
network were statistically different between the 
combination therapy group and the monotherapy group 
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(P  < 0.05). There were significant differences (P  < 
0.05) in collagen deposition, expression level of Factor 
Ⅷ and TGF-β1, and hydroxyproline content in the two 
treatment groups compared with the healthy control 
group. These parameters in the combination therapy 
group were significantly higher than in the monotherapy 
group (P  < 0.05). The ratio of collagen Ⅰ to collagen 
Ⅲ was statistically different among the three groups, 
and was significantly higher in the combination therapy 
group than in the monotherapy group (P < 0.05). 

CONCLUSION
Hydrotalcite combined with esomeprazole is superior 
to esomeprazole alone in improving gastric ulcer 
healing quality in terms of improving microvascular 
morphology, degree of structure maturity and function 
of regenerated mucosa.

Key words: Hydrotalcite; Esomeprazole; Gastric ulcer; 
Quality of ulcer healing 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Gastric ulcer is mainly caused by an imbalance 
in defense mechanisms and injurious factors at the 
gastric mucosa, and has a high recurrence rate. Previous 
studies comparing the efficacy of hydrotalcite combined 
with esomeprazole vs  esomeprazole therapy alone 
for the treatment of gastric ulcer have shown unclear 
results. In the present study, we conducted a clinical 
observation study involving 48 patients diagnosed with 
gastric ulcer treated with either hydrotalcite combined 
with esomeprazole or esomeprazole alone. The results 
showed that hydrotalcite combined with esomeprazole 
was superior to esomeprazole alone in improving gastric 
ulcer healing quality.

Yang RQ, Mao H, Huang LY, Su PZ, Lu M. Effects of 
hydrotalcite combined with esomeprazole on gastric ulcer healing 
quality: A clinical observation study. World J Gastroenterol 
2017; 23(7): 1268-1277  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i7/1268.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i7.1268

INTRODUCTION
Gastric ulcer  is mainly caused by an  imbalance  in 
defense mechanisms and  injurious  factors at  the 
gastric mucosa. The use of Helicobacter pylori (H. 
pylori) eradication therapy and the wide application of 
proton pump inhibitors (PPI) have improved the clinical 
healing rate of gastric ulcer, but its recurrence rate 
remains high. Tarnawski et al[1] proposed the concept 
of quality of ulcer healing (QOUH) in 1991 for the first 
time, which considers the fact that tissue regeneration 
is often incomplete within ulcer scars. QOUH suggests 
that the evaluation of gastric ulcer healing should focus 

on whether the structure and function of mucosal and 
submucosal tissue have been completely regenerated 
in addition to endoscopic examination and evaluation 
of ulcer size. It has been shown that ulcer recurrence is 
closely related to QOUH. Esomeprazole is an H+-K+-ATP 
enzyme inhibitor, which can effectively inhibit acid, and 
thereby promotes ulcer repair. However, excessive acid 
suppression may cause indigestion, gastrointestinal 
bacterial infection and induce atrophic gastritis or even 
gastric cancer. Ulcers frequently recur following anti-
acid drug treatment alone[2,3]. Therefore, combination 
therapies for gastric ulcer are favorable. To this end, 
hydrotalcite[4], a gastric mucosal protective agent, in 
which the mechanism of action includes the formation 
of a protective membrane at the ulcer site, provides an 
HCO3- reservoir and repairs the mucous bicarbonate 
barrier. Moreover, it upregulates various protective and 
repair factors in the gastric tissue such as promoting 
the formation of prostaglandins, improving mucosal 
blood flow and metabolism at the ulcer site, thereby 
enhancing mucosal functional repair. However, pre-
vious studies comparing the efficacy of hydrotalcite 
combined with esomeprazole vs esomeprazole therapy 
alone for the treatment of gastric ulcer did not lead to 
conclusive results, as these studies merely evaluated 
the endoscopic morphology of gastric mucosa and 
not the histologic and ultrastructural changes in the 
mucosal and submucosal  layers. In addition, most 
studies were conducted using rat models[3,5-7]. Irregular 
punctate and linear gastric pits are usually abundant 
in normal gastric mucosa, surrounded by a rich and 
irregular microvascular network[8]. The morphology 
of gastric pits and the microvascular network may 
change corresponding to pathological changes in the 
gastric mucosa[9,10]. However, these changes cannot be 
observed under white light endoscopy, but are clearly 
visible under narrow band imaging (NBI) magnifying 
endoscopy[11]. Thus,  in the present study, we used 
NBI magnifying endoscopy to observe morphological 
changes in the gastric pits and microvascular network 
of regenerated mucosa. The efficacy of hydrotalcite 
combined with esomeprazole in improving QOUH of 
adult gastric ulcers was assessed by the maturity of 
regenerated mucosal tissue. Eradication therapy was 
also administered to patients with a positive H. pylori 
test.

MATERIALS AND METHODS
Patient selection
Forty-eight patients diagnosed with gastric ulcer[12] 

who received treatment in our hospital between June 
2014 and December 2015 were randomly divided into 
the combination therapy group and the monotherapy 
group. Twenty-four healthy volunteers were recruited 
into the healthy control group. Exclusion criteria were 
as follows: (1) patients with bleeding, obstruction, 
perforation and cancer or other related complications 
of gastric ulcer; (2) complications such as heart, brain, 
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kidney,  lung and other major diseases; (3) recent 
treatment for gastric ulcer; and (4) contraindications 
to hydrotalcite or esomeprazole. All subjects were 
tested for H. pylori using the rapid urease test (CLO 
test; Delta West Pty Ltd., Western Australia). The 
study was approved by the ethics committee of our 
hospital  (2014-XHNK-003) and registered  in  the 
Chinese Clinical Trial Registry (ChiCTR-IPR-16008317). 
Informed consent was obtained from all patients or 
their family members. 

Treatment protocol
The combination group received oral hydrotalcite (1.0 
g three times a day) combined with oral esomeprazole 
(20 mg twice a day), and the monotherapy group 
received oral esomeprazole alone (20 mg twice a day). 
Treatment duration was eight weeks. H. pylori-positive 
patients also received amoxicillin, clarithromycin and 
colloidal pectin bismuth for 10-14 d. The healthy 
control group received no treatment. 

Examinations
Endoscopic ulcer healing was observed first under 
white  light endoscopy, and  then gastric pits and 
microvascular morphology were observed using NBI 
magnifying endoscopy by  the same experienced 
endoscopist. Following endoscopy, gastric mucosal 
tissues from patients were biopsied before and after 
treatment at the same location. Tissues were similarly 
biopsied from healthy volunteers. Part of the specimen 
was embedded in paraffin, sectioned and used for 
Masson, immunofluorescent and immunohistochemical 
staining. The remainder was preserved at -80 ℃ for 
subsequent determination of hydroxyproline content 
by ELISA. 

Statistical analysis
Measurement data following normal distribution were 
expressed as mean ± SD. These data were compared 
by analysis of variance (ANOVA) followed by multiple 
comparisons using the LSD or Dunnett’s T3 method 
based on their determined homogeneity of variance. 
For data which were not normally distributed, the 
Kruskal-Wallis  test was used followed by multiple 

comparisons by pairwise methods. Enumeration data 
were compared using the χ 2 test. P values less than 
0.05 were considered statistically significant. All data 
were analyzed using SPSS20.0 (SPSS Inc. United 
States). 

RESULTS
Basic clinical characteristics and H. pylori eradication 
rate
No significant differences  in gender and age were 
observed among the three groups (P > 0.05). H. pylori 
positive rates were similar between the combination 
therapy and monotherapy groups before and after 
treatment (P > 0.05) (Table 1).

Endoscopic ulcer healing 
The standards of Japanese gastroscopy diagnosis and 
staging criteria were used[13]. A high total effective rate 
represents high endoscopic ulcer healing quality. The 
results are shown in Table 1 and Figure 1. The total 
effective rate was not significantly different between 
the combination  therapy group (95.8%) and the 
monotherapy group (91.7%) after treatment (P > 
0.05).

Morphological changes in gastric pits and mucosal 
microvascular network 
The results are shown in Table 1 and Figure 2. Based 
on the Sakak standards[14], most gastric pits in the 
normal gastric mucosa group were classified as 
type A and B, surrounded by a rich and  irregular 
microvascular network, classified according to the 
Yao criteria[15].  In  the  combination  therapy and 
monotherapy groups before treatment, gastric pits in 
the gastric ulcer mucosa were mostly type C and D, 
surrounded by a small microvascular network. The 
types of gastric pits and microvascular networks were 
not significantly different between the combination 
therapy and monotherapy groups before treatment 
(P > 0.05). After treatment, the percentage of type 
A and B gastric pits in the gastric mucosa was not 
significantly different between  the  combination 
therapy and monotherapy groups (PA+B > 0.05), but 
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Table 1  Comparison of general parameters, Helicobacter pylori  positive rate, endoscopic ulcer healing, morphological changes at 
gastric pits and microvascular networks among the three groups

Group No. Gender Age (yr) H. pylori  
positive rate 

(BT)

H. pylori  
positive rate 

(AT)

Total effective 
rate (AT)

Gastric pits 
(AT)

Microvascular 
network changes 

(AT)
M/F (mean ± SD)1 n  (%)2 n  (%)2 n  (%)2 A + B (%)2 Regular (%)2

Healthy control 24 14/10 55.5 ± 12.3 23 (95.8%) 11 (45.8%)
Combination therapy 24 13/114  54.5 ± 11.14  16 (66.7%)4 2 (8.3%)4  23 (95.8)4  22 (91.7%)4  20 (83.3%)3

Monotherapy 24 9/154  53.6 ± 11.24 14 (58.3%)  3 (12.5%) 22 (91.7) 21 (87.5%) 13 (54.2%)

1ANOVA test was conducted because these data obey normal distributions; 2χ 2 test was conducted because these data obey χ 2 distributions; 3P values of 
post hoc comparison between groups were all lower than 0.05; 4P values between groups were higher than 0.05. BT: Before treatment; AT: After treatment; H. 
pylori: Helicobacter pylori.
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cumstances, collagen fibers are usually distributed in 
the gastric mucosal and submucosal layers. The area 
of collagen fiber deposition was evaluated by Masson’
s trichrome staining, which stains fibrotic tissues blue. 
Five randomly-chosen fields (× 200 times) of each 
specimen were  imaged. All  images were analyzed 
using Plus6.0 Image-Pro software. Collagen deposition 
area was measured using  integral area and  the 

the percentage of regular microvascular network was 
significantly different between the two groups (P < 
0.05), and was significantly higher in the combination 
therapy group than in the monotherapy group and 
normal control group.

Maturity of regenerated mucosa
Collagen deposition area: Under normal  cir-

Figure 1  White light endoscopic assessment of ulcer healing quality. A: Combination therapy before and after treatment; B: Monotherapy before and after 
treatment; C: Healthy control group. Both the combination therapy and monotherapy groups had high quality ulcer healing.

A B C

A B C

Figure 2  Gastric pits and microvascular morphology by narrow band imaging magnifying endoscopy. A: Combination therapy before and after treatment; B: 
Monotherapy before and after treatment; C: Healthy control group. With regeneration of the gastric mucosal epithelium, the gastric pits and microvascular network 
were reconstructed. Both the combination therapy and monotherapy groups had improved gastric pit morphology after treatment, which was similar to normal mucosal 
tissue. However, the percentage of regular microvascular network was much higher. 
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average value was calculated. The area of collagen 
fiber deposition  in  the healthy control group was 
significantly larger than that in the combination therapy 
and monotherapy groups before treatment (P < 0.05). 
Areas of collagen fiber deposition were not significantly 
different between  the combination  therapy and 
monotherapy groups before treatment (P > 0.05, P = 
0.951), but were significantly different after treatment (P 
< 0.05). Following treatment, the area of collagen fiber 
deposition in the combination therapy group (260909.51 
± 164713.88) was significantly higher than that in the 
monotherapy group (135700.75 ± 94175.38) (P < 
0.05), but was not statistically significant compared with 
the healthy control group (244679.38 ± 210075.67) (P 
> 0.05) (Table 2, Figure 3). 

Ratio of collagen Ⅰ to collagen Ⅲ: The ratio of 

collagen Ⅰ to collagen Ⅲ in the healthy control group 
was significantly higher than that in the combination 
therapy and monotherapy groups before treatment 
(P < 0.05). The ratio of collagen Ⅰ to collagen Ⅲ was 
not significantly different between the combination 
therapy and monotherapy groups (P > 0.05, P = 
0.553). In contrast, the ratio of collagen Ⅰ to collagen 
Ⅲ in the combination therapy (mean rank = 39.42) 
and monotherapy groups (mean rank = 25.96) after 
treatment were significantly different compared with 
the healthy control group (mean rank = 38.85) (P 
< 0.05, P = 0.031). The ratio  in the combination 
therapy group was significantly higher than that in 
the monotherapy group (P < 0.05), but there was 
no statistically significant difference between the 
combination therapy group and the healthy control 
group (P > 0.05, P = 0.746), (Table 2, Figure 4). 

A B C

Figure 3  Gastric mucosal fibrosis was evaluated by Masson’s trichrome staining in a 200 × field. Blue-stained signals represent fibrosis. A: Combination 
therapy before and after treatment; B: Monotherapy before and after treatment; C: Healthy control group. The area of collagen fiber deposition in the combination 
therapy group was significantly larger than that in the monotherapy group after treatment, and was similar to that in normal mucosal tissue. 

Table 2  Comparison of collagen fiber area, collagen Ⅰ to collagen Ⅲ ratio, hydroxyproline content, FactorⅧ-positive cells and 
TGF-β1 expression among the three groups by Masson staining, immunohistochemistry, ELISA assay and immunofluorescent imaging

Group No. Collagen fiber 
area

Collagen Ⅰ to collagen 
Ⅲ ratio

Hydroxyproline content 
(ng/mL)

FactorⅧ-positive 
cells

TGF-β1 
expression

mean ± SD1 P  value mean rank2 P  value mean ± SD1 P  value  mean ± SD1 P  value mean ± SD1 P  value

Healthy control 24 244679.38 ± 0.0203  38.854 0.0313 1693.72 ± 0.0133  23.25 ± 8.243 0.0003 93984.12 ± 0.0163

210075.674 419.254 42066.644

Combination 
therapy (AT)

24 260909.51 ± 39.42 1909.53 ± 33.54 ± 8.72 101163.85 ±
164713.88 828.78 38130.24

Monotherapy 
(AT)

24 135700.75 ±  25.963 1235.32 ±  28.58 ± 6.943 72321.44 ±
94175.383 551.073 20030.293

1ANOVA test was conducted because these data obey normal distributions; 2Kruskal-Wallis test was conducted because these data did not obey normal 
distributions; 3P values of post hoc comparison between groups were all lower than 0.05; 4P values between combination group and control group were 
higher than 0.05. AT: After treatment.
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Hydroxyproline content in gastric mucosa: 
Hydroxyproline content in the healthy control group 
was significantly higher than that in the combination 
therapy group  and monotherapy group before 
treatment (P < 0.05). The difference in hydroxyproline 
content was not statistically significant between 
the combination therapy and monotherapy groups 
before treatment (P > 0.05, P = 0.996), but was 
significantly different after  treatment (P < 0.05). 
Following treatment, hydroxyproline content  in the 
combination therapy group (1909.53 ± 828.78 ng/mL) 
was significantly higher than that in the monotherapy 
group (1235.32 ± 551.07 ng/mL) (P < 0.05), but was 
not significantly different compared to the healthy 
control group (1693.72 ± 419.25 ng/mL), (P > 0.05, P 
= 0.592) (Table 2). 

Expression of Factor Ⅷ: The number of Factor 
Ⅷ-positive cells  in  the healthy control group was 
significantly higher  than  that  in  the combination 
therapy and monotherapy groups before and after 
treatment (P < 0.05). The number of Factor Ⅷ-positive 
cells was not significantly different between  the 
combination therapy and monotherapy groups before 
treatment (P > 0.05, P = 0.947), while that in the 
combination  therapy group  (33.54 ± 8.72) was 
significantly higher than that  in the monotherapy 
group (28.58 ± 6.94) and the healthy control group 
(23.25 ± 8.24) after treatment (P < 0.05), (Table 2, 
Figure 5). 

Expression of TGF-β1: The integrated optical density 
(IOD) of TGF-β1 staining in the healthy control group 
was significantly higher than that in the combination 
therapy and monotherapy groups before treatment 
(P < 0.05). The IOD of TGF-β1 staining was not 
significantly different between the combination therapy 
and monotherapy groups (P > 0.05, P = 0.992), but 
was significantly different after treatment (P < 0.05). 
TGF-β1 expression in the combination therapy group 
(IOD = 101163.85 ± 38130.24) and the monotherapy 
group (IOD = 72321.44 ± 20030.29) after treatment 
was significantly different compared with the healthy 
control group (IOD = 93984.12 ± 42066.64) (P < 
0.05). TGF-β1 in the combination therapy group was 
significantly higher than that  in the monotherapy 
group (P < 0.05), but  there was no statistically 
significant difference when compared with the healthy 
control group (P < 0.05), (Table 2, Figure 6). 

DISCUSSION
The gastric  ulcer  healing process  includes  the 
clearance of necrotic debris, growth of granulation 
tissues, angiogenesis,  collagen  fiber deposition, 
scar tissue formation, and epithelial reconstruction 
with reestablishment of the mucosal microvascular 
network[16,17]. H. pylori eradication therapy and the 
wide application of PPIs have improved the clinical 
cure rate of gastric ulcer, but its high recurrence rate 
remains a clinical challenge. Gastric ulcer mainly 

A B C

Figure 4  Expression of collagen Ⅰ and Ⅲ was analyzed using immunofluorescent staining in a 200 × field. Nuclei were stained blue, collagen Ⅰ stained red, 
collagen Ⅲ stained green, and the overlap of collagen Ⅰ and collagen Ⅲ stained yellow. A: Results of combination therapy before and after treatment; B: Results 
of monotherapy before and after treatment; C: Results in the healthy control group. The deposition area of collagen Ⅰ and Ⅲ in the combination therapy group after 
treatment was similar to that in the normal control group.
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recurs  in situ or at areas adjacent  to  the healed 
ulcer. Tarnawski et al[1] showed that the recurrence 
of gastric ulcer was closely related to QOUH. These 
authors believe that compromised histological and 
ultrastructural healing of gastric mucosa  impairs 

the function of mucosal defense, accounting for the 
pathological basis of ulcer recurrence[5]. In the present 
study, we observed morphological changes in gastric 
pits and the microvascular network of regenerated 
mucosa using NBI magnifying  endoscopy,  and 

A B C

Figure 5  Expression of FactorⅧ was analyzed using immunohistochemical staining in a 200 × field. Yellow-stained signals in the cytoplasm and (or) cell 
membrane represent positive cells. A: Results of combination therapy before and after treatment; B: Results of monotherapy before and after treatment; C: Results in 
healthy control group. The expression of FactorⅧ in the combination therapy group after treatment was significantly higher than that in the monotherapy and healthy 
control groups. 

A B C

Figure 6  Expression of TGF-β1 was analyzed using immunohistochemical staining in a 200 × field. Yellow-stained signals in the cytoplasm and (or) cell 
membrane represent positive cells. A: Results of combination therapy before and after treatment; B: Results of monotherapy before and after treatment; C: Results in 
the healthy control group. The expression of TGF-β1 in the combination therapy group was significantly higher than that in the monotherapy group, and similar to that 
in the healthy control group.
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evaluated the effects of hydrotalcite combined with 
esomeprazole on the healing quality of gastric ulcer 
following H. pylori eradication therapy. The results 
showed that hydrotalcite combined with esomeprazole 
improved the maturity of regenerated mucosal tissue 
both structurally and functionally.

This study also showed that the H. pylori-positive 
rate and endoscopic ulcer healing were similar between 
the combination therapy group and the monotherapy 
group after treatment. In addition, morphology of 
the gastric pits under the NBI magnifying endoscope 
was similar  to  the normal gastric mucosa  in  the 
combination therapy and monotherapy groups. This 
indicates that both treatments promoted superficial 
mucosal healing and improved gastric pit morphology.

Previous research[18,19] confirmed that collagen 
fibers  in gastric  tissue were mainly composed of 
collagen Ⅰ and collagen Ⅲ. Type Ⅰ collagen accounts 
for  approximately  80% of  collagen  fibers  and 
strong expression of collagen Ⅰ is found in newborn 
granulation tissue. Collagen Ⅰ plays a supportive role 
in wound healing and excessive deposition can result 
in scar tissue formation. Collagen Ⅲ accounts for the 
remaining 20% and strong expression of collagen Ⅲ 
is found in the active capillary proliferation period, 
which determines  the diameter and elasticity of 
collagen fibers. In contrast to collagen Ⅰ, deposition 
of collagen Ⅲ  inhibits scar formation and regulates 
cell proliferation, growth and differentiation. However, 
over-deposition of collagen fibers  in general  leads 
to scar tissue formation and impaired physiological 
function. Under normal circumstances, the formation 
and degradation of collagen fibers are  in dynamic 
equilibrium. Research[20] has confirmed that the ratio of 
collagen Ⅰ to collagen Ⅲ is maintained at 2:1 to 4:1 in 
normal tissues, which is directly related to the quality 
of tissue repair. Amino acids in collagen fibers consist 
mainly of glycine, proline and hydroxyproline[21]. 
Hydroxyproline is a non-essential amino acid, with 
just 1%[22,23] distributed in elastic proteins and almost 
all of the remainder found in collagen. Hydroxyproline 
accounts for approximately 13.4% of all amino acids in 
collagen[24]. It is believed that hydroxyproline is unique 
to collagen fibers, as hydroxyproline content is often 
used as a quantitative index of collagen deposition in 
ulcer healing[25].

This study showed that the collagen deposition area, 
ratio of collagen Ⅰ to collagen Ⅲ and hydroxyproline 
content  in  the combination  therapy group were 
significantly higher than those in the monotherapy 
group after treatment. The levels of these factors in 
the combination therapy group after treatment were 
similar to those in healthy control tissues. Therefore, 
hydrotalcite combined with esomeprazole  for  the 
treatment of gastric ulcer promotes deposition of 
collagen fibers, maintains the ratio of collagen Ⅰ to 
collagen Ⅲ, and improves the histological structure of 
regenerated gastric tissues similar to that in normal 

mucosa tissues, which is consistent with the findings 
of Griffin et al[26]. In conclusion, hydrotalcite combined 
with esomeprazole was superior to esomeprazole alone 
in improving ulcer healing quality. 

Immunohistochemical staining of  factor Ⅷ was 
performed to measure the number of newly generated 
microvessels[27,28]. We found that the combination 
therapy group had higher factor Ⅷ expression and 
the percentage of regular microvascular network was 
much higher than that in the monotherapy group after 
treatment, according to NBI magnifying endoscopy. 
This may be attributed to the fact that hydrotalcite 
promotes the expression of various growth factors 
and stimulates angiogenesis, thus increasing oxygen 
and nutrient supply to the ulcer site to accelerate ulcer 
healing[4,29].

Studies have shown that the gastric ulcer healing 
process is regulated by various growth factors and 
receptors[3,30]. As a multifunctional growth factor, TGF-β1 
plays an important role in tissue remodeling, extracellular 
matrix  formation  and angiogenesis,  ultimately 
promoting ulcer repair[31,32]. This study demonstrated 
that the expression level of TGF-β1 in the combination 
therapy group was significantly higher than that in the 
monotherapy group after treatment, which was similar 
to the level in normal control tissues. This may be due to 
induced expression of TGF-β1 by hydrotalcite, consistent 
with the study by Chen et al[29]. 

In conclusion, hydrotalcite combined with eso-
meprazole  is  superior  to esomeprazole alone  in 
improving the healing quality of gastric ulcer. Spe-
cifically, combination therapy improved morphology 
of the microvascular network, promoted collagen fiber 
formation, angiogenesis, and the expression of TGF-β1, 
thereby improving the maturity of regenerated mucosal 
tissue as well as structure and function of the mucosa. 
This combination therapy is worthy of wider clinical 
application. We did not observe the recurrence of gastric 
ulcer due to our small sample size and short follow-
up period. In future, a larger sample size and longer 
follow-up time will be included to determine whether 
hydrotalcite combined with esomeprazole can also 
reduce the recurrence rate of gastric ulcer. 

COMMENTS
Background
Gastric ulcer is mainly caused by an imbalance in defense mechanisms 
and injurious factors in the gastric mucosa. The use of Helicobacter pylori 
eradication therapy and the wide application of proton pump inhibitors have 
improved the clinical healing rate of gastric ulcer, but its high recurrence rate 
remains a clinical challenge. 

Research frontiers
Gastric ulcers represent a public health problem. However, there are very 
few studies on human gastric ulcer, and most have focused on endoscopic 
morphology. A research hot spot is to investigate the effects of hydrotalcite 
combined with esomeprazole on the healing quality of human gastric ulcer in 
order to understand the background and trends in the treatment of gastric ulcer.
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Innovations and breakthroughs
Previous studies of quality of ulcer healing (QOUH) concentrated on 
endoscopic morphology and not on histologic and ultrastructural changes. In 
addition, most studies were conducted using rat models. In the present study, 
the authors determined the effects of hydrotalcite combined with esomeprazole 
on the healing quality of gastric ulcer by observing morphological changes, 
and the degree of structure maturity and function of regenerated mucosa. The 
results showed that hydrotalcite combined with esomeprazole was superior to 
esomeprazole alone in improving the healing quality of gastric ulcer, specifically, 
the morphology of the microvascular network, collagen fiber formation, 
angiogenesis, and high expression of TGF-β1.

Applications 
The findings of this study suggest that hydrotalcite combined with esomeprazole 
was superior to esomeprazole alone in improving the healing quality of gastric 
ulcer. Furthermore, this study also provides readers with important information 
regarding the best treatment for gastric ulcer. This combination therapy is 
worthy of wider clinical application. 

Terminology
Gastric ulcer is a common disease in the department of gastroenterology, 
and is related to acid secretion. Mucosal injury in gastric ulcer is found in the 
muscularis mucosa layer, which is a characteristic of chronic ulcer formation. 
Clinical symptoms are mainly a repeated periodic rhythm of upper abdominal 
pain, accompanied by belching, bloating discomfort, bleeding, perforation, and 
even cancer, all of which can seriously harm human health. 

Peer-review
Available studies on QOUH of human are rare. The authors in this study 
analyzed the healing quality of gastric ulcer, specifically, the morphology of the 
microvascular network, collagen fiber formation, angiogenesis, and expression 
of TGF-β1. This study showed that hydrotalcite combined with esomeprazole 
was superior to esomeprazole alone in improving the QOUH. The results were 
meaningful and provided important information concerning the background and 
trends of treatments for gastric ulcer.
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Abstract
AIM
To perform a systematic review and meta-analysis on 
clinical outcomes of photodynamic therapy (PDT) in 
non-resectable cholangiocarcinoma. 

METHODS
Included studies compared outcomes with photody-
namic therapy and biliary stenting (PDT group) vs biliary 
stenting only (BS group) in palliation of non-resectable 
cholangiocarcinoma. Articles were searched in MEDLINE, 
PubMed, and EMBASE. Pooled proportions were calculated 
using fixed and random effects model. Heterogeneity 
among studies was assessed using the I 2 statistic. 

SYSTEMATIC REVIEWS
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RESULTS
Ten studies (n  = 402) that met inclusion criteria were 
included in this analysis. The P  for χ 2 heterogeneity for 
all the pooled accuracy estimates was > 0.10. Pooled 
odds ratio for successful biliary drainage (decrease 
in bilirubin level > 50% within 7days after stenting) 
in PDT vs  BS group was 4.39 (95%CI: 2.35-8.19). 
Survival period in PDT and BS groups were 413.04 
d (95%CI: 349.54-476.54) and 183.41 (95%CI: 
136.81-230.02) respectively. The change in Karnofsky 
performance scores after intervention in PDT and BS 
groups were +6.99 (95%CI: 4.15-9.82) and -3.93 
(95%CI: -8.63-0.77) respectively. Odds ratio for post-
intervention cholangitis in PDT vs  BS group was 0.57 
(95%CI: 0.35-0.94). In PDT group, 10.51% (95%CI: 
6.94-14.72) had photosensitivity reactions that were 
self-limiting. Subgroup analysis of prospective studies 
showed similar results, except the incidence of 
cholangitis was comparable in both groups. 

CONCLUSION
In palliation of unresectable cholangiocarcinoma, PDT 
seems to be significantly superior to BS alone. PDT 
should be used as an adjunct to biliary stenting in these 
patients.

Key words: Photodynamic therapy; Biliary stenting; 
Unresectable cholangiocarcinoma; Outcome; Systematic 
review; Meta-analysis

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Role of photodynamic therapy (PDT) in 
unresectable cholangiocarcinoma has been scarcely 
described in the past. However most of these studies 
included patients who also underwent additional 
palliative measures simultaneously. Hence, overall 
safety and efficacy of photodynamic therapy is not 
clear. This is the first systematic review and meta-
analysis evaluating exclusively the role of PDT in these 
patients. PDT with biliary stenting was compared to 
biliary stenting (BS) alone. PDT seems to be relatively 
safe and significantly superior to BS alone in this 
patient population. 

Moole H, Tathireddy H, Dharmapuri S, Moole V, Boddireddy 
R, Yedama P, Dharmapuri S, Uppu A, Bondalapati N, Duvvuri 
A. Success of photodynamic therapy in palliating patients with 
nonresectable cholangiocarcinoma: A systematic review and 
meta-analysis. World J Gastroenterol 2017; 23(7): 1278-1288  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i7/1278.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.i7.1278

INTRODUCTION
Cholangiocarcinoma is the primary cancer of bile ducts. 
It is an aggressive disease with dismal prognosis. It is a 

rare cancer comprising less than 2% of all cancers but 
the incidence has been increasing in the past decade[1]. 
Approximately 60%-70% of these tumors are located 
within 2 cm from the bifurcation of the common bile 
duct (hilar cholangiocarcinoma, also called Klatskin 
tumor), extrahepatic cholangiocarcinoma occur in 
approximately 20%-30% and intrahepatic in the 
remaining 5%-10%. 

Bismuth-Corelette system is used to classify hilar 
cholangiocarcinoma into four types (Type Ⅰ-Ⅳ). 
Bismuth Type Ⅰ is limited to the common hepatic duct 
below the confluence of the right and left hepatic duct, 
Type Ⅱ involves tumor infiltration at the confluence 
without communication between left and right hepatic 
ducts, Type Ⅲ involves tumor extension into one 
main hepatic duct and the secondary bile ducts, Type 
Ⅳ involves bilateral hepatic ducts and the secondary 
intrahepatic ducts. It is asymptomatic in the early 
stages and difficult to diagnose. 

Complete tumor resection with negative margins 
(R0) is the only curative option but only 20%-30% of 
patients are candidates for curative resection[2,3]. Five 
year survival rates after curative R0 resection is about 
30%-50%[2-7]. The remaining 70%-80% present at an 
advanced stage and are nonresectable due to locally 
advanced disease (Involvement of vessels or bilateral 
extension beyond secondary radicals) or presence of 
distant metastases[3,8,9]. 

Palliation is the primary management option in 
these patients. Chemotherapy and radiotherapy 
have limited role and do not prolong life in advanced 
cholangiocarcinoma[10]. Palliative biliary decompression 
by transpapillary or percutaneous insertion of biliary 
stent alleviates obstructive cholestasis and is currently 
the standard of care[11-17]. However, stent patency rates 
are limited by tumor ingrowth or overgrowth[18-22]. 
Most patients die from complications of obstructive 
cholestasis such as cholangitis, biliary sepsis or liver 
failure.

Photodynamic therapy (PDT) is a new local-
ablative, tumor-specific treatment that has shown 
promising results and is now the standard of care 
for nonresectable cholangiocarcinoma[23-26]. PDT 
involves administration of a photosensitizing drug with 
affinity for neoplastic tissue and subsequent selective 
irradiation with light of a defined wavelength. The 
resulting interaction between light and photosensitizing 
agent causes death of tumor cells, and neovascular 
cells by formation of oxygen free radicals[27-29]. 

The first case of successful PDT for non resectable 
cholangiocarcinoma was described by McCaughan et 
al[30] in 1991. Many studies have since then confirmed 
the significant advantage of using PDT in patients with 
nonresectable Cholangiocarcinoma. Most of these 
studies included patients that additionally received 
other palliative treatments (surgery, radiotherapy, 
chemotherapy)[23,24]. The aim of this study is to evaluate 
the success of photodynamic therapy exclusively, 
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and its impact on survival, morbidity, biliary drainage 
and quality of life in patients with nonresectable 
cholangiocarcinoma through a systematic review and 
meta-analysis of the literature.

MATERIALS AND METHODS
Study selection criteria
Studies evaluating the role of PDT as a palliative 
option in patients with advanced non-resectable 
cholangiocarcinoma, were included in this meta-
analysis. Prospective studies, retrospective studies 
and randomized controlled trials (RCTs) were included. 
Subgroup analysis was performed on prospective 
studies to negate the heterogeneity introduced by 
retrospective studies. Studies that used PDT as a 
neo-adjuvant therapy in patients with resectable 
cholangiocarcinoma were excluded. Studies that 
used chemotherapy or radiation therapy along with 
PDT in patients with resectable or unresectable 
cholangiocarcinoma were excluded. Studies without 
original data, perspective articles review articles, and 
expert opinions were excluded from this meta-analysis. 
Only full text articles, peer reviewed and published in 
international journals were included in this analysis. If 
there were duplicate studies, the most complete and 
latest study was included in this meta-analysis. 

Data collection and extraction
The study design was written in accordance to 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) statement[31]. Articles 
were systematically searched in Medline, PubMed, 
Ovid journals, EMABSE, Cumulative Index for Nursing 
and Allied Health Literature, ACP journal club, DARE, 
International Pharmaceutical Abstracts, old Medline, 
Medline nonindexed citations, OVID Healthstar, 
and Cochrane Central Register of Controlled Trials 
(CENTRAL). The search was performed for the years 
1966 to May 2016. Abstracts were manually searched 
in the major gastroenterology journals for the past 3 
years. Study authors for the abstracts included in this 
analysis were contacted when the required data for 
the outcome measures could not be determined from 
the publications. The MeSH search headings used were 
“photodynamic therapy”, “PDT”, “cholangiocarcinoma”, 
“hilar malignancy”, “percutaneous trans-hepatic biliary 
drainage”, “malignant biliary obstruction”, “biliary 
drainage”, “endoscopic biliary drainage”. The reference 
lists of the included studies were manually searched for 
any relevant publications. Two authors (HM and VM) 
independently searched and extracted the data into 
an abstraction form. Any differences were resolved by 
mutual agreement. If the disagreement persisted, the 
final decision was made by a third author (AD) after 
reviewing the relevant information. The agreement 
between reviewers for the collected data was quantified 
using the Cohen’s κ[32]. Data was extracted from the 

selected studies and entered into a standardized data 
collection form. The following variables were recorded: 
name and year of study; type of study; median age; 
male/female distribution; total number of patient 
included; number of patients that had PDT along with 
biliary stenting; number of patients that underwent 
biliary stenting only; PDT agent, PDT route, stent type 
- metal vs plastic, post treatment survival in PDT plus 
stenting group (in days), post treatment survival in 
biliary stenting group, over all adverse events (hepatic 
abscess/cholangitis/perihepatic abscess/drain site 
infection, photosensitivity) in both groups, cholangitis 
in both groups, photosensitivity in PDT group, 
Karnofsky performance scores (pre-treatment, post 
treatment and change in score after treatment) in both 
groups, median number of PDT sessions per patient in 
each study, bilirubin levels scores (pre-treatment, post 
treatment and change in score after treatment) in both 
groups.

Definitions
Successful biliary drainage was defined as a reduction 
in serum total bilirubin > 50 % at 2 wk and to a 
value below 3.0 mg/dL at 4 wk follow up. Technical 
success was defined as successfully placed stent in the 
appropriate location, confirmed radiographically and/
or endoscopically. Stent patency is defined as time 
interval between biliary stent insertion and the need 
for an un-anticipated re-interventions.

Quality of studies
Clinical trials designed with a control and treatment 
arms can be assessed for quality of the study. A 
number of criteria have been used to assess this 
quality of a study (e.g., randomization, selection bias 
of the arms in the study, concealment of allocation, 
and blinding of outcome). Jadad score was used to 
evaluate the quality of randomized studies. Cochrane 
Collaborations and the Quality of Reporting of Meta-
analysis guidelines were followed to assess the quality 
of studies[33,34]. Quality of retrospective studies were 
assessed using Newcastle-Ottawa Scale[35].

Statistical analysis
This meta-analysis was performed by calculating pooled 
proportions. First the individual study proportion of 
survival (in days), adverse events, Karnofsky scores 
etc., were transformed into a quantity using Freeman-
Tukey variant of the arcsine square root transformed 
proportion. The pooled proportion is calculated as 
the back-transform of the weighted mean of the 
transformed proportions, using inverse arcsine variance 
weights for the fixed effects model and DerSimonian-
Laird weights for the random effects model[36,37]. 
Random effects model was used if the heterogeneity 
was significant, and fixed effects model was used if 
heterogeneity was non-significant. Forest plots were 
drawn to show the point estimates in each study in 
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meta-analysis. Subgroup analysis was performed on 
only prospective studies.

RESULTS
Study selection 
Initial search identified 162 reference articles, in which 
73 articles were selected and reviewed. Data was 
extracted from 10 studies[43-52] (n = 402) which met 
the inclusion criterion. All the studies are published as 
full text articles. Figure 1 shows the flow diagram of 
search results. Among the 10 studies included in this 
analysis, only two were RCTs[43,48]. Three studies[45,50,51] 
out of the 10 studies were retrospective studies and 
the rest were prospective studies[44,46,47,49,52]. Subgroup 
analysis was performed on all prospective trials. 

The total number of patients included in this meta-
analysis is 402, with a predominantly male population 
(65%). Median age of the patients was 68 years. Table 
1 shows the baseline characteristics of the studies. 
The P for χ 2 heterogeneity for all the pooled accuracy 
estimates was > 0.10. The agreement between 
reviewers for the collected data gave a Cohen's κ value 
of 1.0. 

Studies evaluating survival of patients followed 
up with the patients till death. Studies describing the 
adverse events and quality of life had a median follow 
up period of three months. All except three studies 
used Photofrin 2 mg/kg as the PDT agent. Photogem[45], 
Photosan-3[48], and Temoporfin[52] were the three other 
PDT agents used. PDT was administered via endoscopic 

relation to the summary pooled estimate. The width 
of the point estimates in the Forest plots indicates the 
assigned weight to that study. The heterogeneity among 
studies was tested using I2 statistic and Cochran’s 
Q test based upon inverse variance weights[38]. I2 of 
0%-39% was considered as non-significant hetero-
geneity, 40%-75% as moderate heterogeneity, and 
76%-100% as considerable heterogeneity. If P value 
is > 0.10, it rejects the null hypothesis that the studies 
are heterogeneous. The effect of publication and 
selection bias on the summary estimates was tested 
by both Harbord-Egger bias indicator[39] and Begg bias 
indicator[40]. Also, funnel plots were constructed to 
evaluate potential publication bias[41,42]. Microsoft Excel 
2013 software was used to perform statistics for this 

Table 1  Characteristics of included studies

Study Type n PDT, n BS, n M/F Age Cancer type PDT agent PDT route Stenting route Stent type PDT 
sessions per 

patient

Ortner et al[43], 
2003 

RCT   39 20 19 NA 66 Non resectable 
CCA

Photofrin 2 
mg/kg

Endoscopic EBD or PTBD - 
Double stenting

Plastic 2

Dumoulin 
et al[44], 2003

P   44 24 20 19/25 77 Non resectable 
CCA

Photofrin 2 
mg/kg

Endoscopic EBD or PTBD Plastic 
followed by 
metal 4 wk 

later

NA

Cheon et al[45], 
2004

R   47 27 20 38/9 63 Non resectable 
CCA

Photogem Endoscopic PTBD in PDT, 
EBD in other

Plastic 2

Wiedmann 
et al[46], 2004

P   23 23 NA 15/8 68 Non resectable 
CCA

Photofrin 2 
mg/kg

Endoscopic EBD or PTBD Plastic or 
Metal

3

Shim et al[47], 
2005

P   24 24 NA NA 58 Non resectable 
CCA

Photofrin 2 
mg/kg

Percutaneous PTBD Plastic 2

Zoepf et al[48], 
2005

RCT   32 16 16 20/12 68 Non resectable 
CCA

Photosan-3 Endoscopic or 
percutaneous

EBD or PTBD Plastic 2

Witzigmann 
et al[49], 2006

P 124 68 56 59/65 69 Non resectable 
CCA

Photofrin 2 
mg/kg

Endoscopic EBD or PTBD Plastic 2

Prasad et al[50], 
2007

R   25 25 NA 20/5 64 Non resectable 
CCA

Photofrin 2 
mg/kg

Endoscopic or 
percutaneous

PTBD Plastic 1

Lee et al[51], 
2012

R   33 18 15 24/9 66 Non resectable 
CCA

Photofrin 2 
mg/kg

Endoscopic or 
percutaneous

EBD or PTBD Metal 1

Wagner 
et al[52], 2013

P   11 11 NA 8/3 76 Non resectable 
CCA

Temoporfin Endoscopic EBD or PTBD Plastic 1

PDT: Photodynamic therapy; BS: Biliary stenting group; EBD: Endoscopic biliary drainage; PTBD: Percutaneous transhepatic biliary drainage; CCA: 
Cholangiocarcinoma; RCT: Randomized controlled trial; P: Prospective study; R: Retrospective study; NA: Not available.

Figure 1  Study selection. PDT: Photodynamic therapy.
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route in six studies[43-46,49,52], percutaneous route in 
one study[47], and endoscopic or percutaneous route in 
three studies[48,50,51]. Biliary stenting was performed by 
endoscopic route (EBD) or percutaneous tranhepatic 
route (PTBD) in eight studies[43-46,48,49,51,52]. Two studies 
exclusively used PTBD for biliary drainage[47,50]. Seven 
studies used plastic biliary stents, one study used 
only metal stents[43,45,47-50,52], one study used metal 
and plastic stents[46], and one study used plastic stent 
followed by metal stent[44]. Median number of PDT 
sessions per patient was two. 

Survival benefit and Quality of life with photodynamic 
therapy
Data was available in all the ten included studies, 

to calculate survival period. In the pooled patient 
population, the survival periods in PDT group (patient 
received PDT along with biliary stenting) and biliary 
stenting only group (BS group) were 413.04 d (95%CI: 
349.54-476.54) and 183.41 days (95%CI: 136.81 
to 230.02) respectively. I² (inconsistency) = 85.1% 
(95%CI: 73.5%-90.2%). Egger: bias = 5.09 (95%CI: 
2.12-8.07), P = 0.0043. Figures 2 and 3 are forest 
plot and funnel plot representing the survival in PDT 
group. Six out of ten studies[43,46-49,52] included data 
regarding Karnofsky performance scores. The change 
in Karnofsky performance scores after intervention in 
PDT and BS groups were +6.99 (95%CI: 4.15-9.82) 
and -3.93 (95%CI: -8.63-0.77) respectively. I² 
(inconsistency) = 97.6% (95%CI: 96.7%-98.1%). 
Egger: bias = 7.66 (95%CI: -0.22-15.53) P = 0.054. 
Figure 4 is a forest plot representing the change in 
Karnofsky scores in PDT group. 

Biliary drainage outcomes with photodynamic therapy
Three studies[43,49,51] had data that compared successful 
biliary drainage in PDT group vs BS group. Pooled odds 
ratio for successful biliary drainage in PDT group vs BS 
group was 4.39 (95%CI: 2.35-8.19). I² (inconsistency) 
= 28.8% (95%CI: 0%-79.9%). Horbold-Egger: bias = 
-1.19 (92.5%CI: -20.32-17.94) P = 0.69. Figure 5 is a 
forest plot of odds ratio for successful biliary drainage. 
Figure 6 is an L’Abbe plot for the same variable. Bilirubin 
levels were assessed in all ten studies that evaluated 
photodynamic therapy. In the pooled study population, 
pre-treatment bilirubin levels (mg/dL) in PDT and 
BS group were 6.36 (95%CI: 5.86-6.87) and 7.83 

Figure 2  Forest plot - individual study proportions and the pooled estimate of survival period in photodynamic therapy group. 

Figure 3  Funnel plot: Survival in photodynamic therapy group. 
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(95%CI: 7.08-8.58) respectively. After the intervention 
(at median follow up period of 3months), the bilirubin 
levels decreased by 4.23 (95%CI: 3.86-4.60) and 2.45 
(95%CI: 2.08-2.81) in PDT and BS group respectively. 
I² (inconsistency) = 97.1% (95%CI: 96.4%-97.7%). 
Egger: bias = 11.38 (95%CI: 5.28-17.48), P = 0.0026.

Adverse events with PDT
Pooled odds ratio for post-intervention cholangitis 
episodes in PDT group vs BS group was 0.57 (95%CI: 
0.35-0.94). I² (inconsistency) = 48.3% (95%CI: 
0%-73.4%). Egger: bias = -0.70 (95%CI: -2.44-1.03), 
P = 0.38. Figure 7 is a forest plot of odds ratio for 
cholangitis in PDT group vs BS group. Figure 8 is the 
funnel plot for the same variable. Data regarding 
photosensitivity secondary to PDT was available in 

nine studies. One out of ten studies[45] did not have 
information on photosensitivity reactions. In the pooled 
proportion of patients in PDT group, 10.51% (95%CI: 
6.94-14.72) had photosensitivity reactions that were 
self-limiting. I² (inconsistency) = 61.2% (95%CI: 
0%-79.5%). Egger: bias = 2.81 (95%CI: 0.38-5.23) 
P = 0.02. Figure 9 is a forest plot for photosensitivity 
reactions in PDT group. Due to paucity of data from 
the individual studies, we were unable to derive 
at meaningful outcomes regarding overall adverse 
outcomes and other individual adverse events. 

Subgroup analysis of prospective studies
Seven studies[43,44,46-49,52] with 297 patients that met 
the inclusion criteria were included in this analysis. 
Median age of the patients was 68years, with 50% 

Figure 4  Forest plot - individual study proportions and the pooled estimate of change in Karnofsky performance scores in photodynamic therapy group.

Figure 5  Forest plot - individual study proportions and the pooled estimate of odds ratio - successful biliary drainage in photodynamic therapy group vs 
biliary stenting group. 
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females. The P for χ 2 heterogeneity for all the pooled 
accuracy estimates was > 0.10. Pooled odds ratio for 
successful biliary drainage in PDT group vs BS group 
was 5.33 (95%CI: 2.71-10.50). In the pooled study 
population, pre-treatment bilirubin levels (mg/dL) in 
PDT and BS group were 5.92 (95%CI: 5.35-6.50) 
and 7.18 (95%CI: 6.38-7.99) respectively. After the 
intervention (at median follow up period of 3months), 
the bilirubin levels decreased by 4.35 (95%CI: 
3.90-4.81) and 2.08 (95%CI: 1.70-2.45) in PDT and BS 
group respectively. I² (inconsistency) = 97.6% (95%CI: 
96.8%-98.1%). In the pooled patient population, 
the survival period in PDT group and BS group were 
420.29 (95%CI: 338.69-501.89) and 153.43 (95%CI: 
109.09-197.77) respectively. I² (inconsistency) = 87% 
(95%CI: 74.2%-91.9%). The change in Karnofsky 
performance scores after intervention in PDT and BS 
groups were +7.08 (95%CI: 4.23-9.93) and -2.39 
(95%CI: -2.89 to-1.89) respectively. I² (inconsistency) 
= 97.6% (95%CI: 96.7%-98.1%). Pooled odds ratio 
for cholangitis to be 0.78 (95%CI: 0.45-1.35) in PDT 
vs BS group. I² (inconsistency) = 45.2% (95%CI: 
0%-75.3%). Photosensitivity was present in 11.59% 
(95%CI: 7.47-16.47) of this PDT subgroup. I² 
(inconsistency) = 69% (95%CI: 5.9%-84.1%). 

DISCUSSION 

Cholangiocarcinoma is a rare cancer with poor 
prognosis. About 80% of cholangiocarcinoma 
present at an advanced stage and are nonresectable. 
Chemotherapy and radiotherapy, alone do not 
add any benefit to patient survival and quality of 
life. Effective palliation by biliary decompression 
to alleviate symptoms of cholestasis and prevent 
sepsis is the fundamental goal for most patients with 
nonresectable cholangiocarcinoma. PDT is a promising 
and evolving therapy in the management of patients 
with nonresectable cholangiocarcinoma. Nonresectable 

cholangiocarcinoma has a median survival time of 3 
mo without intervention[53] and 4-10 mo with biliary 
drainage[3,6,7,19,21,22,53,54]. The current systematic review 
and meta-analysis shows that PDT combined with 
biliary stenting improves the success of biliary drainage 
and improves the survival and quality of life in patients 
with nonresectable cholangiocarcinoma. For treatment 
of non resectable cholangiocarcinoma, photosensitizers 
with the ability to penetrate deep tissue are better 
compared to those with superficial effect. Chlorine 
derivatives and hematoporphyrin derivatives usually 
have a deep tissue penetration. 

In the first RCT by Ortner et al[43], median survival 
time after PDT was 493 d compared to 98 d in patients 
receiving biliary stent alone. Another RCT by Zoepf et 
al[48] showed similar survival benefit in the PDT group 
630 days compared to 210 d in the stent only group. 
Quality of life (Karnofsky index) significantly improved 
in the study by Ortner et al[43] but not in the study by 
Zoepf et al[48] due to the higher performance status of 
enrolled patients at study entry. 

Lee et al[51] stated that the duration of metal stent 
patency was significantly longer after one session of 
PDT than in the stent-only group. Longer patency of 
metal stent by PDT translated to better quality of life 
by decreasing the number of procedures like stent 
revision or percutaneous drainage. Witzigmann et al[49] 
compared outcomes after palliative PDT and resection 
therapy. Their study showed that palliative PDT was 
inferior to complete curative (R0) resection. However, 
patients with palliative PDT showed similar survival 
time to that of patients with incomplete resection (R1/
R2). Prasad et al[50] looked at factors associated with 
increased survival after PDT and found that presence 
of visible mass on imaging, low serum albumin and 
prolonged time period between diagnosis and treatment 
with PDT to be the predicting factors for early mortality. 
In non-resectable cholangiocarcinoma patients, the 
option of liver transplant (with eventual neo-adjuvant 
therapy) should be considered on a individualized basis, 
since this option has been studied even in patients with 
initially non resectable cholangiocarcinoma.

PDT was relatively well tolerated with minimal 
side effects in most studies. Cholangitis was the most 
common side effect followed by phototoxicity. All 
patients who had PDT also had biliary stenting. Hence 
cholangitis, could be a potential complication of biliary 
stenting as well. It is difficult to ascertain if cholangitis 
is a complication of PDT alone. 

Strengths of this meta-analysis include the high 
quality methodology of statistical analysis, high quality 
methodology used in individual studies. This is an 
updated meta-analysis to pool the evidence for the 
utility of PDT plus biliary stenting in palliation of non 
resectable cholangiocarcinoma. Lu et al[55] was the 
previous meta-analysis on the topic, however several 
new studies were published after the first meta-

Figure 6  L’Abbe plot for odds ratio - successful biliary drainage in 
photodynamic therapy group vs biliary stenting group. 
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analysis, that necessitated this updated analysis. 
Combining chemotherapy with PDT has shown survival 
benefit compared to PDT alone, in patients with hilar 
non resectable cholangiocarcinoma[56]. 

Limitations of this study are: most of the data 
is synthesized from studies with relatively small 
sample sizes. Studies differed in the method of PDT 
(Percutaneous or endoscopic), and the number of 
sessions of PDT which might have influenced the 
outcomes. Different types of stents (plastic vs metal) 
were used and route of stenting varied (endoscopic 
vs percutaneous transhepatic approach) among the 
studies, which could have all affected the outcomes. 
Retrospective studies were included in this meta-
analysis. In order to mitigate this issue, we have 

performed a sub-group analysis on prospective studies 
only. 

Studies with statistically significant positive results 
tend to be published and cited. Additionally, smaller 
studies may show larger treatment effects compared 
to larger studies. This publication and selection bias 
may affect the summary estimates. The bias can 
be estimated using Egger bias indicators and the 
construction of funnel plots, whose shape can be 
affected by bias. In the present meta-analysis and 
systematic review, bias calculations both Egger[39] and 
Begg et al[40] bias indicators showed no statistically 
significant bias. Furthermore, funnel plots were used 
to evaluate for publication bias among the studies 
included in the present analysis. 

Granted there is availability of operator expertise 
and infrastructure availability, we believe that PDT 
along with biliary stenting is an excellent palliative 
option for non-resectable cholangiocarcinoma. Based 
on systematic review of literature, it is evident that in 
patients with resectable cholangiocarcinoma, surgery 
would still be the best option. The utility of PDT in this 
patient population (resectable cholangiocarcinoma) 
has not shown any additional benefit compared to 
surgery. 

Overall, PDT combined with biliary stenting im-
proves the success of biliary drainage and has a signi-
ficant benefit in improving the survival period and 
quality of life. PDT is beneficial, minimally invasive, and 
well tolerated with a favorable side effect profile. We 
conclude that PDT with biliary stenting could be offered 
to all patients with nonresectable cholangiocarcinoma 
as a palliative option.

Figure 7  Forest plot - individual study proportions and the pooled estimate of odds ratio - cholangitis in photodynamic therapy group vs biliary stenting 
group. 

Figure 8  Funnel plot - odds ratio for cholangitis in photodynamic therapy 
group vs biliary stenting group. 
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COMMENTS
Background
Photodynamic therapy (PDT) is a new local-ablative, tumor-specific treatment 
that has shown promising results and is now the standard of care for 
nonresectable cholangiocarcinoma. 

Research frontiers
Many studies have confirmed the significant advantage of using PDT in 
patients with nonresectable Cholangiocarcinoma. Most of these studies 
included patients that additionally received other palliative treatments (surgery, 
radiotherapy, chemotherapy).

Innovations and breakthroughs
PDT combined with biliary stenting improves the success of biliary drainage 
and has a significant benefit in improving the survival period and quality of life. 

Applications 
PDT is beneficial, minimally invasive, and well tolerated with a favorable side 
effect profile. We conclude that PDT with biliary stenting could be offered to all 
patients with nonresectable cholangiocarcinoma as a palliative option.

Peer-review
The manuscript presents a very excellent research in medical treatment of 
non-resectable cholangiocarcinoma with PDT using meta-analysis approach. 
The authors have chosen a good set of objective criteria, aggregated enough 
information and performed well data analysis with high statistic. The language 
is well written. The study results should be benefits to medicinal field. 
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Abstract
AIM
To assess reference values in the literature for eso-
phageal distensibility and cross-sectional area in healthy 
and diseased subjects measured by the functional 
lumen imaging probe (FLIP). 

METHODS
Systematic search and review of articles in Medline and 
Embase pertaining to the use of FLIP in the esophagus 
was conducted in accordance with the PRISMA 
guidelines. Cross-sectional area and distensibility at 
the esophagogastric junction (EGJ) were abstracted 
for normal subjects, achalasia, and gastroesophageal 
reflux disease (GERD) patients, stratified by balloon 
length and volume of inflation.

RESULTS
Six achalasia studies (n  = 154), 3 GERD (n  = 52), and 
5 studies including healthy controls (n  = 98) were 
included in the systematic review. Normative data 
varied widely amongst studies of healthy volunteers. 
In contrast, studies in achalasia patients uniformly 
demonstrated low point estimates in distensibility ≤ 1.6 
mm2/mmHg prior to treatment that increased to ≥ 3.4 
mm2/mmHg following treatment at 40mL bag volume. 
In GERD patients, distensibility fell to the range of 
untreated achalasia (≤ 2.85 mm2/mmHg) following 
fundoplication.

CONCLUSION
FLIP may be a useful tool in assessment of treat-
ment efficacy in achalasia. The drastic drop in EGJ 
distensibility after fundoplication suggests that FLIP 
measurements need to be interpreted in the context of 
esophageal body motility and highlights the importance 
of pre-operative screening for dysmotility. Future 
studies using standardized FLIP protocol and balloon 
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Core tip: Functional lumen imaging probe (FLIP) uses 
impedance planimetry to calculate the distensibility of 
a hollow organ. In this systematic review, we aimed 
to assess FLIP reference values for gastroesophageal 
junction distensibility in healthy and diseased states. 
We found available normative data to vary widely. 
In achalasia, patients uniformly demonstrated low 
distensibility that improved after treatment, highlighting 
the role of FLIP in assessment of achalasia treatment 
efficacy. In gastroesophageal reflux disease, dis-
tensibility fell to the range of untreated achalasia 
following fundoplication, emphasizing the importance 
of pre-operative screening for esophageal body 
dysmotililty. Future studies using a standardized FLIP 
protocol and balloon size are needed.

Chen JW, Rubenstein JH. Esophagogastric junction distensibility 
assessed using the functional lumen imaging probe. World J 
Gastroenterol 2017; 23(7): 12891297  Available from: URL: 
http://www.wjgnet.com/10079327/full/v23/i7/1289.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1289

INTRODUCTION
The role of the esophagus is to transport ingested 
material from the mouth into the stomach via 
complex neuromuscular activities during peristalsis. 
Esophageal manometry, considered the gold standard 
tool used to characterize esophageal motor activity, 
measures pressures in the form of radial squeeze 
amplitude at defined intervals within the esophageal 
body and at the lower esophageal sphincter. The 
technique lacks the ability to measure esophageal wall 
stiffness and luminal narrowing, which are important 
properties affecting bolus transit. At the level of the 
esophagogastric junction (EGJ), where flow is directly 
related to its ability to open in response to pressure, 
the biomechanical properties of the esophagus in 
terms of pressure-geometric data cannot be fully 
assessed using esophageal manometry. 

Over 40 years ago, Harris et al[1] introduced the 
concept of measuring sphincter competence by 
evaluating resistance to distention rather than focusing 
on squeeze or tonic contraction. In 2002, Pandolfino et 
al[2] measured EGJ distensibility in GERD patients with 
hiatal hernia using a combined barostatic/fluoroscopy 
technique that allowed for measurement of intraluminal 
diameter at predetermined intraluminal distension 

pressures. They found that distensibility of the EGJ 
was significantly increased in GERD patients with hiatal 
hernia, likely contributing to GERD pathophysiology. 
In 2004, McMahon et al[3] were among the first to 
use impedance planimetry for measurement of EGJ 
competence. The investigators used a catheter with 
multiple electrodes and a bag mounted at the distal 
end that was placed at the level of the EGJ to generate 
cross-sectional area (CSA) and pressure data. The 
data was used to calculate wall tension and EGJ 
distensibility. Their work demonstrated the feasibility of 
impedance planimetry in assessing EGJ distensibility. 
The concept of functional luminal imaging probe (FLIP), 
involving identifying the narrowest region during 
distension plotted against bag pressure to provide a 
graph of compliance, was created.

In the recent years, a new imaging device, 
EndoFLIP (endolumenal functional lumen imaging 
probe, Crospon Ltd, Galway, Ireland), has become 
commercially available. The device consists of a 
long catheter with several electrodes and a bag 
mounted distally. Excitation current is generated 
between adjacent electrodes through a standardized 
concentration of saline injected into the bag; using 
impedance planimetry, CSA data are determined at 
the level of each pair of electrodes along the catheter. 
In addition, two sensors in the bag measure the 
intrabag pressure. The CSA-pressure data allows 
for calculation of distensibility (mm2/mmHg). This 
device has facilitated assessment of esophageal wall 
and EGJ distensibility, including studies in healthy 
volunteers and in patients with GERD, eosinophilic 
esophagitis, and achalasia. FLIP has also been 
used intraoperatively for measurements of EGJ dis-
tensibility before and after fundoplication for GERD 
or myotomy for achalasia. However, a major limiting 
factor for widespread clinical use of FLIP is the lack 
of a standardized protocol and reference values. 
A systematic review on this topic has never been 
performed previously. The aim of our study was to 
systematically assess reference values in the literature 
for esophageal distensibility and CSA in healthy and 
diseased subjects as measured by FLIP.

MATERIALS AND METHODS
We performed a systematic literature search in PubMed 
(National Library of Medicine) and EMBASE, including 
all studies published through December of 2014 that 
used EndoFLIP impedance planimetry to measure 
esophageal body or EGJ distensibility or compliance. 
The search terms used were (Esophagus or GERD or 
gastroesophageal reflux or achalasia or eosinophilic 
esophagitis or myotomy or dilation or hiatal hernia or 
fundoplication) and (FLIP or endoflip or impedance 
planimetry), and also using the alternative spelling 
“oesophagus”.
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Study selection and data extraction
The studies met inclusion criteria if the following were 
satisfied: (1) EndoFLIP device was used; (2) EGJ or 
esophageal body was included in the measurement; 
and (3) values for distensibility/compliance, diameter, 
or cross-sectional area were provided. Studies invol-
ving healthy controls, GERD (pre- and post-antireflux 
procedures), hiatal hernia, eosinophilic esophagitis, 
and achalasia (pre-and post-myotomy, pneumatic 
dilation, or Botox) patients were included in our review. 
Excluded studies were those written in a language other 
than English, FLIP studies performed in the pediatric 
population or animal studies, or those done on the 
anorectum, small intestine, or upper esophageal 
sphincter. Scientific abstracts were excluded due to 
the lack of detailed EndoFLIP equipment and protocol 
information.

Study references and citations were collected in 
EndNote software application (Thomson Reuters, NY, 
United States) with duplicate publications deleted. Two 
investigators (Chen JW and Rubenstein JH) reviewed all 
titles and abstracts independently to assess eligibility. 
A data collection form was generated in Microsoft Excel 
(Microsoft, Redmond, WA, United States). For abstracts 
that appeared eligible on first review, both investigators 
independently abstracted data from the full articles. 
After all the data were abstracted, both investigators 
then compared and confirmed by consensus to account 
for entry error. Any discrepancies between the reviewers 
were resolved by joint re-review of the studies. 

The database included the primary and secondary 
aims of the studies, study design, subject types 

and count, subject age/sex, parameters used to 
describe distension and diameter, the bag volume 
at which measurements were taken, location where 
measurements were taken, length of the FLIP balloon, 
and any interventions done between measurements 
taken. Quantitative FLIP data in terms of distension 
and luminal area/diameter data were recorded in the 
database. 

Study quality criteria
The quality of each included study was assessed based 
on the Newcastle-Ottawa Scale. This scale measures 
the quality of studies on a scale of 0-9 via the 
assessment of three main domains: selection of study 
groups, comparability of groups, and comparability of 
groups and ascertainment of exposure. Study quality 
was assessed independently by both investigators and 
discrepancies were resolved by consensus. Studies 
with NOS score of 6 or above indicate good quality 
studies.

Statistical analysis
Included studies were separated into subject type - 
healthy, GERD, achalasia, and eosinophilic esophagitis 
(EoE) subjects. Due to the variability of study protocol 
in terms of balloon length and volume distension at 
the time of distensibility measurement, which can 
affect measurement values, we focused our report on 
the most commonly used balloon sizes and distension 
volumes in our analysis: EndoFLIP balloon sizes 
between 7 cm and 10 cm, and volume distension of 
30 mL and 40 mL. Given the insufficient number of 
studies reporting data as mean ± SD, meta-analysis 
was not possible.

RESULTS
Our initial literature search identified a combined 
247 citations in PubMed and Embase (Figure 1). 
After elimination of duplicate citations and abstract-
only articles, 77 articles remained. The full-text 
articles of these 77 citations were reviewed and 19 
studies met eligibility requirements for inclusion 
(Table 1). Of the 19 included studies, 8 studies were 
in patients with achalasia, 5 in GERD patients, 3 in 
eosinophilic esophagitis patients, and 11 included FLIP 
measurements in healthy controls. After restricting 
the data to balloon length (7-10 cm) and 30-40 mL 
volume distension, remaining were 5 studies including 
healthy volunteers (n = 98)[4-8], 6 including achalasia 
patients (n = 154)[8-13], and 3 included GERD patients 
(n = 52)[6,14,15]. Due to the nature of EndoFLIP as a 
diagnostic tool currently, studies included were non-
randomized observational/cross-sectional studies. The 
Newcastle-Ottawa Scale (NOS) score for each study 
is included in Table 1. All included studies had NOS 
sore between 6 and 8. Four studies including healthy 
volunteers, two including achalasia patients, and two 
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Records identified
through database
search (n  = 247)

Duplicate and
abstract-only

articles excluded
 (n  = 170)

Full-text records
screened after

duplicates
removed
 (n  = 77)

Studies included
in analysis
 (n  = 19)

Full-text articles
excluded (n  = 58)

Figure 1  Flow chart of records identified through literature search 
and those excluded and included for analysis. Initial literature search 
identified 247 citations. After elimination of duplicate citations and abstract-
only articles, 77 articles remained. The full-text articles of these 77 citations 
were reviewed and 19 studies met eligibility requirements for inclusion.
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patients; three of these included FLIP values measured 
at 30 mL volume using balloon size 7-10 cm (n = 
52). Studies originated from the Netherlands, the 
United Kingdom, and the United States. Two of the 
three studies defined GERD patients using clinical 
symptoms as well as objective studies (endoscopy 
and/or pH studies)[14,15] and one study defined GERD 
based on clinical symptoms alone[6]. One study 
assessed EGJ distensibility before and after Transoral 
Incisionless Fundoplication (TIF) and one study 
assessed EGJ properties during Nissen fundoplication. 
Mean and Median values, standard deviation, and 
ranges of distensibility and CSA in GERD subjects 
are summarized in Table 3. Baseline/pretreatment 
distensibility and CSA did not appear to vary greatly 
compared to healthy volunteers; however, following 
either TIF or Nissen fundoplication, there is a reduction 
in distensibility. Prior to treatment, the point estimate 
for distensibility ranged from 2.4 to 8 mm2/mmHg at 
30-40 mL bag volume. This dropped to 0.97-1.6 mm2/
mmHg after fundoplication (Figure 2B).

Achalasia subjects
EndoFLIP balloon size 7-10 cm at 30-40 mL was 
used in 6 of 8 studies (n = 154) to assess treatment 
response in achalasia patients[8-13,19,20]. Treatment 
for achalasia included laparoscopic Heller myotomy 
(LHM), POEM, and unspecified (including LHM, POEM, 
and pneumatic dilation). Distensibility and CSA before 
and after treatment are listed in Table 4. At 30 mL 
volume distension, the point estimates for distensibility 
in achalasia pre-treatment (0.8-2.2 mm2/mmHg) 

including GERD patients were excluded due to use of 
uncommon balloon length and distension volume[16-20]. 
FLIP studies including EoE subjects were also excluded 
as these 3 studies measured FLIP parameters in the 
esophageal body; in addition, it was unclear if FLIP 
measurements were taken in the distal, proximal 
esophagus, or both.

Healthy subjects
Table 2 summarizes results from studies that reported 
FLIP values in healthy subjects. A total of 98 healthy 
subjects were included in 5 studies originating from 
Japan, Australia, and the United States. Healthy 
volunteers were recruited in each individual study for 
the purpose of (1) assessing the effects of mosapride 
on EGJ compliance[4]; (2) comparing EGJ distensibility 
with achalasia patients undergoing Per-oral Endoscopic 
Myotomy (POEM)[8]; (3) comparing EGJ distensibility 
with EoE patients[5]; (4) exploring EGJ distensibility 
during general anesthesia[7]; and (5) comparing EGJ 
distensibility with GERD patients[6]. Mean and median 
values for distensibility and CSA according to endoFLIP 
bag volume varied amongst studies, and these were 
included in Table 2. Median distensibility ranged from 
0.8 mm2/mmHg to 5.7 mm2/mmHg at 30 and 40 mL 
balloon volumes. The wide variability in distensibility in 
healthy subjects is demonstrated in Figure 2A. At 40 mL 
volume using a 7-10 cm length balloon, the lower limit 
of distensibility in healthy subjects was 2.4 mm2/mmHg.

GERD Subjects
Five studies included FLIP measurements in GERD 

Table 1  Summary of all eligible studies

Ref. Quality Score n  (pre-
intervention)

n  (post-intervention) Bag length 
(cm)

Bag volume(s) (mL)

Healthy
   Fukazawa et al[4], 2014  7   9 N/A   8 20, 40, 50
   Lin et al[18], 2013 6 10 N/A 16 30, 40, 50, 60
   Rieder et al[8], 2013   7   4 N/A   8 30, 40
   Rohof et al[19], 2012   7 15 N/A 14 50
   Nathanson et al[7], 2012  7 50 N/A   8 30
   Kwiatek et al[5], 2011   8 15 N/A 10 20, 30, 40
   Kwiatek et al[6], 2010   6 20 N/A   7 10, 20, 30, 40
   Kwiatek et al[17], 2010   6 10 N/A 12 30, 40, 50, 60
   Beaumont et al[16], 2009  5 8 N/A 10 60
Achalasia
   Teitelbaum et al[13], 2014 8 56 LHM (20), POEM (36)   8 40
   Familiari et al[9], 2014   7 23 POEM (21)   8 30
   Teitelbaum et al[12], 2014 8 31 LHM (12), POEM (19)   8 30, 40
   Teitelbaum et al[11], 2013   8 25 LHM (11), POEM (14)   8 30, 40, 50
   Verlaan et al[20], 2013   8 10 POEM (8) 14 20, 30, 40, 50
   Pandolfino et al[10], 2013  8 23 treated (31) 10 20, 30, 40
   Rieder et al[8], 2013   7   4 POEM (4)   8 30, 40
   Rohof et al[19], 2012   7 30 Treated (30) 14 50
GERD
   Rinsma et al[15], 2014   7 15 TIF (15)   8 30
   Ilczyszyn et al[14], 2014 8 17 Nissen (17)   8 30, 40
   Kwiatek et al[6], 2010   6 20 N/A   7 10, 20, 30, 40
   Kwiatek et al[17], 2010   6 10 Fundoplicstoin (10) 12 30, 40, 50, 60
   Beaumont et al[16], 2009  5   7 RFA (7) 10 60
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Table 2  Healthy subjects

Healthy Distensibility1 (mm2/mmHg) CSA1 (mm2)

20 mL bag volume
   Kwiatek et al[17], 2010 Median 2 (5%-95% 1-9) Median 38 (5%-95% 13-94)
   Fukazawa et al[4], 2014 2.9 ± 0.6 25.2 ± 2.5
   Kwiatek et al[5], 2011 Median 0.9 (5%-95% 0.3-1.4) Median 15 (5%-95% 9-23)
30 mL bag volume
   Kwiatek et al[17], 2010 Median 4 (5%-95% 1-14) Median 94 (5%-95% 27-225)
   Reider et al[8], 2013 Median 2.5 (range 2.0-6.3) Median 64 (range 44-91)
   Nathanson et al[7], 2012 Median 1.4 Median 31
   Kwiatek et al[5], 2011 Median 0.8 (5%-95% 0.4-2.8) Median 22 (5%-95% 9-62)
   Kwiatek et al[17], 2010 N/A Median 502 (5%-95% 50-68)
   Lin et al[18], 2013 Median 3.2 (5%-95% 1-11.6) N/A
40 mL bag volume
   Kwiatek et al[17], 2010 N/A Median 264 (5-95% 99-496)
   Fukazawa et al[4], 2014 7.1 ± 0.9 163 ± 5.9
   Rieder et al[8], 2013 Median 2.7 (range 2.4-8.3) Median 122 (range 73-171)
   Kwiatek et al[6], 2010 N/A Median 502 (5%-95% 50-50)
   Lin et al[18], 2013 Median 5.7 (5%-95% 1.4-15.8) N/A
50 mL bag volume
   Fukazawa et al[4], 2014 8.2 ± 0.8 259.6 ± 12
   Kwiatek et al[17], 2010 N/A Median 502 (5%-95% 50-52)
   Rohof et al[19], 2012 6.3 ± 0.7 N/A
   Lin et al[18], 2013 Median 5.9 (5-95% 1.6-9.3) N/A
60 mL bag volume
   Beaumont et al[16], 2009 3.7 ± 0.93 N/A
   Kwiatek et al[17], 2010 N/A Median 93 (5%-95% 50-182)
   Lin et al[18], 2013 Median 6.3 (5%-95% 2.1-9.5) N/A

1Values given in mean unless specified otherwise; 2The minimal detectable CSA was 50 mm2; 3Values indicate compliance (cm2/cmH2O).

Table 3  Gastroesophageal reflux disease subjects

GERD Intervention (n) Intra-Op
(Y/N)

Pre-treatment 
Distensibility1 
(mm2/mmHg)

Post-treatment 
Distensibility1 
(mm2/mmHg)

Pre-Treatment
CSA1 (mm2)

Post-treatment
CSA1 (mm2)

20 mL bag volume
   Kwiatek et al[5], 2010 N/A N Median 7 

(5%-95% 1-32)
N/A Median 36 

(5%-95% 13-201)
N/A

30 mL bag volume
   Kwiatek et al[6], 2010 N/A N Median 8 

(5%-95% 1-46)
N/A Median 116 

(5%-95% 33-344)
N/A

   Rinsma et al[15], 2014 TIF (15) Y 2.4 ± 0.3 1.6 ± 0.2 40.6 ± 5.4 33.6 ± 4.1
   Ilczyszyn et al[14], 2014 Nissen (17) Y Median 4.23 

(IQR 1.60-6.58)
Median 0.972 

(IQR 0.715-1.72)
Median 75.1

   Kwiatek et al[17], 2010 Fundoplication (10) N N/A N/A N/A Median 51 
(5%-95% 50-60)

40 mL bag volume
   Kwiatek et al[17], 2010 N/A N N/A N/A Median 180 

(5%-95% 86-409)
N/A

   Ilczyszyn et al[14], 2014 Nissen (17) Y Median 3.75 
(IQR 2.43-7.21)

Median 1.36 
(IQR 0.537-2.85)

Median 124.2 N/A

   Kwiatek et al[17], 2010 Fundoplication (10) N N/A N/A N/A Median 51 
(5%-95% 50-56)

50 mL bag volume
   Kwiatek et al[17], 2010 Fundoplication (10) N N/A N/A N/A Median 61 

(5%-95% 52-88)
60 mL bag volume
   Beaumont et al[16], 2009 Radiofrequency 

ablation
N 6.5 ± 0.92 7.3 ± 1.32 N/A N/A

   Kwiatek et al[17], 2010 Fundoplication (10) N N/A N/A N/A Median 159 
(5%-95% 68-245)

1Values given in mean unless specified otherwise; 2Values indicate compliance (cm2/cmH2O). GERD: Gastroesophageal reflux disease.
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overlapped with that in healthy volunteers (0.8-4.0 
mm2/mmHg), as did the point estimates for CSA 
(22 and 32.9 mm2 for achalasia vs 22-94 for healthy 

volunteers). However, at 40 mL volume, there was 
a clear difference in distensibility between achalasia 
(point estimates ≤ 1.6 mm2/mmHg) and healthy 
volunteers (point estimates 2.7 to 7.1 in 3 studies) and 
for CSA (≤ 41.5 mm2 for achalasia vs ≥ 122.3 mm2 
for healthy volunteers). Comparing to pre-treatment, 
all but one small study (n = 4) demonstrated post-
treatment distensibility of 2.2 mm2/mmHg or higher 
(point estimate of ≥ 3.4 mm2/mmHg), and CSA of 86 
mm2 or higher regardless of the treatment modality. 
Figure 2C illustrates the rise in EGJ distensibility post-
achalasia treatment at 40mL bag volume using balloon 
length 7-10 cm.

DISCUSSION
It has become increasing clear that a clinical tool 
measuring distensibility (essentially resistance to 
distension), rather than pressure, is useful in assessing 
the function of EGJ[21]. FLIP offers information on 
distensibility in the esophagus and can potentially 
provide information on sphincter dynamics during 
distension to help distinguish between normal 
sphincters, patients with reflux disease, and patients 
with achalasia[22]. This tool has recently become 
commercially available and has been used to study 
the biomechanics of esophageal body and sphincter in 
healthy subjects and in patients with GERD, achalasia, 
eosinophilic esophagitis, and others. One major factor 
limiting its widespread use is the lack of reference 
values for differentiation of normal and diseased 
conditions. To date, there has not been a systematic 
review on FLIP measurements in healthy and diseased 
states. Our study aimed to summarize the currently 
available FLIP data on healthy subjects and the patient 
population. 

We found that normative data varied widely 
amongst studies of healthy volunteers. This is 
potentially due to the variability in balloon sizes and 
FLIP protocols used, as well as the variable definition 
of normal subjects. Additionally, Tucker et al[23] have 
demonstrated an inverse association between FLIP 
measurements (CSA and distensibility) and Body Mass 
Index (BMI). BMI information was not available and 
therefore was not controlled in the studies included in 
this review and may have contributed to the variability 
of the normative data. 

The available data suggests that use of an 8cm 
balloon (marketed as the 325N catheter) at 40 
mL volume is the ideal protocol for assessing EGJ 
distensibility. In that protocol, healthy patients had 
distensibility greater than 2.4 mm2/mmHg, and 
patients with untreated achalasia typically had 
distensibility less than 3.0 mm2/mmHg with a median 
of 1.3 mm2/mmHg. Following treatment for achalasia, 
those patients typically had distensibility greater than 
3.0 mm2/mmHg with a median of 7.6 mm2/mmHg. 
This suggests that FLIP may be a useful tool in 
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Figure 2  Healthy subjects. A: Mean values (open circles) with standard 
deviations (vertical boxes around means) and median values (closed circles) 
with 5th to 95th percentile (vertical boxes around medians), and ranges (vertical 
lines) for distensibility (mm2/mmHg) at FLIP bag volume of 30, 40, and 50 mL 
in healthy volunteers are shown in this plot; B: Mean values (open circles) with 
standard deviations (vertical boxes around means) and median values (closed 
circles) with 5th to 95th percentile (vertical boxes around medians), and ranges 
(vertical lines) for distensibility (mm2/mmHg) in GERD subjects before and after 
fundoplication are shown in this plot; C: Mean values (open circles) with standard 
deviations (vertical boxes around means) and median values (closed circles) 
with 5th to 95th percentile (vertical boxes around medians), and ranges (vertical 
lines) for distensibility (mm2/mmHg) in achalasia patients pre- and post-treatment 
using balloon length 7-10 cm at 40 mL bag volume are shown in this plot. The 
increase in EGJ distensibility post-achalasia treatment is illustrated here.
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assessment of treatment adequacy intra-operatively 
or on follow-up of achalasia patients. The role of 
intra-operative FLIP measurement was highlighted 
in a study that showed that an extended proximal 
myotomy was required to normalize distensibility 
during LHM[12]. 

CSA and distensibility in GERD patients prior 
to treatment did not appear to differ from healthy 
volunteers; however, following anti-reflux procedures, 
distensibility fell to the range of untreated achalasia (≤ 
1.6 mm2/mmHg). The drastic drop in EGJ distensibility 
in GERD patients after antireflux procedures suggests 
that FLIP EGJ measures should not be interpreted in 
isolation from data on esophageal body motility, as 
most of these post-antireflux surgery patients do not 
exhibit impaired esophageal emptying to the degree of 
achalasia. This finding also highlights the importance 
of screening for esophageal motility disorders prior 
to fundoplication to avoid the heightened risk of 

pseudoachalasia.  
Our systematic review was limited by the overall 

small number of studies using FLIP to assess 
distensibility of the esophagus in a heterogeneous 
population of subjects. There is also a wide variability 
in the size/length of balloon used and FLIP protocol 
from study to study. Data comparison was also 
made difficult due to the variable FLIP parameters 
reported (e.g., CSA, distensibility, distensibility 
index, distensibility plateau, etc.). Interpretation 
of distensibility was also made difficult due to the 
likelihood of non-normally distributed data, as evident 
by standard deviation larger than mean in several 
of the studies. Since some studies reporting data as 
mean ± SD and others reporting median (range), 
meta-analysis could not be performed. 

FLIP provides valuable information regarding 
esophageal wall compliance and lower esophageal 
sphincter competency that complement other 

Table 4  Achalasia subjects

Achalasia Intervention (n) Pre-treatment 
Distensibility1

(mm2/mmHg)

Post-treatment 
Distensibility1

(mm2/mmHg)

Pre-treatment CSA1

(mm2)
Post-treatment CSA1

(mm2)

20 mL bag volume
   Pandolfino et al[10], 2013 Untreated (23) Median 1.1 

(5%-95% 0.9-1.6)
Median 1.8 

(5%-95% 1.2-2.2)
N/A N/A

Treated2 (17)
   Verlaan et al[20], 2013 10 Median 1.4 

(IQR 1.1-2.4)
POEM: Median 3.0 

(IQR 1.4-9.4)
N/A N/A

30 mL bag volume
   Familiari et al[9], 2014 POEM (21) N/A N/A 32.9 ± 23.1 102.38 ± 28.2
   Teitelbaum et al[11], 2014 LHM (12) LHM: 2.2 ± 1.7 LHM: 6.9 ± 3.3 N/A N/A

POEM (19) POEM: 1.8 ± 1.4 POEM: 9.3 ± 4.1 
   Teitelbaum et al[12], 20133 LHM (11) LHM: 1.7 ± 1.5 LHM: 6.7 ± 4.4 N/A N/A

POEM (14) POEM: 1.8 ± 1.1 POEM: 8.2 ± 3.0
   Rieder et al[8], 2013 POEM (4) Median 0.8 

(range 0.7-1.0) 
Median 3.1 

(range 1.7-3.4)
Median 22 

(range 20-32)
Median 71.5 

(range 30-106)
   Pandolfino et al[10], 2013 Untreated (23) Median 1.0 

(5%-95% 0.8-1.2)
Median 2.5 

(5%-95% 1.3-3.4)
N/A N/A

Treated2 (17)
   Verlaan et al[20], 2013 10 Median 1.0 

(IQR 0.8-1.5)
POEM: Median 2.9 

(IQR 1.3-19.6)
N/A N/A

40 mL bag volume
   Rieder et al[8], 2013 POEM (4) Median 1.0 

(range 0.5-1.4)
Median 2.4 

(range 1.1-3.0)
Median 41.5 
(range 20-49)

Median 86 
(range 41-137)

   Teitelbaum et al[11], 2014 LHM (12) LHM: 1.6 ± 1.0 LHM: 6.3 ± 3.4 N/A N/A
POEM (19) POEM: 1.3 ± 1.0 POEM: 9.2 ± 3.9

   Teitelbaum et al[12], 2014 LHM (20) LHM: 1.5 ± 1.2 LHM 6.6 ± 3.1 N/A N/A
POEM (36) POEM: 1.3 ± 1.4 POEM 8.3 ± 3.4

   Teitelbaum et al[13], 20133 LHM (11) LHM: 1.4 ± 1.3 LHM: 7.6 ± 4.4 LHM 33.5 LHM 163.6 
POEM (14) POEM: 1.4 ± 1.9 POEM: 7.9 ± 2.7 POEM 38.8 POEM 163.3 

   Pandolfino et al[10], 2013 Untreated (23) Median 0.7 
(5%-95% 0.5-1.1) 

Median 3.4 
(5%-95% 2.2-4.9) 

N/A N/A
Treated (17)

   Verlaan et al[20], 2013 10 Median 1.1 
(IQR 0.55-2.0)

POEM: Median 4.0 
(IQR 2.9-12.7)

N/A N/A

50 mL bag volume
   Teitelbaum et al[11], 20133 LHM (11) LHM: 1.1 ± 0.9 LHM: 5.7 ± 3.1 N/A N/A

POEM (14) POEM: 1.4 ± 2.1 POEM: 6 ± 1.5
   Rohof et al[19], 2012 7 Treated (6 PD, 1 LHM) 0.7 ± 0.9 4.4 ± 0.5 N/A N/A
   Verlaan et al[20], 2013 10 Median 1.0 

(IQR 0.4-2.3)
POEM: Median 6.7 

(IQR 3.8-16.6)
N/A N/A

1Values given in mean unless specified otherwise; 2Treated included patients that underwent pneumatic dilation, Heller myotomy with partial 
fundoplication, and POEM with good response; 3Subjects were included in the more recent Teitelbaum study (2014). CSA: Cross-sectional area; LHM: 
Laparoscopic Heller Myotomy; POEM: Peroral endoscopic myotomy; PD: Pneumatic dilation.
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diagnostic tools such as esophageal manometry and 
barium esophagram. From our systematic review 
of the literature, FLIP may especially have a role in 
assessment of treatment response in patients with 
achalasia or GERD patients undergoing intervention. 
However, future studies in larger number normal 
subjects and patients using standardized FLIP protocol 
and balloon size are needed for reliable interpretation 
of FLIP data. In the meantime, use of an 8 cm balloon 
at 40 mL volume is the most likely clinically relevant 
protocol for distinguishing achalasia from normal 
esophagus, and assessing response to therapy.

COMMENTS
Background
The functional lumen imaging probe (FLIP) has been used to assess 
esophagogastric junction (EGJ) distensibility; however, its routine use in clinical 
practice is limited by the lack of established reference values. 

Research frontiers
FLIP has been used in research studies to assess the distensibility of 
esophageal wall and gastroesophageal junction in healthy volunteers and in 
patients with GERD, eosinophilic esophagitis, and achalasia. However, the 
clinical role of FLIP is currently still being investigated. Prospective outcome 
studies using FLIP technology are needed.

Innovations and breakthroughs
A systematic review of the currently available FLIP data in the literature had not 
been done prior to this study.

Applications
This study demonstrated the potential utility of FLIP in assessment of achalasia 
treatment efficacy. It also highlighted the importance of future studies using a 
standardized FLIP protocol and balloon size.

Terminology
Impedance planimetry: an imaging technique involving a conductive fluid-
filled bag on a catheter with multiple impedance and pressure sensors. When 
the catheter-bag device is placed in a hollow tube, impedance measurements 
between pairs of electrodes are used to estimate the cross-sectional area of 
the tube. With simultaneous measurement of intrabag pressure, distensibility 
(smallest cross sectional area/bag pressure) is calculated. EndoFLIP 
(endolumenal functional lumen imaging probe): A new technology that uses 
impedance planimetry to measure the cross sectional area and pressure in a 
hollow organ to determine its distensibility.

Peer-review
Chen and Rubenstein wrote a systematic review of literature concerning the 
use of FLIP system to evaluate EGJ in achalasia, GERD patients undergoing 
surgical procedure and healthy controls. The review is well written and it 
addresses a novel field with possible evolution in the future. The research 
strategy is adequate and adherent to the standard of quality. 
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Abstract
AIM
To systematically review literature addressing three key 
psychologically-oriented controversies associated with 
gastroparesis. 

METHODS
A comprehensive search of PubMed, CINAHL, and 
PsycINFO databases was performed to identify literature 
addressing the relationship between gastroparesis and 
psychological factors. Two researchers independently 
screened all references. Inclusion criteria were: an 
adult sample of gastroparesis patients, a quantitative 
methodology, and at least one of the following: (1) 
evaluation of the prevalence of psychopathology; (2) 
an outcome measure of anxiety, depression, or quality 
of life; and (3) evidence of a psychological intervention. 
Case studies, review articles, and publications in 
languages other than English were excluded from the 
current review. 

RESULTS
Prevalence of psychopathology was evaluated by three 
studies (n  = 378), which found that combined anxiety/
depression was present in 24% of the gastroparesis 
cohort, severe anxiety in 12.4%, depression in 
21.8%-23%, and somatization in 50%. Level of anxiety 
and depression was included as an outcome measure 
in six studies (n  = 1408), and while limited research 
made it difficult to determine the level of anxiety and 
depression in the cohort, a clear positive relationship 
with gastroparesis symptom severity was evident. 
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Quality of life was included as an outcome measure 
in 11 studies (n  = 2076), with gastroparesis patients 
reporting lower quality of life than population norms, 
and a negative relationship between quality of life and 
symptom severity. One study assessed the use of a 
psychological intervention for gastroparesis patients (n  
= 120) and found that depression and gastric function 
were improved in patients who received psychological 
intervention, however the study had considerable 
methodological limitations. 

CONCLUSION
Gastroparesis is associated with significant psychological 
distress and poor quality of life. Recommendations for 
future studies and the development of psychological 
interventions are provided.

Key words: Anxiety; Depression; Gastroparesis; Quality 
of life; Psychological distress

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Gastroparesis is associated with significant 
psychological distress and poor quality of life. Literature 
indicates that quality of life is lower in gastroparesis 
patients than population norms. Further, gastroparesis 
symptoms are adversely associated with increased 
anxiety and depression and impaired quality of 
life. Rates of psychopathology in gastroparesis 
cohorts range between 21.8% to 50%. Although a 
psychological intervention for gastroparesis has found 
improvements in depression and gastric function, it 
has not been replicated. Further research into potential 
mediating factors and the development of psychological 
interventions for individuals with gastroparesis is 
warranted.

Woodhouse S, Hebbard G, Knowles SR. Psychological 
controversies in gastroparesis: A systematic review. World J 
Gastroenterol 2017; 23(7): 12981309  Available from: URL: 
http://www.wjgnet.com/10079327/full/v23/i7/1298.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1298

INTRODUCTION
Gastroparesis is a gastrointestinal disorder involving 
delayed gastric emptying in the absence of a 
mechanical obstruction of the stomach[1]. Patients 
living with gastroparesis typically experience chronic 
nausea, vomiting, early satiety, postprandial fullness, 
and in some cases abdominal pain and fatigue[2-6]. 
The mean age of diagnosis ranges between 40-45.5 
years, with 67%-88% of gastroparesis patients being 
female[5-12].

In Australia, the prevalence of gastroparesis is 
unknown, however in 2006 the Australian government 

provided an estimate that 120000 Australians 
suffered from severe gastroparesis[13]. The only 
study to investigate the prevalence of gastroparesis 
was conducted using medical records in Minnesota 
(United States) from 1996 to 2006. Jung et al[14] 
found that after adjusting for age and gender (to 
2000 US Caucasians), the incidence of definite 
gastroparesis per 100000 person years was 9.8 in 
women, and 2.4 in men. In patients over the age of 
60 years, the incidence peaked at 10.5 per 100000. 
It has been estimated that approximately one third of 
gastroparesis patients will be admitted to hospital for 
the condition[5], with a disease burden likened to that 
of Inflammatory Bowel Disease[14]. In terms of financial 
burden, Wang and colleagues[15] reported that in 1995 
the costs of gastroparesis in the United States were 
47.7 million dollars (primary diagnosis) and 863.3 
million dollars (secondary diagnosis), while in 2004 
costs were significantly higher at 208.3 million dollars 
(primary diagnosis) and 3.3 billion dollars (secondary 
diagnosis). 

Individuals living with chronic gastrointestinal 
illness must make considerable physical, psychological, 
and social adjustments in order to manage their often 
debilitating symptoms[16,17]. Not surprisingly, patients 
suffering from chronic gastrointestinal conditions 
frequently report psychological symptoms, such 
as anxiety, depression, and impaired quality of life 
(QoL)[17-26]. With limited treatment options available for 
gastroparesis, the importance of psychological support 
or intervention has been repeatedly emphasized 
in the literature[8,27,28]. A systematic review of the 
gastroparesis literature exploring relationships between 
psychological distress, psychological processes, and 
gastroparesis has not yet been conducted. 

The current systematic review will explore three 
key questions in relation to psychological features 
and processes associated with gastroparesis: (1) 
what is the prevalence of psychopathology in gas-
troparesis cohorts and how does it compare to other 
gastroenterological conditions? (2) what are the levels 
of anxiety, depression, and QoL in gastroparesis 
cohorts and do they differ with respect to gastroparesis 
symptom severity, etiology, degree of gastric retention, 
and duration of symptoms/disease? And (3) do 
psychological interventions for gastroparesis patients 
reduce gastroparesis symptoms, anxiety, depression, 
and improve QoL?

MATERIALS AND METHODS
For this review, a comprehensive search of PubMed, 
CINAHL, and PsycINFO databases was performed. 
Search criteria used were: (“gastroparesis” OR 
“gastric delay” OR “gastric emptying” OR “gastric 
motility” OR “gastric timing”) AND (“anxiety” OR 
“affective state” OR “cognition” OR “control” OR 
“coping” OR “depression” OR “distress” OR “emotion” 
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OR “helplessness” OR “illness perception” OR “life 
events” OR “mastery” OR “mental” OR “mood” OR 
“neuropsychological” OR “panic” OR “personality” OR 
“psycholog” OR “psychosocial” OR “quality of life” OR 
“self-efficacy” OR “stress”). Research papers retrieved 
through the search were also reviewed for further 
relevant references. 

Inclusion criteria were: an adult sample of gas-
troparesis patients, a quantitative methodology, 
and at least one of the following: (1) evaluation of 
the prevalence of psychopathology; (2) an outcome 
measure of anxiety, depression, or QoL; and (3) 
evidence of a psychological intervention. Case studies, 
review articles, and publications in languages other than 
English were excluded from the current review. 

Two researchers (Woodhouse S, Knowles SR) 
independently screened all references retrieved through 
the search and categorized them according to the 
inclusion and exclusion criteria. The researchers also 

extracted data from the papers independently, including 
participant information, methodology, assessment tools, 
and study outcomes. 

RESULTS
After 73 duplicates were removed, a total of 2388 
citations were identified through database searches 
and review of other relevant references. Of these, 
2372 were excluded due to: (1) not meeting the 
inclusion criteria; or (2) lack of information (Figure 
1 for PRISMA diagram). This resulted in a total of 16 
research reports which are summarized in Table 1.

Of these reports, three (18.75%) identified the 
prevalence of psychopathology in a gastroparesis 
cohort[6,12,14], 13 (81.25%) assessed levels of anxiety, 
depression, or QoL[2,7,8,10,12,26,29-35], and one (6.25%) 
involved a psychologically-based intervention for 
gastroparesis patients[36]. A summary of the studies’ 
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Figure 1  PRISMA flow diagram, from Moher et al[45]. For more information, visit www.prisma-statement.org.
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Table 1  Summary of papers reviewed

Ref. Study 
characteristics

Participant details Psychological 
measures 

used 

Relevant findings Conclusion

Soykan et 
al[6]

Cohort study 
using six-years of 
hospital records. 

Demographic 
and clinical data 

evaluated at entry 
to the hospital 

and most recent 
follow-up

n = 146 (120 females, 26 
males). Mean age: 45.0 
yr. Etiology: 42 DG, 52 
IG, 19 post-surgical, 11 

Parkinson’s disease, 
7 collagen vascular 

disorders, 6 intestinal 
pseudo-obstruction, 9 

other

CES-D, 
SCL-90

23% of IG patients were thought to be depressed, and 
50% displayed significant elevations on gastrointestinal 

psychosomatic susceptibility

Psychological status 
may be predictive of 

response to prokinetic 
therapy

Harrell et 
al[31]

Cross-sectional 
study with 

an interview, 
patients classified 

into a clinical 
subgroup based 
on predominant 

symptoms

n = 100 (87 females, 13 
males). Mean age: 48.0 yr. 

Etiology: unspecified

SF-12 QoL (subscales and mental/physical component 
summaries) was significantly diminished in all 

gastroparesis patients when compared to population 
norms, but did not differ between groups based on 

predominant gastroparesis symptoms. QoL negatively 
correlated with physical symptom scores

Predominant-
symptom 

classification may 
be useful in the 
management of 

gastroparesis

Bielefeldt et 
al[8]

Cross-sectional 
study with 

a qualitative 
interview

n = 55 (44 females, 11 
males). Mean age: 42.4 yr. 
Etiology: 11 DG, 29 IG, 8 
connective tissue disease, 
4 post-surgery or trauma, 
1 osteogenesis imperfect, 1 
mitochondrial myopathy, 

1 Marfan syndrome

HADS, SF-12, 
open-ended 

interview 
questions

Patients had moderately elevated scores for anxiety and 
depression, 74% met screening criteria for anxiety or 

depression, 29% were above the threshold for clinically 
relevant affective spectrum disorders, and eighteen 

patients were receiving chronic anti-depressant 
medication. Patients demonstrated impaired QoL 
compared to population norm, with no differences 

between etiologies. Physical symptoms were inversely 
related to the physical component score on SF-12. 
Symptom severity was positively correlated with 

depression scores, but not anxiety, symptom duration 
or degree of gastric delay. Qualitative data: patients 
were asked to describe the impact of gastroparesis 

on their lives and three main topics were identified: 
1) eating out/social functions, 2) fatigue, 3) strain on 
relationships. Nausea and vomiting were the most 
troublesome symptoms, and patients also reported 
a fear of unrelenting disease, as well as frustration/

dissatisfaction with healthcare providers

Gastroparesis 
treatment must 

focus on improving 
QoL. The results of 
this study provide 
support for the use 
of psychologically 

based interventions in 
gastroparesis

Jung et al[14] Cohort study 
using medical 

records

Definite gastroparesis = 
83 (68 female, 15 males). 
Mean age at onset: 44.0 

yr. Etiology: 21 DG, 41 IG, 
connective tissue disease 

9, hypothyroidism 1, 
malignancy 2, abdominal 

surgery 6, provocation 
drugs 19, end-stage renal 

disease 4

None 
reported. 
Evidence 
obtained 

from medical 
records. 

Of 83 patients with definite gastroparesis, 25 had 
evidence of comorbid psychiatric illness in their 
medical records. Twenty patients had "anxiety/

depression" and five had "other"

Gastroparesis is 
difficult to manage 

and represents a 
major disease burden

Hasler et al[7] Cross-sectional 
study. Data 

obtained from 
the Gastroparesis 

Registry

n = 299 (245 females, 54 
males). Mean age: 43.0 yr. 
Etiology: 100 DG, 199 IG

BDI, STAI Depression and anxiety scores increased with greater 
physician-rated, and patient-rated, symptom severity. 

Nausea and vomiting were greater in patients with 
more severe depressive symptoms. Bloating and 

postprandial fullness were greater in patients with 
more severe depressive symptoms, state and trait 
anxiety. Higher depression scores were associated 

with prokinetic or antiemetic drug use, and increased 
hospitalizations. Higher state anxiety was associated 

with anxiolytic use, while higher trait anxiety was 
associated with antidepressant use and increased 

hospitalizations. Depression and anxiety scores did 
not differ across etiology or degree of gastric retention. 

Higher symptom severity score was predictive of 
higher depression and state anxiety score. Use of 

anxiolytics was predictive of state anxiety, use of anti-
depressants was predictive of greater trait anxiety 

score, and male gender was predictive of higher state 
anxiety

The physical and 
psychological features 
of gastroparesis both 
need to be considered 

in the development 
of individualized 
patient treatment 

plans. Longitudinal 
studies must be 

conducted to evaluate 
the relationship 

between psychology 
and gastroparesis, and 
whether psychological 

treatment can 
affect the physical 

symptoms of 
gastroparesis

Woodhouse S et al . Psychological controversies in gastroparesis
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Cherian et 
al[10]

Cross-sectional 
study

n = 68 (58 females, 10 
males). Mean age: 42.6 yr. 

Etiology: 18 DG, 50 IG. 
52 Functional Dyspepsia 

patients also studied

PAGI-QOL DG patients scored significantly higher than IG 
patients on the following PAGI-QOL subscales: diet, 

daily activities, relationships. When pain severity was 
correlated with QOL subscales, there was a moderate 

correlation with avoiding physical activity, taking 
longer to perform daily activities, worry about having 
stomach problems in public, and depending on others 

to perform activities

Abdominal pain is an 
important symptom 
of gastroparesis and 

is associated with 
decreased QoL

Hasler et 
al[32]

Cross-sectional 
study. Data 

obtained from 
the Gastroparesis 

Registry

n = 243 (214 females, 29 
males). Mean age: 41.0 yr. 
Etiology: 116 DG, 219 IG

PAGI-QOL, 
SF-36

Patients had moderately impaired QoL, with inverse 
correlation to bloating severity

Bloating is a 
prevalent symptom 
in gastroparesis and 

is associated with 
impaired physical and 

mental QoL
Parkman et 
al[12]

Cross-sectional 
study. Data 

obtained from 
the Gastroparesis 

Registry

n = 243 (214 females, 29 
males). Mean age: 41.0 yr. 

Etiology: 243 IG

BDI, STAI 36% of participants demonstrated severe state anxiety, 
35% demonstrated severe trait anxiety, and 18% 
demonstrated severe depression. Overweight IG 

patients were more likely to have an anxiety disorder. 
Major depressive disorder was associated with greater 

symptom severity. Anxiety and depression scores 
tended to be higher in patients with more severely 

delayed gastric emptying

Symptoms, gastric 
retention, current 

treatment, and 
psychosocial factors 
all play a role in the 

severity of IG

Jaffe et al[33] Cross-sectional 
study

n = 59 (52 females, 7 
males). Mean age: 43.0 yr. 

Etiology: 20 DG, 39 IG

PAGI-QOL, 
SF-36

Nausea/vomiting subscale of PAGI-SYM correlated 
with lower scores on the PAGI-QOL. SF-36 scores 

were significantly decreased in gastroparesis patients 
compared to population norms

Nausea is a 
predominant 
symptom of 

gastroparesis that 
is associated with 

impaired QoL
Cherian et 
al[2]

Cross-sectional 
study

n = 156 (126 females, 30 
males). Mean age: 41.1 yr. 
Etiology: 42 DG, 114 IG. 52 

FD patients also studied

HADS, 
PAGI-QOL

Increased fatigue was associated with decreased QoL, 
increased depression, and decreased anxiety. All but 
one patient met criteria for depression, and the same 

was found for anxiety

Fatigue is a 
significant symptom 

in gastroparesis 
and is associated 
with decreased 

QoL. Psychiatric 
interventions may 

help in fatigue 
management

Hasler et 
al[29]

Cross-sectional 
study. Data 

obtained from 
the Gastroparesis 

Registry

n = 393 (327 females, 66 
males). Mean age: 42.9 yr. 
Etiology: 137 DG, 256, IG

BDI, STAI, 
PAGI-QOL, 

SF-36

Depression and anxiety were higher in those with 
greater symptom severity. Impaired PAGI- QOL and 
SF–36 physical component scores related to increased 

pain and/or discomfort severity

The influence of 
predominant pain/

discomfort on disease 
severity is at least as 
great as predominant 

nausea/vomiting
Friedenberg 
et al[30]

Cross-sectional 
study

n = 255 (212 females, 43 
males). Mean age: 42.0 yr. 
Etiology: 180 IG, 64 DG, 4 

post-surgical, 7 other

PAGI-QOL African American and Hispanic patients had lower 
scores on clothing and psychological PAGI-QOL 

subscales than Caucasian patients resulting in lower 
QoL overall. PAGI-SYM and PAGI-QOL had a negative 

correlation and 30% of the variation in QoL could be 
explained by symptom severity

Future population-
based studies into the 
influence of race on 
symptoms and QoL 
in gastroparesis are 

warranted
Liu et al[36] Randomized 

controlled trial 
with follow-up at 
3, 7, 10, and 17 d 
post intervention

n = 120 (70 females, 50 
males). Mean age: 60.5 yr. 
Etiology: 120 post-surgical

CES-D A group that underwent a mental intervention had 
faster recovery from post-surgical gastroparesis 
(e.g., extubation time, eating recovery) compared 
to a control group. Depression was comparable in 

groups at baseline, but mental intervention group had 
lower scores than control at 3, 7, 10, and 17 d post-

intervention

Mental intervention 
is important in post-

surgical recovery, and 
primary nurses should 
be trained to care for 
patients physically 

and psychologically 
post-surgery

Pasricha et 
al[26]

Cross-sectional 
study. Data 

obtained from 
the Gastroparesis 

Registry

n = 262 (215 females, 47 
males). Mean age: 44.0 yr. 

Etiology: 177 IG, 85 DG

PAGI-QOL, 
BDI, STAI

Mild improvement in QoL from baseline to follow-
up at 48 weeks (PAGI-QOL and SF-36 physical 

and mental component scores), with no significant 
difference in QoL improvement across etiologies. No 

significant changes in depression or anxiety levels over 
the 48-week follow-up period. Moderate to severe 

depression and the use of anxiolytics at baseline were 
negative predictors of symptomatic improvement at 
follow-up, while anti-depressant use was a positive 

predictor

Less than a third 
of patients with 

gastroparesis 
experience 

symptomatic 
improvement over 

time and QoL 
remains impaired. 
Depression is an 

important predictor 
of symptomatic 
improvement

Woodhouse S et al . Psychological controversies in gastroparesis
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participant characteristics is presented in Table 2.

What is the prevalence of psychopathology in 
gastroparesis cohorts and how does it compare to other 
gastroenterological conditions?
Three studies reported on the prevalence of psycho-
pathology in a gastroparesis cohort (n = 378). Using 
the Center for Epidemiologic Studies Depression Scale 
(CES-D) and the hospital records of 52 idiopathic 
gastroparesis (IG) patients, Soykan et al[6] note that 
23% had a history of depression or antidepressant 
therapy, and 50% displayed clinically significant 
somatization using the SCL-90. The authors state that 
somatization was higher in the IG population than in 
the gastrointestinal population, however the difference 
was not significant. 

In an exploration of the epidemiology of gas-
troparesis, Jung et al[14] identified that 25 out of 
83 patients with definite gastroparesis (30%) had 
evidence of psychiatric comorbidity in their medical 

records. Twenty of these patients had evidence of 
anxiety or depression, and five had other psychiatric 
illness. This study did not compare the prevalence 
of psychopathology in gastroparesis to other 
gastroenterological cohorts.

In a larger sample of 243 IG patients, Parkman 
et al[12] identify comorbid major depression in 21.8% 
of patients, and severe anxiety in 12.4% of patients 
through face-to-face interviews between patients 
and study physicians or coordinators. This study did 
not compare the prevalence of psychopathology in 
gastroparesis to other gastroenterological cohorts, 
however it was shown that females were more likely 
to report comorbid anxiety disorder than males, and 
patients with severe symptom severity or severe 
gastric retention were more likely to report major 
depression than those with milder symptoms. 
Participants in this study were mainly recruited from 
tertiary referral centers and therefore may not be 
representative of the general gastroparesis community. 

What are the levels of anxiety, depression, and QoL in 
gastroparesis cohorts and do they differ with respect 
to gastroparesis symptom severity, etiology, degree of 
gastric retention, and duration of symptoms/disease? 

Studies measuring anxiety and/or depression 
in gastroparesis cohorts: A total of six studies 
measured the level of anxiety and/or depression in 
gastroparesis cohorts (n = 1408)[2,7,8,12,26,29]. Of these 
studies, two used the Hospital Anxiety and Depression 
Scale (HADS)[2,8]. Bielefeldt et al[8] used a cut-off score 
of > 8 and found that of the 55 participants, 74% met 
the criteria for either anxiety or depression, and 29% 
met the criteria for both conditions. No differences 

Cutts et al[34] Cross-sectional 
study

n = 235 (186 females, 49 
males). Mean age: 47.0 
yr. Etiology: 125 IG, 68 
DG, 28 post-surgical, 14 

unspecified

SF-36 Reports correlations between SF-36 subscales and 
gastroparesis symptoms. Negative correlations 

with Physical Function subscale: bloating severity, 
bloating frequency, epigastric pain severity. Negative 

correlations with Bodily Pain subscale: bloating 
severity, bloating frequency, epigastric pain severity, 
epigastric pain frequency, epigastric burn frequency. 

Negative correlations with Social Functioning subscale: 
epigastric pain frequency, vomiting severity. Negative 

correlations with Role Emotional subscale: bloating 
severity, bloating frequency. Negative correlation with 

mental health subscale: bloating severity. The only 
positive correlation was between the Role Emotional 

subscale and epigastric pain severity

Generic and global 
QoL tools may not 
accurately reflect 
the experience of 

gastroparesis patients

Lacy et al[35] Cross-sectional 
study

n = 250 (196 females, 54 
males). Mean age: 46.8 
yr. Etiology: 126 IG, 37 

DG, 34 post-viral, 17 post-
surgical, 11 connective 

tissue disorder, 10 
neurologic, 5 post-

vaccination, 3 hollow 
visceral myopathy, 3 

vascular, 4 miscellaneous

SF-36 IG patients had higher physical functioning, mental 
health, and role-physical scores compared to DG 

patients. Patients with DG had lower physical 
component summary scores than patients with IG or 
other etiologies. Patients with IG had higher mental 

component summary scores than patients with DG or 
other etiologies

It is important 
that gastroparesis 
interventions aim 
to lessen pain and 
improve QoL in 

patients

DG: Diabetic gastroparesis; IG: Idiopathic gastroparesis; QoL: Quality of life.

Table 2  Summary of participant characteristics

n

Number of studies included in this review     16
Number of participants identified in the studies 2967
Disease etiology
   Unspecified   118
   Idiopathic 1850
   Diabetic   761
   Post-surgical   198
   Other (e.g., connective tissue disorder, Parkinson’s disease)   151
Gender
   Female 2434
   Male   533
Mean age        44.6

Woodhouse S et al . Psychological controversies in gastroparesis
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across etiology, gastric retention, or duration of 
symptoms/disease were reported, however symptom 
severity did correlate positively with depression score. 
Cherian et al[2] used a cutoff score of > 10 and found 
that of 156 participants, 99% met the criteria for 
depression and anxiety. Differences across etiology, 
symptom severity, gastric retention, and duration of 
symptoms/disease were not reported in the study.

A further four studies measured depression 
using the Beck Depression Inventory (BDI)[7,12,26,29]. 
Parkman et al[12] found that the average BDI score 
was 18.6 and 18% of the 243 IG participants fell into 
the range of 29-63 to indicate severe depression. 
Depression levels increased across mild to moderate 
symptom severity, however no difference was found 
in depression levels across degree of gastric retention. 
In a study of 299 gastroparesis patients by Hasler et 
al[7], BDI scores of ≥ 20 were present in 41.5% of 
participants. Higher BDI scores were associated with 
increased gastroparesis severity, nausea and vomiting, 
bloating, and postprandial fullness. The BDI scores 
were similar across diabetic gastroparesis (DG) and IG 
etiology, and degree of gastric retention. Self-reported 
gastroparesis severity and use of antiemetic/prokinetic 
medications were predictive of a BDI score ≥ 20. 
Another study by Hasler et al[29] did not report overall 
BDI scores, but compared scores across pain severity, 
etiology, and symptom predominance. Hasler et al[29] 
found that in a study of 393 gastroparesis patients, 
increased BDI scores were associated with greater 
pain severity in both DG and IG patients. The most 
recent study by Pasricha et al[26] identified that 41.6% 
of 262 gastroparesis patients had BDI scores greater 
than 20, indicating moderate to severe depression. 
Unlike the aforementioned studies, this study also 
examined the impact of duration of disease on 
gastroparesis outcomes, finding no significant change 
in depression levels after 48 wk of standard medical 
care for gastroparesis. However, depression level at 
baseline was a significant predictor of symptomatic 
improvement at 48 wk. 

Finally, four studies used the State-Trait Anxiety 
Inventory (STAI) to measure anxiety[7,12,26,29]. Parkman 
et al[12] found that the average state anxiety score 
was 45.2 while trait anxiety was 43.9. Using an STAI 
score of ≥ 50 to denote severe anxiety, Parkman et 
al[12] identified that 36% of 243 IG patients reported 
severe state anxiety, while 35% reported severe 
trait anxiety. State anxiety levels increased across 
mild to moderate symptom severity, however no 
difference was found in state or trait anxiety levels 
across degree of gastric retention. Hasler et al[7] noted 
that 50.2% of participants reported state anxiety ≥ 
46, and 51.5% reported trait anxiety ≥ 44. Higher 
state and trait anxiety was associated with increased 
gastroparesis severity, bloating, and postprandial 
fullness. Increased self-reported gastroparesis severity 
and use of anxiolytic medications were predictive 
of higher state anxiety, while use of antidepressant 

medications was predictive of higher trait anxiety. 
State and trait anxiety were similar across DG and 
IG etiology, and degree of gastric retention. Hasler et 
al[29] found that increased STAI state and trait scores 
were associated with greater pain severity in both DG 
and IG patients. Finally, Pasricha et al[26] identified that 
32.8% of participants reported state anxiety ≥ 50 at 
baseline, and 30.5% reported trait anxiety ≥ 50 with 
no significant change in state or trait anxiety levels 
after 48 wk of standard medical care for gastroparesis. 
However, use of anxiolytics at baseline was a negative 
predictor of symptomatic improvement at follow-up. 

Studies measuring QoL in gastroparesis cohorts: 
Eleven studies included an outcome measure of QoL (n 
= 2076)[2,8,10,26,29-35]. The two earliest studies to measure 
QoL in gastroparesis used the SF-12. Harrell et al[31] 
found that in a sample of 100 gastroparesis patients, 
SF-12 subscale scores and component summary 
scores were significantly lower in gastroparesis patients 
when compared to population norms, with a negative 
relationship to upper GI symptom severity. Similarly, in 
a study of 55 gastroparesis patients, Bielefeldt et al[8] 
found that both the physical and mental component 
scores of the SF-12 were lower than population norms, 
with no significant difference between DG and IG 
groups. Symptom severity was negatively correlated 
with the physical component score. The authors also 
identified that nausea and bloating severity, combined 
with the HADS score for depression, best predicted 
the physical health component score of the SF-12. The 
influence of gastric retention and duration of symptoms/
disease on QoL was not assessed in either study.

Of the five studies that used the SF-36, Jaffe 
et al[33] found that both the mental and physical 
component scores were impaired in a sample of 59 
gastroparesis patients compared to population norms. 
The study indicated that nausea and vomiting severity 
was inversely related to QoL, with no significant 
difference in QoL between DG and IG patients, or 
across degree of gastric retention. In a larger study of 
335 patients, Hasler et al[32] noted that physical and 
mental component scores were negatively correlated 
to bloating severity, with higher mental component 
scores predicting greater bloating severity. Another 
study by Hasler et al[29] identified that physical and 
mental component scores were lower in both DG and 
IG patients with increased pain/discomfort scores. 
Additionally, when comparing between pain/discomfort 
predominant versus nausea/vomiting predominant 
symptoms, pain predominance was associated with 
greater impairment in the physical component score. 

More recently, Pasricha et al[26] identified mild 
improvement in SF-36 scores (physical and mental 
components) after 48 wk of standard medical care for 
gastroparesis. A 2016 study by Cutts et al[34] explored 
the relationships between symptom severity and 
the SF-36 subscales in a cohort of 235 gastroparesis 
patients, finding primarily negative correlations 
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between symptom severity and Physical Functioning, 
Bodily Pain, Social Functioning, Role Emotional and 
Mental Health subscales (Table 1 for details). The only 
positive correlation was between Role Emotional and 
epigastric pain severity. Finally, the most recent study 
using the SF-36 was conducted by Lacy et al[35] and 
identified that in 250 gastroparesis patients, those 
with IG had better physical functioning, mental health, 
and role-physical than patients with DG. Similarly 
DG patients had lower physical component summary 
scores than patients with IG or gastroparesis from 
other causes, while DG patients and patients with 
gastroparesis from other causes also had lower mental 
component summary scores than those with IG.

Seven studies used the Patient Assessment of Upper 
Gastrointestinal Disorders Quality of Life (PAGI-QOL) to 
measure QoL. Using this assessment tool, Hasler et al[32] 
reported impaired QoL in individuals with gastroparesis. 
Cherian et al[10] assessed QoL across etiologies and 
found that, in their sample of 68 patients, IG patients 
scored significantly lower than DG patients on PAGI-
QOL measures of diet, daily activities, and relationships. 
In addition, significant negative correlations have been 
identified between the PAGI-QOL and total upper GI 
symptom severity[30], pain/discomfort severity[10,29], 
fatigue[2], bloating severity[32], and nausea/vomiting 
severity[33]. Similar to their findings using the SF-36, 
Pasricha et al[26] identified mild improvement in PAGI-
QOL scores after 48 wk of standard medical care for 
gastroparesis. Despite these improvements in QoL over 
time, the authors note that QoL remained impaired in 
relation to the general population. 

Do psychological interventions involving gastroparesis 
patients reduce gastroparesis symptoms, anxiety, 
depression, and improve QoL?
Only one study[36] involved a psychological intervention 
for gastroparesis patients. Liu et al[36] conducted a 
randomized controlled trial (RCT) with 120 post-surgical 
gastroparesis patients. Sixty patients were allocated to a 
control group that received conventional therapy (gastric 
tube, fasting, parenteral and enteral nutrition, routine 
nursing care, health guidance), while another 60 were 
allocated to a “comprehensive mental intervention” 
group that received conventional therapy in addition to: 
supportive mental consultation, bedside symptomatic 
mental intervention, music and abdominal massage, 
and mental intervention for patients’ families. While 
the groups had comparable CES-D scores at baseline, 
the mental intervention group scored significantly 
lower than the control group on days 3, 7, 10, and 17 
after the intervention. The intervention group also had 
significantly improved gastric function following the 
intervention compared to the control group. The study 
did not include measures of anxiety or QoL.

DISCUSSION
Conclusions are presented according to the key 

questions of the systematic review. This is followed 
by a discussion of the strengths and limitations of the 
literature, and suggestions for future research in the 
area.

Prevalence of psychopathology in gastroparesis
This review found three studies that investigated the 
prevalence of psychopathology in gastroparesis patients. 
The reported prevalence of these psychopathologies 
were: combined anxiety/depression 24%[14], severe 
anxiety 12.4%[12], depression 21.8%-23%[6,12], 
somatization 50%[6], other 5%[14]. Parkman et al[12] 
reported that females were more likely to report 
comorbid anxiety disorder, and patients with greater 
symptom severity and gastric delay were more likely 
to report major depression. Soykan et al[6] identified 
a non-significant difference in the prevalence of 
somatization in the gastroparesis cohort compared to 
other gastroenterological cohorts, while Parkman et 
al[12] and Jung et al[14] did not make such comparisons.

It must be acknowledged that in addition to 
using the CES-D, Soykan et al[6] assessed whether 
patients had a medical history of either depression 
or anti-depressant use, which does not necessarily 
indicate prevalence of depression. Parkman et al[12] 
only reported on severe anxiety, which is likely to 
underestimate the prevalence of anxiety in the cohort, 
and two studies[6,12] only assessed psychopathology 
in IG patients so findings may not be representative 
of approximately two-thirds of gastroparesis patients. 
Finally, all three studies lacked clarity around how 
patients obtained a psychiatric diagnosis, and two[6,12] 
limited the psychopathologies that were included 
in the study. Based on these findings, it can be 
concluded that while there is psychopathology in 
gastroparesis patients, there has not been enough 
research conducted to provide a reliable prevalence 
rate. Further, no conclusion to date can be made with 
regard to whether rates of psychopathology are higher 
or lower in gastroparesis compared to cohorts that are 
healthy, chronically ill, or have other gastrointestinal 
conditions.

Level of anxiety and/or depression in gastroparesis
Overall, it is difficult to be definitive regarding the level 
of anxiety and depression in gastroparesis cohorts 
given the limited research conducted to date. Based 
on one study[12], 18% of gastroparesis patients have 
severe depression, 36% have severe state anxiety, 
and 35% have severe trait anxiety. Another study 
reported that 41.6% of patients had moderate to 
severe levels of depression at baseline, and identified 
that the percentage of patients scoring equal to or 
greater than 50 on the STAI at baseline was 32.8% 
for state anxiety, and 30.5% for trait anxiety[26]. 
While other studies also measured and reported on 
anxiety and depression, they did not identify levels 
of severity. Three studies[7,12,29] indicated that anxiety 
was positively associated with gastroparesis symptom 
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severity , and one did not[8], while four[7,8,12,29] indicated 
that depression increased with gastroparesis symptom 
severity. Two studies reported on the influence of 
gender on anxiety and depression levels, with one 
stating that females displayed less clinically severe 
depression[12], and the other indicating that male 
gender was associated with higher state anxiety[7]. 
One study demonstrated that depression and anxiety 
levels were similar across DG and IG etiologies[7], 
and two showed consistency across degree of gastric 
retention[7,12]. Only one study[26] assessed the influence 
of duration of symptoms/disease, finding no significant 
improvement in anxiety or depression levels from 
baseline to follow-up at 48 wk. However, depression 
level and use of anxiolytics at baseline were significant 
predictors of symptomatic improvement at 48 wk. 

The six studies that measured anxiety and/or 
depression in a gastroparesis cohort used a variety 
of assessment tools and cut-off scores, which makes 
it difficult to interpret the results as a whole. For 
example, the two studies employing the HADS each 
used a different cut-off score and did not give enough 
information to compare results across the studies. 
Similarly, of the four studies using the BDI and STAI 
only two reported the level of anxiety and depression 
in the sample, while the other two primarily used 
the scores for correlation analyses. Thus, although 
studies have been conducted on the severity of 
anxiety and depression in gastroparesis patients, the 
lack of consistency and scoring information limits 
the conclusions that can be made. With this being 
said, there is evidence to indicate that levels of 
psychopathology and gastroparesis symptom severity 
were positively correlated, and that this relationship 
tends to be consistent across the different forms of 
gastroparesis. 

Level of QoL in gastroparesis
The eleven studies investigating QoL in gastroparesis 
demonstrated that QoL was lower in gastroparesis 
patients than population norms[8,31,33], and that there 
was generally a negative relationship between QoL and 
gastroparesis symptom severity[2,8,10,29-34], although one 
study found a weak positive relationship between the 
Role Emotional subscale of the SF-36 and epigastric 
pain severity[34]. Two studies found no significant 
difference in QoL between DG and IG patients[8,33], 
however one found that IG scored lower than DG on 
measures of diet, daily activities, and relationships[10], 
and conversely, another found IG scored higher than 
DG on both physical and mental components of QoL[35]. 
Only one study assessed the relationship between 
degree of gastric retention and QoL, with no significant 
relationship demonstrated[33]. One study assessed the 
impact of duration of symptoms/disease, finding a mild 
improvement in QoL after 48 wk of standard medical 
care for gastroparesis[26]. 

Based on these results, it can be concluded 

that QoL is lower in the gastroparesis cohort than 
the general population, and greater gastroparesis 
symptom severity is associated with lower QoL. At 
this point, there is not enough evidence to make 
conclusions about the influence of etiology, gastric 
retention, or duration of symptoms/disease on QoL. 

Psychological intervention in gastroparesis
Only one study has reported on a psychological inter-
vention for gastroparesis patients. Liu et al[36] found 
that depression scores and gastric function were 
significantly improved in patients who received a 
psychological intervention compared to those who 
received standard care, however the study had 
considerable methodological limitations. Firstly, the 
study was conducted only on post-surgical patients, 
making the results difficult to generalize to other 
etiologies. The study also utilized a number of different 
factors in the intervention condition (e.g., supportive 
mental consultation, abdominal massage, music) 
making it impossible to ascertain the impact of any one 
component of the intervention. Additionally, the study 
did not utilize long-term follow-up. While the results 
of this study are promising, there is currently limited 
evidence for the use of psychological intervention 
in gastroparesis, and measures of other important 
psychological factors such as anxiety and QoL have yet 
to be assessed in this context. 

Summary of findings and limitations
Currently the literature indicates that QoL is lower in 
gastroparesis patients than population norms, and that 
as gastroparesis symptom severity increases, anxiety 
and depression also increase while QoL decreases. 
The studies are few in number, with variability in the 
assessments used and etiologies studied, making it 
difficult to form further conclusions. It also appears 
that five of the 15 studies[7,12,26,29,32] have used over-
lapping samples as they were all recruited via the 
Gastroparesis Registry. Consequently, findings may not 
be reflected across different samples. The evidence for 
the use of psychological intervention in gastroparesis 
is minimal and is further weakened by significant 
methodological limitations in the single relevant study.

Inconsistency in the assessment of gastroparesis 
must also be considered when interpreting these 
findings. While the majority of studies used self-report 
in conjunction with a scintigraphic study where > 60% 
retention at two hours, and/or > 10% retention at 
four hours indicated gastroparesis, there was some 
variation in assessment[6,8,31,34].

Future directions
In order to move forward in understanding this area, 
future research would benefit from undertaking 
the following recommendations. When assessing 
the prevalence of psychopathology in gastroparesis 
cohorts, studies should consider the broad range of 
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psychopathologies, which should be diagnosed by an 
appropriately qualified individual. To gain greater insight 
into the relationship between psychological factors 
and gastroparesis, studies should use standardized 
assessment tools and cut off scores, and provide 
clear scoring information. Studies are also invited to 
look beyond basic correlation analyses, and explore 
possible mediating factors. Information regarding 
mediating factors would be especially useful in designing 
individualized psychological interventions for gastroparesis 
patients. To promote consistency and future comparison, 
recommendations for studies are summarized in Table 
3, along with suggestions for the development of 
psychological interventions and future research questions. 

In conclusion, increased levels of psychopathology 
are evident in patients suffering from gastroparesis, 
with associations between the severity of psychological 
factors and the severity of gastroparesis symptoms. 
Although only one study has utilized a psychologically-
based intervention for gastroparesis patients to date, 
the intervention was associated with improvement in 
both gastroparesis symptoms and levels of depression. 
The results of this systematic review indicate the 
importance of further research into the relationship 
between psychological factors and gastroparesis, 
especially given that current medical treatments 
for gastroparesis are limited. In particular, further 

exploration of the prevalence of psychopathology 
in gastroparesis compared to other conditions is 
warranted, as well as an assessment of the factors 
that may mediate an individual’s ability to adapt to, 
and manage, gastroparesis. 

COMMENTS
Background
Gastroparesis is a gastrointestinal disorder involving delayed gastric emptying 
in the absence of a mechanical obstruction of the stomach. Typical symptoms 
include: chronic nausea, vomiting, early satiety, postprandial fullness, and 
in some cases abdominal pain and fatigue. Patients suffering from chronic 
gastrointestinal conditions frequently report psychological symptoms, such as 
anxiety, depression, and impaired quality of life (QoL). 

Research frontiers
With limited treatment options available for gastroparesis, the importance 
of psychological support or intervention for gastroparesis patients has been 
repeatedly emphasized in the literature. This is the first systematic review of 
the literature to explore the relationship between psychological factors and 
gastroparesis.

Innovations and breakthroughs
This systematic review reveals that QoL is lower in gastroparesis patients than 
population norms, and that as gastroparesis symptom severity increases, anxiety 
and depression also increase while QoL decreases. Recommendations for the 
development of future research questions and psychological interventions are 
provided to encourage progress in this important research area. 

Table 3  General recommendations and questions for future research

General recommendations:
   Identify prevalence of psychological conditions based upon standardized and validated assessment tools (e.g., SCID[37], MINI[38])
   Use standardized assessment of gastroparesis (e.g., gastric emptying scintigraphy, PAGI-SYM[39])
   Use validated psychological scales to assess, anxiety, depression, stress (e.g., BDI[40], BAI[41], STAI[42], DASS[43]) and QoL measures relevant to individuals 
   with upper gastrointestinal disorders (e.g., PAGI-QoL[44])
   Use and provide clear scoring information
   Report assessment results in a manner that allows comparison across studies (e.g., standardized cut-off scores)
Psychological interventions:
   Randomized control trial design
   Prior to intervention, power analyses conducted
   Clear details of intervention content made fully available to allow other researchers to review and undertake accurate replication
   Gastroparesis-focused interventions
   Include measures that assess a cost/benefit analysis, engagement of medical services
   Where possible, patients, assessors, and statistician blinded
   Independent evaluation of intervention session recordings to ensure protocol/treatment consistency 
   Psychological interventions need to be clearly identified and undertaken by trained and appropriately qualified individuals (i.e., psychologists, 
   psychiatrists)
   Identify clear inclusion and exclusion criteria
   Identifying if (and where possible control for) participants have/have not received or are currently receiving psychotherapy (including type, duration 
   etc.), using psychotropic medication, are on specialized diets for their gastroparesis
   Utilize valid measures which can be accurately compared to other intervention studies 
   Evaluate participant engagement in therapy (e.g., % attendance to sessions, completion of homework)
   Evaluate differences between completers versus non-completers
   Include long-term post-therapy efficacy review time points (i.e., 1 and 2 yr post-intervention)
Future research questions:
   What is the prevalence of psychopathology in gastroparesis compared to other gastroenterological cohorts?
   What psychological processes act as moderating/mediating factors between gastroparesis symptom activity and outcome variables such as QoL, 
   anxiety, and depression (e.g., personality, coping style, self-efficacy)?
   How may gender impact upon the presentation and course of gastroparesis and associated psychological distress?
   How may historical and current stressors and/or traumas impact upon the presentation and course of gastroparesis?
   To what extent does duration of symptoms/disease influence the relationship between gastroparesis and psychological distress?

QoL: Quality of life.
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Applications
The results of this systematic review indicate that further exploration of the 
prevalence of psychopathology in gastroparesis is warranted, as well as an 
assessment of the factors that may mediate an individual’s ability to adapt 
to, and manage, gastroparesis. Better understanding of these factors will 
assist in the development of targeted psychological support programs for the 
gastroparesis cohort. 

Peer-review
This paper conducted for systematic review of psychological aspects of 
gastroparesis. Authors concluded that “gastroparesis is associated with 
significant psychological distress and poor quality of life. Recommendations 
for future studies and the development of psychological interventions are 
provided”.
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Abstract
AIM
To perform a meta-analysis of the related studies to 
assess whether circulating tumor cells (CTCs) can be 
used as a prognostic marker of esophageal cancer.

METHODS
PubMed, Embase, Cochrane Library and references in 
relevant studies were searched to assess the prognostic 
relevance of CTCs in patients with esophageal cancer. 
The primary outcome assessed was overall survival 
(OS). The meta-analysis was performed using the 
random effects model, with hazard ratio (HR), risk ratio 
(RR) and 95% confidence intervals (95%CIs) as effect 
measures.

RESULTS
Nine eligible studies were included involving a total 
of 911 esophageal cancer patients. Overall analyses 
revealed that CTCs-positivity predicted disease 
progression (HR = 2.77, 95%CI: 1.75-4.40, P  < 0.0001) 
and reduced OS (HR = 2.67, 95%CI: 1.99-3.58, P  < 
0.00001). Further subgroup analyses demonstrated 
that CTCs-positive patients also had poor OS in 
different subsets. Moreover, CTCs-positivity was also 
significantly associated with TNM stage (RR = 1.48, 
95%CI: 1.07-2.06, P  = 0.02) and T stage (RR = 1.44, 
95%CI: 1.13-1.84, P  = 0.003) in esophageal cancer.

CONCLUSION
Detection of CTCs at baseline indicates poor prognosis 
in patients with esophageal cancer. However, this 
finding relies on data from observational studies and is 
potentially subject to selection bias. Prospective trials 
are warranted.

META-ANALYSIS
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Core tip: The clinical validity of circulating tumor cells 
(CTCs) is still controversial and inconclusive in patients 
with esophageal cancer. Our meta-analysis provides 
strong evidence that detection of CTCs in peripheral 
blood at baseline is an independent prognosticator of 
poor survival outcomes in esophageal cancer patients.

Xu HT, Miao J, Liu JW, Zhang LG, Zhang QG. Prognostic 
value of circulating tumor cells in esophageal cancer. World J 
Gastroenterol 2017; 23(7): 1310-1318  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i7/1310.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1310

INTRODUCTION
Esophageal cancer (EC) is the eighth most common 
malignant tumor worldwide[1] and is the sixth leading 
cause of cancer death[2]. However, the early diagnosis 
of EC is difficult due to the lack of specific symptoms 
in the early stages. In most cases, the disease is 
already at an advanced stage at presentation. EC 
ranks fourth among cancer-related deaths in China[3]. 
Surgical resection is the main treatment for EC, 
with a postoperative 5-year survival rate of only 
34%-36%[2]. New treatment strategies including 
neoadjuvant radiochemotherapy[4,5], preoperative 
neoadjuvant chemotherapy[6,7], and three-field lymph 
node dissection[8] are helpful for improving the 5-year 
survival rate of EC patients. However, the outcomes 
are still unsatisfactory, and many patients die of 
local recurrence and distant metastasis[9]. Therefore, 
biomarkers which can be used to identify the recur-
rence or metastasis of EC are needed to facilitate 
timely diagnosis and treatment strategies and thus 
improve the prognosis of EC patients.

In the early stage of EC metastasis or recurrence, 
the clinical manifestations are occult and cannot be 
effectively predicted by routine laboratory tests. In 
recent years, circulating tumor cells (CTCs) have 
been recognized as the cause of tumor metastasis 
or recurrence[10,11]. CTCs are the cells that are 
shed from a primary or metastatic tumor into the 
peripheral circulation. Most CTCs will be cleared by 
the human immune system, whereas a small number 
of surviving CTCs can reach other parts of the body 
via the bloodstream, resulting in tumor metastasis[12]. 
CTCs can remain non-proliferative for a long period 
of time and can resist the anti-tumor effect of 
chemotherapy drugs[13,14]. At present, many studies 
on the correlations between CTC positivity and the 
prognoses of breast cancer[15], colorectal cancer[16], 

gastric cancer[17], and lung cancer[18] have shown that 
CTCs-positivity can indicate poor prognosis.

Although many studies have demonstrated the 
relationship between CTCs and the prognosis and 
clinicopathological features of EC, their findings had 
certain limitations due to differences in CTC detection 
methods and EC treatment strategies. In addition, the 
role of CTC detection before surgical or non-surgical 
treatment in EC patients remains unclear. Therefore, 
in this meta-analysis, we summarized and analyzed 
the prognostic value of CTCs in EC patients before and 
after treatment in a quantitative and comprehensive 
manner.

MATERIALS AND METHODS
Literature search and selection criteria
A literature search of related studies was conducted 
using the PubMed, Embase, and Cochrane Library 
databases. The following search terms were used: (1) 
“circulating tumor cells” or “CTCs”; (2) “esophageal 
cancer” using MeSH or free words; and (3) a 
combination of (1) and (2). The last search was 
conducted on November 17, 2016.

Two authors, Xu HT and Miao J, independently 
retrieved the titles and abstracts of the primary 
studies identified in the electronic search. In addition, 
references of potentially relevant studies were 
examined. Duplicate studies were excluded.

The inclusion criteria were as follows: (1) population: 
patients with esophageal cancer; (2) intervention: 
CTCs-positivity; (3) comparison: CTCs-negativity; (4) 
outcome: the primary outcome assessed was overall 
survival (OS), and clinicopathological characteristics and 
other prognostic outcomes were assessed as secondary 
outcomes; (5) design: randomized controlled trials 
(RCTs) or observational studies; (6) samples used in 
these studies should be collected from peripheral blood 
(PB) and at baseline; and (7) sufficient data to calculate 
hazard ratio (HR) or risk ratio (RR) with 95% confidence 
intervals (95%CIs) as comparable effect estimates.

Exclusion criteria included the following: (1) review 
articles, letters, comments and case reports; and (2) 
studies where it was impossible to retrieve or calculate 
data of interest.

Data extraction and quality assessment
Data extraction was performed by Xu HT and Miao 
J independently. The following information was 
extracted from each study: (1) first author, year of 
publication, country and study type; (2) number and 
characteristics of patients in both the CTCs positivity 
and negativity groups; and (3) outcome data including 
follow-up period, OS and other prognostic outcomes 
such as disease-free survival (DFS) or progression-free 
survival (PFS) or relapse-free survival (RFS).

All relevant texts, tables and figures were reviewed 
for data extraction, and entered into an Excel file. 
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Furthermore, we included only the most recent or 
complete studies to avoid duplication of information. 
Discrepancies between the two reviewers were 
resolved by discussion and consensus.

The Cochrane risk of bias tool was adopted to 
assess the risk of bias in RCTs[19]. Observational studies 
were evaluated using the Newcastle-Ottawa Scale[20].

Statistical analysis
Analyses were performed using Cochrane RevMan 
5.3. For time-to-event data, HR and 95%CIs were 
obtained directly or indirectly from studies according 
to the method described by Tierney[21]. RR was used 
to compare dichotomous variables. Heterogeneity was 
tested using the I2 statistic. Studies with an I2 statistic 
of 0%, 25%, 50% and 75% represented no, low, 
moderate and high heterogeneity[22,23]. The random 
effect models were used for the analysis, as this model 
can obtain more conservative results and better fit the 
multi-center clinical studies due to the existence of 
heterogeneity[24]. The Generic Inverse Variance method 
was used to calculate pooled HRs and 95%CIs. The 
Mantel-Haenszel method was used to calculate pooled 

RRs and 95%CIs.
Moreover, a sensitivity analysis was conducted by 

deleting each study individually to evaluate the quality 
and consistency of the results. Visual inspection of the 
funnel plot was carried out to assess publication bias.

In addition, subgroup analyses of the studies 
were conducted according to region (Asia vs non-
Asia), curative method (surgery vs non-surgery), 
and method used to detect CTCs (CellSearch vs RT-
PCR vs other methods). The subgroup analyses were 
performed only for OS.

RESULTS
Study selection
A total of 306 studies were identified from the initial 
database search. Fifty-seven studies were excluded 
due to duplicates, and 230 studies were excluded 
for various reasons based on the titles and abstracts 
(reviews, case reports, or clearly irrelevant to the 
analysis). Ten studies were excluded due to reviews or 
the lack of an outcome of interest. In total, 9 studies 
were included in the meta-analysis[25-33]. The selection 
process is shown in Figure 1. 

Study characteristics
The main characteristics of the included studies are 
shown in Table 1. The studies were conducted in three 
countries (China, Japan and Germany) and published 
between 2009 and 2016. Of the included studies, none 
were RCTs, 5 were prospective cohort studies[25,27-29,31], 
and 4 were cohort studies[25,30,32,33]. The sample size 
ranged from 38 to 244 (CTCs-positive group, n = 336; 
CTCs-negative group, n = 575). All studies assessed 
CTCs at baseline. Of the 9 studies, 7 studies contained 
data on clinicopathological characteristics[26-31,33], 8 had 
HRs for OS[25-29,31-33], 2 had HRs for PFS[25,30], 2 had HRs 
for DFS[26,31], and 2 had HRs for RFS[27,33].

Quality assessment
Assessment of risk of bias in the studies is shown 
in Table 2. Based on the Newcastle-Ottawa Scale to 
assess the risk of bias in cohort studies, 7 studies 
were rated as having a total score of > 5[25-29,31,32], and 
2 as having a score of ≤ 5, indicating a high risk of 
bias[30,33].

Correlation between CTCs and OS
The HRs for OS were available in 8 studies[25-29,31-33], 
including 779 EC patients. The pooled results showed 
that CTCs-positive EC patients had significantly poorer 
OS than CTCs-negative patients (HR = 2.67, 95%CI: 
1.99-3.58, P < 0.00001), and heterogeneity was 
statistically nonsignificant (I2 = 14%, P = 0.32) (Figure 2).

We performed subgroup analyses to further assess 
whether CTCs status had prognostic value in different 
subsets (Table 3). We first evaluated the effects of 
CTCs status on OS regarding region and found that 
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Figure 1  Selection process for studies included in the meta-analysis.
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between CTCs-positivity and T stage (RR = 1.44, 
95%CI: 1.13-1.84, I2 = 0%, P = 0.003) (Figure 
5B)[26-29,31,33], but a non-significant association between 
CTCs-positivity and histological differentiation (RR = 
1.01, 95%CI: 0.79-1.30, I2 = 0%, P = 0.93) (Figure 
5C)[26,27,30,31]. Six studies assessed the relationship 
between CTCs-positivity and N stage (RR = 1.47, 
95%CI: 1.09-1.98, I2 = 36%, P = 0.01) [26-28,30,31,33]. 
However, when the Yin 2012 study was removed, no 
statistical significance in the five remaining studies was 
observed (RR = 1.51, 95%CI: 0.98-2.32, I2 = 48%, P 
= 0.06).

DISCUSSION
Although radical surgery and neoadjuvant radioche-
motherapy have been widely used in EC patients, 
metastasis or recurrence of EC still poses a significant 
challenge for doctors and patients. Therefore, 
biomarkers which can be used to identify the 
recurrence or metastasis of EC are needed to facilitate 
the timely diagnosis and treatment strategies for 
EC patients. CTCs, released by primary tumors, are 
regarded as a key stage of tumorigenesis[34]; their 
further development leads to metastatic lesions, which 

Table 2  Assessment of the risk of bias in each cohort study using the Newcastle-Ottawa scale 

Study Selection Comparability Outcome Total
scoreExposed 

cohort
Non-exposed 

cohort
Ascertainment 
of exposure

Outcome of 
interest

Assessment 
of outcome

Length of 
follow-up

Adequacy of 
follow-up

Li et al[26], 2016 NS S S S NS S S S 6
Su et al[25], 2016 S S S S NS S S S 7
Reeh et al[27], 2015 S S S S NS S S S 7
Matsushita et al[28], 2015 NS S S S NS S S S 6
Tanaka et al[29], 2015 S S S S NS S NS S 6
Yin et al[30], 2012 NS S S S NS S NS S 5
Tanaka et al[31], 2010 NS S S S NS S S S 6
Hoffmann et al[32], 2010 S S S S NS S S S 7
Gao et al[33], 2009 NS S S S NS S NS NS 4

A higher overall score corresponds to a lower risk of bias; a score of ≤ 5 (out of 9) indicates a high risk of bias. S: The study is satisfied the item; NS: The 
study is not satisfied the item.

Table 3  Subgroup analyses of the effects of circulating tumor cells on overall survival in esophageal cancer patients

No. of studies No. of patients HR (95%CI) P  value   Heterogeneity

I 2 P  value

Region
   Asia 6 637 2.46 (1.77-3.40)   < 0.00001 14% 0.33
   Non-Asia 2 162 3.74 (1.98-7.05) < 0.0001   0% 0.36
Curative method
   Surgery 5 594 2.81 (1.72-4.58) < 0.0001 50% 0.09
   Non-surgery 3 185 2.70 (1.70-4.30) < 0.0001   0% 0.95
Detection method
   CellSearch 3 228 2.91 (1.78-4.74) < 0.0001   0% 0.93
   RT-PCR 3 354 3.44 (1.42-8.34)   0.006 70% 0.04
   Other methods 2 197 2.22 (1.38-3.58)   0.001   0% 0.44

Figure 2  Forest plots of the hazard ratios for overall survival. OS: Overall survival; IV: Inverse variance; df: Degrees of freedom.
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Hazard ratio Hazard ratio
Study or subgroup log(hazard ratio) SE Weight IV, random, 95%CI IV, random, 95%CI
Gao 2009 1.6429 0.4133 11.6%   5.17 (2.30, 11.62)
Hoffmann 2010 1.8132 0.6281   5.4%   6.13 (1.79, 20.99)
Li 2016 0.5988 0.3537 15.2% 1.82 (0.91, 3.64)
Matsushita 2015 0.9400 0.4083 11.9% 2.56 (1.15, 5.70)
Reeh 2015 1.1404 0.3777 13.6% 3.13 (1.49, 6.56)
Su 2016 0.9787 0.3369 16.4% 2.66 (1.37, 5.15)
Tanaka K 2010 0.5188 0.3017 19.6% 1.68 (0.93, 3.03)
Tanaka M 2015 1.1506 0.5769   6.3% 3.16 (1.02, 9.79)

Total (95%CI) 100.0% 2.67 (1.99, 3.58)
Heterogeneity: Tau2 = 0.02, χ 2 = 8.10, df = 7 (P  = 0.32); I 2 = 14%
Test for overall effect: Z  = 6.52 (P  < 0.00001) 0.01                0.1                   1                   10                 100

Favours (prolonged OS)    Favours (shortened OS)
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can be explained by the “seed and soil” theory[35]. 
It is generally believed that lymph node metastasis 
occurs prior to blood-borne metastasis; however, the 
detection of CTCs in early tumors indicates that blood-
borne metastasis can occur even in the early stage of 
tumorigenesis, i.e., before the occurrence of lymph 
node metastasis[36]. In one study[31], peripheral venous 
blood CTCs were detected before and after the surgical 
treatment of EC; it was found that the preoperative 
positive expression of CTCs was not correlated 
with prognosis, whereas the postoperative positive 
expression of CTCs was significantly correlated with 
prognosis. However, in another study[27], positive CTCs 
in peripheral venous blood before treatment were 
thought to be correlated with prognosis. Thus, the 
value of CTC detection before surgical or non-surgical 
treatment in EC patients requires further investigation.

In this meta-analysis, we conducted a com-
prehensive literature search and demonstrated that 
detection of peripheral venous blood CTCs in EC 
patients can predict disease progression and poor 
prognosis. Compared with a previous study[37], in 
the present study, we included most recent literature 
and restricted the CTCs detection time to “before 
treatment”. It is well known that EC patients who 
have received surgical treatment or non-surgical 
treatment had different prognoses. Our subgroup 
analysis of EC treatment further showed that detection 
of CTCs before treatment is valuable for predicting the 
prognosis of EC patients, and the expression of CTCs 
was not significantly correlated with treatment mode. 
In addition, considering the differences in treatment 
mode and observation time, we combined DFS, RFS, 
and PFS as “disease progression” and carried out a 
subgroup analysis accordingly.

Regional differences and differences in treatment 
modes and CTCs examination methods can also result 
in clinical heterogeneity; in this regard, we also carried 
out a subgroup analysis. As shown in our study, there 
was no significant heterogeneity when the relationship 
between CTCs status and the OS of EC patients 
was analyzed, and subgroup analysis also showed 
stable results. However, heterogeneity was found 

in the relationship between CTC status and disease 
progression. The sensitivity analysis showed that 
the exclusion of any of the articles did not affect the 
outcome, and the heterogeneity was generated from 
the difference in the clinical observation time points 
among different studies. Also, different studies came 
to different conclusions regarding the relationship 
between CTC status and clinicopathological factors. 
Li et al[26] and Matsushita et al[28] concluded that 
positive CTC expression was correlated with TNM 
stage, but not with T stage, N stage, and the degree 
of differentiation; Reeh et al[27] and Tanaka et al[31] 
found that the CTC status was not correlated with TNM 
stage, T stage, and lymph node metastasis; and other 
studies[33,38] found that CTC positivity was correlated 
with N stage. In the present study, we found that CTC 
status was associated with TNM stage and T stage, 
but not with lymph node metastasis or degree of 
differentiation. Because different TNM staging methods 
were used among studies, and the clinical stages 
and pathological stages also differed, heterogeneity 
was inevitable in the present study. The results were 
unstable during the pooled analysis of the relationship 
between N stage and CTC status. However, when one 
article by Yin et al[30] 2012 was removed, the research 
outcome changed, which may be explained by the fact 
that the N stage in five other articles[26-28,31,33] was the 
pathological stage, whereas Yin et al[30] used clinical N 
stage.

Our meta-analysis had some limitations. First, 
potential biases such as gender, age, and race could 
not be avoided or controlled during the pooled 
analysis,which contains females are less susceptive to 
this type of cancer,white man in certain countries are 
more susceptible and in Asia(specifically in China) the 
squamous esophageal cancer is detected more than 
esophageal adenocarcinoma etc. Second, although 
no publication bias was found during analysis of the 
relationship between CTC positivity and the survival rate 
of EC patients, all the included articles were published 
in the English literature, which may have led to the 
omission of some non-English literature with negative 
results. In addition, most studies were conducted 
in Asian countries and areas and hence were less 
representative. Third, some of the included literature 
did not explicitly provide HR and 95%CI values, 
which had to be extracted from the relevant data 
and curves in the literature. Fourth, the differences in 
CTC detection methods, EC therapeutic approaches, 
and EC staging methods could also have affected the 
judgment of prognosis. Despite these limitations, we 
still demonstrated the relationships between CTCs and 
the prognosis and clinicopathological factors of EC.

In conclusion, CTC detection may be a valuable 
tool for improving the prognosis of EC patients, and 
it may be possible to carry out individualized therapy 
based on the results of CTC detection in the future. 
For postoperative EC patients, CTCs monitoring can 
provide individualized clinical information during the 

Figure 3  Funnel plot of the studies on overall survival. 
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Figure 4  Forest plots of the hazard ratios for disease progression. HRs: Hazard Ratios; DFS: Disease-Free Survival; PFS: Progression-Free Survival; RFS: 
Relapse-Free Survival; IV: Inverse variance; df: degrees of freedom.

Figure 5  Forest plots of the RRs for clinicopathological characteristics. A: TNM stage; B: T stage; C: Histological differentiation. RRs: Risk Rataios; M-H: 
Mantel-Haenszel; df: Degrees of freedom.
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Hazard ratio Hazard ratio
Study or subgroup log(hazard ratio) SE Weight IV, random, 95%CI IV, random, 95%CI
7.1.1 DFS
Li 2016 0.6206 0.3877 16.9% 1.86 (0.87, 3.98)
Tanaka K 2010 0.3920 0.2652 22.3% 1.48 (0.88, 2.49)
Subtotal (95%CI) 39.1% 1.59 (1.04, 2.44)
Heterogeneity: Tau2 = 0.00, χ 2 = 0.24, df = 1 (P  = 0.63); I 2 = 0%
Test for overall effect: Z  = 2.12 (P  = 0.03)

7.1.2 RFS
Gao 2009 1.6448 0.3883 16.8% 5.18 (2.42, 11.09)
Reeh 2015 1.6220 0.4177 15.7% 5.06 (2.23, 11.48)
Subtotal (95%CI) 32.6% 5.13 (2.94, 8.95)
Heterogeneity: Tau2 = 0.00, χ 2 = 0.00, df = 1 (P  = 0.97); I 2 = 0%
Test for overall effect: Z  = 5.75 (P  < 0.00001)
7.1.3 PFS
Su 2016 1.1356 0.3980 16.5% 3.11 (1.43, 6.79)
Yin 2012 0.9227 0.5389 11.8% 2.52 (0.88, 7.23)
Subtotal (95%CI) 28.3% 2.89 (1.54, 5.41)
Heterogeneity: Tau2 = 0.00, χ 2 = 0.10, df = 1 (P  = 0.75); I 2 = 0%
Test for overall effect: Z  = 3.31 (P  = 0.0009)

Total (95%CI) 100.0% 2.77 (1.75, 4.40)
Heterogeneity: Tau2 = 0.18, χ 2 = 11.15, df = 5 (P  = 0.05); I 2 = 55%
Test for overall effect: Z  = 4.33 (P  < 0.0001)
Test for subgroup differences: χ 2 = 10.81, df = 2 (P  = 0.004); I 2 = 81.5%

0.01            0.1                1               10              100
Favours (prolonged)      Favours (shortened)

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Gao 2009 42   65   9   43 16.8% 3.09 (1.68, 5.67)
Li 2016 30   69 22   71 23.1% 1.40 (0.90, 2.18)
Reeh 2015 10   47   8   53 11.0% 1.41 (0.61, 3.27)
Tanaka K 2010 16 113 18 131 16.3% 1.03 (0.55, 1.92)
Tanaka M 2015   9   18   1     5   3.0%   2.50 (0.41, 15.32)
Yin 2012 21   27 29   45 29.8% 1.21 (0.90, 1.62)

Total (95%CI) 339 348 100.0% 1.48 (1.07, 2.06)
Total events 128 87
Heterogeneity: Tau2 = 0.07, χ 2 = 9.50, df = 5 (P  = 0.09); I 2 = 47%
Test for overall effect: Z  = 2.34 (P  = 0.02)

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Gao 2009 32   56 19   52 32.9% 1.56 (1.02, 2.39)
Li 2016 38   74 24   66 39.1% 1.41 (0.96, 2.08)
Matsushita 2015 23   82   2     8   3.8% 1.12 (0.32, 3.91)
Reeh 2015 13   54   4   43   5.4% 2.59 (0.91, 7.37)
Tanaka K 2010 20 132 14 112 14.7% 1.21 (0.64, 2.29)
Tanaka M 2015   8   20   2     5   4.1% 1.00 (0.30, 3.32)

Total (95%CI) 418 286 100.0% 1.44 (1.13, 1.84)
Total events 134 65
Heterogeneity: Tau2 = 0.00, χ 2 = 2.15, df = 5 (P  = 0.83); I 2 = 0%
Test for overall effect: Z  = 2.95 (P  = 0.003)

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Li 2016 13 30 49 110 29.7% 0.97 (0.61, 1.54)
Reeh 2015   1   8   2   20   1.2%   1.25 (0.13, 11.93)
Tanaka K 2010   5 36 26 184   7.9% 0.98 (0.40, 2.39)
Yin 2012 17 24 33   48 61.2% 1.03 (0.75, 1.42)

Total (95%CI) 98 362 100.0% 1.01 (0.79, 1.30)
Total events 36 110
Heterogeneity: Tau2 = 0.00, χ 2 = 0.08, df = 3 (P  = 0.99); I 2 = 0%
Test for overall effect: Z  = 0.09 (P  = 0.93)

0.01             0.1                1                 10               100
Ⅰ and Ⅱ    Ⅲ and Ⅳ

0.01             0.1                1                 10               100
T1 and T2    T3 and T4
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follow-up. For EC patients requiring radiochemotherapy, 
CTCs monitoring may help identify the risk of tumor 
progression and enable some patients to benefit from 
second-line therapy. However, some problems still 
need to be addressed before CTC detection is applied 
in clinical settings. First, a variety of methods have 
been developed for detecting CTCs[39]; therefore, 
multi-center studies are required to standardize the 
CTC detection techniques and define CTCs reference 
values. Second, the CTC detection results may be 
negative in peripheral blood samples in some EC 
patients with dominant metastasis[40,41], which may be 
because the detection markers for metastatic lesions 
are not expressed or because the expression levels 
of these markers are below the detection thresholds. 
Therefore, efforts should be made to optimize the 
detection platforms for CTCs to improve the sensitivity 
of CTC detection. Finally, the value of CTC detection 
in predicting prognosis and the risk of EC recurrence/
metastasis still need to be validated in large multi-
center clinical trials.
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Abstract 
One to six percent of patients with microscopic colitis 
are refractory to medical treatment. The effect of 
faecal microbiota transplantation (FMT) in active 
collagenous colitis (CC) has, to the best of our 
knowledge, never been reported before. Here, we 
report the effect of repeated FMT in a patient with CC. 
The patient presented with severe symptoms including 
profuse diarrhea and profound weight loss. Although 
she responded to budesonide in the beginning, she 
became gradually refractory to medical treatment, 
and was therefore treated with FMT. The patient 
remained in remission for 11 mo after the third faecal 
transplantation. The immunomodulatory effect of the 
therapy was evaluated using flow cytometry, which 
showed alterations in the profile of intraepithelial and 
lamina propria lymphocyte subsets after the second 
transplantation. Our observations indicate that FMT can 
have an effect in CC, which support the hypothesis that 
luminal factors, influencing the intestinal microbiota, 
are involved in the pathogenesis of CC.
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Core tip: Collagenous colitis (CC) is characterized by 
chronic watery diarrhea and inflammation in the colonic 
mucosa. The treatment is based on budesonide or 
immunomodulatory treatment in moderate to severe 
cases. However, some patients do not respond to 
the treatment. The aim of this article is to report the 
effect of repeated faecal microbiota transplantation in 
a CC patient who remained in remission 11 mo after 
the repeated transplantations, which also caused 
alterations in the lymphocyte subsets. 

Günaltay S, Rademacher L, Hultgren Hörnquist E, Bohr 
J. Clinical and immunologic effects of faecal microbiota 
transplantation in a patient with collagenous colitis. World J 
Gastroenterol 2017; 23(7): 1319-1324  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i7/1319.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i7.1319

INTRODUCTION
Microscopic colitis (MC) is a chronic inflammatory 
disease of the colon, characterized clinically by 
chronic watery diarrhea, abdominal pain and weight 
loss[1]. Based on histopathological features in the 
colon mucosa, MC comprises primarily two entities; 
collagenous colitis (CC) and lymphocytic colitis (LC). 
Both CC and LC are characterized by inflammation in 
the lamina propria of the colon mucosa. CC, however, 
is distinguished from LC by a colonic subepithelial 
collagen band of 10 μm or more in thickness, whereas 
LC has a more pronounced lymphocyte infiltration in 
the colonic epithelium[2]. The pathogenesis of MC is not 
known, but it is thought to be multifactorial, involving 
a mucosal immune response to luminal factors in 
genetically predisposed individuals. Defects in the 
epithelial barrier function may lead to transmucosal 
passage of antigens and bacteria, and consequently 
leading to inflammation as seen in MC[3-5]. A role for 
the colonic microbiota or an invasive microorganism 
in the disease pathogenesis is supported by the 
observation that some CC patients clinically improve 
after treatment with antibiotics of different categories 
for concurrent infections[6].

The treatment of MC was earlier based on 
retrospective studies: loperamide, cholestyramine, 
sulphasalazine and 5-aminosalicylic acid were the 
standard alternatives[6]. During the last decades, 
it has become evident that budesonide is a very 
efficient drug and the drug of choice for MC with a 
moderate to severe course, alternatively azathioprine 
in steroid refractory cases[7,8]. However, one to six 
percent of MC patients are refractory to conventional 

medical treatment[9], and surgery with an ileostomy 
has hitherto been the only option in severe medically 
refractory cases[10].

Faecal microbiota transplantation (FMT) is a 
method to modify microbiota dysbiosis, and studies 
have shown that it can have effect in patients with 
ulcerative colitis, resulting in maintained clinical as 
well as endoscopic and histopathologic remission[11-14]. 
For recurrent Clostridium difficile infection, FMT has 
for some decades, been established as an effective 
treatment[15-18]. Despite microbiota showing dysbiosis 
in CC patients[19,20], FMT as a possible treatment for CC 
has not been reported before. We here present a case 
with medically refractory CC, who responded to FMT.

CASE REPORT
Patient and donor characteristics, procedures and 
clinical results of FMT 
The patient was a 72 year old female who suffered 
from frequent watery diarrhea and was diagnosed 
with CC six months after debut of symptoms in 
2008. The diagnosis was based on clinical findings 
and histopathological evaluation which showed an 
increased number of lymphocytes in the lamina 
propria, in the epithelium and in a few crypts. There 
was a thickened collagenous band subepithelially. 
The findings were diffusely distributed in the whole 
colon[2,7]. She had normal biochemical and hematologic 
parameters, whereas faecal calprotectin levels were 
increased from 160 mg/kg in 2009 to 500 mg/kg 
when the CC deteriorated in 2013. Stool cultures 
were tested for Clostridium difficile at diagnosis, 
before the first and before the second FMT, and 
were also negative for Salmonella species, Shigella 
dysenteriae, Campylobacter jejuni, and Yersinia 
enterocolitica. Based on histopathologic examination of 
duodenal biopsies, celiac disease was excluded. Initial 
treatment with loperamide had only little effect, and 
cholestyramine, had no effect. The patient responded 
well to budesonide, and was in remission for 2 years. 
Gradually, however, the effect of budesonide declined 
during 2013, and her symptoms worsened with 
profuse watery diarrhea, severe fecal incontinence, 
fatigue, and a weight loss of totally 15 kg, though, 
without biochemical signs of malabsorption. She tried 
mesalazine without effect, and azathioprine, but did 
not tolerate it. She had doxycycline in November 2013, 
100 mg per day for 10 d as treatment for olecranon 
bursitis, which resulted in decreased numbers of daily 
stools, but the effect only lasted one week after the 
cessation of the antibiotic. She had one additional 
doxycycline cure in 2014, also with good but temporary 
antidiarrheal effect. The details for treatments are 
summarized in Table 1. The patient then learned 
about the possible effect of FMT in ulcerative colitis, 
and was interested in trying this treatment. As FMT 
has not been documented in CC, she was offered this 
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treatment after thorough information about possible 
side effects. The patient was informed of the study 
protocol before treatment and colonoscopy, and gave 
her written consent to donate tissue samples for 
research purposes and undergo treatment with FMT. 

The patient’s husband was selected as the donor of 
faecal microbiota. His feces were screened and found 
negative for Salmonella species, Shigella dysenteriae, 
Campylobacter jejuni, Yersinia enterocolitica and 
Clostridium difficile by culture. Furthermore, tests for 
haematology and liver enzymes were negative, as well 
as blood tests for hepatitis A, B and C and varicella 
zoster virus. The presence of serum antibodies against 
Epstein-Barr virus and cytomegalovirus indicated 
earlier, but no ongoing, infections.

The faecal sample from the donor was obtained 
2-3 h before transplantation. Two tablespoons of 
feces were diluted and mixed in 500 mL 0.9% NaCl. 
The homogenized solution was filtered twice through 
a pre-sterilized metal sieve. At the first instillation 
procedure, 200 mL of the filtrate was infused over 
1 h as an enema into the rectum of the patient, for 
five consecutive mornings according to our standard 
procedure for C. difficile treatment. Since the first FMT 
did not improve the clinical status of the patient, at the 
second and third instillation procedures, 300 mL filtrate 
was infused via a colonoscope into the cecum over 10 
min (Table 1)[1]. 

Colonic mucosal biopsies were collected before 
the first FMT in November 2014 and 1 mo after the 
second FMT in March 2015. Colonic biopsy specimens 
for immunological studies were taken from the hepatic 
flexure, and stored in PBS on ice for a maximum of 
20 h until lymphocyte isolation and analysis were 

done. Routine biopsy specimens were obtained 
from the proximal, transverse, and distal colon for 
histopathologic confirmation of the diagnosis. The third 
FMT, also with cecal instillation, was performed in May 
2015.

The patient felt generally better for 2 wk after the 
first FMT in November 2014, without any change in 
the number of daily stools. After the second FMT in 
March 2015, the patient felt an improvement with 
loose rather than watery stools for one month. The 
histopathology before the first transplant and after 
the second transplant showed typical and unaltered 
features of CC. After the third FMT in May 2015, 
remission, as defined by Hjortswang et al[21], was 
achieved for 11 mo, with 2 normal stools daily, and 
a weight gain from 48 till 55 kg. After 11 mo, the 
patient gradually relapsed, but has been in remission 
with a medication of budesonide, which did not have 
any effect before the FMTs. The patient have had no 
adverse effects from any of the FMTs. The course is 
summarized in Table 1.

Analysis of immunomodulatory effect of FMT using flow 
cytometry 
The isolation of intraepithelial lymphocytes (IELs) and 
lamina propria lymphocytes (LPLs) were performed as 
described in our previous study[22]. 200000 cells/mL 
were stained with fluorochrome-conjugated antibodies, 
and corresponding fluorochrome-conjugated isotype 
controls were used to eliminate non-specific staining[22]. 
Surface labeled cells were fixed and permeabilized 
using the Nuclear Factor Fixation and Permeabilization 
Buffer Set according to the manufacturer’s instructions 
(Biolegend, San Diego, CA, United States) and 
thereafter stained with anti-Ki67-PE[22], anti-FoxP3-
PE (clone 259D/C7; BD Biosciences) or isotype control 
(IgG1κ-PE, BD Biosciences). A minimum of 100,000 
events was collected on a Coulter Epics Altra flow 
cytometer (Beckman Coulter, Danvers, MA, United 
States) and analyzed using Kaluza software v1.3 
(Beckman Coulter) based on gated CD3+ lymphocytes. 
IEL samples were only analyzed for CD3, CD4, and 
CD8 markers as the number of events obtained were 
less than 1000 for the rest of the markers[22].

The immunomodulatory effect of FMT was assessed 
according to immunophenotypes of colonic mucosal T 
cells before the first and after the second FMTs (Table 
2). Although no major changes were observed in the 
proportions of CD3+CD4+ and CD3+CD8+ LPLs after 
the second FMT, the proportion of CD4+ and CD8+ 

activated/memory CD45RO+ LPLs were decreased, 
whereas the proportion of CD4+ and CD8+ naïve 
CD45RA+ T cells was increased and unchanged, 
respectively. The proportion of proliferating CD4+ 

and CD8+ Ki67+ LPLs were increased after the second 
FMT. The proportion of CD4+ FoxP3+ lamina propria 
regulatory T cells (Treg) was increased 3.5 times 
after the second FMT, whereas the proportion of 
CD8+ Foxp3+ T cells was decreased. The proportion 
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Table 1  Summary of the treatment and results in a collagenous 
colitis patient

Treatment Result of the treatment

Loperamide 2-4 mg per day Little effect
Cholestyramine, 4 g, three times 
per day

No effect

Mesalazine 800 mg twice per day 
for 4 mo

No effect

Budesonide capsules 3 mg 1-3 
times per day

Good but declining effect after 2 yr 
of treatment

Azathioprine Side effects (liver toxicity)
Doxycycline, 100 mg per day for 
10 d, given twice

Good but temporary effect

First FMT, November 2014 General improvement for 2 wk
200 mL filtrate infused as an 
enema in the rectum for five 
consecutive mornings

Not fulfilling the criteria for 
remission[21]

Second FMT, March 2015 General improvement for 4 wk
300 mL filtrate instilled in cecum Not fulfilling the criteria for 

remission
Third FMT, May 2015 Remission with normalized stools 

and normal BMI achieved for 11 mo300 mL filtrate instilled in cecum

Histopathologic findings before the first transplant and after the second 
transplant showed typical and similar features of CC. CC: Collagenous 
colitis; BMI: Body mass index; FMT: Faecal microbiota transplantation.

Günaltay S et al . FMT in a CC patient
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ameliorate the ongoing inflammation, whereas the role 
of Foxp3+CD8+ T cells in CC pathology remains elusive. 
Increased proportions of proliferating Ki67+ CD4+ LPLs 
after the second FMT may be due to the increased 
proportions of Foxp3+ regulatory T cells.

According to the T lymphocyte subset profile, 
the immune response in the mucosa was likely still 
activated, which may partly explain why the patient 
relapsed and required a third FMT to reach a long-term 
clinical remission. We did not collect new biopsies after 
the last FMT due to the risk of cleansing the colon, as 
the biopsies were collected from the right flexure. 

In conclusion, this case study may represent a 
novelty in the clinical management of MC. We used 
FMT with a good clinical effect, and it suggests a 
new indication for the microbiota-related therapeutic 
concept. Although this is only a case-report, we believe 
that FMT in MC should be further studied to explore 
the potential of this approach.

COMMENTS
Case characteristics
A 72-year-old female who suffered from frequent watery diarrhea and was 
diagnosed with collagenous colitis (CC) six months after debut of symptoms in 
2008.

Laboratory diagnosis
She had normal biochemical and hematologic parameters, whereas faecal 
calprotectin levels were increased from 160 mg/kg in 2009 to 500 mg/kg when 
the CC deteriorated in 2013. All stool cultures were negative for Salmonella 
species, Shigella dysenteriae, Campylobacter jejuni, Yersinia enterocolitica and 
Clostridium difficile.

Imaging diagnosis
The colonoscopy was normal. 

Pathological diagnosis
Histopathological evaluation showed an increased number of lymphocytes in 
the lamina propria, in the epithelium and in a few crypts. There was a thickened 
collagenous band subepithelially. The findings were diffusely distributed in the 
whole colon. 

Treatment
The patient responded only temporarily to medical treatment. Accordingly, she 
had repeated fecal microbiota transplantations.

Related reports
Fecal microbiota transplantation (FMT) was reported for the first time in 
1958. Since then, FMT has been performed for various indications, such as 
Clostridium difficile-infection (CDI), inflammatory bowel disease, irritable bowel 
syndrome, and metabolic syndrome. FMT for CDI has been established as 
an effective therapy when compared to treatment with antibiotics. Despite 
dysbiosis in CC patients, FMT as a possible treatment for CC has not been 
reported before.

Term explanation
FMT is a process of transplantation of fecal bacteria from a healthy individual 
into a recipient to modify microbiota dysbiosis.

Experiences and lessons
FMT is apparently a potential treatment for refractory severe CC. 

of CD3+CD8+ IELs was decreased after the second 
FMT, whereas the proportion of CD3+CD4+ IELs was 
increased. 

DISCUSSION
In an earlier study, we showed that diversion of 
the faecal stream in CC patients led to clinical and 
histopathological remission indicating a possible 
role of luminal factors in initiating the inflammation 
in CC[10]. Our observation showing that FMT can 
result in clinical improvement of CC, supports the 
hypothesis that luminal factors, including or influen-
cing the intestinal microbiota, are involved in the 
pathogenesis of CC. Efficacy of FMT has been shown 
in ulcerative colitis[11-14] and in recurrent infections 
with Clostridium difficile in the colon[15-17]. Although the 
pathophysiological mechanisms of FMT are not known 
in detail, it is shown that FMT can restore a dysbiosis 
in the gut[23]. The colonic microbiota in CC are reported 
to be disturbed[19,20], and thus a potential target for 
modification by FMT. To the best of our knowledge, this 
is the first work demonstrating beneficial effects of 
FMT in the clinical management of CC. 

The recorded increased proportion of CD3+CD8+ 
IELs compared to controls in the patient before FMT 
is in accordance with our previous studies in CC 
patients[22,24]. This cell type was decreased after the 
second FMT indicating a reduction in the excessive 
cytotoxic activity against microbes[4,25,26]. The increased 
proportions of CD3+CD4+ IELs after two FMTs indicate 
improved tissue repair[27,28], which in turn may con-
tribute to remission. The decreased proportions of 
CD4+ and CD8+ activated/memory CD45RO+ cells after 
the second FMT suggest reduced immune responses 
due to the altered microbiota[29]. The increase in 
regulatory Foxp3+CD4+ cells, similarly to our and 
others’ previous studies[24,30], is likely important to 

Table 2  Percentages of lamina propria and intraepithelial T 
cell subsets expressing different markers detected by flow 
cytometry before and after faecal microbiota transplantation

Cell phenotype Before first 
FMT

After second 
FMT

Percentages of lamina propria T cell subsets
   CD3+CD4+ 53.0 51.1
   CD3+CD4+CD45RO+ 37.2 29.2
   CD3+CD4+CD45RA+   4.0   8.4
   CD3+CD4+Ki67+   1.2   2.9
   CD3+CD4+Foxp3+   2.9 10.2
   CD3+CD8+ 40.7 38.9
   CD3+CD8+CD45RO+ 18.8   7.4
   CD3+CD8+CD45RA+ 19.5 18.1
   CD3+CD8+ Ki67+   1.2   2.9
   CD3+CD8+ Foxp3+   2.9   1.4
Percentages of intraepithelial T cell subsets
   CD3+CD4+ 13.3 22.1
   CD3+CD8+ 77.9 62.4

FMT: Faecal microbiota transplantation.

 COMMENTS

Günaltay S et al . FMT in a CC patient



1323 February 21, 2017|Volume 23|Issue 7|WJG|www.wjgnet.com

Peer-review
The manuscript from Günaltay et al. presents a case of a patient with 
collagenous colitis receiving faecal microbiota transplantation. The case is 
interesting and describes a novel application of a procedure already established 
in other conditions. 
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