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Abstract
Liver transplant for hepatitis B virus (HBV) currently 
yields excellent outcomes: it allows to rescue patients 
with an HBV-related advanced liver disease, resulting in 
a demographical modification of the waiting list for liver 
transplant. In an age of patient-tailored treatments, 
in liver transplantation as well the aim is to offer the 
best suitable graft to the patient who can benefit 
from it, also expanding the criteria for organ accep
tance and allocation. With the intent of developing 
strategies to increase the donor pool, we set-up a 
multicenter study involving 3 Liver Transplant Centers 
in Italy: patients undergoing liver transplantation 
between March 03, 2004, and May 21, 2010, were 
retrospectively evaluated. 1408 patients underwent 
liver transplantation during the study period, 28 (2%) 
received the graft from hepatitis B surface antigen 
positive (HBsAg)-positive deceased donors. The 
average follow-up after liver transplantation was 63.7 
mo [range: 0.1-119.4; SD ± 35.8]. None Primary non-
function, re-liver transplantation, early or late hepatic 
artery thrombosis occurred. The 1-, 3- and 5-year 
graft and patient survival resulted of 85.7%, 82.1%, 
78.4%. Our results suggest that the use of HBsAg-
positive donors liver grafts is feasible, since HBV can 
be controlled without affecting graft stability. However, 
the selection of grafts and the postoperative antiviral 
therapy should be managed appropriately.
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Core tip: With the intent of developing strategies to 
increase the donor pool, we set-up a multicenter study 
involving 3 Liver Transplant Centers in Italy between 
March 2004 and May 2010. 1408 patients underwent 
liver transplantation during the study period, and 28 
received the graft from hepatitis B surface antigen 
positive (HBsAg)-positive deceased donors. None 
primary non-function, re-liver transplantation, early or 
late hepatic artery thrombosis occurred. Our results 
show that transplantation of grafts from deceased 
HBsAg positive donors is feasible and this represents a 
way to expand the donor pool, especially in the high-
endemic areas where a large proportion of patients are 
highly viremic and HBeAg positive.

Ballarin R, Cucchetti A, Russo FP, Magistri P, Cescon M, Cillo 
U, Burra P, Pinna AD, Di Benedetto F. Long term follow-up and 
outcome of liver transplantation from hepatitis B surface antigen 
positive donors. World J Gastroenterol 2017; 23(12): 2095-2105  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i12/2095.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i12.2095

INTRODUCTION
Epidemiology of hepatitis B and hepatocellular 
carcinoma
Hepatitis B virus (HBV) prevalence is different from a 
geographical region to another (Figure 1): currently, in 
Northern Europe, United States, Canada and Australia 
it ranges from 0.1% to 2%, while in central and 
Eastern Europe, as well as in Mid East, India, Central 
and Southern America, it is between 3% and 7%. 
Finally, the highest incidence, ranging from 10% to 
20%, is registered in Africa and Easter Countries.

Notably, the incidence of hepatocellular carcinoma 
(HCC) in the same regions mirrors the prevalence 
of HBV. In Europe, Japan and North America HBV 
is responsible for 10%-15% of HCC cases, while 
conversely, in Asia and Africa, HBV is associated to 
70% of cases. According to several studies, the relative 
risk of developing a tumor is close to 100-fold in HBV 
carriers vs non-carriers[1]. 

Liver transplantation for HBV
Liver transplant for HBV currently yields excellent 
outcomes, but in 1983, before the introduction of 
HBV immune globulin (HBIg) and antiviral therapy, a 
United States National Institute of Health consensus 
conference recommended against transplant for HBV 

because of the poor outcomes from severe recurrent 
liver disease. The first studies showed HBIg and 
HBIg plus lamivudine to improve graft and patient 
survival[2]. Subsequently, successful suppression 
of HBV DNA before transplant by Adefovir resulted 
in improved pre- and posttransplant survival[3]. 
More recently, the use of the more potent antiviral 
agent, entecavir, entirely prevented post-transplant 
recurrence, even in some patients with prior 
lamivudine resistance[4]. Whereas the original protocols 
utilized a lifetime administration of HBIg to maintain 
a blood titer high enough to prevent reinfection, and 
this was supplemented with lamivudine and now more 
potent antiviral agents, newer protocols have reduced 
the time of administration of the HBIg to 1 year with 
continued antiviral administration indefinitely after, or 
even use Entecavir or Tenofovir as a single agent to 
achieve an undetectable pretransplant viral load and 
maintain this indefinitely afterward[3].

Liver transplant for hepatitis B virus (HBV) currently 
yields excellent outcomes: it allows to rescue patients 
with an HBV-related advanced liver disease, resulting 
in a demographical modification of the waiting list for 
liver transplant. In a review of the Scientific Registry of 
Transplant Recipients (SRTR) database of registrants 
to the liver transplant list in the United States from 
1985 to 2006, the overall number of registrants for 
HBV began declining after 1998 when oral antiviral 
therapy was first introduced[5]. Of the main indications 
for transplant owing to HBV (advanced liver disease, 
acute liver failure, and HCC), only HCC was increasing 
in number; registrants for advanced liver disease was 
declining most rapidly. This trend should continue; 
the data suggest that those with an early response 
to antiviral treatment with Tenofovir for acute severe 
reactivation of HBV have improved non-transplant 
survival (57% vs 13% for placebo-treated patients)[6].

However, antiviral therapy did not influence survival 
for those with acute liver failure owing to de novo HBV 
infection in a North American cohort of patients with 
acute liver failure[7]. It will likely be at least another 
decade until the incidence of HCC owing to HBV-
induced liver disease begins to significantly decline, 
and this in part will be owing to treatment of HBV (as 
well as immunization of populations that began in 
the early 1990s). Eventually the choice of treatment 
to prevent HBV reinfection must take into account 
treatment efficacy, patient adherence, and cost. 

Extended criteria for organ acceptance
The unmatched demand and supply rate between 
organs for transplantation is well known. As a 
matter of fact, we observed during the last decade 
a similar annual rate of donors in Europe and United 
States, while an increase of the “demand” for liver 
transplantation has been reported, in terms of new 
patients added in the waiting lists, longer mean waiting 
time and drop-out rate. Moreover, the lack of organs 
led to the exclusion from the waiting list of many 
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patients who can benefit from a transplant[8,9].
In an age of patient-tailored treatments, in liver 

transplantation as well the aim is to offer the best 
suitable graft to the patient who can benefit from 
it. In Europe and in the United States is estimated 
that almost 10% to 30% of patients listed for liver 
transplant dies before organ availability[8]. In the 
United States status I patients i.e., patients entering 
in the waiting list at the highest medical urgency, 
reported a 12 folds increased risk of death while on the 
list compared with those entering at the two lowest 
categories of urgency[10]. Data from Scandinavia 
between 1990 and 2001 show that the mortality rate 
among patients waiting for liver transplant was 16%, 
while 27% of patients listed for a highly urgent liver 
transplantation failed to get the graft[11].

For many patients with a severe clinical status 
needing urgent transplant, the so-called marginal 
organ donor can provide a chance of cure. Patients 
that never obtained a transplant due to their clinical 
characteristics may as well benefit from a marginal 
donor, overcoming the problem of organ shortage.

The terms extended donor or expanded donor 
(ECD) mean changes in donor acceptability criteria, 
which not justifies the negative connotations of these 
terms. Although criteria to select organs for donation 
were revised and modified over years, this evolution 
did not affect neither patients’ nor organs’ survival. 
Characteristics of donor and recipient, together with 
allocation scheme, organ procurement and transplant 
procedure define the “ideal organ”. Moreover, marginal 
donors can allow to obtain comparable survival rates 
when an appropriate allocation is ruled out.

Criteria and terms for certified suitability of organ 
donors: Assumptions and operational strategies in Italy
In 2001 a national commettee of experts nominated 
by the Italian National Transplant Centre (Centro 
Nazionale Trapianti-CNT) released a document for 
all personnel involved in the evaluation process of 
potential organ donor. The Commettee was made up 
of infectious disease experts, immunologists, clinical 
experts, surgeons, coordinators, anatomopathologists, 
medical examiners and oncologists. During the 
preparation phase, which lasted one year, the text 
underwent a series of changes and supplements, 
resulting in a final version shared with the scientific 
community and approved by the Italian National 
Transplant Centre as technical annex (guidelines) to 
the Ministry Decree of August 2, 2002[12]. 

These Guidelines focus on two main aspects: (1) 
The definition of acceptable/unacceptable risks for 
donor suitability or single organ utilization; and (2) the 
establishment of practical steps for the risk evaluation 
process.

The first aim was to identify the different risk levels 
and as a result five risk levels have been defined: (1) 
unacceptable risk; (2) increased but acceptable risk; 
(3) calculated risk; (4) not assessable risk; and (5) 
standard risk.

Unacceptable risk: The donor classified under this 
category should be excluded from donation and no 
organ can be used for transplantation. For example, 
HIV1 or 2 positive donors fall into this category, as well 
as HBsAg and HDV contemporaneous seropositivity. 
Neoplastic diseases represents an unacceptable risk 
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Figure 1  Geographic distribution of chronic hepatitis B virus infection-worldwide (2005). For multiple countries, estimates of prevalence of hepatitis B surface 
antigen (HBsAg), a marker of chronic hepatitis B virus infection, are based on limited data and may not reflect current prevalence in countries that have implemented 
childhood hepatitis B vaccination; prevalence may vary within countries. Source: Centers for Disease Control and Prevention (http://www.cdc.gov).
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recipient is not co-infected by delta virus; and (3) the 
patient follow-up can be monitored on the basis of a 
common national protocol established by the National 
Transplant Centre and to record data on a National 
Registry.

HBsAg negative donor: If the recipient is HBsAg 
negative, he has no anti-HBV antibodies or has a 
protective anti-HBsAg titre (≥ 10 mUI/mL), trans
plantation can be performed, after informed consent, 
when the following conditions are met: (1) the donor 
has a negative HDV antigen, negative IgM anti HDV 
antibodies, negative IgG anti HDV antibodies or with a 
titre < 1:100 or below the significant level according to 
the used assay; and (2) the patient follow-up can be 
monitored on the basis of a common national protocol 
established by the National Transplant Centre and to 
record data on a National Registry.

As a supplement to these measures, the Italian 
National Transplant Centre has deemed as proper to 
support further transplant network health workers, 
through adhoc developed information tools and an 
expert task force (second opinion) for evaluation of 
doubtful cases.

Study design
With the intent of developing strategies to increase the 
donor pool, we set-up a multicenter study involving 
3 Liver Transplant Centers in Italy: the Universities of 
Modena, Bologna and Padova. The study was approved 
by the institutional review boards at each center. 
Patients undergoing liver transplantation between 
March 2004, and May 2010, were retrospectively 
evaluated. Among 1408 patients who underwent 
liver transplanation during the study period, 28 (2%) 
received the graft from HBsAg-positive deceased 
donors. All subjects were informed of the possible 
risks, consented to enter the study and signed a 
written form. For each HBsAg case we collected 
general clinical features and data regarding the 
transplantation, including MELD score and ischemia 
time. Then we retrospectively analyzed post-operative 
data, namely immunosuppressive therapy, histological 
evidence of HBV recurrence and antiviral therapy, and 
episodes of acute rejection. 

The Italian regulations issued by the CNT allow 
HBsAg positive HDV negative recipients, HBcAb 
positive HDV negative patients, and HBV negative 
subjects with severe end-stage liver disease and a low 
life expectancy, to receive grafts from HBsAg positive 
HDV negative donors. Liver biopsy during organ 
procurement drives the evaluation on graft status, 
together with the serovirological complete assessment 
of HBV and HCV status, including HBV DNA. Moreover, 
Ishak score ≤ 1 and low inflammation, together HDV 
negative test in both donor and recipient, are required. 
HBV viral load, liver function test and age are not 
considered as exclusion criteria.

We performed liver biopsies routinely pre- and 

with the following exceptions: carcinoma in situ, basal 
cell carcinoma, cutaneous squamous cell carcinoma 
without metastases, carcinoma in situ of the cervix, 
carcinoma in situ of vocal cords, urothelial papillary 
carcinoma (T0 according to the TNM classification). 
Eventually, systemic infections caused by agents for 
which treatments are not feasible and documented 
prior disease must also be considered as exclusion 
criteria.

Increased but acceptable risk: This category 
includes organs that can be used in case of urgency 
or particular clinical conditions of recipients. In these 
cases, even when the evaluation process shows the 
presence of pathogens or transmissible disease, 
organ utilization is allowed in the light of a risk benefit 
assessment. Patients struck by fulminant hepatitis, or 
retransplants for liver primary non function, or patients 
who underwent hepatectomy for trauma with complete 
organ function loss are included in this category. 

Calculated risk: Includes all cases where the 
presence of a specific pathogen or a serological status 
of the donor (HBsAg+, or anti-HCV+ or HBcAb+) is 
compatible with transplantation recipients with the 
same disease or serological status, independently from 
recipient’s health conditions. 

Not assessable risk: Includes cases for which the 
evaluation process does not allow an appropriate 
risk assessment for transmittable diseases for lack 
of one or more assessment elements (e.g., failure to 
collect an accurate medical history for lack of relatives, 
unavailability of microbiology data despite a well-
grounded suspicion of infectious pathology). 

Standard risk: Includes cases for which the eva
luation process did not identify any risk factor for 
transmittable disease. It is the most frequent condition 
in the assessment of donors and grafts. 

The national guidelines also identify some special 
conditions that concern two main aspects, namely 
neoplastic and infectious risks.

About infections, special attention should be paid to 
the following cases: donor with HCV infection; donor 
with HBV infection (HBsAg positivity); donors with 
anticore IgG antibodies against B virus (HBcAb). In 
such cases the guidelines impose the adoption of the 
following procedures. 

HBsAg positive donor: If a donor turns out to be 
HBsAg positive, transplantation is allowed in a HBsAg 
positive recipient, after informed consent, provided 
that the following conditions are met: (1) the donor 
has a negative HDV antigen, negative IgM anti HDV 
antibodies, negative IgG anti HDV antibodies or with a 
titre < 1:100 or below the significant level according 
to the assay used; the absence of IgM anti HDV does 
not exclude delta virus chronic infection; (2) the liver 
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postperfusion in all cases. All the centers performed 
a liver biopsy protocol at months 6 and 12. However, 
all centers performed liver biopsies whenever 
biochemical or clinical signs of liver dysfunction 
became evident.

There was agreement on the definition of HBV 
recurrence as the contemporary presence of serum 
HBV-DNA and graft histology with evidence of lym
phocytic infiltrates suggestive of recurrent HBV 
infection. An experienced pathologist is required for 
this evaluation, in order to avoid confusion with acute 
cellular rejection signs, like absence of endothelitis and 
cholangitis. Ishak score and the Knodell modified HAI 
were used to stage the disease, giving to each biopsy 
a HAI inflammatory grade (scale of 0-18), a fibrosis 
stage (scale of 0-6), and a total score combining the 
previous 2. Steatosis score was recorded as none (0%), 
mild (1%-30%), moderate (31%-60%), or severe 
(61%-100%), according to the degree of steatosis 
noted in the biopsy.

We performed a standard antiviral prophylaxis in all 
patients, independently from serovirological profile. 

All HBsAg-positive recipients were on antiviral 
treatment with nucleos(t)ide analogues before liver 
transplantation and continued the same antiviral therapy 
with the addition of HBV-specific immunoglobulins 
(HBIg) after liver transplantation. The HBsAg-negative 
recipients began a similar combined treatment after LT, 
with lamivudine (LMV) and HBIg. 

HBIg administration consisted of 10000 IU during 
the anhepatic phase, then 5000 IU every day for the 
first month, subsequently 5000 IU weekly for the 
second month and finally 5000 IU every 3-4 wk to 
maintain an anti-HBs titre above 250 IU/mL. This is 
the standard regimen of the transplant centers and it 
is applied even to HBV patients receiving an HBsAg-
negative graft. Tacrolimus administration in the post-
operative setting was adjusted to maintain a plasma 
concentration between 5 and 12 ng/mL. Steroids were 
started at a dose of 20 mg daily, then tapered down 
and discontinued within 6 mo.

Statistical analysis
We reported continuous data as mean ± SD, and then com
pared those data by using the 2-side Student’s t test. 
The χ2 test with Yates’ correction, or Fisher’s exact test 
when appropriate, was used to compare groups for 
categorial variables. Survival of grafts and patients 
were evaluated using the Kaplan-Meier method 
and compared with the log-rank test. The statistical 
significance was accepted for P < 0.05. All the 
statistical analysis were performed using SPSS© 19.0.

DISCUSSION
Recipient characteristics
Four out of 28 recipients were female (median age at 
liver transplantation: 57.6 years, range: 26-67). Data 
were collected from liver transplantation until the last 

follow-up visit and the average follow-up after liver 
transplantation was 63.7 mo (range: 0.1-119.4; SD 
± 35.8). Recipient characteristics were reported on 
Tables 1 and 2.

HBV related cirrhosis, with or without HCC, was the 
indication for liver transplantation in 27 patients (Table 
1), while 1 patient was transplanted due to secondary 
biliary cirrhosis. 

The five HBsAg-negative patients showed se
rological evidence of past HBV infection. The MELD 
score (Model of End Stage Liver Disease) was applied 
to stage their liver disease status. In case of HCC, an 
extra score based on HCC stage was added, according 
to the centre (or regional) allocation policy.

Patients were transplanted after an average of 452 
d on waiting list (range: 37-1962; SD ± 394) and at 
the time of liver transplantation presented an average 
MELD biochemical score of 15.6 (range: 7-33; SD ± 
6.5) and an average MELD score correction (depending 
from other clinical variables) of 26.8 (range 11-39; SD 
± 7.2). 

The median body mass index (BMI) at the time LT 
was 25.3 (range: 19-34; SD ± 3.2).

Nineteen patients had hepatocellular carcinoma 
(67.9%) with 13 cases (68.4%) resulting within 
the Milan criteria, whereas 6 patients (31.6%) were 
outside Milan and inside UCSF criteria.

Table 1 describes different downstaging treatments 
for each patient.

The UNOS status was 2A in 5 patients (17.8%), 2B 
in 15 patients (53.6%), and 3 in 8 patients (28.6%).

Donor characteristics
Donor characteristics were reported on Table 3 and the 
overall serological state of the recipient/donor is shown 
in the Table 4.

The median age was 52.6 years (range: 13-79, 
SD ± 16.9). 13 donors were female (46.4%) while 
15 donors were male (53.6%). The death causes are 
reported on the Table 3. The average body mass index 
(BMI) of donors was 25 (range: 19.5-29.4; SD ± 2.6) 
All the patients were HBsAg-positive. 21 donors (75%) 
were HBV-DNA positive while 7 (25%) were HBV-DNA-
negative. 2 (7.1%) donors were anti-HCV positive but 
both were HCV-RNA negative. 

None was HDV co-infected. Five patients (17.9%) 
were HBsAg negative, and 4 (14.3%) were HCV co-
infected (Table 4).

Data on pre-perfusion histologic features of the 
biopsies are shown in Table 3. Most of the HBsAg 
positive grafts had a HAI inflammatory grade between 
0-2 (71.4%), followed by an HAI inflammatory grade 
between 3-4 (28.6%). None of the grafts used had an 
HAI inflammatory grade score ≥ 5. 

In particular, 6 donors (21.4%) had a grading score 
0; 7 donors (25%) had a grading score 1; 7 donors 
(25%) had a grading score 2; 4 donors (14.3%) had 
a grading score 3; 4 donors (14.3%) had a Grading 
score 4. All the grafts had a fibrosis stage ≤ 1. 
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For 14 (50%) grafts the staging was 0. Macrostea
tosis of the grafts are reported on the Table 3.

Operative factors
Cold ischemia time was in an average of 429 min 
(range: 255-632) and the warm ischemia time (WIT) 
was around 39.7 min (range: 30-55). The average 
hematic loss was 2307 mL (range: 300-13000). The 
mean length of stay in the Intensive Care Unit (ICU) 
was 5.5 d (range: 0-22), while the average Hospital 
stay was 21.4 d with a range from 6 to 143. 

Clinical outcome
None primary non-function (PNF), re-LT, early or 
late hepatic artery thrombosis occurred after liver 
transplantation.

Two (7.1%) patients who received an HBsAg-
positive donor liver had acute cellular rejection with a 
total of 1 event respectively for each patient.

Biliary complication occurred in seven patients 
(25%); in particular five biliary stenosis and two biliary 
leakages.

Five patients (17.9%) developed a major infection, 
2 patients (7.1%) had an Hepatitis C recurrence.

Recurrence of HBV infection, confirmed his
tologically, occurred in 4 (14.3%) patients who 
received HBsAg positive grafts. The mean time of 
onset of HBV recurrence was 2.1 (± 1.4) mo.

The average follow-up was 63.6 mo (range: 
0.1-119.4). The 6 deceased patients died not for 
the Hepatitis B recurrence but for different reasons. 
In particular, the cause and time of death were 
respectively: 1 patient for severe sepsis (0.4 mo), 1 
patient for cardiac arrest (0.1 mo), 1 patient for HCV 
recurrence (11.8 mo), 2 patients for HCC recurrence 
(3.5 and 13 mo, respectively) and one patient for 
Merkel cell carcinoma (45 mo).

The 1-, 3- and 5-year graft and patient survival 
resulted of 85.7%, 82.1% and 78.4% (Figure 2).

Read-out
Liver transplantation is an established therapeutic 
modality for patients with end-stage liver disease 
or/and hepatocellular carcinoma. However, in recent 
years the number of patients needing a transplant 
increase overcoming the supply: as a result, the mean 
waiting time is now longer than before, with higher 
mortality rates of patients waiting for an organ. It is 
estimated that 15% to 20% of patients on the waiting 
list die each year without receiving a suitable organ. 

Several strategies have been developed by 
transplant physicians to face this increased demand: 
innovative ways of expanding the donor pool are the 
use of split and live donor LT. Another approach is the 
use of organs from “less-than-perfect donors”, also 
called “suboptimal donors”. Non-heart-beating donors 

Table 1  Recipient characteristics at the time of liver transplantation

Case Age Gender AB0 BMI Indication Real 
MELD

MELD 
correct

UNOS Wating 
List(d)

Year LT HCC criteria Downstaging type 
(No.)

1 62 M 0 27 HCC/HBV 26 36 2A     37 2007 MILAN IN LOC(1)1

2 65 M B 21 HCC/HBV 16 39 3   522 2007 MILAN IN LOC(1) + SUR(1)
3 54 M A 22 HCC/HBV 10 33 3   513 2007 MILAN IN LOC(1)
4 45 M A 24 HCC/HBV 14 34 2B   419 2007 MILAN OUT LOC (3)
5 62 M 0 29 HCC/HBV 12 33 3   445 2008 MILAN OUT LOC (2)
6 53 M 0 28 HCC/HBV 12 35 2B   515 2008 MILAN IN LOC (1)
7 45 M A 23 HCV/HBV 24 24 2A   101 2005
8 64 M B 27 HBV/HCV 33 33 2A   478 2005
9 26 M A 23 HBV 23 23 2B   742 2005
10 64 M A 22 HCC/HBV 11 23 2B   144 2005 MILAN IN LOC (2)
11 65 F B 25 HCC/HBV 12 24 2A   195 2006 MILAN IN LOC (2)
12 56 M A 24 HCC/HBV 10 24 2B   217 2006 MILAN OUT LOC (5)
13 61 F 0 23 HCC/HBV 14 30 2B   352 2006 MILAN IN LOC (2)
14 59 M A 24 HBV 30 30 2B   118 2007
15 48 F A 27 CBS 21 33 2A     82 2007
16 65 M A 24 HCC/HBV   8 25 2B   358 2009 MILAN IN LOC (2)
17 57 M A 30 HCC/HBV 14 39 2B   576 2009 MILAN OUT LOC (7)
18 55 M B 28 HCC/HBV 18 26 2B     38 2009 MILAN IN LOC (3)
19 65 M A 24 HCC/HBV   7 25 2B   371 2009 MILAN IN LOC (3)
20 63 M A 28 HCC/HBV 16 25 2B 1962 2010 MILAN IN LOC (2)
21 60 M A 34 HCC/HBV 10 27 2B   330 2010 MILAN OUT LOC (1) + SUR (1)
22 61 M A 24 HBV 11 11 3   855 2010
23 67 M 0 19 HBV 16 16 2B   742 2004
24 55 M A 24 HBV 17 17 3   127 2004
25 60 F 0 29 HBV/HCV 17 17 2B   961 2004
26 55 M A 26 HCC/HBV 10 20 3   748 2005 MILAN IN LOC (1)
27 54 M A 27 HCC/HBV 13 19 3   134 2006 MILAN OUT LOC (2)
28 67 M 0 22 HCC/HBV 12 29 3   575 2009 MILAN IN LOC (1) + SUR (1)

1LOC: Locoregional therapy [transcatheter arterial chemoembolization (TACE) and/or radiofrequency ablation (RITA)]. SUR: Surgery; MELD: Model for end-
stage disease; BMI: Body mass index; LT: Liver transplantation; HCC: Hepatocellular carcinoma; CBS: Secondary biliary cirrhosis; HCV: Hepatitis C virus.
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and donors older than 65 years belong to such donors, 
as well as steatosic liver allografts and patients with 
previous exposure to HBV or HCV. Also the selection 
HBsAg positive donors represents a way to expand the 
pool of transplantable grafts.

On the other hand, living donor (LD) LT was 
adopted in Eastern countries to counterbalance the 
lack of deceased donors due to cultural reasons. Living 
donors and split liver transplantation have been used 
to contrast the donor shortage, but they have failed to 
significantly decrease the number of patients on the 
wait list. Those two approaches have ethical issues 
and technical complexities that make them less than 
ideal ways to expand the donor pool[13-15]. In addition, 
living donor programs have been activated in a small 
minority of transplant centers, and more institutions 
have been forced to resort to the use of other marginal 
organ donors. 

As a matter of fact, wider acceptance criteria can 
assure more donors available for transplantation and 
several guidelines are available to classify donors as 
standard or ECD[16-20]. Two main categories of ECD can 
be identified: the first one includes grafts with risk of 
dysfunction due to direct or indirect liver injury, the 
second accounts for the risk of disease transmission 
between donor and recipient. 

In the first case should be taken into account 
that those grafts must be carefully evaluated and 
transplanted in recipients capable to overcome the 
increased physiologic stress.

The ECD liver disease transmission risk is broken 
into 2 separate categories: (1) viral transmission of 
HCV, HBV, HTLV-1, and HTLV-2; and (2) malignancy 
transmission. Our previously reported results are 
consistent with other studies showing that it is safe 
to allocate grafts from HCV positive donors into HCV 
positive recipients[21-25]. The HCV positive donor liver 
must have no evidence of cirrhosis or stage > 1 
fibrosis. It is clear that HCV-positive livers should be 
declassified as ECDs.

HBV scenario: About 2 billion people have serological 
evidence of present or past HBV infection worldwide, 
and a prevalence of more than 350 million cases of 
chronic infection is estimated[26].

The selection criteria of the recipient of HBcAb-
positive donors are currently debated, while it has 
been demonstrated that a lifelong antiviral therapy is 
needed after transplantation of those grafts[23,27,28]. The 
majority of chronic HBV infections is nowadays present 
in the Western Pacific region[29], while a recent survey 
from Korea showed an overall HBsAg prevalence of 
3.7%. This group of ECD is currently underestimated 
due to the high risk of HBV reactivation and to the 
paucity of clinical data, and up-to-now they are not 
used in most of the transplant centers.

Because of the existing shortage of organs, the 
increased demand for LT, and given the possible 
implications in terms of extension of the donor pool, 
the use of HBsAg-positive grafts should be studied 
to assess safety policies. To date, only a few studies 
exist regarding the effect of donor HBsAg positivity 
on survival (Table 5). These available reports yield 
conflicting results and are limited by small sample 
sizes and short follow-up[30-38].

Gonzalez-Peralta et al[31] were the first to report 
a successful LT of an HBsAg-positive graft into HBV 
negative recipient, who shortly afterwards turns 
HBsAg positive. Several reports in literature attested 

Table 2  Recipient characteristics  n  (%)

Recipient variables n  = 28

Transplant center (No. of patients)
   Modena   6 (21.4)
   Bologna 16 (57.1)
   Padova   6 (21.4)
Gender
   Male 24 (85.7)
   Female   4 (14.3)
AB0 blood group
   Isogroup 28 (100)
   0 7 (25)
   A  17 (60.7)
   B    4 (14.3)
Age (yr), mean (range, SD)   57.6 (26-67, ± 8.7)
Body mass index, mean (range, SD)   25.3 (19-34, ± 3.1)
Real MELD score, mean (range, SD) 15.6 (7-33, ± 6.5)
Correct MELD score, mean (range, SD)   26.7 (11-39, ± 7.2)
UNOS status
   2A   5 (17.5)
   2B 15 (53.6)
   3   8 (28.6)
Time waiting list (d), mean (range, SD) 452 (37-1962, ± 393.5)
Associated hepatocellular carcinoma 19 (69.7)
   Meeting Milan criteria 13 (46.4)
   Meeting UCSF criteria   6 (21.4)
HBsAg status
   Positive 23 (82.1)
   Negative   5 (17.9)
HBV DNA positive at LT 12 (52.1)
HCV co-infection   4 (14.3)
HDV co-infection 0

UCSF: University of California, San Francisco; LT: Liver transplantation; 
HCV: Hepatitis C virus; HDV: Hepatitis D virus; MELD: Model for end-
stage disease.
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Figure 2  Patient and graft survival. LT: Liver transplantation.
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the use of HBIg and antiviral drugs against HBV such 
as lamivudine, adefovir dipivoxil, and tenofovir in 
recipients with HBsAg-positive grafts[30,32-36,38]. Loggi 
et al[37] reported a series of 10 HBsAg-positive grafts 
with HBIg and nucleos(t)ide analogue prophylaxis. 
In their experience only one patient died due to HCV 
recurrence over a mean follow-up period of 36.8 mo. 
In a cohort with 8 patients out of 10 positive for HBsAg 
after LT, no patient ever had any signs of active HBV 
hepatitis.

However, there was no comparison of outcomes 
between HBsAg-positive graft recipients with and 
without HBIg prophylaxis.

Using comprehensive clinical data from the SRTR 
database, Li et al[39] failed to identify any significant 
association between the use of HBsAg-positive donors 
and post-transplant graft or patient survival, after 
adjusting for other predictors of post-transplant survival. 
Their results demonstrate that HBsAg-positive donors 
for liver transplantation are safe and comparable in 
terms of outcomes and long-term survival to the use 
of HBsAg-negative grafts. Furthermore, other studies 
clearly showed that using HBIg may improve post-
transplant survival in recipients with HBsAg-positive 
grafts.

Several innovations have been introduced during the 
last two decades to improve the outcomes of patients 
receiving LT for HBV-related liver disease, such as 
the administration of HBIg since the early 1990s and 

lamivudine in late 1990s[40-45]. Although there is now a 
consensus in favor of the use of HBIg in HBV-positive 
recipients, its application in HBV positive donors is still 
unclear.

Our study shows that the use of HBsAg positive grafts 
is a safe procedure when carried out in combination with 
appropriate antiviral therapy and when the graft fibrosis 
is ≤ 1 and the grading score is ≤ 4.

The 4 Hepatitis B recurrences that we have followed 
during the post-LT didn’t influence the graft and patient 
survival. From our own experience, there were no cases 
of PNF and the infectious and biliary complications were 
similar to the cases of HBsAg negative graft recipients. 

However, our research shows some relevant 
limitations: first, even if it represents the major 
European study, the number of patients is still too low 
and therefore it doesn’t allow to establish ultimate 
conclusions. Then, we have chosen to focus only on 
a descriptive kind of analysis while for the future it 
will be necessary to perform comparative studies and 
matched analysis. Second, the lack of a common 
serial protocol hepatic biopsies has not allowed to 
examine the histological evolution of these grafts as 
well as a serial protocol for the dosage of the HBsAg 
quantification and the HBV-DNA level.

CONCLUSION
Despite the small number of cases, our results suggest 

Table 3  Donor characteristics

Case Age Gender AB0 Gr. BMI 
(kg/m2)

Cause of 
death

Time ICU 
(d)

Sodium 
(mEq/mL)

Vasopressors Histologic activity index Graft steatosis 
macroGrading Staging

1 59 M 0 26 CH   2 165 No 1 0 20%
2 13 F B 19 T 21 161 Yes 2 0   0%
3 69 M A 24 CH   3 152 No 0 0   0%
4 72 F A 27 CH   7 150 No 1 0 35%
5 66 M 0 22 CH   5 137 Yes 3 1   0%
6 60 M 0 26 CH   4 158 No 2 0   0%
7 73 M A 26 CH   2 151 Yes 2 1   0%
8 51 M B 23 CH   6 149 Yes 3 1 10%
9 54 M A 24 T 13 160 Yes 2 1 10%
10 72 F A 23 T   2 148 No 2 0   0%
11 60 F B 29 CH   8 162 Yes 3 1   5%
12 65 M A 29 CH   3 140 Yes 4 1 30%
13 50 M 0 24 CH 12 141 Yes 2 1   3%
14 48 M A 23 T   2 143 No 4 1   5%
15 26 M A 23 T   1 145 Yes 1 0   0%
16 52 F A 28 CH   1 155 Yes 4 1   0%
17 79 F A 24 CH 19 136 No 0 0   0%
18 46 F B 29 CH   2 158 No 0 0   0%
19 61 M A 29 CH   3 156 No 1 1 10%
20 53 F A 25 CH   6 154 Yes 2 1   4%
21 44 F A 24 CH   6 144 Yes 4 1   5%
22 23 F A 21 other   7 149 Yes 1 1   0%
23 57 F 0 24 CH   4 147 Yes 0 0   0%
24 59 M A 24 CH   1 160 Yes 0 0   5%
25 35 F 0 23 CH   1 140 Yes 1 0   0%
26 36 M A 25 T   2 146 Yes 3 1   0%
27 23 M A 29 T   2 147 Yes 0 0   0%
28 66 F 0 27 CH   3 151 Yes 1 0 10%

BMI: Body mass index; CH: Cerebral hemorrhage; T: Trauma; ICU: Intensive care unit.
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that the utilization of grafts from deceased HBsAg 
positive donors, according to our allocation criteria, is 
feasible and HBV can be controlled with graft stability 
if selection of grafts and postoperative antiviral 
treatment are appropriately managed. 

This way it could be possible to expand the donor 
pool, especially in the high-endemic areas where a 
large proportion of patients are highly viremic and 
HBeAg positive.

Long-term follow-up data and large-scale mul

Table 4  Serological state of the recipient/donor

Case HBsAg HBsAb HBcAb HBeAg HBeAb HBV DNA HDV HDV RNA HCV Ab Therapy pre-LT Mutation

R1 + - + - + - - - - Lam No
D1 + - + - + + - - - No -
R2 + - + - + - - - - Lam No
D2 + - + - + + - - - No -
R3 + - + - + + - - - Lam + Adef Yes
D3 + - + - + + - - - No -
R4 + - + + - - - - - Lam No
D4 + - + - + - - - - No -
R5 + - + - + + - - - Lam + Adef Yes
D5 + - + - + - - - - No -
R6 + - + - + - + - - Lam No
D6 + - + - + + - - - No -
R7 - + + - - - - - + No No
D7 + - + + - + - - + No -
R8 - + + - - - - - + No No
D8 + - + - + + - - - No -
R9 + - + + - + - - - Lam No
D9 + - + + - + - - - No -
R10 + - + - + - - - - Lam No
D10 + - + + - + - - - No -
R11 - + + - - - - - + No No
D11 + - + + - + - - + No -
R12 + + + - + + - - - Lam No
D12 + - + - + + - - - No -
R13 + - + - + - - - - Lam No
D13 + - + + - + - - - No -
R14 + - + - + + - - - Lam No
D14 + - + - + - - - - No -
R15 - - + - + - - - - No No
D15 + - + - + + - - - No -
R16 + - + - + + - - - Lam No
D16 + - + - + + - - - No -
R17 + - + - + + - - - Lam + Adef Yes
D17 + - + + - + - - - No -
R18 + - + - + + - - - Lam No
D18 + - + - + - - - - No -
R19 + - + + - + - - - Adefovir No
D19 + - + + - + - - - No -
R20 + - + - + + - - - Lam + Adef No
D20 + - + + - + - - - No -
R21 + - + - + - - - - NA No
D21 + - + + - + - - - No -
R22 + - + - + - - - - Lam No
D22 + - + + - + - - - No -
R23 + - + - + - - - - Lam No
D23 + - + - + - - - - No -
R24 + - + - + + - - - Lam Yes
D24 + - + - + - - - - No -
R25 - + + - + - - - + No No
D25 + - + - + - - - - No -
R26 + - + - + - - - - Lam No
D26 + - + + - + - - - No -
R27 + - + - + - - - - Adef Yes
D27 + - + - + + - - - No -
R28 + - + - + - + - - Lam No
D28 + - + + - + - - - No -

R: Recipient; D: Donor; LT: Liver transplant; Lam: Lamivudine; Adef: Adefovir.
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ticenter studies are required to confirm our findings.
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Abstract
The gastrointestinal barrier is - with approximately 400 
m2 - the human body’s largest surface separating the 
external environment from the internal milieu. This 
barrier serves a dual function: permitting the absorption 
of nutrients, water and electrolytes on the one hand, 
while limiting host contact with noxious luminal 
antigens on the other hand. To maintain this selective 
barrier, junction protein complexes seal the intercellular 
space between adjacent epithelial cells and regulate the 
paracellular transport. Increased intestinal permeability 
is associated with and suggested as a player in the 
pathophysiology of various gastrointestinal and extra-
intestinal diseases such as inflammatory bowel disease, 
celiac disease and type 1 diabetes. The gastrointestinal 
tract is exposed to high levels of endogenous and 
exogenous proteases, both in the lumen and in the 
mucosa. There is increasing evidence to suggest that 
a dysregulation of the protease/antiprotease balance 
in the gut contributes to epithelial damage and 
increased permeability. Excessive proteolysis leads to 
direct cleavage of intercellular junction proteins, or 
to opening of the junction proteins via  activation of 
protease activated receptors. In addition, proteases 
regulate the activity and availability of cytokines and 
growth factors, which are also known modulators of 
intestinal permeability. This review aims at outlining 
the mechanisms by which proteases alter the intestinal 
permeability. More knowledge on the role of proteases 
in mucosal homeostasis and gastrointestinal barrier 
function will definitely contribute to the identification 
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of new therapeutic targets for permeability-related 
diseases.
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Core tip: Increased intestinal permeability is a novel 
player in the pathophysiology of various intestinal 
and extra-intestinal diseases such as inflammatory 
bowel disease, celiac disease and type 1 diabetes. 
A dysregulated protease/antiproteases balance is 
suggested as a cause of intestinal barrier dysfunction, 
with a subsequent increase in permeability. Immune 
cel ls inf i l trat ing in the lamina propria during 
inflammatory conditions provide a pro-inflammatory 
environment by the production of cytokines and 
proteases. Protease inhibition has therapeutic potential 
but more research is needed to elucidate the exact 
involvement of specific proteases in gut physiology and 
intestinal barrier function.
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INTRODUCTION
The intestinal barrier represents the largest interface 
between the external environment and the internal 
milieu. Given the enormous intraluminal load of 
essential and noxious molecules, a selectively per­
meable barrier is indispensable for maintaining 
mucosal homeostasis[1]. The intestinal barrier serves 
a dual function: on the one hand limiting host contact 
with pathogens and antigens and on the other hand at 
the same time allowing the absorption of nutrients and 
water. Physical, biochemical and immune elements 
make up the heterogeneous intestinal barrier and 
collaborate to exert these functions. Firstly, the mucus 
layer covers the entire epithelial cell surface and 
consists of gel-forming mucins, produced by the goblet 
cells. This chemical barrier also contains defensins or 
antimicrobial peptides that are secreted by Paneth cells 
within the epithelial cell layer[2]. Secondly, the epithelial 
cell layer itself is a physical barrier that consists for 
80% of enterocytes, regulating nutrient absorption 
via specific transporters, channels and receptors 
(transcellular transport)[3]. Finally, the immunological 
barrier consists of microfold (M) cells in the epithelial 

cell layer and patrolling antigen presenting cells (APC) 
in the lamina propria. The M cells constantly sample 
luminal antigens and deliver them to APC such as 
dendritic cells and macrophages. Innocuous antigens 
drive the APCs to create a tolerogenic environment 
with the production of immunosuppressive factors 
such as IL-10, TGF-β and nitric oxide. Further tolerance 
is thereby created through the induction of regulatory 
T cells[4]. Noxious antigens are also recognized by the 
APCs and trigger the activation of the inflammatory 
cascade, starting with T cell activation[5,6].

The movement of molecules, solutes and ions 
across the intestinal epithelial cell layer can take place 
by the trans- or paracellular pathway. Transcellular 
transport is the main route for nutrient absorption 
and is facilitated through size- and charge- selective 
channels and transporters. The paracellular pathway is 
less selective since it occurs through the intercellular 
space between neighboring intestinal epithelial cells. 
The capacity of this paracellular pathway is however 
low as cells are bound tightly together by junction 
proteins, with particularly the tight junctions (TJ) 
regulating transport in response to numerous stimuli[7]. 

In the last decade, a barrier defect is suggested 
as a common factor in the onset of various local and 
systemic diseases of an inflammatory, autoimmune or 
functional nature such as inflammatory bowel disease 
(IBD), celiac disease, irritable bowel syndrome (IBS), 
type 1 diabetes mellitus and multiple sclerosis[8-13]. 
For more detailed information on the relation between 
intestinal barrier function and these disease pathologies, 
we refer the readers to Odenwald and Turner who nicely 
reviewed this topic in 2013[14] and very recently updated 
their overview in 2016[15]. Although the literature data 
are rather scarce, proteases are believed to regulate 
the intestinal permeability. They can intervene directly 
by their proteolytic action on the junction proteins, 
both intra- and extracellularly, and indirectly through 
activation of proteinase-activated receptors (PARs). 
This review provides an overview of the proteases 
(Table 1) putting emphasis on their role as regulators 
of the intestinal paracellular permeability.  

INTESTINAL TIGHT JUNCTIONS 
REGULATE PARACELLULAR 
PERMEABILITY
The intercellular spaces between neighboring intestinal 
epithelial cells are sealed by the apical junction 
complex, which contains TJs and adherens junctions, 
and by the subjacent desmosomes (Figure 1). The 
selective paracellular permeability is mediated by the 
TJs, which encircle the apical end of the intercellular 
spaces[7]. Various proteins make up TJs, including 
the adhesive transmembrane proteins occludin, 
claudins and junctional adhesion molecules as well 
as cytoplasmic proteins such as zonula occludens 

2107 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

Van Spaendonk H et al . Proteases, inflammation and permeability



2108 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

Table 1  Overview of proteases affecting intestinal permeability

Protease Effect Model Mechanism of action Ref.

Serine proteases
      Matriptase Protective ST14 hypomorphic mice Genetic depletion of matriptase induces 

an increase in intestinal permeability 
(decreased TER and increased FITC-

dextran flux)

[65, 66]

Epithelial cell monolayer Inhibition of matriptase with silencing 
RNA and the synthetic inhibitor MI-432 

increased the intestinal permeability 
(decreased TER and increased FITC-

dextran flux)

[65, 68]

      Granzyme M Protective GrzM-/- mice GrzM-/- mice display a permeability 
increase (FITC-dexran method)

[73]

      Zonulin, Zonula occludens toxin 
      (Zot)

Harmful Human epithelial cell monolayer ↑ Permeability after exposure to gliadin 
(triggers zonulin release; disruption of 

occludin and ZO-1)

[76]

Ileal tissue of diabetes prone rats Zonulin-dependent permeability increase 
in diabetic rats was abolished after oral 
treatment with zonulin inhibitor FZI/0 

(AT1001/Larazotide)

[82]

   PAR2 activation
      Trypsin, tryptase, chymase, 
      synthetic SLIGRL

Harmful WT mice, WT rats ↑ Permeability due to PAR2 activation 
(confirmed by selective PAR2 agonist 
SLIGRL; increased 51Cr-EDTA flux)

[47, 48, 51]

   PAR4 activation
      Cathepsin G Harmful Colonic biopsies from UC and healthy 

patients
↑ Permeability in response to UC fecal 

supernatant was abolished by cathepsin 
G inhibition

[58]

   PAR1 activation
      Thrombin, synthetic TFLLR-NH2 Harmful WT mice, epithelial cell monolayer ↑ Permeability after PAR1 activation 

(caspase-3 mediated; disruption of ZO-1)
[62]

   Endogenous inhibitors
      Elafin Protective Gluten sensitive mice ↓ Permeability after elafin delivery by 

recombinant Lactococcus lactis
(51Cr-EDTA flux)

[87]

Human epithelial cell monolayer Treatment with elafin normalized the 
TNF-a-induced increase in paracellular 

permeability (FITC-dextran method)

[88]

   Synthetic inhibitors
      Camostat mesilate Protective Rat IBS model Treatment with camostat mesilate 

normalized the elevated permeability 
in the rats (51Cr-EDTA flux and ZO-1 

expression)

[89]

      Nafamostat mesilate Protective Rectal biopsies from IBS and healthy 
patients

Nafamostat abolished the trypsin-
induced hyperpermeability 

(macromolecular flux in Ussing 
chambers)

[94]

Human epithelial cell monolayer Treatment with nafamostat normalized 
the tryptase-induced permeability 

increase (TER and FITC-dextran method)

[95]

      SPI Protective IBD mouse model Treatment with SPI normalized the 
increased permeability in the T-cell 
transfer colitis model (FITC-dextran 

method)

[96]

Metalloproteases
      Meprin b Protective Mep1b-/- mice Meprin b cleaves MUC2 and alters mucus 

composition
[128, 129]

   Matrix metalloproteinases
      MMP-2 Protective MMP-2-/- mice ↑ permeability in MMP-2-/- mice 

(FITC-dextran method)
[111]

      MMP-9 Harmful MMP-9-/- mice = Permeability in MMP-9-/- mice after 
DSS (FITC-dextran method; no increase 

in MLCK expression)

[114]

MMP-9-/- mice ↑ Goblet cells and MUC2 expression in 
MMP-9-/- mice

[113]

MMP-9 transgenic mice ↑ Permeability in mice overexpressing 
MMP-9 (FITC-dextran method)

[112]
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Rho-associated protein kinase (ROCK) can increase 
contractility both by activating MLCK and inactivating 
MLCP, favoring MLC phosphorylation[20]. The pho­
sphorylation status of myosin light chain induces a 
change in myosin tertiary structure causing myosin 
to “walk” along the actin filaments, increasing the 
tension in the cytoskeleton resulting in the disruption 
and cytosolic migration of TJ proteins[21,22]. This results 
in an impaired barrier function which is also referred 
to as a “leaky” barrier. Potentially noxious luminal 
proteins can now migrate to the underlying mucosal 
tissue and provoke a pro-inflammatory response. 
Even whole bacteria can cross the epithelial cells 
unrestricted at sites of epithelial damage caused by 
erosions and ulcers in GI disease. A “leaky” gut and 
epithelial damage often co-exist in disease state[14].

MUCOSAL IMMUNOLOGY AND BARRIER 
FUNCTION
In both physiological and pathological conditions, 
various mediators are able to affect the TJ conformation 
in order to control the paracellular permeability in 
epi- and endothelial cell layers throughout the body. 
Growth factors, cytokines, intestinal bacteria, dietary 

(ZO) proteins (Figure 2). The latter act as scaffolding 
proteins that connect the transmembrane proteins at 
their cytoplasmic C-terminal strands with F-actin, a 
filamentous cytoskeleton component[16]. The adherens 
junction transmembrane protein, epithelial-cadherin 
(E-cadherin), is connected to F-actin via intracellular 
proteins of the catenin-family[17]. 

The opening of the intercellular spaces is achieved 
by contraction of the actomyosin microfilaments. 
Myosin is a motor protein that co-localizes with 
F-actin and converts chemical energy from adenosine 
triphosphate into mechanical energy. A crucial step 
in the induction of this mechanochemical contractile 
machinery is the phosphorylation of myosin light chain 
(MLC), the regulatory component of myosin (Figure 
2). Myosin light chain kinase (MLCK) mediates the 
phosphorylation of MLC upon activation in response to 
Ca2+/calmodulin binding. However, there is evidence 
for other intracellular signaling pathways besides the 
calmodulin pathway to activate MLCK. The extracellular 
signal-regulated kinases (ERK1/2) have shown to 
induce MLCK activation[18]. Protein kinase C (PKC) on 
the other hand favors the phosphorylation of MLC 
by the inhibition of myosin light chain phosphatase 
(MLCP), the enzyme that dephosphorylates MLC[19]. 

      MMP-3, MMP-7 Harmful Epithelial cell culture MMP-7 cleaves E-cadherin [121]
   ADAM
      TACE/ADAM17 Harmful Human and mouse colon samples ↑ TACE activity in IBD; ↑ TNF-a release; 

↑ TNF-a-induced permeability increase
[131, 134, 135]

Caco-2 ↓ Permeability after TACE inhibition (by 
TAPI-2 and GM6001)

[136]

Cysteine proteases
      Caspase-3, caspase-8 Harmful Human epithelial cell monolayer ↓ Cell-cell adhesion (epithelial cell 

apoptosis; disruption of TJ proteins 
occludin and claudin-4)

[144]

   Endogenous inhibitor
      Cystatin No effect WT mice No effect on colonic paracellular 

permeability (51Cr-EDTA flux)
[51]

Luminal proteases
   Bacteroides fragilis
      Fragilysin Harmful Human epithelial cell monolayer ↑ Permeability (decreased TER and 

increase in mannitol flux)
[149, 150]

   Entamoeba histolytica
      Cysteine protease Harmful Mice transfected with E. histolytica 

trophozoites
↑ Permeability (FITC-dextran method) [151]

   Enterococcus faecalis
      Gelatinases Harmful IL10-/- mice ↑ Permeability (E-cadherin splicing) [156]

Epithelial cell monolayers ↑ Permeability (PAR2 signaling) [155]
   Dermatophagoides pteronyssinus
      Der p 1 Harmful Human colonic biopsies ↑ Permeability (decreased TER in Ussing 

chambers; disruption of TJ proteins 
occludin and ZO-1

[158]

   Kiwifruit cysteine protease
      Act d1 Harmful Epithelial cell monolayer ↑ Permeability (disruption of TJ proteins 

occludin and ZO-1)
[162]

WT mice ↑ Permeability (FITC-dextran method) [161]
   Aspergillus
      Amano SD Protective WT rat Improved mucosal homeostasis through 

alteration of the microbiome composition 
and SCFA induction

[163]

TJ: Tight junction; PARs: Proteinase-activated receptors; MLC: Myosin light chain; MLCK: Myosin light chain kinase; PKC: Protein kinase C; ROCK: Rho-
associated protein kinase; ZO-1: Zonula occludens 1.
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components and proteases are known to regulate 
the intestinal TJ opening[3,23-25]. Though the barrier-
regulating capacity of pro-inflammatory cytokines is 
well studied, the effect of other mediators has received 
far less attention[24,26]. 

An inflamed mucosa -as seen in IBD patients- is 
characterized by the presence of cytokines amongst 
which TNF-α and IFN-γ, which are produced by a 
variety of cells including macrophages, T-cells and 
natural killer (NK) cells. The binding of these cytokines 
to specific receptors on the surface of infiltrating 
immune cells initiates a cascade of events starting 
with the activation of cell signaling pathways leading 
to the production of more inflammatory mediators 
(NFκB) or apoptosis maintaining on their turn the 
inflammatory process. Extensive reviews have been 
published on the regulation of TJs by cytokines[24,27]. 
It has been shown in cell culture experiments that 

TNF-α and IFN-γ regulate the paracellular permeability 
through the activation of MLCK, resulting in MLC 
hyperphosphorylation and opening of the TJs[28-30], 
while IL-4 and IL-13 increase paracellular permeability 
through the induction of the pore-forming claudin-2 
and apoptotic pathways[31-33]. 

 Next to cytokines also proteases are released 
into the mucosa by inflammatory cells such as ma­
crophages, neutrophils and mast cells to regulate 
inflammation. On the one hand these proteases 
degrade the extracellular matrix, mucosal proteins and 
even live bacteria[34]. On the other hand, proteases act 
as signaling molecules via specific receptors, which will 
be discussed in the next section. 

Intestinal epithelial cells also express receptors for 
cytokine and protease signaling. Since the apical and 
basolateral membranes of the intestinal epithelial cells 
are constantly exposed to large amounts of bacterial 
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Figure 1  Proteases mediate gut barrier function. Intestinal epithelial cells are constantly exposed to proteases, both on their apical and basolateral side. Luminal 
proteases can be endogenous (e.g., pancreatic proteases) or can originate form bacteria or food particles present in the lumen. Their proteolytic activity can cause 
damage to the mucus layer and the junction proteins, affecting the barrier function. In the lamina propria, proteases are produced by various inflammatory cells and 
by the intestinal epithelial cells. In inflammatory conditions such as inflammatory bowel disease (IBD), immune cells infiltrate in the lamina propria where they produce 
various cytokines and proteases, contributing to the pro-inflammatory environment. Proteases stimulate immune cells to produce cytokines and vice versa. Besides, 
they alter the paracellular permeability by direct proteolytic cleaving of the junction proteins and by activation of the proteinase-activated receptors (PARs) on the 
epithelial cell surface, that induces a contraction of the actomyosin complex and subsequent opening of the apical junction complex (AJC; more in detail in Figure 2). 
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and endogenous proteases, the function of these 
proteolytic enzymes in intestinal barrier homeostasis 
should be further elucidated. 

PROTEASES AND PROTEINASE-
ACTIVATED RECEPTORS
Defined in general manner, proteases are enzymes 
that hydrolyze a peptide bond and in this respect 
they are best known for their digestive properties 
e.g., pancreatic proteases. However, also bacteria, 
epithelial cells, resident and infiltrating inflamma­

tory cells produce luminal and mucosal proteases 
exerting various biological functions, both intra- and 
extracellularly. For instance, proteases are vital in 
inflammation, apoptosis, coagulation and cell growth 
and migration[35,36]. Since excessive proteolysis can 
cause tissue damage, a tight regulation of protease 
activity in order to prevent pathology is necessary. 
There are multiple mechanisms that control the 
protease activity such as the synthesis as inactive 
zymogens that require proteolytic cleaving for 
activation and on the other hand the termination 
of protease activity by endogenous inhibitors or 
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Figure 2  A more detailed representation of the apical junction complex at the intercellular surface between adjacent intestinal epithelial cells. Tight 
junctions are comprised of three types of transmembrane proteins: occludin, claudins and junctional adhesion molecules (JAMs). Adaptor proteins such as zonula 
occludens 1 (ZO-1), ZO-2 and ZO-3 connect the transmembrane proteins to filamentous actin. This cytoskeleton component interacts with myosin to induce a 
contraction, followed by the opening of the intercellular space. Myosin light chain (MLC) is the main regulator of this contractile machinery. Contraction occurs when 
MLC is phosphorylated. This is regulated through the activity of myosin light chain kinase (MLCK) and myosin light chain phosphatase (MLCP), which is on their turn 
regulated by intracellular signaling pathways involving for instance the extracellular signal-regulated kinases (ERK1/2), calcium, calmodulin, protein kinase C (PKC) or 
Rho-associated protein kinase (ROCK).
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antiproteases. A dysregulation in the protease balance 
with an increased protease activity has been observed 
in gastrointestinal diseases such as IBD and IBS, 
making protease inhibition by endogenous or synthetic 
inhibitors a potential therapeutic intervention[37]. 
Proteases are classified based on their mechanism of 
hydrolysis of the target peptide bond. This implicates 
that all proteases that belong to the same clan, share 
the same nucleophilic amino acid in their active site 
and are more likely to react with the same inhibitors. 
In mammals, five classes of proteases have been 
identified: serine-, metallo-, cysteine-, aspartate- and 
threonine proteases. 

Proteases are not merely degrading enzymes. 
They can also act as signaling molecules by the 
proteolytic activation of the PARs. Four receptors 
have been identified in this family (PAR1, PAR2, 
PAR3, PAR4)[38]

. Activation of these G-protein coupled 
receptors occurs after the proteolytic truncation of 
the N-terminal extracellular tail, releasing a new 
N-terminus that functions as a tethered ligand. This 
specific domain binds the second of three extracellular 
loops on the receptor and thereby generates an 
intracellular signal. PARs are expressed ubiquitously 
among tissues and cell types. In the gut, they are 
present on epithelial cells, endothelial cells, neurons, 
inflammatory cells, mast cells, smooth muscle cells 
and fibroblasts. Depending on the cell type, different 
signaling pathways have been described[39]. This 
also implicates that proteases mediate different 
GI physiological processes such as motility, cell 
proliferation and apoptosis, immune response, 
cytokine production, neurogenic inflammation, 
pain and epithelial barrier function through PAR 
activation[40]. For a more detailed description of this 
topic, we refer the reader to the companion review 
in (WJG Dec. 2016) from our group, illustrating this 
topic in detail[41].

SERINE PROTEASES
Of all proteolytic enzymes, serine proteases are by 
far the most abundant group[42,43]. Their successful 
mechanism of hydrolysis of peptide bonds occurs 
throughout the entire body in functionally diverse 
processes including digestion, immune response, blood 
coagulation, fibrinolysis, apoptosis and pro-hormone 
processing[42]. Serine proteases act both directly and 
indirectly as paracrine signaling effectors on PARs, 
provoking intracellular signals in order to mediate 
these vital processes. During the inflammatory cascade 
for example, proteases are released by infiltrating 
inflammatory cells and modulate the bioactivity of 
cytokines and chemokines by proteolytic cleavage[37]. 
For instance, the N-terminal truncation of CXCL-8 and 
CXCL-5 respectively by proteinase 3 and cathepsin G 
provides an increased chemotactic activity towards 
neutrophils[44,45]. Most proteases involved in PAR 

activation on the other hand belong to the serine clan 
of proteases[8]. In inflammatory cells, the activation of 
the G-protein coupled pathway leads to downstream 
activation and nuclear translocation of NFκB. In 
response, the cell synthesizes pro-inflammatory 
cytokines boosting inflammation[46]. In epithelial cells, 
paracrine signaling of proteases through PARs induces 
changes in paracellular permeability which will be 
discussed in the next paragraph. 

The majority of the research in the field of intestinal 
permeability involves PAR2. In 2002, it was shown 
for the first time by Coelho et al[47] and Cenac et al[48] 
that PAR2 activation by the serine proteases trypsin, 
tryptase and chymase induced an increase in the colonic 
permeability of Cr51-EDTA, a marker of paracellular 
permeability[49,50]. The selective synthetic PAR2 agonist 
SLIGRL (H-serine-leucine-isoleucine-glycine-arginine-
leucine-OH) mimicked the effect of endogenous serine 
proteases, thereby increasing intestinal permeability[47,51]. 
Although PAR2 receptors are expressed on both apical 
and basolateral membranes of epithelial cells, some 
authors suggest that only apical administration of PAR2 

agonists - and not intraperitoneal (i.p.) administration- 
alters the intestinal barrier function[51]. Other authors 
however provided proof of direct basolateral PAR2 
activation and a subsequent increase in paracellular 
permeability[18,52]. Further investigation into the 
mechanism of action revealed the involvement of 
calmodulin and MLCK in the PAR2-mediated alterations 
of paracellular permeability as intracolonic injection of 
SLIGRL increased the MLC phosphorylation on western 
blot. Pretreatment with ML-7, an MLCK inhibitor, 
abolished the elevated mucosal permeability caused 
by contraction of the epithelial cell cytoskeleton after 
phosphorylation of MLC[53]. In addition, MLCK was 
activated by the Ca2+-binding messenger protein 
calmodulin since precipitation of MLCK revealed an 
increased binding of calmodulin and the inhibition of 
calmodulin by chlorpromazine reduced the SLIGRL-
induced increase in paracellular permeability[54,55]. 
Besides the calmodulin pathway, also ERK1/2 can 
activate MLCK which directly leads to the disruption 
of TJ composition and function[18]. The increased 
permeability induced by tryptase in cultured colonocytes 
was not only abolished by a tryptase inhibitor but also 
by the ERK1/2 inhibitor UO126. Finally, incubation of 
a human intestinal epithelial cell line (SCBN) with 
SLIGRL induced the disruption and migration into the 
cytoplasm of the TJ protein ZO-1[55]. 

The latest discovered member of the PAR-family, 
PAR4, is receiving increasing attention[56]. This is 
mainly due to the discovery that cathepsin G is a PAR4-
selective neutrophil serine protease. As cathepsin G is 
a neutrophil protease (alongside with proteinase 3 and 
neutrophil elastase) it might represent an inflammatory 
mediator in conditions such as IBD, where neutrophil 
accumulation within the submucosa is considered a 
hallmark[57]. And indeed, ulcerative colitis (UC) patients 
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express higher colonic levels of cathepsin G and PAR4, 
both involved in the increased paracellular permeability 
in UC patients[58]. This was proven by using the PAR4 
inhibitor P4pal-10, a pepducin that selectively blocks 
PAR4 signaling[59]. In Ussing chamber experiments 
with mice colonic strips, fecal supernatant of UC and 
Crohn’s disease (CD) patients triggered a significant 
increase in FITC dextran permeability abolished by the 
pre-treatment with P4pal-10 in strips triggered with 
UC supernatant but interestingly not for the strips 
triggered with the supernatant of CD patients[58]. In 
addition, the PAR4 activating peptide AYPGKF-NH2 

was able to induce an increased mucosal permeability 
with a similar effect as the UC fecal supernatant[60]. 
Finally, pre-incubation of UC fecal supernatant with the 
specific cathepsin G inhibitor completely normalized 
the elevated permeability effect[58]. These data 
suggest that cathepsin G plays a predominant role in 
the pathophysiology of UC by activating PAR4, while 
this is not shown in CD. However there is a lack of 
studies investigating the expression of cathepsin G and 
comparing this expression between UC vs CD patients. 
Other proteases are likely to play a key role in barrier 
function in CD.

Also PAR1-signaling induces epithelial barrier 
dysfunction, but in this case apoptosis seems to 
mediate the phenomenon. Treatment with PAR1 
agonists (thrombin and selective PAR1 activating 
peptide TFLLR-NH2) increased the paracellular per­
meability in vitro in an epithelial cell line (SCBN) as 
well as in vivo in mice. This permeability increase 
depends on the disruption of ZO-1. Chromatin 
condensation and nuclear fragmentation, hallmarks 
for apoptosis, were induced in a caspase-3-de­
pendent manner. Interestingly, pretreatment with a 
caspase-3 inhibitor (Z-DEVD-FMK), which irreversibly 
inhibits apoptosis[61], completely abolished the 
effect of the PAR1 agonists on permeability and 
apoptosis. Also the MLCK inhibitor ML-9 abolished 
the abnormalities[62]. Apart from PARs, also specific 
serine proteases were studied in the field of intestinal 
permeability. 

A serine protease that is important for the intestinal 
barrier homeostasis is the transmembrane protein 
matriptase, or membrane type serine protease-1. 
A critical role in the epithelial barrier formation and 
the apical junction complex assembly is attributed 
to this trypsin-like serine protease[63,64]. Suppressor 
of tumorigenicity-14 (ST14) hypomorphic mice, 
which express less than 1% of the matriptase mRNA 
levels present in the intestine of control littermates, 
were found to have an impaired intestinal barrier as 
measured by transepithelial electrical resistance and 
FITC-dextran permeability[65,66]. This could explain 
the increased susceptibility of ST14 hypomorphic 
mice to DSS colitis, with a 30% survival rate after 
7 d DSS vs 100% in control littermates[67]. Not only 
genetic depletion but also pharmacological inhibition 

(with MI-432) and RNAi silencing of matriptase 
modulate the TJ assembly, causing the opening of 
the paracellular gate[65,68]. In physiological conditions, 
matriptase regulates the expression pattern of the 
“pore-forming” TJ protein claudin-2. Since there 
is no evidence of direct proteolytic processing by 
matriptase, it is likely that matriptase enhances 
the claudin-2 protein turnover via activation of 
protein kinase C-zeta (PKC-ζ)[65]. Other studies also 
reported an association of matriptase with other TJ 
proteins. For instance in ST14 hypomorphic mice, 
multiple grades of TJ disruption were identified with 
expression patterns of occludin, ZO-1 and claudin-1 
ranging from a decreased protein expression to 
areas of complete absence, whereas claudin-2 was 
upregulated[66,67]. E-cadherin levels however remained 
unaltered despite co-localisation of matriptase with 
E-cadherin[65]. In addition, matriptase expression in 
inflamed colonic tissues from CD and UC patients 
is significantly downregulated, making matriptase 
induction a potential therapeutic strategy[68]. Recently, 
Pászti-Gere et al[69] showed that reinforcement of the 
intestinal barrier is in fact possible by the induction 
of matriptase. Incubation of an intestinal epithelial 
cell line with the matriptase activator sphingosine-
1-phosphate increased the TER and resulted in an 
upregulation of occludin at the apical junction. Also in 
vivo it was shown that matriptase restoration recovers 
the barrier integrity by decreasing permeability-
associated claudin-2 protein levels and thereby 
protecting against DSS colitis[67]. Although it should be 
noted that a tight regulation of matriptase is necessary, 
since an overexpression could result in malignancies 
due to its involvement in epithelial proliferation[70-72]. 

Recently, serine protease granzyme M was also 
shown to be essential for normal barrier function[73]. 
In this study, mice deficient of granzyme M were more 
susceptible to DSS colitis and showed an elevated 
paracellular permeability compared to wild type (WT) 
mice. Furthermore, granzyme M expression was 
upregulated in the inflamed colon tissue samples 
from UC patients, suggesting that granzyme M acts to 
induce colonic protection during active disease[73].

In 2000, Fasano et al[74] discovered the serine 
protease analogue zonulin, the first known endogenous 
physiologic modulator of TJ proteins regulating the 
paracellular permeability. The human protein zonulin 
is similar to Zonula occludens toxin (Zot) that was 
discovered earlier in Vibrio cholerae. It increased 
intestinal paracellular permeability in a similar 
fashion[75]. Luminal exposure to bacteria and the gluten 
component gliadin are identified as the two most 
powerful triggers for zonulin release in the gut[76,77]. In 
addition, gliadin can cause celiac disease in genetically 
susceptible individuals, which is associated with 
increased paracellular permeability. The expression level 
of zonulin was shown to be increased in the intestinal 
submucosa of celiac disease patients[74]. Also in CD 
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patients, serum zonulin levels are higher compared 
to their relatives and to healthy control subjects. 
Interestingly, 50% of the first degree relatives had 
serum zonulin levels that were increased tremendously 
(more than two times the standard deviation above 
the mean) whereas this large increase could only be 
observed in 4.9% of controls[78]. For both zonulin and 
Zot, the mechanism of opening intercellular TJs is 
likely to resemble the effect of certain serine proteases 
(cfr. supra) although it is not fully elucidated yet. It is 
suggested that zonulin and Zot cause TJ disassembly 
by activating the epidermal growth factor receptor 
(EGFR) on the epithelial cell through transactivation of 
PAR2 (Figure 1)[78,79]. The involvement of PAR2 in EGFR 
activation was confirmed by the findings that zonulin 
could not reduce the TER in ileal strips from PAR2

-/- 
mice in contrast to strips of WT mice. Subsequently, 
intracellular signaling involves protein kinase C-α (PKC-
α)-activation that leads to polymerization of F-actin, TJ 
disassembly and opening of the paracellular space[80]. 
Meanwhile, a synthetic octapeptide resembling the 
receptor-binding domain of zonulin was developed. 
This molecule, named Larazotide acetate or AT-1001, 
prevents the opening of TJs in response to zonulin by 
competitively antagonizing the zonulin receptors (EGFR 
and PAR2)[81,82]. Clinical trials are currently ongoing to 
assess its efficacy as a therapy for celiac disease, but 
there also is evidence for therapeutic potential in other 
pathologies such as IBD[83,84].

Serine protease inhibitors
Two families of endogenous protease inhibitors, the 
Serpins and Chelonianins, tightly regulate the activity 
of the serine proteases by binding to the target 
protease and largely adjusting its confirmation leading 
to an irreversible disruption of the active site[85]. A 
defect in the protease/antiprotease balance leads to 
tissue damage due to excessive proteolytic capacity 
causing gastrointestinal diseases. 

Serpins are most studied in their role in con­
trolling the coagulation cascade. However, in the 
gastrointestinal tract, secretory leucocyte protease 
inhibitor (SLPI) and elafin are of importance. Both are 
produced by intestinal epithelial cells or leucocytes and 
inhibit neutrophil elastase and proteinase-3. Besides, 
SLPI is also a potent inhibitor of trypsin, tryptase, 
chymotrypsin, chymase and cathepsin G[37]. Although 
elafin, or skin-derived antileukoproteinase, and SLPI 
are poorly investigated when it comes to barrier 
function disturbances, an elevated expression of these 
antiproteases was reported in “leaky gut”-related 
gastrointestinal diseases. For instance in CD and UC 
patients it was shown that the levels of elafin and 
SLPI are significantly higher in inflamed colonic tissue 
vs noninflamed and control tissues. Interestingly, 
the upregulation was less pronounced in inflamed 
CD samples vs inflamed UC samples[86]. In contrast, 
the elafin expression in small intestinal samples was 
lower in patients with active celiac disease compared 

to control patients. Local treatment of gluten-sensitive 
mice with elafin using a recombinant Lactococcus lactis 
vector, restored the intestinal barrier function and 
normalized the ZO-1 expression, which was disrupted 
in a mouse model of celiac disease[87]. In vitro 
experiments in a Caco-2 cell line confirm these barrier-
protective effects of elafin. Cells treated with TNF-α to 
induce a barrier defect, showed a complete restoration 
in paracellular permeability after simultaneous 
treatment with elafin[88]. 

Restoring an impaired barrier by pharmacological 
protease inhibition has been proposed as a promising 
therapeutic treatment option for IBD, functional GI 
disorders such as IBS and for colorectal cancer[37] 
because epithelial barrier dysfunction is a common 
factor in these diverse pathologies. Studies with 
the synthetic broad specificity serine protease 
inhibitors nafamostat mesilate and camostat mesilate 
revealed positive effects on paracellular permeability. 
In an animal model for IBS, where the colonic 
permeability towards 51Cr-EDTA was elevated and 
ZO-1 disrupted, treatment with camostat mesilate 
not only normalized the fecal protease activity but 
also the colonic permeability significantly improved 
and the ZO-1 protein levels were restored[89]. Nafa­
mostat mesilate, that has shown beneficial effects 
on disease outcome in animal models of colitis[90], 
IBS[91], acute pancreatitis[92] and colorectal cancer[93], 
also seems to restore the intestinal barrier function. 
The addition of tryptase to the basolateral side of 
human colonic strips mounted in Ussing chambers 
increased the permeability proportional to the tryptase 
concentration. This was abolished after simultaneous 
addition of nafamostat mesilate[94]. In an in vitro co-
culture model, Caco-2 cells responded to mast cell 
degranulation with a disruption of epithelial integrity 
shown by a decrease in TER, an increase of FITC-
dextran flux and a decrease in the expression of the 
TJ proteins claudin-1 and ZO-1. These effects were 
prevented by tryptase inhibition using nafamostat 
mesilate[95]. These positive findings of nafamostat on 
intestinal permeability could however not be confirmed 
in vivo in a chronic animal model of T-cell transfer 
colitis (unpublished results). However, in our own lab, 
a beneficial effect of a novel serine protease inhibitor 
(Di-(4-acetamidophenyl) 1-(benzyloxycarbonylamino)-
2-[(4-guanidino)phenyl]ethanephosphonate trifluoroa­
cetate; abbreviated as SPI in Table 1) was shown in a 
T-cell transfer colitis model. A curative i.p. treatment 
with this novel protease inhibitor abolished the 
elevated intestinal permeability that was seen in the 
vehicle-treated colitis animals while also exerting anti-
inflammatory effects whereas nafamostat only showed 
the anti-inflammatory effects[96].

METALLOPROTEASES 
Matrix metalloproteases
Matrix metalloproteases (MMPs) are generally 
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known for their ability to degrade and remodel the 
extracellular matrix (ECM). But in addition to their 
role in ECM turnover, MMPs degrade or proteolytically 
activate a wide range of molecules such as che­
mokines, cytokines, growth factors, membrane 
receptors, cytoskeleton proteins and junctional 
proteins[97,98]. Under normal physiological conditions, 
their activity is tightly regulated by the tissue inhibitors 
of metalloproteases (TIMP-1-4). A dysregulation of 
the balance between MMPs and TIMPs is associated 
with inflammation and tissue damage[99,100]. Indeed, 
various studies have reported an upregulation of 
MMPs in inflamed IBD epithelium, suggesting that the 
inhibition of MMPs could be an interesting therapeutic 
intervention in IBD[99,101-104]. However, the failure of 
MMP inhibitors in cancer trials has led to rethink the 
clinical potential of these compounds[105,106]. Indirect 
inhibition of the effects of MMPs or intervening in the 
signal transduction pathways influenced by MMPs 
seems more likely to be successful. In this respect, 
the new physiological and pathological roles of MMPs 
in specific diseases are being further investigated, 
such as their effect on the epithelial barrier integrity, 
discussed below. 

Previous studies have demonstrated the upre­
gulation of the gelatinases MMP-2 and MMP-9 in 
IBD patients[103,107,108] as well as in animal models of 
colitis[109-111]. It was found that a specific overexpression 
of MMP-9 in the intestinal epithelium is associated 
with a defective barrier function and mucin production 
due to a decrease in goblet cell differentiation[112]. 
Supporting their role in barrier function, MMP-9-/- mice 
have an increased number of goblet cells and MUC-2 
expression compared to WT mice[113]. Recently, Nighot 
et al[114] showed an attenuation of the DSS-induced 
increase in colonic permeability in MMP-9-/- mice. 
The protein levels of tight junctional occludin were 
elevated in MMP-9-/- mice, both DSS- and vehicle-
treated, vs WT mice. It was also found that the protein 
expression of MLCK was upregulated in DSS colitis in 
WT mice but not in MMP-9-/- mice. Interestingly, MLCK 
is a key regulator of TJ permeability as described 
above[115], suggesting that MMP-9 is a key regulator 
of TJ permeability via MLC phosphorylation. The other 
gelatinase, MMP-2, plays a barrier protective role in 
contrast to MMP-9. Mice deficient from MMP-2 have an 
impaired intestinal barrier function, making them more 
susceptible to develop experimental colitis compared 
to their WT counterparts[111]. The authors suggest 
that MMP-2 exerts its barrier protective function by 
associating with TJ proteins, since multiple studies 
have shown close interaction between MMP-2 and 
claudins[116,117].

Besides MMP-2 and MMP-9, transcript and protein 
levels of MMP-7 (matrilysin) and MMP-3 (stromelysin-1) 
are shown to be upregulated in the mucosal tissues 
of active IBD patients vs healthy control tissue[118-120]. 
These MMPs are linked to the ectodomain shedding of 

E-cadherin and thereby releasing soluble E-cadherin in 
the interstitium and loss of E-cadherin function in cell-
cell adhesio[121]. Although the majority of the research 
revolves around cancer, it is relevant to include the 
proteolytic splicing of E-cad in this review since loss of 
E-cadherin is associated with disturbances in barrier 
function during intestinal inflammatory diseases[122,123]. 
In cancerous cell lines the ability of matrilysin and 
stromelysin-1 to release soluble E-cadherin was 
proven with a loss of E-cad function in the cell-cell 
adhesion and a facilitation of tumor cell invasion as a 
consequence[121,124,125]. The released sE-cadherin works 
as a paracrine/autocrine signaling molecule, promoting 
MMP production and thereby worsening the disease 
progression[126,127]. 

Not all metalloproteases are however harmful. 
The transmembrane endopeptidase meprin β is 
found to be essential in mucus homeostasis. A 
loosely organized, nonattached mucus layer covers 
the epithelial cells on the luminal side, protecting 
them from digestive proteases thereby forming 
an important part of the physical barrier against 
infiltration of harmful substances. The mucin MUC2 
is produced by goblet cells and detached by meprin β 
splicing. Mice lacking the gene encoding for meprin β 
(Mep1b-/-) display a more dense mucus fenotype[128]. 
In addition, the detached MUC2 is an important 
luminal factor promoting oral tolerance. The outer 
mucus layer inhabits commensal bacteria which bind 
MUC2 and are picked up by patrolling dendritic cells 
in the intestinal mucosa. After binding, MUC2 induces 
immunoregulatory signals such as IL-10 and retinoic 
acid, which are important co-stimulatory factors 
helping CD103+ dendritic cells to induce regulatory T 
cells, and thus oral tolerance[129].

A disintegrin and metalloproteinase
Another family of metalloproteases are A Disintegrin 
and Metalloproteinase (ADAM) involved in the release 
of the ectodomain from transmembrane proteins, a 
process that is referred to as “shedding”. 

TNF-α converting enzyme (TACE), or ADAM17, 
generates the biologically active, soluble form of TNF-α 
by cleaving the transmembrane bound precursor at the 
cell surface[28,130,131]. Since TNF-α is a major contributor 
of the increased intestinal permeability in inflammatory 
conditions[28,131,132], TACE is a potential key player in 
the regulation of paracellular permeability. In the past, 
TACE inhibition (by the endogenous inhibitor TIMP-3 or 
synthetic inhibitors) has been investigated in diseases 
that benefit from anti-TNF-α therapy, such as IBD, 
showing promising results[133-135]. Recently, Al-Sadi et 
al[132] investigated the signaling pathways that mediate 
TNF-α-induced modulation of intestinal paracellular 
permeability showing MAP kinase ERK1/2 activation, 
on their turn phosphorylating and activating Elk-1 
which subsequently leads to an increase in MLCK and 
opening of TJs.
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The effect on intestinal permeability of pharma­
cological TACE-inhibition was investigated on a Caco-2 
monolayer. Pretreatment with two synthetic inhibitors, 
the broad MMP-TACE inhibitor GM6001 or the TACE-
specific inhibitor TAPI-2, suppressed the permeability 
increase induced by TACE[136]. In contrast, Fréour et 
al[137] demonstrated that TACE inhibition, by TIMP-3 or 
by TAPI-2, amplified the TNF-α-mediated increase in 
paracellular permeability in vitro. The authors suggest 
that this might be due to an autocrine effect of TIMP-3, 
triggering the release of pro-inflammatory cytokines 
that contribute to a hyperpermeable intestinal barrier. 
It should be noted however that no hard evidence to 
prove this statement was provided. 

CYSTEINE PROTEASES 
The vast majority of cysteine proteases reside intra­
cellularly, where they mediate distinct signaling 
pathways affecting programmed cell death and 
inflammation[37,138]. Particularly the caspase family of 
cysteine proteases is well known in the field of cell 
death. For instance, caspase 1 and 5 take part in 
inflammasome activation, promoting IL1-β and IL-18 
maturation. Caspase 8 plays a central role in both 
apoptotic and inflammatory pathways, activating 
respectively pro-apoptotic proteins and NF-κB[138]. 
Hence, cysteine proteases affect the epithelial barrier 
integrity for the most part indirectly via their effect on 
inflammation and cell death.

Intestinal epithelial cells undergo apoptosis in 
a tightly regulated fashion in order to renew the 
entire cell population every 72 to 96 h[139]. Under 
inflammatory conditions, such as during IBD, the 
apoptosis rate increases significantly, inducing 
morphologic changes in the intestinal barrier[140,141]. 
During apoptosis of the intestinal epithelial cells, TJ 
proteins undergo proteolytic cleavage and dislocate 
from the lateral cell surface[142]. In human colonic 
HT-29/B6 cells, induction of apoptosis resulted in 
a significant decrease of TER and an increase in 
macromolecular tracer permeability[143]. Caspases 
cleave the transmembrane protein occludin (at the 
cytoplasmic tail) and adaptor proteins ZO-1 and ZO-2. 
Although the chronologic sequence of events may not 
always be clear, there is evidence that a disruption of 
TJ proteins, caused by for instance bacterial infection 
or inflammation, activates caspase-8 and -3 and thus 
initiating cell death[144]. In an in vivo permeability assay 
however, no effect on Cr51-EDTA flux over the colonic 
barrier was measured after intraluminal administration 
of cystatin, a cysteine protease inhibitor, whereas 
serine- and metalloprotease inhibitors lowered the flux 
significantly[51].

LUMINAL PROTEASES
When it comes to research into the pathogenesis of 

IBD and IBS, both the gut microbiome and proteases 
are receiving increasing attention[37,145,146]. Surprisingly, 
the current knowledge on proteases focusses mostly 
on host-derived proteases while bacteria-derived 
proteases have been largely ignored[147]. As previously 
mentioned, IBD and IBS patients have elevated fecal 
protease levels. In IBS-D patients it was shown that 
the majority of the fecal protease activity is most likely 
due to human pancreatic enzymes and not bacteria. 
However, an oral antibiotic treatment in mice resulted 
in decreased fecal activity, supporting the hypothesis 
that bacteria contribute to the luminal protease 
content[148]. 

In the 1990s it was discovered that the metallo­
proteinase fragilysin, which is produced by the colonic 
commensal bacteroides fragilis, alters the intestinal 
permeability. Experiments with the purified fragilysin on 
a human colon cell line (HT-29) revealed the increase 
in permeability towards ions (shown by a decrease in 
TER) as well as towards macromolecules (increase in 
mannitol passage across the cell monolayer)[149,150]. 
Later, the role of Entamoeba histolytica (Eh)-derived 
cysteine proteases in the pathogenesis of amoebic 
colitis was investigated. The amoebic cysteine 
proteases induce inflammation by activating IL-1β in 
a way similar to the human caspases (cfr. supra), and 
damage to the intestinal epithelial barrier resulting 
in an increased paracellular permeability[151,152]. Two 
specific proteases mediating TJ disruption were 
identified; Eh cysteine protease A5 (EhCPA5) and 
EhCP112[152,153]. Recently, bacterial-derived gelatinases 
were investigated. Pruteanu et al[154] screened bacterial 
colonies in fecal samples of healthy controls and IBD 
patients for gelatinolytic activity. The researchers 
could link Clostridium perfringens to the majority 
of the proteolytic activity in the fecal samples. In 
addition, C. perfringens culture supernatant reduced 
the TER in Ussing chamber experiments performed 
on rat distal colon. Gelatinase (GelE) produced by the 
enteric microbe Enterococcus faecalis also has shown 
to induce a barrier defect in epithelial cell monolayers 
and in vivo in mice[155,156]. Originally, the degradation 
of E-cadherin by proteolytic activity of GelE was 
considered to be the cause of the permeability 
increase[156]. Later on, Maharshak et al[155] discovered 
the involvement of PAR2 activation in the GelE-induced 
permeability increase. Purified E. faecalis GelE failed 
to induce a permeability increase in PAR2

-/- mice as 
well as in epithelial monolayers treated with a PAR2 
antagonist. 

The feces of the house dust mite (HDM; Der­
matophagoides pteronyssinus) contains a cysteine 
protease, Der p 1, which is known to disrupt the lung 
epithelial TJ proteins occludin and ZO-1 and thereby 
facilitating allergen delivery and eventually provoking 
asthma[157]. Recently, Der p 1 was shown to be present 
in the human gut, affecting barrier function. Exposure 
of colonic biopsies to a HDM extract reduced the 
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expression of TJ proteins occludin and ZO-1, reduced 
the mucus layer thickness, increased TNF-α and 
increased the paracellular permeability. Pre-incubation 
of the HDM-extract with the cysteine protease inhibitor 
E64 abolished the HDM-induced damage to the 
intestinal barrier[158]. 

Furthermore, there is an established link between 
food allergens and the degradation of the epithelial 
barrier[159,160]. In the digestion process, food particles 
are broken down by pancreatic and brush border 
proteases into tripeptides, dipeptides and single 
amino acids. When the intestinal barrier function 
is not impaired, oral tolerance is induced against 
these soluble peptides that can cross the epithelium 
in a selective and regulated manner. But in other 
-possibly genetically susceptible- individuals, partially 
or undigested proteins can still reach the mucosa 
where they provoke an inflammatory signal instead 
of tolerance. Plasma cells produce allergen-specific 
IgE which causes mast cell degranulation at contact. 
The secreted mast cell proteases and cytokines both 
contribute to the increased barrier dysfunction via their 
effect on the TJ configuration, leading to an opening 
of the paracellular route. The difficulty lies however 
in the “chicken and egg” paradigm. Until today there 
is evidence for only one food protease to affect 
the intestinal barrier directly. The kiwifruit cysteine 
protease actinidin (Act d1) has shown to induce a loss 
of barrier function in epithelial cell monolayers by the 
disruption of the occludin and ZO-1 network[161,162]. 
This effect could be confirmed in vivo. Mice gavaged 
with actinidin exerted an elevated permeability 
towards FITC-dextran compared to mice gavaged with 
the vehicle[161].

Dietary proteases can also contribute to intestinal 
health. Addition of Aspergillus-derived proteases 
(Amano SD) to the diet of rats improved intestinal 
health via the expansion of commensal colonic bacteria 
of the Bifidobacterium and Lactobacillus species. The 
altered microbiota composition enhanced the formation 
of short chain fatty (SCFA) acids such as butyrate, 
propionate and lactate[163]. SCFA with butyrate in 
particular promote mucosal homeostasis among other 
things by enhancing the intestinal barrier function 
through the upregulation of tight junction proteins[164]. 

CONCLUSION
The epithelial cell layer lining the gastrointestinal 
tract is the body’s largest surface area in contact with 
environmental antigens. The role of these intestinal 
epithelial cells in the continuous maintenance of 
intestinal homeostasis is indispensable, providing 
a physical and biochemical barrier against noxious 
luminal antigens as well as allowing nutrient absorption. 
The selective opening of the intercellular spaces, 
allowing paracellular transport of macromolecules, 
is regulated by the interplay between TJ proteins 

and the actomyosin contraction upon activation of 
intracellular signaling pathways. An increased intestinal 
permeability is suggested as an important player in 
the pathophysiology of various intestinal and extra-
intestinal pathologies. Targeting the epithelial barrier 
is a tempting therapeutic approach, but so far no 
therapies have succeeded. Larazotide acetate showed 
promising results in preclinical trials, restoring the 
intestinal barrier function. But clinical trials failed to 
mirror these effects. This shows that more research 
is needed to define epithelial barrier function and 
dysfunction, underlying different pathologies and 
diseases. Proteases are important signaling molecules 
in this regard. With their proteolytic capacity they 
can cleave proteinase-activated receptors on the cell 
surface of intestinal epithelial cells, influencing the 
cytoskeleton contractile machinery and paracellular 
permeability. Also extracellular proteolytic cleavage 
of the junction proteins occurs, leading directly 
to epithelial damage and increased intestinal per­
meability. In homeostasis, the proteolytic activity is 
tightly regulated by antiproteases, but this balance is 
dysregulated in organic and functional GI disorders. As 
a result, protease inhibition has become a “hot topic” 
in a therapeutic point of view, mainly focusing on 
inflammation and hypersensitivity, ignoring the effect 
on permeability. But since a large array of proteases is 
involved and for many proteases no specific inhibitors 
are available yet, more research is needed to elucidate 
the exact involvement of specific proteases in gut 
physiology in general and intestinal permeability in 
particular, in order to become a therapeutic target. 
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Abstract
Bacterial colonization of the gut shapes both the local 
and the systemic immune response and is implicated 
in the modulation of immunity in both healthy and 
disease states. Recently, quantitative and qualitative 
changes in the composition of the gut microbiota have 
been detected in Crohn’s disease and ulcerative colitis, 
reinforcing the hypothesis of dysbiosis as a relevant 
mechanism underlying inflammatory bowel disease 
(IBD) pathogenesis. Humans and microbes have co-
existed and co-evolved for a long time in a mutually 
beneficial symbiotic association essential for maintaining 
homeostasis. However, the microbiome is dynamic, 
changing with age and in response to environmental 
modifications. Among such environmental factors, 
food and alimentary habits, progressively altered in 
modern societies, appear to be critical modulators 
of the microbiota, contributing to or co-participating 
in dysbiosis. In addition, food constituents such as 
micronutrients are important regulators of mucosal 
immunity, with direct or indirect effects on the gut 
microbiota. Moreover, food constituents have recently 
been shown to modulate epigenetic mechanisms, which 
can result in increased risk for the development and 
progression of IBD. Therefore, it is likely that a better 
understanding of the role of different food components 
in intestinal homeostasis and the resident microbiota 
will be essential for unravelling the complex molecular 
basis of the epigenetic, genetic and environment 
interactions underlying IBD pathogenesis as well as for 
offering dietary interventions with minimal side effects.
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Core tip: The gut microbiota has a recognized role 
in immunity, and changes in its composition, or 
dysbiosis, may be the basis for the worldwide increased 
incidence of inflammatory bowel disease (IBD). Dietary 
constituents have been shown to affect the immune 
response and the inflammatory status, in great part 
mediated through the modulation of the microbiota. 
Environmental compounds, including nutrients, 
can induce alterations in the epigenome interface, 
resulting in long lasting phenotypic or even tissue 
structure and function modifications. Unravelling the 
complex molecular basis of the epigenetic, genetic and 
environmental interactions underlying IBD pathogenesis 
will have implications for the development of novel 
therapies.

Rapozo DCM, Bernardazzi C, de Souza HSP. Diet and microbiota 
in inflammatory bowel disease: The gut in disharmony. World J 
Gastroenterol 2017; 23(12): 2124-2140  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i12/2124.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i12.2124

INTRODUCTION
The gastrointestinal tract is relentlessly challenged 
by the luminal contents harbouring innumerable 
microorganisms and food antigens. To maintain 
the normal homeostatic equilibrium, it is critical for 
the system to be capable of identifying whether a 
stimulus is pathogenic or not and of mounting an 
appropriate response, resulting in either inflammation 
or tolerance[1]. Particularly in the context of the 
gut, defence mechanisms and tolerance should act 
in concert, allowing the organism to control the 
inflammatory response and tissue injury that may 
occur following exposure to a given pathogen[2]. 
While immune deficiency inevitably culminates in 
recurrent infections, defective tolerance may result in 
uncontrolled inflammation and immunopathology[3]. 
In fact, an abnormal relationship between host and 
microbiota is believed to result in intestinal immune 
imbalance[4], leading to the development of conditions 
such as inflammatory bowel disease (IBD), which 
consists of two major forms, Crohn’s disease (CD) 
and ulcerative colitis (UC)[5,6]. In this paper, we discuss 
basic mechanisms and potential connections between 
microbiota, diet, and the development of IBD.

INTESTINAL MICROBIOTA
A mutually beneficial association between humans 

and microbes is essential for maintaining homeostasis. 
Such co-existence highlights the predominantly 
symbiotic nature of the interaction between humans 
and microorganisms despite the remarkable variation 
that occurs over time at diverse body sites[7]. As a 
consequence, abnormalities of the intestinal microbiota 
have been implicated in the pathogenesis of several 
health conditions, including gastrointestinal diseases. 

The development and adaptation of the intestinal 
microbiota represents a continuous process that 
occurs throughout the lifetime. In this regard, several 
environmental factors contribute to the microbial 
colonization of the gastrointestinal tract. The com
position of the intestinal microbiota is affected very 
early in life, beginning with the route of delivery[8]. 
Shortly after birth, breast-feeding, exposure to food 
and other environmental factors play a pivotal role 
in the development of the intestinal microbiota. The 
microbial composition of the gut, in turn, also shapes 
the development of both the innate and the adaptive 
immune system[9]. The commensal microbiota is 
universally distributed throughout the gastrointestinal 
tract, with a characteristic progressive increase in 
both diversity and density from the upper to the lower 
segments. Studies of the human microbiome have 
identified more than three million unique genes within 
the gut, widely outnumbering the human genome and 
containing more than a thousand bacterial species, 
most of them of the Bacteroidetes and Firmicutes 
phyla[10]. In fact, several different groups around the 
world are currently investigating the composition of 
the human microbiome. Recently, the phylogenetic 
composition of faecal samples from different nationa
lities was investigated in a metagenomic analysis, 
which demonstrated the presence of robust bacterial 
clusters, defined as enterotypes. These enterotypes, 
mostly defined by species composition, were not 
nation- or continent-specific, supporting the idea of a 
relatively limited number of established host-microbe 
symbiotic conditions, which may behave distinctly 
upon exposure to food or drugs[11]. 

The complexity of the human gut microbiome 
is further evidenced by the spatial distribution and 
alternation of microorganisms throughout the length 
of the gastrointestinal tract and across the radial axis. 
It has been demonstrated, for example, that different 
bacteria inhabit distinct segments of the intestine 
and are found in different layers of the gut, such as 
the central lumen, associated with mucosal folds, 
or embedded in the mucus layer[12]. Together, these 
findings support the hypothesis that the resident or 
autochthonous microbiota has been modified to adapt 
to new functional specializations, therefore playing 
a distinct role compared to the transient microbiota 
present in the faecal stream. In this sense, each 
intestinal niche is thought to shelter the microbes that 
would be the most convenient to preserve local tissue 
homeostasis and exhibiting clear beneficial mutualism 
with the host[12]. 
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EFFECTS OF THE INTESTINAL 
MICROBIOTA ON IMMUNITY
Currently, it is well accepted that one of the key 
functions of the gut microbiota, in addition to nutrition, 
metabolism and energy production, consists of the 
development and maturation of the immune system[13]. 
In fact, bacterial colonization of the gut is believed to 
shape not only the local but also the systemic immune 
response, being implicated in the modulation of 
immunity in both healthy and disease states[14]. Under 
normal conditions, gastrointestinal microorganisms 
are recognized by NOD-like and Toll-like receptors, 
specialized molecules of the innate immune system 
predominantly localized in epithelial and immune cells, 
and this recognition process results in activation of the 
immune response, which is indispensable to intestinal 
homeostasis[15]. 

To maintain homeostasis, the microbiota is regulated 
by several mechanisms involving epithelial and immune 
cell molecules, including IgA, RegⅢγ, and defensins, 
whereas the immune response is reciprocally regulated 
by the microbiota, with particular microorganisms 
promoting the growth of distinct T cell subsets[16]. For 
example, commensal segmented filamentous bacteria 
were shown to induce Th17 cells[17,18] capable of 
identifying extraintestinal autoimmune inflammation 
in experimental models[19,20]. On the other hand, 
Clostridia and Bacteroides fragilis were shown to 
favour the induction of Treg cells and type 1 T helper 
(Th1) cells, respectively[16]. Of note, Clostridia were 
demonstrated to induce Tregs within the gut with 
a concomitant down-regulation of Th1 and Th17 
responses[21]. Although the exact mechanism by which 
Tregs are induced by the intestinal microbiota are 
yet to be determined, there is evidence suggesting 
a role for microbe-derived short-chain fatty acids[22]. 
Alimentary fibres are not digested by the human 
gastrointestinal tract but, instead, they are fermented 
in the gut by bacteria, which in turn modifies the gut 
microbiota. The microbial processing of fibres results in 
the formation of short-chain fatty acids (SCFAs), such 
as acetate, propionate and butyrate, which are used by 
colonocytes as crucial energy sources, with important 
anti-inflammatory activities in vitro and in vivo[23,24]. In 
particular, butyrate, produced by commensal bacteria, 
was also shown to participate in Treg differentiation 
and suppression of pro-inflammatory cytokines from 
macrophages and dendritic cells[25,26], while its in vivo 
administration was shown to ameliorate experimental 
colitis[27], suggesting the importance of specific luminal 
nutrients in the homeostasis of the colon.

In addition to the effects of the gut microbiota on 
immunity, dietary factors have also been implicated 
in gut microbial regulation of intestinal immunity. 
Therefore, diet has emerged as another critical 
element that interacts with the microbiota and 
immunity to actively affect homeostatic control[28].

DIET: INFLUENCE ON THE INTESTINAL 
MICROBIOTA
The influence of food in shaping the intestinal 
microbiota has been hypothesized for a long time. 
However, only in recent years have consistent data 
on this subject been obtained, due in particular to 
the advent of technologies such as next-generation 
DNA sequencing and metabolic profiling[29]. As a 
result, interesting new data have been reported, 
consequently shaping conceptual changes in the field. 
For example, the role of early nutrition in moulding the 
gut microbiota appears to impact the risk of diseases 
development even late in life[30,31]. Furthermore, 
it is now clear that the microbiota composition is 
dynamic, changing with age and oscillating according 
to environmental modifications, including food intake 
patterns, among other factors[32]. 

Network-based studies of microbial communities 
performed with faecal samples of several mammalian 
species have confirmed that diet does determine 
bacterial diversity, which increases from carnivore to 
omnivore to herbivore, whereas microbial communities 
diversify concomitantly with their hosts, supporting the 
hypothesis of the co-evolution of gut microbiotas and 
their hosts[33]. Although there is a general assumption 
that the typical modern human intestinal microbiota 
tends to be one of omnivorous habits, considerable 
heterogeneity still exists in the world, with some 
remarkable discrepancies. An interesting study, for 
example, demonstrated substantial differences in the 
intestinal microbiota of children living in African rural 
communities compared with children living in Europe. 
The guts of African children were rich in Bacteroidetes 
and poor in Firmicutes and Enterobacteriaceae, while 
the results obtained from European children were quite 
the opposite[34]. The investigators suggested that the 
findings were mostly attributable to radically different 
dietary patterns (Table 1). 

Following the same line of evidence, several 
other studies have raised the issue of diet potentially 
affecting the gut microbiota. Of note, animal fat-based 
diets and carbohydrate-based diets lead to a specific 
enrichment of Bacteroides and Prevotella in adult 
individuals. Moreover, it is important to highlight that 
the gut microbiome composition undergoes relatively 
rapid changes upon exposure to a low-fat/high-fibre 
or high-fat/low-fibre diet, for example[35]. In another 
short-term dietary intervention in humans, in contrast 
to the effects of a plant-based diet, consumption 
of strictly animal-based products increased the 
abundance of bile-tolerant microorganisms and 
decreased the levels of Firmicutes that metabolize 
dietary plant polysaccharides. These results reflect 
the differences between herbivorous and carnivorous 
habits, depicting specific adjustments between 
carbohydrate and protein fermentation. In particular, 
the identification of increases in the abundance 
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pro-inflammatory, whereas omega-3 fatty acids, such 
as a-linolenic acid from plants and eicosapentaenoic 
acid and docosahexaenoic acid from fish, are anti-
inflammatory[42]. 

High caloric intake with a large consumption of 
carbohydrates, typical of Western diets, has been 
associated with less microbiome diversity, in contrast to 
the Mediterranean diet based on fruits, vegetables, and 
red wine[43]. Nevertheless, recently, exclusion diets such 
as the specific carbohydrate diet (SCD, which restricts 
all carbohydrates except monosaccharides) and a diet 
low in fermentable oligo-, di-, and monosaccharides and 
polyols (FODMAPs) have produced promising results 
in IBD[44]. In uncontrolled trials of restriction diets for 
IBD, SCD-like diets were shown to reduce symptoms 
and intestinal inflammation[45,46]. These observations 
support the notion that dietary manipulations might 
modify the intestinal microbiota despite the presence 
of resident enterotypes settled by long-term dietary 
patterns.

The effects of specific nutritional changes on 
the mammalian system have been increasingly 
investigated, including the impact of micronutrients 
on the gut microbiota. For example, in weaned-mouse 
models of zinc or protein deficiency, considerable 
changes in the gut microbiota were observed, in 
addition to reductions in microbial proteolysis and 
increases in microbial dietary choline processing[47]. 
Processed foods are usually low in micronutrients and 
have been associated with a greater risk of developing 
several diseases. In this sense, zinc and other 
nutrients such as n-3 fatty acids and vitamins D and E 
are thought to protect from preclinical and/or clinical 
type 1 diabetes, for example[48].

INTESTINAL MICROBIOTA-HOST 
INTERACTIONS AND THE DEVELOPMENT 
OF IBD
In the last decade, the intestinal microbiota-host 
interaction has gained progressively increasing 
attention, as it has been associated, directly or 
indirectly, with a variety of immune, inflammatory, and 
metabolic disorders[49]. Furthermore, in recent years, 
the increase in the incidence of autoimmune and 
chronic inflammatory disorders has been attributed to 
alterations in the microbial composition and the role 
of the intestinal microbiota in immune regulation[50]. 
Modifications in human habits have been implicated in 
the rise of IBD worldwide[51]. This thought is supported 
by the evidence showing a consistent increase in the 
incidence and prevalence of IBD in Western countries 
and, more recently, in the Asia Pacific area[52]. 

The idea of “Western lifestyle factors” triggering 
intestinal inflammation appears to be reinforced 
by the dramatic increase in the incidence of IBD in 
last half century, which is likely not paralleled by 

changes in the human genome[53,54]. In this regard, 
several factors such as the improvement of general 
sanitary conditions and antibiotic usage, resulting in 
a decreased incidence of infectious diseases, coincide 
with the increase in autoimmune diseases and chronic 
inflammatory conditions, constituting the basis for the 
hygiene hypothesis[55,56]. In fact, some events likely 
related to changes in the gut microbiota appear to be 
associated with the development of IBD. For example, 
the risk of IBD has been shown to increase after an 
episode of acute gastroenteritis[57] and in children 
repeatedly treated with antibiotics[58]. IBD-associated 
genetic findings have also provided important evidence 
for the role of microorganisms in disease pathogenesis. 
Several sources of information, including genome-
wide association studies, have identified more than 
200 genetic risk loci as predisposing factors for IBD. 
Of note, several of the genetic risk alleles for IBD are 
directly associated with pathways that regulate the 
adaptive immune system, while many others are 
involved in innate immune responses or epithelial 
barrier regulation, crucial mechanisms in the defence 
against microbial invasion[59,60] (Figure 1).

Intestinal microbiota in IBD
Interestingly, abnormalities of the gut microbiota are 
present in common intestinal conditions, including 
irritable bowel syndrome, chronic idiopathic diarrhoea, 
and IBD[61-63]. In addition, recent evidence has 
suggested that the impact of the intestinal microbiota 
in disease pathogenesis can extend to other immune-
mediated conditions beyond the gut including, for 
example, type 1 diabetes, cardiovascular disease, and 
autoimmune demyelination[64-66]. 

In IBD, distinct abnormalities of the intestinal 
microbiota have been reported, including changes in 
the microbial composition, an inappropriate immune 
response towards commensal microorganisms, or 
even both[67]. In CD, for example, immune reactivity 
against microbial-derived antigens has long been 
reported, characterized by several different circulating 
serum antibodies[68-71]. Another clinically relevant 
observation to support a role for the gut microbiota 
in the inflammatory process of CD comes from 
postsurgical relapses triggered by agents present in 
the faecal stream[72]. Recently, longitudinal studies 
have provided evidence implicating dietary patterns 
as risk factors for IBD. In general, a lower risk of IBD 
has been associated with habits of consuming more 
vegetables and fruits, in contrast to a higher risk 
among people whose diet is based more on animal fats 
and sugar[73-76]. In particular, the association between 
the ingestion of fats and the development of UC has 
been most prominently related to the long-term high 
intake of trans-unsaturated fats[76], likely due to dietary 
linoleic acid, an n-6 polyunsaturated fatty acid[75]. Of 
note, dietary-fat-induced taurocholic acid, secondary 
to the intake of saturated fats from milk, was shown 
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to boost pathobiont expansion, triggering colitis in 
IL-10-deficient mice, with the induction of a pro-
inflammatory Th1 immune response[77].

Quantitative and qualitative changes in the 
composition of the gut microbiota have been 
detected in CD and in UC, reinforcing the hypothesis 
of dysbiosis as a relevant mechanism underlying 
IBD pathogenesis[78]. Changes in the composition 
of the intestinal microbiota have been reported in 
CD, for example, including an overall decreased 
diversity[79] but also an increase in Bacteroidetes and 
Proteobacteria paralleled by a decrease in Firmicutes 
abundance[80]. Additional evidence corroborating the 
role of bacteria in intestinal inflammation was the 
finding of a lower proportion of Faecalibacterium 
prausnitzii, a member of the phylum Firmicutes with 
anti-inflammatory properties, in patients with CD 
with increased risk of postoperative recurrence after 
resection for ileal disease[81]. At the species level, in 
addition to Faecalibacterium prausnitzii, several other 
butyrate-producing bacterial species, such as Blautia 
faecis, Roseburia inulinivorans, Ruminococcus torques, 
Clostridium lavalense, and Bacteroides uniformis, 
were also shown to be significantly reduced in CD 
patients[82]. Also interesting is the fact that exposure 
to antibiotics may amplify the microbial dysbiosis 
associated with CD. In particular, in a large paediatric 
cohort of new-onset CD, an increased abundance of 
bacteria including Enterobacteriaceae, Pasteurellaceae, 

Veillonellaceae, and Fusobacteriaceae and a decreased 
abundance of Erysipelotrichales, Bacteroidales, and 
Clostridiales were consistently correlated with disease 
severity[83]. The changes in microbial composition 
in CD have been further corroborated by a recent 
systematic review confirming a relative increase in 
Bacteroidetes and decrease in Firmicutes abundance. 
In particular, Enterobacteriaceae were increased, while 
Faecalibacterium prausnitzii was found at a lower 
abundance, including in patients with postoperative 
recurrence[84]. 

Abnormalities in the intestinal microbiota have 
also been detected in UC, although to a lesser degree 
compared to CD patients[85]. Nevertheless, a less 
diverse microbiota was also demonstrated in samples 
from patients with UC and, in particular, the finding 
of increased C. perfringens in faeces suggested its 
role in disease exacerbation[86]. In another study, 
investigators identified a decrease in Fusicatenibacter 
saccharivorans in patients with active UC, in contrast 
to the increase observed in patients with quiescent 
disease[87]. 

Whether dysbiosis consists of a primary or 
secondary phenomenon in IBD is a question that 
remains unanswered. There is evidence showing that 
the intestinal microbiota can be shaped by the host’s 
genotype[88,89] but also by diet, habits, history of infec
tions, use of antibiotics or other medications, and the 
inflammatory process[14,90-92]. On the other hand, it is 
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Figure 1  Schematic model of host-microbiota interactions in the intestine. The interaction between the resident (autochthonous) microbiota and the mucosal 
immune system is highly complex and, in normal conditions, results in a tolerogenic response. In genetically predisposed individuals, a dysbiotic microbiota, fuelled 
by environmental factors, particularly dietary constituents, induces pathogenic immune recognition and responses, further compromising the epithelial barrier and 
defence mechanisms, leading to chronic inflammation, as observed in inflammatory bowel disease.
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important to call attention to the fact that dysbiosis 
alone may not be sufficient to induce IBD. 

Several defects in the inflammatory response 
against microbial agents that have been reported in 
IBD[93,94] lend support to the idea of an inadequate 
clearance of microbial-associated molecular patterns 
as an important underlying mechanism of disease[95]. 
This may be particularly relevant in CD, due to the 
well-established association of the disease with 
genetic polymorphisms of NOD2 and ATG16L1, for 
example, which result in defective autophagy and 
impaired microbial clearance[96-98]. Another important 
mechanistic association in intestinal inflammation is 
believed to occur in response to the accumulation of 
unfolded proteins in the lumen of the endoplasmic 
reticulum (ER stress), resulting in the activation of 
intracellular signal transduction pathways, known 
as the unfolded protein response (UPR). In addition 
to the relationship with autophagy, ER stress has 
been associated with intestinal inflammation and 
IBD based on studies revealing primary genetic 
alterations involving XBP1, ARG2, ORMDL3, and other 
components of the UPR[99,100]. Another example of an 
inadequate microbial recognition and control comes 
from the reduced expression of defensins, antimicrobial 
peptides produced by Paneth cells, in patients with 
NOD2 mutations, with expected implications for CD[101]. 
Individual or combined defects involving various genes 
such as NOD2, ATG16L1 and IRGM might result in 
inadequate recognition of microorganisms present in 
the intestinal lumen[102] and subsequently defective 
induction of autophagy, activation of alternate 
pathways, and modulation of adaptive immunity[103]. In 
addition to ATG16L1, polymorphisms of the immunity-
related GTPase family M (IRGM) gene, shown to be 
involved in the process of microbial control, have also 
been associated with CD[104,105]. Furthermore, the 
interaction between single nucleotide polymorphisms 
of ATG16L1 and IRGM has also been demonstrated 
in CD[106], indicating the probable integration of 
defective autophagy with mitochondrial dysfunction 
and apoptosis. Together, the knowledge accumulated 
in the last few years in the field of IBD, in addition 
to shedding light on new mechanisms, has revealed 
the multiple redundant and overlapping pathways 
underlying the disease pathogenesis. In addition, the 
information accumulated matches, in great part, the 
recent epidemiological changes in IBD distribution 
and reinforce the participation of dysbiosis in disease 
pathogenesis[56]. 

DIET, MICROBIOME AND EPIGENETIC 
CHANGES IN IBD
Environmental factors have been recognized as 
fundamental elements in the perinatal maturation 
of the immune system. In this sense, the microbial 
colonization of mucosal surfaces becomes of critical 

importance in the development and maturation of the 
mucosal immune system[107,108]. At birth, the transition 
from the sterile foetal environment is marked by 
exposure to a large number of exogenous stimuli. 
Interestingly, after natural birth, a newborn’s microbiota 
composition tends to resemble that of the maternal 
vaginal or gut microbiota, while after Caesarean 
section, the microbiota contains a considerable 
number of environmental agents[109]. The subsequent 
microbiota that establishes thereafter has an in
creasingly diverse composition, but individualities 
are preserved and are relatively stable over time[110]. 
Among the environmental factors, food components 
contribute to the development of the immune response 
both directly and indirectly. Early in life, breast-feeding 
provides several important elements in the defence 
against pathogens, such as IgA, cytokines, growth 
factors, and high concentrations of oligosaccharides 
that foster the accumulation of lactic acid-producing 
bacteria in the gut[111]. Moreover, in terms of IBD, 
the effect of breast-feeding may prove to be more 
important than previously thought, as the results of 
a meta-analysis have suggested that it might play a 
protective role against the development of paediatric 
disease[112]. 

Several other data exist to support the participation 
of dietary elements in the definition of the microbiota 
itself and the interaction with the immune system. For 
example, Western-like diets with their ubiquitous food 
additives were shown to affect the composition and 
function of the microbiota[113]. Retinoic acid, a derivative 
of vitamin A, is important in the development of the 
neonatal immune system, for cellular and subcellular 
membrane stability and in epithelial surfaces[114], 
and in adults, where it is required for the expression 
of gut-homing molecules on immune cells, the 
induction of Tregs and IgA class switching[115]. Iron, 
an essential element in haematopoiesis, may also 
trigger inflammatory processes associated with CD 
progression, as luminal iron may directly modify 
epithelial cell function or generate a pathological milieu 
due to alterations of the intestinal microbiota[116]. 
Vitamin D induces tolerogenic dendritic cells and is 
now regarded as an important regulator of mucosal 
immunity[117]. The availability and functionality of 
vitamin D depends on both ingestion and exposure to 
sunlight with natural ultraviolet (UV) radiation. In the 
case of IBD, it has been suggested that low sunlight 
exposure constitutes a risk factor, particularly for 
CD[118,119]. This is in agreement with the notion that the 
incidence of IBD is higher in the northern hemisphere, 
where UV exposure is significantly lower[120]. Analysing 
these data together, it is rational to suggest that not 
only do early postnatal events influence the priming 
of the mucosal immune system and the immune 
response in adult life, but also that there are clearly 
innumerable other dietary-environmental intervening 
factors that might impact normal homeostasis and the 
risk of developing IBD. 
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In the last few years, epigenetic mechanisms have 
been implicated in the regulation of gene expression 
and cellular functions. The epigenome has been 
regarded as an interface between the environment and 
the genome, which plays a pivotal role in the definition 
of phenotypes and their maintenance. In this context, 
methylation of cytosine in CpG motifs has constituted 
the most extensively studied epigenetic event[121]. In 
the nucleus, DNA CpG methylation regulates gene 
expression through its effects on chromatin states and 
accessibility of factor binding sites in regulatory regions 
in gene promoters. While hypermethylation close to 
promoter regions is associated with gene silencing, 
in contrast, hypomethylation results in an opposite 
effect[122]. Recent data have reinforced the thought 
that epigenetic interactions connecting host DNA with 
environmental factors might have a key influence 
in the phenotypical expression of complex diseases 
such as IBD. This hypothesis is further supported by 
epidemiologic observations revealing the increased risk 
of developing IBD among people migrating from low to 
high incidence areas of the world[123]. Another example 
highlighting the importance of non-genetic processes 
in IBD development comes from studies showing a 
relatively high discordance rate among monozygotic 
twins[124]. 

Currently, there are indications that epigenetic 
mechanisms other than DNA methylation are 
implicated in the development of IBD, including 
the differential expression of microRNAs[125] and 
histone modifications[126]. However, most epigenetic 
modifications that have been correlated with the 
pathogenesis of IBD rely on DNA methylation 
studies[127]. One of these studies, for example, 
investigated the methylation status in the colonic 
mucosa from foetuses, control children and children 
with IBD. The analysis comparing IBD with control 
samples identified 233 differentially methylated regions 
(DMR), with a substantial overlap between paediatric 
IBD and control samples. This study supports probable 
novel physiological roles for DNA methylation in 
the human intestinal epithelium and presents data 
connecting developmentally acquired alterations in the 
DNA methylation profile to changes seen in paediatric 
IBD[128]. 

Regarding the question of whether epigenetic 
changes during development could be associated with 
a later onset of IBD, another group studied the colonic 
mucosa epigenome in association with the microbiome 
in children and adolescents. The investigators observed 
a strong connection between age-dependent and IBD-
specific DNA methylation variations, remarkably more 
consistent with UC than CD, and DMRs with decreased 
methylation during late-onset paediatric disease. Of 
note, the authors called attention to the finding that 
the genera with epigenetically plastic DMRs during 
childhood and adolescence were Roseburia and 
Streptococcus. In particular, Roseburia, butyrate-
producing bacteria, possess the potential to drive 

epigenetic changes in epithelial stem cells, since 
butyrate has been shown to be a histone deacetylase 
inhibitor[129].

Complex interactions between genotype, epige
nome and environmental factors, leading to continuous 
remodelling of the epigenome, determine the 
phenotype of an individual. Among the environmental 
factors, food constituents emerge as important stimuli, 
which have been associated with specific epigenetic 
signatures and patterns of gene expression[130]. The 
one-carbon metabolism is dependent on dietary 
food components (e.g., choline, betaine, folate) 
that participate in biochemical pathways of DNA 
methylation and/or supply of methyl groups[131]. 
Processed food, typical of Western diets, in most cases 
are deficient in micronutrients, including selenium and 
folate, which are both implicated in the progression of 
many diseases, including increased risk of developing 
colorectal cancer[132-135]. 

DNA hypomethylation represents an important 
phenomenon in human health, as it acts as the initial 
epigenetic alteration associated with carcinogenesis[136]. 
Since DNA methylation depends on the one-carbon 
metabolism pathway, requiring the activity of enzymes 
that depend on micronutrients provided by the diet, 
it is conceivable that hypomethylation might occur 
due to the lack of methyl donors. In fact, folate 
present in the diet, not synthesized endogenously, 
acts as a donor of one-carbon moieties, critical 
elements for the synthesis and repair of DNA and 
methylation that control gene expression[137]. Folate 
deficiency, in turn, has been demonstrated to induce 
DNA hypomethylation, while its supplementation 
has been able to correct some mutations and DNA 
strand breaks[138]. However, contradictory effects 
of folate deficiency on DNA methylation also have 
been reported[139,140]. Nevertheless, the ablation of 
two receptor/carrier-mediated pathways for folate 
transport in transgenic mice was shown to increase the 
risk of developing colitis-associated colorectal cancer 
in a chemically induced IBD model[141]. On the other 
hand, controversial results based on human or animal 
studies add some uncertainty about the actual role of 
folate in preventing cancer[142-144]. 

The micronutrient selenium has also been im
plicated in colorectal cancer susceptibility and DNA 
methylation. Selenium-deficient diets were shown 
to result in significantly hypomethylated liver and 
colon DNA in an experimental model[145]. Moreover, 
selenium-deficient diets contributed to the formation 
of more carcinogen-induced aberrant colon crypts 
in rats[138,146]. In experimental IBD, using a model of 
chemically induced colitis, selenium supplementation 
prevented tissue damage through the protection of 
the mitochondria and interfering in the expression of 
key genes responsible for inflammation[147]. In another 
model of experimental IBD, selenium deficiency 
was shown to worsen inflammation and promote 
tumour development and progression in inflammatory 
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carcinogenesis[148]. In human IBD, consistent studies 
regarding selenium and its potential impact in disease 
development are still limited. Recently, however, 
decreased serum selenium levels have been detected 
in patients with IBD[149].

Taken together, the current information available 
on dietary constituents and the potential effects on 
the epigenome is not sufficient to establish a clear 
relationship of cause and effect concerning IBD. Many 
questions remain unresolved, and it is urgent to 
address the interactions between the microbiome and 
epigenome, microbiome and diet, diet and epigenome, 
and the entire network of simultaneous, overlapping 
but also dynamic interactions that constitute the basis 
for intestinal homeostasis (Figure 2). 

DIET AND INTESTINAL MICROBIOTA: 
THERAPEUTIC IMPLICATIONS IN IBD
Currently, consistent evidence to support specific 
dietary recommendations for patients with IBD is 
lacking. Nevertheless, it is fundamental to recognize 
particularities based on the heterogeneity of the 
patients and their complaints, with the frequent and 
spontaneous associations of symptoms with dietary 
habits and specific foods. Although interventional 
and well-controlled studies of dietary manipulation 

are still required, it is agreed that the dietary intake 
should not be excessively restrictive in IBD[150]. 
However, considering the current knowledge on 
the direct effects of nutritional elements and the 
ability of food components to interact with microbial 
communities, it seems logical to continue pursuing 
dietary interventions in IBD, especially considering 
the modulatory potential of diet on the microbiota. 
On the other hand, a better comprehension of the 
complex mechanisms that underlie the interaction 
between the gut and its microbiota may clarify the 
defective relationships contributing to the development 
of diseases, such as IBD. Importantly, investigations 
of the gut-microbiota axis and the intervening 
modulating factors may unveil new mechanisms 
and, consequently, novel targets for therapeutic 
intervention[49]. The knowledge accumulated so far 
should allow exploration of the therapeutic potential 
of the intestinal microbiota in the treatment of several 
immune, metabolic and inflammatory disorders[151]. 

During the last decade, attempts to modulate the 
intestinal microbiota through the use of antibiotics, 
prebiotics, probiotics and synbiotics have represented 
a rational approach for the treatment of ubiquitous 
clinical disorders affecting the gastrointestinal 
tract[152,153]. The use of probiotics, including lactic acid 
bacteria, such as Lactobacilli and Bifidobacteria, for 
example, has been extensively studied in recent years. 

Environmental
factors

Diet

Metabolism

Epigenetic
factors

Genetically-
susceptible host
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Altered microbiota-host
protection

and tolerance

Figure 2  Interactive biological networks are affected by environmental factors. Environmental exposures, including dietary constituents and a dysbiotic 
microbiota, affect the host’s genome and epigenome in a redundant and overlapping fashion, determining aberrant immunity and defective intestinal homeostasis, 
which lead to the development of inflammatory bowel disease.
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Lactic acid bacteria are commonly present in yogurt 
and other fermented food products, but they are also 
commercialized in dietary supplements[154]. Data from 
the results of clinical trials suggest that probiotics 
consisting of lactic acid bacteria may be effective in 
treatment of pouchitis[155] and UC[156] and to a lesser 
extent in CD[157,158]. In UC, particularly, probiotics 
containing lactic acid bacteria have generated more 
promising results, although inconsistencies between 
studies may render the data difficult to interpret[159]. 
On the other hand, in CD, only relatively weak 
evidence exists to support a role for probiotics as 
effective therapeutic tools[160]. However, a lower rate 
of recurrence after surgery among CD patients who 
received early VSL#3 suggests its potential usefulness 
but also the need for additional studies on this probiotic 
in CD[161]. Another line of investigation in the field of 
IBD therapy analyses the potential use of prebiotics, 
oligosaccharides that are metabolized into SCFAs by 
commensal bacteria of the intestinal microbiota[162]. 
Interestingly, a synergistic effect between prebiotics 
and probiotics for the treatment of CD was proposed in 
an open-label study, where more effective results were 
observed when a mix of different lactic acid bacteria 
was used in combination with the prebiotic psyllium[163]. 
However, a consequent challenge that arises is how to 
maintain those lactic acid bacteria probiotics in the gut 
of patients with IBD, as clinical relapses tend to occur 
once the probiotic has been discontinued[164]. 

Recently, in a more audacious approach, another 
probiotic therapy based on faecal transplantation 
has been under investigation. Faecal microbiota 
transplantation (FMT) therapy is a process in which 
an abnormal, pathological microbiota is replaced 
by a supposedly normal one[165]. Although this type 
of intervention may sound like a rather extreme 
form of therapy, favourable outcomes have already 
been achieved in patients with recurrent Clostridium 
difficile infection, for example[166]. In IBD, the results 
of studies investigating FMT as a potential new 
alternative therapy are still difficult to interpret, 
because of distinct study designs and the relatively 
small number of controlled trials. However, some 
preliminary information suggests that FMT may be 
useful in the treatment of IBD, as most patients have 
exhibited symptomatic relief or even remission in 
several studies[167]. In a systematic literature search 
and meta-analysis investigating clinical outcomes, 
FMT was evaluated as safe, although with variable 
efficacy in IBD[168]. In a pilot study, high rates of clinical 
improvement and remission were observed after a 
single FMT was administered to patients with refractory 
CD[169]. Using a similar approach, the same group 
also investigated the efficacy and safety of a designed 
step-up FMT strategy for steroid-dependent UC. 
Almost sixty percent of the patients achieved clinical 
improvement, and the microbiota analysis showed 
that FMT altered its composition, which became highly 
similar to that of the donor, particularly in the patients 

with successful treatment[170]. In a recent randomized 
controlled trial, FMT was shown to induce remission 
in a significantly greater percentage of patients with 
active UC compared to a placebo, with no difference 
regarding adverse events[171]. Together, these data 
support the idea that FMT might develop into a 
promising new alternative for the treatment of IBD.

It is increasingly accepted that dietary constituents 
can affect the immune response and inflammatory 
status, in great part mediated through the modulation 
of the microbiota, as previously discussed in this 
article. Here, it is worth highlighting the fact that 
environmental compounds, including nutrients, can 
modify the genome activity in a manner that, although 
not changing the DNA sequence, can produce relevant, 
stable and, possibly, transgenerational alterations in 
the phenotype[172]. In this sense, alterations to the 
epigenome interface, which can determine long lasting 
phenotypic or even tissue structure and function 
modifications, are believed to be secondary to the 
nature and potency of the environmental stimuli, 
including dietary factors, in a dynamic process[173]. 
Support for the hypothesis of epigenetic programming 
constituting a permanent and even a transgenerational 
phenomenon is derived primarily from animal models, 
including studies involving dietary methyl donors 
and cofactors such as folic acid, choline and vitamin 
B12, for example[174,175]. The mechanisms by which 
environmental stimuli can induce long-term effects and 
be transmitted across generations are still unclear, and 
a better understanding of these processes has been 
regarded as essential for possible future interventions 
in dramatically increasing diseases such as obesity and 
diabetes[176], in an approach that hopefully can also be 
translated to IBD therapy. 

In the interim, patients should be advised to pursue 
a healthier life, including a healthy diet, and avoiding 
sedentary behaviour, exposure to tobacco, pollutants 
and drugs in general. In terms of food, specifically, 
current knowledge suggests that the best approach 
relies on consuming a well-balanced diet containing 
predominantly fruits and vegetables and avoiding, as 
much as possible, processed foods and foods identified 
by the patient as prejudicial, capable of worsening 
symptoms or even triggering flares[43]. In this regard, 
for example, a high intake of red meat and processed 
meat, protein, alcoholic beverages, sulfur, and sulfate 
has been associated with an increased risk of flares in 
UC[177,178]. On the other hand, a high intake of saturated 
fat, monounsaturated fatty acids, and a higher ratio of 
omega-6:omega-3 polyunsaturated fatty acids have 
been associated with CD relapses[179,180].

The increase in and worldwide distribution of 
autoimmune and complex chronic inflammatory 
diseases such as IBD, especially in the last half-
century, strongly suggest the crucial participation of 
environmental changes. Among the environmental 
factors, food and alimentary habits, progressively 
altered in modern societies, appear to be critical 
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modulators of the microbiota, contributing to or co-
participating in dysbiosis, an important component of 
IBD pathogenesis. In addition, food components have 
also been shown to modulate epigenetic mechanisms, 
which can result in increased risk for the development 
and progression of IBD. Therefore, it seems rea
sonable to suppose that a better understanding of 
the role of the different food components in intestinal 
homeostasis and the resident microbiota will be 
essential for unravelling the complex molecular basis 
of the epigenetic, genetic and environment interactions 
underlying IBD pathogenesis as well as for offering 
dietary interventions with minimal expected side 
effects.
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Abstract
AIM
To assess the insulating effect of a poloxamer 407 
(P407)-based gel during microwave ablation of liver 
adjacent to the diaphragm.

METHODS
We prepared serial dilutions of P407, and 22.5% (w/w) 
concentration was identified as suitable for ablation 
procedures. Subsequently, microwave ablations were 
performed on the livers of 24 rabbits (gel, saline, 
control groups, n  = 8 in each). The P407 solution and 
0.9% normal saline were injected into the potential 
space between the diaphragm and liver in experimental 
groups. No barriers were applied to the controls. After 
microwave ablations, the frequency, size and degree 
of thermal injury were compared histologically among 
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the three groups. Subsequently, another 8 rabbits were 
injected with the P407 solution and microwave ablation 
was performed. The levels of alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), blood urea 
nitrogen (BUN) and creatinine (Cr) in serum were 
tested at 1 d before microwave ablation and 3 and 7 d 
after operation. 

RESULTS
In vivo ablation thermal injury to the adjacent diaphragm 
was evaluated in the control, saline and 22.5% P407 
gel groups (P  = 0.001-0.040). However, there was no 
significant difference in the volume of ablation zone 
among the three groups (P  > 0.05). Moreover, there 
were no statistical differences among the preoperative 
and postoperative gel groups according to the levels of  
ALT, AST, BUN and Cr in serum (all P  > 0.05).

CONCLUSION
Twenty-two point five percent P407 gel could be a 
more effective choice during microwave ablation of 
hepatic tumors adjacent to the diaphragm. Further 
studies for clinical translation are warranted.

Key words: Microwave ablation; Injury; Hepatocellular 
carcinoma; Poloxamer; Hydrodissection

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

Core tip: Collateral thermal damage is the most 
common complication of microwave ablation. Con
ventional liquids can move away and be absorbed 
quickly, proving difficult to get a good separation 
effect. This study aimed to assess the insulating effect 
of a poloxamer 407 (P407)-based thermosensitive gel 
during microwave ablation of the liver adjacent to the 
diaphragm. We prepared serial dilutions of P407, and 
22.5% (w/w) concentration was identified as suitable 
for ablation procedures. The 22.5% P407 effectively 
protected the diaphragm during microwave ablation 
of the liver, and was superior to 5% dextrose in water 
and 0.9% saline.

Zhang LL, Xia GM, Liu YJ, Dou R, Eisenbrey J, Liu JB, Wang 
XW, Qian LX. Effect of a poloxamer 407-based thermosensitive 
gel on minimization of thermal injury to diaphragm during 
microwave ablation of the liver. World J Gastroenterol 2017; 
23(12): 2141-2148  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2141.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2141

INTRODUCTION
Percutaneous thermal ablation has been widely 
used over the past 20 years as a minimally invasive 
procedure for treating liver tumors, especially 
hepatocellular carcinoma (HCC)[1]. Over the 

years, different types of ablation applicators have 
become widely accepted, such as microwave (MW), 
radiofrequency (RF) electrical current, laser and 
cryoablation[2,3]. Percutaneous thermal ablation has 
been credited with almost equivalent survival rates and 
a rapid return to normal status as compared to surgical 
resection[4,5]. Several studies have noted that MW 
ablation could create larger ablation zones compared 
to RF ablation[6,7]. A MW ablation at 60 ℃ has been 
found to immediately induce coagulative necrosis of 
the tumors[8].

In the treatment of HCC, a low energy can result 
in incomplete ablation and local progression. However, 
high-power MW ablations often result in thermal 
injury to non-target organs, including the gallbladder, 
diaphragm and so on[9]. This poses a challenge to 
the interventional doctors. As previous studies have 
reported, about 15% of liver tumors deemed as high 
risk are not suitable for thermal ablation[10,11].

To reduce such harmful effects, several methods 
have been suggested during the ablation of sub
capsular hepatic lesions. Hydrodissection is the most 
commonly applied technique to insulate adjacent 
structures such as 5% dextrose in water (D5W) and 
0.9% normal saline (NS)[12,13]. That has been found to 
be effective at decreasing unintended thermal injury, 
however D5W and NS tend to move away quickly from 
target sites, thereby reducing the insulating effect.

P407 is a nonionic surfactant composed of 
polyethylene oxide-polypropylene oxide-polyethylene 
oxide triblock copolymers[14]. It is currently used 
in clinical therapy as a drug carrier[15,16]. P407 has 
an attractive property that it can, from being in 
liquid state at low temperatures, transform into a 
semisolid gel state at elevated temperatures (gelation 
temperature), which depends on heat conduction of 
the surroundings[15,17]. This indicated that P407 gel 
may be useful in MW ablation of the liver. The aim 
of our study was to evaluate in vivo the insulating 
properties of a P407-based thermosensitive gel during 
MW ablation of the liver adjacent to the diaphragm.

MATERIALS AND METHODS
Study subjects
The subjects included in this study were 32 male and 
female healthy New Zealand white rabbits (weight 
range: 1.5-2.5 kg). The study protocol was approved 
by the Animal Care and Use Committee of our research 
institution. The treatment of animals was according 
to the National Institutes of Health Guide for the Care 
and Use of Laboratory Animals.

Concentration optimization
The sol-gel transformation of the injectable ther
mosensitive solution is expected to occur at slightly 
below room temperature. A series of dilutions ranging 
from 15%-30% (w/w) P407 (Batch No. WPWJ554C; 
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BASF, Germany) in deionized water were prepared and 
their gelation temperatures were determined using 
a rotor equipped with a controlled heating system[18] 
(magnetic rotor size of 1.5 cm × 0.6 cm, stirring rate 
of 300 rotations/min). The samples were slowly heated 
at a rate of 0.5 ℃/min from the initial temperature 
of 15 ℃. The gelation temperatures were defined 
as when the magnetic rotor completely stopped 
rotating. Each concentration was tested in triplicate 
simultaneously. Eventually, an optimal concentration 
of the P407 solution was obtained. Then, the viscosity 
of 22.5% P407 gel was tested with a Brookfield R/S+ 

rheometer (Stoughton, MA, United States) with a 
circulating water bath. The sample was heated from 
15 ℃ to 30 ℃ at a constant shear rate of 5/s. The 
rheological behavior of 22.5% P407 was investigated.

MW ablation instrument
A water-cooled MW ablation system was used in 
this study (KY-2000; Kangyou Medical Instruments, 
Nanjing, China). The generator can produce 1-100 W 
of power at 2450 MHz. We used a Model T11 (outer 
diameter of 15 G) MW ablation needle, with distance 
of 11 mm from the front end of the gap to the tip. An 
output setting of 40 W for 300 s was usually used for 
ablation sessions. However, since rabbit liver is small 
and fragile, such high MW power could easily penetrate 
the liver; therefore, ablation was performed for 180 s 
at 30 W in this study.

An iron/constantan thermocouple was used 
to monitor temperature in real time. The system 
had 21-gauge thermocouple needles, which were 
percutaneously placed at a designated location. For 
data acquisition, HP 34970A (Hewlett-Packard, Palo 

Alto, CA, United States) with a 16-bit analog output 
function was used.

Ex vivo temperature measurement
Insulation effectiveness during MW ablation was 
evaluated ex vivo as described in Figure 1. Two swine 
liver pieces were placed in a six-well plate (diameter 
2 cm and depth 2 cm) which was positioned in a 
water bath at 37 ℃. To obtain a 5 mm or 10 mm 
barrier between the liver pieces, 22.5% P407 gel was 
used as a hydrodissection. The ablation needles were 
placed vertically into the livers at a depth of 1.5 cm, 
5 mm away from the barrier. The ablation needle 
and temperature probes were positioned in parallel, 
maintaining a distance of 5 mm between the ablation 
needle and the primary needle (R1). We compared 
the insulation effects of a 5 mm-thick barrier against a 
10 mm-thick barrier. MWs were applied three times at 
30 W for 3 min. The temperature differences between 
probes R1 and R2 were recorded every 30 s and 
mapped. Moreover, whenever R1 reached 60 ℃, the 
temperature at R2 was measured.

Preparation of experimental animals
Of the 32 rabbits used in this study, 8 were employed 
to study the safety of the P407 gel, as described 
later. The other 24 rabbits were randomly assigned to 
three experimental groups. Two experimental groups 
were injected with 5 mL P407 and 5 mL 0.9% NS, 
respectively, between the diaphragm and the liver. 
Such volume enabled the presence of a 5 mm barrier 
by ultrasonic examination. For control animals, no 
protective technique was used. Before each ablation 
procedure, the rabbits were anesthetized with 30 
mg/kg intravenous pentobarbital sodium (Sigma, St 
Louis, MO, United States). The abdomen was shaved, 
disinfected routinely, and the animals were placed in a 
supine position for MW ablation.

MW ablation 
All of the procedures described in this study were 
performed by two interventional clinicians. The 
animals were ultrasonically scanned to choose the 
best puncture sites (avoiding important blood vessels 
and ribs). A 2 mm incision was made at the edge 
of the skin with a sharp knife. The MW antennas 
were placed 5 mm away from the liver surface. The 
ablation applicator was used for 3 min at an output 
power of 30 W. During MW ablations, the thickness 
of the hydrodissection barrier was observed for each 
experimental group. All interventional procedures were 
monitored and guided by ultrasound examination.

Animal sacrifice and data analysis
The 24 rabbits were sacrificed and dissected 
immediately after MW ablation. The liver ablation 
zones and adjacent diaphragms were photographed 
and the ablation effects compared. Subsequently, 

2143 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

Swine liver piece
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d

Figure 1  Schematic of the experimental set-up used for ex vivo microwave  
ablations in a 6-well plate. Two swine liver pieces were held at a specific 
distance, d, which were set to 5 mm or 10 mm. This separation provides a 
hydrodissection barrier. The ablation needle and temperature probes were 
positioned in parallel. The distance was always 5 mm between the ablation 
needle and the primary needle (R1).
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software, version 16.0. Quantitative data were 
described as mean ± SD and were evaluated using 
one-way analysis of variance. The levels of thermal 
injury were compared using the Mann-Whitney 
test (Kruskal-Wallis test). P < 0.05 was considered 
statistically significant.

RESULTS
Optimal formulation
The sol-gel transformation temperature decreased 
as P407 concentration increased (Figure 2A). Finally, 
gelation temperature of 22.5% P407 (BASF) solution 
was 22 ℃. For clinical purposes, the thermosensitive 
gel should have a relatively lower gelation temperature 
in order to gelate rapidly in target site and facilitate 
our operation smoothly. Our results show that 22.5% 
P407 solution gelled at about 1.5 min in a water bath 
at 37 ℃ but took 16 min at room temperature. Such 
short interval is beneficial to operate the surgery 
rapidly and smoothly. So, we propose that 22.5% P407 
gel could be an ideal choice for ablation procedures.

The rheological behavior of P407 is also presented 
as a flow curve (Figure 2B). The sample exhibited 
low viscosity and characterized fluidic behavior below 
18 ℃. It is feasible to be injected. When the gelation 
temperature was reached, the viscosity sharply 
increased. By this time, the sample had transformed 
into a semi-solid state. 

Ex vivo MW ablation and temperature testing
After MW ablation for 120 s, the maximum tem
perature difference of 26.4 ± 0.5 ℃ was observed 
between R1 and R2 with a P407 gel thickness of 5 
mm (Figure 3A). When the mean temperature of 
R1 reached 60 ℃ at 180 s, the temperature of R2 
was 41.9 ± 1.1 ℃ (Figure 3B) and the temperature 
difference was 18.1 ± 1.5 ℃ (Figure 3A). However, 

the diaphragm and liver samples were fixed in 10% 
formalin, embedded in paraffin, and stained with 
hematoxylin and eosin. An experienced pathologist 
evaluated thermal injury to the diaphragm histologically. 
The volumes of ablation zones were calculated and 
compared using the following formula.

Volume (V) = π/6×a b c
where a is dimension 1, b is dimension 2, and c is 

dimension 3. (a is the largest diameter, and b and c 
are the other mutually perpendicular diameters).

Thermal injury to the diaphragm was expressed 
as a diameter of injured lesions. In addition, we 
graded the degree of thermal injury to the diaphragm 
according to a 4-point scoring system (none, 0; mild, 
1; moderate, 2; severe, 3) based on a consensus of 
two of the contributing authors. If a diaphragm was 
seen discolored and having a thickened pale area that 
extended toward the pleural margin, it was considered 
seriously injured. The suspected injured diaphragms 
were sectioned and graded on a scale of 0-3 (0, no 
injury; 1, mild injury up to one-third thickness; 2, 
moderate injury to two-thirds thickness; 3, severe 
injury)[19].

In vivo safety experiment
Eight rabbits were injected with the P407 solution 
at a dose of 5 mL into the potential space between 
the diaphragm and liver under ultrasonic guidance 
and MW ablation was performed at 30 W for 3 min. 
Using 2 mL of ear vein blood, the levels of alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), blood urea nitrogen (BUN), and creatinine 
(Cr) in serum were tested 1 d before and 3 and 7 d 
after the procedures, so as to check liver and renal 
functions.

Statistical analysis
The experimental data were analyzed using SPSS 
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Figure 2  Optimal formulation. A: Several concentrations of P407 were prepared. A stirring magnetic bar was used to determine the gelation temperature. When the 
magnetic bar stopped moving, the solution was considered gelled. The reliable data were defined three times in parallel (mean ± SD, n = 3). A negative correlation 
was observed between gelation temperatures and concentrations of P407. A 22.5% (w/w) P407 solution was found to gel at 22.3 ℃; B: A Brookfield R/S+ rheometer 
with a spindle attached was used to study the viscosity of 22.5% (w/w) P407 solution. It was programmed to increase the temperature from 15 ℃ to 30 ℃ at a shear 
rate of 5/s. The viscosity was relatively low at temperatures below 18 ℃ and characterized as a fluidic state. Then, a sharp increase in viscosity was observed as an 
inflexion point was reached at sol-gel transition temperature (22.3 ℃). By this time, it turned into a semi-solid. 
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the maximum temperature difference of 30.9 ± 2.2 ℃ 
(Figure 3A) was observed after MW ablation for 3 
min with a P407 gel thickness of 10 mm; the mean 
temperature of R1 was 60 ℃ and that of R2 was 29.1 
± 2.4 ℃ (Figure 3B). Our results demonstrate that a 5 
mm P407 gel is adequate to insulate the surrounding 
tissue from thermal damage.

Gross pathology
When monitored ultrasonically, no changes in gel 
thickness were observed during MW ablation (Figure 
4A and B). After MW ablation, laparotomy was 

performed on the experimental animals immediately 
and the in situ gel and liver ablation zones were 
observed (Figure 5). Similarly, for the NS group, the 
initial barrier thickness was 5 mm (Figure 4C). The 
distance between ablation needle tip and the edge 
of the liver was approximately 5 mm. However, the 
thickness had become reduced to 1.3 mm at the end 
of the ablation procedure (Figure 4D). After several 
hours, the 22.5% P407 gel was undetectable by 
ultrasound.

The effects of ablations extended into the sur
rounding diaphragm in all of the control animals (n = 8), 
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Figure 3  Ex vivo microwave ablation and temperature testing. A: Temperature differences between R1 and R2 when 5 mm-thick and 10 mm-thick gels were 
maintained; B: Temperatures of R2 when the temperature at R1 was 60 ℃. The mean temperature at R2 was 41.9 ± 1.1 ℃ with a 5 mm-thick gel. When the gel was 
prepared for 10 mm-thick separation, the mean temperature at R2 was 29.1 ± 2.4 ℃.
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Figure 4  Ultrasonographic view. A: Ultrasonographic view of the placement of the ablation needle (white arrow) with the poloxamer 407 (P407) gel (red arrow) positioned 
between the diaphragm (blue arrow) and liver; B: Image captured to assess the change in the size of P407 barrier at 3 min during microwave ablation. No apparent thinning 
was observed (red arrow); C: Ultrasound image showing a saline barrier (red arrow) of 5 mm thickness between the diaphragm (blue arrow) and liver and the placement of 
ablation needle (white arrow); D: Ultrasound image showing a hydrodissection barrier of about 1.3 mm thickness (red arrow) at the end of the ablation procedure.
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in 5 of the NS-protected animals and none of the gel-
protected animals. Table 1 shows that thermal damage 
to the diaphragm differed significantly in size and 
severity among the three groups (P < 0.05). However, 
no difference in the volume of ablation zone was 
detected among the three experimental groups (P = 
0.353; Table 2). Representative photographs of gross 
specimens of ablated liver and injured diaphragm are 
shown in Figure 6.

Safety assessment
The levels of ALT, AST, BUN and Cr in serum were 
assayed before and after MW ablation (Table 3) as 
indicators of liver and renal functions. Our statistical 
analysis showed that there was no significant 
difference among the groups pre- and postoperatively 
(P > 0.05; Table 3).

DISCUSSION
MW ablation is considered an effective treatment 
for small HCCs[20,21]. However, several complications 
may occur, including hemorrhage, pleural effusion 
and thermal injury[1]. Among these, thermal injury 
to non-target tissue is the most common side effect, 
in particular when the tumor is close to vital organs, 
thereby resulting in poor prognosis. Therefore, ablation 
is not recommended for large tumors located close to 
the diaphragm or the gastrointestinal tract. 

Many investigators have attempted to reduce 
collateral thermal damage by means of hydrodis
section[13,22]. Although several conventional thermo
protective fluids are known, low viscosities as a result 
of their high mobility pose a challenge. In some 
cases, a continuous infusion of the fluid needs to be 
maintained during the entire ablation procedure, which 
can lead to fluid overload and patient discomfort[23,24]. 
Thus, we optimized the fluids to replace conventional 
hydrodissection applied for MW ablation of the liver.

In the present study, 22.5% P407 solution exhibited 
potential as a thermoprotective barrier during MW 

ablations. It exhibited low viscosity at below 18 ℃ 
as D5W and 0.9% NS, which allows for injectability 
without resistance through small needles. However, 
22.5% P407 transformed into a semi-solid state 
rapidly at 37 ℃, providing a stable gel barrier at the 
injection site. It was not detected by ultrasound after 
several hours. Therefore, performance of more critical 
ablations, such as for high-risk liver cancers, is possible 
when using P407 as a thermoprotective agent, although 
MW ablation is generally not the preferred method for 
treating such cases. It is well known that conventional 
hydrodissection fluids flow away from target sites due 
to heat convection, thereby dissipating heat from the 
ablation site. Nevertheless, this appears to play little 
role in the mechanism of P407 gel. Instead, it appears 
to work mainly through heat conduction. Further 
studies are needed to establish the mechanisms of 
thermoprotection by P407.

According to ex vivo temperature studies, 22.5% 
P407 gel of 5 mm thickness can result in a temperature 
difference of about 18 ℃ between both sides of the 
gel. During ablation, the temperature was 29.1 ± 2.4 ℃ 
on the other side of the gel (corresponding to the 
one side of tissue necrosis temperature, 60 ℃). This 

Figure 5  Upon performing a laparotomy, the gel (blue arrow) is seen 
between the diaphragm (white arrow) and liver lobe (black arrow). 
Photograph showing a microwave ablation zone at the liver lobe (black arrow), 
yet no thermal injury to the diaphragm can be observed.

Table 1  Comparison of thermal injury to the diaphragm 
among the three groups (n  = 8)

Diaphragmatic 
injury

Gel group, Saline group, Control group, P  value

n  = 8 n  = 8 n  = 8

Injury rate 0 5% 8%
Size in cm 0 0.9 ± 0.7a 1.7 ± 0.3b,c 0.0011

Grade, score 0 0.6 ± 1.1d 1.8 ± 0.7e,f 0.0011

1Statistically significant difference, Mann-Whitney test. The maximum 
diameter of thermal injury to the diaphragmatic surface is reported. aP = 
0.011 vs gel group; bP = 0.001 vs gel group; cP = 0.005 vs saline group; dP = 
0.010 vs gel group; eP = 0.001 vs gel group; fP = 0.040 vs saline group.

Table 2  Comparison of the size of microwave ablation zones 
among the three groups (n  = 8)

Gel group Saline group Control group P  value

Dimension 1 in cm 2.06 ± 0.38 2.14 ± 0.15 2.19 ± 0.14
Dimension 2 in cm 1.28 ± 0.18 1.26 ± 0.22 1.38 ± 0.14
Dimension 3 in cm 1.24 ± 0.18 1.23 ± 0.22 1.34 ± 0.16
Volume in cm3 1.76 ± 0.66 1.75 ± 0.54 2.11 ± 0.43 0.353

Table 3  Comparison of hepatic and renal functions before 
and after microwave ablation (n  = 8)

Indicator Baseline Postablation P  value

Day 3 Day 7

ALT in U/L 45.38 ± 5.24 41.57 ± 3.96 41.50 ± 4.14 0.166
AST in U/L 50.79 ± 3.95 47.25 ± 3.28 45.63 ± 5.10 0.062
BUN in mmol/L   7.50 ± 0.90   7.14 ± 1.10   7.12 ± 1.05 0.708
Cr in µmol/L 66.24 ± 4.14 62.77 ± 7.16 62.04 ± 3.39 0.244
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insulation effect is enough to protect the surrounding 
tissues adjacent to the ablation zones, as well as to 
reduce postoperative complications. Besides, since 
the volume of the fluid required to be injected into 
the body is significant low, it will be much more easily 
accepted by patients in a clinical setting.

Most important of all, none of the animals in the 
gel group experienced diaphragmatic injury, even 
when MW ablation was performed at the subcapsular 
region of the liver. This is partly due to the fact that 
the gel had been placed into a preset position and 
remained stable during the MW ablation. In contrast, 
thermal damage in the NS group was serious, due in 
part to the tendency of saline to flow away from the 
injection site, thereby providing partial protection to 
the diaphragm during liver ablations. In many cases, 
continuous infusion is unavoidable with saline, which 
is considered not suitable for use in clinical practice 
especially for patients susceptible to volume overload.

In addition, 22.5% P407 was found to be safe on 
our experimental animals, as demonstrated through 
in vivo safety studies involving liver and renal function 
tests. Yet, 3 and 7 d postoperatively are still in acute 
the timeframe and further studies over a longer period 
of time are necessary to establish the safety of P407 
gel.

In spite of the accomplishments of the present 
study, there are a few limitations. Firstly, the sample 
size was relatively small (n = 24 ablations), yet the 
insulation effect showed statistical significance. Further 

comprehensive studies are required to prove the 
safety and effectiveness of 22.5% P407 gel during MW 
ablation for small HCC. Secondly, healthy rabbits were 
included rather than tumor models; however, this may 
not affect our study findings, because the study aim 
was to assess thermoprotection properties rather than 
treatment effectiveness.

In conclusion, 22.5% P407 gel could be a more 
effective choice during MW ablation of subcapsular 
hepatic tumors adjacent to the diaphragm. Further 
studies for clinical translation are warranted.

COMMENTS
Background
Percutaneous thermal ablation has been a widely used method for treating 
liver tumors. However, about 15% of liver tumors deemed as high risk are not 
suitable for thermal ablation due to collateral thermal damage. Several methods, 
especially hydrodissection, have been suggested for ablation of subcapsular 
hepatic lesions.

Research frontiers
Hydrodissection, such as 5% dextrose in water (D5W) and 0.9% normal saline 
(NS), that has been found to be effective at decreasing unintended thermal 
injury; however, D5W and NS tend to move away quickly from target sites, 
thereby reducing the insulating effect.

Innovations and breakthroughs
In the study, the authors utilized the thermosensitivity of poloxamer 407 (P407) 
as novel hydrodissection to protect the surrounding tissues during microwave 
(MW) ablations.

A B

C D

Figure 6  Histopathologic images of thermal lesions of the liver and diaphragm. A: Photograph showing a gray microwave ablation lesion (white arrow) in the 
liver lobe; B: Image depicting liver tissue congestion (black arrow), local hepatic sinus expansion, and hepatic cord disappearance due to atrophy and necrosis (red 
arrow); C: Photograph highlighting a gray-white lesion in the diaphragm (black arrow); D: Image showing a large number of inflammatory cells (red arrow) around the 
diaphragm and local necrocytosis of the muscular tissue (black arrow).
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Applications
In medical practice, percutaneous MW ablation has been credited with almost 
equivalent survival rates as surgical resection. As the results of this study 
suggest, critical ablations, such as for high-risk liver cancers, are possible to 
be performed when using P407 as a thermoprotective agent, although MW 
ablation is generally not recommended for treating such cases. In addition, 
since the volume of the fluid required to be injected into the body is significantly 
low, it would be more easily accepted by patients in a clinical setting. It should 
be noted that this material would be much-needed in most clinical situations, 
such as high-risk liver tumors. 

Terminology
The study material is thermosensitive in nature. This means that it behaves 
like a liquid at low temperature and transforms into a get state at an increased 
temperature.

Peer-review
This is an interesting manuscript about the effect of a P407-based 
thermosensitive gel on minimization of thermal injury to diaphragm during MW 
ablation of the liver.
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Abstract
AIM
To determine whether oral administration of Bifido
bacterium infantis  CGMCC313-2 (B. infantis  CGMCC313-2) 
inhibits allergen-induced airway inflammation and food 
allergies in a mouse model.

METHODS
Ovalbumin (OVA)-induced allergic asthma and 
b-lactoglobulin-induced food allergy mouse models were 
used in this study. Following oral administration of B. 
infantis  CGMCC313-2 during or after allergen sensitization, 
histopathologic changes in the lung and intestine were 
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evaluated by hematoxylin and eosin (HE) staining. In 
the allergic asthma mouse model, we evaluated the 
proportion of lung-infiltrating inflammatory cells. OVA-
specific IgE and IgG1 levels in serum and cytokine levels 
in bronchoalveolar lavage fluid (BALF) were also assessed. 
In the food allergy mouse model, the levels of total IgE 
and cytokines in serum were measured.

RESULTS
Oral administration of B. infantis  CGMCC313-2 during 
or after allergen sensitization suppressed allergic 
inflammation in lung and intestinal tissues, while 
the proportion of infiltrating inflammatory cells was 
significantly decreased in the BALF of allergic asthma 
mice. Moreover, B. infantis  CGMCC313-2 decreased 
the serum levels of total IgE in food allergy mice, and 
reductions in IgE and IgG1 were also observed in 
OVA-induced allergic asthma mice. The expression of 
interleukin-4 (IL-4) and IL-13 in both serum and BALF 
was suppressed following the administration of B. 
infantis  CGMCC313-2, while an effect on serum IL-10 
levels was not observed.

CONCLUSION
B. infantis  CGMCC313-2 inhibits the secretion of 
allergen-induced IgE, IL-4 and IL-13, and attenuates 
allergic inflammation.

Key words: Bifidobacterium infantis ; Asthma; Allergy; 
Ovalbumin; b-lactoglobulin

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

Core tip: Bifidobacterium infantis  CGMCC313-2 
significantly decreased the serum concentration of IgE 
and IgG1 in asthma and food allergy mouse models. 
The number of infiltrating cells in bronchoalveolar 
lavage fluid was reduced, and eosinophil infiltration in 
lungs was relieved by B. infantis  CGMCC313-2 in allergic 
asthma mice. Body weight was regained in food allergy 
mice, and intestinal inflammation was attenuated by 
B. infantis  CGMCC313-2. Following administration 
of B. infantis  CGMCC313-2, the concentrations of 
interleukin-4 (IL-4) and IL-13 decreased in both allergic 
asthma and food allergy mice. 

Liu MY, Yang ZY, Dai WK, Huang JQ, Li YH, Zhang J, Qiu CZ, 
Wei C, Zhou Q, Sun X, Feng X, Li DF, Wang HP, Zheng YJ. 
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INTRODUCTION
The prevalence of asthma, food allergies, eczema, and 

allergic rhinitis in developed countries has increased 
over the last three decades. In China, childhood 
allergic diseases are generally lower than those in 
Western countries; however, the prevalence of asthma, 
allergic rhinitis, and eczema in children has increased 
markedly during the past two decades[1-4]. A number of 
environmental factors including air pollution, cigarette 
smoking, and allergen exposure have been proposed 
to explain the changes in the prevalence of allergic 
diseases; however, no major risk factors have been 
identified. A common explanation for the increased 
incidence rates of childhood allergy and asthma 
observed in industrialized countries during the past few 
decades is the “hygiene hypothesis,” which states that 
a lack of early childhood exposure to infectious agents, 
symbiotic microorganisms, and parasites increase 
susceptibility to allergic diseases by suppressing the 
natural development of the immune system[5,6]. Recent 
epidemiological and experimental studies have both 
renewed the “hygiene hypothesis” and extended it to a 
more specific theorem, the “microflora hypothesis”[6-8]. 

Probiotics are live microorganisms that confer 
a health benefit to the host when administered 
in adequate numbers[9]. In other words, ingested 
probiotics can modify microbial flora, which benefit 
the host[10,11]. Previous studies have shown that 
probiotics can reduce allergic diseases by modifying 
the immune system of the host. Some probiotic 
genera including Lactobacilli and Bifidobacteria are 
intensively investigated as novel alternative options for 
the management of allergic diseases including asthma 
and food allergy[12,13]. 

Experimental studies have shown that probiotics 
have strain-specific effects. In the present study, mice 
received nebulized ovalbumin and were used as an 
asthma model, while mice fed with b-lactoglobulin 
were used as a food allergy model (details in Materials 
and Methods). The effects of Bifidobacterium infantis 
CGMCC313-2, which is extensively used as a probiotic 
drug in China, were investigated in these two mouse 
models during (prevention) or after allergen sensitization 
(pre-treatment). 

MATERIALS AND METHODS
Mice
Male BALB/c mice aged 6-8 wk were obtained from the 
Laboratory Animal Center of the Fourth Military Medical 
University. All experimental procedures involving 
animals were approved by the Ethics Committee for 
Animal Studies of the Fourth Military Medical University 
and performed in accordance with their guidelines 
(approval ID: 20150902).

Probiotic bacterial preparations
Bifidobacterium infantis CGMCC313-02 powder 
(Kexing Biotech Company Limited, Shenzhen, China) 
was stored at -20 ℃. Solutions were prepared using 
normal saline only or normal saline plus B. infantis 
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CGMCC313-2. B. infantis CGMCC313-2 preparations 
were adjusted at concentrations of 5 × 1010 colony-
forming units (CFU)/mL.

Mouse model of OVA-induced allergic asthma
The mice were divided into four experimental groups, 
and each group consisted of 10 mice. Four groups of 
mice were treated as follows: (Group 1) the normal 
control group received normal saline plus 1.5 mg 
alum intraperitoneally. The mice were placed in an 
atomizing chamber (20 cm × 20 cm × 35 cm), and 8 
mL saline was administered by nebulization. The mice 
were incubated for 30 min each time for 7 continuous 
days; (Group 2) the positive group (as shown in Figure 
1A) received 100 µg ovalbumin (OVA) (Sigma, Buchs, 
Switzerland) plus 1.5 mg alum intraperitoneally from 
Day 0 to Day 7, and subsequently challenged with 
1% OVA inhaled by nebulizer from Day 21 to Day 
28; and (Group 3) the prevention and (Group 4) pre-
treatment groups received 100 µg OVA plus alum 
intraperitoneally and 1% OVA inhaled, and were fed 0.2 

mL/d (5 × 1010 CFU/mL) of B. infantis CGMCC313-2 
from Day 0 to Day 14 (prevention group, as shown in 
Figure 1B), or from Day 15 to Day 28 (pre-treatment 
group, as shown in Figure 1C). Serum and BALF 
samples were collected from mice at sacrifice on Day 
29. 

Mouse model of b -lactoglobulin-induced food allergy
The mice were divided into four experimental groups, 
and each group consisted of 10 mice. Four groups of 
mice were treated as follows: (Group 1) the normal 
control group was fed normal saline (2 mL each time 
for 7 continuous days); (Group 2) the positive group 
(as shown in Figure 2A) received the mixture of 20 mg 
b-lactoglobulin (BLG) (Sigma, Buchs, Switzerland) and 
10 µg CTX (Cholera toxin, List Biological Laboratories, 
Campbell, CA, United States) on days 0, 7, and 14 
by intragastric gavage (2 mL of the mixture was used 
each time). Subsequently, the mice were challenged 
with 100 mg BLG (3 mL) on day 21 by intragastric 
gavage; and (Group 3) the prevention and (Group 4) 
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Figure 1  Protocols used for establishment of the mouse models. A: Allergic asthma; B: Prevention; C: Pre-treatment of OVA-induced airway allergy with B. 
infantis CGMCC313-2. 
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BLG-induced food allergy mouse model) or in BALF 
(from the OVA-induced allergic asthma mouse model) 
were assayed using ELISA Kits (R&D Systems, Boston, 
MA, United States) according to the manufacturer’s 
protocol.

Cell counts of BALF 
BALF was isolated in 1 mL of phosphate buffered saline 
(PBS) from the mouse model of OVA-induced allergic 
asthma. The BALF cellularity was determined using a 
hemocytometer. A 10 µL aliquot of centrifuged cells 
(4000 rpm, 5 min) was transferred onto slides, and all 
leukocytes were fixed for staining using Giemsa. The 
observer counted 200-300 cells per slide, and standard 
morphological criteria were adopted to identify the 
individual leukocyte populations. The number of 
leukocytes was counted twice, and the average value 
was calculated.

Histological analysis
To assess the pathological changes, samples from 

pre-treatment groups received 20 mg BLG plus 10 µg 
CTX and challenged with 100 mg BLG by intragastric 
gavage, and were fed 0.2 mL/d (5 × 1010 CFU/mL) of B. 
infantis CGMCC313-2 from Day 0 to Day 21 (prevention 
group, as shown in Figure 2B), or from Day 22 to 
Day 28 (pre-treatment group, as shown in Figure 
2C). Body weight was measured on Day 29, and then 
serum samples were collected after the mice were 
sacrificed.

Measurement of serum immunoglobulins 
Serum samples from the mouse model of OVA-induced 
allergic asthma were assayed for OVA-specific IgE and 
IgG1 levels using ELISA kits (Chondrex Inc., United 
States) following the manufacturer’s protocol. The 
serum level of total IgE was assayed in BLG-induced 
food allergy mice using ELISA kits (Chondrex, Inc., 
United States). 

Measurement of cytokines
IL-4, IL-10, IL-13, and IFN-γ levels in serum (from the 

Figure 2  Protocols used for establishment of the mouse models. A: Food allergy; B: Prevention; C: Pre-treatment of b-lactoglobulin-induced food allergies with B. 
infantis CGMCC313-2.
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either lungs (OVA-induced allergic asthma) or 
intestine (BLG-induced food allergy) were collected. 
The samples were fixed in neutrally buffered 10% 
formaldehyde and embedded in paraffin. Sections 4 
µm thick were stained with HE to detect inflammatory 
cell infiltration in intestinal tissue (BLG-induced food 
allergy), or to assess the extent of inflammation in the 
lungs (OVA-induced asthma) at 200 × magnification. 

Statistical analysis
All data points represent the mean ± SEM in each 
mouse group. Analysis was performed using SPSS 
19.0 software for Windows. Variance analysis of single 
factor and multi factor was conducted to determine the 
statistical significance. A P value lower than 0.05 was 
considered statistically significant.

RESULTS
B. infantis decreased the levels of IgE and IgG1 in OVA-
induced asthma and BLG-induced food allergy mouse 
models
We determined whether oral B. infantis CGMCC313-2 
affected serum levels of allergen-induced specific IgE 
and IgG1, and ELISA was used for data analysis in the 
OVA-induced allergic asthma mouse model. The serum 
levels of OVA-specific IgE and IgG1 were significantly 
elevated in the OVA sensitization/challenge (Group 
2) compared with the normal control group (Group 
1). In groups which received B. infantis CGMCC313-2 
for prevention (Group 3) and pre-treatment (Group 
4) during the OVA sensitization/challenge, the serum 
levels of IgE and IgG1 were significantly decreased 
(P < 0.05; Figure 3A and B). Moreover, the levels 
of serum IgE in the prevention group were also 
significantly decreased compared with the pre-
treatment group (P < 0.05; Figure 3A). 

Due to the unavailability of reagents for BLG-
specific IgE and IgG1 detection, the serum levels of 
total IgE were evaluated in the BLG-induced food 
allergy mouse model. The serum levels of total IgE 
were significantly increased after the BLG sensitization/
challenge (Group 2) compared with the normal 
control group (Group 1). In the groups challenged 
with B. infantis CGMCC313-2 for prevention (Group 3) 
and pre-treatment (Group 4), the levels of total IgE 
were significantly decreased. Moreover, the total IgE 
serum levels in the pre-treatment group were also 
significantly decreased compared with the prevention 
group (P < 0.05; Figure 3C). 

B. infantis administration increases body weight in BLG-
induced food allergy mice
Compared with the normal control group, mice in the 
BLG-sensitization/challenge group showed weight loss. 
However, the prevention and pre-treatment groups 
showed weight gain following B. infantis CGMCC313-2 
(Figure 4), and the pre-treatment group gained more 
weight than the prevention group.

B. infantis alters the proportion of lung-infiltrating cells 
in OVA-induced allergic asthma mice
In order to evaluate the degree of inflammatory cell 
infiltration in the lungs of OVA-induced allergic asthma 
mice, leukocyte counts were conducted in BALF tissue. 
Inflammatory cell number was significantly increased 
in the OVA-sensitized/challenged mice compared to the 
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Figure 3  Effect of B. infantis CGMCC313-2 on the reversal of IgE and IgG1 
in ovalbumin-induced asthma and b-lactoglobulin-induced food allergy 
mouse models. A and B: There were significant increases in OVA-specific IgE 
and IgG1 expression in the positive control (PC; Group 2) group compared with 
the normal control (NC; Group 1) group in the allergic asthma mouse model. 
The prevention (pre; Group 3) and pre-treatment (tre; Group 4) groups following 
B. infantis CGMCC313-2 administration showed decreased expression; C: 
A significant increase in total IgE expression was seen in the positive control 
(PC; Group 2) group compared with the normal control (NC; Group 1) group 
in the BLG-induced food allergy mouse model. The prevention (pre; Group 3) 
and pre-treatment (tre; Group 4) groups following B. infantis CGMCC313-2 
administration showed decreased expression. The statistical differences are 
represented as follows: aP < 0.05; bP < 0.01, and cP < 0.001.
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control group. However, the proportion of infiltrating 
cells in the lung was significantly decreased in the 
groups treated with B. infantis CGMCC313-2 (Figure 5). 
Differential cell counts using Giemsa staining failed to 
identify cell types in our study.

Impact of B. infantis on allergic inflammation in OVA-
induced asthma and BLG-induced food allergy mouse 
models
The effect of B. infantis CGMCC313-2 in the OVA 
or BLG-sensitized/challenged mice was evaluated 
from the perspective of overall lung or intestinal 
inflammation using histological HE staining (Figures 
6 and 7, respectively). Compared with normal control 
mice (Figure 6A and Figure 7A), allergen sensitized/
challenged mice (Figure 6B and Figure 7B) had severe 
inflammation; while the prevention (Figure 6C and 
Figure 7C) and pre-treatment (Figure 6D and Figure 

7D) mice showed significantly diminished signs of 
inflammation following B. infantis CGMCC313-2 
treatment.

Effect of B. infantis on cytokines in serum and BALF
To further elucidate possible mechanisms responsible 
for the effects of B. infantis CGMCC313-2 on systemic 
sensitization and allergic inflammation, ELISA was 
used to determine the expression of IL-4, IL-10, IL-13, 
and IFN-γ in serum and BALF was collected from BLG-
induced food allergy mice and OVA-induced allergic 
asthma mice, respectively. IL-4 and IL-13 in serum 
(Figure 8A and B) or BALF (Figure 8D and E) increased 
significantly in the positive control (PC; Group 2) 
group compared with the normal control (NC; Group 
1) group. In the groups that received B. infantis 
CGMCC313-2, the serum levels of IL-4 and IL-13 in 
the prevention group were significantly decreased. 
In addition, a reduction in IL-4 and IL-13 in the pre
vention and treatment groups was also observed in 
OVA-induced allergic asthma mice. Serum IL-10 (Figure 
8C) decreased significantly in the positive control (PC; 
Group 2) group, prevention (Pre; Group 3) group, and 
pre-treatment (Tre; Group 4) group compared with 
the normal control (NC; Group 1) group. IL-10 was not 
detected in BALF from OVA-induced allergic asthma 
mice, and IFN-γ was not detected in either serum or 
BALF from any of the mice.

DISCUSSION 

There is increasing evidence to show that intestinal 
microbiota and ingested probiotics may induce 
important metabolic and physiological reactions in 
the host, and drive maturation of the immune system 
in early life. Of these diverse probiotics, Lactobacilli 
and Bifidobacteria, which are part of the gut flora 
in infants, are the most promising candidates that 
naturally affect immune system development[14,15]. 
For the same reason, Lactobacilli and Bifidobacteria 
are the most frequently used probiotics for clinical 
intervention studies[16-20]. However, the most im
portant characteristic of probiotics is their strain-
specificity effect[21]. In this study, we investigated 
the role of Bifidobacterium infantis CGMCC313-2 
in allergic disease prevention and treatment in two 
mouse models, as B. infantis CGMCC313-2 has been 
extensively used in the treatment and prevention of 
diarrhea including antibiotic-associated diarrhea in 
China. In OVA-sensitized/challenged mice, severe 
lung inflammation and infiltrating cells in the lungs 
were observed, and the administration of B. infantis 
CGMCC313-2 significantly diminished inflammation. 
Similarly, in b-lactoglobulin-induced food allergy 
mice, B. infantis CGMCC313-2 decreased intestinal 
inflammation, and ameliorated weight loss in BLG-
sensitized/challenged mice. These results demonstrate 
that oral administration of B. infantis CGMCC313-2 
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Figure 4  Effect of B. infantis CGMCC313-2 on body weight in BLG-
induced food allergy mice. Average body weight decreased significantly in 
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Figure 5  Effects of B. infantis CGMCC313-2 on infiltrating cells in the 
lungs of ovalbumin-induced allergic asthma mice. Total cell number in BALF 
increased significantly in the positive control (PC; Group 2) group compared 
with the normal control (NC; Group 1) group. The prevention (pre; Group 3), 
and pre-treatment (tre; Group 4) groups following B. infantis CGMCC313-2 
administration showed a decrease. The statistical differences are represented 
as: aP < 0.05; bP < 0.01, and cP < 0.001.
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Figure 6  Effects of B. infantis CGMCC313-2 on OVA-induced airway inflammation. Lung tissues were obtained from the (C) prevention group and (D) pre-
treatment group treated with B. infantis CGMCC313-2, and from (A) the normal control group and (B) the ovalbumin sensitized/challenged group on Day 29. The 
tissues were stained and observed under × 200 magnification. The positive control group showed severe airway inflammation, while the groups treated with B. infantis 
CGMCC313-2 showed attenuation of airway inflammation. 

Figure 7  Effects of B. infantis CGMCC313-2 on BLG-induced intestinal inflammation. Intestinal tissues were obtained from (A) the normal control group and (B) 
the BLG-sensitized/challenged group on Day 29, and from the (C) prevention group and (D) pre-treatment group which were treated with B. infantis CGMCC313-2. 
The tissues were stained and observed under 200 × magnification. The positive control group showed severe intestinal inflammation, while the groups treated with B. 
infantis CGMCC313-2 showed attenuated intestinal inflammation.  
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during or after allergen sensitization may relieve 
allergic inflammation in the airway and intestine.

In the allergen sensitized/challenged mice, IL-4, 
IL-13, total IgE, and allergen-induced serum specific 
IgE and IgG1 levels were highly expressed. Based on 
the immunological basis of allergy, the overexpression 
of IL-4 and IL-13, which is modulated by type 2 
T helper cells, could promote IgE production and 
eosinophil infiltration in target organs. In the present 
study, following the oral administration of B. infantis 
CGMCC313-2, the levels of IL-13 and total IgE were 

significantly decreased, which was accompanied by the 
attenuation of inflammatory symptoms. We deduced 
that the metabolites of B. infantis CGMCC313-2, 
including butyrate and short-chain fatty acids, can 
suppress the inflammatory responses triggered by Th2 
cytokines[22-28]. However, the level of IL-4 was higher in 
the treatment group, which was opposite to the results 
of IL-13 and IgE. Due to the complexity of the immune 
system and response, the role of IL-4 as an allergic 
disorder marker requires further investigation in our 
future study. In addition, the oral administration of this 
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Figure 8  Effects of B. infantis CGMCC313-2 on cytokines in serum and bronchoalveolar lavage fluid. IL-4, IL-10, and IL-13 in serum and BALF were 
determined in BLG-induced food allergy mice and OVA-induced allergic asthma mice, respectively. A: Serum IL-4 in the prevention (pre; Group 3) group; B: serum 
IL-13 in the prevention (pre; Group 3) and pre-treatment (tre; Group 4) groups were significantly decreased compared with the positive control (PC; Group 2) group; C: 
There was no significant difference in IL-10 between the positive control group (PC; Group 2), prevention group (pre; Group 3), and pre-treatment (tre; Group 4), which 
was significantly decreased when compared with the normal control (NC; Group 1) group; D: The concentrations of BALF IL-4 and (E) BALF IL-13 were significantly 
decreased in the prevention (pre; Group 3) group and the pre-treatment (tre; Group 4) group treated with B. infantis CGMCC313-2. The statistical differences are 
represented as follows: aP < 0.05; bP < 0.01, and cP < 0.001.
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probiotic helped in the prevention and treatment of 
airway and intestine allergy.

On the other hand, there was a decrease in IL-10 
serum levels in mice sensitized/challenged with BLG. 
There is strong evidence to indicate that the production 
of IL-10, which is affected by antigens exposure, is 
associated with T cell tolerance and Treg secretion, 
which in turn plays important roles in controlling 
allergic diseases. However, the administration of B. 
infantis CGMCC313-2 did not promote the secretion of 
IL-10. This phenomenon was inconsistent with previous 
preclinical studies in which probiotic strains promoted 
Treg responses[29,30]. We deduced that the different 
probiotic strains adopted in different studies may have 
strain-specific effects, or the immunomodulatory effect 
of B. infantis CGMCC313-2 suppressed Th2 responses. 
In our study, the levels of IFN-γ in both serum and 
BALF were too low to be detected in all mice, and 
this may have been due to the poor sensitivity of the 
measurement technique. This is a limitation of our 
study.

In the present study, which included allergic 
asthma and food allergy mouse models, we found 
that B. infantis CGMCC313-2 inhibited the secretion of 
allergen-induced IgE and Th2 cytokines, and further 
attenuated allergic inflammation. Our study also 
suggested that the modulatory activity of B. infantis 
CGMCC313-2 was not only confined to intestinal al
lergic diseases, but also to allergic airway disease. 
Therefore, B. infantis CGMCC313-2 may be regarded 
as a candidate probiotic strain in the prevention and 
treatment of allergic diseases. However, further clinical 
and experimental studies are required to delineate 
the potential preventive and treatment effects of B. 
infantis CGMCC313-2.
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COMMENTS
Background
Probiotics exhibit beneficial effects on allergies based on the “microflora 
hypothesis”, and experimental studies have also shown that probiotics 
have strain-specific effects. In this study, the specific effects of B. infantis 
CGMCC313-2, which is widely used as a probiotic drug in China, on allergic 
asthma and food allergy mouse models were determined. 

Research frontiers
Previous studies have indicated that ingested Lactobacilli and Bifidobacteria 
can modify microbial flora, and can reduce the symptoms of allergic diseases 
by modifying the host immune system. Some probiotic drugs have been 
intensively investigated as novel alternative options for the management of 
allergic diseases including asthma and food allergy.

Innovations and breakthroughs
In this study, B. infantis CGMCC313-2 was administered to allergic asthma 
and food allergy mouse models. Following B. infantis CGMCC313-2 treatment, 
the serum concentrations of IgE and IgG1 significantly decreased, and the 
concentrations of interleukin-4 (IL-4) and IL-13 also reduced in mice with 
allergic asthma and food allergy. Inflammatory cell infiltration and inflammation 
were also attenuated.

Applications
B. infantis CGMCC313-2 can inhibit the secretion of allergen-induced IgE 
and Th2 cytokines, and can attenuate allergic inflammation. B. infantis 
CGMCC313-2 provides an important reference for the prevention and treatment 
of intestinal and airway allergic diseases.

Terminology
IgE and IgG, which are closely related with anaphylaxis, are higher in patients 
with allergies. IL-4 and IL-13, which are secreted by Th2 cells, are involved in 
the humoral immune response and indicate the degree of allergic disease.

Peer-review
The authors performed clear experiments on asthma mouse model and food 
allergy mouse model to detect the effects of B. infantis on allergy diseases. 
They found that B. infantis could inhibit the secretion of allergens induced IgG, 
IgE, IL-4 and IL-13, and allergic inflammation were also attenuated. The study 
shed the light on the prevention and treatment of intestinal and airway allergic 
diseases. However, further clinical studies are still required. 
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Abstract
AIM
The purpose of this study was to evaluate the 
diagnostic value of trefoil factor family 3 (TFF3) for the 
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early detection of colorectal cancer (CC). 

METHODS
Serum TFF3 and carcino-embryonic antigen (CEA) 
were detected in 527 individuals, including 115 healthy 
control (HC), 198 colorectal adenoma (CA), and 214 CC 
individuals in the training group. 

RESULTS
Serum TFF3 showed no significant correlation with 
age, gender, or tumor location but showed significant 
correlation with the tumor stage. Serum TFF3 in the 
CC group was significantly higher than in the HC or 
CA group. The AUC values of TFF3 for discriminating 
between HC and CC and between CA and CC were 0.930 
(0.903, 0.958) and 0.834 (0.796, 0.873). A multivariate 
model combining TFF3 and CEA was built. Compared 
to TFF3 or CEA alone, the multivariate model showed 
significant improvement (P  < 0.001). For discriminating 
between HC and CC, HC and early stage CC, HC and 
advanced stage CC, CA and CC, CA and early stage CC, 
and CA and advanced stage CC in the training group, 
the sensitivities were 92.99%, 91.46%, 93.18%, 
73.83%, 76.83%, and 81.82%, and the specificities 
were 91.30%, 91.30%, 93.91%, 88.38%, 77.27%, and 
88.38%, respectively. After validation, the sensitivities 
were 89.39%, 85.71%, 90.79%, 72.73%, 71.43%, and 
78.95%, and the specificities were 87.85%, 87.85%, 
2.52%, 87.85%, 80.77%, and 87.50%, respectively. 

CONCLUSION
The multivariate diagnostic model that included TFF3 
and CEA showed significant improvement over the 
conventional biomarker CEA and might provide a 
potential method for the early detection of CC.

Key words: Trefoil factor family 3; Colorectal cancer; 
Colorectal adenoma; Multivariate model; Diagnostic 
value

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

Core tip: Serum level of trefoil factor family 3 (TFF3) 
was used for evaluation the diagnostic value of for the 
early detection of colorectal cancer (CC). A multivariate 
model combining TFF3 and carcino-embryonic antigen 
(CEA) was built. Compared to TFF3 or CEA alone, the 
multivariate model showed significant improvement. 
The multivariate diagnostic model that included TFF3 
and CEA showed significant improvement over the 
conventional biomarker CEA and might provide a 
potential method for the early detection of CC.

Xie H, Guo JH, An WM, Tian ST, Yu HP, Yang XL, Wang HM, 
Guo Z. Diagnostic value evaluation of trefoil factors family 3 for 
the early detection of colorectal cancer. World J Gastroenterol 
2017; 23(12): 2159-2167  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i12/2159.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2159

INTRODUCTION
Colorectal cancer (CC) is one of the most common 
cancers worldwide. An estimated 131700 new 
colorectal cancer patients (69090 male and 62610 
female) are estimated to have occurred in the United 
States in 2015[1], and in China, the incidence of 
colorectal cancer showed a clearly increased tendency. 
The prognosis of CC is strongly related to the tumor 
stage. The 5-year relative survival ratio ranges from 
greater than 90% in patients with stage I to slightly 
greater than 10% in patients with stage IV[2]. Although 
various detection methods are used in clinical practice, 
such as colonoscopy, fecal occult blood testing, stool 
DNA testing, and carcino-embryonic antigen (CEA), 
their diagnostic value is limited by disadvantages, and 
they cannot meet the needs of clinical detection[3]. A 
detection method with high sensitivity and specificity, 
easy availability and low cost is urgently needed for 
the early detection of CC in clinical practice.

The trefoil factor family proteins (TFFs), secreted 
by the mammalian gastrointestinal tract, are small and 
stable molecules. They include three thermo stable 
and protease-resistant proteins (TFF1, TFF2, and 
TFF3) and are widely distributed in the gastrointestinal 
tract[4]. Studies have demonstrated that they play 
important roles in the mucosal protection and repair of 
epithelial surfaces and are involved in the development 
and progression of various types of cancer. TFF levels 
in plasma were found to be heightened in advanced 
prostate cancer[5] but reduced in the oral mucosal 
tissues of oral squamous cell carcinoma patients[6]. 
The levels of TFF3 in the serum and lung tissues were 
also increased and indicated that TFF3 might serve 
as a promising biomarker of lung cancer[7]. TFF3 
was also found to be expressed in hepatocellular 
carcinoma, and its expression correlates with tumor 
grade[8]. In addition to these kinds of cancers, current 
studies of TFF3 focus mainly on gastric cancer. The 
level of TFF3 in serum was found to be a better 
marker of gastric cancer than pepsinogen, and the 
combination of the levels of serum pepsinogen and 
TFF3 could improve screening for gastric cancer[9,10], 
possibly becoming applicable for the chemoprevention 
of gastrointestinal cancer associated with chronic 
persistent inflammation[11].

As described above, although many studies have 
been performed to evaluate the diagnostic value for 
different kinds of cancers, there are only a handful of 
studies evaluating the clinical value of TFF3 for CC, 
and they focused mainly on metastasis and therapy 
effect. They found that TFFs may be potential serum 
biomarkers in patients with metastatic colorectal cancer. 
Compared to CEA and CA19-9, TFF3 showed higher 
sensitivity and the same specificity, and it was strongly 
correlated with the extent of liver disease and seemed 
to have prognostic value[12]. It was also demonstrated 
to be a risk factor for early recurrence[13]. In addition, 
serum TFF3 was found to be an effective biomarker for 
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the detection of tumor stages and distant metastasis 
and as a predictor of responses to chemotherapy in 
colorectal cancer[14]. However, to date, there has been 
no study evaluating the clinical diagnostic value of 
TFF3 for the early detection of colorectal cancer.

In our study, we aimed to evaluate the diagnostic 
value of TFF3 for the detection of CC and to build a 
multivariate diagnostic model that might improve the 
diagnostic value compared to the indicator alone. It 
may serve as a potential assistant detection method.

MATERIALS AND METHODS
Patients
Written consent was obtained from all participants 
enrolled in this study. Our study was approved by 
the Ethics Committee of Tianjin Medical University 
Cancer Institute and Hospital. Serum samples of 527 
individuals, including 115 healthy control (HC), 198 
colorectal adenoma (CA), and 214 CC individuals, 
were collected for the training group. After the training 
group, an independent 343 individuals, including 107 
HC, 104 CA, and 132 CC individuals, were collected 
to validate the diagnostic value of the training group. 
Serum samples were collected before surgery, 
chemotherapy, radiation therapy or immunotherapy. 
Age-matched healthy controls were enrolled based 
on their negative results on the blood biomarker test, 
computed tomography examination and fecal occult 
blood testing. The patients enrolled in our study were 
confirmed by histopathological analysis. The tumor 
stage was categorized according to the Dukes staging 
system. Duke stages A and B were categorized as 
early stage colorectal cancer. Dukes stages C and 
D were categorized as advanced stage CRC[15]. The 
clinical characteristics of the patients are shown in 
Table 1.

Serum collection
Ten milliliters of peripheral blood was collected in a 
tube that contained separating gel and clot activator, 
and then the tube was centrifuged at 3400 rpm for 
7 min. The supernatant was transferred into another 
new tube. The sample serum was stored in aliquots at 
-80 ℃ until detection. No freeze-thawing was allowed 
prior to cytokine detection.

Detection of TFF3 and CEA
The levels of TFF3 (Item ID: E-EL-H1108c) in serum 
were detected by ELISA kits, which were provided by 
Elabscience Biotechnology Co., Ltd. (Wuhan, China). 
The detection protocol was performed according 
to the manufacturer’s instructions. Briefly, 100 µL 
of standard, blank, or sample was added per well. 
Solutions were added to the bottom of the well and 
incubated for 90 min at 37 ℃. The liquid was removed 
and 100 µL of biotinylated detection Ab working 
solution added to each well, followed by incubation for 

1 h at 37 ℃. The liquid was aspirated and the wells 
washed three times. Then, any remaining wash buffer 
was removed, and 100 µL of HRP conjugate working 
solution was added, followed by incubation for 30 min 
at 37 ℃. The wash process was repeated five times, 
and then 90 µL of substrate solution was added. 
Incubation was performed for 15 min at 37 ℃ followed 
by the addition of 50 µL of stop solution to each well. 
The optical density (OD value) of each well at 450 
nm was measured by a Bio-Rad iMark Microplate 
Absorbance Reader (Bio-Rad Laboratories Inc.). The 
level of TFF3 was calculated according to the standard 
curve. The coefficient of variation of all kits was less 
than 10%. The levels of CEA in serum were detected 
by a Roche Modular Analytics E 170 instrument (Roche 
Diagnostics, Mannheim, Germany). The detection 
assays were provided by Roche Diagnostics, United 
States. 

Statistical analysis
All the data were analyzed using MedCalc 12.7.0.0 
(MedCalc Software, Mariakerke, Belgium) and SPSS 
19.0 (SPSS, Brussels, Belgium). The levels of TFF3 
and CEA between groups were compared by one-way 
analysis of variance with the Bonferroni correction. 
Binary logistic regression analysis was used to establish 
the multivariate diagnostic model. Receiver operating 
characteristic curves were used to evaluate the 
diagnostic value, and the areas under the curves (AUC) 
were compared by Z-scores[16]. The Youden index was 
used to choose the cutoff value that determined the 
sensitivity and specificity. A two-sided P value of less 
than 0.05 was considered statistically significant.

RESULTS
Correlation of TFF3 with clinical characteristics and 
comparison of level in groups
The serum level of TFF3 showed no significant 
correlation with age, gender, or tumor location but 
showed a significant correlation with tumor stage. As 
shown in Figure 1, compared to the healthy control 
group, the levels of TFF3 in the HC, CA, and CC groups 
were 14.10 (11.28, 23.19), 23.08 (18.72, 29.09), and 
37.66 (29.87, 47.61) pg/mL, respectively. Compared 
to the HC group, the levels of TFF3 in both the CA 
group and the CC group showed significant increases 
(P < 0.001). Compared to the CA group, the level of 
TFF3 in the CC group showed a significant increase (P 
< 0.001).

Diagnostic evaluation of TFF3 and CEA for 
discriminating HC and CC groups
We first analyzed the diagnostic value of TFF3 or 
CEA alone for discriminating between the HC and CC 
groups, and then we analyzed the diagnostic value 
of the combination of TFF3 and CEA. The diagnostic 
values are given in Supplementary Table 1.
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73.91%, respectively. As shown in Figure 2E, the AUC 
of CEA was 0.814 (0.745, 0.882), and at the cutoff 
value of 3.00 U/mL, the sensitivity and specificity 
were 69.51% and 90.43%, respectively. As shown in 
Figure 2H, the AUC of the multivariate model built to 
discriminate between HC and CC was 0.953 (0.926, 
0.981), and at the cutoff value of 0.60, the sensitivity 
and specificity were 91.46% and 91.30%, respectively.

For discriminating between HC and advanced stage 
CC, as shown in Figure 2C, the AUC of TFF3 was 0.954 
(0.931, 0.977), and at the cutoff value of 31.77 pg/
mL, the sensitivity and specificity were 81.82% and 
95.65%, respectively. As shown in Figure 2F, the AUC 
of CEA was 0.872 (0.828, 0.917), and at the cutoff 
value of 3.09 U/mL, the sensitivity and specificity 
were 72.73% and 92.17%, respectively. As shown in 
Figure 2I, the AUC of the multivariate model built to 
discriminate between HC and CC was 0.976 (0.961, 
0.992), and at the cutoff value of 0.72, the sensitivity 
and specificity were 93.18% and 93.91%, respectively.

Diagnostic evaluation of TFF3 for discriminating 
between CA and CC groups in the training group
After discriminating between the HC and CC groups, 
we analyzed the diagnostic value of TFF3 and CEA 
alone or in combination for discriminating between the 
CA and CC groups. The diagnostic value is shown in 
Table 2, and the AUCs are shown in Supplementary 
Figure 1.

For discriminating between CA and CC, the AUC of 
TFF3 was 0.834 (0.796, 0.873), and at the cutoff value 
of 29.89 pg/mL, the sensitivity and specificity were 
75.23% and 78.28%, respectively. The AUC of CEA 
was 0.683 (0.630, 0.737), and at the cutoff value of 
4.96 U/mL, the sensitivity and specificity were 57.01% 
and 85.86%, respectively. Then, TFF3 and CEA were 
combined by binary logistic regression analysis to build 
the multivariate diagnostic model. The formula of the 

For discriminating between HC and CC, as shown 
in Figure 2A, the AUC of TFF3 was 0.930 (0.903, 
0.958), and at the cutoff value of 21.30 pg/mL, the 
sensitivity and specificity were 94.86% and 73.91%, 
respectively. As shown in Figure 2D, the AUC of CEA 
was 0.850 (0.809, 0.890), and at the cutoff value 
of 3.09 U/mL, the sensitivity and specificity were 
70.56% and 92.17%, respectively. Then, TFF3 and 
CEA were combined for analysis by binary logistic 
regression analysis to build the multivariate diagnostic 
model. The formula of the model was Y=logit(P)=-
6.498+0.189XTTF3+0.651XCEA. As shown in Figure 2G, 
the AUC of the multivariate model was 0.968 (0.951, 
0.984), and at the cutoff value of 0.60, the sensitivity 
and specificity were 92.99% and 91.30%, respectively.

For discriminating between HC and early stage CC, 
as shown in Figure 2B, the AUC of TFF3 was 0.892 
(0.849, 0.935), and at the cutoff value of 21.30 pg/
ml, the sensitivity and specificity were 92.68% and 

Table 1  Clinical characteristic of the individuals in our study  n  (%)

Clinical characteristics Colorectal cancer group Colorectal adenoma group Healthy control group

Training 
(n  = 214)

Validation 
(n  = 132)

Training 
(n  = 198)

Validation 
(n  = 104)

Training 
(n  = 115)

Validation 
(n  = 107)

Age, yr
   Median 58 60 57 56 55 53
   Range 43-72 41-76 41-70 36-73 38-68 39-62
Sex
   Male 128 (59.81) 84 (63.64) 107 (54.04) 62 (59.62) 61 (53.04) 56 (52.34)
   Female   86 (40.19) 48 (36.36)   91 (45.96) 42 (40.38) 54 (46.96) 51 (47.66)
Location
   Colon 102 (47.66) 64 (48.48) 104 (52.53) 56 (53.85) - -
   Rectum 112 (52.34) 68 (51.52)   94 (47.47) 48 (46.15) - -
Differentiation grade
   Well + moderately 126 (58.88) 68 (51.52) - - - -
   Poorly   88 (41.12) 64 (48.48) - - - -
Stage
   A + B   82 (38.32) 56 (42.42) - - - -
   C + D 132 (61.68) 76 (57.58) - - - -

CRC: Colorectal cancer; CA: Colorectal adenoma; HC: Healthy control; CEA: Carcino-embryonic antigen.

Figure 1  Comparisons of serum trefoil factor family 3 levels in colorectal 
cancer, colorectal adenoma, and healthy control groups. CRC: Colorectal 
cancer; CA: Colorectal adenoma; HC: Healthy control groups.
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model was Y=logit(P)=-5.478+0.139XTTF3+0.265XCEA. 

The AUC of the multivariate model was 0.883 (0.851, 
0.915), and at the cutoff value of 0.57, the sensitivity 
and specificity were 73.83% and 88.38%, respectively. 
Compared to TFF3 or CEA alone, the AUC of the 
multivariate model showed significant improvement (P 
< 0.001 and P < 0.001). 

For discriminating between CA and early stage CC, 
the AUC of TFF3 was 0.751 (0.691, 0.812), and at 
the cutoff value of 29.89 pg/mL, the sensitivity and 
specificity were 58.54% and 78.28%, respectively. 

The AUC of CEA was 0.648 (0.563, 0.734), and at 
the cutoff value of 4.53 U/mL, the sensitivity and 
specificity were 56.10% and 81.31%, respectively. 
The AUC of the multivariate model built to discriminate 
between CA and CC was 0.823 (0.768, 0.878), and at 
the cutoff value of 0.41, the sensitivity and specificity 
were 76.83% and 77.27%, respectively.

For discriminating between CA and advanced stage 
CC, the AUC of TFF3 was 0.886 (0.849, 0.923), and 
at the cutoff value of 34.07 pg/mL, the sensitivity and 
specificity were 75.00% and 89.39%, respectively. 
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Figure 2  Analysis the Trefoil factors family and carcino-embryonic antigen diagnostic evaluation for discriminating the healthy control and colorectal 
cancer groups by receiver operating characteristic method in the training group. A: ROC of TFF3 for discriminating HC and CC; B: ROC of TFF3 for 
discriminating HC and early stage CC; C: ROC of TFF3 for discriminating HC and advanced stage CC; D: ROC of CEA for discriminating HC and CC; E: ROC of CEA 
for discriminating HC and early stage CC; F: ROC of CEA for discriminating HC and advanced stage CC; G: ROC of multivariate model for discriminating HC and CC; H: 
ROC of multivariate model for discriminating HC and early stage CC; I: ROC of multivariate model for discriminating HC and advanced stage CC. TFF3: Trefoil factors 
family; ROC: Receiver operating characteristic; HC: Healthy control; CC: Colorectal cancer.
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The AUC of CEA was 0.705 (0.641, 0.770), and at 
the cutoff value of 4.96 U/mL, the sensitivity and 
specificity were 60.61% and 86.86%, respectively. 
The AUC of the multivariate model built to discriminate 
between CA and CC was 0.919 (0.888, 0.951), and at 
the cutoff value of 0.57, the sensitivity and specificity 
were 81.82% and 88.38%, respectively.

Validation of the multivariate model for discriminating 
between HC and CC and between CA and CC in the 
validation group
After building the multivariate models to discriminate 
between HC and CC and between CA and CC, 
independent HC, CA and CC individuals were chosen 
to validate the diagnostic value of the multivariate 
models, as shown in Supplementary Table 2.

For discriminating between the HC and CC groups, 
as shown in Figure 3A, the AUC was 0.941 (0.912, 
0.970), and at the cutoff value of 0.60, the sensitivity 
and specificity were 89.39% and 87.85%, respectively. 
For discriminating between the HC and early stage CC 
groups, as shown in Figure 3B, the AUC was 0.910 
(0.856, 0.965), and at the cutoff value of 0.60, the 
sensitivity and specificity were 85.71% and 87.85%, 
respectively. For discriminating between the HC and 
advanced stage CC groups, as shown in Figure 3C, the 
AUC was 0.961 (0.938, 0.991), and at the cutoff value 
of 0.72, the sensitivity and specificity were 90.79% 
and 92.52%, respectively. Compared to TFF3 or CEA 
alone, the AUC of the multivariate model showed 
significant improvement (P < 0.001 and P < 0.001).

For discriminating between the CA and CC groups, 
as shown in Figure 3D, the AUC was 0.850 (0.799, 
0.902), and at the cutoff value of 0.57, the sensitivity 
and specificity were 72.73% and 87.50%, respectively. 
For discriminating between the HC and early stage CC 
groups, as shown in Figure 3E, the AUC was 0.814 
(0.741, 0.887), and at the cutoff value of 0.41, the 
sensitivity and specificity were 71.43% and 80.77%, 
respectively. For discriminating between the HC and 
advanced stage CC groups, as shown in Figure 3F, the 
AUC was 0.877 (0.824, 0.929), and at the cutoff value 
of 0.57, the sensitivity and specificity were 78.95% 

and 87.50%, respectively.

DISCUSSION
TFF3, also called intestinal trefoil factor, consists 
of 59 amino acid peptides and occurs mainly in 
the gastrointestinal tract and in the serum. TFF3 
expression is elevated during gastrointestinal adenoma 
progression and has been shown to promote mucosal 
wound healing. The induction of mucinous metaplasia 
was observed in mice with high TFF3 expression[17]. 
The TFFs can be used as biomarkers in various human 
cancers[18]. For gastric cancer, the serum TFF3 level 
may be a better biomarker of gastric cancer than the 
pepsinogen test. When combined with the serum 
pepsinogen test, TFF3 showed better diagnostic value 
for the screening of gastric cancer[9,10] and might 
be a potential non-endoscopic detection method for 
the screening of gastric cancer[19]. It also acted as 
an angiogenic factor and functions as a promoter to 
enhance tumor progression in mammary carcinoma[20]. 
In addition, the Cytosponge-TFF3 test is a safe and 
acceptable approach to identify patients with reflux 
symptoms who warrant endoscopy to diagnose 
Barrett’s esophagus[21]. TFF3 plays an important role 
in the development of Barrett’s metaplasia and may 
have diagnostic value for the early stages of Barrett’s 
esophagus[22]. Although many studies have been per
formed to evaluate its diagnostic value for different 
cancers, few studies have evaluated the diagnostic 
value of TFF3 for the early detection of CC.

In our study, serum TFF3 showed significant 
correlation with tumor stage. This result was consistent 
with previous studies. The relationship between 
serum TFF3 and lymph node metastases of CC may 
make it a potentially useful marker for predicting the 
lymph node metastases[23], and it may also serve 
as a potential biomarker for the prediction of CC 
metastasis[24]. TFF3 up-regulation after neoadjuvant 
chemoradiotherapy for rectal cancer is associated 
with a higher risk of relapse[25]. Serum TFF3 can 
potentially be used as a biomarker to assess mucosal 
healing in ulcerative colitis patients[26]. In our study, 

Table 2  Diagnostic evaluation of trefoil factors family, carcino-embryonic antigen alone or combination for discriminating colorectal 
adenoma and colorectal cancer in the training group

Indicator Groups AUC (95%CI) Cutoff value Sensitivity Specificity

TFF3 CA vs CRC 0.834 (0.796, 0.873) 29.89 75.23% 78.28%
CA vs early stage CRC 0.751 (0.691, 0.812) 29.89 58.54% 78.28%
CA vs advanced CRC 0.886 (0.849, 0.923) 34.07 75.00% 89.39%

CEA CA vs CRC 0.683 (0.630, 0.737)   4.96 57.01% 85.86%
CA vs early CRC 0.648 (0.563, 0.734)   4.53 56.10% 81.31%

CA vs advanced stage CRC 0.705 (0.641, 0.770)   4.96 60.61% 85.86%
TFF3+CEA CA vs CRC 0.883 (0.851, 0.915)   0.57 73.83% 88.38%

CA vs early stage CRC 0.823 (0.768, 0.878)   0.41 76.83% 77.27%
CA vs advanced stage CRC 0.919 (0.888, 0.951)   0.57 81.82% 88.38%

TFF3: Trefoil factors family; CA: Colorectal adenoma; CRC: Colorectal cancer; AUC: Area under curve.
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compared to the HC and CA groups, serum TFF3 in 
the CC group showed a significant increase. It may 
contribute to the development of CC. In previous 
studies, TFF3 was demonstrated to contribute to the 
malignant behavior of colon cancer cells[27], and it 
was up-regulated in mucosal protection and repair. 
Its levels were increased in correlation with disease 
activity indices[28]. TFF3 level was also found to 
correlate with an aggressive phenotype in rat colon 
cancer cells. These findings provide evidence that 
TFF3 contributes to the malignant behavior of cancer 
cells[29]. There are some proposed mechanisms by 
which TFF3 participates in the development of CC. 
Signal transducer and activator of transcription (STAT) 
3 has been demonstrated to be over expressed in 
most types of human cancers and classified as an 
oncogene. TFF3 may exert potent invasive activity 
through STAT3 signaling in human colorectal cancer 
cells[30]. In addition, TFF may also promote the 
proliferation and migration of gastric mucosal epithelial 
cells by activation of the PI3K/Akt signaling pathway, 
which has been demonstrated to be strongly related to 
the development of various cancers[31,32]. IL4-induced 
Stat6 signaling is active in various cell types, included 
immune cells and cancer cells. STAT6 activation 

mediates a transcriptional enhancement of TFF3 by de 
novo induction, which plays an important role in host 
protective immunity against the infection synthesized 
protein in goblet cells[33]. TFF3 has been found to 
inhibit the TLR4/NF-kappaB signaling pathways, 
with potential treatment value for the inflammatory 
bowel disease[34]. Perturbation of the E-cadherin/
catenin complex at intercellular junctions appears 
to be a functional pathway through which TFF2 and 
TFF3 promote cell migration[35]. In our study, for 
discriminating between HC and CC, the multivariate 
model showed significant improvement compared 
to CEA alone; however, because the prevalence of 
colorectal cancer was not taken into consideration, the 
diagnostic value of our study could be biased, and the 
disparity in the number of patients recruited in our 
study for the training group may also cause some bias 
in the diagnostic value. For discriminating between CA 
and CC, the multivariate model also showed significant 
improvement compared to CEA, as a method based 
on non-invasive discrimination. It was better than the 
conventional non-invasive method. In future research, 
the multivariate model should be compared with other 
discrimination methods, such as colonoscopy and fecal 
occult blood testing.
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Figure 3  Analysis the multivariate model diagnostic evaluation by receiver operating characteristic method in the validation group. A: ROC of multivariate 
model for discriminating HC and CC; B: ROC of multivariate model for discriminating HC and early stage CC; C: ROC of multivariate model for discriminating HC and 
advanced stage CC; D: ROC of multivariate model for discriminating CA and CC; E: ROC of multivariate model for discriminating CA and early stage CC; F: ROC of 
multivariate model for discriminating CA and advanced stage CC. TFF3: Trefoil factors family; ROC: Receiver operating characteristic; CA: Colorectal adenoma; CC: 
Colorectal cancer.
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There are some limitations in our study. First, 
the number of individuals in the training group was 
relatively small, causing some bias in the results of our 
study. A larger sample size and multi-center sampling 
should be used to validate the diagnostic value of 
TFF3 and the multivariate diagnostic model. Second, 
although the diagnostic value of the multivariate 
model for discriminating between HC and CC was 
high, the diagnostic value for other kinds of cancers 
was not evaluated. The multivariate model built in our 
study currently can only be recognized as an assistant 
detection method that should be combined with the 
detection methods used in clinical practice, such as 
colonoscopy, fecal occult blood testing, and stool DNA 
testing. Third, in our study, we only evaluated the 
diagnostic value of TFF3 for the early detection of CC. 
The levels of the TFF3 after surgery, chemotherapy, 
radiotherapy, and other kinds of therapy methods were 
not evaluated. In future research, we will analyze TFF3 
for evaluation of the effect of therapy or its correlation 
with prognosis. 

In conclusion, we evaluated the diagnostic value 
of TFF3 for differentiating between the HC and CC and 
between the CA and CC groups, and we evaluated a 
multivariate diagnostic model that included TFF3 and 
CEA for differentiating between the HC and CC and 
between the CA and CC groups. Compared to the 
conventional biomarker CEA, the multivariate diagnostic 
model showed significant improvement. It could be 
used as an assistant detection method alongside the 
conventional screening methods for colorectal cancer, 
and it could also be used as a potentially effective 
diagnostic method for discriminating between CA and 
CC patients in clinical detection.

COMMENTS
Background
Colorectal cancer is one of the most common cancers worldwide. Although 
various detection methods are used in clinical practice, their diagnostic value is 
limited by disadvantages, and they cannot meet the needs of clinical detection. 
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cost is urgently needed for the early detection in clinical practice.

Research frontiers
Although many studies have been performed to evaluate the diagnostic value of 
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for the early detection of colorectal cancer.
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Serum level of TFF3 was used for evaluation the diagnostic value of for the 
early detection of colorectal cancer. A multivariate model combining TFF3 and 
carcino-embryonic antigen (CEA) was built. Compared to TFF3 or CEA alone, 
the multivariate model showed significant improvement.
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The multivariate diagnostic model that included TFF3 and CEA showed 
significant improvement over the conventional biomarker CEA and might 
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Abstract
AIM
To design a miniature magnetically anchored and 
controlled camera system to reduce the number of 
trocars which are required for laparoscopy.

METHODS
The system consists of a miniature magnetically 
anchored camera with a 30° downward angle, an 
external magnetically anchored unit, and a vision 
output device. The camera weighs 12 g, measures 
Φ10.5 mm × 55 mm and has two magnets, a vision 
model, a light source, and a metal hexagonal nut. To 
test the prototype, the camera was inserted through 
a 12-mm conventional trocar in an ex vivo  real liver 
laparoscopic training system. A trocar-less laparoscopic 
cholecystectomy was performed 6 times using a 12-mm 
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and a 5-mm conventional trocar. In addition, the same 
procedure was performed in four canine models.

RESULTS
Both procedures were successfully performed using 
only two conventional laparoscopic trocars. The 
cholecystectomy was completed without any major 
complication in 42 min (38-45 min) in vitro  and in 
50 min (45-53 min) using an animal model. This 
camera was anchored and controlled by an external 
unit magnetically anchored on the abdominal wall. 
The camera could generate excellent image. with no 
instrument collisions.

CONCLUSION
The camera system we designed provides excellent 
optics and can be easily maneuvered. The number 
of conventional trocars is reduced without adding 
technical difficulties.

Key words: Trocar-less laparoscopy; Magnetically 
anchored and controlled camera; Minimally invasive 
surgery 

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

Core tip: This study introduced a miniature magnetically 
anchored and controlled camera system. The miniature 
magnetically anchored camera is among the smallest 
size, and it can pass through a conventional 12-mm 
trocar. Magnetically anchored instruments are 
positioned intra-abdominally and stabilized through a 
coupling force to external magnets on the abdominal 
skin. In this way, the instruments do not share space 
with the trocar during surgery. By using this camera 
system, the number of trocars required for conventional 
laparoscopy could be reduced without adding technical 
difficulties. 

Dong DH, Zhu HY, Luo Y, Zhang HK, Xiang JX, Xue F, Wu RQ, 
Lv Y. Miniature magnetically anchored and controlled camera 
system for trocar-less laparoscopy. World J Gastroenterol 2017; 
23(12): 2168-2174  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2168.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2168

INTRODUCTION
Laparoscopic surgery has significantly evolved as a 
conventional surgical procedure for smaller incisions 
and faster recovery since its emergence in the late 
1980s[1,2]. It is a standard alternative practice to 
the traditional open operation in cholecystectomy, 
nephrectomy, and other procedures[3-5]. Conventional 
laparoscopic surgery requires 3 or more 5-10 mm 
trocars. The number of trocars is associated with 
postoperative pain, cosmesis, and the risk of bleeding 

or organ damage[6,7]. Minimizing the invasiveness of 
surgery is a fundamental driving force for surgeons 
and patients seeking new procedures with fewer 
trocars.

Single-site laparoscopy (SSL), represented by 
laparoendoscopic single-site (LESS) surgery and 
natural orifice transluminal endoscopic surgery, has 
recently gained more interest among minimally 
invasive laparoscopic surgeons[8-10]. SSL is superior 
to conventional multiport laparoscopy for cosmesis 
because the new procedure relies on a single port site 
that is limited to an inconspicuous position. In theory, 
the number of trocars is reduced in SSL. However, 
in reality, the incision length of the single port in 
SSL is much greater than that used in conventional 
multiport laparoscopy (approximately 25-30 mm vs 
5-12 mm), which increases the risk of post-operative 
inflammation[11,12]. Moreover, because all of the ins
truments are restricted to a single trocar, SSL is also 
technically demanding, and the technical challenges are 
intrinsically linked to loss of triangulation and instrument 
conflicts[13-15]. As a result, the widespread adoption of 
SSL is limited.

In the hands of laparoscopic surgeons, laparoscopic 
surgery has relied on fewer conventional trocars and 
multiple instruments constrained in a single trocar to 
overcome the challenges faced by SSL. Therefore, our 
team attempted to perform trocar-less laparoscopy by 
developing a miniature magnetically anchored camera 
that can pass through a conventional laparoscopic 
trocar. The magnetically anchored and controlled 
instruments were first introduced by Caddedu in 2007 
and were called magnetically anchored and guided 
systems[16]. Such instruments are positioned intra-
abdominally and stabilized through a coupling force to 
external magnets on the abdominal skin. In this way, 
the instruments do not share space with the trocar 
during surgery. 

In the present study, we present the initial deve
lopment of an MMAC weighing 12 g and measuring 
Φ10.5 mm × 55 mm. It has a 30° downward angle 
and can be inserted into the abdomen through a 
conventional 12 mm trocar. By using this miniature 
camera, the number of conventional trocars is reduced 
without adding more demanding technics. This camera 
provides excellent optics of the surgical space and 
can easily be maneuvered in the abdomen. With this 
camera, a trocar-less laparoscopic cholecystectomy 
using two conventional trocars was performed in an 
animal model. 

MATERIALS AND METHODS
System composition
Similar to our previous work, the miniature magnetically 
anchored and controlled camera system consists of 
an MMAC with a 30° downward angle, an external 
magnetically anchored unit, and a vision output device. 

2169 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

Dong DH et al . A miniature camera for trocar-less laparoscopy



The camera is the internal component and is inserted 
into the abdominal cavity through a conventional trocar. 
Its position in the abdomen is controlled by the external 
magnetically anchored unit via a magnetic force through 
the abdominal wall. On the basis of previous work, 
the external magnetically anchored unit is composed 
of 15 magnets (60 mm × 10 mm × 4 mm, NdFeB 
N50 permanent magnet). The external magnetically 
anchored unit regulates the magnetic force according 
to abdominal wall thickness. The vision output device 
displays an image captured by the miniature camera 
and supports power for the system. 

Miniature magnetically anchored camera 
The size of the camera is the most important part for 
trocar-less laparoscopy surgery. The MMAC measures 
Φ10.5 mm × 55 mm and is composed of two magnets 
(Φ8 mm × 7 mm, NdFeB N50 permanent magnet), 
a vision model, a metal hexagonal nut, and a light 
source (Figure 1). The vision model is produced by 
Audenson Technology Corporation (Shenzhen, China) 
and consists of a 1/5″ 1024 × 768 pixel color CMOS 
camera and a 720-line TV contained in an 8 mm × 6 
mm × 2.5 mm cuboid. The focal length of the camera 
lens is 6-8 cm. The metal hexagonal nut is fixed on the 
lateral surface of the vision model. The nut is used to 
achieve the 30° downward angle of the vision model. 
A 3 W hemispherical light-emitting diode (LED) (Juli 
Industrial Development Corporation, Shenzhen, China) 
is the light source. It provides high-color temperature 
(6000-6500 K) and luminous flux (200-220 LM) 
equal to that of xenon lamps used in conventional 
laparoscopy. The MMAC weighs approximately 12 g.

In vitro test
A laparoscopy training platform, called the ex vivo 
real-liver laparoscopic training system, was used 
as the bench test in this study (Figure 2A). It was 
composed of a special dummy and a laparoscope. The 
abdominal wall of the dummy was made of a material 

and a nonmagnetic metal support that mimics the 
elasticity and shape of a human pneumoperitoneum. 
A partial porcine liver was placed in the dummy for the 
laparoscopic cholecystectomy model.

In the bench test, a laparoscope was inserted 
through an umbilical trocar when necessary to visualize 
the camera performance. The trocar-less laparoscopic 
cholecystectomy was performed using a 12-mm trocar 
and a 5-mm conventional trocar. The 12-mm trocar 
was placed below the xiphoid, and the 5-mm trocar 
was placed at the right mid-clavicular line. The MMAC 
was inserted into the abdomen through the 12-mm 
conventional trocar and then coupled to the external 
magnetically anchored unit by gently depressing it. 
The camera was maneuvered into position using the 
external magnet. The conventional laparoscopic instru
ments (Hangzhou Kangji Medical Instrument Co., Ltd., 
Zhejiang, China) were inserted through the 12- and 
5-mm trocars as needed during the cholecystectomy. 
The gallbladder was freed from its hepatic attachments, 
and the cystic duct was transected. After completing 
the procedure, the gallbladder was extracted from the 
xiphoid defect. The camera was removed by pulling 
cables after decoupling the external magnet. The 
procedure was performed 6 times. The performance of 
the MMAC was evaluated by manipulation, operative 
time, and the achievement of critical views.

In vivo test
After obtaining approval from the institutional animal 
care and use committee of our institution, the trocar-
less laparoscopic cholecystectomy was performed in 4 
male canines weighing a mean of 15 kg. The surgical 
instruments and techniques used were the same as for 
the in vitro test. Additionally, the abdominal cavity was 
insufflated with carbon dioxide to a pressure of 15 mm 
Hg. The surgeon manipulated the external magnet 
during the procedure to adjust the view of the MMAC. 
After the operation, the surgeon closed the incision 
with an interrupted absorbable suture. In addition to 
the indicators mentioned above, estimated blood loss, 
adverse events, and biosafety were used to assess 
the camera. Biosafety was evaluated by peritoneal 
specimens in the active area of the magnetic camera. 
They were harvested after the operation and examined 
using HE staining.

RESULTS
The trocar-less laparoscopic cholecystectomy using 
12- and 5-mm conventional trocars was successfully 
performed in vitro in all 6 cases. The MMAC easily 
passed through the 12-mm conventional trocar, 
and only thin wires for powering and imaging were 
left in the trocar, which provided sufficient space for 
conventional laparoscopic instruments and did not 
cause instrument conflicts. The camera was anchored 
and controlled well by the external magnetically 
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Figure 1  The miniature magnetically anchored camera with a 30° 
downward angle. It consists of inner magnets (black arrow), a light source 
(green arrow), a vision model (yellow arrow), and a metal hexagonal nut (red 
arrow).
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min (45-53 min) in vivo. Hematoxylin-eosin staining 
showed no significant tissue damage at the muscle 
layer in the camera’s active area, thus supporting its 
biosafety in vivo (Figure 4).

DISCUSSION
SSL was once considered a promising alternative 
approach to conventional laparoscopic surgery[9]. 
Unfortunately, all instruments were constrained in a 
single port, which was technically demanding, and the 
incision length impeded the widespread adoption of SSL 
for laparoscopic surgery[11-15]. The new approach must 
maintain the ergonomics of traditional laparoscopy 
and reduce the incision length. We have therefore 
investigated trocar-less laparoscopy, which relies on 
conventional laparoscopic trocars. For example, a 
laparoscopic cholecystectomy was performed using 
2 conventional trocars in this study. Because trocar-
less laparoscopy is predicated on conventional trocars, 
the surgical instruments for the new approach, such 
as the retractor and cautery device, are the same 
as those used for conventional laparoscopy. Trocar-
less laparoscopy addresses the dilemma of SSL while 
offering additional benefits. It saves money and training 
time compared with SSL, which encourages its clinical 
adoption.

The new instrument’s special positioning technology 

anchored unit on the dummy skin surface. Decoupling 
did not occur during the operation, even when the 
wires were used to pull out the camera. The camera’
s 30° downward angle enabled critical views of the 
procedure. The image generated by the camera was 
excellent because it was equipped with the high-
color temperature LED and the focal length of the 
camera lens was appropriate for the height of the 
pneumoperitoneum. The mean operative time was 42 
min (38-45 min) (Figure 2B and C). 

After confirming the camera’s feasibility for trocar-
less laparoscopic cholecystectomy in vitro, similar 
procedures were also completed in 4 canines without 
adverse events, such as bile spillage. The mean 
estimated blood loss was 6 mL (3-10 mL). In the 
canine model, the camera was also inserted into the 
abdomen through a 12-mm conventional trocar and 
was easily “pulled up” to the thin abdominal wall 
(approximately 1 cm according to the preoperative 
ultrasound). The camera was manipulated into position 
by smoothly sliding the external magnetically anchored 
unit. Because of the 30° downward angle, the critical 
views were achieved well, and the image quality was 
as excellent as it was in vitro, with high resolution 
and sufficient lighting (Figure 3). Approximately once 
per operation, the camera had to be pulled out by 
the wires to clean fog off of the lens. There were no 
instrument collisions. The mean operative time was 50 

A B C

Figure 2  In vitro test. A: The bench test consists of a special mannequin and a laparoscope; B: External view image for trocar-less laparoscopic cholecystectomy 
in vitro: the external magnetically anchored unit (red arrow) and the vision output device (yellow arrow); C: Critical view image for trocar-less laparoscopic 
cholecystectomy in vitro (the picture-in-picture view is the image captured by the miniature magnetically anchored camera with its own light source).

A B

Figure 3  In vivo test. A: External view image for trocar-less laparoscopic cholecystectomy in a canine mode; B: Critical view image for trocar-less laparoscopic 
cholecystectomy in a canine model (the picture-in-picture view is the image captured by the miniature magnetically anchored camera with its own light source).
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is the key to trocar-less laparoscopy and should 
address the following requirements: First, the new 
instrument should not occupy space in the trocar during 
surgery to avoid instrument conflicts. Second, the new 
instrument should use the entire insufflated abdomen 
to accommodate the required changes in position. 
Many positioning technologies have been attempted in 
trocar-less surgery, such as vacuum positioning, needle 
anchoring, and magnetic anchoring[16-18]. Magnetically 
anchoring is the most promising positioning technology 
because the coupling force is generated by internal 
and outer components without direct contact, thus 
allowing the instrument to be free from the trocar and 
enabling the full use of the insufflated abdomen. Other 
positioning technologies have deficiencies in reliable 
anchoring and convenient guidance. 

Surgeons who perform minimally invasive la
paroscopic procedures have significant interests in 
developing magnetically anchored and controlled 
instruments. Numerous instruments have been deve
loped, such as cameras, retractors, dissectors, and 
even surgical robots[19-25]. Most of these instruments are 
above Φ20 mm because they aim to address instrument 
collisions in SSL, which are not suitable for trocar-less 
surgery that relies on conventional trocars. Our team 
has strongly advocated this promising technology 
in the hope of further advancing minimally invasive 
surgery. Our team previously developed a deployable 
magnetically anchored retractor that could pass through 
a conventional 12 mm trocar[26]. We also developed an 
MMAC measuring Φ11 mm × 50 mm aimed at reducing 

the incision of SSL ( unpublished data). However, the 
view angle of this camera is 90° downward, whereas 
conventional laparoscopy has a 30° downward angle. 
In our current work, we refined the camera’s internal 
magnets and vision model to minimize its size. More 
significantly, the latest generation of the magnetically 
anchored camera achieves a 30° downward angle using 
a metal hexagonal nut, thus making the new camera 
suitable for trocar-less surgery. The 30° downward 
angle was achieved as follows: (1) the bottom of the 
vision model was fixed to point A and point D of the 
metal hexagonal nut; (2) the metal nut was attracted 
by an inner magnet (the inner magnet was vertical to 
the long axis of the camera) so the vision model would 
achieve a different downward angle by turning the nut; 
and (3) when LAE was parallel to the long axis of the 
inner magnet, the vision model had a 30° downward 
angle (Figure 5). This is a simple but reliable method 
to achieve the 30° downward angle because the nut is 
hexagonal. 

This is a small pilot study limited to a canine 
model. The new generation of cameras will be a vital 
advance only if the following problems are addressed: 
First, if the new camera can cooperate with other 
magnetically anchored and controlled instruments 
(such as the magnetically anchored retractor that we 
developed previously), the trocar-less laparoscopy 
performed with a single conventional trocar will be 
possible. Unfortunately, in our experience, multiple 
outer magnets cause magnet-to-magnet interference 
and operator hand-to-magnet collisions. The minimum 

Figure 4  Pathologic assessment of abdominal wall. A: Hematoxylin-eosin (HE) staining of normal area; B: HE staining of active area.
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Figure 5  The method of achieving a 30° downward angle using the miniature magnetically anchored camera.
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separation distance of outer magnets is considered to 
be 3 cm[16]. Future studies should focus on developing 
an external magnet platform to reconcile the collisions 
by keeping the outer magnets at an appropriate 
separation distance. Second, kinematic safety is still 
a blind area in magnetically anchored and controlled 
instruments. Although decoupling rarely occurs in 
current research because the latest camera is light and 
the outer magnet is sufficiently large, it is necessary 
to resolve the cause of decoupling to operate mag
netically anchored and controlled instruments safely. 
Abdominal wall thickness has been regarded as a 
relative factor[27]. However, more issues need to be 
explored for the further development of magnetically 
anchored and controlled instruments. 

In conclusion, we have successfully designed, 
manufactured, and implemented a new magnetically 
anchored and controlled camera system to perform 
trocar-less laparoscopy. The system consists of an 
MMAC with a 30° downward angle, a vision output 
device, and an external magnetically anchored unit. 
The miniature camera measures Φ10.5 mm × 55 mm 
and weighs 12 g. It can be inserted into a 12-mm 
conventional trocar and easily maneuvered in the 
abdomen. The image generated by the camera is 
excellent and sufficient to perform cholecystectomy. 
Pilot studies in canine models have demonstrated the 
feasibility of canine laparoscopic cholecystectomy using 
the MMAC with a 30° downward angle and only 2 
conventional trocars. Future studies will aim to modify 
the current device and develop new magnetically 
anchored and controlled instruments to minimize the 
invasiveness of laparoscopic surgery further. 

COMMENTS
Background
Laparoscopy is a promising minimally invasive method that is based on 
multiple trocars. Decreasing the number of trocars necessary for laparoscopy 
could further reduce surgical trauma and achieve a better cosmetic outcome. 
Caddedu first introduced magnetically anchored and controlled instruments in 
2007. Such instruments could not share space with the trocar during surgery. 
However, previous magnetically anchored instruments were greater than Φ20 
mm to address instrument collisions in single-site laparoscopy (SSL). This 
would not be suitable for conventional laparoscopy. Therefore, the authors 
designed a miniature magnetically anchored and controlled camera system that 
could pass through the conventional laparoscopic trocar. By using this camera 
system, the number of trocars required for conventional laparoscopy could be 
reduced without adding technical difficulties. 

Research frontiers
A magnetically anchored instrument is the most promising positioning method 
for trocar-less laparoscopy because the coupling force is generated by internal 
and outer components without direct contact, thus allowing the instrument to be 
free from the trocar and enabling full use of the insufflated abdomen. However, 
previous magnetically anchored instruments are too large to pass through a 
conventional laparoscopic trocar. 

Innovations and breakthroughs
In this study, the authors provided a miniature magnetically anchored camera 
measuring Φ10.5 mm × 55 mm, which was the first able to pass through 
the conventional 12 mm trocar. A trocar-less laparoscopic cholecystectomy 

using 2 conventional trocars was performed using this camera system. The 
authors developed an artful method to achieve the 30° downward angle of the 
camera by simply using a metal hexagon, which is crucial to obtain excellent 
intraoperative optics.

Applications
The miniature magnetically anchored and controlled camera system provided 
in this study could realize trocar-less laparoscopy by replacing the trocar 
used for the laparoscopy. Combined with other instruments, a laparoscopic 
cholecystectomy based on only one conventional trocar could be achieved in 
the future by using the camera system, which would be much less invasive than 
current SSL.

Terminology
Magnetically anchored instruments are positioned intra-abdominally and 
stabilized through a coupling force to external magnets on the abdominal 
skin. In this way, the instruments do not share space with the trocar during 
surgery. The miniature magnetically anchored camera is a type of magnetically 
anchored instrument used for providing intraoperative optics. 

Peer-review
The research group presented an interesting concept. The miniature 
magnetically anchored and controlled camera system has drawn the interest of 
surgeons to conduct further research and make a judgment about it. It may be 
a promising method for trocar-less laparoscopy. This is a very interesting work.
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Abstract
AIM
To examine the effects of Acanthopanax senticosus  
polysaccharides (ASPS) on intestinal tight junction (TJ) 
disruption and nuclear factor-kappa B (NF-κB)/myosin 
light chain kinase (MLCK) activation in endotoxemia.

METHODS
BALB/C mice (6-8-weeks-old) received continuous 
intragastric gavage of ASPS for 7 d before injection 
of lipopolysaccharide (LPS), or received ASPS once 
after LPS injection. Blood and intestinal mucosal 
samples were collected 6 h after LPS challenge. Clinical 
symptoms, histological injury, intestinal permeability, 
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TJ ultrastructure, and TJ protein expression were 
determined.

RESULTS
Compared with mice in the LPS group, pretreatment 
with ASPS improved clinical and histological scores 
by 390.9% (P  < 0.05) and 57.89% (P  < 0.05), 
respect ively, and gut permeabi l i ty change in 
endotoxemic mice was shown by a 61.93% reduction in 
reduced leakage of fluorescein isothiocyanate-dextran 6 
h after LPS injection (P  < 0.05). ASPS pretreatment also 
prevented LPS-induced TJ ultrastructure breakdown 
supported by increased electron dense materials 
between adjoining cells, sustained redistribution and 
expression of occludin (0.597 ± 0.027 vs  0.103 ± 0.009, 
P  < 0.05) and zonula occludens-1 (0.507 ± 0.032 vs  
0.125 ± 0.019, P  < 0.05), and suppressed activation 
of the NF-κB/MLCK pathway indicated by reduced 
expression of NF-κB, phospho-inhibitor kappa B-alpha, 
MLCK and phospho-myosin light-chain-2 by 16.06% (P  
< 0.05), 54.31% (P  < 0.05), 66.10% (P  < 0.05) and 
64.82% (P  < 0.05), respectively. 

CONCLUSION
ASPS pretreatment may be associated with inhibition of 
the NF-κB/MLCK pathway and concomitant amelioration 
of LPS-induced TJ dysfunction of intestinal epithelium 
in endotoxemia.

Key words: Acanthopanax senticosus  polysaccharide; 
Intestinal permeability; Tight junction; Nuclear factor-
kappa B; Myosin light chain kinase

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

Core tip: Acanthopanax senticosus  polysaccharides 
(ASPS) effectively protect against gastric tight junction 
(TJ) injury in sepsis. ASPS pretreatment significantly 
improved intestinal histological appearance and gut 
permeability, increased electron dense between adjoining 
cells, sustained the expression and redistribution of 
occludin and zonula occludens-1, suppressed the 
expression of nuclear factor-kappa B p65 (NF-κBp65) 
and phospho-inhibitor kappa B-alpha and myosin light 
chain kinase (MLCK), as well as phospho-myosin light-
chain-2 in endotoxemia. These findings suggest that 
ASPS pretreatment may be associated with inhibition of 
the NF-κB/MLCK pathway and concomitant amelioration 
of gastric TJ dysfunction in the mouse model of 
endotoxemia.

Han J, Li JH, Bai G, Shen GS, Chen J, Liu JN, Wang S, Liu XJ. 
Acanthopanax senticosus polysaccharides-induced intestinal 
tight junction injury alleviation via inhibition of NF-κB/MLCK 
pathway in a mouse endotoxemia model. World J Gastroenterol 
2017; 23(12): 2175-2184  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i12/2175.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2175

INTRODUCTION
Sepsis and resulting organ system dysfunction are 
the most frequent causes of death in intensive care 
patients worldwide[1], and were identified to occur 
mainly in response to lipopolysaccharide (LPS) from 
Gram-negative bacteria and to develop rapidly into 
fatal systemic infections[2]. The gastrointestinal tract 
is involved in the initial response to the systemic 
inflammatory reaction[3]. Impaired intestinal barrier 
function or increased epithelial permeability may 
promote the translocation of bacteria and the entry 
of allergenic compounds from the gut into the body, 
increasing susceptibility to infections[4,5], and this 
process has been implicated in the development of 
sepsis and septic multiple organ dysfunction[6]. 

Tight junctions (TJs) and their associated proteins, 
such as zonula occludens (ZO), occludin and claudins, 
are critical in maintenance of the intact intestinal 
epithelial barrier[7], which can regulate the entry of 
nutrients, ions and water, while restricting the entry 
of luminal pathogens and antigenic molecules into the 
mucosa[8]. TJ breakdown occurs in polymicrobial sepsis 
when TJ proteins are remodeled due to interactions 
with external stimuli, such as pathogenic bacteria[9]. 
Signaling molecules, such as myosin light chain kinase 
(MLCK) have been implicated in the assembly and 
regulation of TJs via phosphorylation of myosin light 
chain (MLC)[10]. MLCK can be mediated according to 
transcriptional increase by nuclear factor-kappa B (NF-
κB) in the inflammatory response, and thus results in 
TJ barrier breakdown[11]. In vivo and in vitro models 
have demonstrated that inhibition of MLCK[12] and NF-
κB[13] can prevent the deleterious effects of LPS-induced 
sepsis and leads to TJ preservation.

In recent years, there has been growing interest in 
the development of new therapeutic strategies in sepsis. 
Acanthopanax senticosus (AS) has been widely used 
for thousands of years in China as a traditional herbal 
medicine to regulate hypoxia, fatigue and appetite loss 
without side effects[14,15]. Polysaccharides extracted from 
AS (ASPS) are major active ingredients with multiple 
pharmacologic and biological characteristics, including 
immune regulation[16] and anti-inflammation[17]. A recent 
in vivo study suggested that ASPS could exert positive 
effects on intestinal mucosal integrity and suppress NF-
κB activation[18]. However, the mechanisms by which 
ASPS exert these effects on TJ disruption in a mouse 
model of endotoxemia have not yet been elucidated. 
In the present study, we determined the effects of 
ASPS on MLCK activation and TJ barrier breakdown 
in LPS-induced endotoxemia to evaluate whether the 
administration of ASPS alleviates endotoxemia-induced 
epithelial TJ breakdown by suppressing the NF-κB/MLCK 
signaling pathway. 

MATERIALS AND METHODS
Preparation and analysis of ASPS
Details on the preparation of ASPS, which were taken 
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from the root of AS, using an ethanol precipitation 
method have been reported previously[18]. Proteins 
were removed by the Sevag method[19] and poly
saccharide content after purification using the 
phenol-sulfuric acid method was 92.7%[20]. Analysis 
of monosaccharide composition in ASPS was by 
ion chromatography according to a previously 
described method[21], which showed that it is a 
heteropolysaccharide composed of glucose, galactose, 
arabinose, mannose, rhamnose and xylopyranose. 

Experimental animals
Male BALB/C mice (Changsheng Life Sciences Co., 
Ltd., Changchun, China), weighing 20-25 g, aged 6-8 
wk, were housed individually in a temperature (22 ± 
2 ℃) and humidity (53% ± 2%) controlled room with 
a 12-h light/dark cycle and ad libitum access to chow 
and water. All animal experiments conformed to the 
guidelines on caring for and use of laboratory animals 
which were reviewed by the Animal Ethics Committee 
of College of Animal Science & Veterinary Medicine, 
Shenyang Agricultural University (Permit No. SYXK 
(Liao) 2011-0001).

Experimental protocols
Following acclimation for 1 wk, all animals were 
randomly assigned to 4 groups (7-8 mice per group): 
control, LPS, ASPS + LPS, and LPS + ASPS. Mice in 
the ASPS + LPS group were administered continuous 
intragastric gavage of ASPS dissolved in normal 
saline at the dose of 300 mg/kg daily for 7 d, and 
mice in the control, LPS, and LPS + ASPS groups 
were given an equivalent amount of normal saline. 
After 1 h of intragastric treatment on day 7, mice in 
the LPS, ASPS + LPS and LPS + ASPS groups were 
injected intraperitoneally with LPS from Escherichia 
coli serotype (055:B5; Sigma, St Louis, MO, United 
States) at 10 mg/kg dissolved in 1 mL normal saline, 
and the control group was given an equivalent amount 
of normal saline. The ASPS dose was determined 
in accordance with our previous study[17]. Mice in 
the LPS + ASPS group received 300 mg/kg ASPS 
intragastrically 30 min after LPS injection. All animals 
were anesthetized with pentobarbital sodium (60 mg/
kg, intraperitoneally), killed by cervical dislocation and 
samples were collected 6 h after LPS treatment. All 
efforts were made to minimize animal suffering.

Clinical symptom score
Clinical symptom scores of severity of conjunctiva 
secretion, stool consistency, messy fur, and inactivity 
were determined at specified time points using 
a 3-point scale according to a method described 
previously[22] with slight modifications. The scoring 
system is presented in Table 1. Clinical symptoms 
in each mouse were evaluated at 2, 4 and 6 h after 
LPS injection and scored blindly by three independent 
researchers. The means of three assessments were 
obtained for grading. 

Histopathological evaluation of the intestine 
After sacrifice and excision of ileal and colonic 
segments near to the cecum for observation of 
intestinal macroscopic features, ileal segments 
measuring approximately 2-cm were stained with 
hematoxylin and eosin (HE) for morphological 
observation. The details of this process were as 
follows: intestinal segments were transferred into 4% 
paraformaldehyde and embedded in paraffin. Sections 
measuring 5-μm thick were sliced, deparaffinized, 
rehydrated and stained with HE to observe the degree 
of intestinal mucosal damage using a biomicroscope 
(Axio Scope A1; Zeiss, Oberkochen, Germany) and 
scored according to the method by Chiu, as follows: 
score of 0, normal mucosal villi without damage; 1, 
broadened subepithelial Gruenhagen’s space at villous 
tip; 2, further extension of subepithelial space from the 
epithelial layer to the lamina propria; 3, detachment of 
less than half of the villous epithelium; 4, detachment 
of more than half of the villous epithelium and exposed 
villi with lamina propria; and 5, disintegration and 
detachment of the lamina propria. Five images in each 
slice were blindly assessed by three pathologists. 

Determination of intestinal permeability 
At 2, 4 and 6 h after LPS injection, 3 mice from each 
group were anesthetized with pentobarbital sodium 
and a midline laparotomy was performed to expose 
the intestinal tract. Lengths of distal ileum measuring 
5 cm were isolated and ligated at both ends. A solution 
of 100 μL PBS containing 20 mg of 4-kDa fluorescein 
isothiocyanate (FITC)-dextran (Sigma) was injected 
into the lumen and then the midline skin was sutured. 
A 100 μL blood sample was collected via cardiac 
puncture 30 min after FITC-dextran injection and 
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Table 1  Clinical scoring system

Variables Score

0 1 2

Conjunctiva secretion   Closed eyes or opened with serious 
secretion

Opened eyes with moderate 
discharge

Normal eye without conjunctivitis

Stool consistency Watery stool Loose stool Normal stool 
Fur appearance Rough and dull fur Reduced grooming fur Smooth and shiny fur 
Stimulation activity Lethargy and raising head after 

moderate stimulation
Inactive and reduced alert, < 2 steps 

after moderate stimulation
Normal action and reaction, > 2 steps 

after moderate stimulation
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using the bicinchoninic acid assay and stored at -80 ℃ 
for subsequent assay.

Western blot assay
An equal amount of protein exact (20-40 μg) was 
electrophoresed on a 10% reducing polyacrylamide 
gel and transferred onto polyvinylidene difluoride 
membranes. Immunoblots were blocked with 3% 
bovine serum albumin (BSA) in TBS for 70 min at 
room temperature and incubated overnight at 4 ℃ 
with specific primary antibodies including rabbit anti-
occludin (1:1000; Proteintech), rabbit anti-ZO-1 
(1:1000; Proteintech), rabbit anti-NF-κB p65 (1:5000; 
Abcam), rabbit anti-MLCK (1:5000; Abcam), phospho-
MLC2 (1:1000; Cell Signaling Technology, Danvers, 
MA, United States), and phospho-IκBα (1:1000; Cell 
Signaling Technology) in TBS and 0.05% Tween-20 
containing 1% BSA. 

Blots were washed and then incubated with anti-
rabbit horseradish peroxidase-conjugated secondary 
antibodies for 120 min at room temperature. The 
bands were detected by enhanced chemiluminescence 
and quantified (relative to β-actin expression) using 
Scion Image 4.03 analysis software.

Statistical analysis
Data were statistically analyzed by one-way analysis of 
variance (ANOVA) using IBM SPSS statistical software, 
version 22.0, and differences among the groups were 
compared using Duncan’s multiple test. The results 
were expressed as mean ± SE, and a 5% level of 
probability was considered significant for all analyses.

RESULTS
Clinical symptom score and morphological and 
histopathologic evaluation of the intestine
The clinical symptoms and morphological and 
histopathologic changes following ASPS treatment 
were assessed in this model of endotoxemia induced 
by LPS challenge. The LPS group showed a pronounced 
decline in the clinical symptom score compared with 
the control group (P < 0.05). The clinical symptom 
score in mice pretreated with ASPS was significantly 
improved by 390.9% (P < 0.05) (Figure 1A), and 
showed less edema in the cecum and a thicker colon 
with more and larger stool pellets compared with the 
LPS-treated mice (Figure 1B). 

The histological examination using HE staining 
showed marked damage characterized by atrophic 
villi with a discontinuous brush border and irregular 
epithelium in endotoxemic mice in the LPS group. As 
expected, these negative histologic changes in the LPS 
group were significantly alleviated by pretreatment 
with ASPS rather than subsequent administration of 
ASPS following LPS injection (Figure 1C). The intestinal 
histological score in the LPS group was significantly 
increased compared with the control group (P < 0.05). 

was diluted with 1.9 mL of 50 mmol/L Tris-buffered 
saline (TBS) and centrifuged at 10000 × g for 10 
min to obtain plasma. The concentration of FITC-
dextran in plasma was assayed using a fluorescence 
spectrophotometer (970CRT; Shanghai Lengguang 
Technology Co, Shanghai, China) with excitation and 
emission wavelengths of 480 and 520 nm, respectively.

TJ transmission electron microscopy 
After rinsing with cold PBS, distal ileal sections 
measuring 1 mm × 1 mm × 2 mm were cut on ice 
and immediately transferred into 4% glutaraldehyde to 
fix for 2 h, post-fixed with 1% osmium tetroxide, and 
embedded in Epon 812. Thin slices measuring 500 nm 
were cut and double stained with uranyl acetate and 
lead citrate, and then examined with an transmission 
electron microscope (TEM) (HT-7700; Hitachi, Tokyo, 
Japan) operated at 100 kV.

Immunofluorescence microscopy
Ileal segments were fixed with 4% paraformaldehyde 
and then cut into 3-μm thick slices. The slices were 
dewaxed and dehydrated with xylene and ethanol, 
respectively, and then incubated in 3% hydrogen 
peroxide and the antigens repaired in citrate buffer. 
The resulting tissue samples were blocked with 5% 
normal goat serum in PBS. After incubation with 
antibodies against occludin (1:100; Proteintech, 
Chicago, IL, United States), ZO-1 (1:100; Proteintech), 
and MLCK (1:200; Abcam, Cambridgeshire, United 
Kingdom) in 1% fetal bovine serum overnight at 4 ℃, 
the sections were washed and incubated with Cy3-
conjugated secondary antibodies for 1 h. Sample 
images were obtained using a BX43 (Olympus, Tokyo, 
Japan) microscope.

Protein extraction from the nucleus and cytoplasm of 
intestinal mucosa
Protein extracts were prepared according to a previously 
described method[23] with some modifications. Ileal 
mucosa samples were collected near the cecocolonic 
junction and ground with liquid nitrogen. The powder 
was incubated on ice for 10 min with a buffer con
taining KCl at 10 mmol/L, HEPES at 10 mmol/L (pH 
7.9), MgCl2 at 1.5 mmol/L, dithiothreitol at 1 mmol/L 
and benzene methyl sulfuryl fluoride at 1 mmol/L, and 
then centrifuged at 5000 × g for 3 min. The precipitate 
was resuspended in this buffer and centrifuged again 
to obtain the supernatant as the cytoplasmic extract 
for protein expression assay of occludin, ZO-1, 
phospho-MLC2, and phospho-IκBa, and the resulting 
precipitate was lysed by incubation for 30 min in 0.2 
mL buffer containing HEPES at 20 mmol/L, glycerol at 
25%, NaCl at 420 mmol/L, MgCl2 at 1.5 mmol/L and 
EDTA at 0.2 mmol/L. Following centrifugation at 12 
000 for 15 min, the supernatant (nuclear extract) was 
obtained and the expression of NF-κB p65 and MLCK 
was analyzed. The extracted proteins were quantified 
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ASPS pretreatment markedly reversed the effect of LPS 
by 57.89% (P < 0.05). However, oral administration 
of ASPS following LPS injection did not reverse the 
damage induced by LPS (P > 0.05) (Figure 1D).

Intestinal permeability assay
At 2, 4 and 6 h after LPS administration, gut mucosal 
permeability was evaluated ex vivo by measuring the 
leakage of FITC-dextran from the intestinal epithelium 
into the systemic circulation. The concentration of 
FITC-dextran was significantly increased after LPS 
administration compared with the control group (P < 

0.05). A marked reduction (61.93%) in the amount 
of FITC-dextran in the circulation was observed in the 
ASPS pretreatment group (P < 0.05) rather than post-
treatment in the ASPS group (P > 0.05) (Figure 1E).

TJ protein location and expression and TJ ultrastructure 
The localization and expression of occludin and ZO-1 
proteins were evaluated by immunofluorescence to 
determine the influence of ASPS on TJ disruption 
induced by LPS. Mice in the LPS group exhibited 
less staining of occludin and ZO-1 in the ileum. 
Correspondingly, ASPS pretreatment attenuated the 

Figure 1  Effects of acanthopanax senticosus polysaccharides on clinical score, macroscopic features of distal ileum and colon, histological appearance 
and score of distal ileum in lipopolysaccharide-induced mice. A: Mice were assessed for clinical score at designated time points after lipopolysaccharide 
(LPS) challenge (n = 8); B: Representative photographs of the distal ileums and colons at 6 h after LPS injection (n = 8); C: Effects of acanthopanax senticosus 
polysaccharides (ASPS) on LPS-induced intestinal histopathologic changes. Ileum was processed for morphological and histopathologic evaluation at 6 h after LPS 
induction (n = 3). The representative photomicrographs of ileal segments stained with hematoxylin and eosin at 200 × magnification of C1, control group; C2, LPS 
group; C3, ASPS + LPS group; and C4, LPS + ASPS group; D: Intestinal histopathologic score was determined at 6 h after LPS challenge (n = 3); E: Effects of ASPS 
on LPS-induced increase in iliac mucosal permeability. The intestinal permeability of 4 kDa fluorescein isothiocyanate (FITC)-dextran in ileal pouch was measured at 2, 
4 and 6 h after LPS administration (n = 8). aP < 0.05, vs the control group; cP < 0.05, vs the LPS group. 
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redistribution of TJ proteins with the presence of 
continuous bands along the epithelial sheet. However, 
in the LPS + ASPS group, the loss of both proteins was 
not attenuated, and TJ distribution was similar to that 
in the LPS group (Figure 2A). Similarly, the expression 
of both proteins using immunoblotting was decreased 
in ileal epithelium in endotoxemic mice (P < 0.05). 
Pretreatment with ASPS partially up-regulated LPS-
induced loss of occludin (0.597 ± 0.027 vs 0.103 ± 
0.009, P < 0.05) and ZO-1 (0.507 ± 0.032 vs 0.125 
± 0.019, P < 0.05). In contrast, the administration 
of ASPS after LPS injection did not ameliorate the 
loss of these proteins (P > 0.05) (Figure 2B). The 
intact structure and electron dense materials between 
the adjoining cells observed in the control group 
decreased 6 h after LPS treatment. As expected, ASPS 
pretreatment significantly attenuated the negative 
changes induced by LPS induction. However, these 
pathologic changes were not reversed following the 
administration of ASPS after LPS injection (Figure 2C). 

NF-κ B/MLCK pathway response
Figure 3A shows the nuclear expression of NF-κB p65 
and MLCK, and the cytoplasmic expression of phospho-
IκBα and phospho-MLC2 in intestinal epithelium 
analyzed by western blotting in the 4 experimental 
groups. Furthermore, staining of MLCK in the distal 
ileal epithelium was shown by immunofluorescence to 
determine the distribution of MLCK (Figure 3B). The 
expression of NF-κB p65 and MLCK in the nucleus, and 
phospho-IκBα and phospho-MLC2 in the cytoplasm 
were markedly increased in LPS-challenged mice, 
which was concordant with localization of MLCK at the 
periphery of the cells (P < 0.05). ASPS pretreatment 
significantly reversed the effects of endotoxemia 
induced by LPS on the expression of these proteins 
6 h after LPS challenge (P < 0.05). However, 
administration of ASPS following LPS injection did not 
improve these effects. 

DISCUSSION
The gastrointestinal epithelium which forms a boun
dary effectively provides a selective permeable barrier 
that prevents pathogenic bacteria and their effectors 
entering the mucosal tissues from the intestinal 
lumen. This selective permeable barrier is achieved 
by intercellular TJ structures[8]. A TJ is a multi-protein 
complex comprised of the transmembrane proteins 
occludin, the claudin family proteins, as well as the 
cytoplasmic protein ZO-1, and forms a seal between 
adjacent intestinal epithelial cells[24]. However, opening 
of the TJ is primarily dependent on the composition 
and organization of these TJ proteins[6], which is 
not static but a highly dynamic structure that is 
constantly being remodeled due to interactions with 
pathogenic bacteria. These bacteria cause TJ damage 
and further increase intestinal permeability and the 

systemic inflammatory response syndrome, which 
is characterized by a whole body inflammatory state 
and multiple organ failure[9]. Therapy is conceivable 
by regulating TJ integrity to trigger decreased 
permeability via the paracellular pathway.

 Although the underlying mechanism by which 
intestinal TJ is damaged in endotoxemia is not fully 
elucidated, the altered localization of TJ proteins due 
to activation of the NF-κB/MLCK signaling pathway 
is believed to play a vital role in TJ disruption in 
intestinal inflammation. NF-κB is a transcription 
factor and has long been considered the central 
mediator of the inflammatory process, with the main 
heterodimer consisting of NF-κBp65 and regulating the 
genes involved in many aspects of the inflammatory 
response[25]. NF-κBp65 can be induced to undergo 
cytoplasmic-to-nuclear translocation when its inhibitory 
factor I-κB is phosphorylated and degraded in 
intestinal mucosa during endotoxemia[26], and can bind 
to the MLCK promoter region to cause MLCK-mediated 
MLC phosphorylation and concomitant remodeling of 
the localization of TJ proteins and functional opening 
by contracting actin-myosin filaments[27,28]. Thus, it is 
becoming increasingly evident that inhibiting activation 
of the NF-κB/MLCK signaling pathway may potentially 
lead to repair of the compromised intestinal TJ barrier 
in endotoxemia.

ASPS are widely used as therapy for immune 
regulation and anti-inflammation in China. ASPS 
have been demonstrated to ameliorate LPS-induced 
inflammatory response in piglets[15] and appear to 
have beneficial effects against LPS-induced intestinal 
mucosal injury and integrity loss in the mouse model 
of endotoxemia by suppressing over-activation 
of the NF-κB signaling pathway[17]. Although NF-
κB and MLCK-mediated MLC phosphorylation are 
clearly involved in TJ regulation in inflammation, the 
beneficial effects of ASPS on intestinal TJ disruption 
in endotoxemia and whether this signaling pathway is 
involved in the opening of TJ following administration 
of ASPS are poorly elucidated.

 In the current study, a well-documented mouse 
model of endotoxemia induced by LPS injection was 
successfully used. The mice appeared to have typical 
clinical symptoms characterized by watery stools, 
increased secretion, somnolence and inactivity, as 
well as histopathologic macroscopic and microscopic 
changes, including edematous and thin intestine, villus 
atrophy, and epithelial shedding. In addition, 6 h after 
injection of LPS was chosen as the sampling time, 
according to previous studies which had suggested 
that an acute intestinal inflammatory response was 
observed 3-6 h after LPS injection[29,30]. 

HE staining and the FITC-dextran assay of distal 
ileum showed that ASPS alleviated mucosal integrity 
loss in mice with endotoxemia, as demonstrated by 
an improvement in morphological appearance and a 
decline in the concentration of FITC-dextran in plasma. 
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Figure 2  Localization and expression of tight junction proteins, and tight junction proteins ultrastructure in ileum were evaluated 6 h after 
lipopolysaccharide administration in mice of four groups. A: Effects of Acanthopanax senticosus polysaccharides (ASPS) on distribution of occludin and ZO-1. 
Staining of both proteins along the villous epithelium at a 200 × magnification (red fluorescence) were observed by immunofluorescence. Nuclei were stained by DAPI 
(blue fluorescence). Arrows indicate the location of tight junction (TJ) proteins staining; B: Effects of ASPS on intestinal TJ proteins expression of occludin and ZO-1 
(n = 3). Protein samples were analyzed by western blotting, and β-actin was used as an internal control. The values are presented as mean ± SE. aP < 0.05, vs the 
control group; cP < 0.05, vs the LPS group; C: Effects of ASPS on intestinal TJ ultrastructure in ileum viewed under transmission electron microscope of C1, control 
group; C2, LPS group; C3, ASPS + LPS group; and C4, LPS + ASPS group. Arrows indicate the location of the TJ (scale bar = 1 μm).
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Figure 3  Protein expression of phospho-IκBα, nuclear factor-kappa B p65, myosin light chain kinase and phospho-MLC2 (A) and MLCK localization (B) in 
ileum epithelium. A: Protein expression of phospho-IκBα (A1), nuclear factor-kappa B (NF-κB) p65 (A2), myosin light chain kinase (MLCK) (A3) and phospho-MLC2 
(A4) were analyzed by western blotting at 6 h after lipopolysaccharide (LPS) induction, and β-actin was used as internal control (n = 3). Data are shown as mean ± SE (n 
= 3). aP < 0.05, vs the control group; cP < 0.05, vs the LPS group; B: MLCK location was observed by immunofluorescence at 6 h after LPS administration at 200 × 
magnification (red fluorescence) (n = 3). Nuclei were stained by DAPI (blue fluorescence). 
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These findings were consistent with our previous 
results regarding improved intestinal integrity by ASPS 
in LPS-challenged mice. ASPS also prevented LPS-
induced TJ ultrastructural breakdown, supported by 
increased electron dense materials between adjoining 
cells using TEM. In addition, ASPS pretreatment 
positively reversed the distribution and expression 
of occludin and ZO-1 in mice with endotoxemia. 
Collectively, these results indicate that pretreatment 
with oral ASPS may be a preventive option for 
decreasing TJ disruption in endotoxemia. However, our 
study on the effects of ASPS administration subsequent 
to LPS injection demonstrated their unavailability in 
endotoxemia.

Gut-associated systemic infection resulting in 
systemic diseases is associated with increased mucosal 
permeability[31]. TJ opening involved in permeability 
regulation is primarily dependent on MLCK-mediated 
MLC phosphorylation during the pathophysiology of 
endotoxemia. In order to determine the underlying 
mechanism involved in the beneficial effect of ASPS 
on TJ opening in endotoxemic mice, activity of the NF-
κB/MLCK signaling pathway in intestinal epithelium 
was determined and the results showed that ASPS 
modulated the expression of NF-κBp65 and MLCK in 
the nucleus and phospho-IκBα and phospho-MLC2 in 
the cytoplasm. The results of our study demonstrated 
that ASPS pretreatment suppressed the activation 
of related signaling molecules of the NF-κB/MLCK 
pathway rather than post-administration, which is 
consistent with the results of attenuated TJ dysfunction 
and decreased intestinal permeability in endotoxemic 
mice. This may be attributed to the pharmacokinetic 
features of ASPS, although little is understood 
regarding these features. Interestingly, our recent 
work may provide some clues as to whether regulatory 
expression of TLR4 and EGF/EGFR occurred following 
pretreatment with ASPS[18,32]. We suggest that ASPS 
administration prior to endotoxemia functions via 
EGF/EGFR-dependent regulation of TLR4[33], whereby 
EGFR mediates intestinal epithelium growth and 
differentiation. More attention should be paid to the 
relationship between EGFR and TJ proteins. However, 
in the case of endotoxemia, ASPS are unavailable due 
to LPS combining with TLR4 to activate NF-κB rather 
than EGF/EGFR.

It is worth noting that our present study provides 
a new understanding of the influencing mechanism 
of ASPS on TJ damage in relation to the MLCK/NF-
κB pathway. Further attention to other modulations 
between TJ damage and the protein kinase pathway, 
calcium ion pathway, G proteins and so on will allow 
the comprehensive identification of ASPS action. 
In addition, ASPS intake preceding any upcoming 
stressful and infectious conditions is likely to be applied 
in routine clinical practice. Further clinical research 
should be carried out to accumulate evidence to 
support treatment with ASPS.

In conclusion, the present study demonstrates that 

pretreatment with oral ASPS prior to the development 
of endotoxemia can mitigate intestinal epithelial TJ 
breakdown in the mouse model of endotoxemia. 
The underlying mechanism may be associated with 
inhibition of activation of the NF-κB/MLCK signaling 
pathway. These results suggest that ASPS may be a 
potential therapeutic strategy for intestinal permeability 
loss in sepsis.
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Abstract
AIM
To assess the occurrence of autoimmune pancreatitis 
(AIP) in pancreatic resections performed for focal 
pancreatic enlargement.

METHODS
We performed a retrospective analysis of medical 
records of all patients who underwent pancreatic 
resection for a focal pancreatic enlargement at our 
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tertiary center from January 2000 to July 2013. 
The indication for surgery was suspicion of a tumor 
based on clinical presentation, imaging findings and 
laboratory evaluations. The diagnosis of AIP was based 
on histology findings. An experienced pathologist 
specialized in pancreatic disease reviewed all the cases 
and confirmed the diagnosis in pancreatic resection 
specimens suggestive of AIP. The histological diagnosis 
of AIP was set according to the international consensus 
diagnostic criteria.

RESULTS
Two hundred ninety-five pancreatic resections were 
performed in 201 men and 94 women. AIP was 
diagnosed in 15 patients (5.1%, 12 men and 3 women) 
based on histology of the resected specimen. Six of 
them had AIP type 1, nine were diagnosed with AIP 
type 2. Pancreatic adenocarcinoma (PC) was also 
present in six patients with AIP (40%), all six were 
men. Patients with AIP + PC were significantly older 
(60.5 vs  49 years of age, P  = 0.045), more likely to 
have been recently diagnosed with diabetes (67% vs  
11%, P  = 0.09), and had experienced greater weight 
loss (15.5 kg vs  8.5 kg, P  = 0.03) than AIP patients 
without PC. AIP was not diagnosed in any patients prior 
to surgery; however, the diagnostic algorithm was not 
fully completed in every case. 

CONCLUSION
The possible co-occurrence of PC and AIP suggests 
that preoperative diagnosis of AIP does not rule out 
simultaneous presence of PC.

Key words: Chronic pancreatitis; Pancreatic cancer; IgG4-
related disease; Autoimmune pancreatitis; Malignancy
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Core tip: In this retrospective study we confirmed 
that a considerable proportion of patients undergoing 
pancreatic resection for tumor suspicion have 
autoimmune pancreatitis. Furthermore, we show 
here the largest ever published group of patients with 
pancreatic cancer and autoimmune pancreatitis co-
occurrence. The possible synchronous occurrence 
of autoimmune pancreatitis and pancreatic cancer 
implies major clinical consequences as the preoperative 
diagnosis of autoimmune pancreatitis might not rule 
out pancreatic cancer. Patients with autoimmune 
pancreatitis and patients with autoimmune pancreatitis 
and pancreatic cancer differed in age at presentation, 
presence of diabetes and the extent of weight loss.
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INTRODUCTION
Autoimmune pancreatitis (AIP) is a rare clinical entity 
with an estimated prevalence of 0.82-2.2/100000 
inhabitants in Japan[1,2]. The prevalence of this disease 
in Western countries remains to be determined. 
AIP is diagnosed in only about 6% of patients 
with idiopathic chronic pancreatitis[3]. Within this 
group, AIP is defined by specific clinical, laboratory, 
radiological, and histological findings[4]. Currently, two 
subtypes of AIP are recognized. Type 1, also known 
as lymphoplasmacytic sclerosing pancreatitis, is 
considered a pancreatic manifestation of IgG4-related 
sclerosing disease. Type 2, idiopathic duct-centric 
pancreatitis, is often associated with inflammatory 
bowel disease. Type 1 disease is characterized by 
sclerosing storiform fibrosis with a lymphoplasmatic 
infiltrate rich in IgG4-positive plasma cells, and 
elevated serum IgG4 levels[5]. Type 2 disease is 
characterized by disruption of the duct wall due to 
invasion by neutrophilic granulocytes, i.e., granulocytic 
epithelial lesions, absence of IgG4-positive plasma 
cells, and no serum elevation of IgG4. These cha
racteristic changes may result in diffuse swelling or 
focal enlargement of the organ. Patients with AIP 
often present with jaundice, abdominal pain and focal 
pancreatic enlargement. The lack of specific symptoms 
makes the diagnosis of AIP difficult. 

Diagnostic algorithms from Japan, South Korea 
and United States were proposed in 2006[6-8]. The 
international consensus diagnostic criteria (ICDC) 
published in 2011, unify the previous diagnostic 
strategies while respecting regional differences in 
clinical practice[4]. The ICDC are based on evaluation 
of the pancreatic parenchyma by imaging (CT, 
MRI), the structure of the pancreatic duct, histology, 
serology, involvement of other organs, and response 
to corticosteroid therapy. A typical, although not the 
most common, imaging finding is diffuse enlargement 
of the pancreas. This may be accompanied by delayed 
enhancement (sausage-like pancreas or rim-like 
enhancement); however, often only segmental or 
focal enlargement of the pancreas is seen, especially 
in AIP type 2[9,10]. Consequently, differentiating pan
creatic cancer (PC) from AIP can be difficult and 
requires demonstration of a combination of clinical, 
serological, morphological and histological features. 
Despite the availability of well-defined diagnostic 
criteria, 6%-8% of patients with a pancreatic mass 
undergo unnecessary resection prior to a finding of 
autoimmune pancreatitis[11].

The aim of our study was to determine the 
proportion of patients at our center with AIP among 
those who had a pancreatic resection for a pancreatic 
mass and to define the clinical characteristics of this 
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subgroup.

MATERIALS AND METHODS
We retrospectively analyzed medical records of all 
patients who underwent pancreatic resection for 
a focal pancreatic enlargement at the Institute for 
Clinical and Experimental Medicine from January 2000 
to July 2013. The indication for surgery was suspicion 
of a tumor based on clinical presentation, imaging 
findings and laboratory evaluations. Many patients 
were referred to our tertiary center for pancreatic 
surgery with a diagnostic workout already done in the 
referring hospital and with an established diagnosis of 
suspected pancreatic cancer. 

The diagnosis of AIP was based on histology 
findings. An experienced pathologist (J.M.) specialized 
in pancreatic diseases (hundreds of PC and chronic 
pancreatitis cases reported) reviewed all the cases 
and confirmed the diagnosis in pancreatic resection 
specimens suggestive of AIP. The histological diagnosis 
of AIP was based on the ICDC criteria. In AIP type 1, 
the presence of storiform fibrosis, obliterative phlebitis, 
and abundant IgG4-positive plasma cells was required, 
granulocytic epithelial lesions were indicative of AIP 
type 2[4].

The Mann-Whitney U test was used for statistical 
analysis of quantitative data and the Fisher’s exact test 
was used for qualitative data. A P-value of 0.05 was 
required for statistical significance. Data were analyzed 

by the center statistician using JMP 10 software (SAS 
Institute Inc., Cary, NC).

The study was performed according to Declaration 
of Helsinki including the changes accepted in Soul, 
South Korea, during the 59th WMA General Assembly.

RESULTS
During the study period, we performed a total of 
295 pancreatic resections in 201 men (68%) and 94 
women (32%) with a median age of 61 (36-78) years. 
Pathological examination of the resected specimens 
revealed AIP in 15 patients (5.1%); 12 men and 3 
women with a median age of 57 (35-67) years. A 
diagnosis of AIP was considered, but not confirmed, in 
two of these patients prior to pancreatectomy. In 13 of 
those patients (87%), the indication for resection was 
preoperative focal enlargement in the pancreatic head; 
two patients had an expansion of the tail. Six patients 
(40%), all men with a median age of 53 (46-67) years, 
were diagnosed with AIP type 1. Nine patients (60%), 
six men and three women with a median age of 58 
(35-64) years had pathological findings consistent with 
AIP type 2.

In six patients (40%) with AIP (two AIP type 1 
and four AIP type 2), a PC was also present in the 
resected tissue (Figure 1A-D). In five patients the 
cancer was localized in the head of the pancreas and 
in one patient the pancreatic tail was affected. The 
characteristics of AIP patients with and without PC are 
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Figure 1  Histological findings in resected pancreatic tissue in a patient with synchronous presence of type 1 autoimmune pancreatitis and pancreatic 
cancer. A: Autoimmune pancreatitis (AIP), hematoxylin-eosin (HE) staining, original magnification × 40; B: AIP showing storiform fibrosis, HE staining, original 
magnification × 40; C: AIP with immunohistochemical staining of plasma cells for IgG4; D: Pancreatic cancer, HE staining, original magnification × 40.
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with AIP alone had experienced an acute episode of 
pancreatitis of unspecified etiology. Four patients with 
AIP and none with AIP + PC had a history of other 
autoimmune diseases. Two patients with AIP type 1 
had an involvement of other organs (IgG4-sclerosing 
cholangitis and sialadenitis) manifesting during 
postsurgical follow-up. One patient with AIP type 1 had 
autoimmune thyroiditis, and one patient with AIP type 
2 had a history of Crohn’s disease.

In eleven patients (seven with AIP and four with 
AIP + PC), a fine needle aspiration biopsy (FNAB) of 
the pancreatic lesion had been performed. Cytological 
examination of the aspirates from the AIP + PC 
patients was true positive in three and inconclusive 
in one. In those with AIP, the examination was true 
negative in four patients, false-positive in two, and 
inconclusive in one (Table 4).

Knowing the final histological diagnosis, we 
retrospectively evaluated the medical histories, ima
ging findings, and laboratory results of patients with 

shown in Table 1. All patients with AIP and PC were 
men, and their median age was 60.5 (54-67) years. 
All patients with AIP + PC had a history of significant 
weight loss (median 15.5kg, range 8-50), which was 
greater than the weight loss present in the six AIP 
patients without PC (median 8.5kg, range 3-12, P 
= 0.03). Patients with AIP + PC were significantly 
older (median age 60.5 vs 49, P =0.045) and were 
more likely to have been diagnosed with recent-onset 
diabetes mellitus (within six months prior to resection) 
in the preoperative period (67% vs 11%, P = 0.09). 
History of smoking was similar in both groups (56% 
AIP patients vs 67% AIP + PC patients). There was 
not a statistically significant difference in the presence 
of jaundice between the groups. Histopathological 
findings in patients with AIP + PC are summarized in 
Tables 2 and 3.

Six patients with AIP had a history of pancreatic 
disease - three had chronic pancreatitis (two with 
AIP and one with AIP + PC), and three patients 

Table 1  Characteristics of patients with autoimmune pancreatitis and autoimmune pancreatitis + pancreatic cancer  n  (%)

AIP without PC AIP with PC P value

Total 9 (60) 6 (40)
AIP type 1 4 (44) 2 (33)
AIP type 2 5 (56) 4 (67)
Sex (males) 6 (67)   6 (100)
Age 49 (35-64) 60.5 (54-67) 0.045
Smoking 5 (56) 4 (67)
Recent onset of diabetes mellitus 1 (11) 4 (67) 0.090
History of another autoimmune disorder  4 (44)1 0
History of pancreatic disease  5 (56)2   1 (17)3

Jaundice 3 (33)  4 (67)
Weight loss 6 (67)    6 (100)
in kilograms 8.5 (3-12) 15.5 (8-50) 0.030
Location of lesion (head of the pancreas) 8 (89)  5 (83)
Ca 19-9 (normal range 0-27 kU/L) 35.2 (2.5-300) 89.8 (19.8-110)

11 × IgG4-related sclerosing cholangitis, 1 × IgG4-related sialadenitis, 1 × Crohn's disease, 1 × Autoimmune thyroiditis; 22 × Chronic pancreatitis, 3 × 
Acute pancreatitis; 31 × Chronic pancreatitis. Quantitative data are expressed as median (range), qualitative data as absolute values with percentages. AIP: 
Autoimmune pancreatitis; PC: Pancreatic cancer.

Table 2  Histopathology findings in patients with type 1 autoimmune pancreatitis + pancreatic cancer

Patient Sex Age Periductal lymphoplasmacytic infiltrate 
without granulocytic infiltration

Obliterative phlebitis Storiform 
fibrosis

IgG4-positive 
cells

   2 M 67 Yes Yes Yes 47/HPF
   6 M 61 Yes Yes Yes 58/HPF

HPF: High-power field.

Macinga P et al . Co-occurrence of autoimmune pancreatitis and cancer

Table 3  Histopathology findings in patients with type 2 autoimmune pancreatitis + pancreatic cancer

Patient Sex Age Granulocytic infiltration of duct wall 
(GEL)

Granulocytic and 
lymphoplasmacytic acinar infiltrate

IgG4-positive cells

   1 M 54 Yes 4/HPF
   3 M 63 Yes 2/HPF
   4 M 58 Yes 7/HPF
   5 M 60 Yes 4/HPF

HPF: High-power field.
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AIP + PC to assess the possibility of preoperative 
diagnosis of AIP using the current consensus criteria. 
None of the patients would have met the ICDC 
criteria preoperatively. Serum levels of IgG4 were not 
determined in the two patients with AIP type 1, and 
histology was not obtained in any of the AIP type 2 
patients. Only one patient (with AIP type 2) had a CT 
finding suggestive of AIP, however malignant elements 
were found in the FNAB cytology. In the remaining 
five patients the CT findings would not have raised 
suspicion of AIP. Preoperative findings in both groups 
are shown in Table 4, Figures 2 and 3.

DISCUSSION
AIP and PC may present with similar manifestations, 

but have very different treatments. Typically, an 
older patient presents with abdominal pain and 
obstructive jaundice caused by a focal pancreatic 
lesion. If AIP is diagnosed, the mainstay of treatment 
is immunosuppression using corticosteroids, usually 
resulting in rapid regression of the expansion and 
alleviation of symptoms. This therapy spares the 
patient from a challenging surgical procedure 
associated with high morbidity and considerable 
mortality. On the other hand, if pancreatic cancer is 
the cause of symptoms, the only chance for survival 
is prompt surgical treatment. Such clinical cases 
represent a complex diagnostic dilemma. Precise 
differential diagnosis of AIP and PC is essential for 
the right treatment and prognosis of patients, but 
is sometimes extremely difficult, if not impossible, 

Table 4  Serum IgG4, imaging methods and fine needle aspiration biopsy results in patients with autoimmune pancreatitis and 
autoimmune pancreatitis + pancreatic cancer

Sex Age Serum IgG4 
(mg/dL) 

CT ERP EUS EUS-FNA

AIP type 1 + PC M 67 N/A A N/A N/A N/A
M 61 N/A A CBD stricture; no 

wirsungography
Susp M Inconclusive

AIP type 1 M 46 81.5 L2 CBD stricture; no 
wirsungography

Ambigious Negative

M 57 81.5 A CBD stricture; no 
wirsungography

N/A N/A

M 49 N/A A Unsuccesful attempt for 
wirsungography

Cystic tumour; 
signs of CHP

Inconclusive

M 48 23.1 L2 N/A Susp M Negative
AIP type 2 + PC M 54 NR L2 N/A Ambigious Susp M

M 63 NR A N/A Ambigious Susp M
M 58 NR A Wirsungolithiasis N/A N/A
M 60 NR A N/A Ambigious Susp M

AIP type 2 F 61 NR L2 N/A Susp M Susp M
F 64 NR A Dilated PD; mucous 

secretion
Susp MD-IPMN Negative

M 35 NR L2 N/A ambigious Susp M
F 47 NR L2 N/A ambigious Negative
M 53 NR A N/A N/A N/A

L2: Level 2 evidence of parenchymal imaging according to ICDC criteria; M: Male; F: Female; NR: Not relevant; N/A: Results not available or examination 
not done; A: Atypical-finding not suggestive of AIP; susp M: Findings suspected of malignancy; CHP: Chronic pancreatitis; CBD: Common bile duct; PD: 
Pancreatic duct; EUS: Endoscopic ultrasonography; EUS-FNA: Endoscopic ultrasound-guided fine needle aspiration biopsy; CT: Computed tomography; 
AIP: Autoimmune pancreatitis; PC: Pancreatic cancer.

A B

Figure 2  Imaging findings in a patient with autoimmune pancreatitis. A: Hypodense lesion in the pancreatic head on computed tomography; B: Hypoechoic 
lesion of the pancreatic head on endoscopic ultrasonography.

Macinga P et al . Co-occurrence of autoimmune pancreatitis and cancer



2190 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

to determine. Serum markers of AIP (notably 
serum IgG4) are often helpful in diagnosis of both 
conditions[12]. However, IgG4 levels exceeding twice 
the upper limit of normal were found in a considerable 
proportion of patients with pancreatic cancer and 
thus this marker cannot be used alone to exclude 
the diagnosis of malignancy[13]. In cases where the 
presence of pancreatic cancer cannot be ruled out 
with certainty, pancreatic resection is indicated. The 
aim of our study was to evaluate the proportion of AIP 
in all patients undergoing resection for a suspected 
tumor. The finding of AIP in 5% of all resections in 
our patient series is in agreement with previously 
published data. The occurrence of AIP in patients 
resected for a suspected tumor has been shown to 
be around 6%-8%[11]. This high number reflects the 
similar presentation of both diseases and the difficult 
diagnostic algorithm of AIP.

The relatively high proportion of patients with type 2 
AIP (60%) in our series might be explained by a higher 
prevalence of this subtype in our geographic region as 
well as more frequent presentation of type 2 AIP as a 
focal pancreatic lesion[14-16]. In addition, recognition of 
this subtype in the absence of a serological marker and 
extrapancreatic manifestations is more challenging. It 
can thus be assumed that this subtype will be found 
more often in patients with unrecognized AIP, and will 
not precisely match the characteristics of AIP patients in 
the general population. 

An intriguing finding in our study is the high 
incidence of pancreatic adenocarcinoma in patients 
with AIP, which reached 40%. In our opinion, this 
represents the largest ever published group of patients 
with co-occurrence of PC and AIP. Pancreatic cancer 
in patients with AIP has so far been documented 
only in individual cases[13,17-20]. Recently, two patients 
with both AIP and PC were described in a study that 
examined serum IgG4 level in 106 patients with 
histologically confirmed pancreatic cancer[13]. None of 
our patients was diagnosed with AIP or had ever been 
given immunosuppressive therapy before surgery. A 
retrospective analysis of all available data revealed that 
our AIP patients would not have met the ICDC criteria 

preoperatively. However, the diagnostic algorithm was 
not complete in any of them, as they were referred 
for surgery with an already established diagnosis of 
suspected pancreatic cancer. Nevertheless, it needs 
to be emphasized that some of our patients had been 
resected many years ago before AIP was thoroughly 
described and the ICDC criteria proposed.

Diagnosis of AIP accompanying PC based on 
histology is a major drawback of our study. We are 
aware that the nonspecific peritumoral pancreatitis 
adjacent to pancreatic neoplasms might share some 
histologic features with AIP type 1, i.e., by abundance 
of IgG4+ plasma cells, venulitis or periductal inflam
mation[21]. However, distribution of IgG4+ plasma cells 
in nonspecific peritumoral pancreatitis was shown 
to be patchy, in contrary to diffuse infiltration which 
is described in AIP[22,23]. All cases of AIP + PC were 
reviewed by a pathologist specialized in pancreatic 
diseases. Only cases with diffuse distribution of IgG4+ 
plasma cells (density > 50/HPF) and with the presence 
of all morphologic features of AIP type 1 were included in 
the study. This cutoff was shown to provide an excellent 
specificity in distinguishing AIP type 1 and peritumoral 
pancreatitis[21]. In AIP type 2 the granulocytic epithelial 
lesions were nosognostic for the disease.

The relationship between AIP and PC is poorly 
understood although several different explanations were 
formulated. The first one considers AIP as a precursor 
for pancreatic cancer due to chronic inflammation which 
leads to harboring of mutations and, over time, to 
development of cancer. Chronic pancreatitis is a well-
known risk factor of pancreatic cancer, increasing the 
risk of cancer development by as much as 13.3-fold[24]. 
The cumulative risk of developing pancreatic cancer 
in patients with chronic pancreatitis is estimated to 
be 4%[25]. A similar association in patients with AIP 
has not yet been demonstrated. However, in line with 
the case reports of pancreatic cancer in patients with 
AIP mentioned above, there are data that indirectly 
support this assumption. For example, Gupta et al[26] 
in a retrospective analysis of resected tissue of AIP 
patients, found a higher prevalence of premalignant 
lesions, i.e., pancreatic intraepithelial neoplasia (PanIN 

A B

Figure 3  Imaging findings in a patient with autoimmune pancreatitis + pancreatic cancer. A: Hypodense lesion in the pancreatic head with a common bile duct 
(CBD) stent on computed tomography; B: Distal CBD stricture on endoscopic retrograde cholangio-pancreatography.
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1-2), in patients with AIP compared with patients with 
otherwise nonspecified chronic pancreatitis. In addition, 
they noted development of pancreatic cancer in two of 
84 patients with AIP during a prospective 49-mo follow-
up period. The high frequency of K-ras mutations found 
in pancreatic tissue of patients with AIP further supports 
the association of the two diseases[27]. 

Higher incidence of pancreatic cancer has scarcely 
been reported in prospectively followed cohorts of 
patients with AIP[28]. However, population studies are 
usually limited by a small number of patients due to 
the low incidence of the disease and also by short 
follow-up periods. Furthermore, prospectively followed 
patients with AIP are usually adequately treated with 
immunosuppression, unlike patients with unrecognized 
AIP or with pancreatitis of other etiologies. In such 
a scenario, one might speculate that suppression 
of inflammatory activity may reduce the risk of 
malignancy development in a similar way to that 
seen in inflammatory bowel disease[29]. An increased 
incidence of pancreatic cancer would then be expected 
in untreated patients or in those with an insufficient 
response to immunosuppressive treatment. Duration 
of follow-up is also an important factor. If patients 
with chronic pancreatitis of other etiologies develop 
pancreatic cancer, then it is usually in the interval 
of one to two decades after chronic pancreatitis is 
diagnosed[25]. There are patients suffering for years 
from unrecognized AIP in the absence of cardinal 
symptoms such as jaundice or typical radiological 
findings. Recently published data suggest that up to 
one third of patients with AIP can develop signs typical 
of advanced chronic pancreatitis of other etiologies 
(e.g., parenchymal atrophy or calcifications)[30,31].

Another consideration proposes AIP type 1 as a 
paraneoplastic phenomenon. This hypothesis is based 
on observation of a significantly higher incidence of 
malignancy in patients with IgG4-RD within the first 
year of follow-up compared to subsequent years[32,33]. 
The explanation would be that occult cancer may 
alter cell-mediated immunological responses and 
thus create an inflammatory environment favorable 
for onset of autoimmune disease - in this case AIP 
type 1 or any other IgG4-RD. However, these initial 
observations from Japanese authors were not further 
supported by western studies[34,35].

Despite the small number of patients in our study, 
we found three major differences between patients 
with AIP and AIP + PC, with one of them being 
statistically significant. The significantly higher age of 
patients with AIP + PC may be somewhat expected 
due to the mechanism of cancer development, 
presumed to be a long-term chronic inflammatory 
process. It is consistent with the concept of pan
creatic cancer being a late complication of chronic 
pancreatitis, much like colorectal cancer being a late 
complication of ulcerative colitis. The higher proportion 
of recent onset diabetes in patients with AIP + PC 
compared with patients with AIP only is an interesting 

finding. Diabetes mellitus has been reported in 
42%-78% of patients at the onset of AIP, however 
it persisted in only 10% of the AIP patients following 
corticosteroid treatment of the acute inflammation[36]. 
In our study, recent-onset diabetes was present in 
only 11% patients with AIP. New onset diabetes 
mellitus as a symptom of pancreatic cancer has been 
documented in numerous studies[37]. However, its 
use in the differential diagnosis of cancer and chronic 
pancreatitis is difficult, because diabetes is a common 
complication of advanced chronic pancreatitis of non-
autoimmune etiology. In our study only six patients 
without PC had weight loss as opposed to all patients 
with PC. Weight loss in patients with AIP and PC was 
much greater than in those who had AIP without PC 
(15.5 kg vs 8.5 kg, P = 0.03). Even though exocrine 
pancreatic insufficiency and weight loss are not 
uncommon in patients with AIP[38], a severe weight 
loss should raise suspicion for a possible presence of 
pancreatic cancer.

The possible synchronous occurrence of AIP and PC 
implies major clinical consequences. Our data indicate 
that distinguishing these two entities becomes even 
more challenging, as the preoperative diagnosis of AIP 
does not rule out pancreatic cancer. Even patients with 
an established diagnosis of AIP must thus be treated 
and followed with caution.

A shortcoming of our study, beyond its small size 
and retrospective nature, is the fact that the selection 
of patients was based on histological examination 
of resected tissue. Our hospital is a tertiary center 
that performs many resections as a service for 
regional gastroenterology facilities. Consequently, the 
opportunity to change the diagnostic algorithm, which 
is often not fully completed, is sometimes limited. 
Finally, the natural course of pancreatic cancer is so 
unfavorable that all our patients have already died. 
Consequently, they could not be revaluated. 

Autoimmune pancreatitis and pancreatic cancer 
may have similar presentations and their distinction 
is often difficult. We evaluated all patients who 
underwent pancreatic resection for a focal pancreatic 
enlargement and found that a considerable proportion 
of the resected patients had autoimmune pancreati
tis. Furthermore, we found that some patients with 
autoimmune pancreatitis also had pancreatic cancer, 
demonstrating the eventuality of synchronous pre
sence of PC in patients with proven AIP. Our results 
show that those with AIP and cancer were older, 
more likely to have recent-onset diabetes and had a 
greater weight loss than those with AIP only. Definitive 
confirmation of these initial observations will require 
additional prospective studies with a larger number of 
patients.
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characterized by specific clinical, laboratory, radiological and histological 
findings. AIP may mimic pancreatic cancer (PC), as it often presents with 
obstructive jaundice and focal pancreatic enlargement. 

Research frontiers
Due to similar manifestation of AIP and PC, a lot of attention was given to the 
differentiation of the two conditions, as the precise differential diagnosis is 
essential for the right treatment and prognosis of patients. However, because 
the diagnosis of AIP is complex, many AIP patients undergo unnecessary 
surgery rather than immunosuppressive treatment. Chronic inflammatory 
process is a well-known risk factor of malignancy, as described in chronic 
pancreatitis and PC. A similar association in patients with AIP and PC has been 
suggested but not demonstrated. There are only a few cases of PC in AIP 
patients reported in the literature.

Innovations and breakthroughs
In the presented study, we show that a considerable proportion of patients 
undergoing pancreatic resection for a cancer suspicion may have AIP. However, 
we also showed that patients with AIP may have synchronous presence of 
pancreatic cancer. Those with AIP and PC were older, have been more often 
recently diagnosed with diabetes, and have experienced a greater weight loss 
than those without PC. The presented group of patients with PC and AIP co-
occurrence is, to our knowledge, the largest ever published. 

Applications
The possible synchronous occurrence of AIP and PC implies major 
consequences, as diagnosing AIP in a patient with focal pancreatic enlargement 
may not rule out the presence of pancreatic cancer. The knowledge of 
characteristics distinguishing the two groups of patients might aid in the 
differential diagnosis.

Terminology
Pancreatic cancer is usually an adenocarcinoma derived from pancreatic 
ductal cells; autoimmune pancreatitis is a rare chronic inflammatory disease 
of the pancreas defined by a combination of the following features: frequent 
presentation with obstructive jaundice accompanied with diffuse or focal 
organ swelling, rapid response to steroids, as well as by histological finding of 
lymphoplasmacytic infiltrate and fibrosis of the pancreas. Based on laboratory 
results, clinical profiling and histology, it is classified into type 1 and type 2. 

Peer-review
“Simultaneous occurrence of autoimmune pancreatitis and pancreatic cancer in 
patients resected for focal pancreatic mass” is an interesting paper. 
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Abstract 
AIM
To observe the natural course of 1-3 cm gastric 
submucosal tumors originating from the muscularis 
propria (SMTMPs).

METHODS
By reviewing the computerized medical records over a 
period of 14 years (2000-2013), patients with 1-3 cm 
gastric SMTMPs who underwent at least two endoscopic 
ultrasound (EUS) examinations were enrolled. Tumor 
progression was defined as a ≥ 1.2 times enlargement 
in tumor diameter observed during EUS surveillance. All 
patients were divided into stationary and progressive 
subgroups and further analyzed. We also reviewed the 
patients in the progressive subgroup again in 2016.

RESULTS
A total of 88 patients were studied, including 25 in 
the progressive subgroup. The mean time of EUS 
surveillance was 24.6 mo in the stationary subgroup 
and 30.7 mo in the progressive subgroup. Risk factors 
for tumor progression included larger tumor size and 
irregular border. Initial tumor size > 14.0 mm may 
be considered a cut-off size for predicting tumor 
progression. Seventeen patients underwent surgery, of 
whom 13 had gastrointestinal stromal tumors (GISTs) 
and 4 had leiomyomas. Tumor progression was found 
only in patients with GISTs. All of the tumors exhibited 
benign behaviors without metastasis until 2016.

CONCLUSION
Most 1-3 cm gastric SMTMPs (71.6%) are indolent. 
Tumor progression was found only in GISTs, and 
it is a good predictor for differentiating GISTs from 
leiomyomas. Predictors of tumor progression include 
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larger tumor size (> 14.0 mm) and irregular border. 
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Core tip: Most gastric submucosal tumors originating 
from muscularis proprias (SMTMPs) are gastrointestinal 
stromal tumors (GISTs) or leiomyomas. GISTs have a 
malignant potential but leiomyomas are benign. We 
enrolled patients with 1-3 cm gastric SMTMPs and 
under endoscopic ultrasound surveillance over a period 
of 14 years between 2000 and 2013 to observe the 
natural behaviors of such tumors. We also reviewed the 
patients with progressive tumors again in 2016.
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INTRODUCTION
Due to advances in endoscopy and its widespread 
use, detection of submucosal tumors (SMTs) of 
the gastrointestinal (GI) tract is not uncommon. In 
the evaluation of SMTs of the GI tract, endoscopic 
ultrasound (EUS) is a useful tool for identifying the 
tumor’s layer of origin, measuring its size, providing the 
details of tumor echotexture, and differentiating it from 
external compression[1]. Among SMTs in the stomach, 
gastrointestinal stromal tumors (GISTs) are the most 
common[2]. When EUS reveals a hypoechoic submucosal 
tumor originating from the muscularis propria (SMTMP) 
in the stomach, GIST is considered first followed by 
leiomyoma[3-9]. Because all GISTs have a malignant 
potential and leiomyomas have a benign nature, tissue 
acquisition is often recommended for such tumors. At 
present, EUS-guided fine needle aspiration (EUS-FNA) is 
a feasible method. However, the diagnostic rate may be 
limited when the tumor is smaller or the tumor location 
is difficult to approach[10-12].

Based on the National Institute of Health Consensus, 
tumor size and mitotic activity are the two most 
important factors for predicting malignant potential of 
a GIST[13]. Obviously, tissue obtained by EUS-FNA can 
demonstrate GISTs only but cannot provide further 
information regarding mitotic activity. EUS features 
suggestive of a malignant GIST include larger tumor 
size, heterogeneous hypoechotexure, irregular tumor 
border, and internal cystic or calcified changes[8,14,15]. At 
present, a GIST > 3 cm is considered to have higher 
malignant potential and is recommended for surgical 

resection[16]. As for GISTs < 1 cm, they are frequently 
considered to harbor a low risk of malignancy and 
tissue acquisition in these cases is controversial[17]. 
Notably, GISTs in the stomach are often indolent and 
rapid progression is uncommon. It should be considered 
whether all the myogenic submucosal tumors in the 
stomach are necessary for pathologic demonstration to 
differentiate GISTs from leiomyomas, especially in 1-3 
cm tumors. Until now, associated discussions regarding 
the natural course and management of 1-3 cm gastric 
SMTMPs are limited. Here, we reviewed computerized 
medical records over a period of 14 years from our 
institution to study the natural behaviors of such tumors.

MATERIALS AND METHODS
Patient selection 
All the patients who underwent at least two EUS 
examinations to follow gastric SMTMP during a period 
of 14 years between January 2000 and December 2013 
were retrospectively reviewed using the computerized 
medical record system of Kaohsiung Chang Gung 
Memorial Hospital, a tertiary medical center in Kaohsiung 
City in Taiwan.

EUS modality and examination
In all patients, EUS was performed using a miniprobe 
with a 12 MHz radial scan (Olympus UM-2R, Tokyo, 
Japan). When EUS showed a myogenic tumor with 
hypoechoic echotexture originating from the muscularis 
propria in the stomach, it was regarded as a gastric 
GIST first or leiomyoma. We used the maximal tumor 
diameter as tumor size. The intervals of EUS follow-up 
were not defined, mainly depending upon the clinician’s 
discretion.

Inclusion and exclusion criteria 
If the tumor size exceeded 3 cm, we recommended 
FNA or surgical resection. When a tumor was < 1 cm, 
we considered it to be benign. Therefore, we excluded 
the patients with an initial tumor size larger than 3 cm 
or persistently smaller than 1 cm. We also excluded 
the patients who underwent EUS only once without 
subsequent follow-up. We also enrolled the patients 
whose small tumors subsequently grew to 1 cm or 
more during surveillance. Therefore, only the patients 
with 1-3 cm myogenic tumors under EUS surveillance 
were enrolled in this study.

Pathological classification to predict malignant potential 
of GISTs
If a patient underwent surgery to remove a GIST, the 
pathology of GIST was classified into “very low risk”, 
“low risk”, “intermediate risk”, or “high risk” using 
tumor size and mitotic count based on the National 
Institute of Health consensus[13].

Data collection and analysis 
We defined a ratio of follow-up tumor size to initial 
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tumor size ≥ 1.2 as tumor progression based on the 
Response Evaluation Criteria in Solid Tumor (RECIST)[18]. 
Patients were then divided into a progressive subgroup 
and a stationary subgroup. Baseline characteristics of 
each subgroup, initial tumor size, echotexture, border 
and location of myogenic tumors, the number of 
surveillance procedures, and the interval and duration 
of EUS were recorded and further analyzed. 

Second review for patients with progressive tumors
We followed the patients in the progressive subgroup 
again in 2016 by medical record review and phone call 
contact.  

Statistical analysis
Continuous variables were analyzed using the Mann 
Whitney U test and categorical variables analyzed 
using the Pearson χ 2 test. The sensitivity and specificity 
of various tumor sizes were analyzed using a receiver 
operating characteristic (ROC) curve, and the optimal 
cutoff value was determined. All statistical analyses 
were performed using SPSS statistical software (SPSS 
for Windows, version 13; SPSS Inc., IL). A P-value < 
0.05 was considered statistically significant.

RESULTS
During the 14 years between 2000 and 2013, 6755 
EUS procedures were performed by four endosono
graphers. Of these, 1725 EUS results were associated 
with gastric SMTMPs. Based on the inclusion and 
exclusion criteria, 88 patients (44 males and 44 
females) were identified and enrolled in the study. 
The initial patient age was 57.1 ± 11.0 years (mean 
± SD) and the initial tumor size was 14.7 ± 4.9 mm. 

Both the duration and interval of EUS surveillance 
ranged from 1.1 mo to 144.9 mo. The number of 
EUS surveillance procedures ranged from 2 to 9. Of 
the 88 patients, 25 (28.4%) were in the progressive 
subgroup and 63 (71.6%) in the stationary subgroup 
(Figure 1). The basic characteristics and EUS findings 
in each subgroup are shown in Table 1. By comparing 
the progressive and stationary subgroups, initially 
larger tumor size and irregular tumor border were 
identified to be predictors of tumor progression. 
Regarding initial tumor size, we performed an ROC 
curve analysis to determine the optimal cut-off 
size for predicting potential tumor progression. We 
found 1.4 cm to be the optimal cut-off tumor size 
associated with tumor progression, with a sensitivity 
of 68.0%, a specificity of 66.7%, and an accuracy of 
67.0 % (Figure 2). The interval of EUS surveillance in 
the progressive subgroup is shown in Figure 3. The 
interval of most EUS examinations was ≥ 3 mo (66/73 
= 90.4%). A total of 17 patients underwent surgery. 
Of these, 13 patients from the progressive subgroup 
were confirmed to have GISTs and 4 patients from 
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Indicated patients
(n  = 88)

Stationary tumors
(n  = 63)

Progressive tumors
(n  = 25)

Operation
(n  = 4)

Observation
(n  = 59)

Operation 
(n  = 13)

Observation 
(n  = 12)

Leiomyoma
(n  = 4)

GIST
(n  = 13)

Figure 1  Flow chart of management of 88 indicated patients with submucosal 
tumors originating from the muscularis propria in the stomach. EUS: 
Endoscopic ultrasound; GIST: Gastrointestinal stromal tumor.
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patient was found to have malignant transformation or 
distant metastasis during surveillance. Notably, tumor 
progression (tumor enlargement ≥ 1.2 times) was 
only shown in the cases with GISTs. Among another 
12 patients in the progressive subgroup, we followed 
them until 2016. Two patients eventually underwent 
surgery due to gradually enlarged tumors and were 
confirmed to have GISTs with a low malignant 
potential. Two patients refused EUS surveillance due to 
old age (> 80 years). Seven patients who took regular 
follow-ups remained condition stable without tumor 
metastasis. One patient was lost to follow-up. The flow 
chart of these 12 patients in the progressive subgroup 
is shown in Figure 4.

DISCUSSION
GISTs are the most common mesenchymal tumors in 
the GI tract. Pathologically, most GISTs are composed 
of spindle cells and epithelioid cells which are de
rived from interstitial cells of Cajal[19-21]. Most GISTs 
(approximately 65%) occur in the stomach, followed 
by 30%-35% in the small intestine and 5%-10% 
in the colon. About 95% of GISTs are characterized 
by the positive expression of c-kit receptor tyrosine 
kinase (CD117), whereas approximately 60%-70% 
of the tumors are positive for CD34[22-24]. Most gastric 
GISTs are asymptomatic and are detected incidentally 
as submucosal tumors during endoscopy. Therefore, 
the real incidence of GISTs in the stomach remains 
unclear. EUS is the most common modality for the 
evaluation of submucosal tumors. A suspected GIST is 
a hypoechoic and myogenic tumor originating mostly 
from the muscularis propria and occasionally from 
the muscularis mucosae. Similar to GISTs in terms of 

the stationary subgroup were confirmed to have 
leiomyomas. Basic characteristics and EUS findings 
for patients with confirmed GISTs and leiomyomas 
are shown in Tables 2-4. CD117 was positive in all 
13 patients with confirmed GISTs (100%), whereas 
CD34 was positive in 11 (84.6%). Pathology results 
for confirmed cases suggested 4 GISTs with a very low 
malignant potential, 6 with a low potential, 2 with an 
intermediate potential, and 1 with a high potential. No 

Table 1  Basic characteristics and endoscopic ultrasound 
findings in 88 patients with suspected gastrointestinal stromal 
tumors in the stomach

Basic characteristic or EUS 
finding

Stationary 
group n  = 63

Progressive 
group n  = 25

P  value 

Age (mean ± SD, yr) 57.4 ± 10.6 56.4 ± 12.4 0.690
Sex (M/F) 35/28 9/16 0.100
Location 0.650
   Cardia 16   5
   Fundus 16   8
   Body 24 11
   Antrum   7   1
EUS tumor size and 
echotexture
   Initial tumor size 
   (mean ± SD, mm)

13.9 ± 4.5 16.6 ± 5.5 0.020

   Homogeneous/
   heterogeneous 
   hypoechoicity 

  44/19 12/13 0.060

   Smooth/irregular tumor 
   border 

56/7 15/10 0.002

   With/without internal cystic 
   change or calcification

  8/55   4/21 0.680

EUS surveillance 
   Surveillance duration 
   (mean ± SD, mo)

24.6 ± 20.3 30.7 ± 21.7 0.220

EUS: Endoscopic ultrasound.

Progressive subgroup
(n  = 25)

Operation
(n  = 13)

GIST
(n  = 13)

Observation
(n  = 12)

1st review in
2000-2013

No recurrence
(n  = 12)

Loss of follow up
(n  = 1)

Operation
(n  = 2)

GIST
(n  = 2)

Follow up
(n  = 7)

Stationary
(n  = 7)

Loss of follow up
(n  = 3) including
too old (n  = 2),
fail to contact

(n  = 1)

2nd review in
2016

Figure 4  Flow chart of patients in the progressive subgroup. These patients were reviewed twice; the first was based on medical records in 2013 and the second 
was performed by phone calls as well as based on medical records in 2016.  
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EUS findings, leiomyomas are also tumors of muscular 
origin. Unlike GISTs, leiomyomas are negative for 
CD117 and CD34, but positive for smooth muscle actin 
(SMA) and desmin on immunohistochemical staining. 
Moreover, leiomyomas are completely benign. 

Recent studies have demonstrated that all GISTs 
have a malignant potential. Therefore, suspected 
GISTs should be confirmed histologically and managed 
accordingly. However, GISTs often behave differently 

at different locations. A GIST in the stomach is often 
more indolent than a GIST with a similar size and 
mitotic count located in another GI tract site[25]. 
Therefore, EUS surveillance alone is feasible for a small 
suspected GIST in the stomach that does not require 
immediate tissue proof or resection[2,26].

Most GISTs < 1 cm harbor a very low malignant 
potential, while GISTs ≥ 3 cm with irregular tumor 
borders, heterogeneous hypoechogenicity, and internal 

Table 2  Basic characteristics and endoscopic ultrasound findings in13 patients with confirmed gastrointestinal stromal tumors in the 
stomach

Case Age (yr)/
sex

Location Heterogeneous 
hypoechoic 
echotexture

Irregular 
border

Internal cystic 
change or 

calcification 

Initial size 
(I , mm)

Final size 
(F , mm)

Tumor 
progression 
(F/I  ≥ 1.2)

Surveillance 
procedures

Surveillance 
duration 

(mo)

Malignant 
potential

1 41/F Body + - - 15 23 + 4 82.1 Very low
2 67/F Fundus + - + 15 23 + 5 66.5 Very low
3 50/F Cardia - + - 16 20 + 4 22.8 Very low
4 70/M Body - - - 15 20 + 8 37.9 Very low
5 57/F Cardia + + - 28 50 + 3 19.3 Low
6 46/M Fundus + + - 30 35 + 2   3.4 Low
7 55/F Antrum - - - 18 23 + 2 63.0 Low
8 69/F Body - - - 21 28 + 2   3.7 Low
9 49/M Body + + - 24 30 + 3 47.9 Low
10 61/F Fundus + + - 24 33 + 6 41.9 Low
11 54/M Body  + + - 21 28 + 5 32.1 Intermediate
12 59/F Body + + - 18 23 + 2   5.5 Intermediate
13 60/F Fundus + + - 30 51 + 2 31.3 High 

Table 3  Basic characteristics and endoscopic ultrasound findings in 4 patients with confirmed leiomyomas in the stomach

Case Age (yr)/
sex

Location Heterogeneous 
hypoechoic 
echotexture

Irregular 
border

Internal cystic 
change or 

calcification 

Initial size 
(I , mm)

Final size 
(F , mm)

Tumor 
progression 
(F/I  ≥ 1.2)

Surveillance 
procedures

Surveillance 
duration 

(mo)

1 69/F Body - - - 10 10 - 2   3.5
2 52/M Fundus - - - 10   9 - 2   3.7
3 64/F Antrum + - - 13 13 - 3 21.3
4 50/M Cardia + + + 18 20 - 2   3.0

Table 4  Comparison of basic characteristics and endoscopic ultrasound findings between patients with gastrointestinal stromal 
tumors and leiomyomas by the Mann -Whitney U test

Basic characteristic or EUS finding GIST n  = 13 Leiomyoma n  = 4 P  value 

Age (median, range, yr) 57 (41-70) 58 (50-69)    0.785
Sex (M/F) 4/9 2/2    0.482
Location    0.868
   Cardia   2 1
   Fundus   4 1
   Body   6 1
   Antrum   1 1
EUS tumor size and echotexture
   Initial tumor size (median, mm) 21 11.5    0.015
   Final tumor size (median, mm ) 28 11.5    0.003
   Homogeneous/heterogeneous hypoechoicity 4/9 2/2    0.482
   Smooth/ irregular tumor border 5/8 0/4    0.682
   With/without internal cystic change or calcification   1/12 0/4    0.567
EUS surveillance 
   Surveillance duration (median, range, mo) 31.3 (3.1-81.0) 3.6 (3.0-21.4)    0.023
   Surveillance procedure (median, range, times) 3 (2-8) 2 (2-3)    0.163
   Tumor progression 13 0 < 0.001

GISTs: Gastrointestinal stromal tumors; EUS: Endoscopic ultrasound.
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cystic or calcified changes suggest a higher malignant 
potential. All leiomyomas are benign. Therefore, 
we were interested in the natural course of 1-3 cm 
SMTMPs in the stomach. To evaluate tumor growth, 
we calculated the ratio of follow-up tumor size to 
initial tumor size on EUS and defined the ratio of ≥ 
1.20 as tumor progression based on RECIST. Among 
88 patients with 1-3 cm gastric myogenic tumors, 
we found that most tumors were indolent and tumor 
progression was detected in 25 (28.4%) patients. No 
patients suffered from major complications such as 
tumor bleeding, obstruction, perforation or malignant 
transformation during surveillance. A total of 19 (17 + 
2) patients underwent surgery. Of these, 15 patients 
had GISTs and 4 patients had leiomyomas. Notably, 
tumor progression (tumor enlargement ≥ 1.2 times) 
was found only in GISTs but not in leiomyomas. 
Therefore, tumor progression may be a good predictor 
for differentiating GISTs from leiomyomas. Moreover, 
we found that larger tumors with irregular margins 
showed a tendency toward progressive change and 
should be monitored more closely. From the ROC 
curve analysis, we found 1.4 cm to be the optimal 
cut-off tumor size associated with tumor progression. 
The same 1.4 cm cut-off size was reported by Fang 
et al[27] in their study, which is similar to that reported 
by Lachter et al[28] who found tumor size larger than 
1.7cm to be indicative of tumor progression. Tumors 
with heterogeneous hypoechotexture showed no 
statistical significance for predicting tumor progression 
(P = 0.06) in our study, but the finding is limited by 
our small number of cases and requires clarification in 
a larger study. Regarding the appropriate interval of 
EUS surveillance, it is difficult to conclude how often 
a suspected gastric GIST should be followed since 
malignant GISTs were not detected during surveillance 
in our study. Although an evidences-based optimal 
EUS surveillance policy remains lacking for small 
GISTs, yearly EUS follow-up for small sized GISTs (< 3 
cm) should be considered from a study of Prachayakul 
et al[26] in 2012. At present, a guideline from European 
society of medical oncology recommended that an 
interval of 3 mo in the first follow-up and then annual 
EUS surveillance may be optimal for small suspected 
GISTs if no tumor growth occurs during surveillance[29]. 
In this review of 1725 EUS surveillances for gastric 
submucosal tumors from the 14 years of medical 
records, we found that most 1-3 cm SMTMPs in the 
stomach were indolent with only 28.4% of patients 
experiencing tumor progression (tumor enlargement ≥ 
1.2 times). EUS surveillance is optimal for small gastric 
myogenic submucosal tumors without immediately 
obtaining tissue. Tumor progression is a good predictor 
for differentiating GISTs from leiomyomas. Risk 
factors for tumor progression include larger tumor 
and irregular borders. Initial tumor size > 14.0 mm 
may be considered a cut-off size for predicting tumor 
progression. 
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COMMENTS
Background
Most gastric submucosal tumors originating from muscularis propria (SMTMPs) 
are gastrointestinal stromal tumors (GISTs) and leiomyomas. Leiomyoma is 
benign but GIST has a malignant potential. Surgery is recommended if GISTs 
larger than 3 cm. Endoscopic ultrasound (EUS) fine needle aspiration is helpful 
to differentiate between GISTs and leiomyomas, but sometimes it is difficult to 
obtain tissue and cannot provide mitotic activity of GISTs.

Research frontiers
Because studies regarding the natural behaviors of 1-3 cm gastric SMTMPs are 
limited, the authors made a retrospective study by reviewing the past 14 years 
of computerized medical records in a tertiary medical center between 2000 and 
2013. 

Innovations and breakthroughs
Most gastric SMTMPs are indolent from our study. Risk factors for tumor 
progression include larger tumor size and irregular border. 

Applications
Initial tumor size > 14.0 mm may be considered a cut-off size for predicting 
tumor progression. Therefore, a gastric SMTMP with irregular border or ≥ 14.0 
mm in size should be observed closely and treated accordingly. 

Terminology
GISTs are the common submucosal tumors arising from the muscularis propria 
in the stomach and have a malignant potential though the behavior of most 
tumors is indolent. EUS is a useful tool to detect submucosal tumors of the 
gastrointestinal tract.  

Peer-review
This study provides important information (long term surveillance, EUS 
surveillance interval, a cut-off value of tumor size of > 14.0 mm) in the 
management of gastric small SMTMPs.
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Abstract
AIM
To assessed the effect of liver cirrhosis (LC) on the 
poorly understood long-term mortality risk after first-
ever mechanical ventilation (1-MV) for acute respiratory 
failure.

METHODS
All patients in Taiwan given a 1-MV between 1997 and 
2013 were identified in Taiwan’s Longitudinal Health 
Insurance Database 2000. Each patient with LC was 
individually matched, using a propensity-score method, 
to two patients without LC. The primary outcome was 
death after a 1-MV.

RESULTS
A total of 16653 patients were enrolled: 5551 LC-positive 
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(LC[Pos]) patients, including 1732 with cryptogenic LCs 
and 11102 LC-negative (LC[Neg]) controls. LC[Pos] patients 
had more organ failures and were more likely to be 
admitted to medical department than were LC[Neg] 
controls. LC[Pos] patients had a significantly lower survival 
rate (AHR = 1.38, 95%CI: 1.32-1.44). Moreover, the 
mortality risk was significantly higher for patients with 
non-cryptogenic LC than for patients with cryptogenic 
LC (AHR = 1.43, 95%CI: 1.32-1.54) and patients 
without LC (AHR = 1.56, 95%CI: 1.32-1.54). However, 
there was no significant difference between patients 
with cryptogenic and without LC (HR = 1.05, 95%CI: 
0.98-1.12).

CONCLUSION
LC, especially non-cryptogenic LC, significantly increases 
the risk of death after a 1-MV.

Key words: Liver cirrhosis; Mechanical ventilation; 
Outcome
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INTRODUCTION
The burden of liver cirrhosis (LC) is increasing world­
wide because of increases in alcohol abuse and in 
hepatitis B and C virus infections[1,2]. In France, the 
prevalence of LC was estimated to be 0.3%, and 
in the United Kingdom and Sweden, the annual 
incidence was 14.55-15.3 per 100000 population[3]. 
Furthermore, its associated morbidity and mortality 
are also gradually increasing. LC has become the 14th 
most common cause of death in adults worldwide: it 
caused 1.03 million deaths per year[4]. In Europe, LC 
is the fourth most common cause of death: 170000 
deaths per year[3]. Chronic liver disease and cirrhosis 
is the ninth most common cause of death in Taiwan 
and, the overall incidence rate of death was 30.2 per 
100000 per-years (42526 deaths per 140814448 
person-years) from chronic liver disease and cirrhosis 
between 2000 and 2011[5]. 

Several major complications, such as variceal 
bleeding, ascites, spontaneous bacterial peritonitis, 
hepatorenal syndrome, and hepatopulmonary syn­

drome, can develop in patients with decompensated 
LC. Because acute organ failure occurs in cirrhotic 
patients, they might require admission to an Intensive 
Care Unit (ICU). Several studies[6-12] have investigated 
the outcome of patients with LC in the ICU; three found 
that the mortality rate of this group ranged from 36% 
to 86%[6,7,11]. Other studies[9,13,14] reported that organ 
failures in critical cirrhotic patients were associated with 
poor outcomes. One recent study[9] said that using 
mechanical ventilation (MV) when admitting a patient 
with advanced cirrhosis was an independent risk factor 
of mortality. In fact, acute respiratory failure that 
requires invasive MV is one of the most common clinical 
causes of ICU admission. However, only one study[12] 
has assessed the prognosis of critical cirrhotic patients 
who require MV. Moreover, no study has specifically 
analyzed the effect of LC on the outcome of patients 
who require MV. Therefore, we investigated the long-
term outcomes of patients with LC who underwent their 
first-ever MV (1-MV).

In addition to viral hepatitis- and alcohol-related 
LC, cryptogenic cirrhosis, which is defined as LC 
that cannot be explained by conventional clinical, 
laboratory, or histological findings[15,16], is becoming 
increasingly prevalent in Asia[17-19]. The clinical 
manifestations and outcomes of LC and cryptogenic 
LC are different[20]. Thus, we also investigated whether 
the effects of non-cryptogenic LC and cryptogenic LC 
on the patients requiring 1-MV are different. 

MATERIALS AND METHODS
Data source
This study used Taiwan’s National Health Insurance 
Research Database (NHIRD). Taiwan’s NHI is a single-
payer compulsory system that enrolls more than 23 
million of the country’s legal residents; more than 
99.7% of the population is covered. The NHIRD uses 
the International Classification of Diseases, Ninth 
Revision, Clinical Modification (ICD-9-CM) diagnostic 
and procedure codes to provide detailed healthcare 
services information on the clinical visits for each 
insured beneficiary. We used the Longitudinal Health 
Insurance Database 2000 (LHID2000) which contains 
1 million subjects who randomly selected NHI 
beneficiaries (about 4.34% of the total population) 
from the year 2000 Registry of Beneficiaries of 
the NHIR. The LHID2000 are representative of the 
demographic distribution of Taiwanese population and 
provides data on outpatient and inpatient medical 
care, diagnoses, surgical procedures, and prescribed 
medications on a longitudinal cohort from 1996 to 
2013. The study was approved by the Institutional 
Review Board (IRB 10409-E04) at Chi Mei Medical 
Center. Because the data used in this study have been 
deidentified and released to the public for research 
purposes, the need for informed consent from enrolled 
patients was waived.
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Patient selection and definition
We enrolled all inpatients with a 1-MV for acute 
respiratory failure (ARF) during their first hospita­
lization between 1997 and 2013 (n = 58383). 
Based on a recent study that used the LHID2000[21], 
our inclusion criteria for patients with LC (LC[Pos]) 
(ICD-9-CM codes 571.2, 571.5, and 571.6) were 
three outpatient visits in one year in which LC was 
diagnosed, or one inpatient admission for LC. Patients 
who were diagnosed with LC after a 1-MV were 
excluded (n = 1013). Each enrolled LC[Pos] patient 
(n = 5551, including 1732 with cryptogenic LC) was 
then, using propensity score matching, individually 
matched to two controls without LC (LC[Neg]) (Figure 
1). The propensity score, i.e., the probability of 
having LC, was estimated using a logistic regression 
model conditional on the covariates of age at times of 
1-MV, gender, and individual comorbidities: diabetes 
mellitus (DM), hypertension (HTN), coronary artery 
disease (CAD), chronic obstructive pulmonary disease 
(COPD), cancer, stroke, and congestive heart failure 

(CHF)[21]. In addition, we recorded other liver diseases: 
hepatitis B virus (HBV) (ICD-9-CM codes 070.2, 
070.3, and V02.61), hepatitis C virus (HCV) (070.41, 
070.44, 070.51, 070.54, V02.62, and 070.7), and 
cryptogenic LC, which was defined as LC without a 
history of HBV, HCV, alcohol drinking, autoimmune 
disease, hemachromatosis, Wilson’s disease, and 
alpha-1 antitrypsin deficiency. All of the cryptogenic 
LC patients had received prior examinations of 
abdominal echography, and associated laboratory 
examinations, such as hepatitis B and hepatitis C 
markers, autoimmune tests. The characteristics of the 
two groups (LC[Pos] and LC[Neg]) were balanced after the 
propensity score matching.

Endpoint
The primary endpoint of the study was mortality after 
1-MV. Patients were followed from the index admission 
date until death or the end of 2013. The secondary aim 
was to identify the risk factors for all-cause mortality 
after a 1-MV. We hypothesized that mortality is higher 
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LHID2000 database
(n  = 1000000)

January 1, 1997 to December 31, 2013
Patients who had liver cirrhosis

with first MV in ICU

1:2 propensity score matching with age, gender and comorbidities

Patients with LC
(n  = 5551)

Sample of patients without LC
(n  = 11102)

Cryptogenic LC
(n  = 1732)

Non-cryptogenic LC
(n  = 3819)

The risk of mortality was
compared among groups

Figure 1  Algorithm of patient enrollment.
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RESULTS
We enrolled 16653 patients: 5551 LC[Pos] patients and 
11102 LC[Neg] controls (Table 1). LC[Pos] patients had 
more organ failures, were more likely to be admitted 
to a medical department, and had a higher mortality 
rate than did LC[Neg] controls.

Overall, LC[Pos] patients had a higher risk of death 
than did LC[Neg] patients (adjusted hazard ratio (AHR) 
= 1.38; 95%CI: 1.32-1.44). The AHR was higher 
(1.96; 95%CI: 1.76-2.18) for patients < 50 years old 
than for patients in other age groups. In addition, both 
men and women admitted by medical and surgical 
departments, patients with ≤ 1 organ failure, and 
patients with comorbid DM, HTN, CAD, ESRD, COPD, 
cancer, stroke, or CHF had significantly (P < 0.05) 
higher AHRs (Table 2). In contrast, there were no 
significant differences for patients with ≥ two organ 
failures, HBV, or HCV.

Kaplan-Meier survival curves showed that 
mortality in patients with non-cryptogenic LC after 

in LC[Pos] patients than in LC[Neg] patients who require 
MV. The demographic and clinical characteristics of 
age, gender, department to which admitted, number 
of organ failures, and comorbidities were used to 
estimate the mortality risk.

Statistical analysis
Differences in baseline characteristics between 
groups were evaluated using Pearson’s χ 2 test for 
categorical variables. The actuarial survival rate of the 
two groups was determined using the Kaplan-Meier 
method, and a log-rank test was used to compare 
the difference between the two survival curves. The 
effect of LC on the mortality risk after 1-MV was 
assessed using a Cox proportional hazards regression 
model. Covariates included in the Cox model were 
age, gender, department to which admitted, number 
of organ failures, and comorbidities. The proportional 
hazards assumption was verified using plots of natural 
log transformed (ln) (survival function) vs ln (time). 
Significance was set at P < 0.05. SAS 9.4 for Windows 
(SAS Institute, Cary, NC, United States) was used for 
all analyses.

Table 1  Demographic information of LC[Pos] and LC[Neg] 

patients  n  (%)

Variables LC[Pos] 
patients

(n  = 5551)

LC[Neg] 
patients

(n  = 11102)

P  value

Gender 0.99
   Male 3655 (65.84) 7311 (65.85)
   Female 1896 (34.16) 3791 (34.15)
Age group (yr) 0.59
   < 50 1259 (22.68) 2417 (21.77)
   50-64 1441 (25.96) 2899 (26.11)
   65-79 1914 (34.48) 3902 (35.15)
   ≥ 80   937 (16.88) 1884 (16.97)
Department < 0.01a

   Surgical 542 (9.76) 1684 (15.17)
   Medical 5009 (90.24) 9418 (84.83)
Number of organ failures < 0.01a

   0 3404 (61.32) 8433 (75.96)
   1 1791 (32.26) 2415 (21.75)
   ≥ 2 356 (6.41) 254 (2.29)
Comorbidity
   DM 2048 (36.89) 4082 (36.77) 0.87
   HTN 2454 (44.21) 4895 (44.09) 0.89
   CAD 1077 (19.40) 2144 (19.31) 0.89
   ESRD   627 (11.30) 1287 (11.59) 0.57
   COPD 1133 (20.41) 2277 (20.51) 0.88
   Cancer 1362 (24.54) 2739 (24.67) 0.85
   Stroke   980 (17.65) 1944 (17.51) 0.82
   CHF   784 (14.12) 1547 (13.93) 0.74
   HBV   14 (0.25)   28 (0.25) 1.00
   HCV   21 (0.38)   35 (0.32) 0.51
Cryptogenic LC[Pos] 1732 (31.20)

aP < 0.05. LC[Pos]: Liver cirrhosis-positive; LC[Neg]: Liver Cirrhosis-negative; 
DM: Diabetes mellitus; HTN: Hypertension; CAD: Cardiovascular disease; 
ESRD: End-stage renal disease; COPD: Chronic obstructive airway disease; 
CHF: Congestive heart failure; HBV: Hepatitis B virus; HCV: Hepatitis C 
virus. 

Table 2  Adjusted hazard ratios for mortality in patients after 
their 1st-ever mechanical ventilation  n  (%)

No. of deaths LC[Pos] 
patients

(n  = 5551)

LC[Neg] 
patients

(n  = 11102)

Adjusted hazard 
ratio

(95%CI)

Overall 3747 (67.50)   5902 (53.16)  1.38 (1.32-1.44)a

Age (yr)
   < 50   763 (13.75)   744 (6.70)  1.96 (1.76-2.18)a

   50-64   911 (16.41)   1369 (12.33)  1.40 (1.29-1.53)a

   65-79 1368 (24.64)   2458 (22.14)  1.24 (1.16-1.32)a

   ≥ 80   705 (12.70)   1331 (11.99)  1.41 (1.04-1.25)a

Gender
   Male 2464 (44.39)   3770 (33.96)  1.42 (1.35-1.49)a

   Female 1283 (23.11)   2132 (19.20)  1.30 (1.21-1.39)a

Department
   Surgical 255 (4.59)   595 (5.36)  1.32 (1.14-1.54)a

   Medical 3492 (62.91)   5307 (47.80)  1.37 (1.31-1.43)a

Number of organ failures
   0 2074 (37.36)   4015 (36.16)  1.40 (1.33-1.47)a

   1 1379 (24.84)   1691 (15.23)  1.26 (1.17-1.35)a

   ≥ 2 294 (5.30)   196 (1.77) 1.16 (0.96-1.41)
Comorbidity
   DM 1374 (24.75)   2432 (21.91)  1.19 (1.12-1.28)a

   HTN 1583 (28.52)   2851 (25.68)  1.15 (1.08-1.22)a

   CAD   716 (12.90)   1276 (11.49)  1.17 (1.07-1.28)a

   ESRD 488 (8.79)   920 (8.29)  1.19 (1.06-1.33)a

   COPD   789 (14.21)   1459 (13.14)  1.15 (1.05-1.26)a

   Cancer   972 (17.51)   1668 (15.02)  1.31 (1.21-1.42)a

   Stroke   680 (12.25)   1261 (11.36)  1.16 (1.06-1.28)a

   CHF   563 (10.14) 1002 (9.03)  1.21 (1.09-1.34)a

   HBV     7 (0.13)     12 (0.11) 0.54 (0.11-2.57)
   HCV   11 (0.20)     20 (0.18) 0.43 (0.14-1.28)

The model was adjusted for age, gender, length of hospital stay, length 
of 1st mechanical ventilation, length of intensive care unit stay, treatment 
department, number of organ failures, and the listed comorbidities. aP < 
0.05. LC[Pos]: Liver cirrhosis-positive; LC[Neg]: Liver cirrhosis-negative; DM: 
Diabetes mellitus; HTN: Hypertension; CAD: Cardiovascular disease; 
ESRD: End-stage renal disease; COPD: Chronic obstructive pulmonary 
disease; CHF: Congestive heart failure; HBV: Hepatitis B virus; HCV: 
Hepatitis C virus.
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1-MV precipitously declined early on and ran parallel 
thereafter (Figure 2); although the starting point was 
lower, the trajectory had not changed. In addition, the 
patients with cryptogenic LC had a higher mortality 
rate than did LC[Neg] patients, but lower than did 
patients with non-cryptogenic LC. The absolute survival 
rate also showed that LC[Neg] patients had the highest 
1-, 3-, 5-, and 10-year survival rates, followed by the 
patients with cryptogenic LC. 

Overall, the risk of mortality was significantly 
higher for patients with non-cryptogenic LC than for 
patients with cryptogenic LC and for LC[Neg] patients 
(Table 3). The risk differences in mortality between the 
patients with non-cryptogenic LC and LC[Neg] patients 
were significant across the subgroups for men and for 
women as well as across age groups. The mortality 
risk was higher (AHR = 2.17, 95%CI: 1.94-2.43) for 
patients < 50 years old than for patients ≥ 50 years 
old.

DISCUSSION
This is the first study that investigates (1) the effect 
of LC on the outcomes of the patients after 1-MV; and 
(2) the different effects of non-cryptogenic LC and 
cryptogenic LC on this specific group. We have several 
significant findings. 

First, after adjusting for possible confounding 
factors, we found that LC itself was significantly 

associated with poor patient outcomes after a 1-MV 
(AHR = 1.38, 95%CI: 1.32-1.44). Although other 
studies have shown the grave outcomes of patients 
critically ill with LC[9,12,22,23] and one[24] reported that the 
overall in-hospital mortality rate of patients with LC in 
their Acute Physiology and Chronic Health Evaluation 
Ⅲ (APACHE Ⅲ)-matched group was higher than that 
in the LC[Neg] group (73.6% vs 57.5%, P = 0.026), the 
present study is the first one to show the negative 
effects of LC on the outcomes of critically ill patients 
who require MV. Moreover, we found that this kind of 
significant association was apparent only for patients 
with non-cryptogenic LC (AHR = 1.56, 95%CI: 
1.49-1.63), but not for cryptogenic patients (AHR = 
1.05, 95%CI: 0.98-1.12). All of these findings indicate 
that LC, especially non-cryptogenic LC, is associated 
with poor outcomes for critically ill patients who require 
MV.

Second, we found that non-cryptogenic LC was 
significantly associated with worse outcomes in 
patients after a 1-MV than cryptogenic LC (AHR = 1.43, 
95%CI: 1.32-1.54). In contrast, one retrospective 
Malaysian cohort study[20] reported, after comparing 
the clinical outcomes in 94 cases cryptogenic LC and 
207 cases of non-cryptogenic LC, cases that there was 
no significant difference in mortality between these 
two groups; however, the sample in that study was 
relatively small. A Japanese study[25], which compared 
68 patients with cirrhotic non-alcoholic steatohepatitis 
(NASH) and 69 with HCV-induced LC, found that 
the 5-year survival rates and liver-related mortality 
were not significantly different in the two groups. A 
Sri Lankan study[26] of 306 alcoholic LC[Pos] and 243 
cryptogenic LC[Pos] patients also found that survival 
rates were not significantly different between the two 
groups. The difference between the present study and 
these three Asian studies can be explained by different 
study designs and patient populations. Our study 
focused only on the mortality of patients after a 1-MV, 
and we used all-cause mortality for outcome analysis. 
However, additional large-scale studies are warranted 

Table 3  Hazard ratio of mortality risk for patients with 
non-cryptogenic liver cirrhosis, cryptogenic liver cirrhosis, 
and liver cirrhosis[Neg] patients after 1st-ever mechanical 
ventilation, stratified by gender and age group

LC[Neg] Cryptogenic 
LC[Pos]

Non-cryptogenic 
LC[pos]

Overall 1.00 (ref.) 1.05 (0.98-1.12) 1.56 (1.49-1.63)a

Patients with LC only 1.00 (ref.) 1.43 (1.32-1.54)a

Males only
Overall 1.00 (ref.) 1.06 (0.97-1.16) 1.58 (1.49-1.67)a

Patients with LC only 1.00 (ref.) 1.40 (1.27-1.55)a

Females only
Overall 1.00 (ref.) 1.02 (0.92-1.13) 1.52 (1.40-1.64)a

Patients with LC only 1.00 (ref.) 1.48 (1.31-1.67)a

Age group: < 50
Overall 1.00 (ref.)  1.31 (1.07-1.60)a 2.17 (1.94-2.43)a

Patients with LC only 1.00 (ref.) 1.68 (1.36-2.08)a

Age group: 50-64
Overall 1.00 (ref.) 0.96 (0.82-1.13) 1.59 (1.44-1.74)a

Patients with LC only 1.00 (ref.) 1.70 (1.42-2.03)a

Age group: 65-79
Overall 1.00 (ref.) 1.07 (0.96-1.18) 1.35 (1.25-1.46)a

Patients with LC only 1.00 (ref.) 1.27 (1.13-1.43)a

Age group: ≥ 80
Overall 1.00 (ref.) 0.92 (0.80-1.06) 1.31 (1.17-1.45)a

Patients with LC only 1.00 (ref.) 1.40 (1.19-1.64)a

The model was adjusted for age, gender, length of hospital stay, length of 
1st mechanical ventilation, length of Intensive Care Unit stay, treatment 
department, number of organ failures, and the listed comorbidities. aP < 
0.05. (ref.): Reference value; LC[Pos]: Liver cirrhosis-positive; LC[Neg]: Liver 
cirrhosis-negative.

1.00

0.75

0.50

0.25

0.00
0                       5                      10                     15
                         Time to mortality

No liver cirrhosis
Non-cryptogenic LC
Cyptogenic LC

Pr
ob

ab
ili

ty
 o

f 
su

rv
iv

al

Log-rank test: P  < 0.01

Figure 2  Kaplan-Meier survival curves of patients with non-cryptogenic 
liver cirrhosis, patients with cryptogenic liver cirrhosis, and patients 
without liver cirrhosis after a 1st-ever mechanical ventilation.
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to determine whether the effects of LC and cryptogenic 
LC on different specific groups are different.

Third, we also investigated the negative effects 
of LC on the outcomes of patients (stratified by age 
and gender) after a 1-MV. We found that all LC[Pos] 
patients had higher mortality risks, but that only non-
cryptogenic LC[Pos] patients had significantly higher 
AHRs regardless of age group and gender. The < 50 
years old group had the highest AHR for mortality of 
all age groups. Thus, our findings suggest that we 
should pay more attention to developing methods to 
reduce the negative effects of LC for these younger 
high-risk patients. However, additional case-control 
studies are needed to confirm such a relationship. 
We also found that AHRs for mortality were not 
significantly different between male and female LC[Pos] 
patients after a 1-MV. Two recent studies[27,28] in Taiwan 
reported that in-hospital mortality was significantly 
more highly associated with men than with women, 
but an American study[29] reported the opposite. 
Differences in our findings might be attributable to our 
having enrolled only LC[Pos] patients, unlike the study 
populations of these other studies.

Our study has some strengths. It is a large 
population-based analysis of the effect of LC on 
patients given a 1-MV. NHIRD includes data on over 
99% of all residents in Taiwan, therefore, it allows 
large-scale and longitudinal follow-up epidemiological 
studies and health services research. In addition, this 
kind of nationwide study design largely reduces the 
effect of referral bias, which is often seen in critical 
care studies. This investigation should provide robust 
data on the characteristics and effects of critical 
cirrhotic patients requiring MV in Taiwan.

Limits of the study
Our study also has some limitations. First, because our 
study relies on administrative databases rather than 
on actual patient charts for all diagnoses, including 
comorbidities, and on the claims data and ICD-9-
CM diagnosis codes, some of the diagnoses might be 
incorrect. Alcoholic and NASH were the two major 
cause of LC. However, this study is using the NHIRD 
database, which cannot provide history of alcoholic 
using and the diagnosis of NASH. Therefore, we 
cannot make sure the diagnosis of alcoholic LC and 
analysis the effect of alcoholic LC. Besides, there are 
no images or lab data to support the diagnoses, our 
conclusions cannot be totally convincing. Nonetheless, 
the Taiwan NHI Bureau randomly reviews patient 
charts and interviews patients to verify the accuracy of 
the coding. Hospitals with outlier charges or practices 
might be audited and subsequently heavily penalized 
for malpractice or discrepancies. Therefore, the 
potential risk for bias based on coding practices can 
be minimized. Second, because the NHIRD does not 
contain data that differentiate disease severities, we 
were unable to take into account the illness severity 

scores of cirrhotic patients who required MV; thus, we 
included the number of organ failures as a proxy for 
severity. Although we found LC[Pos] with MOF had higher 
risk of death than without MOF, the difference did not 
reach statistical significance. It may be due to the 
limited case number. Further larger scale study may 
be warranted to investigate this issue. Third, as in all 
observational studies, our study might contain some 
residual confounding, which prevents us from arriving 
at conclusions about causality but only correlations 
between risk factors and mortality. Moreover, the 
primary reasons for admitting these LC[Pos] patients 
with a 1-MV are unknown, as are additional details 
about the severity of their LC. Finally, the enrolled 
patients were selected from a heterogeneous general 
population, which more than likely makes generalizing 
our conclusions too arbitrary. However, given the 
large magnitude of the observed effects in this study, 
these limitations are unlikely to have compromised the 
results. Further investigation about the cause of death 
using other databank is required.

In conclusion, LC, especially non-cryptogenic LC, 
significantly increases the risk of mortality after a 1-MV. 
The greatest negative effect of LC was on patients < 
50 years old.

COMMENTS
Background
In addition to viral hepatitis- and alcohol-related liver cirrhosis (LC), cryptogenic 
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in Asia. The clinical manifestations and outcomes of LC and cryptogenic LC are 
different, especially for patients using mechanical ventilation (MV). Thus, the 
authors investigated the long-term outcomes of patients with LC who underwent 
their first-ever MV (1-MV), and also compared the different impact of 1-MV on 
the patients with non-cryptogenic LC or cryptogenic LC.

Research frontiers
Multiple organ failures in critical cirrhotic patients were associated with 
poor outcomes. The use of MV for a patient with advanced cirrhosis was an 
independent risk factor of mortality. However, no large study has specifically 
analyzed the effect of LC on the long-term outcome of patients who underwent 
their 1-MV.

Innovations and breakthroughs
A total of 16653 patients were enrolled. LC patients had a significantly lower 
survival rate (AHR = 1.38) after their 1-MV. Moreover, the mortality risk was 
significantly higher for patients with non-cryptogenic LC than for patients with 
cryptogenic LC (AHR = 1.43) and patients without LC (AHR = 1.56). However, 
there was no significant difference between patients with cryptogenic and 
without LC (AHR = 1.05, 95%CI: 0.98-1.12). The risk differences in mortality 
between the patients with non-cryptogenic LC and patients without LC were 
significant across the subgroups for men and for women as well as across age 
groups. The mortality risk was higher (AHR = 2.17) for patients < 50 years old 
than for patients ≥ 50 years old.

Applications
After adjusting for possible confounding factors, we found that LC itself 
was significantly associated with poor patient outcomes after a 1-MV. Non-
cryptogenic LC was also significantly associated with worse outcomes in 
patients after a 1-MV than cryptogenic LC and patients without LC. The < 50 
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years old group had the highest AHR for mortality of all age groups. Thus, our 
findings suggest that we should pay more attention to developing methods to 
reduce the negative effects of LC for these younger high-risk patients.

Terminology
LC, especially non-cryptogenic LC, significantly increases the risk of death after 
a 1-MV.
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Abstract
AIM
To examine the role of soluble fibrin monomer complex 
(SFMC) in the prediction of hypercoagulable state after 
gastroenterological surgery.

METHODS
We collected data on the clinical risk factors and 
fibrin-related makers from patients who underwent 
gastroenterological surgery at Hiroshima University 
Hospital between April 1, 2014 and March 31, 2015. 
We investigated the clinical significance of SFMC, which 
is known to reflect the early plasmatic activation of 
coagulation, in the view of these fibrin related markers. 
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RESULTS
A total of 123 patients were included in the present 
study. There were no patients with symptomatic VTE. 
Thirty-five (28%) patients received postoperative 
anticoagulant therapy. In the multivariate analysis, 
a high SFMC level on POD 1 was independently 
associated with D-dimer elevation on POD 7 (OR 
= 4.31, 95%CI: 1.10-18.30, P  = 0.03). The cutoff 
SFMC level was 3.8 μg/ml (AUC = 0.78, sensitivity, 
63%, specificity, 89%). The D-dimer level on POD 7 
was significantly reduced in high-SFMC patients who 
received anticoagulant therapy in comparison to high-
SFMC patients who did not.

CONCLUSION
The SFMC on POD 1 strongly predicted the hypercoa
gulable state after gastroenterological surgery than the 
clinical risk factors and the other fibrin related markers.

Key words: Hypercoagulable state; Gastroenterological 
surgery; Soluble fibrin monomer complex; Venous 
thromboembolism; anticoagulant therapy

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

Core tip: We found that the plasma level of soluble 
fibrin monomer complex (SFMC) on POD 1 was more 
strongly associated with D-dimer elevation on POD 7 
than were the clinical risk factors or other fibrin-related 
markers in 123 cases after gastroenterological surgery, 
suggesting the possible role of SFMC in the prediction 
of a hypercoagulable state and subsequent venous 
thromboembolism. The present study also demonstrated 
the possibility that the plasma levels of SFMC could 
be used as an indication for anticoagulant therapy 
in patients who have undergone gastroenterological 
surgery.

Kochi M, Shimomura M, Hinoi T, Egi H, Tanabe K, Ishizaki Y, 
Adachi T, Tashiro H, Ohdan H. possible role of soluble fibrin 
monomer complex after gastroenterological surgery. World J 
Gastroenterol 2017; 23(12): 2209-2216  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i12/2209.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i12.2209

INTRODUCTION
Venous thromboembolism (VTE) remains a significant 
complication after gastroenterological surgery. 
Thrombosis is sometimes fatal and can worsen 
a patient’s quality of life[1]. VTE is an important, 
potentially preventable condition that has the potential 
to increase the rates of morbidity and mortality[2,3].

The current American College of Chest Physicians 
(ACCP 2012) guideline recommends pharmacological 
prophylaxis with low-molecular weight heparin or low-
dose unfractionated heparin in addition to mechanical 

prophylaxis such as elastic stockings and intermit
tent pneumatic compression (IPC) for general and 
abdominal-pelvic surgery patients who are at high risk 
for VTE (approximately 6.0%)[4,5]. The Caprini score 
is widely accepted for selecting patients with a high 
clinical risk for VTE (score ≥ 5); however, the majority 
of patients who undergo gastroenterological surgery 
for malignant tumors are considered to be high risk. 
Although postoperative anticoagulant therapy is 
regarded as important for preventing VTE, it is not 
routinely used after gastroenterological surgery, mainly 
because it is associated with bleeding complications 
and epidural hematoma after epidural anesthesia.

The risk of VTE varies according to the thrombotic 
risk factors of individual patients; these include age, 
sex, obesity, cancer, familial history, infection, heart 
disease, respiratory disease, hormone treatment and 
poor functional status[1,4,6]. Thus, in order to confirm a 
suspected VTE event after gastroenterological surgery, 
it is important to develop a diagnostic marker with 
high sensitivity and specificity. The establishment of 
a marker that can identify patients who are at high 
risk for VTE will help to minimize the disadvantages 
associated with anticoagulant therapy and unnecessary 
radiography. 

Soluble fibrin monomer complex (SFMC) appears 
in the bloodstream during the extremely early stage 
of blood coagulation. Thrombin cleaves fibrinopeptides 
from a fibrinogen molecule, and yields a fibrin 
monomer. When fibrin monomers are produced in the 
presence of fibrinogens, two fibrinogen molecules and 
one fibrin monomer create a soluble complex known 
as SFMC (Figure 1). SFMC reflects the plasmatic 
activation of coagulation and fibrinolysis[7,8]. However, 
there is little known about the clinical significance of 
SFMC after gastroenterological surgery.

The aim of the present study was to examine 
the possible role of the plasma level of SFMC in the 
prediction of hypercoagulable state and the subsequent 
VTE after gastroenterological surgery and to assess 
whether it can be used to indicate postoperative 
anticoagulant therapy.

MATERIALS AND METHODS
We retrospectively collected data related to the 
clinical risk factors for VTE and fibrin-related makers 
from 135 consecutive patients who had undergone 
gastroenterological surgery due to a diagnosed 
malignance or to treat a general abdominal disorder at 
Hiroshima University Hospital between April 1, 2014, 
and March 31, 2015. The levels of D-dimer, fibrin 
degradation products (FDP), SFMC, and thrombin 
antithrombin complex (TAT) (fibrin-related markers) 
were measured at four time points in the perioperative 
period (before and 1, 3, and 7 d after surgery). Twelve 
patients were excluded from the study due to missing 
fibrin-related marker data.
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Symptomatic VTE did not occur in this study 
population. The D-dimer level on POD 7 reflected 
the hypercoagulable state after surgery and it have 
previously demonstrated the association of the 
presence of VTE; therefore, the D-dimer level on POD 
7 was used as the main outcome in this study.

VTE prevention in the perioperative period
Mechanical prophylaxis against VTE, including the 
postoperative use of elastic stockings (ESs) and IPC 
was routinely applied in all cases. In the present 
study, unfractionated heparin (via continuous infusion 
unfractionated heparin for one week at a dose that 
maintained the APTT at 1.5 to 2 times the reference 
value) was administrated for the patients who was 
preoperatively medicated by anticoagulant therapy. 
Pharmacological prophylaxis was administered to the 
patients at high clinical risk of VTE, as determined by 
the original risk classification based on the Caprini 
score and the Japanese VTE guidelines. The safety and 
validity of this risk classification were demonstrated 
in the previous article[9]. Pharmacological prophylaxis 
was administrated by low molecular weight heparin: 
Enoxaparin sodium [via subcutaneous injection, two 
times a day, with enoxaparin sodium (2000 IU) for 
one week]. Thus, postoperative anticoagulant therapy 
was administrated in 35 patients (28%). Unless 
contraindicated, anticoagulant therapy initiated from 
24 h after surgery to one week after surgery.

Post-operative pain control in patients receiving 
anticoagulant therapy was achieved via intravenous 
anesthesia (as a substitute for epidural anesthesia).

Plasma sample analyses
The levels of D-dimer (LIAS AUTO® D-dimer NEO, 
Sysmex, Kobe, Japan), SFMC (AUTO LIA® FM, Sysmex, 

Kobe, Japan), and FDP (LIAS AUTO® P-FDP, Sysmex, 
Kobe, Japan) were measured by the latex agglutination 
method using a commercial immunoassay kit (LIAS 
AUTO® D-dimer NEO, Sysmex, Kobe, Japan). All 
tests were performed on a Sysmex CS5100 analyzer 
(Sysmex, Kobe, Japan).

TAT was measured by an enzyme-linked immu
nosorbent assay (HISCL® TAT, Sysmex, Kobe, Japan). 
This test was performed on a Sysmex HISCL2000i 
analyzer (Sysmex, Kobe, Japan). In all analyses, 
statistical significance was set at a p value less than 
0.05. The standard values were as follows: D-dimer, 
≤ 1 µg/ml; FDP, ≤ 5 µg/ml; SFMC, ≤ 7 µg/ml; and 
TAT, < 4 ng/ml. 

Statistical analysis
Pearson’s χ 2 test was used to analyze each clinical 
characteristic, in order to determine the factors 
associated with postoperative hypercoagulability. These 
variables were dichotomized in the analysis. Receiver 
operating characteristic (ROC) curves were created to 
determine the appropriate cutoff points. Factors with 
a P value of < 0.05 on the univariate analysis were 
subjected to a multivariate analysis using a logistic 
regression model. The results of the multivariate 
analysis are presented as the odds ratio (OR) and 95% 
CI with the corresponding P-value. All of the analyses 
were performed using the JMP software program 
(version 11, SAS Institute, Cary, NC, United States). 
The statistical methods of this study were reviewed by 
Minoru Hattori from Hiroshima University.

RESULTS
Patient characteristics
The final study population included 123 patients (68 
males and 55 females), the median age was 67 years 
(range, 32 to 89 years), the median operation time 
was 319 min (range, 74-795), the median bleeding 
volume was 70 ml (range, 5-4135). The patients’ 
characteristics and clinical data are summarized in 
Table 1. There were no patients with symptomatic VTE 
in this study population. Thirty-five patients (28%) 
received postoperative anticoagulant therapy. Bleeding 
complications occurred in 5 (14%) patients who 
received anticoagulant therapy (Clavien-Dindo Grade 1, 
n = 4; Grade 2, n = 1). 

Univariate and multivariate analyses of the risk factors 
for D-dimer elevation on POD 7 in patients without 
anticoagulant therapy
We analyzed the correlation between D-dimer elevation 
on POD 7 and the clinical risk factors for VTE among 
the 88 patients who did not receive anticoagulant 
therapy. The median cutoff level for D-dimer on POD 
7 was 6.45. In the univariate analysis the group with 
a higher D-dimer level (≥ 6.45 µg/ml) on POD 7, 
included a greater number of patients of ≥ 75 years 

2211 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

FDP

Soluble fibrin monomer complex 

Fibrin monomer

Fibrinogen
Plasmin

Thrombin

Fibrinogen

Fibrin polymer

FXIII

Stable fibrin

D-dimer FDP

Plasmin

Pre coagulation state

Coagulation state

Fibrinolytic state

Figure 1  Schema of soluble fibrin monomer complex. Soluble fibrin 
monomer complex (SFMC) appears in the bloodstream during the extremely 
early stage of blood coagulation, and reflects the plasmatic activation of 
coagulation and fibrinolysis.
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coagulant therapy group (n = 88) were divided into 
two subgroups [the SFMC-high group (POD 1 SFMC 
≥ 3.8 µg/ml) and the SFMC-low group (POD 1 SFMC 
< 3.8 µg/ml)], and the D-dimer levels on PODs 1, 
3, and 7 were examined to confirm the patients’ 
hypercoagulability. In the no anticoagulant therapy 
group, the D-dimer levels were significantly higher 
at every point of measurement than they were in 
the SFMC-low group. In the anticoagulant therapy 
group, however, there was no significant difference 
in the D-dimer levels on POD 7 (P = 0.14). Among 
the SFMC-High group, the D-dimer level on POD 7 
was significantly reduced in patients who underwent 
anticoagulant therapy in comparison to patients who 
did not. This suggests the possibility that anticoagulant 
therapy might be indicated based on the SFMC level.

DISCUSSION
In the current study, we demonstrated the SFMC 
predicted the postoperative hypercoagulable state 
more strongly than other clinical risk factors, including 
the Caprini score and the levels of other fibrin related 
markers on POD 1.

A hypercoagulable state is a precursor condition 
of VTE, which is a significant complication that is 
associated with a poor prognosis, increased morbidity 
and a longer hospital stay[3]. Since it is well known 
that most cases of VTE are asymptomatic, periopera
tive patients who do not receive pharmacological 
prophylaxis should be carefully monitored to allow 
for the early detection of VTE[10]. If we could detect 
the hypercoagulable state and presence of VTE using 
a simple blood test, we could expect a dramatic 
reduction in unnecessary imaging examinations, 
which would reduce both radiation exposure and the 
use of contrast agents that are needed for computed 
tomographic pulmonary angiography (CTPA)[11,12]. 
The aim of a marker that identifies patients with 
a high risk of developing VTE will help to minimize 
the disadvantages of anticoagulant therapy and 
unnecessary radiographic examinations.

SFMC, which reflects acute intravascular fibrin 
formation, has been recognized as an independent 
marker for predicting VTE after orthopedic surgery, 
due to the substantial elevation of SFMC levels in 
patients who develop VTE[3,10,11,13]. Although SFMC 
is a cost-effective and safe diagnostic method, little 
is known about the changes in SFMC levels after 
gastroenterological surgery. No studies have evaluated 
SFMC levels or the cutoff SFMC level for the diagnosis 
of thrombosis after gastroenterological surgery. 
Since most VTE events occur during the first week 
after surgery, we evaluated the risk factors based 
on the characteristics of patients, surgical factors, 
and blood tests on POD 1 with the aim of detecting 
suspected cases of VTE during the early postoperative 
phase[3,7,10,11,13].

In the current study, we demonstrated that among 

of age, required a longer surgical time (≥ 321 min), 
and had a higher levels of D-dimer, FDP, TAT, and 
SFMC on POD 1 than the group of patients with lower 
D-dimer levels (< 6.45 µg/ml) on POD 7. According to 
a multivariate analysis, the SFMC on POD 1 (OR = 4.31, 
95%CI: 1.10-18.30, P = 0.03) was an independent 
risk factor for D-dimer elevation on POD7 (Table 2). 
Their cutoff points with sensitivities and specificities 
were determined by a ROC analysis. The cutoff point 
of SFMC was 3.8 µg/mL, with an area under the curve 
(AUC) of 0.78, a sensitivity of 63% and a specificity of 
89%.

Univariate and multivariate analyses of the risk factors 
for SFMC elevation on POD 1 in the whole study 
population
We analyzed the correlation between SFMC elevation 
on POD 1 and the clinical risk factors and surgical 
factors. In the univariate analysis, there were significant 
differences in age, the operative time, and the 
administration of antiplatelet therapy. Subsequently, in 
the multivariate analysis, age and operative time were 
found to be independent risk factors for SFMC elevation 
on POD 1 (Table 3).

Possible indications for anticoagulant therapy based on 
the SFMC level on POD 1
The anticoagulant therapy group and the no anti

Table 1  Baseline characteristics of the patients  n  (%)

Characteristic n  = 123

Age, median (range) 67 (32-89)
Sex, Female 55 (45)
BMI (kg/m2), median (range) 22.8 (15.2-33.2)
Performance status
   0-2 119 (97)
   3-4   4 (3)
Surgical procedure
   Gastrectomy 32 (26)
   Small bowel resection 5 (4)
   Colectomy 45 (36)
   Proctectomy 32 (26)
   Stoma closure 2 (2)
   Others 7 (6)
Surgical technique
   Laparoscopic surgery 86 (70)
Operative time (min), median (range) 319 (74-795)
Bleeding volume (ml), median (range)   70 (5-4135)
Clinical risk factors for VTE
   Malignancy 118 (96)
   Metastatic disease   16 (13)
   Diabetes mellitus   16 (13)
   Varicose vein      1 (0.8)
   Hormone therapy   4 (3)
   CV catheter   4 (3)
   Preoperative infection   7 (6)
   Cardiovascular disease   6 (5)
   Antiplatelet therapy 10 (8)
   Pelvic surgery   22 (18)
   Previous history of VTE 0

BMI: Body mass index; CV: Central vein; VTE: Venous thromboembolism.
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Table 2  The relationship between the D-dimer level on POD 
7 and the clinical characteristics of patients who did not 
receive anticoagulant therapy
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88 patients without anticoagulant therapy, the SFMC 
level on POD 1 was an independent risk factor for 
D-dimer elevation on POD 7. There were no significant 
differences in the other clinical risk factors or fibrin-
related markers. With a cutoff point of 3.8 µg/ml, 
the diagnostic sensitivity, specificity and odds ratio 
of the SFMC on POD 1 were 63%, 89% and 4.31, 
respectively. In previous studies in which SFMC was 
used to predict VTE (cutoff points: 7.05-19.8 µg/ml) 
the sensitivity and specificity were 88% and 62 to 
90%, respectively[10,13]. This difference in the cutoff 
points is considered to be due to the clinical endpoint 
(D-dimer elevation or the occurrence of VTE). An ROC 
analysis showed moderate accuracy in the prediction 
of D-dimer elevation on POD 7 using a cutoff point 
of 6.45 µg/ml (AUC: 0.78). Given that some reports 
used postoperative D-dimer cutoff values of 6.1 to 7.5 
µg/mL for predicting the VTE, we consider this clinical 
endpoint to be reasonable[11,14].

Although, patients who are considered to have 
a high clinical risk for VTE based on the presence 
of risk factors such as pelvic surgery, obesity, and 
a previous history of thrombosis tend to receive 
appropriate perioperative anticoagulant therapy, the 
administration of perioperative anticoagulant therapy 
to patients who are deemed to have a low clinical risk 
of VTE is controversial[15]. Surgeons may withhold 
perioperative anticoagulant therapy due to the risk of 
bleeding complications. Major bleeding is reported to 
occur in 2.9% to 9.4% of patients during the period 
of pharmacological prophylaxis[16,17]. In the current 
study, post-operative bleeding complications, including 
subcutaneous bleeding, conjunctival bleeding, melena, 
and intraabdominal hemorrhage, occurred in 11.4% 
(5 of 35) of the patients. However, the incidence of 
major bleeding that necessitated a blood transfusion 
was 2% (1 of 35). The bleeding complications were 
classified as Grade 1, n = 4; Grade 2, n = 1 (Clavien-
Dindo classification). We were therefore able to 
administer chemoprophylaxis without serious bleeding 
complications. Although this study did not use 
epidural anesthesia to avoid the risk of spinal epidural 
hematoma, previous studies have reported spinal 

VTE: Venous thromboembolism; CV: Central vein; FDP: Fibrin degradation 
products; TAT: Thrombin antithrombin complex; SFMC: Soluble fibrin 
monomer complex; POD: Postoperative day.
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Clinical risk 
factors for 
VTE

D-dimer (POD 7) Univariate Multivariate

Low 
(< 6.45)

High 
(≥ 6.45)

P  value OR 95%CI P  value

Age
   < 75 37 26 < 0.01 2.48 0.70-9.21 0.15
   ≥ 75   7 18
Sex
   Male 20 21    0.83
   Female 24 23
Performance 
status
   0-2 43 43    1.00
   3-4   1   1
Operative 
time (min)
   < 321 32 19 < 0.01 2.09 0.64-6.92 0.21
   ≥ 321 12 25
Bleeding 
volume (mL)
   < 113 35 28    0.09
   ≥ 113   9 16
Laparoscopic 
surgery
   No 11 16    0.24
   Yes 33 28
Malignancy
   Absence   2   3    0.64
   Presence 42 41
Metastatic 
disease
   Absence 38 39    0.74
   Presence   6   5
Diabetes 
mellitus
   Absence 39 39    1.00
   Presence   5   5
Hormone 
therapy
   Absence 43 43    1.00
   Presence   1   1
CV catheter
   Absence 42 43    0.55
   Presence   2   1
Preoperative 
infection
   Absence 42 41    0.64
   Presence   2   3
Antiplatelet 
therapy
   Absence 41 40    0.69
   Presence   3   4
Pelvic surgery
   Absence 41 41    1.00
   Presence   3   3
Caprini score
   < 7 24 15    0.05
   ≥ 7 20 29
Fibrin-related 
markers
   D-dimer 
   (µg/mL) 
   < 0.6

17 12    0.11

   Preoperative    
   ≥ 0.6

13 21

   D-dimer 
   (µg/mL) 
   < 3.8

33 11 < 0.01 2.88 0.56-14.82 0.19

   POD1 ≥ 3.8 11 33
   FDP 
   (µg/mL) 
   < 10.1

38 18 < 0.01 1.42 0.25-7.65 0.68

   POD1 ≥ 
   10.1

  6 26

TAT (ng/mL) 
POD1 
   < 8.3 34 12 < 0.01 1.83 0.44-7.27 0.39
   ≥ 8.3 10 32
   SFMC 
   (µg/mL) 
   < 3.8

39 16 < 0.01 4.31   
1.10-18.30

0.03

   POD1 ≥ 3.8   5 28
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epidural hematoma due to anticoagulant therapy to be 
extremely rare[18]. Thus, the use of epidural anesthesia 
during anticoagulant therapy should be the subject of 
future studies. 

In the current study, elderly patients and a longer 
duration of surgery had an impact on the occurrence of 
SFMC elevation on POD 1 (Table 3), and anticoagulant 
therapy inhibited D-dimer elevation on POD 7 in the 
SFMC-high group (Figure 2). These results suggest 
that the selective administration of anticoagulant 
therapy to the patients of the SFMC-high group, 
especially patients who had these two risk factors, 
might be effective for preventing the development of 
VTE. 

The relationship between the preoperative SFMC 
and D-dimer levels and the development of VTE after 
surgery is important; however, the preoperative SFMC 
and D-dimer levels could not predict postoperative VTE 
in previous studies[10,13]. These studies indicate that the 
preoperative SFMC level was not increased in patients 
who developed postoperative VTE.

This study is associated with several limitations. 
First, because there were no cases of symptomatic 
VTE was found, the D-dimer level on POD 7, which is 
well known to have high sensitivity (79%-95%) and 
a negative predictive value of nearly 100%, was used 
for the clinical endpoint, rather than the occurrence 
of VTE[10,19,20]. However, D-dimer elevation can also 
represent infection, malignancy, heart failure, chronic 
renal disease and liver disease[19]. Thus, it might not 
reflect true VTE. It would be therefore be better to 
consider the inclusion of asymptomatic VTE and to 
confirm the cutoff points in further clinical studies. 
Second, the further diagnostic work-up of patients with 
asymptomatic VTE, such as ultrasound, CT and CTPA, 
was performed at the discretion of the surgical team. 

In conclusion, the plasma level of SFMC on POD 
1 strongly associated with D-dimer elevation on 
POD7 than the clinical risk factors and the other fibrin 
related markers, which indicated the possible role of 
SFMC in the prediction of hypercoagulable state and 
subsequent VTE. The present study also demonstrated 
the possibility that the plasma levels of SFMC could be 
used as an indication for anticoagulant therapy, and 
the selective administration of anticoagulant therapy 
to the patients of the SFMC-high group would be 
effective for preventing the development of VTE. We 
are planning to perform another prospective study to 
examine the protective effects against VTE that are 
achieved by administering anticoagulant therapy based 

SFMC: Soluble fibrin monomer complex; POD: Postoperative day; VTE: 
Venous thromboembolism; BMI: Body mass index; CV: Central vein.
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Table 3  The relationship between the soluble fibrin monomer 
complex on POD 1 and the clinical characteristics of the 
patients

Fibrin-related 
markers
   D-dimer 
   (µg/mL) < 0.6

26 11 0.12

   Preoperative 
   ≥ 0.6

30 25
Clinical risk 
factors for VTE

SFMC (POD 1) Univariate Multivariate

Low 
(< 3.8)

High 
(≥ 3.8)

P  value OR 95%CI P  value

Age
   < 75 59 27 0.01 2.44 1.07-5.66 0.03
   ≥ 75 16 21
Sex
   Male 45 23 0.18
   Female 30 25
BMI (kg/m2)
   < 27 71 47 0.37
   ≥ 27   4   1
Performance 
status
   0-2 73 46 0.64
   3-4   2   2
Operative time 
(min)
   < 321 45 18 0.01 2.33 1.08-5.12 0.02
   ≥ 321 30 30
Bleeding volume 
(mL)
   < 113 47 28 0.63
   ≥ 113 28 20
Laparoscopic 
surgery
   No 25 12 0.32
   Yes 50 36
Malignancy
   Absence   5   0 0.06
   Presence 70 48
Metastatic 
disease
   Absence 65 42 0.89
   Presence 10   6
Diabetes 
mellitus
   Absence 67 40 0.33
   Presence   8   8
Varicose vein
   Absence 75 47 0.2
   Presence   0   1
Hormone 
therapy
   Absence 72 47 0.55
   Presence   3   1
CV catheter
   Absence 72 47 0.55
   Presence   3   1
Preoperative 
infection
   Absence 71 45 0.83
   Presence   4   3
Cardiovascular 
disease
   Absence 73 44 0.15
   Presence   2   4
Antiplatelet 
therapy
   Absence 72 41 0.03 3.04 0.74-15.30 0.12
   Presence   3   7
Pelvic surgery
   Absence 62 39 0.84
   Presence 13   9
Caprini score
   < 7 36 17 0.16
   ≥ 7 39 31
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on the plasma levels of SFMC on POD 1. 
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1 was more strongly associated with D-dimer elevation on POD 7 than were 
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Applications
SFMC was able to be used as a marker to predict a postoperative hypercoa
gulable state and subsequent VTE after gastroenterological surgery. The 
present study also demonstrated the possibility that the plasma levels of SFMC 
could be used as an indication for anticoagulant therapy for patients who have 
undergone gastroenterological surgery.
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SFMC appears in the bloodstream during the extremely early stage of blood 
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Abstract 
AIM 
To compare two tests for exocrine pancreatic function 
(EPF) for use in M-ANNHEIM staging for pancreatitis. 

METHODS 
One hundred and ninety four consecutive patients 
with acute pancreatitis (AP; n  = 13), recurrent acute 
pancreatitis (RAP; n  = 65) and chronic pancreatitis (CP; 
n  = 116) were enrolled. EPF was assessed by faecal 
elastase-1 (FE-1) estimation and stool fat excretion by 
the acid steatocrit method. Patients were classified as 
per M-ANNHEIM stages separately based on the results 
of the two tests for comparison. Independent Student’s 
t -test, χ 2 test, Kruskal-Wallis test, Mann-Whitney U  test 
and McNemar’s test were used as appropriate. 

RESULTS 
Sixty-one (52.5%) patients with CP had steatorrhoea 
when assessed by the acid steatocrit method; 79 
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(68.1%) with CP had exocrine insufficiency by the FE-1 
test (χ 2 test, P  < 0.001). The results of acid steatocrit 
and FE-1 showed a significant negative correlation 
(Spearman’s rho = -0.376, P  < 0.001). A statistically 
significant difference was seen between the M-ANNHEIM 
stages as classified separately by acid steatocrit and 
the FE-1. Thirteen (6.7%), 87 (44.8%), 89 (45.8%) 
and 5 (2.5%) patients were placed in M-ANNHEIM 
stages 0, Ⅰ, Ⅱ, and Ⅲ respectively, with the use of 
acid steatocrit as against 13 (6.7%), 85 (43.8%), 
75 (38.6%), and 21 (10.8%) respectively by FE-1 in 
stages 0, Ⅰ, Ⅱ, and Ⅲ thereby altering the stage in 28 
(14.4%) patients (P < 0.001, McNemar’s test). 

CONCLUSION
FE-1 estimation performed better than the acid 
steatocrit test for use in the staging of pancreatitis 
by the M-ANNHEIM classification since it diagnosed a 
higher proportion of patients with exocrine insufficiency.

Key words: Chronic pancreatitis; Pancreatic function 
tests; Pancreatic elastase; Staging; Steatorrhoea

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

Core tip: Patients with acute, recurrent acute and 
chronic pancreatitis were classified as per M-ANNHEIM 
stages, separately based on the results of two exocrine 
function tests (acid steatocrit method and faecal 
elastase test) for comparison. A statistically significant 
difference was seen between the M-ANNHEIM stages 
as classified separately by the two tests. faecal 
elastase-1 estimation performed better than the acid 
steatocrit test for use in the staging of pancreatitis 
by the M-ANNHEIM classification since it diagnosed a 
higher proportion of patients with exocrine function.

Kamath MG, Pai CG, Kamath A, Kurien A. Comparing acid 
steatocrit and faecal elastase estimations for use in M-ANNHEIM 
staging for pancreatitis. World J Gastroenterol 2017; 23(12): 
2217-2222  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i12/2217.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i12.2217

INTRODUCTION
Steatorrhoea from pancreatic insufficiency increases in 
frequency as chronic pancreatitis (CP) advances and 
forms an important parameter for staging the disease 
in various classification systems[1-3]. The M-ANNHEIM 
classification, a new system for staging and assessing 
the severity of pancreatitis, subdivides the disease into 
5 stages based on pain and pancreatic functions[1]. 
Different pancreatic function tests (PFT) and tests for 
assessing steatorrhoea have been in use for assessing 
exocrine pancreatic function (EPF) in patients with 
CP[4]. PFT have also been used for diagnosing CP 

when imaging studies are inconclusive for the same 
as happens in early stages of the disease[4]. Direct 
PFT like the secretin test have a greater sensitivity 
and help in diagnosing CP in its moderate to late 
stages as compared to early stages of the disease[4]. 
However, the test is cumbersome, not easily available, 
poorly standardised across centres, poses difficulty 
in measuring the enzyme output and is poorly to­
lerated by some patients due to the need for oro-
duodenal intubation[5]. The 72-h quantitative faecal fat 
estimation is considered the best method for assessing 
steatorrhoea. A major drawback of this method has 
been the need to collect stool specimen for 72 h and to 
store and process them[6]. 

The acid steatocrit method correlates well with 
the 72-h quantitative faecal fat estimation and has 
a sensitivity, specificity and positive predictive value 
of 100%, 95% and 90% respectively, and acts as an 
easier alternative[7,8]. The other advantages of this 
method are its simplicity, reliability and cost-effec­
tiveness for evaluating steatorrhoea in CP[8-11]. 

Faecal elastase-1 (FE-1), is a useful indirect pan­
creatic function test in which a random spot stool 
sample can be used to identify exocrine pancreatic 
insufficiency (EPI) in well established CP, the situation 
in which steatorrhoea commonly occurs[12-14]. Stu
dies indicate that FE-1 is useful in estimating fat 
malabsorption in CP and correlates well with the acid 
steatocrit method[15]. 

Not many studies have compared FE-1 and the 
acid steatocrit method for evaluating EPF in CP. The 
aim of our study was to determine the usefulness of 
stool fat analysis by the acid steatocrit method and 
FE-1 estimation in the staging of pancreatitis using the 
M-ANNHEIM classification system.

MATERIALS AND METHODS
Patients 
Consecutive patients with pancreatitis presenting to 
the Department of Gastroenterology and Hepatology, 
Kasturba Hospital, Manipal between June 2009 and 
June 2013 were prospectively enrolled in this cross 
sectional study. Patients underwent detailed clinical 
evaluation and were classified to have AP, RAP and 
CP. AP was defined as a single episode of any two of 
typical upper abdominal pain, raised serum amylase 
and/or lipase three times above the upper limit of 
normal and evidence of pancreatitis on imaging[16]. 
Patients presenting with more than one episode 
of acute pancreatitis with complete resolution of 
symptoms in between the episodes and no evidence of 
CP on imaging were considered to have RAP[17,18]. CP 
was defined by the presence of pancreatic calcifications 
and/or ductal changes, visualized by ultrasonography, 
computed tomography (CT), endoscopic ultrasound 
(EUS) (“consistent with” and “suggestive of” CP 
by the Rosemont criteria), endoscopic retrograde 
cholangiopancreatography or magnetic resonance 
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cholangiopancreatography (MRCP)[19,20]. 
Stool samples were collected from all patients in 

two separate containers and one sample was stored 
at -80 ℃, for estimation of FE-1 by ELISA by using a 
monoclonal antibody based ELISA kit (ScheBo Biotech, 
Giessen, Germany) as per manufacturer’s instructions. 
Values of ≥ 200 µg per gram of stool, 100 and 200 µg 
per gram and < 100 µg per gram were categorised as 
normal, mild to moderate EPI and severe insufficiency 
respectively[21]. 

Stool fat estimation by the acid steatocrit method
Semiquantitative stool fat estimation by the acid 
steatocrit method was done on random spot stool 
samples as proposed by Tran et al[11]. 500 mg of stool 
was diluted with water and homogenized for 2 to 5 
min. 500-µl aliquot of the homogenized stool were 
added with 100 mL of Perchloric acid and the pH was 
confirmed to be < 1. The mixture was aspirated into 
a capillary tube, sealed at one end and centrifuged at 
13000 revolutions per minute for exactly 15 min[9,11]. 
The length of the fatty layer and the length of the solid 
layer were measured. Acid steatocrit (%) was obtained 
by the formula: fatty layer/(fatty layer + solid layer) 
× 100. The stool fat (in grams/day) was calculated 
by the equation: -0.43 + (0.45 × acid steatocrit 
%)[9]. Steatorrhoea was diagnosed when the stool fat 
excretion was 7 g/d or higher[4]. 

Patients were classified as per the M-ANNHEIM 
staging system first using the acid steatocrit method 
and then by using the FE-1 test also for comparison. 

Statistical analysis
Independent Student’s t-test and the χ 2 test were 
used as appropriate. Spearman’s rho was used to 
analyse the correlation between the results of the 
two tests for exocrine function. The Kruskal-Wallis 
test was used to compare non normal continuous 
variables between the various M-ANNHEIM stages. 
A P value of < 0.05 was considered as statistically 
significant. The Mann-Whitney U test was used to 
compare continuous variables between any two 
M-ANNHEIM stages with Boneferonni adjustments for 
multiple pairwise comparisons considering a P value 
of < 0.008 as statistically significant for 6-pairwise 

comparison. The McNemar’s test was used to compare 
the nominal data. A P value of < 0.05 was considered 
as statistically significant. The statistical review for this 
study was performed by a biomedical statistician.

The study protocol was approved by the Ethics 
Committee of Manipal University. All study participants 
or their legal guardians provided written informed 
consent prior to study enrolment.

RESULTS 

Of the 194 consecutive patients recruited, 13 (6.8%) 
had AP, 65 (33.5%) had RAP and 116 (59.7%) had CP. 
Their baseline characteristics are shown in Table 1. 

Correlation between exocrine insufficiency assessed by 
acid steatocrit and FE-1 estimation 
EPI was tested by acid steatocrit and FE-1 by ELISA 
in all 194 patients. Stool fat analysis by acid steatocrit 
method showed a significant negative correlation 
(Spearman’s rho = -0.376, P < 0.001) with FE-1 
indicating that both methods had a good agreement 
for assessing EPI. None of the patients with AP or 
RAP showed evidence of EPI by either test. Among 
a total of 116 patients with CP, 61 (52.5%) and 79 
(68.1%) patients showed the presence of EPI by the 
acid steatocrit method and FE-1 respectively. This 
difference was statistically significant (χ 2 test, P < 
0.001). 

M-ANNHEIM staging using the acid steatocrit test
Since all patients in the present study consulted for 
abdominal pain, there were no patients with stage 
Ⅳ disease as per the M-ANNHEIM classification. The 
median (IQR) stool fat excretion levels as assessed by 
the acid steatocrit method were significantly different 
between the M-ANNHEIM stages 0, Ⅰ, Ⅱ and Ⅲ in 
a 6-pairwise comparison (P < 0.001, by Kruskal-
Wallis test; Table 2). The stool fat excretion was also 
significantly different when compared between any 
two stages except between stages 0 and Ⅰ (Table 2).

M-ANNHEIM staging using FE-1 estimation
The median (IQR) FE-1 values were significantly 
different between the different M-ANNHEIM stages in 
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Table 1  Demographic and clinical features of patients identified with pancreatitis based on imaging criteria

AP (n  = 13) RAP (n  = 65) CP (n  = 116) P  value

Age (yr) (mean ± SD) 29.8 ± 11.6 29.0 ± 11.5 33.3 ± 14.2  0.10
Male: female 12 : 1 57 : 8 96 : 20  0.53
Alcoholic pancreatitis 2 (15.4) 19 (29.2) 28 (24.1)  0.10
(≥ 50 g/d)
Idiopathic pancreatitis 11 (84.6) 46 (70.8) 88 (75.9)  0.52
Duration of symptoms (in months) 
[median (interquartile range)]

   0 (0-0.2) 7.0 (3.5-24.0) 24.0 (4.0-48.0) < 0.001

VAS (mean ± SD) 5.4 ± 2.0 6.4 ± 2.31 5.4 ± 2.5  0.02

A P value of < 0.05 was considered statistically significant.
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number of patients compared to the acid steatocrit 
method. Though the tests used in our study measure 
different aspects of EPI i.e., enzyme secretion and fat 
excretion respectively, the results of the two showed 
a high degree of correlation as expected. The lower 
rate of detection of EPI by the acid steatocrit test 
could possibly be attributed to the disadvantages this 
method. These include a lack of standardisation of the 
test and the effect of dietary fat intake at the time of 
sample collection on the test results[15,22]. The number 
of patients in M-ANNHEIM stages 0 and Ⅲ were 
smaller and a higher number would have enhanced 
the quality of this study. 

Unlike with the acid steatocrit method FE-1 
estimation offers many advantages. In addition 
to its high sensitivity for assessing moderate to 
severe EPI, it correlates well with the findings of 
imaging studies in patients with CP and unlike other 
pancreatic enzymes such as chymotrypsin, elastase 
is not degraded as it passes through the gut[6,15,23-26]. 
Bian et al[27] have shown that the secretin-enhanced 
MRCP (sMRCP) significantly correlates with the FE-1 
test to quantify the pancreatic exocrine function in 
patients with CP based on the M-ANNHEIM staging. 
However, sMRCP has its own limitations in the 
detection of EPI in patients with CP, given its high 
cost, the semiquantitaive nature of its results and a 
modest sensitivity of 69%[28]. The limitations of FE-1 
estimation such as its lower sensitivity for detecting 
mild EPI should however be kept in mind while using 
this test[4,6]. 

Estimation of 72-h stool fat excretion and the 
secretin test are considered the gold standard for 
assessing steatorrhoea and EPI respectively. It is 
likely that these tests would have provided different 
results if we had used them in the M-ANNHEIM staging 
of pancreatitis. A recent study showed that FE-1 is 
highly sensitive to diagnose EPI, but low on specificity 
as compared to the 72-h stool fat excretion test[29]. 
However, 72-h stool fat excretion and the secretin test 
are demanding on patients and laboratories alike and 
are hence uncommonly used at present[6]. It is unlikely 
that a simple test for steatorrhoea like the spot faecal 
fat test using Sudan staining would have performed 

a 6-pairwise comparison (P < 0.001, by Kruskal-Wallis 
test, Table 3). These values were also significantly 
different when compared between any two stages 
except between stages 0 and Ⅰ (Table 3).

Tests for exocrine function - relevance to M-ANNHEIM 
staging 
To determine the usefulness of the two methods of 
assessing EPI for use in the M-ANNHEIM staging, 
we compared the number of patients in M-ANNHEIM 
stages obtained separately by using acid steatocrit 
and FE-1 estimations. As shown in Table 4, 28 
(14.4%) patients had a change in stage by using 
FE-1 as against the use of acid steatocrit. 7 (3.6%), 
5 (2.5%), 16 (8.2%) shifted from stage Ⅰ to Ⅱ, Ⅱ 
to Ⅰ and Ⅱ to Ⅲ respectively. This difference was 
statistically significant (P < 0.001, Mc Nemar’s test; 
Table 4). 

DISCUSSION
By comparing M-ANNHEIM stages of pancreatitis as 
determined by using the acid steatocrit method and 
FE-1 levels we have shown that 14.4% of patients 
had a change in stage, most often a move to a higher 
stage, with the use of the latter. This is because FE-1 
estimation confirmed EPI in a significantly higher 

Table 2  Stool fat in grams/day by acid steatocrit in M-ANNHEIM 
stages of pancreatitis

M-ANNHEIM stage (n  %) Median (IQ range) of stool fat in g/d

 0, 13 (6.7) 6.3 (6.0-6.6)
Ⅰ, 87 (44.8) 6.3 (5.9-6.4)
Ⅱ, 89 (45.8)   7.5 (6.4-10.8)
Ⅲ, 5 (2.5)   15.3 (12.0-15.6)

A statistically significant difference was present between the different 
M-ANNHEIM stages (P < 0.001, Kruskal-Wallis test). Comparison between 
any two stages showed a statistically significant difference between stages 
0 and Ⅱ, and stages Ⅱ and Ⅲ (P = 0.002, Mann-Whitney U test) and also 
between stages 0 and Ⅲ, Ⅰ and Ⅱ, Ⅰ and Ⅲ (P < 0.001; Mann-Whitney U 
test). A P value of < 0.008 was considered statistically significant for such 
comparisons between any two groups after Alpha adjustment.

Table 3  Faecal elastase-1 levels in M-ANNHEIM stages of 
pancreatitis

M-ANNHEIM stage (n  %) Median (IQ range) of stool fat in g/d

 0, 13 (6.7) 289.0 (249.0-383.2) 
Ⅰ, 85 (43.8) 389.1 (263.2-436.1)
Ⅱ, 75 (38.6) 144.3 (108.9-219.0)
Ⅲ, 21 (10.8) 87.6 (41.1-119.1)

A statistically significant difference was present between the different 
M-ANNHEIM stages (P < 0.001, Kruskal-Wallis test). Comparison between 
stages 0 and Ⅱ, 0 and Ⅲ, Ⅰ and Ⅱ, and Ⅱ and Ⅲ showed a statistically 
significant difference (P < 0.001 for all comparisons, Mann-Whitney U 
test). A P value of < 0.008 was considered statistically significant for such 
comparisons between any two groups after Alpha adjustment.

Table 4  Comparing the number of patients based on 
M-ANNHEIM staging by acid steatocrit and faecal elastase-1 
estimations  n  (%)

M-ANNHEIM stages Acid steatocrit method FE-1 test

 0   13 (06.7) 13 (06.7)
Ⅰ   87 (44.8) 85 (43.8)
Ⅱ   89 (45.8) 75 (38.6)
Ⅲ 05 (2.5) 21 (10.8)

A P value < 0.05 was considered statistically significant. A statistically 
significant difference was present between the number of those assessed 
by both methods in M-ANNHEIM stages (P < 0.001, Mc Nemar’s test). 
FE-1: Faecal elastase-1.
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any better than FE-1 estimation but this needs to be 
evaluated in future studies. 

Accurate staging of pancreatitis is important to 
study the natural history of the disease and the effect 
of interventions on the same. It will also help in 
comparing the results of different studies. It is possible 
that the additional use of biomarkers will improve 
the staging systems and this needs to be explored 
in future studies. An earlier report from our centre 
showed that serum MCP-1 levels were lower in patients 
with CP and EPI as compared to those diagnosed with 
CP but without EPI[30]. Future studies combining tests 
for pancreatic function and biomarkers may help in the 
early detection of CP. 

While the assessment of EPF by acid steatocrit 
and FE-1 correlated well with each other the latter 
detected EPI in a significantly higher number, thereby 
placing a larger number of patients in higher stages 
of disease as per the M-ANNHEIM classification. We 
recommend that the FE-1 test should be used for 
staging pancreatitis by the M-ANNHEIM classification.
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Abstract
AIM
To determine the placebo response rate associated 
with different types of placebo interventions used in 
psychological intervention studies for irritable bowel 
syndrome. 

METHODS
Randomized controlled trials comparing psychological 
interventions (stress management/relaxation therapy 
(cognitive) behavioral therapy, short-term psychodynamic 
therapy, and hypnotherapy) for the treatment of adult 
patients with irritable bowel syndrome (IBS) diagnosed 
with the Manning or Rome criteria with an adequate 
placebo control treatment and reporting data on IBS 
symptom severity were identified by searching PubMed, 
Embase, the Cochrane Library, CINAHL and PsycINFO 
databases. Full-text articles that were written in English 
and published between 1966 and February 2016 in 
peer-reviewed journals were selected for the present 
review. Placebo interventions were considered to be 
adequate if the number of sessions and the amount of 
time spent with the therapist were the same as in the 
active treatment. The placebo response rate (PRR) was 
computed for IBS symptom severity (primary outcome 
measure) as well as for anxiety, depression and quality 
of life (secondary outcome measures). 

RESULTS
Six studies, with a total of 555 patients met the 
inclusion criteria. Four studies used an educational 
intervention, whereas two studies used a form of 

SYSTEMATIC REVIEWS

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

DOI: 10.3748/wjg.v23.i12.2223

2223 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

World J Gastroenterol  2017 March 28; 23(12): 2223-2233

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



supportive therapy as the placebo intervention. The 
PRR for IBS symptom severity ranged from 25% to 
59%, with a pooled mean of 41.4%. The relative PRR 
for the secondary outcome measures ranged from 0% 
to 267% for anxiety, 6% to 52% for depression 20% 
to 125% for quality of life. The PRR associated with 
pharmacological treatments, treatment with dietary 
bran and complementary medicine ranged from 37.5% 
to 47%. Contrary to our expectations, the PRR in 
studies on psychological interventions was comparable 
to that in studies on pharmacological, dietary and 
alternative medical interventions.

CONCLUSION
The PRR is probably determined to a larger extent by 
patient-related factors, such as expectations and desire 
for the treatment to be effective, than the content of 
the placebo intervention.

Key words: Placebo effect; Psychological interventions; 
Irritable bowel syndrome; Systematic review

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

Core tip: This study highlights the fact that providing 
patients with realistic, but positive information about 
the expected effect of the treatment for irritable 
bowel syndrome is important to optimize the placebo 
response.

Flik CE, Bakker L, Laan W, van Rood YR, Smout AJPM, de 
Wit NJ. Systematic review: The placebo effect of psychological 
interventions in the treatment of irritable bowel syndrome. World 
J Gastroenterol 2017; 23(12): 2223-2233  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i12/2223.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i12.2223

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic functional 
gastrointestinal disorder characterized by recurrent 
episodes of abdominal pain, discomfort, and altered 
bowel habits that are not explained by structural or 
biochemical abnormalities[1]. Several pathophysiological 
mechanisms underlying IBS have been proposed. 
According to the bio-psycho-social model of IBS, 
a disturbance in intestinal motility and enhanced 
visceral sensitivity interact with other factors, such as 
environmental influences, parent-child interactions and 
disturbed stress responses[2].

Because of the limited effect of pharmacothe
rapy[3,4], there has been increasing interest in psy
chological treatments for IBS. Two Cochrane reviews 
provided evidence for the effectiveness of cognitive 
behavioral therapy (CBT), interpersonal psychothe
rapy (IPT)[5] and hypnotherapy[6]. Another review[3] 

concluded that CBT, IPT and hypnotherapy, not 
relaxation therapy, were more effective than typical 
care in relieving IBS symptoms. In 2014, a systematic 
review showed that relaxation therapy was effective in 
reducing IBS symptoms[7].

In the research on psychological treatment 
methods, it is possible that the treatment effect is 
the result of increased attention and time investment 
on the patient rather than the therapy itself. In 
randomized controlled trials, a placebo group should 
be used to control for this effect. The placebo group 
is defined as a “matched control group participating 
in an activity regarded therapeutically inert from the 
theoretical perspective of the therapy under study”[8].

Although a placebo control is different in pharma
cological studies than in psychological studies, they 
are equally important in both cases for achieving a 
methodologically valid comparison. In pharmacological 
research the placebo response rate (PRR) is variable 
and may be affected by the type, dosage, size, 
color, frequency, and route of administration of the 
placebo medication[9]. In psychological interventions, 
the PRR may result from the consultation itself and 
the relationship with the physician/therapist[10]. 
IBS patients experienced greater benefits from 
augmented, positive interaction with a practitioner 
than from limited or no interaction at all (i.e., being 
put on a waiting list)[10]. They also benefitted more 
from an increased number of office visits and a 
longer duration of treatment[11,12], suggesting that 
supportive and empathic interaction with a practitioner 
might influence clinical outcomes. Placebo effects 
can be defined as “the beneficial effects that are 
attributable to the responses of the patient to the 
context in which the treatment is delivered, rather 
than to specific actions of the treatment”[13]. In RCTs 
in which psychological interventions are studied, a 
control intervention with an equal number and length 
of sessions, using an individual or a group format and 
with comparably trained of therapists[8] should be used 
to control for these effects. Currently, researchers who 
examine psychological interventions debate whether 
and to what degree the effects of psychotherapy are 
based on placebo effects or therapeutic factors[8,14,15].

From a methodological perspective, the PRR is 
viewed as an effect that needs to be corrected for. 
However, from a clinical perspective, a high PRR and a 
good treatment response are considered to be equally 
positive outcomes. From this perspective, when 
the PRR associated with psychological interventions 
is larger than associated with pharmacological 
interventions, the psychological placebo treatment 
may be of greater clinical relevance. The positive 
relationship with the therapist can be used as an 
additional beneficial factor.

We presumed that the placebo response would 
be greater in psychological interventions than in drug 
trials. So far, studies on the PRR in IBS have focused 
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primarily on pharmacological treatments, treatment 
with dietary bran and complementary medicine. 
PRR rates in these studies ranged from 37.5% to 
47%[11,16-18]. 

One systematic review of alternative therapies for 
irritable bowel syndrome included a meta-analysis of 
psychological therapies[19]. A separate evaluation of the 
results of four of the 17 included studies that used a 
“true placebo group” was reported. The PRR of these 
four studies was 30.4%. 

This study searched the MEDLINE database for 
articles published through 2001, sample sizes were 
low and the IBS criteria for the inclusion of studies 
were not defined. Since then, results of a number of 
new studies have been published. The present study 
aims to review systematically the PRR associated 
with different types of placebo control interventions 
in studies on psychological interventions in IBS 
and compare them to the PRR of placebo control 
interventions of drug trials. 

MATERIALS AND METHODS
Inclusion and exclusion criteria 
Types of studies: Randomized controlled trials 
comparing psychological interventions for the 
treatment of IBS with a placebo control treatment that 
were written in English and published as a full text in 
a peer-reviewed journal, were eligible for inclusion. 
Cross-over studies were excluded, as were studies 
comparing two types of psychological therapeutic 
interventions without a placebo control. 

Types of participants: Studies including male or 
female patients over the age of 18 years with IBS 
diagnosed according to Manning or Rome Ⅰ, Ⅱ or Ⅲ 
criteria were included in the analysis. 

Types of interventions: In accordance with earlier 
Cochrane reviews[5,6], the following psychological 
interventions for the treatment of IBS were considered: 
stress management/relaxation therapy (cognitive) 
behavioral therapy, short-term psychodynamic 
therapy, and hypnotherapy.

Types of placebo treatments: Because of the 
potential impact of the format of the placebo 
intervention on the outcome[8], only studies with 
placebo-controlled interventions using the same 
number of sessions and therapeutic time as the active 
treatment were considered to be eligible for inclusion 
(For Baskin’s other criteria, see Table 1). Studies 
using a waiting list, usual care, symptom monitoring 
and therapeutic contact by phone or internet, were 
excluded. 

Types of outcome measures: Studies were eligible 
for inclusion if they reported improvement in IBS 

symptoms and/or abdominal pain (measured with a 
validated IBS questionnaire) and/or adequate relief of 
abdominal pain and discomfort or satisfactory relief 
of IBS symptoms as recommended by the Rome Ⅲ 
classification system for the design of IBS treatment 
trials[20]. 

Studies were excluded if no information on the 
effectiveness of the psychological interventions was 
available or if the proportion of patients in each group 
with overall symptom improvement after therapy was 
not reported.

Search methods to identify studies
Electronic searches: We performed a systematic 
search of RCTs published from 1966 to February 
2016 that were available in PubMed, Embase, the 
Cochrane Library, CINAHL and PsychINFO databases. 
The following search terms were used: “irritable bowel 
syndrome” [MeSH] OR “colonic diseases, functional” 
[MeSH: NoExp] OR “irritable bowel syndrome” [tiab] 
OR “irritable bowel syndromes” [tiab] OR “irritable 
colon” [tiab] OR “mucous colitis” [tiab] OR “ibs” [tiab] 
OR “functional colonic disease” [tiab] OR “functional 
colonic diseases” [tiab] OR “spastic colon” [tiab]; 

Combined with: ((cognitive[tiab] OR psychologi
cal[tiab] OR psychologic[tiab] OR psychodynamic[tiab] 
OR psychoanalytic[tiab] OR “psycho analytic”[tiab] OR 
stress[tiab] OR relaxation[tiab] OR conditioning[tiab] 
OR “problem solving”[tiab] OR interpersonal[tiab] 
OR “hypno analytic”[tiab] OR behavioral[tiab] OR 
behavioural[tiab] OR behavior[tiab] OR behaviour[tiab]) 
AND (therapy[tiab] OR therapies[tiab] OR treat
ment[tiab] OR treatments[tiab] OR intervention[tiab] 
OR interventions[tiab] OR management[tiab])) OR 
(psychotherapy[tiab] OR psychotherapies[tiab] OR 
psychoeducation[tiab] OR “psycho education”[tiab] OR 
psychoeducational[tiab] OR psychotherapy[tiab] OR 
hypnotherapy[tiab] OR hypnosis[tiab] OR hypnoses[tiab] 
OR hypnotism[tiab] OR hypnoanalysis[tiab] OR 
mesmerism[tiab] OR “hypno analysis”[tiab] OR 
autohypnosis[tiab] OR “auto hypnosis”[tiab] OR 
psychoanalyses[tiab] OR psychoanalysis[tiab] OR 
“psycho analysis”[tiab] OR biofeedback[tiab]) OR 
(“Behavior Therapy”[MeSH] OR “Psychoanalysis”[MeSH] 
OR “Psychoanalytic Therapy”[MeSH]). No filters or limits 
were used.

Data collection and analysis
Study selection: Two authors (CF and LB) reviewed 
the title and abstract of each identified article to 
determine the extent to which it met eligibility criteria, 
such as type of study, participants, interventions, 
placebo treatments and outcome measures, as 
described previously. A manual search of the 
references listed in the articles retrieved from the 
online search was performed to identify additional 
studies. The full texts of the selected articles were 
then reviewed by the same authors to assess eligibility 
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patients in all of the studies. 
Criteria for response evaluation were not available 

for the secondary measures; therefore, PRRs for the 
secondary outcome measures of anxiety, depression 
and quality of life were calculated by setting the 
response rate for these measures in the active arm 
at 100% and computing the response rate in the 
placebo arm as a relative percentage of the active 
arm. A relative response rate > 100% indicated that 
the placebo intervention was more effective than the 
treatment intervention. To allow for comparison of the 
PRR between the primary and secondary outcome 
measures, we recalculated the rates for the primary 
outcome measures in this way. 

For the secondary outcome measures, the PRR 
for the different types of placebo interventions were 
calculated by adding up the PRR per study multiplied 
with the number of patients in the placebo control 
group of that study and dividing the product by the 
total number of control patients in all of the studies. 

RESULTS
Description of studies
The literature search resulted in the identification of 
5169 studies. After screening the titles and abstracts, 
112 studies were potentially eligible (see the flowchart 
in Figure 1). The manual search yielded no additional 
studies (Figure 1).

After reviewing the full manuscripts of these 
studies, 106 studies were excluded for various reasons 
(see the flowchart in Figure 1), leaving six eligible 
trials[23-28] that were included in the analysis. The 
characteristics of the included studies are shown in 
Table 1. Sample sizes ranged from 21[21] to 215[24]. 
Patients were recruited from primary, secondary and 
tertiary care institutions, although they were also 
partially recruited through advertisements in three 
studies[23-25]. The treatment setting was unclear in two 
of the selected studies[25,27] (Table 1).

The mean age of the study populations ranged 
from 31.6 to 45.5 years. The proportion of female 
participants ranged from 52.4% to 100%. Only one 
study reported the duration of IBS[26]: a median of 4 
years for the intervention group and 10.5 years for 
the placebo group. The duration of treatment and the 
placebo intervention ranged from 8 wk to 3 mo. The 
duration of the follow-up period ranged from 3 mo to 
12 mo.

Quality assessment
Four of the six studies fulfilled almost all quality criteria 
(Table 2). 

Type of placebo interventions
Four studies used an educational program as the 
placebo intervention[23,24,27,28]. In these studies, 
educational materials were provided and discussed with 

based on the same criteria. Discrepancies between the 
selections made by CF and LB were resolved by a third 
author (NdW).

Data extraction: From the resulting selection of 
papers, information on the number of patients, patient 
characteristics (gender, mean age, and mean duration 
of illness), criteria for diagnosis (Rome Ⅰ, Rome Ⅱ, 
Rome Ⅲ or Manning), treatment setting, intervention 
(type, group or individual delivery format, number of 
sessions, training of therapists and use of treatment/
placebo manual), placebo control (type, group or 
individual delivery format, number of sessions, training 
of therapists and use of treatment/placebo manual), 
duration of treatment, duration of the follow-up period, 
and results relating to the primary and secondary 
outcome measures were extracted.

Assessment of risk of bias: The risk of bias assess
ment tool developed by the Cochrane Collaboration 
for RCTs[21] was used. The following sources of bias 
can be assessed with high, low or unclear bias ratings: 
adequate generation of the allocation sequence; 
concealment of allocation to conditions; blinding of 
participants and personnel; handling of incomplete 
outcome data; and selective outcome reporting. 
The percentage of patients who dropped out of the 
intervention and placebo control group as well as the 
results of the intention-to treat (ITT) analysis (when 
provided) were added.

Outcome measures
In this review, the post-treatment IBS symptom 
severity scores was the primary outcome measure. 
Most studies presented the results of the ITT analysis, 
although only one study included the results of the per 
protocol (PP) analyses. Secondary outcome measures 
were improvement of symptoms of anxiety and 
depression as well as quality of life. Quality of life was 
recommended as an outcome measure by the Rome 
Ⅲ committee, whereas anxiety and depression were 
chosen as secondary outcome measures due to their 
high rates of co-morbidity[22]. 

Statistical analysis
The response rate of the primary outcome measures 
was calculated by dividing the percentage of patients 
who responded according to the study criteria by 
the number of patients in the ITT analysis or who 
completed treatment. Relative placebo responses (Rel-
PR) with 95% confidence intervals (95%CI) were 
calculated as the ratio of placebo response to active 
treatment response. Additionally, the mean Rel-PR 
across all studies was calculated.

The weighted average PRR was calculated by 
adding up the PRR per study multiplied by the number 
of patients in the placebo control group of that study 
and dividing the product by the total number of control 
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a therapist. In the study by Payne and Blanchard[27], 
individual cognitive therapy was compared to an 
educational placebo intervention delivered in a group 
format. The other studies compared individual CBT 
(with interoceptive exposure to visceral sensations) or 
stress management[23], individually delivered CBT[24] 
and autogenic training[28] to an individual educational 
placebo intervention. 

Two studies on mindfulness and hypnotherapy 
delivered in a group format used support therapy 
as the placebo intervention[25,26]. In the study by 
Gaylord et al[25] the placebo intervention sessions 
were facilitated by social workers who served as group 
leaders, focussing on specific predesigned topics 
and promoting open group discussions. The placebo 
intervention in the study by Moser et al[26] consisted of 

Figure 1  Flowchart of studies selected. RCT: Randomized controlled trial.

Excluded (n  = 106) because:
   Placebo intervention unclear or not
   consistent with inclusion criteria =  
   36
   No RCT = 27
   Inappropriate treatment = 8
   Same patient group as earlier
   research = 7
   Full text not available = 5
   Cross-over data = 5
   No validated criteria for IBS 
   diagnosis = 4
   No reported proportion of patients 
   with improvement of symptoms = 5
   Inappropriate language = 3
   Unclear treatment group size = 1
   Non-usable outcome measure = 1

Flowchart

CINAHL:
425

PubMed:
1359

Embase:
2515

Cochrane:
234

PsychINF:
636

5169

112

112

Screening title/abstract 
exclusion

Manual search

6 Randomized controlled trials 
eligible for inclusion
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DISCUSSION
Summary of findings
Our results showed that the PRR in six studies 

investigating the effect of psychological treatment on 
IBS for the primary outcome varied from 25.0% to 
59.0%. The pooled adjusted mean PRR was 41.4%, 
which is comparable to the PRR reported in studies 

Table 2  Risk of bias ratings for included studies

Ref. Year Random 
sequence 

generation

Allocation 
concealment

Blinding of 
participants 

and personnel

Blinding of 
outcome 

assessment

Incomplete 
outcome 

data

Selective 
reporting

Dropout 
treatment/placebo 

control (%)

ITT or PP

Craske et al[23] 2011 2011 Low Low Low Low Low Low Interoceptive 
Exposure:34; Stress 

Management: 
36/16

ITT

Drossman et al[24] 2003 2003 Low Low Low Low Low Low 13/24 ITT
Gaylord et al[25] 2011 2011 Low Low Low Low Low Low 6/18 ITT
Moser et al[26] 2013 2013 Low Low Low Low Low Low 0/2 PP
Payne et al[27] 1995 1995 Unclear Unclear Low Unclear Low Low 0/0 ITT
Shinozaki[28] 2010 2010 Unclear Unclear High High Low Low 0/0 ITT

Possible ratings were low, high or unclear risk of bias. Studies with 2 control groups were rated twice for risk of bias because of lack of blinding (rated or 
active control groups appear in parentheses). ITT indicates that the analysis was intent-to-treat (analyzed as randomized). PP: Per protocol.

Table 3  Placebo treatment and placebo response rate

Ref. Placebo treatment Primary 
outcome 
measure

Duration of 
treatment1

Follow-up Placebo response Treatment response

Craske et al[23] 2011 Psycho-educational support BSS index 10 wk 3 mo 59% (13/22) 62% (29/47)1

54% (22/41)2

Drossman et al[24] 2003 Psycho-educational support Composite 
score3

12 wk 37.3% (19/51) 70% (77/110)

Gaylord et al[25] 2011 Support group IBS-SSS 8 wk 3 mo 45.2% (17.6/39) 68.8% (27.4/36)
53.1% (20.7/39) 75% (27/36)

Moser et al[26] 2013 Supportive talks IBS-IS 12 wk 12 mo 40.9%( 18/44) 60.8%(28/46)
25% (11/44) 54.3% (25/46)

Payne et al[27] 1995 Psycho-educational support CPSR 8 wk 3 mo 25% (3/12) 75% (9/12)
18% (2/12) 83% (10/12)

Shinozaki[28] 2010 Psycho-educational support AR 8 wk 30% (3/10) 81.8% (9/11)

1Cognitive behavioral treatment; 2Stress management; 3Composite score: Mc-Gill Pain Questionnaire; IBS-QOL; satisfaction with treatment; global well-
being. IBS: Irritable bowel syndrome; BSS: Bowel syndrome severity index; IBS-SSS: IBS-Symptom Severity Score; IBS-IS: IBS-Impact Scale; AR: Adequate 
relief; CPSR: Composite primary symptom reduction.

Figure 2  Relative placebo responses defined as the ratio of placebo response to active treatment response in the individual studies. The mean relative 
placebo responses (Rel-PR) and 95% confidence intervals are shown. 1Cognitive behavioral treatment; 2Stress management. CBT: Cognitive behaviour therapy; CM: 
Contingency management; SM: Stress management.

Craske et al  20111 CBT

Craske et al  20112 SM

Drossman et al  2003

Gaylord et al  2011

Moser et al  2013

Payne and Blanchard 1995

Shinozaki 2010

Overall estimate

0                        0.58                 1                                                2

Flik CE et al . Placebo effect of psychological interventions for IBS



2230 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

on pharmacological therapy (37.5%)[16]; medication 
and dietary fibre (47%)[18], medication and alternative 
medicine (40.7%)[17] and complementary medicine 
(42.6%)[11]. Our presumption that the response to 
placebo interventions in studies on psychological 
treatment for IBS would be greater than that to 
pharmacological interventions, was not confirmed by 
our results.

Explanation of findings
Compared to the placebo medication used in the 
pharmacological studies, the placebo interventions 
used in the psychological studies involved extensive 
patient-professional contact. It has been proposed[10,29] 
that the personality of and empathy exhibited by 
the therapist during the placebo intervention are 
responsible for the placebo effect. Furthermore, the 
more time that the therapist spends with a patient, 
the greater the placebo response. Hence, one would 
expect that the PRR in psychological studies would 
be higher. The fact that we found comparable PRR to 
those reported in pharmacological studies is obviously 
inconsistent with this hypothesis. Other factors may 
need to be considered. Vase et al[30] showed that the 
combination of expected pain relief and desire for pain 
relief accounted for up to 81% of the variance in the 
effect of active treatment. They concluded that “adding 
a verbal suggestion for pain relief in drug treatment 

can increase the magnitude of placebo analgesia to 
that of an active agent.” Kirsch[14] also argued that the 
placebo effect is generally dependent on the activation 
of response expectancy in the patient. From this 
perspective, the PRR is determined by the expectation 
of and desire for symptom relief of the patient, 
which is influenced by the way that the therapy is 
introduced and executed by the nurse, doctor or 
therapist. A positive interpersonal encounter with 
affective communication and adequate information 
from the health professional can positively influence the 
patient’s expectations and result in an improvement in 
health status[31]. Therefore, the words that a general 
practitioner uses to create expectations within the 
patient are important, in both pharmacotherapy and 
psychological interventions[32]. The fact that we did 
not find a difference in placebo response in our study 
supports the idea that contextual factors and cognitive 
and emotional changes, such as expectancy, desire 
and memory play a role in the development of the 
placebo response[33]. 

Strengths and limitations
An important strength of the present study is the use 
of strict inclusion criteria to define IBS, psychological 
treatment[5,6] and placebo control conditions. Although 
this approach also resulted in a small number of 
studies and a relatively low number of patients, 

Table 4  Comparison of outcome measurements

Author Symptoms Anxiety Depression Quality of life

Craske 
CBT-IE

Bowel Symptom Severity (BSS) VSI - IBS-QOL 
(FA and IF)

56%/89% = 63% 0%/44% = 0% - FA: 31/25 = 125%
IF: 9/10 = 84%

Craske SM BSS VSI - IBS-QOL 
(FA and IF)

56%/82% = 68% 0%/23% = 0% - FA: 31/17 = 184%
IF: 9/14 = 64%

Drossmann Mc Gill pain Questionnaire - - IBS-QOL
2.77/4.58 = 60% - - 4.8/9.35 = 51%

Gaylord IBS-Symptom Severity Score VSI Brief state inventory-depression IBS-QOL
(IBS-SSS) Brief State Inventory-anxiety

42.2/68.8 = 61% 1.16/5.78 = 20% 0.78/1.49 = 52% 3.7/0.19 = 36%
1.64/3.86 = 42%

Moser IBS-Impact Scale (IBS-IS) HADS - SF-36
Hospital Anxiety and Depression 

Scale
40.9/60.8 = 67% 0.5/3.7 = 14% - 24/117.9 = 20%

Payne and 
Blanchard

Composite Primary Symptom 
Reduction (CPSR)

STAI (state) BDI -
STAI (trait)

25%/75% = 33% FALSE 0.4/6.3 = 6% -
FALSE

Shinozaki Adequate Relief State Trait Anxiety Inventory 
(state)

Self rating depression scale SF-36

Self Reported IBS Questionnaire 
(SIBSQ)

STAI (trait) (SDS)

30/81.8 = 37% 3.2/2.8 = 114% 0.1/1.8 = 6% 15.5/58.2 = 27%
19.6/3.2 = 612% 4/1.5 = 267%

The percentages were calculated by dividing the treatment effect in the placebo group by the treatment effect in the intervention group and multiplying the 
quotient by 100. FA: Food avoidance; IF: Interference; VSI: Visceral sensitivity index.

Flik CE et al . Placebo effect of psychological interventions for IBS



2231 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

we consider the comparability of the format of 
psychological and placebo intervention to be essential 
for a valid assessment of the “true” placebo effect.

Comparison to the literature 
After adjusting for sample size, the pooled PR in the 
previous systematic review by Spanier et al[19] was 
30.4%. Three of the four studies included in that 
analysis were excluded in this study, which involved 
different inclusion and exclusion criteria. Specifically, 
Blanchard et al[34] had no strict diagnostic criteria for 
IBS and Shaw et al[35] used usual care as the control 
intervention, which was not an appropriate control 
group according to our definition.

In a recent meta-analysis by Ford et al[36], 31 
studies were included. Five of them were also included 
in our review, but we excluded the remaining 26 
studies for the following reasons: the IBS criteria were 
not clear (2 studies) or Latimers criteria were used 
(1 study); it was not a randomized controlled trial 
(1 study); the intervention used was inappropriate 
according to our criteria [self/management by a nurse 
(1 study), not by a therapist (2 studies), by e-mail (1 
study)]; or the control group did not fulfill the Baskin 
criteria [symptom monitoring (7 studies), care as 
usual (6 studies), waiting list (1 study), medication (1 
study) or not having the same number of therapeutic 
sessions (3 studies)].

It would be interesting to compare the PRR of 
the psychological interventions for irritable bowel 
syndrome to that in studies on psychological 
interventions for other diseases. In the systematic 
review entitled “Psychological Interventions for 
treatment of inflammatory bowel disease” located 
in the Cochrane database and published in 2011[37], 
none of the control groups in the included studies met 
our criteria for control groups. In a study by Keefer et 
al[38] on gut-directed hypnotherapy for ulcerative colitis 
published in 2013, a control group that met our criteria 
was used. The placebo rate was 40%, which was 
comparable to the placebo rate found in our research. 
In a systematic review published in 2005, Enck and 
Klosterhalfen[12] compared the PRRs for functional 
bowel disorders with those of non-intestinal diseases 
and other organic gastrointestinal diseases. Most of the 
studies focused on drug treatment. The authors stated 
that the placebo effects in functional bowel disorders 
were similar to those in non-intestinal diseases 
(depression, pain and Parkinson’s disease) and not too 
dissimilar to those in other gastrointestinal diseases 
(duodenal ulcer, inflammatory bowel disease).

Secondary outcome measures
The placebo effect on the secondary outcome 
measures differed considerably across studies. 
However, the overall trends showed the greatest 
effects on symptom scores and the smallest effects on 
quality of life, anxiety and depression, which is aligned 

with the findings reported by Vase et al[30]. Pain is the 
main complaint of IBS patients, and almost invariably 
these patients possess the hope and desire that 
treatment will bring relief of their IBS-related pain. 
The combination of expected pain relief and desire for 
pain relief generates the largest placebo effect, and 
consequently, the effect on symptom scores is likely to 
be the greatest.

The relatively high PRR for anxiety in the study of 
Shinozaki et al[28] (267%) may have been caused by 
the content of the educational program, which was 
completely focused on dietary education. Most IBS 
patients have considerable anxiety surrounding the 
potential for dietary substances to act as complaint-
inducing agents. A program with this content is 
apparently helpful in reducing this anxiety. In the 
study by Craske et al[23], the educational program had 
a positive impact on the patients’ food avoidance. 
Additionally, the effect on the Food Avoidance scale of 
the IBS-QOL scale was greater than the effects in the 
two treatment arms (125% and 184%). The results 
of these studies suggest that it may be worthwhile to 
include an educational module in IBS treatments. 

In the study by Shinozaki et al[28], the PRR > 
100% of the Self-Reported IBS Questionnaire (SIBSQ) 
indicated that the placebo intervention was more 
effective than the treatment intervention. It is not clear 
why this study found a significant positive treatment 
effect of autogenic training on the primary outcome 
measure of “adequate relief” and a significant positive 
effect of the placebo intervention on the primary 
symptom measure SIBSQ. 

Conclusions and clinical implications
In conclusion, despite the more extensive patient-
professional contact, the PRR in the placebo arm of 
RCTs with psychological treatment interventions is 
comparable to that of RCTs on drug interventions. 
This finding does not support the hypothesis that the 
personality and empathy of the professional are the 
main determinants of the placebo effect. Most likely, 
the PR is determined to a greater extent by patient- 
than doctor-related factors. Particularly important 
is the combination of expectations about and desire 
for symptom relief, both of which are influenced by 
the way that the therapy is introduced and executed. 
Thus, for optimal control group comparison in studies 
investigating psychological treatment for IBS, patients 
in the control group should have similar expectations 
from the control intervention as patients in the active 
intervention arm. Therefore, future RCT’s should map 
the expectations of patients in both RCT arms before 
starting the intervention.

In clinical practice, the placebo response can 
be used optimally by enhancing the expectations 
of the patient through the provision of realistic but 
positive information about the expected effect of the 
treatment. The preference of patients for a certain 
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treatment might be related to the expected benefit, 
although it could also be the result of other contextual 
factors, such as the way in which the treatment is 
delivered (group versus individually). Future research 
should investigate the effect of patients’ preference for 
a certain treatment arm on the treatment outcome.
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Background
Irritable bowel syndrome (IBS) is a common chronic functional gastrointestinal 
disorder characterized by recurrent episodes of abdominal pain, discomfort, 
and altered bowel habits that cannot be explained by structural or biochemical 
abnormalities. Because of the limited effect of pharmacotherapy, there 
has been increasing interest in psychological treatments for IBS. As in 
pharmacological treatments, placebo effects play a role in psychological 
therapies. In psychological interventions, the placebo response may result from 
the consultation itself and the relationship with the physician/therapist. The 
authors presumed that the placebo response would be greater in psychological 
interventions than in drug trials. Therefore, the authors compared the placebo 
response rate in studies on psychological interventions for IBS with the placebo 
response rates in pharmacological studies.

Research frontiers
Awareness that proper assessment of the effect of psychological interventions 
for IBS requires comparison with a placebo treatment is growing. A number of 
randomized placebo-controlled trials on the effect of psychological interventions 
on IBS have been published. 

Innovations and breakthroughs
In previous meta-analyses on the placebo effect associated with psychological 
interventions for IBS, the criteria used for inclusion in the analyses have been 
liberal. For instance, some studies included patients who did not fulfill Rome 
criteria for IBS, whereas others used usual care as the control intervention. 
For our systematic review, the authors chose to include only randomized 
controlled trials (RCTs) that included a placebo intervention that met the strict 
prerequisites formulated by Baskin et al (2003).

Applications 
Contrary to our expectations, in our study we found that, despite the more 
extensive patient-professional contact, the response rate in the placebo arm 
of RCTs with psychological treatment interventions was comparable to that of 
RCTs with drug interventions. Thus, it seems that the personality and empathy 
of the professional are not the main determinants of the placebo effect. 
Instead, it appears that the placebo response is more determined by patient- 
than doctor-related factors. For optimal control group comparison in studies 
investigating psychological treatment for IBS, patients in the control group 
should have similar expectations from the control intervention as patients in the 
active intervention arm. Therefore, future RCTs should map the expectations 
of patients in both RCT arms before starting the intervention. Future research 
should also explore the effect of patients’ preference for a certain treatment arm 
on the treatment outcome.

Terminology
The diagnosis of irritable bowel syndrome is made using consensus-based 
criteria, the most recent of which are the Rome criteria, recurrent abdominal 
pain associated with two or more of the following: (1) related to defecation; (2) 
associated with a change in the frequency of stool; and (3) associated with 
a change in the form (appearance) of stool. These criteria must have been 

fulfilled for the last 3 mo, with symptom onset occurring at least 6 mo prior to 
the diagnosis. A placebo is defined as an activity regarded therapeutically inert 
from the theoretical perspective of the therapy under examination.

Peer-review
Good, well-conducted study. Suggested to add that a supportive doctor-
patient relationship with empathy and listening is likely to maximize the placebo 
response to pharmacological treatment, not only in IBS but also in other 
disease states. 
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Abstract
AIM
To perform a meta-analysis to investigate the association 
between cyclooxygenase-2 (COX-2) -1195G>A gene 
polymorphism and gastrointestinal cancers. 

METHODS
Publications related to the COX-2 -1195G>A gene 
polymorphism and gastrointestinal cancers published 
before July 2016 were retrieved from PubMed, 
EMBASE, Web of Science, China Biological Medicine 
Database, China National Knowledge Infrastructure, 
and CQVIP Database. Meta-analysis was performed 
using Stata11.0 software. The strength of the asso
ciation was evaluated by calculating the combined 
odds ratios (ORs) and the corresponding 95%CIs. The 
retrieved publications were excluded or included one 
by one for sensitivity analysis. In addition, the funnel 
plot, Begg’s rank correlation test, and Egger’s linear 
regression method were applied to analyse whether the 
included publications had publication bias. 

RESULTS
A total of 24 publications related to the COX-2 
-1195G>A gene polymorphism were included, including 
28 studies involving 11043 cases and 18008 controls. 
The meta-analysis results showed that the COX-2 
-1195G>A gene polymorphism significantly correlated 
with an increased risk of gastrointestinal cancers, 
particularly gastric cancer (A vs  G: OR = 1.35; AA/AG 
vs  GG: OR = 1.54; AA vs  GG/AG: OR = 1.43; AA vs  
GG: OR = 1.80; AG vs  GG: OR = 1.35). Compared to 
the Caucasian population in America and Europe, the 
COX-2 -1195G>A gene polymorphism in the Asian 
population (A vs  G: OR = 1.30; AA/AG vs  GG: OR 
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= 1.50; AA vs  GG/AG: OR = 1.35; AA vs  GG: OR = 
1.71; AG vs  GG: OR = 1.37) significantly increased 
gastrointestinal cancer risk. The sensitivity analysis (P  
< 0.05) and the false positive report probability (P  < 
0.2) confirmed the reliability of the results. 

CONCLUSION
The results showed that the COX-2 -1195G>A gene 
polymorphism might be a potential risk factor for 
gastrointestinal cancers. Further validation by a large 
homogeneous study is warranted.

Key words: COX-2; -1195G>A; Polymorphism; Meta-
analysis; Gastrointestinal cancer

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

Core tip: To explore the association of the cyclo
oxygenase-2 (COX-2) (-1195G>A) polymorphism with 
gastrointestinal cancers, we conducted this retrospective 
study. According to this meta-analysis, we discovered 
that the COX-2 (-1195G>A) polymorphism may be 
a risk factor for gastrointestinal cancers and may 
increase the risk of gastrointestinal cancers in the Asian 
population. Furthermore, we applied a false-positive 
report probability to make the results more credible. 
Our findings indicated that focusing on the COX-2 
(-1195G>A) polymorphism to prevent gastrointestinal 
cancers may be viable.

Zhang XW, Li J, Jiang YX, Chen YX. Association between 
COX-2 -1195G>A polymorphism and gastrointestinal cancer risk: 
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INTRODUCTION
Gastrointestinal cancers have high morbidity and 
mortality worldwide, with most cases being gastric 
cancer and colorectal cancer[1,2]. Because currently 
there is still no effective early diagnosis method, 
patients are often diagnosed at a middle or late stage; 
even after treatment, their quality of life and survival 
time are still significantly affected[3]. Improving the 
early diagnosis and treatment of gastric cancer 
and colorectal cancer has important significance in 
the prognosis of patients[4,5]. Therefore, studying 
pathogenic mechanisms of tumours, clarifying the 
molecular mechanism, discovering “key” molecular 
markers of tumours, and predicting cancer risk in a 
timely fashion are key to the prevention, diagnosis, 
and molecular targeted therapy of gastric cancer and 
colorectal cancer. 

Previous studies have shown that cyclooxygenase-2 
(COX-2) is a rate-limiting enzyme of prostaglandin 

synthesis[6] and is closely associated with the 
development of malignant tumours[7]. COX-2 is 
localized in the nuclear membrane under physiological 
conditions and can be expressed in the cytoplasm and 
nucleus of corresponding tissues after inflammatory 
stimulation to participate in inflammatory reactions 
and promote the formation of a tumour inflammatory 
microenvironment[8]. A larger amount of literature 
confirmed that a high COX-2 expression level was 
present in many malignant tumours, including breast 
cancer, lung cancer, liver cancer, and nasopharyngeal 
carcinoma. The high COX-2 expression level was not 
only an early event of the development of malignant 
tumours but was also directly correlated with the 
infiltration degree, lymph node metastasis, TNM stage, 
and patient prognosis[9-11]. Further studies indicated 
that the intracellular localizations of COX-2 in tumour 
cells of different tissues types were different[12]. COX-2 
was highly expressed in gastric cancer and colorectal 
cancer cells; in addition, COX-2 was expressed in 
macrophages and fibroblasts in tumour tissues[13]. 
These results indicated that COX-2 expression 
gradually increases during the process of malignant 
transformation of precancerous lesions into malignant 
tumours, suggesting that COX-2 is involved in the 
developmental process of gastric cancer and colorectal 
cancer; however, the specific mechanism is still not 
clear. 

The COX-2 gene is localized at q25.2-25.3 of 
chromosome 1 and contains 10 exons and 9 introns 
with a total length of approximately 8.3 kb. COX-2 
is a rapid-response gene to various factors, such 
as inflammatory factors, tumourigenic factors, 
injury, and growth factors, all of which can induce 
its rapid expression[14,15]. There have been already 
many published studies on the association between 
COX-2 gene polymorphisms and susceptibility to 
gastrointestinal cancers. It is generally considered 
that COX-2 -765G>C and COX-2 -8473T>C gene 
mutations are closely associated with the development 
of gastrointestinal cancers[16,17]. However, the asso
ciation between COX-2 -1195G>A and gastric and 
colorectal cancers is still unclear. Because the COX-2 
gene has larger distribution differences in populations 
of different ethnicities and different regions and the 
sample size in a single study is limited, this association 
cannot be entirely explained. Given the current 
controversial study results, we aimed to perform a 
meta-analysis to confirm the association between the 
COX-2 -1195G>A polymorphism and susceptibility to 
gastric and colorectal cancers. 

MATERIALS AND METHODS
Retrieval strategy 
We performed retrieval using the MeSH terms of (COX-2 
-1195G>A or COX-2 -1195G>A) and (gastrointestinal or 
colorectal or colon or rectal or stomach or gastric) and 
(cancer or tumour or carcinoma) and (polymorphism or 
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SNP or variant or mutation) in the following databases: 
PubMed, EMBASE, Web of Science, China Biological 
Medicine Database, China National Knowledge 
Infrastructure, and CQVIP Database. The relevant 
studies in China and other countries were retrieved. The 
retrieval period was between the establishment of the 
databases and July 2016. Relevant conference papers 
were manually retrieved from the journal database of 
the Third Military Medical University library.  

Inclusion criteria
The included literature in this study met the following 
criteria: (1) studies about the COX-2 -1195G>A gene 
polymorphism and susceptibility to gastrointestinal 
cancers; (2) case-controlled or cohort studies; (3) 
gastrointestinal cancer patients as the case group; and 
(4) enough genotype data to calculate odds ratios (ORs) 
and corresponding 95% confidence internals (CIs). 

Exclusion criteria
The exclusion criteria were as follows: (1) the 
study topic of the article was not about the COX-2 
-1195G>A gene polymorphism and susceptibility to 
gastrointestinal cancers; (2) the studies were not case-
controlled or cohort studies; (3) abstracts, reviews, 
case reports, or repetitively published articles; and 
(4) the study data were not complete or the raw data 
could not be obtained.

Data extraction and quality evaluation 
The data were independently extracted by two 
researchers (Xiao-Wei Zhang, Jun Li) using the unified 
data table. The major extracted data included the 

following information: first author, publication year, 
country, tumour type, sources of the control group, 
matching criteria, genotyping method, genotype 
distribution in the case group and the control 
group, and the Hardy-Weinberg equilibrium (HWE) 
examination result of the control group. If the data 
extraction results were inconsistent, a third party was 
consulted to reach a consensus. 

The included publications were scored using 
the predetermined criteria[18,19]. These criteria were 
extracted and modified from previous studies (Table 1). 
The quality evaluation scale was used to evaluate the 
included studies from six aspects: representativeness 
of cases, source of controls, case-control match, 
specimens used for determining genotypes, HWE, 
and total sample size. The scores ranged from the 
lowest, 0 points, to the highest, 18 points. Publications 
with a score < 12 were classified as “low quality” and 
publications with a score ≥ 12 were classified as “high 
quality.”

Statistical analysis
The OR and 95%CI were used as the effective index 
of the study. P < 0.05 indicated that the difference 
was statistically significant. Five genetic models, 
including allele model (A vs G), dominant model 
(AA/AG vs GG), recessive model (AA vs GG/AG), 
homozygous model (AA vs GG), and heterozygous 
model (AG vs GG), were compared. The statistical 
significance of combined OR values were examined 
using the Z test, and the significance level was set 
at 0.05 (bilateral). The χ 2 test was used to evaluate 
whether the genotypes in the control group conformed 
to HWE. The Cochrane Q test was performed to 
analyse the heterogeneity among studies[20]. P < 0.10 
was considered significantly different. In addition, the 
I2 value was combined to quantitatively evaluate the 
level of heterogeneity. The I2 values were between 
0% and 100%; when the value was larger, the 
heterogeneity was higher. When the heterogeneity 
examination result showed P < 0.10 or I2 > 50%, the 
random effects model (DerSimonian-Laird method)[21] 
was used to perform the analysis; otherwise, the 
fixed effects model (Mantel-Haenszel method)[22] was 
used. The included studies were deleted one by one 
to perform sensitivity analysis to examine the effect 
of a single study on the total combined effect size. 
Whether the included literature had publication bias 
was analysed through the funnel plot[23], Egger’s linear 
regression method[24], and Begg’s rank correlation 
test[25]. The meta-analysis was performed using 
Stata11.0 software. 

The method reported by Wacholder et al[26] was used 
to analyse the false positive report probability (FPRP) of 
each significant correlation. A prior probability of 0.001 
was set to detect an OR of 1.5. When the FPRP value 
was lower than 0.2, the correlation was noteworthy. The 
statistical power and FPRP value were calculated using 
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Table 1  Quality evaluation scale of the included literature

Criterion Score

Representativeness of cases
  Selected from population or cancer registry 3
  Selected from hospital 2
  Selected from pathology archives, but without description 1
  Not described 0
Source of controls
  Population-based 3
  Blood donors or volunteers 2
  Hospital-based (cancer-free patients) 1
  Not described 0
Case-control match
  Matched by age and gender 3
  Not matched by age and gender 0
Specimens used for determining genotypes
  White blood cells or normal tissues 3
  Tumor tissues or exfoliated cells of tissue 0
Hardy-Weinberg equilibrium (HWE) 
  Hardy-Weinberg equilibrium in control subjects 3
  Hardy-Weinberg disequilibrium in control subjects 0
Total sample size
  > 1000 3
  > 500 and < 1000 2
  > 200 and < 500 1
  < 200 0
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Meta-analysis results
The ORs of different comparisons and the hetero
geneity examination results are shown in Table 3. 
The results showed that COX-2 -1195G>A gene 
polymorphism in all of the genetic models (A vs G: 
OR = 1.54; AA/AG vs GG: OR = 1.24; AA vs GG/AG: 
OR = 1.16; AA vs GG: OR = 1.31; AG vs GG: OR = 
1.18) had a significant correlation with susceptibility 
to gastrointestinal cancers. However, when the pre-
determined prior probability was below 0.001, all of 
the FPRP values were higher than 0.2. This result 
indicated that the association was not noteworthy.  

The subgroup analysis was performed based on 
tumour types (Figure 2). In the gastric cancer group 
(A vs G: OR = 1.35; AA/AG vs GG: OR = 1.54; AA 
vs GG/AG: OR = 1.43; AA vs GG: OR = 1.80; AG vs 
GG: OR = 1.35), the results showed that the COX-2 
-1195G>A gene polymorphism was significantly 
correlated with cancer susceptibility. Analysis of FPRP 
in the gastric group showed that the value in the AA 
vs GG/AG model (FPRP = 0.174) was lower than 0.2, 
indicating that the result was noteworthy. However, 
the COX-2 -1195G>A gene polymorphism was not 
significantly correlated with susceptibility to colorectal 
cancer. 

When subgrouping based on ethnicity (Figure 3), 
in the Asian population (A vs G: OR = 1.30; AA/AG vs 
GG: OR = 1.50; AA vs GG/AG: OR = 1.35; AA vs GG: 
OR = 1.71; AG vs GG: OR = 1.37), COX-2 -1195G>A 
could significantly increase the risk of developing 
gastrointestinal cancers. In addition, in the A vs G 
model (FPRP = 0.069), AA/AG vs GG model (FPRP = 
0.167) and AA vs GG model (FPRP = 0.093), the FPRP 
values were lower than 0.2, indicating that the analytic 
results were stable and reliable. The results did not 
show a significant correlation between the COX-2 
-1195G>A gene polymorphism and gastrointestinal 
cancer susceptibility in the Caucasian and mixed 
populations. 

The subgroup analysis based on the sources of the 
control group showed that, in the studies based on 
populations from communities (A vs G: OR = 1.16; 
AA/AG vs GG: OR = 1.26; AA vs GG/AG: OR = 1.19; 
AA vs GG: OR = 1.35; AG vs GG: OR = 1.19), the 
COX-2 -1195G>A gene polymorphism significantly 
correlated with gastrointestinal susceptibility. The 
FPRP value in the A vs G model was lower than 0.2, 
indicating that the correlation was noteworthy. For 
studies based on populations from hospitals, none of 
the genetic models showed a correlation with intestinal 
cancers. 

The subgroup analysis using the quality evaluation 
scores showed that, in the high quality studies (A vs 
G: OR = 1.15; AA/AG vs GG: OR = 1.25; AA vs GG/
AG: OR = 1.19; AA vs GG: OR = 1.34; AG vs GG: OR 
= 1.19), the COX-2 -1195G>A gene polymorphism 
correlated with susceptibility to the development of 

the Excel spreadsheet provided by Wacholder et al[26].

RESULTS
Literature retrieval results
A total of 378 relevant publications were retrieved. 
After repetitive publications were excluded, there were 
302 publications. Literature screening was performed 
according to the inclusion and exclusion criteria. Based 
on titles and abstracts, 216 publications that were 
irrelevant to the study topic were excluded. After 
abstracts and the full texts were further carefully read, 
64 publications were excluded (27 publications of non-
case-controlled and cohort studies, 22 publications 
irrelevant to gastrointestinal cancers, 14 publications 
of abstracts and reviews, and 1 repeatedly published 
article). Based on the references of the included 
literature, 2 more publications were obtained. A total of 
24 publications were finally included, involving 11,043 
cases and 18,008 controls (Figure 1). 

Characteristics of the included studies
Among the 24 included publications (Table 2[27-49]), 11 
were reports on gastric cancer and 13 on colorectal 
cancer; 14 were studies in Asian populations, 8 in 
Caucasian populations, and 2 in mixed populations. 
The HWE examination results of the distribution of 
genotypes in the control group are shown in Table 
2. Among the 24 publications, the distribution of 
genotypes in the control groups of 19 publications 
conformed to HWE. The quality score of a single study 
ranged from 7 to 18. There were 19 publications of 
high quality studies (≥ 12).

64 records excluded because of the following 
reasons:
Non-case-control or non-cohort study (n  = 27)
Not related to gastrointestinal cancer (n  = 22)
Abstracts and reviews (n  = 14)
Duplicate data (n  = 1)

378 records identified 
though database search

302 records screened after excluding duplicates

216 records excluded on 
screening of title/abstract

86 relevant records identified 
for further review

2 records from 
reference list

88 records reviewed in full text

24 studies included in 
this meta-analysis

Figure 1  Flow chart of literature inclusion and exclusion. 
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gastrointestinal cancers. However, the FPRP analytic 
values were all higher than 0.2, indicating that the 
analytic results were not stable. In low quality studies, 
the COX-2 -1195G>A gene polymorphism did not have 
a significant correlation with gastrointestinal cancers. 

Furthermore, the subgroup analysis based on 
different genotyping methods showed that, in the 
studies using the Restriction Fragment Length 
Polymorphism Analysis of PCR-Amplified Fragments 
(PCR-RFLP) genotyping method (A vs G: OR = 

1.23; AA/AG vs GG: OR = 1.46; AA vs GG/AG: OR 
= 1.24; AA vs GG: OR = 1.58; AG vs GG: OR = 
1.35), the COX-2 -1195G>A gene polymorphism 
significantly correlated with gastrointestinal cancer 
susceptibility. However, the FPRP analysis showed that 
the evidence of the real correlation of positive results 
was not sufficient. For genotyping using Taqman 
and other technologies, the COX-2 -1195G>A gene 
polymorphism in none of the genetic models was 
significantly correlated with intestinal cancers. 

Table 2  Baseline information of the included studies

Ref. Year Country Type of 
cancer

Source of 
controls

Matching 
criteria

Genotyping
 method

Cases Controls HWE Quality 
scoreAA AG GG AA AG GG

Liu et al[27] 2006 China Gastric cancer PB NA DHPLC   88 116 44 375 771 377 0.626 14
Siezen et al[28] 2006 Netherland Colorectal 

cancer
PB Age, sex, 

center
PCR-RFLP 127   59 10 243 128   20 0.558 17

Siezen et al[28] 2006 Netherland Colorectal 
cancer

PB Age, sex, 
center

PCR-RFLP 283 132 19 422 226   41 0.149 18

Jiang et al[29] 2007 China Gastric cancer PB Age, sex PCR-RFLP   74 132 48   79 163   62 0.187 16
Tan et al[30] 2007 China Colorectal 

cancer
PB Age, sex PCR-RFLP 320 502 178 308 692 300 0.020 14

Andersen et al[31] 2009 Denmark Colorectal 
cancer

PB Sex Taqman 230 116 13 482 258   25 0.177 15

Hoff et al[32] 2009 Netherland Colorectal 
cancer

HB Age, sex PCR-RFLP 213 101 12 232 124   13 0.471 14

Thompson et al[33] 2009 United 
States

Colorectal 
cancer

PB NA Taqman 275 138   9 297 168   15 0.131 14

Pereira et al[34] 2010 Portugal Colorectal 
cancer

HB NA PCR-RFLP   70   43   4 177   73     6 0.634 10

Zhang et al[35] 2011 China Gastric cancer PB Age, sex PCR-RFLP 107 184 32 256 513 175 0.004 14
Zhang et al[36] 2011 China Gastric cancer PB Age, sex PCR-RFLP 113 175 69 241 527 217 0.027 14
Jing et al[37] 2012 China Gastric cancer PB Age, sex PCR-RFLP   49   87 19   51 133   53 0.059 15
Li et al[38] 2012 China Gastric cancer PB NA PCR-RFLP   98 145 53   73 166   80 0.461 14
Shin et al[39] 2012 Korea Gastric cancer PB NA PCR-RFLP   32   54 14   37   41   22 0.107 12
Zhang et al[40] 2012 China Colorectal 

cancer
PB NA PCR-RFLP   77 216 50   62 184   94 0.09 12

Andersen et al[41] 2013 Denmark Colorectal 
cancer

PB NA KASP™ 
genotyping

587 313 47 1126 560   61 0.397 15

Li et al[42] 2013 China Colorectal 
cancer

HB NA PCR-RFLP 116 248 87   179 336 114 0.045   9

Makar et al[43] 2013 United 
States

Colorectal 
cancer

PB Age, 
location, 

sex

Taqman 910 455 57 1198 509   67 0.162 17

Makar et al[43] 2013 United 
States

Colorectal 
cancer

PB Age, 
location, 

sex

Taqman 619 287 33 958 496   63 0.905 17

Makar et al[43] 2013 United 
States

Colorectal 
cancer

PB Age, 
location, 

sex

Taqman 376 185 20 509 237   29 0.829 17

Makar et al[43] 2013 United 
States

Colorectal 
cancer

PB Age, 
location, 

sex

Taqman 338 138 21 558 249   20 0.206 17

Ruan et al[44] 2013 China Colorectal 
cancer

PB NA PCR-RFLP   34   67 29   39   53   28 0.232 12

Pereira et al[45] 2014 Portugal Colorectal 
cancer

HB NA Taqman 143   85 15 323 133   16 0.614 11

Vogel et al[46] 2014 Norseland Colorectal 
cancer

PB NA KBioscience 110   24   2 209 114   11 0.337 12

Gao et al[47] 2015 China Gastric cancer PB Age, sex Taqman   86 137 55   74 137   57 0.664 16
Lu et al[17] 2015 China Gastric cancer HB NA PCR-RFLP   69   39 25   27   35   72 0.000   7
Tao et al[48] 2015 China Gastric cancer PB Age, sex PCR-RFLP   39   71 26   31   65   25 0.397 15
Zamudio et al[49] 2016 Peru Gastric cancer HB NA Taqman   85 103 32 106 139   43 0.815   9

HWE: Hardy-Weinberg equilibrium; PB: Population-based; HB: Hospital-based; DHPLC: Denaturing high performance liquid chromatography; PCR-
RFLP: Polymerase chain reaction-restriction fragment length polymorphism; NA: Not available.
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genetics have gradually become the hotspots of studies 
on the pathogenic mechanism of gastrointestinal 
cancers[50,51].

COX-2 overexpression can influence the tumouri
genic gene features of tumour cells, including induction 
of anti-apoptosis, regulation of extracellular matrix 
adhesion, promotion of angiogenesis, increase of 
metastatic potential, and influence of anti-tumour 
effects[52-54]. Recent studies showed that the COX-2 
-1195G>A gene polymorphism generated a c-MYB 
binding site, thus increasing the transcription activity of 
the COX-2 gene. c-MYB is an active transcription factor 
in the haematopoietic system and gastrointestinal 
tract. c-MYB functions on many genes to regulate the 
exquisite balance between cell division, differentiation 
and survival[55], which further confirms that the 
COX-2 -1195G>A polymorphism might increase 
susceptibility of individuals to gastrointestinal cancers. 
However, there were also reports showing that this 
polymorphism could reduce the risk of developing 
gastric cancer and colorectal cancer[32]. To clarify this 

association, we included all case-controlled or cohort 
studies that met the inclusion criteria to evaluate the 
correlation using a meta-analysis. 

Our study included 24 publications, including 11 
gastric cancer publications and 13 colorectal cancer 
publications. A total of 11,043 cases in the case group 
and 18,008 cases in the control group were included. 
The overall meta-analysis results showed that the 
COX-2 -1195G>A gene in all of the genetic models (A 
vs G: OR = 1.54, 95%CI: 1.04-1.26, P < 0.001; AA/
AG vs GG: OR = 1.24, 95%CI: 1.06-1.45, P < 0.001; 
AA vs GG/AG: OR = 1.16, 95%CI: 1.04-1.30, P < 
0.001; AA vs GG: OR = 1.31, 95%CI: 1.08-1.59, P < 
0.001; AG vs GG: OR = 1.18, 95%CI: 1.04-1.34, P = 
0.007) was associated with a high risk of developing 
gastrointestinal cancers. The results of the publication 
bias and sensitivity analysis also increased the 
reliability of the association.

The differences in ethnicity, sources of the 
control population, environmental factors, and the 
tumour types can all change the risk of developing 

Figure 2  Forest plot of the stratified analysis of the COX-2 -1195G>A dominant model (AA/AG vs GG) and susceptibility to gastrointestinal cancers in 
different tumour types.

Study %
ID OR (95%CI) Weight
Gastric cancer
Liu (2006) 1.53 (1.08, 2.16) 4.75
Jiang (2007) 1.10 (0.72, 1.67) 4.28
Zhang (2011) 2.07 (1.39, 3.09) 4.40
Zhang (2011) 1.18 (0.87, 1.60) 5.03
Jing (2012) 2.06 (1.17, 3.64) 3.40
Li (2012) 1.53 (1.04, 2.27) 4.47
Shin (2012) 1.73 (0.83, 3.62) 2.60
Gao (2015) 1.10 (0.72, 1.66) 4.31
Lu (2015) 5.02 (2.89, 8.71) 3.49
Tao (2015) 1.10 (0.60, 2.03) 3.17
Zamudio (2016) 1.03 (0.63, 1.69) 3.82
Subtotal (I 2 = 68.8%, P  = 0.000) 1.54 (1.20, 1.96) 43.72

Colorectal cancer
Siezen (2006a) 1.00 (0.46, 2.19) 2.44
Siezen (2006b) 1.38 (0.79, 2.41) 3.46
Tan (2007) 1.39 (1.13, 1.70) 5.59
Andersen (2009) 0.90 (0.45, 1.78) 2.84
Hoff (2009) 0.96 (0.43, 2.12) 2.36
Thompson (2009) 1.48 (0.64, 3.42) 2.23
Pereira (2010) 0.68 (0.19, 2.45) 1.19
Zhang (2012) 2.24 (1.53, 3.28) 4.52
Andersen (2013) 0.69 (0.47, 1.02) 4.48
Li (2013) 0.93 (0.68, 1.26) 4.98
Makar (2013a) 0.94 (0.66, 1.35) 4.66
Makar (2013b) 1.19 (0.77, 1.83) 4.22
Makar (2013c) 1.09 (0.61, 1.95) 3.34
Makar (2013d) 0.56 (0.30, 1.05) 3.12
Ruan (2013) 1.06 (0.59, 1.91) 3.28
Pereira (2014) 0.53 (0.26, 1.10) 2.66
Vogel (2014)   2.28 (0.50, 10.43) 0.90
Subtotal (I 2 = 56.5%, P  = 0.002) 1.05 (0.87, 1.28) 56.28

Overall (I 2 = 65.6%, P  = 0.000) 1.24 (1.06, 1.45) 100.00
NOTE: Weights are from random effects analysis

0.0958                                        1                                          10.4
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gastrointestinal diseases through the gene-
environment interaction. Therefore, the present 
study performed subgroup analysis based on the 
different specific conditions of all of the studies. In 
the classification of tumour types, the results showed 
that the COX-2 -1195G>A gene in the AA/AG vs GG 
model had a clear correlation with the gastric cancer 
susceptibility but did not have a significant correlation 
with colorectal cancer, suggesting that this genotype 
might be a very important predisposing factor for 
gastric cancer. This result was also similar to the 
reported results in some literature. In addition, the 
subgroup analysis based on the ethnicity of the study 
population showed that the mutation frequency of 
this polymorphism in the Asian gastrointestinal cancer 
population was higher than that in the Caucasian 
population in America and Europe, suggesting that the 
presence of the COX-2 -1195G>A gene polymorphism 
might greatly increase susceptibility of the Asian 

population, as represented by Chinese and Korean 
populations, to gastrointestinal cancers. For the mixed 
population from America, there were only two reports 
on its association with gastrointestinal cancers. This 
result was not sufficient to explain the issue, and studies 
with a larger sample size are needed to confirm its 
reliability. The subgroup analysis based on the sources 
of the control population showed that an increase 
in the risk of developing gastrointestinal cancers in 
the population from communities had a statistical 
correlation with the COX-2 -1195G>A polymorphism; 
however, this correlation in the population from 
hospitals was not statistically significant. These results 
suggested that, in the selection of the sources of 
controls, the hospital population was restricted by their 
diseases and medications; therefore, the genotyping 
results might be affected. Thus, samples from the 
community population were more representative 
than those from hospitals and relevant studies should 

Figure 3  Forest plot of stratified analysis of the COX-2 -1195G>A dominant model (AA/AG vs GG) and gastrointestinal cancer susceptibility in different 
populations.

Study %
ID OR (95%CI) Weight
Asian
Liu (2006) 1.53 (1.08, 2.16) 4.75
Jiang (2007) 1.10 (0.72, 1.67) 4.28
Tan (2007) 1.39 (1.13, 1.70) 5.59
Zhang (2011) 2.07 (1.39, 3.09) 4.40
Zhang (2011) 1.18 (0.87, 1.60) 5.03
Jing (2012) 2.06 (1.17, 3.64) 3.40
Li (2012) 1.53 (1.04, 2.27) 4.47
Shin (2012) 1.73 (0.83, 3.62) 2.60
Zhang (2012) 2.24 (1.53, 3.28) 4.52
Li (2013) 0.93 (0.68, 1.26) 4.98
Ruan (2013) 1.06 (0.59, 1.91) 3.28
Gao (2015) 1.10 (0.72, 1.66) 4.31
Lu (2015) 5.02 (2.89, 8.71) 3.49
Tao (2015) 1.10 (0.60, 2.03) 3.17
Subtotal (I 2 = 70.8%, P  = 0.000) 1.50 (1.23, 1.84) 58.28

Caucasian
Siezen (2006a) 1.00 (0.46, 2.19) 2.44
Siezen (2006b) 1.38 (0.79, 2.41) 3.46
Andersen (2009) 0.90 (0.45, 1.78) 2.84
Hoff (2009) 0.96 (0.43, 2.12) 2.36
Pereira (2010) 0.68 (0.19, 2.45) 1.19
Andersen (2013) 0.69 (0.47, 1.02) 4.48
Makar (2013a) 0.94 (0.66, 1.35) 4.66
Makar (2013b) 1.19 (0.77, 1.83) 4.22
Makar (2013c) 1.09 (0.61, 1.95) 3.34
Makar (2013d) 0.56 (0.30, 1.05) 3.12
Pereira (2014) 0.53 (0.26, 1.10) 2.66
Vogel (2014)   2.28 (0.50, 10.43) 0.90
Subtotal (I 2 = 8.7%, P  = 0.360) 0.91 (0.76, 1.08) 35.68

Mixed 1.48 (0.64, 3.42) 2.23
Thompson (2009) 1.03 (0.63, 1.69) 3.82
Zamudio (2016) 1.13 (0.74, 1.73) 6.05
Subtotal (I 2 = 0.0%, P  = 0.466)

1.24 (1.06, 1.45) 100.00
Overall (I 2 = 65.6%, P  = 0.000)
NOTE: Weights are from random effects analysis

0.0958                                          1                                            10.4
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try to select those from the community population 
as a control group. Furthermore, we also performed 
subgroup analysis based on genotyping methods and 
found that the statistical results among subgroups had 
clear differences. The differences might be because the 
different detection methods had different theoretical 
bases. To make the positive rate of our analytic results 
more real and reliable, we performed FPRP and 
found that the correlation of the COX-2 -1195G>A 
polymorphism in the gastric cancer recessive model 
(FPRP = 0.174), the allele model of the Asian 
population (FPRP = 0.069) and the linear model (FPRP) 
all passed the FPRP test. These results suggested that 
the correlation of these two aspects had very strong 
reliability and the authenticity was further confirmed.

The present study had some limitations. First, 
during overall and subgroup analyses, we found that 
there was moderate heterogeneity among samples. 
Although we tried to resolve this issue and used 
FPRP to increase the reliability of the study results, 
the exact source of the heterogeneity still could not 
be completely explained. The present study also 
revealed that the heterogeneity was not from a single 
study. The differences in the distribution of the gene 
polymorphism frequency among ethnic groups and 
other unknown factors might be the real sources of 
the heterogeneity. Because gastrointestinal cancers 
are influenced by many factors, comprehensive study 
and analysis should be performed in the future by 
combining these factors, such as diet, living habits, and 

environmental exposure. Next, due to the restriction 
of the sample size and disease types in the included 
literature, we did not retrieve similar literature reports 
on other gastrointestinal cancers other than gastric 
cancer and colorectal cancer, and their association 
with the COX-2 -1195G>A gene polymorphism could 
not be clarified. Third, the present study is a meta-
analysis based on the reported data of the included 
literature. The unreasonable data in the original 
studies could not be corrected and possible potential 
confounding factors, such as age, gender, ethnicity, 
specific living habits, and smoking and drinking habits, 
might be present. Fourth, all of the included literature 
was published in Chinese or English; relevant studies 
written in other languages may have been missed. 
Only including Chinese and English literature was also 
a reason that the sample size was not large enough, 
which might result in the presence of false-negative 
results. In addition, this meta-analysis only included 
published literature, and there are some relevant, 
important unpublished studies, which might cause a 
potential publication bias.     

In summary, we demonstrate that the AA genotype 
in the COX-2 -1195G>A gene polymorphism might be 
an important predisposing factor for gastrointestinal 
cancers compared to the AG or GG phenotypes, 
especially for gastric cancer. In addition, compared 
to the included studies on American and European 
Caucasian populations, COX-2 -1195G>A increased 
susceptibility of the Asian population to gastrointestinal 

Figure 4  Analysis of the influence of a single study on the total combined OR in the dominant model (AA/AG vs GG).
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cancer. In the future, studies with larger sample sizes, 
more rational design, and more disease types should 
be performed to validate our conclusion, which can 
more clearly clarify the association between the COX-2 
-1195G>A gene polymorphism and gastrointestinal 
cancers.   
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Figure 5  Cumulative meta-analysis of the COX-2 -1195G>A polymorphism and gastrointestinal cancer susceptibility in the dominant model (AA/AG vs 
GG).
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Abstract
Focal dermal hypoplasia (FDH) is a rare disorder of the 
mesodermal and ectodermal tissues. Here we present 
an eight-year-old female known to have FDH who 
presents with poor weight gain and dysphagia. She was 
diagnosed with multiple esophageal papillomas and 
eosinophilic esophagitis. She was successfully treated 
with argon plasma coagulation and ingested fluticasone 
propionate, which has not been described previously in 
a child.

Key words: Focal dermal hypoplasia; Papilloma; 
Argon plasma coagulation; Eosinophils; Eosinophilic 
esophagitis; Esophageal diseases; Dysphagia
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papillomas of the esophagus in older individuals. This 
case discusses an 8-year-old female with fdh who 
presented with dysphagia. She was found to have 
esophageal papillomas and eosinophilic esophagitis. 
Treatment of eosinophilic esophagitis is highlighted. 
Argon plasma coagulation has been shown to be 
safe for use in the small diameter of the esophagus 
of children but not specifically for destruction of 
esophageal papillomas. A successful approach to 
debulking esophageal papillomas in a child using argon 
plasma coagulation is described in this case. 

Pasman EA, Heifert TA, Nylund CM. Esophageal squamous 
papillomas with focal dermal hypoplasia and eosinophilic 
esophagitis. World J Gastroenterol 2017; 23(12): 2246-2250  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Focal dermal hypoplasia (FDH) or Goltz syndrome is a 
rare disorder of defective ectodermal and mesodermal 
tissue development[1]. There are only about 300 reported 
cases of FDH. The disorder is inherited in an X-linked 
dominant manner with a female predominance of 9:1. 
Females are heterozygous or mosaic for mutation in the 
PORCN gene; affected males are typically mosaic[2,3]. 
The primary clinical manifestations of FDH occur due to 
dysplasia of the connective tissue of the skin and skeletal 
tissue. The dermal connective tissue is attenuated, with 
thin-appearing collagen fibers leading to hypoplastic 
and atrophic areas of skin that often follow the lines of 
Blaschko. Skeletal malformations include syndactyly, 
oligodactyly, and split-hand/foot malformation[4,5]. 
Cleft lip can be present leading to feeding difficulty[6]. 
Mucocutaneous squamous papillomas have been 
reported on the mouth, nose, larynx, anus, and 
genitals[3,7,8]. There have been reports of multiple 
esophageal squamous papillomas in individuals over 
the age of 30[9,10]. These patients were described as 
having chronic dysphagia. We report the presence of 
distal esophageal papillomas in an eight-year-old child 
who had no such projections seen previously on barium 
swallow two years prior to endoscopy.

CASE REPORT
An eight-year-old female with focal dermal hypoplasia 
presented to the pediatric gastroenterology clinic for 
poor weight gain, dysphagia, and early satiety. She 
previously had a gastrostomy tube placed at three 
weeks of age due to cleft lip and palate, which were 
later repaired. The gastrostomy tube remained in 
place and was used sporadically as the patient and 
the parents were motivated to transition to oral intake 
of formula and foods. She had a history of difficulty 

with oral intake in the past; however, a tonsillectomy 
for tonsillar hypertrophy had led to improved feeding. 
Two years prior to establishing care with the pedia
tric gastroenterology clinic, she had a swallow study 
and a fluoroscopic upper gastrointestinal series that 
were normal. She denied odynophagia, although she 
endorsed the sensation of food getting stuck in her 
throat and chest. She reported having to clear her 
throat and drink water frequently during meals. She 
had no cough or respiratory complaints.

On exam she was very thin and emaciated with 
dysmorphic facial features and thin hair. She had 
multiple scars on her face, which appeared as an 
asymmetric, vascular, excoriated rash. There was a 
scar under her nose from the upper lip to the right of 
midline from previous cleft lip repair. She had a grade 
Ⅱ/Ⅵ systolic murmur. Her lungs were clear. She had 
normoactive bowel sounds; her abdomen was soft, 
non-tender with no organomegaly. She had a low 
profile balloon gastrostomy tube in place.

An esophogram demonstrated multiple filling 
defects in the distal esophagus. The patient’s history of 
cleft lip and facial dysmorphism precluded esophageal 
manometric evaluation. The medical team elected 
to evaluate motility with an esophageal transit study 
using esophageal scintigraphy, which was remarkable 
for delayed clearance of contrast from the esophagus, 
especially in the supine position. She had gastric 
emptying scintigraphy, which showed mild delayed 
emptying (39% at two hours and 85% at four hours).

An esophagogastroduodenoscopy (EGD) was 
performed with pancreatic stimulation; she had normal 
pancreatic enzyme levels. On endoscopy, however, 
she was noted to have multiple papillomas in her 
esophagus (Figure 1). Pathology of the specimen 
was consistent with a squamous papilloma (Figure 
2). Human papilloma virus polymerase chain reaction 
testing was negative. She had esophageal eosinophilia 
on biopsies with > 80 eosinophils per high power field 
(hpf) in her distal esophagus and > 20 eosinophils per 
hpf in her proximal esophagus (Figure 3). Subsequent 
EGD after being on a proton pump inhibitor for over 
6 weeks showed a similar number of papillomas, with 
biopsies revealing up to 20 eosinophils per hpf in the 
distal esophagus and 15 eosinophils per hpf in the 
proximal esophagus. At the time of the second EGD, 
debulking of her papillomas was completed using argon 
plasma coagulation. This procedure was performed 
using ERBE VIO APC system (ERBE USA Inc., Marietta, 
GA) and the PRECISE setting with an effect of 5. On 
re-evaluation three months after initial debulking, 
there was significantly less of a papilloma burden with 
only a small cluster of papillomas remaining. This small 
cluster was ablated again, using the argon plasma 
coagulation. Follow-up EGD demonstrated successful 
elimination of papillomas (Figure 4).

Options for the treatment of eosinophilic esophagitis 
were discussed with the patient and parents. Allergy 
testing directed diet was not pursued. Given her skin 
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disorder the implementation and interpretation of skin 
prick testing or skin atopy patch testing would have 
been technically difficult. Empiric food elimination diet 
or elemental diets were also presented but declined 
by the family as they felt any progress made in 
her transition from gastrostomy feeds to oral feeds 
would be lost with the initiation of restrictive diets 
or unpalatable formula. To treat the eosinophilic 
esophagitis, the patient was instructed to take 
fluticasone propionate metered dose inhaler 440 mcg 

directly into the mouth, swallowed rather than inhaled, 
twice a day. Her biopsy at three-month follow-up EGD 
demonstrated 15 eosinophils per hpf. The patient 
reported resolution of her dysphagia but continued 
early satiety with solid food. A combination of 
treatment with the promotility stimulant erythromycin 
ethylsuccinate 3 mg/kg per dose prior to each meal, 
along with introduction of overnight formula feedings 
via gastrostomy tube, facilitated adequate weight gain.

DISCUSSION
This case presents a child with FDH, a connective tissue 
disorder known to be associated with the formation of 
squamous papillomas in the nose, mouth, pharynx, 
airway, rectum, vagina and esophagus. The esophageal 
papillomas are hypothesized to be related to the high 
incidence of severe gastroesophageal reflux starting 
in infancy in FDH[9]. In two previous case reports, 
esophageal papillomas were noted at 30 and 56 years 
old; both patients were female with oral papillomas. 
The older patient had complained of dysphagia since 
she was a teen but did not definitely have esophageal 
papillomas identified until age 56[9,10]. Based on 
radiographic studies performed two years prior to our 
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Figure 1  Esophageal endoscopic exam demonstrating multiple papillomas. A: View of esophageal papillomas in distal esophagus immediately above the level 
of the lower esophageal sphincter; B: View of the esophageal papillomas and thicken esophageal mucusa in the distal esophagus. 

A B

Figure 2  Low power cross section of squamous papilloma obtained from 
esophagus.

Figure 3  High power view of papilloma demonstrating eosinophilic 
infiltration.

Figure 4  Esophageal endoscopic follow up exam post-treatment with 
argon plasma coagulation and debulking of the papillomas.

Pasman EA et al . Esophageal papillomas with focal dermal hypoplasia
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coagulation. We also demonstrate a patient with 
focal dermal hypoplasia presenting with esophageal 
papillomas at an age much younger than previously 
shown in the literature. Finally, we identified a patient 
with both focal dermal hypoplasia and eosinophilic 
esophagitis. This is a potential association that has 
not yet been described, but has biologic plausibility 
given the association between eosinophilic esophagitis 
and connective tissue disorders. The young age of 
this patient and her comorbid eosinophilic esophagitis 
and esophageal papillomas present an argument for 
endoscopic evaluation of patients with focal dermal 
hypoplasia for pathological causes of feeding disorders 
or dysphagia.

COMMENTS
Case characteristics
An 8-year-old girl with focal dermal hypoplasia presented with dysphagia.

Clinical diagnosis
Multiple esophageal papillomas noted on esophagogastroduodenoscopy.

Differential diagnosis
Human papilloma virus, squamous papillomas associated with focal dermal 
hypoplasia. 

Laboratory diagnosis
Human papilloma virus polymerase chain reaction negative.

Imaging diagnosis
Esophageal and gastric scintigraphy demonstrated a delayed esophageal 
clearance and mild dealyed gastric emptying.

Pathological diagnosis
Squamous cell papillomas with eosinophilic esophagitis. 

Treatment
Endoscopic application of argon plasma coagulation for debulking of 
esophageal papillomas.Swallowed fluticasone proprionate metered dose inhaler 
440 mcg twice a day for eosinophilic esophagitis. 

Related reports
Focal dermal hypoplasia is a rare entity that is associated with esophageal 
squamous papillomas; however, these have only previously been identified 
in adults. Argon plasma coagulation has been used safely in children for the 
destruction of esophageal pathology but not specifically for papilloma removal.

Term explanation
Focal dermal hypoplasia (FDH) is a very rare connective tissue disorder.

Experiences and lessons
The authors found our patient to have both esophageal papillomas and 
eosinophilic esophagitis. Her papillomas were part of her rare underlying 
condition of focal dermal hypoplasia. Her eosinophilic esophagitis was treated 
using swallowed corticosteroids following accepted guidelines. They described 
a novel approach to treating esophageal papillomas in children using argon 
plasma coagulation. 

Peer-review
The manuscript is an interesting case report of a rare disease (FDH) combined with 
eosinophilic esophagitis. It is a well written, referenced and illustrated manuscript.

patient’s presentation, it is likely that she developed her 
papillomas between ages six and eight. What is unique 
in this scenario is that our patient is much younger 
than what has previously been reported in the literature 
about the development of esophageal squamous 
papillomas. Her complaint of dysphagia was supported 
by poor esophageal transit on nuclear medicine study.

Further complicating this patient’s presentation 
was eosinophilic esophagitis. There is evidence 
that connective tissue disorders are a risk factor for 
eosinophilic esophagitis. Ehler’s Danlos, Marfan, and 
Loeys-Dietz syndromes all have significantly higher 
rates of eosinophilic esophagitis than expected rates 
in the general population[11]. Although the exact cause 
of this association is unknown, it is speculated that it 
is likely related to poor esophageal connective tissue 
repair as well as to increases in immune modulating 
molecules in the esophageal tissue. To our knowledge 
this is the only report of a patient with FDH and eosino
philic esophagitis.

Although the delayed esophageal clearance was 
most likely related to the distal esophageal papillomas, 
it is known that motility deficits can lead to food 
impaction in eosinophilic esophagitis[12]. This can lead to 
serious complications such as perforation. Treatment of 
eosinophilic esophagitis has been shown to decrease the 
risk of impaction[13]. The patient in this case showed a 
partial histological response to ingested steroid therapy 
with a decrease in her mucosal eosinophil count. Her 
dysphagia improved with simultaneous treatment of her 
esophageal papillomas and eosinophilic esophagitis. We 
can only speculate, but suspect the largest symptomatic 
response as far as improved dysphagia was from 
debulking the papillomas.

Argon plasma coagulation has been shown to be 
an effective treatment for esophageal pathology with 
mucosal overgrowth such as Barrett’s esophagus[14]. 
Furthermore, it has been shown to be a safe treatment 
in children. Di Nardo et al[15] recently described a 
group of children with esophageal inlet patch who 
were unresponsive to proton pump inhibitor alone 
but responded well to argon plasma coagulation. 
Papillomatosis disease of the airway has been treated 
effectively with argon plasma coagulation; however, 
the technique does not appear to have been applied 
to esophageal papillomas[16]. We utilized the PRECISE 
setting, which is an ERBE proprietary setting. This 
setting creates superficial coagulation and tissue 
destruction using a low-energy output per unit time, 
which allows for cautery in temperature-sensitive or 
thin-walled structures[17]. The use of argon plasma 
coagulation in the small diameter esophagus of a child 
allowed the safe and controlled destruction of the 
papillomas while lowering the concern for unintended 
thermal damage. The desired endoscopic and 
symptomatic result was obtained using this technique.

There are multiple unique aspects to this single 
case description. We demonstrate that esophageal 
papillomas can be safely debulked using argon plasma 
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Abstract
Breast cancer with stomach metastasis rare with an 
incidence of 1% or less among metastatic breast 
cancer patients. We experienced a case of breast 
cancer metastasizing to the stomach in 65-year-old 
female patient. She experienced dyspepsia and poor 
oral intake before visiting the clinic. Diffuse infiltration 
with nodular mucosal thickening of the stomach wall 
was observed, suggesting advanced gastric cancer 
based on gross endoscopic finding. Spread of poorly 
cohesive tumor cells in the gastric mucosa observed 
upon hematoxylin and eosin stain resembled signet 
ring cell carcinoma, but diffuse positive staining for 
GATA3 in immunohistochemical stain allowed for a 
conclusive diagnosis of breast cancer metastasizing 
to the stomach. Based on the final diagnosis, 
systemic chemotherapy was administered instead of 
primary surgical resection. After 2 cycles of docetaxel 
administration, she showed a partial response based on 
abdominal computed tomography scan. This case is an 
unusual presentation of breast cancer metastasizing to 
the gastrointestinal tract. 

Key words: Gastric cancer; Breast cancer; Metastasis; 
Immunohistochemical stain; GATA3; GCDFP-15

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

Core tip: This case report describes a patient who 
was clinically diagnosed as advanced gastric cancer, 
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but final pathological confirm diagnosis was to be 
breast cancer with gastric metastasis. Patient received 
systemic chemotherapy and is currently on partial 
response state at present.

Yim K, Ro SM, Lee J. Breast cancer metastasizing to the 
stomach mimicking primary gastric cancer: A case report. World 
J Gastroenterol 2017; 23(12): 2251-2257  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v23/i12/2251.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v23.i12.2251

INTRODUCTION
Breast cancer commonly metastasizes to bone, lung, 
liver, and brain, but metastasis to the gastrointestinal 
tract is rare[1,2]. In Korea, fewer than 10 cases of breast 
cancer metastasizing to the gastrointestinal tract have 
been reported[3]. Breast cancer with gastrointestinal 
metastasis requires systemic chemotherapy. However, 
if breast cancer with gastrointestinal metastasis is 
misdiagnosed as a primary gastrointestinal cancer, 
unnecessary surgical resection may take over place. 
Herein, the authors present a case of breast cancer 
metastasizing to the stomach, initially suspected to be 
primary gastric cancer. This patient was successfully 
treated with systemic chemotherapy. 

CASE REPORT
A 65-year-old female patient was referred to the 
oncology department for evaluation of indigestion 
and epigastric discomfort. She had been previously 
diagnosed with breast cancer, treated with modified 
radical mastectomy (invasive lobular carcinoma, 
pT2N3M0), adjuvant chemotherapy (cyclophosphamide, 
methotrexate, 5-FU) and adjuvant radiation. Two years 
after surgery, she experienced cancer recurrence with 
bone metastasis and received an aromatase inhibitor 
(letrozole) as treatment for another 2 years. At the 
time she visited the oncology department, she was 
currently on aromatase inhibitor (letrozole). Other than 
breast cancer, she had no other medical history. Her last 
endoscopy was performed 2 years ago, with no specific 
findings.

Initial white blood cell (WBC) counts, hemoglobin 
level and hematocrit were 4790 cell/mm3 (neutrophil 
count 82%, lymphocytes count 25.8%), 13.1 g/dL 
(normal range 13.0-18.0 g/dL), and 369000/mm3 
(normal range 150000-450000/mm3). Other laboratory 
findings including those of blood chemistry and 
urine analysis were in the normal range. Serum 
carcinoembryonic antigen level was increased up to 
23.25 ng/dL.

Endoscopy revealed diffuse infiltration with nodular 
mucosal thickening of the stomach wall, involving 
the lower two-thirds of the stomach body (Figure 1). 
Based on endoscopy, endoscopic ultrasound (Figure 

2A) and abdominal CT scan (Figure 2B), advanced 
gastric cancer (cT3N1M0) was suspected. Hematoxylin 
and eosin (H&E) staining of the endoscopic biopsy 
revealed poorly cohesive tumor cells spreading into the 
gastric mucosa, suggesting signet ring cell carcinoma. 
However, no intracytoplasmic mucin was found in the 
tumor cells, with scant to moderate pinkish cytoplasm. 
Normal stomach glandular tissue was found in the 
biopsy specimen, with no cancer cells connected to the 
glandular structure (Figure 3A and B). These findings 
were not consistent with typical gastric signet ring 
cell carcinoma. Because the patient was diagnosed 
with invasive lobular carcinoma, archival breast tumor 
tissue was re-evaluated for comparison. 

Breast tissue pathology showed a similar appea
rance to the endoscopic biopsy specimen, such as a 
de-cohesive pattern with cells arranged in an Indian 
file pattern, and a centrally located enlarged nucleus 
(Figure 3C). In the immunohistochemical (IHC) test, the 
tumor cells showed diffuse strong nuclear staining for 
GATA3 binding protein (GATA3) (Figure 3D). IHC results 
of gross cystic disease fluid protein-15 (GCDFP-15) 
(Figure 3E), E-cadherin (Figure 3F), estrogen receptor 
(ER, Figure 3G) and progesterone receptor (PR, Figure 
3H) were negative. HER-2 IHC staining showed weak 
membranous staining consistent with equivocal (+2) 
positivity (Figure 3I). Silver in situ hybridization (SISH) 
for HER-2 gene was performed, and the dual-probe 
HER2/Chr17 ratio was 3.2 (161/51), consistent with 
HER-2 amplification (Figure 3J).

Based on the pathologic findings, breast cancer 
metastasizing to the stomach was diagnosed. The 
stomach metastasis developed 4 years after surgery 
and 2 years after the initiation of an aromatase 
inhibitor use. As systemic treatment, docetaxel 
combined with trastuzumab was considered but 
trastuzumab was not available due to insurance 
guidelines. Docetaxel (150 mg/m2 intravenously [I.V.], 
day 1) was administered every 3 wk. After 2 cycles 
of systemic chemotherapy, follow up abdominal CT 
scans showed decreased stomach wall thickness, and 
perigastric lymph nodes showed a partial response 
(PR) based on the Response Evaluation Criteria in 
Solid Tumors (Figure 4). During 2 cycles of systemic 
chemotherapy, the patient’s symptoms of indigestion 
and epigastric discomfort regressed. Currently, 
the patient is in persistent PR state and 6 cycles of 
docetaxel have been administered. 

DISCUSSION
Cancer metastasizing to the gastrointestinal (GI) 
tract is reported to be rare, but breast cancer is the 
second most common cancer metastasizing to the 
GI tract after lung cancer[2,4]. However, the incidence 
of breast cancer with GI tract metastasis is reported 
to be 1% or lower[5,6]. Invasive lobular carcinoma 
tends to metastasize to the GI tract more frequently 
compared to invasive ductal carcinoma[7]. The most 
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common metastatic sites in the GI tract are the colon 
and rectum, stomach, small intestine and esophagus, 
in that order[4]. In Korea, 7 cases of breast cancers 
metastasizing to the GI tract have been reported, 
with 5 cases of breast cancer with gastric metastases 
and 2 cases of synchronous stomach and colorectal 
metastases[3]. The clinical characteristics of the 
previous cited cases are summarized in Table 1[2,3,8-19].

Most breast cancer patients with gastric metastasis 
present with GI symptoms[3,16], similar to primary 
gastric cancer. In our case, the patient complained of 
indigestion, early satiety, and weight loss. Endoscopy 
with sufficient mucosal biopsy is mandatory for 
the diagnosis. Diffuse infiltration of the gastric wall 
with linitis plastica formation may be found[2], but 

approximately 50% of patients may have shallow 
mucosal lesion indistinguishable from benign gastric 
mucosal lesions[20]. Our patient showed extensive 
nodular mucosal thickening with a thickened gastric 
fold, with a primary suspicion of advanced gastric 
cancer. 

Pathologic findings of breast cancer metastasizing 
to the stomach are morphologically similar to 
poorly cohesive gastric carcinoma, especially in 
invasive lobular carcinoma[21,22]. However, some 
morphological differences are present. In metastatic 
mammary carcinoma, sialomucin is present in the 
intracytoplasmic lumina with a central location of the 
nucleus. In contrast, primary gastric signet ring cell 
carcinoma contains clear intracytoplasmic acid mucin 
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Figure 1  Upper endoscopy shows diffuse infiltrative mucosal lesion with extensive nodular thickening of the stomach wall, involving lower two-thirds of body.

Figure 2  Endoscopic ultrasound shows subserosal invasion of the gastric lesion with lymph node involvement (A, B). Abdomen CT scan shows infiltrative 
gastric lesion involving cardia and angle of stomach (arrowhead) with enlarged perigastric lymph node (arrow).

A B
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Figure 3  Pathologic features of endoscopic biopsy specimen. Discohesive tumor cells are infiltrated in the stroma of the stomach mucosal tissue (HE × 40, A). 
Tumor cells show enlarged centrally located nucleus without intracytoplasmic clear mucin. The tumor cells had no connection to the remained normal gastric mucosal 
tissue (HE × 400, B). Previous breast cancer pathology was reviewed (C). Discohesive tumor cells were arranged in indian file. The tumor cells had enlarged centrally 
located nucleus without intracytoplasmic mucin (HE × 400, C). Immunohistochemical stains and molecular test of tumor was done (D-J). Diffuse strong nucleus 
expression of GATA3 was observed (GATA3 × 400, D). Focal, less than one percentage cytoplasmic expression of GCDFP was detected (GCDFP × 400, E). Negative 
stain for E-cadherin (E-cadherin × 400, F). Negative stains for ER and PR (ER × 400, PR × 400, G, H). Immunohistochemical stain for HER-2 was equivocal (HER-2 
× 400, I). Silver in situ hybridization (SISH) for determination of HER2 gene status. Occasional HER2 gene amplified cells were noted in the mixture with normal HE2 
gene expressing cells (SISH × 1000, J).
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A B

Figure 4  Response evaluation after 2 cycles of docetaxel chemotherapy (A, B). Abdominal CT scan shows decreased perigastric lymph modes (arrows) and 
gastric mucosal thickening (arrowheads). 

Table 1  Clinical characteristics of representative gastric metastasis of breast cancer

Ref. Age Duration 
after initial 
diagnosis

Clinical 
presentation

Endoscopy Pathology IHC Surgery Treatment Other 
metastases 

site

Overall 
survivalER PR C-erbB2

Our case 65   4 Epigastric 
Discomfort

Diffuse 
infiltrative 
mucosal 

lesion

ILC neg neg pos No Bone -

Indigestion Extensive 
nodular 

thickening
Pera et al[18] 45   7 Epigastric 

pain
Erosion of 

gastric wall
ILC pos pos - Subtotal 

gastrectomy
H - -

heart burn
Jones et al[2] 51   3 No symptom Polyp at 

antrum wall
ILC neg neg neg Total 

gastrectomy
Palliative Bone -

61 6.9 Dysphagia Fungating 
mass

ILC pos pos neg No C,R Brain, bone, 
pleura

-
weight loss

Eo et al[11] 48   9 Nausea Elevated 
mucosal 

lesion

IDC pos pos neg No C Liver, bone, 
pleura

-
anorexia

Arrangoiz 
et al[8] 

70   1 Diarrhea Mucosal 
thickening

ILC pos neg neg No H Lung, rectum -
constipation

Koike et al[16] 42   5 Epigastric 
pain

Mucosal 
erosion

ILC pos pos neg No C - -

54   6 Epigastric 
pain

Mucosal 
erosion

ILC pos pos neg No C, H Liver, bone, 
peritoneum

5

54   3 Epigastric 
pain

Submucosal 
tumor

IDC pos pos pos No C Bone 2.3

vomiting
Geredeli 
et al[12]

47   3 Increased 
serum CEA, 

CA15-3

ILC neg neg neg Subtotal 
gastrectomy

C Bone -

Buka et al[9] 58 1.2 Abdominal 
pain

Polypoid 
infiltration

ILC pos pos neg Total 
gastrectomy

C, R Colon, pleura 7.2

weight loss
Lee et al[17] 48 5.7 Melena Mucosal 

erosion
- - - - - C Bone, liver -

Yim et al[19] 48 Initial 
diagnosis

Epigastric 
discomfort 

Mucosal 
erosion

ILC neg neg - No C Bone -

Jeon et al[14] 49   5 Melena Volcano 
shaped 
ulcers

IDC pos neg - No C Bone

Kim et al[15] 53 10 Dyspepsia Mucosal 
erosion

IDC neg neg - No C, H Kidney, 
ovary, 

colon, bone, 
peritoneal 

LN

2.4
lower 

abdominal 
pain

small caliper 
of stool
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that pushes the nucleus to the periphery[21]. In the 
present case, the nuclei of the tumor cells were located 
in the center, and there were no clear intracytoplasmic 
inclusions. 

Also, IHC study is helpful for differential diagnosis. 
GCDFP-15 staining was traditionally used for dif
ferential diagnosis of mammary origin carcinoma. 
However, it shows relatively low sensitivity (55%-76%) 
for detecting a breast origin cancer[23]. Recently, GATA3 
is widely known as a mammary cancer and urothelial 
cancer marker. GATA3 expression shows 100% 
positivity in involving breast lobular carcinoma and 
96% positivity in breast ductal carcinoma. However, 
only 5% of tumors are positive for GATA3 in gastric 
adenocarcinoma[24]. In our case, although GCDFP-15 
staining was negative, GATA3 showed diffuse strong 
nuclear positivity, consistent with a mammary origin of 
the carcinoma.

Metastatic breast cancer involving the stomach 
is treated with systemic agents such as cytotoxic 
chemotherapeutic agents or hormonal agents. Surgical 
resection of the stomach has a limited role in treatment, 
and does not affect the survival outcomes of patients 
presenting with gastric metastasis[4]. However, surgical 
treatment may have a role in palliative treatment such 
as relieving obstructive symptoms.  

Breast cancer patients have a superior survival 
outcome compared to other cancers, raising the 
possibility of a double primary cancer during the 
clinical course. However, metastasis of primary breast 
cancer must also be considered. In a breast cancer 
patient who complains of gastrointestinal symptoms, 
prompt endoscopy and biopsy are necessary for an 
accurate diagnosis. Sufficient pathologic review of 
gastric biopsy and previous breast specimens, with 
immunohistochemical examination is warranted. 
When metastasis of breast cancer to the stomach 
is suspected, appropriate systemic treatment is 
necessary for further treatment.

COMMENTS
Case characteristics
A 65-year-old female patient who was diagnosed as metastatic breast cancer 
visited the hospital for evaluation of epigastric discomfort.

Clinical diagnosis
Epigastric discomfort and indigestion.

Differential diagnosis
Gastric ulcer, primary gastric cancer showed be differentiated by endoscopic 
biopsy. 

Laboratory diagnosis
Serum carcinoembryonic antigen was increased up to 23.25 ng/dL.

Imaging diagnosis
Endoscopy showed diffuse infiltration with nodular mucosal thickening of 
stomach wall. 

Pathological diagnosis
Metastatic invasive lobular carcinoma to stomach was diagnosed by 
immunohistochemical stain. 

Treatment
Docetaxel 150 mg/m2 intravenous, every 3 wk. 

Related reports
Breast cancer rarely metastasize to gastrointestinal tract and should be 
diagnosed by careful review of the pathologic specimen. If patient have 
underlying breast cancer, metastatic breast cancer should be considered other 
than primary gastric cancer during the diagnosis. 

Term explanation 
GATA3 refers to GATA3 binding protein used for differential marker for diagnosis 
of breast cancer. Partial response (PR) means more than 30% decrease in the 
sum of the longest diameters of target lesions during response evaluation. 

Experiences and lessons
Early differential diagnosis of metastatic breast cancer to stomach is important 
for appropriate systemic chemotherapy and avoidance of unnecessary surgery. 

Peer-review
This is generally an interesting and useful paper.
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Abstract
Clear-cell sarcoma is a rare, malignant soft tissue 
tumor that displays melanocytic differentiation with 
a distinct molecular profile. It is rarely localized in 
the gastrointestinal tract. Herein we reported a case 
of multiple synchronous clear-cell sarcomas of the 
gastrointestinal tract with parotid gland metastasis. 
A 51-year-old male patient presented with a growing 
painless mass under the right ear. A preoperative 
positron emission tomography/computed tomography 
showed multiple intestinal masses and a mass in the 
right parotid with increased glucose uptake, and he 
underwent operative treatment with resection of three 
tumors in the jejunum and ileum and then received 
a right parotidectomy. Postoperative pathological 
examination showed that cells in the intestinal 
tumor were consistent with clear-cell sarcoma of 
the gastrointestinal tract, and the malignant cells 
in the parotid gland were similar to the intestinal 
tumor. Immunohistochemical studies revealed 
positive expression of HMB-45, Melan-A, and S-100. 
EWSR1 gene fusion transcripts were undetectable by 
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fluorescence in situ  hybridization. 

Key words: Clear-cell sarcomas; Clear-cell sarcomas 
of the gastrointestinal tract; Parotid gland metastasis; 
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Core tip: Over the past 13 years, only 53 cases of clear-
cell sarcomas of the gastrointestinal tract (CCS-GI) 
have been reported in the world. Most of the literature 
on CCS-GI describes a single tumor at diagnosis; our 
presentation is the third report of simultaneous tumors 
during the diagnosis to date and is the first case of 
CCS-GI with metastasis to the parotid gland. We also 
reviewed the literature on CCS-GI. Because of the high 
rarity, more cases need to be accumulated for further 
analysis.
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INTRODUCTION
Clear-cell sarcoma (CCS) is a rare tumor of unknown 
origin that was first described by Enzinger[1] in 
1965. CCS shows a predilection for the tendons or 
aponeuroses in the extremities in young adults aged 
20-40 years[2]. Ekfors et al[3] described the first clear-
cell sarcoma of the gastrointestinal tract (CCS-GI) in 
1993, which occurred in the duodenum. Only a few 
cases[4] of CCS-GI have been reported. CCS-GI has 
specific histopathological, immunohistochemical, and 
genetic features. Here, we present a case of three 
synchronous clear-cell sarcomas in the jejunum and 
ileum with parotid gland metastasis.

CASE REPORT
Patient details
A 51-year-old male presented with a two-year history 
of a growing painless mass under the right ear, initially 
with a size of a soybean. The mass grew noticeably 
in the last six months. There was a one-year history 
of night sweat and frequent stool (three to four times 
a day). There was no history of fever, weakness, 
dysphagia, dyspnea, cough, hoarseness, jaundice, 
vomiting, melena, hematochezia, abdominal pain, 
abdominal distension or significant weight loss. The 
patient had a 5-year medical history of hypertension 
and he was a hepatitis-B carrier of 30 years and a 
smoker of 40 pack-years. There was no family history 
of cancer. 

On palpation, a 20 mm × 20 mm relatively well-
defined and soft mass with no tenderness was 
observed along with multiple enlarged cervical 
nodules. Abdominal examination did not reveal any 
organomegaly or palpable lumps.

Ultrasonography of the neck two months ago 
revealed a relatively undefined hypoechoic mass 
measuring approximately 15 mm × 27 mm in its 
greatest dimension in the right parotid gland and 
submandibular gland (Figure 1) along with multiple 
enlarged right supraclavicular and upper cervical lymph 
nodes. A needle biopsy of the mass was performed 
and the pathologic report found malignant tumor 
cells. The patient was recommended for surgery for 
the mass in the parotid gland. The preoperative blood 
routine examination showed that the HGB was 106 g/L. 
Therefore, the patient underwent positron emission 
tomography/computed tomography (PET/CT). A 36 
mm × 33 mm intestinal mass with increased glucose 
uptake, and multiple peripheral lymph nodes in the 
right mid-abdomen were found (Figure 2), and the 
maximum standard uptake value (SUV) was 6.6. An 
intestinal lesion with increased glucose uptake in the 
right hypogastrium was also seen and the SUV was 7.0. 
The mass in the right parotid and peripheral lymph 
nodes also showed increased glucose uptake, and 
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Figure 1  Ultrasonogram of the neck showed a 15 mm × 27 mm mass in 
the right parotid gland.

Figure 2  positron emission tomography/computed tomography showed 
a 36 mm × 33 mm intestinal mass with multiple peripheral lymph nodes in 
the right midabdomen.



the SUV was 10.3. Preoperative tumor makers, such 
as CA125, CA15-3, CA19-9,CA72-4, AFP, cyfra21-1, 
NSE,SCC, CEA, and ProGRP, did not show abnormal 
expression. 

Treatment
The patient underwent an exploratory laparotomy and 
the excision of multiple intestinal neoplasms. Operative 
exploration showed no ascites, pelvic, periaortic, 
peritoneal, omental deposits, or liver metastasis. No 
tumors were palpated in the cavity of the stomach, 
duodenum, colon, rectum, or the mesentery root. 
Three masses were found at the jejunum and ileum. 
Intra-operatively, the first tumor was present in the 
jejunum, located at 80 cm distal to the duodenojejunal 
junction. Intussusception was observed at the point, 
and the involved bowels were swollen and expanded 
(Figure 3). The second tumor was at the end of the 
intussusception (approximately at the fourth loop of 
intestine). The third tumor was present in the ileum, 
located at 80 cm proximal to the ileocecal junction. 
These three tumors of varying sizes invaded the 
serosa, and the surface of the serosa had shrunk and 
was depressed. Multiple enlarged lymph nodes were 
observed in the intestinal mesentery. Following serial 
ligation of the mesenteric vessels, resection of the 
involved bowels, along with the masses and mesentery, 
was performed, with a proximal margin of 10 cm and 
a distal margin of 10 cm. The first and second tumors 
were removed together in one segment of the intestine 
(Figure 4). Then, a primary anastomosis formed. 
The patient recovered gradually and then underwent 
right parotidectomy with retention of the facial nerve, 
followed by right cervical lymph node dissection 17 d 
after abdominal surgery because the pathology of the 
parotid gland neoplasms was undetermined. 

Postoperative pathology 
Intestinal neoplasms: Upon gross examination, 
the specimen consisted of two segments of the small 
intestine: the longer one was approximately 26 cm 
with attached mesentery, and the other segment was 

7.8 cm with attached mesentery. Two tumors were on 
the longer segment of intestine, one (2.5 cm × 2.2 cm 
× 1 cm) was at 11 cm from one margin and the other 
(6.5cm × 5.5cm × 4 cm) was at 19 cm from the same 
margin. A 2.5 cm × 1.9 cm × 1 cm tumor was on the 
other segment of the small intestine. The cut surface 
of the three tumors had hard, obscure borders that 
were white to tan in appearance.

Microscopically, the jejunum and ileum tissues were 
infiltrated with malignant cells, which was consistent 
with CCS-GI (a type of gastrointestinal neural 
ectoderm tumor, GNET) based on morphology and 
immunohistochemistry (Figure 5a). The tumors had 
invaded the mucosal and muscular layers. There was 
no focal necrosis, vessel invasion or nerve invasion. 
The mitotic index exceeded 20/10 HPFs, and the 
tumor was grade G3 according to the FNCLL (French 
Fédération Nationale des Centres de Lutte Contre le 
Cancer) system. 

Lymph node metastases (1/29) without invasion of 
the outer lymph node capsule: (1) peripheral lymph 
nodes of the jejunum: 1/26; and (2) peripheral lymph 
nodes of the ileum, 0/3.

Immunohistochemistry: S100 (3+), Vim (3+), 
GFAP (-), HMB-45 (2+), Melan-A (2+), Melanomapan 
(1+), CD56 (2+), Syn (-), CgA (-), AE1/AE3 (-), 
CD138 (-), CD19 (-), CD20 (-), CD3 (-), CD38 (-), 
CD79a (-), Ki-67 (+40%), LCA (-), MUM1 (-), CD117 
(lesion+), CD34 (-), DOG1 (-), CD10 (-), Calponin (-), 
P63 (-), EBER (-).

Gene detection: EWSR1 gene fusion transcripts 
were undetectable by fluorescence in situ hybridization 
(FISH).

Parotid gland neoplasms: Upon gross examination, 
a 1-cm diameter nodule was found in a 5.5 cm × 3 cm 
× 2 cm area of tissue; the cut surface of the nodule 
had a tough, grey-to-yellow appearance.

Microscopically, the parotid gland tissues were 
infiltrated with malignant cells, which was consistent 
with CCS morphology and immunohistochemistry and 
morphologically similar to the previously assessed 
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Figure 3  Intussusception was observed 80 cm distal to the duodenojejunal 
junction and the involved bowels were swollen and expanded.

Figure 4  Involved bowels with the masses and mesentery were resected 
with a proximal 10 cm and distal 10 cm margin.
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swollen parotid gland. The presence of lymph nodes 
both inside and outside of the parotid gland makes 
it a common site of metastasis for head and neck 
neoplasms[40], but it is a very rare metastatic site for 
gastrointestinal tumors. In the limited literature on 
CCS-GI, this is the first case of CCS-GI with metastasis 
to the parotid gland.

CCS-GI shows specific histopathological, immuno
histochemical, ultrastructural, and genetic features[2,4]. 
In 2010, Kosemehmetoglu et al[41] first divided CCS-
GI into two subtypes according to its histomorphology: 
(1) CCS-like gastrointestinal tumor (CCSLGT); and 
(2) CCS of soft tissue (CCS-ST). However, there has 
been disagreement about whether these subtypes 
are two independent entities[31]. In 2003, Zambrano 
et al[10] reported 6 cases of CCSLGTs. They found that 
the CCSLGTs were at least focally positive for the S100 
protein, but most did not express melanocytic markers 
such as HMB-45 or Melan-A. Meanwhile, Huang et al[36] 
found that certain CCS-STs were positive for the S100 
protein and most could express melanocytic markers 
such as HMB-45 or Melan-A. Several reports found 
that > 90% of cases of CCS were associated with the 
reciprocal translocation t (12; 22) (q13; q12), resulting 
in fusion of the EWSR1 gene, located at 22q12, and 
the ATF1 gene, located at 12q13[2,41-46]. To date, these 
translocations have never been observed in malignant 
melanoma[13,22,43-46], which has a very similar histologic 
appearance to CCS[20]. Immunohistochemical staining 
of CCS reveals positivity for the S100 protein as well 
as melanocyte-specific markers, with this combination 
of staining allowing for CCS to be distinguished from 
malignant melanoma histologically. In our case, 
the tumor was consistent with CCS-GI based on 
morphology, was positive for the S100 protein, and 
expressed melanocytic markers such as HMB-45 and 
Melan-A, but EWSR1 gene fusion transcripts were 
undetectable by FISH.

Currently the most effective treatment for CCS-GI is 
extensive resection of the tumor and peripheral lymph 
nodes; chemotherapy and radiotherapy appear to have 
little effect[31]. The clinical behavior of CCS-GI seems to 

intestinal tumor (Figure 5b). Lymph tissues were found 
in the tumor and at the tumor edge, which may be 
metastatic lesions. 

No lymph node metastases (0/30): (1) right 
cervical lymph nodes, level Ⅱ, 0/10; (2) right cervical 
lymph nodes, level Ⅲ, 0/12; (3) right cervical lymph 
nodes, level V, 0/5; (4) peripheral lymph nodes of the 
superficial lobe of the right parotid gland, 0/2; and (5) 
peripheral lymph nodes of the caudate lobe of the right 
parotid gland and tumor, 0/1.

Immunohistochemistry: S100 (3+), Melan-A (3+), 
Melanomapan (3+), HMB-45 (3+), AE1/AE3 (-), CK18 
(-), Calponin (-), P63 (-), SMA (-).

Follow-up 
Twenty days after the surgery on the parotid gland, 
the patient underwent CT imaging of the neck, 
thorax and abdominopelvic area, and no recurrence 
or metastasis was observed. He then started with 6 
cycles of chemotherapy using an EI regimen (epirubicin 
100 mg + ifosfamide 2 g D1-4+mesna 0.4 g 0 h, 4 h, 
and 8 h after the ifosfamide D1-4). At the time that 
this article was written, the patient was on the first 
cycle of the chemotherapy.

DISCUSSION
CCS-GI is so rare that only 53 cases (including our 
case) have been reported in the literature to date (Table 
1)[3,5-39]. Most of the literature on CCS-GI describes the 
diagnosis of a single tumor; only two case reports[25,38] 
have described the diagnosis of two simultaneous 
tumors to date. CCS-GI often involves the ileum 
and jejunum, stomach and colon[4-7,9-12,14-35,38,39]. 
Because of the aggressive clinical course, regional 
and distant metastases are common in CCS-GI at 
presentation[5-7,9,10,15,17,21,25,27,29,31,37,39]. The lymph nodes, 
liver, and mesentery are the most common locations 
of the metastases at the time of presentation. The 
patient in our report had three synchronous masses in 
the jejunum and ileum, with metastasis to the parotid 
gland, and he attended the hospital mainly due to the 

Figure 5  Microscopic observation of intestinal neoplasms and parotid gland neoplasms. A: Microphotography shows that polygonal malignant cells of intestinal 
neoplasms were separated by fibrous tissues, arranging in sheets and nests, with eosinophilic or clear cytoplasm and there was no exact necrosis, vessel invasion 
and nerve invasion. Nucleolus was obvious and the mitotic index exceeded 20/10 HPF (Hematoxylin-Eosin G × 10); B: Malignant cells of parotid gland neoplasms 
were similar to the intestinal tumor by microphotography (Hematoxylin-Eosin G × 10).

A B

Su H et al . Clear cell sarcoma of gastrointestinal tract



2262 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

Table 1  Clinical, pathological, immunohistochemical and genetic features of clear-cell sarcoma of the gastrointestinal tract in 
previously reported cases

Ref. Age (yr)/
sex

Location Maximum 
diameter of 
tumor(cm)

S-100 HMB-45 Melan-A Genetic findings Outcome

Alpers et al[5] 26/F Jejunum 1.5 ND ND ND ND Liver mets
Ekfors et al[3] 38/M Duodenum 3.0 Positive Positive ND ND Not given
Donner et al[6] 37/M Ileum 6.5 Positive Negative ND t(12;22)(q13;q12-13) Liver mets at 24 and 36 

mo
Fukuda et al[7] 74/M Colon 3.0 Positive Positive ND EWSR1-ATF1 by RT-PCR Liver mets at 9 mo
Hu et al[8] 10/M Rectum 5.0 Positive Positive ND ND NA
Pauwels et al[9] 30/M Stomach 4.0 Positive Negative ND t(12;22)(q13;q12) LN and peritoneal mets 

at diagnosis
Zambrano et al[10] 15/F Jejunum 5.0 Positive Negative Negative t(12;22)(q13;q12) DOD 16 mo

21/F Jejunum 4.0 Positive Negative Negative ND DOD 12 mo
35/F Ileum 3.5 Positive Negative Negative ND Liver mets at 12 mo
37/F Ileum 4.5 Positive Negative Negative ND NA
32/M Ileum 5.0 Positive Negative Negative ND NA
13/M Stomach 6.7 Positive Negative Negative ND Local recurrence at 12 

mo;2nd Local recurrence 
at 36 mo

Achten et al[11] 57/M Jejunum 6.5 Positive Negative Negative EWSR1 rearrangement by 
FISH

NA

Venkataraman et al[12] 21/F Ileum 7.0 Positive Negative Negative EWSR1 rearrangement by 
FISH

NA

Covinsky et al[13] 47/F Pancreas NA Positive Positive Positive EWSR1-ATF1 NED 24 mo
by RT-PCR and

FISH
85/F Mesentery NA Positive Positive Positive EWSR1-ATF1 DOD 1 mo

by RT-PCR and
FISH

Taminelli et al[14] 35/M Ileum 1.8 Positive Negative Positive EWSR1-ATF1/ by RT-
PCR

DOD 15 mo

Friedrichs et al[15] 41/M Jejunum 8.7 Positive Negative Negative EWSR1 rearrangement by 
FISH

Liver mets at 6 mo

Huang et al[16] 40/M Stomach 3.0 Positive Negative Positive ND NED 9 mo
Antonescu et al[17] 81/F Colon 7.5 Positive Negative Negative EWSR1-CREB1 by RT-

PCR
Mets to liver and

peritoneum at
60 mo

42/F Ileum 5.7 Positive Negative Negative EWSR1-CREB1 by RT-
PCR

NA

42/F Ileum 3.5 Positive Negative Negative EWSR1-CREB1 by RT-
PCR

Peritoneal and
liver mets at

diagnosis
51/F Jejunum NA Positive Negative Negative EWSR1 Peritoneal and

rearrangement liver mets; AWD
by FISH

18/F Jejunum NA Positive Negative Negative EWSR1-ATF1 by RT-PCR Local recurrence
Granville et al[18] 16/M Ileum 5.0 Positive Negative ND EWSR1-ATF1 by RT-PCR; 

t(12;22)(q13;q12)
DOD 15 mo

Comin et al[19] 31/F Ileum 2.8 Positive Negative Negative EWSR1 rearrangement by 
FISH

NA

Lyle et al[20] 46/M Jejunum 11.0 Positive Positive Positive EWSR1 rearrangement by 
FISH; EWSR1-ATF1 by 

RT-PCR

NED 7 mo

49/M Cecum 10.5 Positive Positive Positive EWSR1 rearrangement by 
FISH; EWSR1-ATF1 by 

RT-PCR

DOD 12 mo

60/M Jejunum 10.0 Positive Positive Positive EWSR1-ATF1 by RT-PCR DOD 28 mo
62/M Ileum 4.0 Positive Positive Positive EWSR1 rearrangement by 

FISH; EWSR1-ATF1 by 
RT-PCR

DOD 12 mo

Abdulkader et al[21] 37/M Jejunum 8.2 Positive Negative ND EWSR1 rearrangement by 
FISH

Liver mets at 2 mo

Lagmay et al[22] 10/F Stomach 7.8 Positive Negative Negative EWSR1 rearrangement by 
FISH; EWSR1-ATF1 by 

RT-PCR

NED 4 mo

Joo et al[23] 60/M Ileum 2.4 Positive Negative Negative EWSR1 rearrangement by 
FISH

NA
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be highly aggressive, with high rates of local recurrence, 
lymph node or visceral metastases, and death, generally 
within < 36 mo[41,46]. In the current report, the patient 
underwent excision of multiple intestinal neoplasms 
and right parotidectomy before the first cycle of the 
chemotherapy and no recurrence or metastasis has 
been observed during the follow-up to date.

In conclusion, CCS-GI is a highly rare soft-
tissue sarcoma with distinct morphological, immuno
histochemical, and genetic features. This case 
demonstrates that the parotid gland is a potential 
metastatic site for CCS-GI. Prior to developing a 
routine method to diagnose and treat CCS-GI, more 
cases need to be accumulated for further analysis.

COMMENTS
Case characteristics
A 51-year-old male presented with a two-year history of a growing painless 

mass lesion under the right ear that had grown noticeably over the past six 
months and a one-year history of night sweat and frequent stool. 

Clinical diagnosis
A relatively well-defined soft mass with no tenderness was observed along with 
multiple enlarged cervical nodules. 

Differential diagnosis
Small intestinal stromal tumors, lymphoma, head and neck neoplasm, 
sarcomatoid carcinoma.

Laboratory diagnosis
The patient’s laboratory test had no remarkable findings.

Imaging diagnosis
Positron emission tomography/computed tomography showed an intestinal mass 
with involvement of multiple peripheral lymph nodes and mass in the right parotid.

Pathological diagnosis
The intestinal neoplasms and parotid gland neoplasm were consistent with 

46/M Jejunum 6.0 Positive Negative Negative EWSR1 rearrangement by 
FISH

NA

Terazawa et al[24] Early 20s/F Ileum 3.0 Positive ND ND EWSR1-ATF1 by RT-PCR NED at 24 mo
Shenjere et al[25] 53/F Ileum 5.0 Positive Negative Negative EWSR1-ATF1 by RT-PCR Regional LN mets at 

diagnosis/
NED at 7 mo

26/F Small and 
large bowel1

13.5/10.1 Positive Negative Negative EWSR1-CREB1 by RT-
PCR

NA

66/M Ileum 2.5 Positive Negative Negative EWSR1-CREB1 by RT-
PCR

Regional LN mets at 
diagnosis/NED

Balkaransingh et al[26] 15/M Ileum NA ND ND ND EWSR1 rearrangement by 
FISH

NA

Yang et al[27] 15/M Ileum 4.0 Positive ND ND EWSR1 rearrangement by 
FISH

Liver mets at 12 mo

Suárez-Vilela et al[28] 36/F Jejunum 1.5 Positive Negative Negative EWSR1 rearrangement by 
FISH

NA

D’Amico et al[29] 69/F Ileum 4.0 Positive Negative ND EWSR1 rearrangement by 
FISH

Liver mets at 2 mo

Lasithiotakis et al[30] 49/F Jejunum 3.0 Positive Negative Negative EWSR1 rearrangement by 
FISH

NED 20 mo

Huang et al[31] 45/F Colon 4.0 Positive Negative Negative EWSR1 rearrangement by 
FISH

Liver mets at 20 mo

Mallick et al[32] 45/M Jejunum 4.4 Positive Negative Negative ND NA
Kong et al[33] 17/M Stomach 6.0 Positive Negative Negative EWSR1 rearrangement by 

FISH
NED 10 mo

Liu et al[34] 76/M Jejunum 2.5 Positive Negative Negative EWSR1-ATF1 by RT-PCR NA
Thway et al[35] 36/M Ileum 3.0 Positive Negative Negative EWSR1-CREB1 by RT-

PCR
DOD 7 mo

Huang [36] 36/M Pancreas 4.0 Positive Positive Positive EWSR1 rearrangement by 
FISH

Liver mets at 10 mo

Yegen et al[37] 25/F Ileum 3.2 Positive Negative Negative EWSR1 rearrangement by 
FISH

Liver mets at diagnosis 
and at 15 mo. Ovarian 

mets and peritoneal 
dissemination at 47 mo

Moslim et al[38] 57/M Duodenum 
and Jejunum2

5.5/7.5 Positive Negative Positive EWSR1 rearrangement by 
FISH

NED 30 mo and then 
DOD 4 mo later

Chen et al[39] 29/F Jejunum 6.0 Positive Negative Negative EWSR1 rearrangement by 
FISH

NED 17 mo

Our case    51/M Duodenum 
and Jejunum3

6.5/2.5/2.5 Positive Positive Positive EWSR1 rearrangement 
undetectable by FISH

NED up to date

1Two simultaneous tumors in small and large bowel; 2Two simultaneous tumors in duodenum and jejunum; 3Three simultaneous tumors in duodenum and 
jejunum. AWD: Alive with disease; DOD: Dead of disease; FISH: Fluorescence in situ hybridisation; LN: Lymph node; Mets: Metastases; NA: Not acquired; 
ND: Not done; NED: No evidence of disease; RT: Reverse transcription.

 COMMENTS

Su H et al . Clear cell sarcoma of gastrointestinal tract



2264 March 28, 2017|Volume 23|Issue 12|WJG|www.wjgnet.com

CCS based on morphology and immunohistochemistry. 

Treatment
The patient underwent curative resection and postoperative chemotherapy.

Related reports
Only 53 cases of clear-cell sarcomas of the gastrointestinal tract (CCS-
GI) have been reported in the literature to date, and CCS-GI shows distinct 
morphological, immunohistochemical, and genetic features.

Term explanation 
CCS-GI is a highly rare soft tissue sarcoma.

Experiences and lessons
The present case report is the third instance of diagnosis of simultaneous 
multiple CCS-GIs to date and the first case of CCS-GI with metastasis to the 
parotid gland. 

Peer-review
The authors have described a case of multiple clear-cell sarcomas of the small 
intestine with parotid gland metastasis. The article highlights the morphological, 
immunohistochemical, and genetic features of the tumors. 
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Abstract
The manuscript titled “Vacuoles of Candida yeast 
behave as a specialized niche for Helicobacter pylori  (H. 

pylori )” not only has not been prepared in a scientific 
manner but the methodology used was not adequate, 
and therefore the conclusion reached was not correct. 
First of all, “yeast” is a broad terminology covering 
a great number of genera and species of unicellular 
micro-organisms. The authors should have defined the 
organism with its binary scientific name. This measure 
would allow experiment reproduction by the scientific 
community. Moreover, the criteria established by Robert 
Koch to identify a specific microorganism or pathogen 
was not adopted in the methodology used. Regarding 
the methodology applied, use of the chicken egg-
yolk (IgY) antibody and PCR of the apparently tainted 
yeast population to prove H. pylori  existence in the 
yeast vacuoles might be main factors for their wrong 
conclusions. Bacterial tropism toward yeast extract is 
a known phenomenon, and yeast extract is one of the 
main ingredients in culture media. Their internalization 
through phagocytosis or similar pathways does not 
seem possible or practical because of the thick and 
cellulosic yeast wall. While the small size of yeast cells 
does not support their ability in harboring several H. 
pylori , other observations such as inefficiency of anti-
fungal therapy as anti-Helicobacter  therapy strongly 
reject the conclusion reached by the above-mentioned 
article. 

Key words: Helicobacter pylori ; Yeast; Acanthamoeba 
castellanii ; Koch’s postulates 
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Core tip: An article titled “Vacuoles of Candida yeast 
behave as a specialized niche for Helicobacter pylori ,” 
was published in the World Journal of Gastroenterology  
(2014; 20: 5263-5273). This “letter to the editor” is 
intended to demonstrate the shortcomings of that 
article related to the methodologies applied, the 
conclusion reached and the outcomes presented.
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TO THE EDITOR
We read with interest the review article titled “Vacuoles 
of Candida yeast behave as a specialized niche for 
Helicobacter pylori (H. pylori)” by Siavoshi et al[1]. 
Based on the other research articles by the same 
authors, this review article concludes that: H. pylori 
are able to penetrate into the “Candida” yeast, multiply 
inside its vacuoles, and potentially transfer into the 
daughter cells when the yeast cells are dividing. They 
hypothesized that the yeast can act as the vehicle 
in transferring Helicobacter into human. They have 
included figures demonstrating the presence of several 
Helicobacter in Candida yeast cells. For the following 
reasons, we do not agree with their methodology and 
conclusion. 

Yeast is a general word that describes a great 
amount of genera and species of unicellular micro-
organisms, including beverage yeasts, baker’s yeasts, 
fruit yeasts, food yeasts, industrial yeasts, environmental 
yeasts, pathogenic yeasts, etc. A binary scientific 
name must be indicated in scientific manuscripts (e.g., 
Saccharomyces cerevisiae, Saccharomyces boulardii, 
Candida albicans, Candida tropicalis, Candida krusei 
etc). They can be differentiated from each other by 
simple biochemical tests. Without their identifications, 
other scientists will not be able to reproduce these 
outcomes in their own laboratories.

Koch’s postulates requires relying on the defined 
standard methods and criteria. Culturing and sub-
culturing micro-organisms in the required culture 
media is one of these criteria. The authors have not 
practiced these postulates due to the fastidious nature 
of H. pylori.

Authors have used IgY “chicken egg-yolk antibodies” 
against H. pylori, to demonstrate the presence of 
H. pylori in yeast cells. However, IgY is not accurate 
enough for such an experiment. Human serum IgG 
antibodies of H. pylori from positive duodenal ulcer 
patients could be a more reliable tool than chicken IgY. 
Campylobacter which share similar antigenic cross 
reaction with H. pylori is present in the normal flora 
of poultry and chicken gut. So, antibodies produced in 
chicken eggs cannot be accurate enough.

Bacterial tropism toward yeast extract is a known 
phenomenon and has been reported by others[2,3]. 
This is a natural tropism of living bacteria toward food, 
and is not a novel finding. Similarly, to Acanthamoeba 
protozoa[4,5] histological smears from different 
body fluids demonstrate their co-existence. Such 
observation would not be possible if the Helicobacter 

was inside vacuoles embedded in the yeast cells! Yeast 
extract is one of the main ingredients in the culture 
media.

Internalization of food particles or bacteria into a 
eukaryotic cell may adopt different pathways such as 
phagocytosis and receptor- or transporter-mediated 
transportation. Bacteria mostly enter larger cells with 
soft and flexible membranes, such as the white blood 
cells (through phagocytosis). The thick and cellulosic 
nature of the yeast cell wall limits its phagocytic ability 
and the direct entrance of large particles. On the other 
hand, such ability can be easily acceptable in the 
case of protozoa and amoeba with their pseudopods 
and softer membranes. Cells that are specialized in 
bacteria internalization and ingestion are known as 
“Bacterivores”. Helicobacter must have magic ability 
in passing through the thick cellulosic cell wall of the 
yeast (like the internationally-known magician “David 
Cooperfield” who appeared to pass through the Great 
Wall of China only to have the reality demonstrated 
to be a trick of the camera in the show). As the larger 
size of Acanthamoeba indicates, these cells can 
internalize several Helicobacter. Therefore, ingestion 
of Helicobacter by Acanthamoeba seems more logical 
than their ingestion by yeast cells. 

Antibiotics are very slow in their entry into the 
yeast cells compared to their entrance into the 
Acanthamoeba. Therefore, it is very hard to imagine 
complete eradication of the Helicobacter by antibiotics 
if they are internalized into the Candida cells. Such 
eradication will not be difficult, as it happens in infected 
patient treatments, if the Helicobacter are located on 
the surface of the yeast cells. 

Moreover, the prevalence of Helicobacter infection 
should be higher in females than males and patients 
with human immunodeficiency virus, due to the higher 
yeast infection rates in these two groups. In fact, the 
situation is the other way around[5-7]

.

Interestingly, several articles in the literature have 
shown similarity in prevalence of Acanthamoeba in 
drinking water sampled from different geographical 
locations and the prevalence of H. pylori in pati
ents[8-19]. While we cannot observe such overlap 
between yeast and H. pylori incidences, it is more 
logical to believe that yeast cannot be a reservoir of H. 
pylori but that Acanthamoeba can play such a role. 

Moreover, anti-Helicobacter therapies, including 
anti-fungal drug usage, have not shown statistically 
significant difference upon comparison with no 
treatment[17,20].

The above arguments reject the idea of yeast 
harboring H. pylori in its vacuole. In theoretical 
analysis, internalization of H. pylori by yeast cells 
can be out of two possibilities: The Helicobacter 
should cross the yeast external wall and then cross 
the specific vacuole membrane where they will be 
trapped even if they could multiply, or they should be 
internalized via phagocytosis to end up in a digestive 
vacuole and be digested. If we imagine that H. pylori 
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may infect the yeast cells in a way comparable to 
viral infection, it will be an exception for bacterial 
pathogenesis and the propagation mechanism. Such 
an idea needs an accurate and reliable study, however. 
The positive PCR reaction stated in Siavoshi et al[1]’s 
article, ought to have stemmed from the Helicobacter 
located on the surface of the yeast cells. 

In conclusion, with all respect to the authors 
of the above-mentioned review article, we believe 
that the interpretation of their observation is totally 
wrong. While being aware of the symbiotic nature of 
H. pylori and Candida yeast and the close relationship 
between these two organisms, they went wrong on 
internalization and survival of bacterial colonies inside 
yeast vacuoles. 

Our initial response to the Siavoshi et al[1] article 
was published as an independent manuscript[18]. 
We ought to admit that this was not an appropriate 
approach to make our thought and beliefs known. We 
were directed to express our comments in the form 
of the present “Letter to the Editor”. We hope this 
manuscript will clarify the issue and set the record 
straight.
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