
BRIEF ARTICLE

Schistosoma japonicum ova maintains epithelial barrier 
function during experimental colitis

Chen-Mei Xia, Yuan Zhao, Li Jiang, Jie Jiang, Shun-Cai Zhang

Chen-Mei Xia, Yuan Zhao, Li Jiang, Jie Jiang, Shun-Cai 
Zhang, Department of Gastroenterology, Zhongshan Hospital, 
Fudan University, Shanghai 200032, China
Author contributions: Xia CM and Zhao Y performed majority 
of the experiments and contributes equality to this work; Jiang 
L and Jiang J were responsible for the pathology and bacterial 
translocation parts; Zhang SC designed the study and provided 
financial support.
Correspondence to: Shun-Cai Zhang, Professor, MD, PHD, 
Department of Gastroenterology, Zhongshan Hospital, Fudan 
University, 180 Fenglin Road, Shanghai 200032, 
China. doctorzhangsc@163.com 
Telephone: +86-21-64041990-2424  Fax: +86-21-64035399
Received: May 1,2011                  Revised: June 24, 2011
Accepted: July 1, 2011
Published online: November 21, 2011 

Abstract
AIM: To evaluate the impacts of Schistosoma japoni-
cum (S. japonicum) ova on the tight junction barriers 
in a trinitrobenzenesulfonic acid (TNBS)-induced colitis 
model. 

METHODS: Balb/c mice were randomly divided into 
three groups: control group; TNBS+ova- group and 
TNBS+ova+ group. TNBS was used intracolonic to in-
duce colitis and mice of the TNBS+ova+ group were 
pre-exposed to S. japonicum ova as a prophylactic 
intervention. Colon inflammation was quantified using 
following variables: mouse mortality, weight loss, co-
lon extent and microscopic inflammation score. Serum 
expression of tumor necrosis factor-α and interferon-γ 
were assessed to evaluate the systemic inflamma-
tory response. NOD2 and its mRNA were also tested. 
Bacterial translocations were tested by culturing blood 
and several tissues. ZO-1 and occludin were chosen as 
the representations of tight junction proteins. Both the 
proteins and mRNA were assessed. 

RESULTS: Ova pre-treatment contributed to the relief 

of colitis and decreased the mortality of the models. 
NOD2 expression was significantly downregulated 
when pretreated with the ova. The TNBS injection 
caused a significant downregulation of ZO-1 and oc-
cludin mRNA together with their proteins in the colon; 
ova pre-exposure reversed these alterations. Treat-
ment with S. japonicum ova in the colitis model caused 
lower intestinal bacterial translocation frequency. 

CONCLUSION: S. japonicum ova can maintain epithelial 
barrier function through increasing tight junction pro-
teins, thus causing less exposure of NOD2 to the lumi-
nal antigens which may activate a series of inflamma-
tory factors and induce colitis.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disor-
der of  the gastrointestinal tract. Although the etiology 
is multifactorial and remains incompletely understood, 
inflammation, immunity, genetic and environmental fac-
tors have been suggested to predispose to CD[1]. Despite 
the multiple mechanisms that have been investigated 
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Table 1  Primers for polymerase chain reaction
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hitherto, proinflammatory cytokines play the most im-
portant role since they are the ultimate pathway that 
leads to the colitis. Therapies targeting these proinflam-
matory cytokines have been extensively investigated and 
shown to be effective both in animal experiments and 
clinical trials[2-3]. 

In addition, CD patients demonstrate increased intes-
tinal bacterial translocation (IBT), which may be due to 
the increased intestinal pericellular permeability, reflect-
ing the decreased epithelial barrier function[4]. The tight 
junctions (TJs), which form the pericellular barrier, are 
thought to be the primary determinant of  mucosal per-
meability in the presence of  an intact epithelium[5]. Im-
paired TJs lead to an increase of  exposure of  intestinal 
bacteria to submucosal pattern pathogen recognition re-
ceptors (PPRRs), such as toll-like receptors (TLRs) and 
nucleotide-binding-oligomerization domains (NODs). 
NOD2 has been found to exert antibacterial activity lim-
iting survival of  enteric bacteria after invasion[6-7]. As one 
of  the main responsible genes, NOD2 and its protein 
have been found to be upregulated in CD patients[8].

It is well established that helminthes can protect mice 
from experimental colitis[9-11]. We have also demonstrated 
in our former study that freeze-killed Schistosoma japonicum 
(S. japonicum) ova could relieve the colon inflamma-
tion and prevent IBT in a trinitrobenzenesulfonic acid 
(TNBS)-induced model by upregulating Th2-type cyto-
kine and downregulating TLR4 mRNA expression[12]. In 
the present study, we further investigate the influence 
of  S. japonicum ova on TNBS-induced colitis in mice and 
whether S. japonicum ova prevent IBT by upregulating 
tight junction proteins. Since TLR4, one of  the main ex-
tracellular receptors of  enteric antigens, has been found 
to be upregulated in TNBS-induced colitis which was 
blocked by the pretreatment of S. japonicum ova[12], we 
further discuss here whether NOD2, one of  the main 
intracellular receptors, has the same ability.

MATERIALS AND METHODS
Animals
Ninety Balb/c mice (Animal Center of  Shanghai Labora-
tory, Chinese Academy of  Science) were randomly divid-
ed into 3 groups. Twenty mice from the control group 
received an intra-colonic injection of  0.5 mL saline on 
day 15. Forty mice from the TNBS+ova- group received 
an intra-colonic injection of  0.5 mL TNBS (Sigma) on 
day 15. Thirty mice from the TNBS+ova+ group re-
ceived intra-peritoneal injections of  10  000 freeze-killed 
S. japonicum ova (Zhejiang Academy of  Medical Science) 
on day 1 and day 11, and were challenged with TNBS 
on day 15. The surviving mice were sacrificed on day 22. 
Serum expression of  tumor necrosis factor (TNF)-α and 
interferon (IFN)-γ were detected. Ten animals from each 
group were randomly selected and the full-length colon 
from these animals was isolated and evaluated. 

Another 30 mice were grouped according to the for-
mer methods and were sacrificed on day 16. Blood, liver, 

spleen and mesenteric lymph nodes (MLN) were cultured 
and the identification of  bacteria was completed using 
VITEK-32 Auto Microbiotic System (bioMérieux).

Evaluations of the colonic inflammation
Mice were weighed daily and the numbers of  surviving 
mice were recorded. The extents of  colon were assessed 
in the sacrificed mice. The proximal 1.0 cm of  the co-
lonic segment was used for histology. The segment was 
fixed in 4% formaldehyde and embedded in paraffin. 
Morphometric analysis was performed on haematoxylin-
eosin-stained 4 μm transverse sections. The microscopic 
slides were reviewed by two histologists blinded to the 
groups. The extent of  damage and colonic inflammation 
was assessed using a modification of  the histopathologi-
cal grading system of  Macpherson and Pfeiffer[13]. 

Enzyme linked immunosorbent assay for serum IFN-γ and 
TNF-α
Mouse serum was assembled for enzyme linked im-
munosorbent assay (ELISA). ELISA was performed 
according to the manufacturer of  the kits instructions. 
TNF-α ELISA kit was a product of  Sigma Co. IFN-γ 
ELISA kits were purchased from Jingmei biotech.

Realtime-PCR analysis
Colons were removed, washed in phosphate buffered 
solution, and then flash frozen in liquid nitrogen. Total 
RNA was extracted using Trizol reagent (TAKARA) 
according to the manufacturer’s protocol. RNA was 
treated with DNase (TAKARA) and was converted to 
cDNA using a reverse transcription kit as described by 
the manufacturer (INVITROGEN). Primers for PCR 
(INVITROGEN) were listed in Table 1. The parameters 
for PCR amplification were as follows: 95  ℃: 10” × 1 
cycle, 95  ℃: 5”→60  ℃ 20”→55  ℃ 20” × 40 cycles. The 
concentration of  each sample was calculated from the 
threshold cycle (Ct). The fluorescent products were de-
tected by LightCycle system (BIO-RAD IQ5) before the 
completion of  each cycle.

Western blotting analysis
The colons were lysed and homogenized in ice-cold 
RIPA lysis buffer (Beyotime, Jiangsu, China). Proteins 
were loaded onto each well of  SDS-polyacrylamide Ready 
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Primer Sequence Product (bp)

ZO-1 sense 5’-AGCCAGTCCATTCTCAGG-3’ 151
ZO-1 antisense 5’-TGTACTGTGAGGGCAACG -3’
Occludin sense 5’-TACAGACCCAAGAGCAGC -3’ 177
Occludin antisense 5’-GTGGCAATAAACACCATG -3’
NOD2 sense 5’-CCGAGGAGTCGTGATGGTT-3’ 150
NOD2 antisense 5’-GTGTCACCCACATGCAGTG-3’
GAPDH sense 5’-GGTGAAGGTCGGTGTGAACG -3’ 233
GAPDH antisense 5’-CTCGCTCCTGGAAGATGGTG-3’

GAPDH: Glyceraldehyde phosphate dehydrogenase.



Gels (BioRad, Hercules) for electrophoresis. Proteins 
were transferred onto a nitrocellulose membrane (BioRad, 
Hercules) by electroblotting. The membrane was washed 
and blocked with 5% milk in Tris-buffered saline with 
0.05% Tween-20, and incubated overnight with specific 
primary antibody at 4  ℃. Rabbit anti-mouse-Occludin-
mAb (2 μg/mL, ZYMED), rabbit anti-mouse-ZO-1-
mAb (3 μg/mL, Abcam) and rat anti-mouse-NOD2-mAb 
(eBioscience) were used as the primary antibodies. HRP-
conjugated goat anti-rabbit-IgG (1:1000, Santa Cruz) was 
employed as the secondary antibody. Membranes were 
washed and the assessed proteins were detected using an 
enhanced chemiluminescence reagent (Amersham Biosci-
ences). Relative intensity of  the bands was quantified us-
ing Leica image analysis software (Alphaln notech).

Assessment of bacterial translocation
Blood, liver, spleen and MLN were removed under ster-
ile conditions. Blood was plated onto sheep’s blood agar 
and tissues were slit and cultured with sterile broth at 
36  ℃ for 24 h. The limpid medium was then incubated 
for another 6 d. Each turbid medium was considered as 
positive regardless of  its incubation time. The positive 
medium was plated onto sheep’s blood agar and eosin-
methylene blue (EMB) agar. The blood agar and EMB 
agar were purchased from Shanghai Reagent Provid-
ing and Research Center for Diarrhea Disease Control. 

Cultures were incubated at 37  ℃ for 3 d. Any bacterial 
growth in the broth or on the agar plates was identified 
with standard microbiological methods on VITEK-32 
Auto Microbic System.

Data analysis
All data were analyzed using SPSS 14.0 and are present-
ed as means ± SD. Nonparametric data were analyzed by 
Kruskal-Wallis test with Mann-Whitney U post-hoc test. 
Parametric data were analyzed by 2-way ANOVA with 
SNK post-hoc test. The P value was considered signifi-
cant if  less than 0.05.

RESULTS
Mice common appearance and mortality
Exposure to schistosome eggs reproducibly ameliorated 
TNBS colitis in treated mice. Mice of  the TNBS+ova+ 
group presented with inapparent bloody stools, weight 
loss and activity reduction. The extent of  the colon was 
shortened in TNBS-induced models and this was re-
versed in the ova-treated group (Figure 1). Nothing ab-
normal was found in the control group. During the first 
week after intra-colonic injection of  TNBS, the mortality 
of  each group was as follows: control group 0/20 (0%), 
TNBS+ova- group 20/40 (50%), TNBS+ova+ group 6/30 
(20%) (P < 0.05 between each group). 
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Figure 1  The evaluations of colitis. The initial weight of each group (A) and variations of weight (B), colon extent (C) and microscopic colonic scoring (D) on day 22. 
Data are presented as mean ± SD. n = 10, aP < 0.05 vs the other two groups; bP < 0.01 vs the other two groups. TNBS: Trinitrobenzenesulfonic acid.
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Microscopic inflammation score
No microscopic damage was found in the colon of  con-
trol animals (Figure 2A). Compared with the colon of  
control mice, TNBS induced a distortion of  colonic 
mucosal architecture and an inflammatory infiltration 
throughout the whole colonic wall. The inflammation 
was characterized by hyperaemia and edema of  mucosa 
which led to thickening of  the colonic wall, ulcer forma-
tion, folliculus lymphatics hyperplasia, and transmural 
chronic inflammatory cell infiltration (Figure 2B). Treat-
ment with S japonicum ova tended to relieve the inflam-
mation with infiltration of  only a few inflammatory cells 
(Figure 2C). The histology score also showed a signifi-
cant relief  of  colon inflammation in TNBS+ova+ group 
compared with the TNBS+ova- group (Figure 1).

Measurement of inflammatory factors in serum
We also surveyed the expression of  inflammatory fac-
tors in the serum to further evaluate the inflammatory 
reaction in the different groups. As shown in Figure 3, 
a highly increased expression of  TNF-α and IFN-γ was 
detected in the TNBS+ova- group. In the TNBS+ova- 
group, the expression of  TNF-α was significantly higher 
than that of  the control group and the TNBS+ova- group. 
IFN-γ expression was downregulated in the TNBS+ova+ 
group compared with TNBS+ova- group (P < 0.05).

The expression of NOD2 and its mRNA in the colon
Since NOD2 is one of  the most important pattern patho
gen recognition receptors which could induce a large 
quantity of  inflammatory factors such as TNF-α and 
IFN-γ when inappropriately activated, we further stud-
ied the variations of  NOD2 and its mRNA in the colon 
to verifying whether the NOD2 pathway was influenced 
during TNBS-induced colitis and whether it can be re-
versed by S. japonicum ova.

As shown in Figure 4, TNBS injection caused a dis-
tinct increase of  NOD2 in the colon as compared with 
control mice. However, when mice were pretreated with 
S. japonicum ova, NOD2 expression was much lower in 
spite of  the TNBS effect. Similar effects were also found 
in NOD2 mRNA expression among the three groups 
(Figure 5).

The evaluation of the intestinal barrier function
To further understand the cause of  the over-activation 
of  NOD2, we used IBT frequency to evaluate the in-
testinal barrier function. Bacterial identification showed 
the translocated bacteria were predominantly opportu-
nistic pathogens especially Escherichia coli, Bacillus proteus, 
Klebsiellas, Pseudomonas fluorescens, Pseudomonas pyocyanea and 
enterococci were also found in several mice. IBT was 
more common in the TNBS+ova- group. After exposure 
to S japonicum ova, the frequency of  IBT to MLN, blood, 
liver and spleen was obviously reduced (Table 2). 

4813 November 21, 2011|Volume 17|Issue 43|WJG|www.wjgnet.com

A

B

C

Figure 2  The histology of the colon in different group of mice (HE, × 10). 
Rare inflammation was found in controls (A). Transmural chronic inflammation 
was observed in TNBS-induced colitis (B). The inflammation was significantly 
relieved in schistosome ova treated mice (C). HE: Hematoxylin and eosin; 
TNBS: Trinitrobenzenesulfonic acid.
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Figure 3  The serum levels of tumor necrosis factor-α (white bar) and 
interferon-γ (black bar). Data are presented as mean ± SD. There were 20 
animals in the control group and the TNBS+ova- group and 24 in the TNBS+ova+ 
group. aP < 0.05 vs the other two groups. TNBS: Trinitrobenzenesulfonic acid.
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The expressions of ZO-1, occludin and their mRNAs in 
the colon
In order to gain further insight into the mechanism of  
intestinal barrier function alteration, we detected the 
tight junction proteins that constitute the main frame 
of  the barrier. The ZO-1 and occludin expression lev-
els were reduced in the TNBS+ova- group compared 
with the normal controls. Egg pre-exposure produced 
a significant elevation in the expression of  these tight 
junction proteins in the experimental induced models 
(Figure 4). ZO-1 and occludin mRNA was examined us-
ing realtime-PCR. Similar to the study of  the proteins, 
ZO-1 and occludin mRNA expression was obviously 
downregulated in the TNBS+ova- group compared with 

the controls. Egg pretreatment led to a dramatic upregu-
lation of  these genes (Figure 6).

DISCUSSION
CD is a disease more prevalent in developed countries 
where the sanitary conditions are better. Scientists be-
lieve that intestinal hygiene might be a risk factor of  
CD and helminthes have been thought to be beneficial 
to CD[9-11]. Elliot et al[9] found that pretreating mice with 
Schistosoma mansoni ova could relieve TNBS-induce colitis. 
We have also demonstrated in our previous study that 
S. japonicum ova pretreatment could prevent experimen-
tal colitis in mice by a mechanism of  Th2-polarizing 
stimuli[12]. Summers et al[9] reported a safe and effective 
result from their short-term study of  live Trichuris suis 
ova therapy in 29 patients with CD. Croese et al[11] also 
established a potential role of Necator americanus in the 
remission of  autoimmune disease, including CD.

In the present study, we also found an obvious in-
flammatory reaction both in the colon and the blood. 
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Figure 5  Effect of Schistosoma japonicum ova on the expression of 
NOD2 mRNA (Realtime-PCR). M: Marker; G: GAPDH; N: Control group; T: 
TNBS+ova- group; S: TNBS+ova+ group. Data are presented as mean ± SE. n 
= 10. aP < 0.05 vs the other two groups. GAPDH: Glyceraldehyde phosphate 
dehydrogenase; TNBS: Trinitrobenzenesulfonic acid.

Table 2  Culture of blood, mesenteric lymph nodes, liver and 
spleen

No. of mice MLN Blood Liver Spleen

Control 10 1/10 0/10 0/10 0/10
TNBS+ova- 10 8/10 10/10 9/10 5/10
TNBS+ova+ 10  1/10a 3/10a  2/10a 1/10a

aP < 0.05 compared with the TNBS group. MLN: Mesenteric lymph nodes; 
TNBS: Trinitrobenzenesulfonic acid.
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The innate immune system plays an important role in 
the production of  these inflammatory factors. Among 
varieties of  the PPRRs, TLRs and NODs are the most 
important in antigen recognition. In our former study 
we demonstrated that TLR4 expression was elevated 
after the mice were injected with TNBS and was down-
regulated in the ova group[12]. NOD2/CARD15, famous 
as the first predisposing gene of  CD, codes a cytosolic 
protein which provides a second line of  innate immune 
defense within IECs and adjacent immune cells, expand-
ing immune surveillance beyond membrane-associated 
TLRs[14]. Thus we assume that the ova might also de-
crease the production of  the inflammatory cytokines 
through downregulating NOD2 expression in a direct or 
indirect pattern. We detected the expression of  NOD2 
mRNA using realtime-PCR. The results showed that in 
the TNBS+ova- group, the NOD2 mRNA was increased 
and the ova pre-exposure significantly downregulated 
NOD2 mRNA expression. We suppose that the ova re-
lieved colitis and suppressed the inflammatory reaction 
partially because of  the downregulation of  PPRRs which 
might be inappropriately activated and thus produced 
large quantities of  inflammatory cytokines.

The intestinal epithelial barrier also plays an impor-
tant role in the onset and progression of  CD. Increased 
IBT to the MLN, liver, blood and spleen was found in 
the present study. We supposed it might be due to the 
increased intestinal pericellular permeability, which was 
usually caused by impaired intestinal barrier function. 
The intestinal barrier function was maintained by a series 
of  epithelial TJs, protecting the body from pathogens 
and other toxic luminal substances. Transmembrane 
proteins (such as occludin, tricellulin, claudins and junc-
tional adhesion molecule) interact with cytoplasmic pe-
ripheral membrane proteins (such as ZO-1, ZO-2, ZO-3 
and cingulin), and thus constitute the frames of  TJs[15].

An obvious downregulation of  ZO-1 and occludin was 
found in the present study using Western blotting, which 
could be prevented by pre-exposure to the S. japonicum  
ova. We further tested the expression of  ZO-1 and oc-
cludin mRNA and the outcome was consistent with the 
protein study. 

Inflammatory mediators such as cytokines, toxins 
and reactive oxygen species contributed to the impair-
ment of  TJs[16-20]. The best-studied cytokine that causes 
barrier dysfunction due to epithelial tight junction regu-
lation is TNF-α. Poritz et al[19] incubated MDCK cells 
with different concentrations of  TNF-α and found the 
fragmentation staining of  ZO-1, suggesting a disruption 
of  the TJs. They also found that claudin-1 expression 
was decreased along with an increasing concentration of  
TNF-α. It was demonstrated that the TNF-α-induced 
TJs impairment was mediated by NF-κB activation in 
Caco-2 cells[19]. Treatment of  T84 cells with IFN-γ also 
caused a dose- and time-dependent increase in monolay-
er permeability. Examination of  specific proteins associ-
ated with TJs by immunoblotting and confocal micros-
copy revealed changes in the localization and expression 
levels of  the tight junction proteins after exposing the 
cells to IFN-γ. Specifically, they found that IFN-γ treat-
ment resulted in an almost total loss of  ZO-1[20]. 

Impaired barrier function leads to the exposure of  
submucosal immunocytes to luminal antigens and initi-
ates the innate immune reaction. TLRs and NODs are 
PPRRs that are expressed by intestinal epithelial cells and 
submucosal immunocytes. The inappropriate activation 
of  TLRs and NODs may cause the over-reaction of  the 
immune system and overproduction of  cytokines (such as 
IFN-γ and TNF-α), leading to the formation of  CD. We 
assume that treating mice with S. japonicum ova might cut 
down the impairment of  the intestinal epithelial barrier 
through protecting the TJs, thus preventing the activation 
of  PPRRs and downregulating inflammatory mediators 
like TNF-α and IFN-γ, leading to the remission of  colitis.

Despite various therapeutic measures against CD, 
even the most experienced clinician might have prob-
lems with treatment of  many cases, especially those with 
complications. Helminthes might be beneficial in CD. 
The clarification of  this mechanism contributes to find-
ing out the key effective component, which may be a 
novel potential way of  treating CD.
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COMMENTS
Background
Crohn’s disease (CD) is more prevalent in developed countries where sanitary 
conditions are better. Scientists have found that helminthes can protect mice 
from experimental colitis. The intestinal epithelial barrier plays an important role 
in the onset and progress of CD. Tight junctions (TJs), which form the pericel-
lular barrier, are thought to be the primary determinant of mucosal permeability 
in the presence of an intact epithelium. The impaired TJs lead to an increase of 
exposure of intestine bacteria to submucosal proteins, like nucleotide-binding-
oligomerization domains (NODs). Nucleotide-binding-oligomerization domain 2 
(NOD2) has been found to exert antibacterial activity limiting survival of enteric 
bacteria after invasion. As one of the main responsible genes, NOD2 and its 
protein have been found to be upregulated in CD patients.
Research frontiers
TJs could be affected by a large amount of factors, such as cytokines, toxins 
and reactive oxygens. Many proteins and signal transduction systems par-
ticipate in the regulation of TJs such as Rho/Ras-GTPases. Recently, it was 
reported that Notch-1 plays an important role in maintaining epithelial barrier 
function and promoting tight junction protein expression.
Innovations and breakthroughs
Till now various studies have proved that helminthes and their eggs do favor the 
relief of colitis both in experimental models and in some small scale clinical tri-
als, but the rationale of how this works remains unknown. It was usually thought 
that helminthes might relieve colonic inflammation by a T cell immunity balance 
adjustment. Zhang and his co-workers investigated the impact of S. japonicum 
ova on trinitrobenzenesulfonic acid (TNBS)-induced colitis from a new point of 
view. They found that helminthes and their eggs might protect the intestine from 
inflammation by increasing the TJs and protecting the intestinal barrier function.
Applications
Despite various therapeutic measures against CD, even the most experienced 
clinician might have problems with treatment of many cases, especially those 
with complications. Helminthes and their eggs might be beneficial to treatment 
of CD. The clarification of this mechanism contributes to finding out the key ef-
fective component, which may be a novel potential method for treating CD.
Terminology
Intestinal bacterial translocation: The bacteria in the intestine migrate to the pe-
ripheral circulation and other organs (liver, spleen, etc.) through the portal vein 
due to the increased intestinal permeability; NOD2: One of the pattern patho-
gen recognition receptors which exists in the cytoplasm and recognize muramyl 
dipeptide of the bacteria. NOD2 is also the first predisposing gene of CD; Tight 
junctions: tight junctions form a network of close contacts between membranes 
of adjacent cells. They control the pericellular transport of ions, water, and sol-
utes, and in addition they constitute a fence separating apical and basolateral 
membrane proteins.
Peer review
The paper is an intriguing and well designed paper which addresses a relevant 
issue.
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 COMMENTS
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