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The effect of PDIA3 gene knockout
on the mucosal immune function in IBS rats
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Abstract: Objective: To observe the changes of intestinal inflammation on PDIA3 gene knockout IBS rats and its
effect on immune function. Methods: 36 SD rats were randomly divided into four groups: the control group (n = 8);
IBS- empty virus group (IBS-GFP, which); IBS-PDIA3 knockout group (n = 12); IBS- the control group (n = 12). After
modeling, colon and ileocecal tissue pathology in each group were observed separately. Changes of immune and
inflammatory markers were measured. At the same time, ultrastructural changes in each group were observed
by electron microscopy. Results: Compared with the IBS control group, inflammation was reduced significantly in
IBS-PDIA3 knockout group. IgE, IL-4 and IL-9 and the level of intestinal trypsin type were decreased significantly.
Furthermore, mast cell degranulation and PAR 2 receptor reduced significantly. Conclusion: PDIA3 may play an im-
portant role in the development of IBS by mediating through immune responses of mucosal abnormalities. However,
the mechanism needs to be confirmed in further study.
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Introduction

Irritable bowel syndrome (IBS) is a frequently-
occurring disease worldwide. The incidence of
IBS is 10-20% in European and American popu-
lation [1], which is 6.5-10.1% in Asian countries;
and in recent years, the incidence has gradual-
ly increased [2]. Due to unclear etiology and
pathogenesis of IBS and the lack of effective
means of diagnosis and treatment in clinical,
the symptoms of IBS patients are long-stand-
ing, seriously impacting the patient’s learning,
work and life. Compared with normal persons,
IBS patients seek medical help more easily,
cost high medical expenses, and suffer indirect
economic losses caused by absenteeism due
to illness [3]. Thus, IBS is not only a clinical
problem, but also a noteworthy social problem.

At present, the etiology and pathogenesis of
IBS is not very clear. Existing research suggest-
ed that the incidence of IBS may be related to
the following factors [4]: 1) intestinal motility
disorders: diarrhea-predominant IBS manifes-
tates as shortened gastrointestinal transit time
and intestinal power hyperthyroidism such as
increased colon contraction, while there is

underpowered intestinal in constipation-pre-
dominant IBS; 2) increased visceral sensitivity:
rectal balloon dilation tests showed that pain
threshold of patients with IBS decreased, and
the sensitivity to mechanical stimulation such
as rectal dilatation increased; 3) abnormal per-
ception of the central nervous system: function-
al MRI studies showed that the brain-reacting
zone of IBS patients to rectal balloon distension
is different from that of normal persons, and
the reaction zone is differed between diarrhea
and constipation-predominant IBS; 4) dysregu-
lation of brain-gut axis: the gut-incoming signal
treatment and dysregulation of the enteric ner-
vous system in the central nervous system are
related with IBS symptoms; 5) psychological
abnormalities: Some IBS patients have anxiety,
stress, depression, insomnia and other psycho-
logical abnormalities; furthermore, mental and
psychological stress can trigger or aggravate
IBS symptoms , indicating that psychological
factors are closely related with IBS; 6) intestinal
mucosal immune dysfunction.

Recent studies have found that mucosal
immune dysfunction played an important role in
the pathogenesis of IBS. Colonic mucosa of
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patients with IBS presented increasing number
immune cells (CD3 +, CD4 + and CD8 + T cells),
and accompanied increasing expression of
cytokines (IL-5, IL-13, IL-6, TNF-«, IL-1B, etc.)
[5-7]. However, the intestinal mucosal immune
dysfunction role in the pathogenesis of IBS
should be further elucidated.

When PDIA3 was in (major histocompatibility
complex, MHC) class | molecules antigenic pep-
tide, it can catalyze the MHC Ia2 domain disul-
fide bond rupture and reconstruct, which made
the antigen binding groove was more suitable
for antigen peptide and played an important
role in endogenous antigen presentation [8].
Preliminary findings found that, comared with
the control group, PDIA3 protein expression
was significantly higher in IBS rat colon mucosa
[9], indicating that PDIA3 may play an impor-
tant role in the development of IBS.

PDIA3, which was also known as ERp57, is a
member of protein disulfide isomerase (Protein
disulfide isomerase, PDI) family. It can catalysis
the redox isomerization reactions of protein or
polypeptide disulfide bonds. Recent studies
have found that PDIA3 played an important
role in presentation of endogenous antigen.
Antoniou et al reported that in the process of
MHC molecules antigen-presenting, PDIA3 mol-
ecules directly entered into the peptide binding
groove of MHC class | molecules and binded
with them, which made the antigen binding
groove was more suitable for antigenic pep-
tides [10]. Santos et al further confirmed that
PDIA3, MHC-I and tapasin were combined
together in the process of antigen presentation
and helped MHC class | molecules binding to
antigenic peptides [11]. Stepensky et al found
that PDIA3 enhanced the stability of MHC- |
molecule binding to antigen peptide [12]. So far
there was no report about the effect of PDIA3-/
-on MHC-I.

It has been confirmed that mast cells (MC) is
directly related to the pathogenesis of IBS.
Colon MC Infiltration and media releasing are
the reasons for IBS patients with symptoms,
which is also closely related to visceral hyper-
sensitivity in patients with IBS [13]. Histamine,
serotonin, fibrinolytic enzymes media were
released when MC were activated. It activated
sensory neurons including the gastrointestinal
tract, and caused hyperalgesia or allody-
nia. Plasmin can activate nociceptors-protease
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activated receptor 2 (PAR-2), which was located
on the root of the colon behind spinal cord neu-
ronal membrane, and caused the nociceptors
lasted high excitability [14]. Present study con-
firms MC can be activated in a variety of ways.
The most classic one is the IgE recognized and
bridged with its receptor FceRIl, leading to
degranulation [15]. IL-4 is specific cytokine
which promotes the production of IgE.
Upregulation expression of IL-4 can cause the
production of antigen-specific IgE, leading to
activation of MC [16]. IL-9 can increase the
expression of FceRla which located on the sur-
face of mast cell, leading MC to be more easily
be activated [17]. Previous studies showed that
IL-9 belonged to the Th2 cytokines. However,
under certain circumstances, more T cell (Th9
cells, Th17 cells, Treg cells) also secrete IL-9
[18]. It has been reported that intestinal IL-4
was upregulated in acute intestinal infection
with post infection irritable bowel syndrome
(PI-IBS) mice. But after a successful modeling,
IL-4 expression level restored to normal or even
reduced [19]. Therefore in the early days of IBS,
IL-4 may play a role in the activation of the MC.
Although the relationship between IL-9 and IBS
has not been reported, IL-9 may also be benefit
for activation of MC. These above data suggest-
ed that, in the development of IBS, both IL-4
and IL-9 were involved in the activation of MC,
leading to the degranulation of MC.

In summary, we speculate that PDIA3 may play
an important role in the development of IBS by
mediating through immune responses of muco-
sal abnormalities. PDIA3 promote the presen-
tation of endogenous antigen, mediating DC to
increase the endogenous antigen sensitivity
and reactivity, inducing excessive immune of T
cells. Cytokines IL-4, IL-9 were produced in this
process and MC was in a high sensitive state
even degranulated and therefore resulting in
the pathogenesis of IBS.

Materials and methods
Experimental animals

36 SD rats without deformity, trauma and skin
infections were prepared (Purchased from
the Animal Center of Third Military Medical
University, Chongging). The body weight was
(250 + 10) g. They were caged and fed with pel-
let (free diet). They were given 12 h of light per
day for adaptive feeding a week in order to per-
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Table 1. Primer design and detection of I.-4 and IL-9

mRNA by Real-time PCR

(4) IBS group: Normal rats were fasted
but water for 24 h before the experi-

Primer
sequence

Gene

ment. The IBS modeling method was the
same as the previous.

IL-4 (ID: 287287)  Upstream  5'TTGCTGTCACCCTGTTCTGC3’
Downstream 5’CCGTGGTGTTCCTTGTTGC3’
IL9 (ID: 116558) Upstream 5'GTCCTTGCCTCTGCTTTGC3’

Collection of colon specimen and
hematoxylin-eosin (hematoxylin-eosin,
HE) staining

Downstream 5’'GGGTCGTCCTTCAGGTTTTC3’

Actin Upstream 5’'CCCATCTATGAGGGTTACGC3’
Downstream 5’TTTAATGTCACGCACGATTTC3’

On the second day of the experiment,
we randomly selected 2 mice from

form the experiment. All animals were fed a
standard pellet feed by the Third Military
Medical University Experimental Animal Center.
Animal experiments were carried out more than
seven days of adaptive feeding after purchase.
Experimental groups were divided randomly.
They were divided into four groups: 8 rats in the
control group. 4 rats were in the IBS1 empty
virus group. 12 rats were in IBS1 knockout
group and 12 rats were in IBS2 group.

IBS animal modeling method

(1) The control group: normal rats without any
treatment.

(2) IBS empty virus group: Normal rats were
treated with intravenous injection of empty
virus. 24 h before the experiment, rats with
empty virus were fasted but water. After ether
anesthesia, silicone tube which connected to a
syringe was inserted through the anus (from
the anus 8 cm). 40 mL/L acetic acid 1 mL was
poured into the colon. Slowly pulled out the sili-
cone tube, and oppress anus by hand. Elevate
the rat’s tail for 30 s, and then flush the colon
with 0.01 mol/L PBS 1 mL. Return the rats with
freely water consumption, and begin restraint
stress on the 7 days. The rats were placed in a
special transparent cylindrical barrel (which
can be replaced by a Nongfushangquan miner-
al water bottle without bottleneck) limiting
limbs but did not affecting their breathing, and
2 h later the rats were placed in cages. This
was performd for three days, 2 h each day.

(3) IBS knockout group: The gene-knockout rats
which were purchased from Shanghai Biomodel
Organism Science & Technology Development
Co. Ltd (Shanghai, China) were the objective,
and they were fasted but water for 24 h before
the experiment. The modeling method was the
same as empty virus group.
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model group and control group sepa-

rately. 3% pentobarbital (40 mg/kg)
were used to anesthetize rat and 1 cm bowel of
colon were taken (from the anal about 6 cm).
On the 7th day of the experiment, 1 cm bowel of
colon (from the anal about 6 cm) was taken
from all the rats before colorectal distension
validation experiment. The HE staining of tissue
was carried out separately. Observation was
taken under optical microscope: whether there
was edema, flaky bleeding and ulceration in
mucosa and submucosa. Whether the struc-
tural of colonic mucosa and crypt structure was
intact. Whether the epithelium, layers of
tissue and other pathological changes were
complete.

Detection of total ISE levels in peripheral blood
serum, IL-4, IL-9 levels and tryptase levels in
gut and intestinal tissue by ELISA

According to the method described in the litera-
ture, peripheral blood of rats were taken and
stored at -20°C. For the detection of pancreatic
tissue type, we took two biopsy specimens, first
weighed and then rinsed 0.9% NaCl solution.
Placed in 1 ml HBSS balanced salt solution and
incubated in 37°C for 1 h. The supernatant was
then separated. Total serum IgE, IL.-4 and IL-9
levels were determined by ELISA. The concen-
trations of tryptase and specific steps refered
to kit instruction. Standard calibration curve
were drawn according to the standard samples.
Each set of standards and samples repeated
twice and the average values were used.

Real-time PCR was used to detect the expres-
sion level of IL-4, IL-9 mRNA colonic mucosa of
rats

Rreferring to the relevant literatures, the
expression levels of IL-4, IL-9 mRNA of colonic
mucosa in each group were detected using
Real-time PCR method. Primers’ sequences
were shown in Table 1.
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Figure 1. Comparisos on morphological of rats’ colon and ileocecal. A: IBS model of the second day, colon tissue
100x; B: IBS model of the second day, ileocecal 100x; C: IBS model of the seventh day, colon tissue 100x%; D: IBS
model of the seventh day, the ileocecal 100x; E: Normal SD rat’s colon tissue 100x; F: Normal SD rat’s ileocecal
100x.

Observation of DC distribution and the number
of intestinal mucosa label with immunohisto-
chemical CD103 in IBS rats

CD103 were used in immunohistochemistry.
Distribution of colorectal DC were observed at
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low magnification (x100). Combined with mor-
phology, the number of DC were counted under
high magnification (x400). 10 non-overlapping
field of view 400 times were selected randomly
in each slice. The number of DC and the total
number of cells in each field were counted.
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Table 2. Comparisons on Total level of IgE, IL-4, IL-9 and intestinal trypsin in each group

A B C D

IgE (ug/L)

0.10 £ 0.00 0.20 + 0.00* 0.10 £ 0.00 0.28 + 0.05*,#
IL-4 (ug/L)

0.04 £ 0.01 0.14 £ 0.01* 0.05+0.01 0.15 £ 0.02*,#
IL-9 (ug/L)

0.08 +0.01 0.10 + 0.01~* 0.08 £ 0.01 0.21 £ 0.01*,#
Intestinal trypsin (ng/mL) 0.08 £ 0.00 0.17 £ 0.01* 0.11 + 0.01* 0.23 £ 0.02*,#

*Compared with the blank control group (A), *P<0.05; compared with group C, #P<0.05.

Take the average, and we can get the each
DC%o by the formula. DC%o0 = DC total number/
total number of cells x1000%o.. Results were
represented with the median (interquartile
range)%o. The different number of DC in colonic
mucosa among the groups were compared.

Toluidine blue staining method were used to
count intestinal mucosa MC of IBS rat

We took colon tissue of rats in each group, and
then fixed the slice conventionally. Dewaxing to
water, and we distilled and then washed.
Dipped in toluidine blue liquid for 30 mins,
0.2% acetic acid was used to differentiate until
they were got the clearly purple granules.
Finally, dehydration, transparent, and neutral
balata fixation were performed.

Observation of morphology of intestinal muco-
sal mast cell and ultrastructure of degranula-
tion mast cell by TEM

Three rats in each group were randomly select-
ed for the observation of morphology of intesti-
nal mucosal mast cell and degranulation by
TEM. Material collection and observation meth-
ods were performed according to previous
literatures.

Detection of intestinal expression level of PAR-
2 by western blot

The rats’ colon tissue were placed in a mortar,
and then rubbed into powder in liquid nitrogen.
Then the right amount of icy saline were added
to make colonic homogenate. Take equal
amounts of protein samples in each group (40
pg) and separate by 10% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE). And then they
were transferred to wet nitrocellulose (NC film,
Sigma, USA). They were enclosed by 3% bovine
serum albumin (BSA) and shaked for 3 h, and
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then were incubated with 4% PAR-2 antibody
(1:200) overnight. The membrane was washed
with washing buffer 5 mins for 3 times. Then 1:
2000 dilution of alkaline phosphatase-labeled
secondary antibody were added, and they were
shaken at room temperature for 2 h. Washing
the membrane with washing buffer 3 min for 5
times and DAB was added as a chromogen and
stained (Nanjing KGI). Net absorbance values
of target zone were analyzed by image process-
ing apparatus (USA Gene Company).

Results

Comparsion on morphology of rats’ colon and
ileocecal

Nuclei were stained to bright blue by hematoxy-
lin. Cartilage matrix and calcium particles pre-
sented dark blue. Cytoplasm was stained to
different shades of pink by eosin. Eosinophilic
granular in cytoplasm represented bright red.
Collagen fibers were pale pink. Elastic fibers
were bright pink. RBC was orange. Protein lig-
uids were pink. From Figure 1 we can conclude
that the lesions in colon were significant than
that in ileocecal.

Comparison of peripheral blood serum total
ISE, IL-4, IL-9 and the level of intestinal trypsin

As we can see from Table 2, compared with
IBS- control group, IgE, IL-4, IL-9 and the level of
intestinal trypsin significantly decreased in IBS-
knockout group with significant difference
(P<0.05).

Comparisons of IL-4 and IL-O9mRNA in each
group

As was shown in Table 1, primer sequences
content of IL-4 and IL-O9mRNA were detected by
real-time quantitative PCR. As was shown in
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Figure 3. Observation of distribution of ileocecal mucosa DC in IBS rats labeled with immunohistochemical CD103
(x400).
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Figure 4. Toluidine blue staining method for counting the intestinal mucosa MC (x100).
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Figure 5. Observation of morphology of intestinal mucosal mast cell and ultrastructure of degranulation mast cell
by TEM.
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Figure 6. Expression of PAR-2, PAID3 protein. 1: showed the ileocecal intestinal mucosa in the control group; 2:
showed the ileocecal intestinal mucosa in IBS1-GFP group; 3: showed the ileocecal intestinal mucosa in IBS-PAID
knockout group; 4: showed ileocecal intestinal mucosa in IBS-control group; 5: showed the colon tissue of the
blank control group; 6 showed the colon tissue in IBS1-PAID group. A: *P<0.05, compared to IBS-control group; B:
*P<0.05, compared to IBS1-PAID group.

Figure 2, compared with IBS- control group,
expression level of IL-4 and IL-9 mRNA were sig-
nificantly decreased in IBS- knockout group
with significant difference (P<0.05).

Observations of distribution of ileocecal mu-
cosa DC in IBS rats by immunohistochemical
CD103 labeled

As was shown in Figure 3, after labeled with the
CD103, we observed the distribution of ileoce-
cal colon mucosa DC in each group. We found
that, compared with D group, the distribution of
DC in Group C increased significantly. There
was no significant difference between group A
and group B.

Toluidine blue staining method for the enu-
meration of intestinal mucosal MC

Toluidine blue staining methods were used to
observe the changes in the distribution of the
number of intestinal MC among groups. We can
see that the distribution of MC was the most in
the IBS-control group (Figure 4). The number of
MC decreased significantly after knockout of
PDIA3.

Observation of morphology of intestinal muco-
sal mast cell and ultrastructure of degranula-
tion mast cell by TEM

Electron microscope ultrastructure in each
group showed that mast cell cytoplasm were
filled with coarse secretory granules, including
heparin, histamine, eosinophil chemotactic fac-
tor and so on. It can be found that in the IBS
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control group mast cells released granules
matter (degranulation of mast cells). But after
knockout of IBS-PDIA3, degranulation was
reduced obviously (Figure 5).

Detection of intestinal expression level of PAR-
2 and PAID3 by western blot

In PAID knockout group, the expression level of
PDIA was significantly reduced. Also, expres-
sion level of PAR-2 receptor was significantly
decreased. While in IBS control group PAR-2
receptors was significantly up-regulated (Figure
6).

Discussion

Irritable Bowel Syndrome was a functional
bowel disorder which was based on abdominal
pain or discomfort and accompanied by abnor-
mal defecation character. Currently the patho-
genesis of IBS was not fully understood. The
possible pathophysiological mechanisms in-
clude intestinal motility disorders, visceral
hypersensitivity, brain-gut axis interactions,
inflammation, and intestinal nerve-immune-
endocrine  network regulation disorders.
Increased sensitivity in visceral was the main
pathological feature of its physiological basis.
Protein disulfide isomerase (protein disulfide
isomerase, PDI) mainly existed in multifunction-
al protein of mammalian and yeast endoplas-
mic reticulum lumen.

PDI family is a sulfhydryl-disulfide oxidoreduc-
tase which played an important role in the
endoplasmic reticulumd and belonged to fold-
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ing enzymes. Its main function was catalyzed
oxidative folding of the endoplasmic reticulum
nascent peptide chain and play an important
role in degradation pathway of endoplasmic
reticulum associated proteins, protein trans-
port calcium homeostasis, antigen-presenting
viruses and other aspects. PDIA3 is an impor-
tant component of sulfhydryl protein oxidore-
ductases of the family. Studies have shown
that PDIA3 protein was upregulated in visceral
hypersensitivity rat model of colon tissue indi-
cating that overexpression of PT3IA3 correlat-
ed with abnormal immune response of colonic
drilling membrane. PD1A3 may be an important
protein molecule in the reaction of leading to
intracellular immune response signal transduc-
tion cascade amplification reaction. In this
study, we use PD1A3 knockout rats as sub-
jects. We found that immunization targets and
levels of inflammatory cytokines were signifi-
cantly decreased after PDIA3 knockout and
inflammation were reduced significantly, con-
firming that PDIA3 gene played an important
role in the pathogenesis of IBS.

In addition, intestinal mast cells located nearby
mucosal blood glance, lymphatic and nerves. It
both had immunological activity and secreted a
variety of media. It was major intestinal antigen
receptor and involved in immune regulation of
intestinal mucosa. Mast cells played an impor-
tant role in the pathogenesis of IBS. Several
studies have demonstrated that cell numbers
of ileocecal mast in IBS patients were signifi-
cantly higher than that in the controls. When a
specific antigen stimulated the body immune
system, sensory nerve endings excitement and
signal transmission can be caused. At the same
time, the production of IgE antibodies were
induced. The combination of antigen and anti-
body can cause the activation of mast cell,
degranulation, and release a variety of biologi-
cally active media such as tryptase, histamine,
serotonin, prostaglandins. Tryptase was a spe-
cific neutral protease of secretory granules in
almost all mast cells, which was a specific
marker of mast cell activation and degranula-
tion. Tryptase was a strong activator of prote-
ase activated receptor-2 (PAR-2), while the acti-
vation of PAR-2 were closely related to high
sensitivity of visceral. Clinical studies have
found the expression level of colon trypsin and
tryptase as well proteolytic activity were
increased in IBS patients. In this study, pancre-
atic and intestinal IgE levels were significantly
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decreased after PDIA3 knockout. At the same
time the number of mast cells was significantly
reduced, and the expression level of PAR-2 was
significantly downregulated. This further con-
firmed that PDIA3 gene played an important
role in the pathogenesis of IBS.

In short, PDIA3 may play an important role in
the development of IBS by mediating through
immune responses of mucosal abnormalities.
However, the mechanism needs to be con-
firmed in further study.
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