European Review for Medical and Pharmacological Sciences 2019; 23: 6371-6378

Influences of probiotics combined with
sulfasalazine on rats with ulcerative colitis
via the \X/nt/p-catenin sighaling pathway

L.-N. DONG', M. WANG?, J. GUO?, J.-P. WANG*

'Department of Infectious Disease, the First Affiliated Hospital of Xi'an JiaoTong University, Xi'an
Jiaotong University, Xi'an China; Central Laboratory, Shanxi Provincial People’s Hospital, The
Affiliated People’s Hospital of Shanxi Medical University, Taiyuan, China

2Department of Neurology, Shanxi Provincial People’s Hospital, The Affiliated People’s Hospital of

Shanxi Medical University, Taiyuan, China

3Department of General Surgery, Shanxi Provincial People’s Hospital, The Affiliated People’s
Hospital of Shanxi Medical University, Taiyuan, China

3Department of Gastroenterology, Shanxi Provincial People’s Hospital, The Affiliated People’s
Hospital of Shanxi Medical University, Taiyuan, China

Lina Dong and Mu Wang contributed equally to this work

Abstract. — OBJECTIVE: To investigate the
influences of probiotics combined with sulfasal-
azine (SASP) on the expression of the Wnt/B-cat-
enin signaling pathway in rats with ulcerative
colitis (UC).

MATERIALS AND METHODS: A total of 60
clean level and healthy Sprague-Dawley (SD) rats
were randomly divided into the normal group,
model group, SASP group and combination ther-
apy group, with 15 rats in each group. The rats
in the normal group were given normal feeding,
and those in the remaining three groups were
subjected to the establishment of the UC model.
During the modeling, the rats underwent daily ga-
vage and were sacrificed after 4 weeks. Clinical
symptoms and pathological changes in ulcer in-
dexes and colon tissues were observed in each
group. The expression levels of relative genes in
the Wnt/B-catenin signaling pathway were detect-
ed by Polymerase Chain Reaction (PCR).

RESULTS: Compared with those in the mod-
el group, the pathological sections of rats in
the SASP group and combination therapy group
showed significant improvement in the inflam-
matory response. The expression levels of rel-
ative genes in the Wnt/B-catenin signaling path-
way were downregulated in rats of SASP group
and combination therapy group relative to those
in the model group.

CONCLUSIONS: SASP and probiotics allevi-
ate UC by reducing inflammation by inhibiting
the activation of the Wnt/B-catenin signaling
pathway, thereby improving intestinal function
and restoring the intestinal structure.
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Introduction

As the two main types of inflammatory bow-
el disease (IBD), ulcerative colitis (UC) and
Crohn’s disease (CD) are mainly characterized
by chronic non-specific inflammation of the co-
lon. The incidence rate of UC is higher than that
of CD, and has been on the rise every year. The
incidence rate of UC in Europe and the United
States is 24.3/100,000, and that in Guangzhou is
2.22/100,000, which is the highest in China'?.
As a common digestive system disease, UC is
usually recurrent and persistent, manifested as
abdominal pain, diarrhea and bloody or purulent
feces, and has an adverse effect on the life quality
of affected people. Repeated medical treatment
also leads to high costs®*?. Intestinal immune
dysfunction is considered to be the biological
mechanism of UC development. In UC patients,
a large number of immune cells (T cells, B cells,
macrophages and dendritic cells) and cytokines
[pro-inflammatory cytokines such as tumor ne-
crosis factor (TNF)-a, interferon (IFN)-f, inter-
leukin (IL)-6, IL-12, IL-17, IL-21, IL-23 and in-
tegral proteins and anti-inflammatory cytokines
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such as IL-10, transforming growth factor (TG-
F)-p and IL-35] are abnormally expressed in the
colon®. The imbalance of cytokines regulated
by activated immune cells is an initial factor in
causing diffuse superficial inflammatory lesions
in UC". The regulation of immune cell activity
and cytokine expression is beneficial for the
healing of the lining of the colon and the relief
of inflammation in UC patients®. Several signal
transduction cascades and transcription fac-
tors such as nuclear factor-kappa B (NF-xB),
mitogen-activated protein kinase (MAPK), Ja-
nus kinase/signal transducers and activators of
transcription (JAK-STAT) and the Keapl/Nrf2
signaling pathway are involved in pathological
inflammatory processes’. At present, more and
more studies have focused on the role of the
Wnt/B-catenin signaling pathway in the inflam-
mation-related pathogenesis and inhibition of
pro-inflammatory signaling pathways. In this
work, the UC model in rats was established to
observe the therapeutic effect of probiotics on
UC rats and expressions of the Wnt/B-catenin
signaling pathway in colon tissues. We aim to
explore the possible mechanism of probiotics
for UC treatment, thus providing a theoretical
basis for the clinical treatment of UC by pro-
biotics.

Materials and Methods

Laboratory Animals

60 male Sprague-Dawley (SD) rats weighing
180-250 g were purchased from the Shanghai Ex-
perimental Animal Center (Shanghai, China). All
animals were treated according to the guidelines
approved by the Animal Care and Use Commit-
tee of our hospital. This study was approved by
the Animal Ethics Committee of the Shanxi Pro-
vincial People’s Hospital Animal Center.

Animal Models

Animal Grouping

A total of 45/60 rats were randomly selected
to prepare into rat models of UC. (1) Rats were
fasted but given free access to water. After 24 h,
rats were intraperitoneally anesthetized with 10%
chloral hydrate. (2) A polypropylene tube (2 mm
in diameter) was inserted through the anus to a
depth of about 8 cm. Trinitro-benzene-sulfonic
acid (TNBS, 100 mg-kg') was slowly injected
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into the rat intestine. (3) Rat anus was clenched
for 10 min and the solution was retained. A total
of 45 UC rats were randomly divided into model
group, sulfasalazine (SASP) group and SASP
combined with probiotics Saccharomyces bou-
lardii (SB) group (combination therapy group),
with 15 rats in each group. 15 rats not treated
formed the control group. The rats in the control
and model group were given normal saline for
gavage, while those in the SASP group received
gavage with SASP tablets, which were mashed,
ground into powder and mixed with normal sa-
line, forming the mixed solution (0.3 g-kg™'). Rats
in the combination therapy group were given
probiotics and SASP for gavage. The gavage for
each group of rats lasted for 4 weeks, once in the
morning and once in the evening. Finally, rats
were euthanized with a volume fraction of 10%
chloral hydrate.

Assessment of the Macroscopic
Damage to the Colon

An 8 cm-long colon at 3 cm proximal to the
anus was cut, opened longitudinally and washed
with saline buffer. After weighing of the tissue
samples, tissue damage visible to naked eyes was
recorded. The criteria for macro assessment de-
pended on a previously validated scoring system
(0-4): 0 point = no ulcer; 1 point = only mucosal
erythema; 2 points = mild mucosal edema, minor
bleeding or mild erosion; 3 points = moderate
edema, ulcer bleeding or erosion and 4 points =
severe ulcer, erosion, edema and tissue necrosis.
3M® scaled surgical scotch tape was used to
measure the ulcer area and attached to a light
transparent sheet. Each cell area on the tape was
1 mm?, and the number of cells covering the ulcer
area of each sample was counted. The ulcer index
was measured by adding the ulcer score to the
ulcer area of each tissue sample according to the
following formula: Ul = UN + US + UA x10 - 1,
where Ul = ulcer index, UN = ulcer number, US
= ulcer score, and UA = ulcer area.

Reverse Transcription-Polymerase
Chain Reaction (RT-PCR)

The extraction of the total ribonucleic acid
(RNA) was performed using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). Cells treated
with different methods were collected, and the
total RNA was extracted according to the in-
structions. 1 pL of RNA solution was taken and
placed on a microplate reader to measure the
concentration and purity of the total RNA. The



Effect of probiotics combined with sulfasalazine on UC rats

ratio of the optical density at 260 nm to that at
280 nm (OD,, /OD,, ) between 1.6 and 1.8 sug-
gested qualified RNA samples. The remaining
RNA solution was subpackaged and stored at
-80°C for later use.

The complementary deoxyribose nucleic
acid (¢cDNA) was synthesized using Prime-
Script™ Kit (TaKaRa, Otsu, Shiga, Japan).
Specific operating procedures were based on
the instructions. First, 2 pg of total RNAs
were added. 1 pL of Oligo (dT) primer (50
M) and 1 pL of ANTP mixture (10 mM)
were added, and the enzyme-free double dis-
tilled water was added to the 10 pL systems.
They were gently mixed, heated at 65°C for
5 min in the PCR machine, and transferred
onto the ice for rapid cooling. The above re-
action system was added with 4 pL 5% Prime-
Script Buffer, 1 pL PrimeScript RTase, 0.5
uL Rnase inhibitor and 4.5 pL enzyme-free
water (a 20 pL reaction system). Subse-
quently, they were evenly mixed and heat-
ed in the PCR machine at 42°C for 45 min
and 95°C for 5 min. Then, the system was
transferred onto the ice and rapidly cooled,
to synthesize the single-stranded cDNA. Fi-
nally, it was placed at -20°C for PCR am-
plification reaction. Primer sequences used
in this study were as follows: TCF4, F: 5’-AC-
CAGGACGGCTCCTTACAT-3’, R: 5-CGAT-
GTGTAAGAAGTAGGGA-3’;  cyclinD1, F:
5-GCCTAGGTACCATCCTCGACTG-3’, R:
5-GGCTGCGTGTCGTCCAGTCG-3’;  c-jun,
F:  5-GTTCAGCGGCATTTGGAGGA-3’, R:
5-AATCCCGAATAGCGACAGTTCT-3". CD44:
F: 5-CTGGCGGCAGCACATATACTACCAT-3’,
R:  5-CACGGTCAGAATTTGCTAGTCAT-3’;
GAPDH: F: 5-CGCTCTCTGCTCCTCCT-
GTTC-3’, R: 5’>-ATCCGTTGACTC-
CGACCTTCAC-3".

Statistical Analysis

Statistical analysis was performed using Sta-
tistical Product and Service Solutions (SPSS)
22.0 (IBM, Armonk, NY, USA). The difference
between the two groups was detected via the
t-test, and the difference among multiple groups
was tested by the one-way analysis of variance,
followed by Post-Hoc Test (Least Significant
Difference). A two-sided 95% confidence in-
terval (CI) was used in all tests, and p<0.05
represented that the difference was statistically
significant.

Results

Influences on Clinical Symptoms of
UC General Condition

Rats in the normal group were vigorous with
the normal diet. The bowel movement was nor-
mal and the anus was ruddy. Rat body weight
increased steadily. In contrast, rats in the model
group were weak and irritated, with reduced food
intake. Soft feces or stools sometimes accompa-
nied by blood or pus, staining, and slower weight
gain, were observed in UC rats (p<0.01). Com-
pared with those in the model group, stool pattern
and mental state were improved, and the weight
gain was significant in the SASP group and com-
bination therapy group (p<0.05) (Figure 1).

Colonic Injury Score and
Morphological Changes

Compared with those in the normal group,
rat colon was harder and deeper, manifesting
thickening colon wall, smooth lining signifi-
cant congestion and scattered ulcer in the mod-
el group. Injury score was markedly increased
in the model group (p<0.01). Compared with
those in the model group, the colonic injury
was notably improved, the colon was soft pink,
the intestinal wall was thickened and the colon
wall was smooth and intact in the SASP group
and combination therapy group. There was no
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Figure 1. Change in body weight of rats in each group: NG
(I): normal group, MG (II): model group, SASP (I1I): SASP
group and SASP + SB (IV): combination therapy group.
Data are expressed as mean + SD, and there are 15 rats in
each group. p<0.01 vs. normal group, and p<0.05 vs. model

group.
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significant ulceration, and the total injury score
was evidently reduced (especially in combination
therapy group) in the SASP group and combina-
tion therapy group (p<0.05) (Figure 2A).

Compared with those in the normal group, the
histopathological score of the colonic injury was
markedly higher in the model group (p<0.01).
The colon lining was broken, the colon gland
was necrotic or missing, the crypt was disor-
dered, part of the colon gland was atrophied,
and the lamina was infiltrated in the model
group. The innate tissue and submucosa were
composed of many inflammatory cells, such as
neutrophils, eosinophils and monocytes. Com-
pared with those in the model group, the colonic
injury was remarkably improved, manifesting
a substantially intact lining with no significant
ulcers, but a well-structured colon gland grew
up, accompanied by inflammatory polyps. The
inflammation of the lamina propria and submu-
cosa was markedly relieved (Figure 3), and his-
topathological scores were markedly reduced in
the SASP group and combination therapy group
(p<0.01) (Figure 2B).

Anti-Ulcer Ability

The average ulcer index of the model group
was (702+8.66) mm?, and the administration of
SASP [(156.19+23.88) mm?] or probiotics com-
bined with SASP [(125.84+11.62) mm?] could
lower this index (p<0.001 vs. model group) (Fig-
ure 4).

A severe inflammatory response occurred in
the model group (340.3), which was reduced af-

ter administration with SASP (1.65+0.1) or pro-
biotics combined with SASP (1.31+0.1) (p<0.05)
(Figure 5).

KEGG Pathway Analysis

Compared with those in the model control
group and SASP group, differentially expressed
cytokines regulated by probiotics combined with
SASP were involved in 28 signaling pathways.
The JAK/STAT signaling pathway, immunoglob-
ulin A network, MAPK signaling pathway, im-
mune rejection, TLR signaling pathway, chemo-
kine signaling pathway, apoptosis, intercellular
adhesion, graft vs. host response, T cell receptor
pathway and the Wnt/B-catenin signaling path-
way were included. Further bioinformatics analy-
sis revealed that the difference in the Wnt/p-cat-
enin signaling pathway was the most significant
(Figure 6), which was further verified by exper-
iments.

Influences of Probiotics Combined With
SASP on the Wnt/j-Catenin Signaling
Pathway

Influences of probiotics combined with SASP
on the Wnt/B-catenin signaling pathway in UC
were verified. The results demonstrated that the
Wnt/B-catenin signaling pathway was activated
in the model group, while probiotics and SASP
were capable of down-regulating the expressions
of related molecules, thereby inhibiting this ab-
normal activation. The inhibitory effect was more
pronounced in the combination therapy group
(p<0.05) (Figure 7).
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Figure 2. Histopathological observation and injury scores of colon tissues in each group. A, Total injury score of colon in

each group. B, Histological score of colon in each group.
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Figure 3. Colonic morphology of each group of rats shown via immunohistochemistry (Magnification x 40). NG (A4): normal
group, MG (B): model group, SASP (C): SASP group and SASP + SB (D): combination therapy group.

Discussion

The pathological manifestations of UC in-
clude epithelial barrier defects, immune re-
sponses, leukocyte recruitment and colonic flo-
ra, but the specific pathogenesis is still unclear.
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Figure 4. Index ulcer (mm?) in different groups. Data are
expressed as mean = SEM (p<0.01).

In particular, UC often causes damage to intes-
tinal epithelial cells, leading to the production of
endogenous and exogenous antigens, which are
translocated through the portal system. Intesti-
nal barrier defects are common in patients and
are thought to increase the uptake of antigens
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Figure 5. Inflammatory severity in different groups. Data
are expressed as mean + SEM (p<0.05).
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Figure 6. Cluster heat maps of colonic cytokines in each group. N: normal group, M: model group, SASP: SASP group, and

SASP + SB: combination therapy group.

in the lumen by the intestinal epithelium, which
triggers the development of the immune system
and mucosal inflammationl0. In view of the
limited therapeutic effect on immune respons-
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es, improving the intestinal barrier function of
intestinal epithelial cells may provide a new
way for UC treatment characterized by altered
barrier function. Tight junctions and adhesion
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Figure 7. Wnt/B-catenin pathway-related mRNA expres-
sion in colon tissues of different groups of rats analyzed via
PCR. 1: normal group, 2: model group, 3: SASP group, and
4: combination therapy group (p<0.05).

junctions are the main causes that limit and reg-
ulate intestinal permeability. Samak et al'' found
that DSS treatment increases tyrosine phosphor-
ylation of ZO-1 in Caco-2 cells, suggesting that
tight junctions are disrupted. Lahey et al'? have
shown that the promotion of tight junctions
composed of occluded, claudin family proteins
and intracellular ZO family proteins can help
alleviate UC symptoms.

Uncontrolled release of pro-inflammatory cy-
tokines is an essential feature of UC develop-
ment. The treatment strategy of UC should be
based on the reduction of inflammatory media-
tors and ROS". In addition, UC is characterized
by epithelial dysregulation of epithelial cells.
These cell renewals are tightly regulated by a
comprehensive signaling pathway that controls
proliferation, differentiation and apoptosis. The
Wnt/B-catenin signaling pathway is thought to
play an indispensable role in the proliferation
and differentiation of intestinal epithelial cells',
which is active in epithelial cells of patients with
UC. Wnt signals activate intracellular pathways,
including the typical Wnt/B-catenin-dependent
and non-typical Wnt/B-catenin-independent
pathways'®. B-catenin is a multi-tasking pro-
tein that, on the cell membrane, maintains cell
adhesion to cells through the phosphorylation
of protein complexes and a tightly controlled
level of E-cadherin in the cytoplasm. Free and

non-phosphorylated B-catenin in the nucleus
bind to transcription factors and induce tran-
scription of the target gene'®. Colitis can induce
nuclear translocation of -catenin and affect the
degree of histological differentiation of colon
cancer.

In this study, a special influence of probiotics
combined with SASP on the rat model of UC
was found. UC was evaluated by such indicators
as the severity of intestinal inflammation, ulcer
area and microscopic and macroscopic scores.
After the treatment with probiotics combined
with SASP, the ulcer area in the model group was
significantly reduced, and disease-related clinical
symptoms such as diarrhea and rectal bleeding
decreased. These results reflected the cytoprotec-
tive and anti-ulcer effects of probiotics.

The regulation of the Wnt signaling pathway
is complex and may occur at multiple levels,
including ligand/receptor, B-catenin transloca-
tion and transcriptional activation'’. This study
revealed that the expressions of Wnt ligands in
the mucosa of UC rats were upregulated. In the
injury response, these ligands were upregulated
in both lamina propria and epithelial cells. It has
been previously reported that activated macro-
phages promote the expression of Wnt signals in
kidney and lung epithelial cells and co-cultured
intestinal epithelial cells'®**. This work further
proved these observations.

Conclusions

We showed that the over-activation of the Wnt
signaling pathway promotes the development of
UC, and the treatment with probiotics combined
with SASP benefits the suppression of the ab-
normal activation of the Wnt pathway, thereby
achieving anti-ulcer effects. These results can not
only supplement previous studies, but also pro-
vide a basis for the establishment of new methods
for the treatment of UC.
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