ORIGINAL ARTICLE

Gut and Liver, Vol. 13 No. 4, July 2019, pp. 430-439

Bifidobacterium infantis Induces Protective Colonic PD-L1 and Foxp3
Regulatory T Cells in an Acute Murine Experimental Model of Inflammatory

Bowel Disease

Linyan Zhou®, Dongyan Liu?, Ying Xie®, Xinjie Yao®, and Yan Li*

'Department of Gastroenterology, Shengjing Hospital Affiliated to China Medical University, Shenyang, and “Medical Research Center,

Shengjing Hospital of China Medical University, Benxi, China

Background/Aims: The current study aims to investigate the
protective effects of Bifidobacterium infantis on the abnor-
mal immune response to inflammatory bowel disease (IBD)
in dextran sodium sulfate (DSS)-induced colitis. Methods:
Eight-week-old BALB/c mice were separated into five groups
at random (control, DSS, DSS+B9 [B. infantis 1x10° CFU],
DSS+BS [B. infantis 1x10°® CFU], and DSS+B7 [B. infantis
1x10" CFU)). Colitis was induced by 5% DSS ad libitum for 7
days, at which time we assessed weight, the disease activity
index (DAIl) score, and the histological damage score. The
nuclear transcription factor Foxp3 (a marker of Treg cells),
cytokines interleukin-10 (IL-10) and transforming growth fac-
tor B1 (TGF-B1), and related proteins (programmed cell death
ligand 1 [PD-L1] and programmed cell death 1 [PD-1]) were
detected by an immunohistochemical method and Western
blot. Results: B. infantis increased weight, decreased DAI
scores and histological damage scores, increased the pro-
tein expression of Foxp3 (p<0.05) and cytokines IL-10 and
TGF-B1 in mouse colon tissue (p<0.05), and increased the
expression of PD-L1 in the treatment groups relative to that
in the DSS group (p<0.05). The effect of B. infantis on Foxp3
and PD-L1 was dose dependent in the treatment groups
(p<0.05). PD-L1 was positively correlated with Foxp3, IL-
10, and TGF-B1. Conclusions: In a mouse model of I1BD, B.
infantis can alleviate intestinal epithelial injury and maintain
intestinal immune tolerance and thus may have potential
therapeutic value for the treatment of immune damage in
IBD. (Gut Liver 2019;13:430-439)
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic, recurrent, and
nonspecific intestinal disease that includes the diagnoses of
ulcerative colitis (UC) and Crohn’s disease (CD). The incidence
of IBD in the West ranged from 10 to 30 per 100,000 people,
accounting for 0.5% of the total population in 2015." The an-
nual incidence of newly diagnosed IBD in Asia is 1.37/10 mil-
lion, and China has the highest rate in Asia, at 3.44/10 million.”
In recent years, many scholars have come to believe that an
abnormal immunologic response is the main factor involved in
the nosogenesis of IBD. Regulatory T cells (Treg cells) play a key
role in the immune response.” Foxp3+ Treg cells are a unique
subgroup of CD4+CD25+ T cells that inhibit the reactive effects
of T cells, mainly by secreting cytokines such as transforming
growth factor B1 (TGF-B1), interleukin-10 (IL-10), and IL-35 to
maintain the body’s immune tolerance. Studies have shown that
the reduction of Treg cells, the expression of surface molecules,
and the impairment of inhibitory function may be related to the
occurrence of IBD.*” Programmed cell death 1 (PD-1; CD279),
a costimulator, is expressed on the surface of activated T cells,
B cells and natural killer cells. Programmed cell death ligand 1
(PD-L1; B7-H1; CD274) acts as an inhibitory signal and plays
a negative regulatory role. The PD-1/PD-L1 pathway is closely
related to the proliferation of Treg cells; PD-L1 can promote the
development and function of Treg cells.® The application of pro-
biotics as a treatment or adjuvant treatment for IBD has recently
attracted interest among researchers. Indeed, studies have shown
that Bifidobacterium infantis can promote the proliferation of
Treg cells and the secretion of IL-10, TGF-B1, and other anti-
inflammatory factors and inhibit the proinflammatory factors
interferon-y (IFN-y), IL-2, and IL-17A."* However, no research to

Correspondence to: Yan Li

Department of Gastroenterology, Shengjing Hospital Affiliated to China Medical University, Sanhao Street 36, Shenyang 110004, China

Tel: +86-2496615-26111, E-mail: yanli0227@126.com

Received on July 11, 2018. Revised on October 11, 2018. Accepted on October 17, 2018. Published online March 15, 2019

pISSN 1976-2283 eISSN 2005-1212 https://doi.org/10.5009/gnl18316

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Zhou L, et al: Bifidobacterium infantis Induces PD-L1 and Foxp3 Regulatory T Cells in IBD Mice 431

date has investigated the effect of B. infantis on the expression
of the PD-L1 and PD-1 proteins.

The present study was conducted to observe the effects of B.
infantis on PD-L1 and PD-1, as well as on the Treg cell nuclear
transcription factor Foxp3 and the anti-inflammatory factors
IL-10 and TGF-B1, to understand the effect of B. infantis on the
abnormal immune response during IBD.

MATERIALS AND METHODS
1. Ethical approval

The current study was approved by the ethics committee of
the hospital (approval number: 2017PS353K). Appropriate mea-
sures were taken to reduce the discomfort and injury to which
the experimental animals were subjected.

2. Animals

Forty 8-week-old BALB/c mice, half female and half male,
weighing 20+2 g, were purchased from Beijing Hua Fu Kang
Biological Polytron Technologies, Inc. All feeding and experi-
mental procedures were carried out under specific pathogen-free
conditions at the animal experiment center of Shengjing Hospi-
tal, China Medical University. The temperature was set between
20°C and 26°C, and the relative humidity was 40% to 70%. Each
animal had free access to food and sterile water.

3. Reagents

Dextran sodium sulfate (DSS; molecular weight, 36,000 to
50,000) was purchased from MP Biomedicals (Solon, OH, USA).
Freeze-dried bacteria powder containing 1.6x10'' colony-
forming units (CFU)/g of B. infantis was provided by Shandong
Sinovac Biotech Co., Ltd. (Number: 2017012; Beijing, China).
We purchased antibodies specific for the following proteins for
immunohistochemical and Western blot experiments: PD-L1,
PD-1, Foxp3 (Proteintech Group, Inc., Chicago, IL, USA), IL-10,
TGF-B1, and GAPDH (Abcam, Cambridge, UK). The remaining
reagents were obtained from the indicated sources. The Polymer
Horseradish Peroxidase Detection System for rabbit primary
antibody, the diaminobenzidine (DAB) kit, and Peroxidase-
Conjugated AffiniPure goat anti-rat IgG were from ZSGB-BIO
Co. (Beijing, China), and the enhanced BCA protein assay kit
and sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) reagents were from Beyotime Institute of Biotech-
nology (Jiangsu, China).

4. Experimental design

Forty mice were randomly divided into five groups: control,
DSS, DSS+B9 (treated with 1x10° CFU bacteria), DSS+B8 (treated
with 1x10° CFU bacteria), and DSS+B7 (treated with 1x10’ CEU
bacteria). The mice in the control group drank water ad libitum
for 7 days, while the mice in the other four groups were given 5%
DSS dissolved in drinking water and allowed to drink ad Iibi-

tum for 7 days. The control and DSS groups were administered
400 pL of normal saline (NS) daily intragastrically, while the
other treatment groups were given 400 pL of NS + B. infantis at
the corresponding concentration via the same procedure. Body
weight, fecal characteristics, and occult blood test results were
recorded each day. Disease activity index (DAI) scores were
calculated according to the Hamamoto et al. (Table 1).° After 7
days of colitis induction, the mice were euthanized by inhala-
tion of isoflurane anesthesia, and one-fourth of the colon tis-
sue near the anus was fixed with 4% paraformaldehyde, while
the rest of the colon tissues were immediately cryopreserved at
-80°C for further analysis.

5. Histologic analysis

After fixation with 4% paraformaldehyde for 48 hours, the
colonic tissues were routinely dehydrated, paraffin embed-
ded, sliced at a 4-um thickness, and stained with hematoxylin
and eosin. Each slice was subjected to double-blind histologi-
cal damage scoring of three different randomly selected high-
maghnification visual fields (400x) using the Dieleman integral
standard (Table 2)."°

6. Immunohistochemistry

Nuclear transcription factor FOXP3+ Treg cells, the cytokines
IL-10 and TGF-B1, and the related proteins PD-L1 and PD-1
were detected using immunohistochemical staining, and 4-pm-
thick slices were dewaxed with xylene and an alcohol gradient.
The slices were then repaired using antigen retrieval in a micro-
wave for 7 minutes. After naturally cooling to room tempera-
ture, the sections were incubated in peroxidase for 10 minutes
and blocked with serum for 15 minutes, followed by overnight
incubation (4°C) with a rabbit antibody (Foxp3, dilution 1:8,000;
IL-10, dilution 1:600; TGF-B1, dilution 1:700; PD-1, dilution
1:8,000; and PD-L1, dilution 1:800). In the negative control
group, phosphate-buffered saline (PBS) was used to replace the
first antibody. The slides were incubated with secondary anti-
body for 30 minutes (37°C), then incubated with horseradish-
labeled streptomycin for 15 minutes, and DAB staining was
used to increase the background color. The sections were stained
with hematoxylin, dehydrated with graded ethanol and xylene,
and sealed with neutral gum. After incubation with all reagents
except for serum, the sections were soaked three times in PBS

Table 1. Scoring of the Disease Activity Index

Weight Stool Visible blood
Score . .
loss (%) consistency in feces
0 None Normal None
1 1-5
2 6-10 Loose Slight bleeding
3 11-20
4 >20 Diarrhea Gross bleeding
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Table 2. Scoring System to Calculate Histological Damage

Score Inflammation Depth of lesions Destruction of crypt Width of lesions (%)
0 None None None -
1 Slight Mucosa 1/3 Basal crypt 1-25
2 Moderate Mucosa and submucosa 2/3 Basal crypt 26-50
3 Severe Transmural Intact epithelium only 51-75
4 - - Total crypt and epithelium 76-100
for 5 minutes each. Positive results were indicated by brown RESULTS

granules that appeared after DAB staining. Every slice was ex-
amined, and three fields of view were randomly selected. Image
acquisition was conducted with a Nikon E800 microscope, and
semiquantitative detection of optical density was conducted
with NIS-Elements Br3.0 software (Nikon Instruments, Inc., To-
kyo, Japan).

7. Western blot analysis

Colonic tissues were lysed in RIPA buffer with PMSF, and the
protein concentration of the colonic tissue lysate was detected
after chopping and homogenizing the tissue on ice. A 12% tris-
glycine gel was used, and the proteins were transferred to a
polyvinylidene difluoride (PVDF) membrane after constant pres-
sure electrophoresis (Millipore Corp., Billerica, MA, USA). The
membrane was blocked with 2.5% bovine serum albumin and
incubated overnight (4°C) with antibodies specific for Foxp3
(dilution of 1:1,000), IL-10 (dilution of 1:800), TGF-B1 (dilution
of 1:500), PD-L1 (dilution of 1:750), PD-1 (dilution of 1:500)
and GAPDH (dilution of 1:10,000). Goat horseradish peroxidase
linked to an anti-rabbit IgG secondary antibody was added at a
dilution of 1:5,000 and incubated for 1.5 hours at room temper-
ature. Antibody-specific bands were detected using Biolmaging
Systems (Amersham Imager 600; GE Healthcare Life Sciences,
Pittsburgh, PA, USA).

8. Statistical analysis

All statistical data were analyzed by GraphPad Prism 7.0
(GraphPad Software, La Jolla, CA, USA) and SPSS version 23.0
(IBM Corp., Armonk, NY, USA). The measurement data were
expressed as the meantstandard deviation. Two-way analysis
of variance (ANOVA) was used to examine data related to body
weight and DAI scores. For the remaining data, all data that had
a normal distribution were analyzed using one-way ANOVA,
and all data that were abnormally distributed were analyzed
using the Friedman test. Spearman correlation demonstrated
significant correlations between PD-L1 and Foxp3, IL-10, and
TGF-B1 (all p<0.05).

1. General condition and body mass changes of the mice in
each group

The mice in the control group were generally in good condi-
tion, active, and sensitive to stimuli, with normal eating, no di-
arrhea or bloody stools, and smooth hair color, and while some
mice exhibited weight loss, the overall trend was an increase
in weight. In contrast, mice exposed to DSS showed signs of
mental deterioration, decreased activity, loose and bloody stool,
dry hair, and weight loss. The weight loss of the DSS group was
significant compared to that of the control group after 4 days
(p<0.01). Compared to that of the DSS group, the weight of the
DSS+B9 group from days 5 to 7, the weight of the DSS+B8
group from days 6 to 7, and the weight of the DSS+B7 group
on day 7 trended upward (p<0.05); however, these three groups
did not differ significantly from one another in terms of weight
(Fig. 1A). On the 7th day after model induction, the weight loss
of the mice in the control, DSS, DSS+B9, DSS+B8 and DSS+B7
groups were as follows: 1.31+0.26 g, -3.44+0.62 g, -1.31+0.46 g,
-1.75+0.27 g, and -1.94+0.42 g, respectively.

2. DAl scores

The DAI score in the control group ranged from O to
0.25+0.71. On the 3rd day, the test group began to appear
thin, had loose, bloody stool and showed signs of other disease
activity, and the DAI scores increased until they were signifi-
cantly different from those of the control group (p<0.05). The
DAI scores for the DSS, DSS+B9, DSS+B8, and DSS+B7 groups
peaked on day 7, with values of 7+0.76, 3.38+0.52, 4.63+0.52,
and 5.5+0.53, respectively. On the 5th day, the DAI scores of
the B. infantis groups were significantly lower than those of
the DSS group, and the DAI scores were significantly different
among the groups treated with different concentrations on day
7 (all p<0.05) (Fig. 1B).

3. Histologic damage

To investigate the effect of B. infantis on disease progres-
sion in mice with colitis, histological analysis of the colon was
performed. Compared to those of the mice in control group, the
colons of the mice in the DSS group were congested, shortened,
and thickened, with visible hemorrhaging. In the DSS+B9,



Zhou L, et al: Bifidobacterium infantis Induces PD-L1 and Foxp3 Regulatory T Cells in IBD Mice 433

A —e— Control —+— DSS+B9 B

—+— DSS+B9 C

—e— Control e Control A DSS+B9
—=— DSS —+— DSS+B8 —=— DSS —+— DSS+B8 = DSS v DSS+B8
DSS+B7 DSS+B7 DSS+B7
24 10 .
23 A -

Histological score

Control

DSS + B8

Fig. 1. (A) Effect of Bifidobacterium infantis on weight. (B) Disease activity index (DAI) changes among groups. Values given as the mean+SD
(*p<0.01, compared to the control group; 'p<0.05, compared to the dextran sodium sulfate [DSS] group; ‘p<0.05, compared to the DSS+B9 group;
$p<0.05, compared to the DSS+B8 group). (C) Colonic damage scores. Values given as the mean+SD (*p<0.01, compared to the control group;
'p<0.01, compared to the DSS group; ‘p<0.01, compared to the DSS+B9 group; $p<0.05, compared to the DSS+B8 group). (D) Representative H&E-
stained colon sections are shown (original magnification, x200). Control group: normal crypt architecture and absence of inflammation; DSS
group: mucosal structure was damaged, extensive crypts were destroyed, and large numbers of infiltrating inflammatory cells; DSS+B9 group:
mild inflammation involved the mucosal layer, and the crypt damage was less than 1/3; DSS+B8 group: mild inflammation involved the submu-
cosa, and the crypt damage was between 1/3 and 2/3; DSS+B7 group: mild inflammation involved the muscle layer, and the crypt damage was

2/3. (E) Histopathology of the colon, representative H&E-stained colon sections (original magnification, x400).

DSS+B8, and DSS+B7 groups, the edema and intestinal wall
thickness of the mice were reduced compared to those of the
mice treated with DSS, and no bleeding was observed. Hema-
toxylin and eosin staining showed that the colons of the mice
in the control group had an ordered arrangement, with normal
crypts and almost no inflammatory cell infiltration. In the DSS
group, the mucosal structure was damaged, characterized by
disordered adenoid tube arrangement, extensive deformations
and atrophy of recesses, decreased goblet cells, atrophy and
necrosis of the epithelium, disappearance of epithelial cells, and
infiltration of inflammatory cells (involving the lamina propria
and submucosa), with recesses and cryptic abscesses. The his-
tological injury score of the DSS group was clearly higher than
that of the control group (p<0.01), and some of the specimens
showed evidence of ulceration. The DSS+B9 group showed mild
inflammation that involved the mucosal layer. The scope of the
damaged crypts was less than one-third of the crypts. The epi-

thelium was complete, and the width of the lesions comprised
less than 25% of the epithelium. The DSS+B8 group had mild
inflammation, partially involving the submucosa, and the crypt
damage ranged from one-third to two-thirds of the crypts, with
the width of the lesions comprising less than 50% of the epithe-
lium. The DSS+B7 group had moderate inflammation, partially
involving the submucosal layer, two-thirds of the crypts were
damaged, with the width of lesions ranging from 50% to 75%
of the epithelium. Compared to that in the DSS+B7 group, the
histological injury score in the DSS+B9 group was significantly
increased, but there was no striking difference between the
DSS+B8 and DSS+B9 groups (Fig. 1C-E).

4. The effect of B. infantis on Treg cells

To study the effect of B. infantis on immune function in mice
with colitis, we examined Treg cells. Foxp3 is a nuclear tran-
scription factor of Treg cells. Immunohistochemistry showed
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that brown granules were deposited in the lymphocytes of the
lamina propria. Compared to those in the control group, the
protein expression, number of cells with positive staining, and
staining intensity of Foxp3 in the DSS group were significantly
reduced (p<0.01). Similarly, compared to those in the DSS
group, the number and intensity of cells with positive staining
for Foxp3 were significantly increased (p<0.05), and differences
were observed among the groups treated with different concen-
trations of B. infantis (p<0.05). Additionally, the protein expres-
sion of Foxp3 was significantly decreased in the DSS group
compared to that in the control group (p<0.01). The expression
of Foxp3 in the groups treated with B. infantis was significantly
increased (p<0.05) compared to that in the DSS group, and an
expression difference was found among the groups treated with
different concentrations of B. infantis (p<0.05) (Fig. 2).

5. B. infantis promoted the expression of IL-10 and TGF-31

IL-10 and TGF-B1 are secretory proteins that are widely
expressed in mucous membranes and the lamina propria. The
expression of the IL-10 protein in the DSS group was conspicu-
ously lower than that in the control group. The expression of
IL-10 in all the B. infantis groups was higher than that in the
DSS group. The IL-10 expression in the DSS+B9 group was
higher than that in the DSS+B8 and DSS+B7 groups, but there
was no difference between the DSS+B8 and DSS+B7 groups.
The protein expression of TGF-$1 in the DSS group was signifi-
cantly lower than that in the control group, and the expression
level increased significantly after treatment with B. infantis.

>

The expression of TGF-B1 in the DSS+B9 group was signifi-
cantly higher than that in the DSS+B7 group, and there was a
significant difference between the DSS+B9 and DSS+B8 groups
in Western blot experiments but not in immunohistochemistry
experiments (Fig. 3).

6. The effect of B. infantis on PD-L1 and PD-1

PD-L1 was found in the cell membrane and cytoplasm and
was expressed in the intestinal epithelium and the lamina pro-
pria; PD-1 was also found in the cell membrane and cytoplasm
but was observed only in the lamina propria and not the intes-
tinal epithelium. The expression of PD-L1 and PD-1 was high in
the control group, and the expression of these factors in the DSS
group was significantly lower (p<0.01). The expression of PD-L1
and PD-1 in the groups treated with B. infantis was higher than
that in the DSS group (p<0.05), and there were significant dif-
ferences in the expression of PD-L1 among the groups treated
with different concentrations of B. infantis (p<0.05); however,
there was no difference in the expression of PD-1 among the B.
infantis groups (Fig. 4).

7. Correlation analysis of PD-L1 with the Foxp3, IL-10, and
TGF-B1 proteins

Analysis of protein expression by Western blotting revealed
positive correlations of PD-L1 with Foxp3, IL-10, and TGF-1 (all
p-values <0.05; r=0.737 [Foxp], r=0.664 [IL-10], and r=0.722
[TGE- B1]) (Fig. 5).
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Fig. 2. Effects of Bifidobacterium infantis on Foxp3. (A-E) Foxp3 was detected by immunohistochemistry in the control, dextran sodium sulfate
(DSS), DSS+B9, DSS+B8, and DSS+B7 groups (original magnification, x400). (F) Analysis of Foxp3 expression by average optical density accord-
ing to (A-E). (G) Foxp3 expression in each group by Western blot. (H) Analysis of Foxp3 according to (G). Values given as the mean+SD (*p<0.01,
compared to the control group; 'p<0.05, compared to the DSS group; "p<0.05, compared to the DSS+B9 group; *p<0.05, compared to the DSS+B8
group).
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Fig. 3. Effects of Bifidobacterium infantis on interleukin-10 (IL-10) and transforming growth factor g1 (TGF-B1). (A-E) IL-10 and (G-K) TGF-B1
were detected by immunohistochemistry in the control, dextran sodium sulfate (DSS), DSS+B9, DSS+B8, and DSS+B7 groups (original magnifica-
tion, x400). (F, L) Analysis of the expression of IL-10 and TGF-B1 by average optical density according to (A-E) and (G-K). (M) Expression of IL-
10 and TGF-B1 in each group by Western blot. (N, 0) Analysis of IL-10 and TGF-B1 according to (M). Values given as the mean+SD (*p<0.01,
compared to the control group; 'p<0.05, compared to the DSS group; p<0.05, compared to the DSS+B9 group; *p<0.05, compared to the DSS+B8
group).
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Fig. 4. Effects of Bifidobacterium infantis on PD-L1 and PD-1. (A-E) PD-L1 and (G-K) PD-1 were detected by immunohistochemistry in the con-
trol, dextran sodium sulfate (DSS), DSS+B9, DSS+B8, and DSS+B7 groups (original magnification, x400). (F, L) Analysis of the expression of PD-
L1 and PD-1 by average optical density according to (A-E) and (G-K). (M) Expression of PD-L1 and PD-1 in each group by Western blot. (N, 0)
Analysis of IL-10 and TGF-B1 according to (M). Values given as the mean+SD (*p<0.01, compared to the control group; 'p<0.05, compared to the
DSS group; “p<0.05, compared to the DSS+B9 group; *p<0.05, compared to the DSS+B8 group).

PD-L1, programmed cell death ligand 1; PD-1, programmed cell death 1.
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Fig. 5. Correlation analysis between PD-L1 and Foxp3, IL-10, TGF-f1
(all p<0.05). r=0.737 (Foxp3), r=0.664 (IL-10), r=0.722 (TGF-B1).
PD-1, programmed cell death 1; IL-10, interleukin-10; TGF, trans-
forming growth factor.

DISCUSSION

Although the diagnosis and treatment of IBD have greatly
improved,'' the etiology and pathogenesis of IBD are still un-
clear. The most recent studies suggest that the main pathogenic
mechanism of IBD may involve a disruption of the delicate bal-
ance between the host and intestinal microbes, which triggers
an inflammatory immune response in genetically susceptible
individuals."” The histological changes observed in the DSS-
induced colitis animal model are very similar to those observed
in human IBD."™" After induction with the DSS solution, the in-
testinal flora of the experimental animals changes, yielding ab-
normal immune responses.15 Therefore, the DSS-induced colitis
animal model is widely used in experimental IBD research. Bi-
fidobacterium is the most important physiological group in the
human large intestine. Organisms in this group can inhibit ab-
normal autoimmune reactions and maintain homeostasis of the
intestinal environment. More than 30 species of Bifidobacterium
have been identified to date. Of these species, B. infantis is the
most closely related to human health. Many studies have shown
that B. infantis has a positive effect on intestinal flora imbalanc-
es, acute and chronic diarrhea, irritable bowel syndrome, IBD,
and other diseases;'*"” however, the immunomodulatory effect
and mechanism of IBD need to be further studied. To study the
therapeutic effect of B. infantis on IBD and its immune mecha-
nism, we conducted animal experiments in an acute colitis
model induced by treating mice with DSS with an additional
B. infantis intragastric intervention. We observed that B. infan-
tis can increase the weight of DSS-treated mice and improve
symptoms, suggesting that B. infantis can delay the acute stage
of colitis in mice. In addition, B. infantis can improve histologi-
cal damage scores, and we demonstrated an improvement in
histology in the high-concentration treatment group compared
to that in the low-concentration treatment group. This finding

suggests that B. infantis may be able to repair acute intestinal
mucosal injury and slow the progression of acute colitis. There-
fore, B. infantis demonstrated protective effects in mice with
acute colitis. Treg cells are a relatively independent subgroup of
CD4+ T cells. These cells play an important role in maintaining
autoimmune tolerance, regulating immune responses, respond-
ing to external antigens, and preventing graft rejection.' Treg
cells are involved in the pathogenesis, development, and healing
of IBD."*” Animal experiments have shown that following the
injection of CD4+CD25+ Treg cells, the symptoms of enteritis in
mice lacking CD4+CD25+ Treg cells were effectively alleviated,
suggesting that Treg cells play a crucial role in maintaining in-
testinal immunological tolerance.”' Indeed, clinical studies have
shown that the number of Treg cells in the intestinal mucosa of
IBD patients is relatively low and correlates with disease activ-
ity." Additionally, Canavan et al.”> demonstrated that Treg cells
can inhibit lymphocyte function in CD patients, suggesting that
Treg cells are involved in autoimmune repair during IBD. Foxp3
is a specific transcription factor involved in the immunosuppres-
sion function of Treg cells; high expression can promote Treg
cell differentiation and downregulate the immune response.”
Treg cells mainly secrete the cytokines IL-10 and TGF-$1, which
play an immunosuppressive role and help maintain autoim-
mune tolerance.” IL-10 gene-deficient mice develop spontane-
ous enteritis, which is characterized by the dysregulation of
anti-inflammatory cytokines.” In a preclinical study, the sub-
cutaneous injection of recombinant human IL-10 was found to
have a positive effect on IBD patients.”® TGF-B1 is a multifunc-
tional cytokine that participates in wound repair, embryonic de-
velopment, cell growth and differentiation, extracellular matrix
synthesis, immune regulation, and other processes.”” Chowdhury
et al.” found that the expression of TGF-B1 mRNA in chronic
persistent UC patients was lower than that in patients who did
not have a UC diagnosis, suggesting that this factor may be a
main cause of the chronicity of the disease. Several experiments
have proved that Bifidobacterium can promote the proliferation
of Treg cells, improve the expression of Foxp3, and enhance
immunosuppressive function by enhancing the expression of
anti-inflammatory factors, such as IL-10 and TGF-f1, thus re-
ducing the immune response of IBD.”* Indeed, we confirmed
that B. infantis can increase the protein expression of Foxp3 in
the colon tissue of mice in a concentration-dependent manner,
suggesting that B. infantis may promote the proliferation of
Treg cells. The results of studies performed Zheng et al.’' sug-
gested that B. infantis could improve the expression of Foxp3
in colon tissue, which we also confirmed. We also observed that
B. infantis enhanced the expression of IL-10 and TGF-B1 in the
colon, suggesting that B. infantis promotes the immunosuppres-
sive function of the colon in mice. Therefore, we speculate that B.
infantis could play a role in the treatment of IBD by promoting
the proliferation and immunosuppressive function of Treg cells
and by participating in immune regulation in the intestine.
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PD-L1 combines with its receptor PD-1 to induce immuno-
logical tolerance by restraining the activity of T and B cells.”” In
the current study, we found that the expression of PD-L1 and
PD-1 in the intestines of mice with acute enteritis decreased sig-
nificantly, suggesting that PD-L1 and PD-1 may be involved in
the pathogenesis of DSS-induced acute enteritis. We also found
that B. infantis can increase the expression level of PD-L1 and
PD-1 in the intestine; however, it is not clear whether B. infantis
can increase the expression of PD-L1 and PD-1 or if B. infantis
indirectly stimulates the expression of PD-1 by increasing the
expression of PD-L1. Future studies are needed to answer this
question. The animal experiments showed that PD-L1 alleviated
the inflammatory response in mice with DSS-induced IBD.” This
finding suggests that PD-L1 is involved in the treatment of IBD.
Indeed, we demonstrated positive correlations between PD-L1
and Foxp3, IL-10, and TGFB1. Whether PD-L1 affected Foxp3,
IL-10, and TGFB1 or whether these protein levels changed in
parallel remains to be explored. Moreover, the expression of
PD-L1 was significantly correlated with the number of Foxp3+
Treg cells, suggesting that PD-L1 may be closely related to the
proliferation of Treg cells.’*” PD-L1 also plays an important
role in inducing the differentiation of Treg cells.” Therefore, we
propose that B. infantis may increase the expression of PD-L1,
further promoting the proliferation and differentiation of Treg
cells and enhancing the immunosuppressive function of Treg
cells.

In summary, B. infantis can increase the expression of the
PD-L1 and PD-1 proteins and promote the expression of the
Treg cell nuclear transcription factor Foxp3 and the anti-
inflammatory factors IL-10 and TGF-B1. B. infantis can also
alleviate intestinal epithelial injury, maintain intestinal immune
tolerance, and protect mice against IBD. Treatment with B. in-
fantis represents a potential therapy for individuals with IBD.
The protective role of Treg cells in IBD and the role of PD-L1
induced by B. infantis require further investigation.
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