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The altered expression of PD-1 and PD-L1 in colonic mucosa may be a possible mechanism of UC, and

COHC'USIO" TMSC-derived PD-L1 could help suppress colitis.

Background/Aims: The programmed death 1 (PD-1)/programmed death-ligand 1 (PD-L1) pathway has not been fully eval-
uated in inflammatory bowel disease. We evaluated PD-1/PD-L1 levels in patients with ulcerative colitis (UC) and their signifi-
cance in tonsil-derived mesenchymal stem cells (TMSCs) treatment.

Methods: Using acute and chronic murine colitis model, we measured the PD-1 and PD-L1 levels in inflamed colonic tissues
pre- and post-treatment with TMSCs. We also measured PD-1 and PD-L1 levels in colonic tissues from UC patients, com-
pared to normal controls.

Results: In the analysis using human colonic tissues, a significant increase in the levels of PD-1 and PD-L1 was observed in
the colonic mucosa of patients with UC compared with normal controls (p < 0.001 and p = 0.005, respectively). When com-
paring the maximal disease extent, PD-L1 levels were highest in patients with proctitis (38.5 + 46.7), followed by left-side
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colitis (17.5 £ 23.1) and extensive colitis (5.2 + 8.2) (p < 0.001). In the chronic colitis model, the level of PD-L1 was decreased
(p = 0.040) and the level of PD-1 increased more than in normal controls (p = 0.047). After treatment with TMSC, significant
improvements were observed in body weight, disease activity index, and colon length recovery. Additionally, the levels of
PD-1 and PD-L1 were recovered; PD-L1 significantly increased (p = 0.031), while the level of PD-1 decreased (p = 0.310).

Conclusions: The altered expression of PD-1 and PD-L1 in colonic mucosa may be a possible mechanism of UC, and

T-MSC-derived PD-L1 could help suppress colitis.

Keywords: Colitis model; Colonic mucosa; Human colonic tissues; Inflammatory bowel disease

INTRODUCTION

Inflammatory bowel disease (IBD), including ulcerative colitis
(UC) and Crohn'’s disease (CD), is a chronic relapsing-remit-
ting disease. The incidence of IBD has risen rapidly in Asian
countries, including Korea [1]. In a recent Korean popula-
tion-based cohort study, the annual incidence rates of CD
and UC per 100,000 inhabitants gradually increased from
0.6and 0.291in 1986-1990to 2.44 and 5.82in 2011-2015,
respectively [2]. Despite decades of research, the pathogen-
esis of IBD remains largely unknown. Some researchers be-
lieve that abnormal immune responses accompanied by ge-
netic, environmental, and gut microbial factors are among
the main factors in IBD development [3].

Programmed death 1 (PD-1), a member of the B7-CD28
family, is a co-inhibitory receptor expressed on B cells, T cells,
monocytes, and natural killer cells. Interaction of PD-1 and
its ligand programmed death-ligand 1 (PD-L1) exerts a wide
range of immunoregulatory functions in T cell activation,
immune tolerance, and autoimmunity [3]. Engagement of
PD-L1 or PD-L2 with PD-1 on T cells leads to the downreg-
ulation of T cell responses by mediating programmed cell
death and inhibiting cytokine secretions [4]. Meanwhile, an-
ti-PD-L1 antibodies, which block the PD-L1 ligation on PD-1
are being successfully used to treat several solid tumors,
prevent suppression of active T cells, and cause the devel-
opment of severe enterocolitis mimicking IBD as a serious
adverse event [5].

Although the PD-1/PD-L1 pathway may play a role in IBD
pathogenesis, the underlying mechanism remains poorly
characterized. Beswick et al. [6] reported that the PD-1 level
is increased in T cells in the inflamed colon mucosa of pa-
tients with IBD. Scandiuzzi et al. demonstrated that PD-L1
expressed in gut epithelium regulates intestinal inflamma-
tion by inhibiting innate immune cells. Furthermore, the de-
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creased PD-L1 expression in the colonic mucosa of patients
with CD was also reported to contribute to the dysregula-
tion of Th1 response and aggravation of mucosal inflam-
mation in patients with CD [7,8]. In addition, PD-1 deficient
mice showed resistance to experimental colitis through al-
teration of gut microbiota [9].

Mesenchymal stem cells (MSCs) are pluripotent stem cells
that can be isolated from the bone marrow, fat, skin, amni-
otic fluid, and umbilical cord blood and have been evaluated
as a potential therapeutic alternative for several autoimmune
diseases, including IBD, owing to their immunosuppressive
and tissue-regenerative properties [10,11]. Tonsil-derived
MSCs (TMSCs) have been proposed as a new source of
MSCs as they proliferate and are easily obtainable [12,13].
In our previous studies, administration of TMSCs and TM-
SC-conditioned medium in dextran sulfate sodium (DSS)-in-
duced acute and chronic murine colitis models demonstrat-
ed therapeutic efficacy in terms of lowering disease activity
index (DAI) scores, colon length recovery, and decreased
expression of pro-inflammatory cytokines [14,15].

In this study, we evaluated the relative gene expression
levels of PD-1 and PD-L1 in the colonic mucosa with and
without active inflammation in patients with UC, as well
as in TMSC, which are therapeutically effective in a murine
colitis model. Additionally, we evaluated the changes in
PD-1 and PD-L1 expression in @ murine colitis model with
and without TMSCs treatment.
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METHODS

PD-1 and PD-L1 in the human colonic mucosa
with UC

Measurement of PD-1 and PD-L1 in colonic tissues
of patients with UC

At our center, we have maintained the Ewha IBD cohort
since 2019, prospectively collecting patient data, colon biop-
sy specimen, blood, and stool sample. Between December
2020 and December 2021, we enrolled 14 patients with UC
and 18 normal controls. After obtaining informed consent
from patients under the approved human research protocol
of the Institutional Review Board of Ewha Womans Univer-
sity Seoul Hospital (IRB number, SEUMC 2020-12-017), en-
doscopic colonic biopsies were performed at each five seg-
ments of the colon in patients with IBD and at 2-3 segments
of the colon in normal controls. Additionally, we analyzed
seven colon specimens collected from the Ewha IBD cohort
(SEUMC 2019-04-019). Detailed demographic and clinical
data were retrieved from medical record. Throughout the
study, the authors did not have access to information that
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could identify individual participants.

The colon biopsy specimens were immediately placed into
RNA later (Invitrogen, Waltham, MA, USA) and stored at
-80°C for analysis. One milliliter of TRIzol Reagent (Ambion,
Life Technologies, Carlsbad, CA, USA) was added to the co-
lon specimen. After mincing, 200 pL of chloroform (Sigma,
St. Louis, MO, USA) was added, followed by vortexing. The
mixture was then centrifuged, and the supernatants were
transferred to a new tube. An equal volume of isopropanol
(Sigma) was added; after mixing by inversion, the sample
was centrifuged again at 13,000 xg (4°C) for 10 minutes.
Subsequently, nuclease-free water was added, and the RNA
concentration was measured using Nabi (NanoDrop) (Mi-
croDigital, Seongnam, Korea), followed by the mixture of
2 ug of RNA and 0.5 pg of oligo dT primer, where the sam-
ple was left at 70°C for 10 minutes thereafter. Next, 200
units of Molony Murine Leukemia Virus Reverse Transcrip-
tase (M-MLV RT) (Promega, Fitchburg, WI, USA), 25 units of
rRNasin Ribonuclease inhibitor (Promega), 5 x RT buffer, and
2 mM of dNTP were added, and the final volume was set
to 25 pL by adding an appropriate amount of nuclease-free
water. A Quantstudio 3 real-time polymerase chain reaction

Table 1. The primers sequences of the qRT-PCR in human and mouse colonic tissue

Species Primer Primer Sequences (5'-3")
Human PD-1 Forward 5-CGTGGCCTATCCACTCCTCA-3’
Reverse 5-ATCCCTTGTCCCAGCCACTC3'
PD-L1 Forward 5-TATGGTGGTGCCGACTACAA-3'
Reverse 5-TGGCTCCCAGAATTACCAAG-3'
GAPDH Forward 5-TGATGACATCAAGAAGGTGGTGAA-3'
Reverse 5-TCCTTGGAGGCCATGTGGGCCAT-3’
Mouse IL-18 Forward 5'-GAGCCCATCCTCTGTGACTC3!
Reverse 5'-TCCATTGAGGTGGAGAGCTT-3'
IL-6 Forward 5-CCGGAGAGGAGACTTCACAG-3'
Reverse 5'-TCCACGATTTCCCAGAGAAGC3'
IL-17 Forward 5-TCCCTCTGTGATCTGGGAAG-3'
Reverse 5'-CTCGACCCTGAAAGTGAAGG-3'
PD-1 Forward 5-AAATCGAGGAGAGCCCTGGA-3’
Reverse 5-CATGCCTTGAAACCGGCCTT-3
PD-L1 Forward 5-GGTGCGGACTACAAGCGAAT-3'
Reverse 5-TTCATGCTCAGAAGTGGCTGG-3'
GAPDH Forward 5-TGATGACATCAAGAAGGTGGTGAAG-3'
Reverse 5'-TCCTTGGAGGCCATGTGGGCCAT-3’

gRT-PCR, quantitative real-time polymerase chain reaction.
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(PCR) system (Applied Biosystems, Waltham, MA, USA) was
used for analysis using 0.1 pg of the synthesized cDNA as
a template for the 2X Power SYBR Green PCR Master mix
(Applied Biosystems) and each primer set for PD-1 and PD-
L1. Primers used in this study were obtained from Macrogen
(Seoul, Korea) (Table 1). Each PCR was performed after 10
minutes of pre-denaturation at 95°C, 15 seconds at 95°C,
and 1 minute at 60°C; this was repeated 40 times. After the
PCR was completed, a melting curve was drawn to check
the accuracy of gene amplification. For the internal com-
pensation of gene expression level, the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
also used, and relative gene expression levels were present-
ed as 2-24Ct yalues.

PD-1 and PD-L1 in TMSCs

Isolation and expansion of TMSCs

Participants aged < 18 years were recruited for this study.
Written informed consents were obtained from the legal
guardians of the parents and/or patients for tonsil tissue
studies. This study was approved by the Institutional Re-
view Board of Ewha Womans University Medical Center
(ECT 11-53-02). All experiments were performed following
institutional ethical guidelines and the Declaration of Hel-
sinki. All the tonsil tissues used in this study were obtained
from a single donor. TMSCs were isolated and cultured as
described in our previous studies [14]. Tonsil tissues were
obtained during tonsillectomy from patients under 10 years
of age. Minced and digested tonsillar tissues were washed
using Dulbecco’s modified Eagle’s medium-high glucose
(DMEM-HG; Welgene, Daegu, Korea) supplemented with
20% fetal bovine serum (FBS; Invitrogen) and washed again
using DMEM-HG supplemented with 10% FBS. Mononu-
clear cells were isolated from the prepared tonsil tissues
and cultured in cell culture plates. The adherent cells were
further cultured for 2 weeks and passaged. The passaged
cells (hereafter referred to as TMSCs) were stored in liquid
nitrogen for future experiments. The MSC characteristics of
TMSCs, according to the minimal criteria for defining mul-
tipotent mesenchymal stromal cells [16], were confirmed in
our previous study [14] and other studies [17].

Measuring PD-1 and PD-L1 in cell surface and

soluble medium of TMSCs
PD-1 and PD-L1 expression was measured in TMSCs. PD-1
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was measured exclusively on the cell surface, while PD-L1
was secreted in soluble form in the conditioned medium
and on the cell surface. PD-1 and PD-L1 expression on the
surface of TMSC was also measured. The mRNA expression
level of PD-1 and PD-L1 on the surface of TMSC were con-
firmed real-time PCR in the same procedure as previously
described, and the soluble PD-L1 secreted from TMSC was
confirmed by immunoassay. To measure PD-L1 (soluble
form) secreted from TMSCs, TMSCs were sub-cultured and
supernatants were collected and stored at -20°C or below
before measurement. Extracted TMSC supernatants was
used to measure PD-L1 levels using Quantikine Human PD-
LT immunoassays (R&D Systems, Minneapolis, MN, USA).
The diluted sample (supernatant, lysate protein) and stan-
dard solution were incubated in each 96-well plate coated
with PD-L1 antibody for 2 hours at room temperature on a
shaker at 500 rpm. After the reaction in each well, the re-
maining solution was washed with Wash Buffer and aspirat-
ed. A 200 pL PD-L1 conjugate was added to each well and
incubated for 2 hours at room temperature. After repeating
the washing process, 200 pL of substrate solution was add-
ed and incubated for 30 minutes at room temperature with
light blocking. After the reaction was complete, the color
was developed with 50 pL of stop solution, and the opti-
cal density was measured within 30 min using a microplate
reader set to 450 nm.

PD-1 and PD-L1 in acute and chronic murine
colitis model with and without TMSCs
treatment

Induction of acute and chronic murine colitis
models and expression of PD-1 and PD-L1in a
colitis model

The animal models used for the experiment were seven-
week-old C57BL/6 male mice (Orient Bio Co., Ltd., Sun-
gnam, Korea) with an average weight of 20-22 g. The
mice were acclimatized for seven days in a standardized
environment at the facility of the Ewha Womans Univer-
sity Medical Research Institute before the experiment. Day
and night conditions were provided at 12 hours intervals,
and the temperature (23 + 2°C) and humidity (45-55%)
were set to appropriate levels. Experiments and procedures
were approved and all experiments were performed follow-
ing experimental research protocol approved by the Ethics
Committee for Animal Research of Ewha Womans Universi-
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ty (EUM19-0464, ESM18-0415). This study was performed
following the standards described in ARRIVE guidelines.
Acute colitis in mice was induced by oral administration of
2.5% DSS (MP Biochemical, Irvine, CA, USA) for seven days.
Chronic colitis in mice was induced by oral administration
of 1.5% DSS for five days, followed by an additional five
days of tap water feeding; overall three such cycles (total
30 days) were performed. On the 7th day of the experiment
after colitis induction in the acute colitis model and the 31st
day of the experiment after colitis induction in the chron-
ic colitis model, the mice were sacrificed by carbon dioxide
inhalation, and the colon was dissected from the cecum to
the anus for colon length measurement. Colon specimens
of mice with colitis were also treated in the same manner as
humans, and the levels of PD-1 and PD-L1 were measured
using the method described above (Table 1).

The change of PD-1 and PD-L1 expression after
TMSCs treatment

In the acute colitis model, mice were randomly assigned to
four groups: 1) normal control (n = 5), 2) TMSC control (n =
5), 3) DSS + phosphate-buffered saline (PBS) group (n = 5),
and 4) TMSC-treated group (n = 5). TMSC was administered
on day 3 following colitis induction in the TMSC-treated
group, while in the TMSC control group, TMSC was admin-
istered on day 3 of the experiment without colitis induction.
In the chronic colitis model, mice were randomly assigned to
four groups: 1) normal control (n = 5), 2) TMSC control (n =
5), 3) DSS+PBS group (n = 5), and 4) TMSC-treated group (n
=10). In the TMSC-treated group, TMSC was administered
on days 6, 9, 12, and 16 following colitis induction, while in
the TMSC control group, TMSC was administered on days
6, 9, 12, and 16 of the experiment without colitis induc-
tion. For each group, weight change, stool consistency, and
occult or grossly observed blood from stool or anus were
checked daily and the DAl was assessed. The expression of
PD-1, PD-L1, proinflammatory cytokine (IL-1B, IL-6, IL-17,
and tumor necrosis factor-o [TNFa]) in colonic tissue were
also measured as the method described previously (Table 1).

Statistical analysis

Categorical variables were presented as numbers with per-
centages, and continuous variables were presented as medi-
ans with interquartile ranges (IQRs). The chi-square test was
used to compare categorical variables, and the Student’s
t-test was used for continuous variables. All measured val-
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ues are expressed as mean + standard deviation. Student’s
t-test or Mann-Whitney U test was used to compare the
values between the two groups. The statistical significance
was set at a p < 0.05. Al statistical analyses were performed
using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

The level of PD-1 and PD-L1 in the colonic
mucosa of patients with ulcerative colitis

To evaluate the role of PD-1 and PD-L1 in the pathogenesis
of UC, we measured the expression levels of PD-1 and PD-
L1 in the colonic mucosa of patients with UC and compared
them with those of the normal controls. A total of 21 pa-
tients with UC and 18 normal controls were enrolled. The
median age at colonoscopy was 37.0 years (IQR, 26.5-58.0
yr) in patients with UC and 51.5 years (IQR, 35.0-60.0 yr) in
the normal controls (p = 0.071) (Table 2). A total of 15 males
(71.4%) and six females (28.6%) with UC were evaluated,
and the proportion of female patients was significantly high-
er in the normal controls (p = 0.026). The maximal disease
extent of enrolled UC patients was proctitis in five patients
(23.8%), left-side colitis in four patients (19.0%), and ex-
tensive colitis in 12 patients (57.1%). Regarding endoscopic
disease activity assessed using the Mayo endoscopic sub-
score (MES), six patients (28.6%) with UC were MES 0, ten
(47.6%) were MES 1, four (19.0%) were MES 2, and one
(4.8%) was MES 3. Regarding the patients’ medical history,
5-aminosalicylic acid was described in 20 patients (95.2%),
immunomodulators in nine (42.9%), anti-TNF agents in six
(28.6%), and small molecules in two (9.5%) (Table 2).

The expression of PD-1 was significantly increased in the
colonic mucosa of patients with UC compared to that of
normal controls (5.1 + 4.5 vs. 1.3 £ 1.3, p < 0.001, Fig.
1A). Additionally, the expression of PD-L1 was also signifi-
cantly increased in the colonic mucosa of patients with UC
than that of normal controls (15.3 £ 28.5vs. 1.7+ 1.7, p =
0.005, Fig. 1B). To evaluate the association between PD-1
and PD-L1 expression and active inflammation in the colon,
we compared the levels of PD-1 and PD-L1 in the colonic
mucosa of patients with UC with and without active inflam-
mation. The expression of PD-1 was significantly higher in
the colonic mucosa with active inflammation than in the
colonic mucosa without active inflammation (6.3 + 3.8 vs.
3.8£2.9, p=0.004, Fig. 1C) in patients with UC. However,
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no significant difference was observed in the level of PD-L1
between the mucosa with active inflammation and without
active inflammation (17.6 £ 28.0vs. 13.0 £ 29.0, p = 0.416,
Fig. 1D).

When comparing the maximal disease extent, the level
of PD-L1 was found to be highest in patients with proctitis
(38.5 + 46.7), followed by left-side colitis (17.5 + 23.1), and
extensive colitis (5.2 + 8.2) (p < 0.001, Fig. 2B). However,
the level of PD-1 was not significantly different according

Table 2. Baseline characteristics of enrolled patients

to the maximal disease extent (3.4 + 2.3 in proctitis, 6.0 +
5.6 in left-side colitis, and 5.5 + 4.7 in extensive colitis; p
= 0.089) (Fig. 2A). When comparing the PD-1 and PD-L1
levels specifically from rectal mucosa, a difference was also
observed, although these were not statistically significant
(PD-1 level: proctitis 4.7 + 2.5 vs. left-sided colitis 11.4 +
10.3 vs. extensive colitis 9.0 = 8.0; p = 0.318) (PD-L1 level:
proctitis 42.3 £ 55.2 vs. left-sided colitis 29.4 + 20.8 vs. ex-
tensive colitis 7.1 £ 6.1; p = 0.559). When comparing the

Characteristic Patients (n = 21) Normal control (n = 18) p value
Age at colonoscopy (yr) 37.0 (26.5-58.0) 51.5 (35.0-60.0) 0.071
Sex 0.026
Male 15(71.4) 6(33.3)
Female 6 (28.6) 12 (66.7)
Maximal disease extent before colonoscopy
Proctitis 5(23.8)
Left side colitis 4 (19.0)
Extensive colitis 2 (57.1)
Disease extent at colonoscopy
Proctitis 12 (57.1)
Left side colitis 4(19.0)
Extensive colitis 5(23.8)
Disease activity
Remission (Mayo score 0-2) 7 (33.3)
Mild (Mayo score 3-5) 7 (33.3)
Moderate (Mayo score 3-5) 7 (33.3)
MES
MES 0 6 (28.6)
MES 1 10 (47.6)
MES 2 4(19.0)
MES 3 1(4.8)
ESR at colonoscopy (mm/h) 18.0 (9.5-31.5)
(

CRP at colonoscopy (mg/dL)
Past medical history
5-ASA
Immunomodulator
Anti-TNF agents
Small molecules

Follow-up duration (mo)

0.25(0.05-0.76)

20(95.2)

9(42.9)

6 (28.6)

2(9.5)
152.0 (46.0-195.6)

Values are presented as median (interquartile range) or number (%).
MES, Mayo endoscopic subscore; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ASA, aminosalicylic acid; TNF, tu-

mor necrosis factor.
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levels of PD-1 and PD-L1 based on the disease extent while
distinguishing between mucosa with and without active
inflammation, we observed a decrease in the PD-L1 levels
with increasing disease extent in both analyses. However,
this difference was found to be more pronounced in muco-
sa with active inflammation (Supplementary Fig. 1). Other-
wise, the levels of PD-1 and PD-L1 did not differ significantly
based on disease activity or medication use.

PD-1 and PD-L1 expression in isolated TMSCs

To evaluate whether the PD-1/PD-L1 pathway plays a role in
the therapeutic effect of TMSCs, we measured the levels of
PD-1 in cell lysate of TMSCs and PD-L1 in soluble medium
and cell lysate of TMSCs. The surface expression of PD-1
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40 —

30

20

Relative mRNA expression of PD-1
(fold change)

B

Control uc

PD-1

50
T
2 40 p=0.004
o«
2
j =
S —
g ‘é’, 30 4
<=
22 2+
S
g
= |
5 104 = =B Aud
o A AA

e ue m

Control UC_active UC_inactive

KJIM™

and PD-L1 increased after seven days of differentiation (Fig.
3A). Additionally, we found that the PD-L1 was expressed
in both forms of TMSCs (182.63 pg/mL in soluble medium
and 11.85 pg/protein [pg] in cell lysate after seven days of
differentiation period) (Fig. 3B).

PD-1 and PD-L1 expression in the acute murine
colitis model and changes after treatment
with TMSCs

An acute mouse colitis model was established using 2.5%
DSS for five days. In this model, PD-1 levels of colon tis-
sues of acute colitis model were significantly increased com-
pared to those of the normal or TMSC controls (1 vs. 8.92,
p < 0.001 and 1.72 vs. 8.92, p < 0.001, respectively) (Fig.
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Figure 1. The expression of PD-1 and PD-L1 in the colonic mucosa of patients with ulcerative colitis. (A) The expression of PD-1 was sig-
nificantly increased in the colonic mucosa of patients with UC compared to that of the normal controls. (B) The expression of PD-L1 was
also significantly increased in patients with UC. (C, D) When compared the active inflammation in the mucosa, the expression of PD-1 was
significantly higher in mucosa with active inflammation. However, the level of PD-L1 was not significantly different according to the mu-
cosal inflammation. PD-1, programmed death 1; PD-L1, programmed death-ligand 1; UC, ulcerative colitis.
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4). However, the PD-L1 levels did not significantly change
compared with those of the normal or TMSC controls (1 vs.
1.85, p=0.295 and 1.28 vs. 1.85, p = 0.233, respectively)
(Fig. 4). Treatment with TMSCs reversed colitis-associated
colon length shortening in the acute DSS colitis model (66.0
+2.2vs. 77.3 £ 3.1, p = 0.007) (Fig. 5C) and significantly
improved macroscopic DAI based on rectal bleeding, stool
consistency, and body weight loss (6.0 + 1.0vs. 3.0+ 1.3, p
=0.006) (Fig. 5A). Additionally, body weight loss (%) in the
TMSC-treated group was significantly lower than that in the
DSS+PBS group (-19.2 £ 7.0 vs. -6.5 £ 2.8, p < 0.001) (Fig.
5B). Concurrently, with the amelioration of colitis symp-
toms, PD-1 levels were found to decrease significantly (8.92
vs. 4.70, p = 0.015) (Fig. 4A). Conversely, the PD-L1 levels
were significantly increased compared to the colitis model
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(1.85vs. 3.76, p < 0.001) (Fig. 4B).

Analysis of mRNA expression of other pro-inflammatory cy-
tokines, the expression of IL-1B, IL-6, IL-17, and TNFo were
found to be significantly downregulated in the TMSC-treat-
ed group compared to the acute colitis group (p = 0.006,
0.039, 0.039, and 0.038, respectively) (Fig. 5D).

PD-1 and PD-L1 expression in the chronic
murine colitis model and changes after
treatment with TMSCs

In the chronic colitis model, PD-1 levels were increased com-
pared to the normal and TMSC controls (1 vs. 5.76, p =
0.037 and 1.13vs. 5.76, p = 0.047, respectively). Converse-
ly, PD-L1 levels were decreased compared to the normal
controls (1 vs. 0.46, p = 0.040). Notably, PD-L1 levels sig-
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Figure 2. PD-1 and PD-L1 expression in the colonic mucosa of patients with ulcerative colitis according to the maximal disease extent. (A)
The levels of PD-1 did not significantly differ on the basis of the maximal disease extent. (B) When compared the maximal disease extent,
the PD-L1 levels were highest in patients with proctitis (38.5 + 46.7), followed by left-sided colitis (17.5 + 23.1) and extensive colitis (5.2 =
8.2) (p < 0.001). PD-1, programmed death 1; PD-L1, programmed death-ligand 1.
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Figure 3. PD-1 and PD-L1 expression in TMSCs. (A) The surface expression of PD-1 and PD-L1 increased after seven days of differentia-
tion. (B) PD-L1 was expressed in the soluble medium of TMSCs (182.63 pg/mL) and the cell lysate of TMSCs (11.85 pg/protein). PD-1, pro-
grammed death 1; PD-L1, programmed death-ligand 1, TMSC, tonsil-derived mesenchymal stem cell.
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nificantly decreased in the TMSC control group compared
with the normal control group (1 vs. 0.25, p < 0.001). After
colitis induction using DSS, all DSS-treated mice exhibited
persistent bloody diarrhea from day three. As shown in Fig-
ure 6A, the DAl in the TMSC-treated group was significantly
lower than that in the DSS + PBS group at every time point
(p <0.001). The overall loss in body weight was significantly
reduced in the TMSC-treated group compared to the DSS
+ PBS group (-18.8 = 25.1 vs. 7.6 £ 14.0, p < 0.001) (Fig.
6B). Additionally, DSS-induced colon shortening was signifi-
cantly reduced in the TMSC-treated group compared with
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the DSS + PBS group (68.0 £ 3.4 vs. 81.5+ 2.9, p=0.0148)
(Fig. 6C). The levels of pro-inflammatory cytokines, includ-
ing IL-1B and IL-17, were significantly decreased (p = 0.028
and 0.041, respectively) (Fig. 6D) in the TMSC-treated group
compared to the DSS + PBS group. Furthermore, PD-1 and
PD-L1 levels recovered after treatment with TMSCs. In the
chronic colitis model, PD-L1 levels were significantly in-
creased (0.46 £ 0.08 vs. 1.04 + 0.77, p = 0.031) (Fig. 4D),
while PD-1 levels decreased (5.76 + 3.34 vs. 2.89 + 0.65, p
=0.310) (Fig. 40Q).
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Figure 4. PD-1 and PD-L1 expression in acute and chronic mouse colitis models and changes after treatment with TMSCs. In the acute
colitis model, PD-1 levels were significantly increased compared to the normal and TMSC controls (all p < 0.001). However, PD-L1 levels
did not change significantly. After treatment with TMSCs, PD-1 levels were significantly decreased (A) and PD-L1 levels were significantly
increased compared to those in the colitis model (B). In the chronic colitis model, PD-1 levels increased compared to those of the normal
and TMSC controls (C). By contrast, PD-L1 levels were decreased compared to the normal contorls (D). After treatment with TMSCs, PD-L1
levels were significantly increased (D) while PD-1 levels were decreased (C) in the chronic colitis model. PD-1, programmed death 1; PD-L1,
programmed death-ligand 1; TMSC, tonsil-derived mesenchymal stem cell; DSS, dextran sulfate sodium; PBS, phosphate-buffered saline.
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DISCUSSION a critical role of PD-L1 in persistent chronic inflammation in
IBD. We also measured PD-1 and PD-L1 levels in the colonic
The roles of PD-1 and PD-L1 in the pathogenesis and disease mucosa of patients with UC. Levels of PD-1 and PD-L1 were
course of IBD have not been fully evaluated. In our study, a significantly higher in patients with UC than in normal con-
decreased expression of PD-L1 was observed in the chronic trols, and the expression of PD-1 was significantly higher in
colitis model, but not in the acute colitis model, suggesting the mucosa with active inflammation than in those without
DAI Body weight change
10 = -o- Normal control 20 - -o- Normal control
~¥- TMSC control ~¥- TMSC control
= DSS + PBS = DSS + PBS
8 & DSS + TMSC = 10+ —& DSS + TMSC
s
6 & 0+ T T
= G
4 p=0.006 £
‘T -10
z p < 0.001
27 2
@ 20+
0 — ¥ ¥ ¥
D1 D3 D6 D9 D12 -30 - D1 D3 D6 D9 D12
0 D 0 I
Colon length
150 —
p=0.007
£ 100
E
£
H
5
S 50
0
Normal control TMSC control DSS + PBS DSS + TMSC
IL-1B IL-6 IL-17 TNFo
< 800 p=0.006 < 200 p=0.039 = 200 p=0039 < 40 p=0038
5? 600 “ém 150 §? 150 i;;? 30
§§ 400 ‘z‘§ 100 <z‘§ 100 §§ 20
£3 £3 £ £
£% 200 £5 50 £ w0 £= 0
E 0 E 0 £ 0 E 0
R ,\é& p Q\@ %XQQ&: S,@ . &@\ 0&@\ %Xégo . $)L 0«\"8\ (,«\“0\ %X@‘? /§,c
\ x & & x & & x
E Qd\& é‘)@@ /\@c,(' § Qf_g, @)@q} /\S’Q < Q(_;—, $°&\,,,\ ,\\&’L § g"?’

Figure 5. Treatment effect of TMSCs in the acute murine colitis model. (A) In the acute colitis model, the macroscopic DAI scores, based
on rectal bleeding, stool consistency, and body weight loss, were significantly lower in the TMSC-treated group compared to the DSS +
PBS group (p = 0.006). (B) Body weight loss (%) in the TMSC-treated group was significantly lower than that in the DSS + PBS group (-19.2
+7.0vs. -6.5 £ 2.8; p < 0.001). (C) In the TMSC-treated group, colitis-associated colon length shortening in the acute DSS colitis model
was recovered (66.0 £ 2.2 vs. 77.3 £ 3.1, p = 0.007). (D) mRNA expressions of IL-1p, IL-6, IL-17, and TNFa were significantly downregulat-
ed in the TMSC-treated group compared to the DSS + PBS group. DSS, dextran sulfate sodium; PBS, phosphate-buffered saline; TMSC,
tonsil-derived mesenchymal stem cell; DA, disease activity index.
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active inflammation. Additionally, a decreased level of PD-L1
was associated with an extended disease phenotype in pa-
tients with UC. Our results showed that aberration of PD-L1
is associated with chronic inflammation and a more severe
disease phenotype, highlighting its significance as a target

KJIM™

In our study, we observed significant increases in PD-1
and PD-L1 expression in the colonic mucosa of patients with
ulcerative colitis. The results of previous studies examining
the role of PD-1/PD-L1 in human IBD specimens are con-
tradictory. In a study by Kanai et al. [7], the expressions of

for IBD in future treatments. PD-1 and PD-L1, but not of PD-L2, in lamina propria mono-
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Figure 6. Treatment effect of TMSCs in chronic murine colitis model. (A) In the chronic colitis model, the macroscopic DAI scores were
significantly lower in the TMSC-treated group compared to the DSS + PBS group (p < 0.001). (B) Body weight loss (%) in the TMSC-treated
group was significantly lower than in the DSS + PBS group (-18.8 + 25.1 vs. 7.6 = 14.0, p < 0.001). (C) In the TMSC-treated group, DSS-in-
duced colon shortening was significantly decreased compared to the DSS+PBS group (68.0 £ 3.4 vs. 81.5 = 2.9, p = 0.0148). (D) The levels
of pro-inflammatory cytokines, including IL-1B and IL-17, were significantly decreased in the TMSC-treated group compared with the colitis
control group (p = 0.028 and p = 0.041, respectively). DSS, dextran sulfate sodium; PBS, phosphate-buffered saline; TMSC, tonsil-derived
mesenchymal stem cell; DA, disease activity index.
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nuclear cells of IBD patients, including UC and CD, were
significantly increased, suggesting the role of PD-1/PD-L1
interaction in the pathogenesis or regulation of IBD. In an-
other study, the expressions of PD-L1 and PD-L2 were also
reported to be higher in the colonic mucosa of patients with
UC [18]. Nguyen et al. [19] also reported that the higher
expression of PD-L1 in the resected intestinal mucosa of pa-
tients with UC and CD is associated with higher IBD activity
and higher inflammatory infiltrates. Conversely, Beswick et
al. [6] reported suppressed expression of PD-L1 in the co-
lonic mucosa of patients with CD. Although the reason for
this difference is unclear, it may be partially explained by
the different disease phenotypes between patients with IBD
and the different treatments that patients were receiving at
the time of specimen acquisition. In our study, the level of
PD-1 was significantly higher in colonic mucosa with active
inflammation, and the level of PD-L1 was also numerical-
ly higher in inflamed colonic mucosa than in non-inflamed
colonic mucosa, although the difference was not statistical-
ly significant. Therefore, active inflammation status at the
time of sample collection may have affected the expression
of PD-1 and PD-L1. Most previous studies, including ours,
enrolled patients who were undergoing treatment for IBD
rather than treatment-naive patients. Their treatment may
affect the levels of PD-1 and PD-L1 in the colonic mucosa of
patients with UC.

In this study, the expression of PD-1 and PD-L1 was mea-
sured not only in the human colonic mucosa but also in
acute and chronic murine colitis models. As a result, lev-
els of PD-1 were significantly increased in the acute and
chronic colitis models, similar to those in the human colonic
mucosa. The levels of PD-L1 expression varied between the
acute and chronic models. PD-L1 expression was signifi-
cantly decreased in the chronic colitis model, but not sig-
nificantly changed in the acute colitis model. These results
were contradictory with those of previous studies. In a study
using chronic murine colitis model, the levels of PD-1 and
PD-L1 expression in T cells were reported to be significantly
increased [7]. Conversely, Zhou et al. [20,21] found that the
levels of PD-1 and PD-L1 expression significantly decreased
in the intestinal tract of DSS-induced acute colitis model.
The observed differences in PD-1 and PD-L1 levels in the
murine colitis model are indicative of the involvement of
this pathway in IBD pathogenesis. While inducing murine
DSS-induced colitis, PD-1 knockout mice did not devel-
op colon inflammation, suggesting that PD-1 may play an
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important role in the pathogenesis of IBD [6]. Additional-
ly, Fc-conjugated PD-L1 showed a protective effect against
DSS-induced and T-cell-induced colitis [22]. Our findings,
together with previous findings, suggest that PD-L1 plays
an important role in persistent chronic inflammation in IBD.

In both acute and chronic murine colitis models, PD-L1 lev-
els increased significantly after TMSC treatment. Although
these findings demonstrate the therapeutic efficacy of TM-
SCs in both acute and murine colitis, the precise mechanism
underlying these treatment effects remains incompletely
understood. In this regard, the secretion of soluble PD-L1
by TMSCs could play a key role in their therapeutic efficacy.
Thus, TMSC-conditioned medium, as well as TMSCs, may
exhibit therapeutic properties via these mechanisms, as sug-
gested in a previous study [15]. In another, Kim et al. [5]
found that TMSC-derived PD-L1 effectively suppressed Th17
differentiation and Th17-related immune responses. Given
that the dysregulation of Th17 cells, along with Th17/Treg
imbalance, plays a crucial role in mucosal inflammation as-
sociated with IBD, the regulation of Th17 by TMSCs could
also play an important role in the treatment of murine colitis
[23,24]. The levels of IL-17 were found to be significant-
ly ameliorated after TMSC treatment in the murine colitis
model in our study.

Also, PD-L1 level was significantly different according to
the maximal disease extent in patients with UC. Other fac-
tors, including the clinical DAl and response to medications,
were not significantly associated with PD-L1 levels. Notably,
PD-L1 expression showed a stronger correlation with max-
imal disease extent than that with disease extent or active
mucosal inflammation at the time of sample collection. The
maximal disease extent is a well-known prognostic factor
associated with disease outcomes in patients with UC. Al-
though the reason for the different PD-L1 expression ac-
cording to the maximal disease extent is unclear, the highly
activated PD-1/PD-L1 pathway may inhibit disease progres-
sion and limit the disease extent of the colon in patients
with UC. Therefore, patients with UC and higher colonic
levels of PD-L1 have a lower probability of proximal disease
progression. However, the level of PD-1 was not significant-
ly associated with the maximal disease extent. This could
be because PD-L1, which regulates the PD-1/PD-L1 pathway
via its receptor, regardless of PD-1 level, is a factor related
to the innate immune regulation property of patients. Con-
versely, level of PD-1 is more related to the active inflamma-
tory status of the colonic mucosa rather than the immune
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response.

In conclusion, we found that the expression of PD-1 and
PD-L1 was significantly increased in the colonic mucosa of
patients with UC. The expression of PD-1 was associated
with active inflammation in the colonic mucosa, and the ex-
pression of PD-L1 was associated with the maximal extent
of disease in patients with UC; patients with UC having low
PD-L1 levels had more extensive colitis. In the chronic colitis
model, decreased level of PD-L1 was recovered due to the
anti-inflammatory effect of TMSCs. Further, an improve-
ment in colitis symptoms was observed. Thus, PD-L1 may
have a possible role in the treatment of UC and could be a
promising treatment target in patients with IBD, and further
studies are needed to better understand how this target can
be applied in real medical therapy.

KEY MESSAGE

1. The expression of PD-1 and PD-L1 was significantly
increased in the colonic mucosa of patients with
uc.

2. The expression of PD-1 was associated with active
inflammation and patients with UC with the low
PD-L1 levels had more extensive colitis.

3. In chronic murine colitis model, decreased levels of
PD-L1 were recovered owing to the anti-inflamma-
tory effect of TMSCs, suggesting a possible role in
the treatment of UC.
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Supplementary Figure 1. Expression of PD-L1 according to the maximal disease extent in the colonic mucosa with (A) and without ac-
tive inflammation (B) in patients with ulcerative colitis. When comparing the levels of PD-1 and PD-L1 to distinguish between mucosa with
and without active inflammation, we observed a decrease in PD-L1 levels with increasing disease extent in both analyses, but this differ-
ence was more pronounced in mucosa with active inflammation (p < 0.001 in mucosa with active inflammation and p = 0.006 in mucosa
without active inflammation, respectively). PD-L1, programmed death-ligand 1; PD-1, programmed death 1.
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