
Citation: Okami, H.; Ozawa, N.;

Sohda, M.; Yokobori, T.; Osone, K.;

Erkhem-Ochir, B.; Dorjkhorloo, G.;

Shiraishi, T.; Okada, T.; Sano, A.; et al.

HLA Class I Expression Is Associated

with DNA Damage and Immune Cell

Infiltration into Dysplastic and

Neoplastic Lesions in Ulcerative

Colitis. Int. J. Mol. Sci. 2023, 24, 13648.

https://doi.org/10.3390/

ijms241713648

Academic Editor: Jae Youl Cho

Received: 26 July 2023

Revised: 24 August 2023

Accepted: 2 September 2023

Published: 4 September 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

 International Journal of 

Molecular Sciences

Article

HLA Class I Expression Is Associated with DNA Damage and
Immune Cell Infiltration into Dysplastic and Neoplastic
Lesions in Ulcerative Colitis
Haruka Okami 1, Naoya Ozawa 1, Makoto Sohda 1,*, Takehiko Yokobori 2,* , Katsuya Osone 1,
Bilguun Erkhem-Ochir 2, Gendensuren Dorjkhorloo 1, Takuya Shiraishi 1 , Takuhisa Okada 1, Akihiko Sano 1,
Makoto Sakai 1, Tatsuya Miyazaki 3, Hiroomi Ogawa 1, Takashi Yao 4 , Takahiro Oike 5, Hiro Sato 5 ,
Ken Shirabe 1, Atsushi Shibata 6 and Hiroshi Saeki 1

1 Department of General Surgical Science, Graduate School of Medicine, Gunma University,
Maebashi 371-8510, Japan; m2220010@gunma-u.ac.jp (H.O.); a050055asahi@gmail.com (N.O.);
okatsuya@gunma-u.ac.jp (K.O.); m2220603@gunma-u.ac.jp (G.D.); whityshiro@gmail.com (T.S.);
t.okd@gunma-u.ac.jp (T.O.); ak_sano@outlook.jp (A.S.); maksakai@gunma-u.ac.jp (M.S.);
hiroomio@gunma-u.ac.jp (H.O.); kshirabe@gunma-u.ac.jp (K.S.); h-saeki@gunma-u.ac.jp (H.S.)

2 Division of Integrated Oncology Research, Gunma University, Initiative for Advanced Research (GIAR),
Maebashi 371-8511, Japan; bilguun.e@gunma-u.ac.jp

3 Department of Surgery Japanese Red Cross Maebashi Hospital, Maebashi 371-0811, Japan;
tatsuyamiyazaki4126@gmail.com

4 Department of Human Pathology, Graduate School of Medicine, Juntendo University,
Bunkyo-ku 113-8431, Japan; tyao@juntendo.ac.jp

5 Department of Radiation Oncology, Graduate School of Medicine, Gunma University,
Maebashi 371-8510, Japan; oiketakahiro@gunma-u.ac.jp (T.O.); hiro.sato@gunma-u.ac.jp (H.S.)

6 Division of Molecular Oncological Pharmacy, Faculty of Pharmacy, Keio University,
Minato-ku 108-8345, Japan; shibata.at@keio.jp

* Correspondence: msohda@gunma-u.ac.jp (M.S.); bori45@gunma-u.ac.jp (T.Y.); Tel.: +81-272208224 (M.S.);
+81-272208022 (T.Y.)

Abstract: Human leukocyte antigen class I (HLA-I) is considered a genetic pathogen for ulcerative
colitis (UC). This study aimed to investigate the significance of DNA damage and HLA-I expression
in infiltrating immune cells and immune checkpoint protein PD-L1 expression in dysplasia/colitic
cancer (CC) and sporadic colorectal cancer (SCRC). We performed immunohistochemical staining
for HLA-I, PD-L1, γH2AX (DNA damage marker), and immune cell markers such as CD8, FOXP3,
CD68, and CD163 (in surgically resected specimens from 17 SCRC patients with 12 adjacent normal
mucosa (NM) and 9 UC patients with 18 dysplasia/CC tumors. The ratio of membrane HLA-
I-positive epithelial cells in UC and dysplasia/CC tissues was significantly higher than that in
NM and SCRC. High HLA-I expression in dysplasia/CC was associated with high positivity of
γH2AX and PD-L1 expression compared to SCRC. The infiltration of CD8-positive T cells and CD68-
positive macrophages in HLA-I-high dysplasia/CC was significantly higher than in UC and SCRC.
Dysplasia/CC specimens with DNA damage exhibited high levels of HLA-I-positive epithelial cells
with high CD8- and CD68-positive immune cell infiltration compared to UC and SCRC specimens.
Targeting DNA damage in UC may regulate immune cell infiltration, immune checkpoint proteins,
and carcinogenesis by modulating DNA damage-induced HLA-I antigen presentation.

Keywords: human leukocyte antigen; DNA damage; colitic cancer; immune cells

1. Introduction

Non-steroidal anti-inflammatory drugs, such as aspirin, have been reported to prevent
sporadic colorectal cancer (SCRC) by suppressing chronic inflammation in the colorectal
mucosa [1–3]. However, chronic colon inflammation due to autoimmune responses could
promote ulcerative colitis (UC) and rare colitis-associated dysplasia/colitic cancer (CC) via
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aggressive infiltration of inflammatory lymphocytes and macrophages [4,5]. The human
leukocyte antigen (HLA) molecule is implicated in the pathogenesis of autoimmune chronic
inflammation of the colon. The highly polymorphic classical class I and II HLA genes
located at chromosome 6p21.3 are important for lymphocyte and immunoregulatory func-
tions in patients with inflammatory bowel diseases, including UC [6]. Many researchers
have reported the importance of HLA class II genotypes such as HLA-DRB1*0103, HLA-
DRB1*1502, and HLA-DRB1*04 in relation to UC susceptibility. On the other hand, the
significant expression of HLA class I (HLA-I) on the cell surface, which is important for
presenting antigens to cytotoxic T cells, has been reported in patients with several cancer
types [7–10]. Regarding SCRC, HLA-I expression was lost or altered in 30–73% of patients
with tumors [11,12]: suggesting that lack of HLA-I expression may cause both initial resis-
tance and secondary immune escape after existing immune checkpoint inhibitors due to
cytotoxic T cell activation [13–15]. However, few studies have assessed the significance of
HLA-I expression in patients with relatively rare UC and dysplasia/CC. Therefore, we fo-
cused on assessing the relationship between immune cell infiltration and HLA-I expression,
not HLA-class II, on the epithelial cells in SCRC and dysplasia/CC tissues in this study.

Uchihara et al. have recently described a novel regulation mechanism of HLA-I
expression by which antigen transport via TAP1/2 could promote the presentation of
HLA-I to the plasma membrane regardless of DNA damage-inducing methods, such as
radiation or anticancer drugs [16]. DNA damage-induced HLA-I presentation could be
predicted to activate signaling downstream of T-cell immunity. In contrast, Sato et al.
reported that expression of the immune checkpoint protein PD-L1 is upregulated by the
DNA damage response [17]. These reports indicated that DNA damage could induce
two opposing events: inflammatory activation via antigen presentation by HLA-I and
immune tolerance by induction of the immune checkpoint protein PD-L1. Concerning
the relationship among DNA damage, PD-L1 expression, and immune cell infiltration in
dysplasia/CC tissues, our group reported that CD8-positive cytotoxic T-cell infiltration
was higher in PD-L1 expressing dysplasia/CC tissues with DNA damage than in those
with SCRC without DNA damage [18]. However, the effects of HLA-I on immune cell
infiltration in dysplasia/CC tissues with DNA damage and PD-L1 expression have not
been thoroughly evaluated. This study aimed to compare the association between HLA-I
expression levels and immune cell infiltration in dysplasia/CC tissues, which we previously
reported to accumulate DNA damage and PD-L1, with tissues from SCRC samples.

2. Results
2.1. Evaluation of Membrane HLA-I Expressing Epithelial Cells in Tissues of Patients with SCRC
and Dysplasia/Colitic Cancer

We performed immunohistochemistry to assess HLA-I expression in clinical specimens
from 12 NM, 17 SCRC, 9 UC, and 18 dysplasia/CC patients using specific antibodies against
HLA-Class I A, B, and C. HLA-I expression was predominantly detected in the membrane
of the epithelial cells in tissues from UC and CC samples (Figure 1A). We evaluated the
average number of membrane HLA-I-positive epithelial cells for further analysis, which
was significantly higher in UC (n = 9) and dysplasia/CC (n = 18) specimens than those in
NM and SCRC specimens (Figure 1B).



Int. J. Mol. Sci. 2023, 24, 13648 3 of 11Int. J. Mol. Sci. 2023, 24, x FOR PEER REVIEW 3 of 12 
 

 

 
Figure 1. Immunohistochemical staining of HLA-I in NM, SCRC, UC, and dysplasia/CC. (A) Upper 
panel shows the HLA-I expression in NM and SCRC. The lower panel shows the membrane expres-
sion of HLA-I in UC and dysplasia/CC. Scale bar, 25 µm. (Original magnification, ×40). (B) The Av-
erage number of membrane HLA-I-positive epithelial cells in NM (n = 12), SCRC (n = 17), UC (n = 
9), dysplasia (n = 5), and CC (n = 13) tissues. The dots indicate the average number of HLA-I positive 
cells in the five fields of view in the sample. * p < 0.05; ** p < 0.01. NM, normal mucosa adjacent to 
SCRC; SCRC, sporadic colorectal cancer; UC, ulcerative colitis; CC, colitis cancer. 

2.2. Relationship between HLA-I Expression, DNA Damage, and PD-L1 Expression in SCRC 
and Dysplasia/CC 

HLA-I-stained dysplasia/CC specimens were divided into low and high groups ac-
cording to the median number of HLA-I-positive dysplasia/CC cells (cutoff value: 21.5). 
Thus, dysplasia/CC specimens were categorized HLA-I group and low HLA-I group (Ta-
ble 1). According to the HLA-I cutoff value, all 12 NM and 17 SCRC specimens were eval-
uated as being in the low HLA-I group (Table 2). The positive ratio of the DNA damage 
marker γH2AX in dysplasia/CC (100%, 18/18) was higher than that in SCRC without HLA-
I expression (52.9%, 9/17). Moreover, the positive ratio of the representative immune 
checkpoint protein PD-L1 to the representative HLA-I inducible factor interferon regula-
tory factor-1 (IRF-1) in dysplasia/CC (PD-L1: 100%, 18/18, and IRF-1: 100%, 18/18, respec-
tively) was higher than that in SCRC without HLA-I expression (PD-L1: 35.3%, 6/17, and 
IRF-1: 41.2%, 7/17, respectively). 

Table 1. Clinicopathological characteristics in 9 patients with Dysplasia/CC. 
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on 
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Average 
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HLA γH2AX PD-L1 IRF-1 

Case1 72 Female UC −       4.2 Low − + + 
   CC − S Poor 4b 0 0 IIC 20 Low + + + 

Case2 62 Male UC −       22.2 Low − + + 
   CC − Rb Well 2 0 0 I 22.6 High + + + 
   CC − D Well 1 0 0 I 0.4 High + + + 

Case3 37 Male UC −       13.6 Low − + + 
   Dysplasia − A      111.2 Low + + + 
   Dysplasia − A      6.8 High + + + 
   Dysplasia − Ce      45.4 High + + + 
   CC − A Moderate 4a 1a 0 IIIB 40.2 High + + + 
   CC − S Moderate 2 0 0 IIIB 22.6 High + + + 
   CC − Ce Moderate 3 0 0 IIIB 33 High + + + 

Case4 38 Male UC −       12.6 Low − + + 
   CC − S Moderate 4a 0 0 IIB 28.9 High + + + 

Figure 1. Immunohistochemical staining of HLA-I in NM, SCRC, UC, and dysplasia/CC. (A) Upper
panel shows the HLA-I expression in NM and SCRC. The lower panel shows the membrane expression
of HLA-I in UC and dysplasia/CC. Scale bar, 25 µm. (Original magnification, ×40). (B) The Average
number of membrane HLA-I-positive epithelial cells in NM (n = 12), SCRC (n = 17), UC (n = 9),
dysplasia (n = 5), and CC (n = 13) tissues. The dots indicate the average number of HLA-I positive
cells in the five fields of view in the sample. * p < 0.05; ** p < 0.01. NM, normal mucosa adjacent to
SCRC; SCRC, sporadic colorectal cancer; UC, ulcerative colitis; CC, colitis cancer.

2.2. Relationship between HLA-I Expression, DNA Damage, and PD-L1 Expression in SCRC
and Dysplasia/CC

HLA-I-stained dysplasia/CC specimens were divided into low and high groups
according to the median number of HLA-I-positive dysplasia/CC cells (cutoff value: 21.5).
Thus, dysplasia/CC specimens were categorized HLA-I group and low HLA-I group
(Table 1). According to the HLA-I cutoff value, all 12 NM and 17 SCRC specimens were
evaluated as being in the low HLA-I group (Table 2). The positive ratio of the DNA damage
marker γH2AX in dysplasia/CC (100%, 18/18) was higher than that in SCRC without
HLA-I expression (52.9%, 9/17). Moreover, the positive ratio of the representative immune
checkpoint protein PD-L1 to the representative HLA-I inducible factor interferon regulatory
factor-1 (IRF-1) in dysplasia/CC (PD-L1: 100%, 18/18, and IRF-1: 100%, 18/18, respectively)
was higher than that in SCRC without HLA-I expression (PD-L1: 35.3%, 6/17, and IRF-1:
41.2%, 7/17, respectively).

Table 1. Clinicopathological characteristics in 9 patients with Dysplasia/CC.

Case
Number Age Sex Pathological

Diagnosis MMRD Location Differentiation T
Factor

N
Factor

M
Factor Stage

Average
Number of HLA

Positive Cells
Per 5 Fields of

View

HLA γH2AX PD-
L1

IRF-
1

Case1 72 Female UC − 4.2 Low − + +
CC − S Poor 4b 0 0 IIC 20 Low + + +

Case2 62 Male UC − 22.2 Low − + +
CC − Rb Well 2 0 0 I 22.6 High + + +
CC − D Well 1 0 0 I 0.4 High + + +

Case3 37 Male UC − 13.6 Low − + +
Dysplasia − A 111.2 Low + + +
Dysplasia − A 6.8 High + + +
Dysplasia − Ce 45.4 High + + +

CC − A Moderate 4a 1a 0 IIIB 40.2 High + + +
CC − S Moderate 2 0 0 IIIB 22.6 High + + +
CC − Ce Moderate 3 0 0 IIIB 33 High + + +

Case4 38 Male UC − 12.6 Low − + +
CC − S Moderate 4a 0 0 IIB 28.9 High + + +

Case5 51 Female UC − 24.8 High − − +
CC + Ra Well Tis 0 0 0 45 High + + +

Case6 42 Female UC − 6.6 Low − + +
Dysplasia − S 15 Low + + +

CC − S Well 2 0 0 I 18.6 Low + + +
Case7 55 Male UC − 17.2 Low − + +

Dysplasia − S 6.8 Low + + +
CC − S Well 4a 2a M1b IVB 15.2 Low + + +

Case8 51 Male UC − 26 Low − − +
CC − D Well Tis 0 0 0 22.3 High + + +
CC − D Well Tis 0 0 0 11.2 High + + +

Case9 38 Male UC − 14 Low − + +
CC + Rb Well T1b 0 0 I 13.8 Low + + +

CC, colitic cancer; UC, Ulcerative Colitis; MMRD, mismatch repair deficiency; Ce, cecum; A, ascending colon; D,
descending colon; S, sigmoid colon; Ra, above rectum; Rb, below rectum. + , Positive or high expression of target
proteins;− , Negative or low expression of target proteins.
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Table 2. Clinicopathological characteristics in 17 sporadic colon cancer patients.

Case
Number Age Sex Pathological

Diagnosis MMRD Location Differentiation T
Factor

N
Factor

M
Factor Stage

Average
Number of HLA

Positive Cells
Per 5 Fields of

View

HLA γH2AX PD-
L1

IRF-
1

Case1 72 Female UC − 4.2 Low − + +
CC − S Poor 4b 0 0 IIC 20 Low + + +

Case2 62 Male UC − 22.2 Low − + +
CC − Rb Well 2 0 0 I 22.6 High + + +
CC − D Well 1 0 0 I 0.4 High + + +

Case3 37 Male UC − 13.6 Low − + +
Dysplasia − A 111.2 Low + + +
Dysplasia − A 6.8 High + + +
Dysplasia − Ce 45.4 High + + +

CC − A Moderate 4a 1a 0 IIIB 40.2 High + + +
CC − S Moderate 2 0 0 IIIB 22.6 High + + +
CC − Ce Moderate 3 0 0 IIIB 33 High + + +

Case4 38 Male UC − 12.6 Low − + +
CC − S Moderate 4a 0 0 IIB 28.9 High + + +

Case5 51 Female UC − 24.8 High − − +
CC + Ra Well Tis 0 0 0 45 High + + +

Case6 42 Female UC − 6.6 Low − + +
Dysplasia − S 15 Low + + +

CC − S Well 2 0 0 I 18.6 Low + + +
Case7 55 Male UC − 17.2 Low − + +

Dysplasia − S 6.8 Low + + +
CC − S Well 4a 2a M1b IVB 15.2 Low + + +

Case8 51 Male UC − 26 Low − − +
CC − D Well Tis 0 0 0 22.3 High + + +
CC − D Well Tis 0 0 0 11.2 High + + +

Case9 38 Male UC − 14 Low − + +
CC + Rb Well T1b 0 0 I 13.8 Low + + +

MMRD, mismatch repair deficiency; Ce, cecum; A, ascending colon; T, transverse colon; S, sigmoid colon;
Ra, above the rectum. + , Positive or high expression of target proteins;− , Negative or low expression of
target proteins.

2.3. Immune Cell Infiltration in Tissues of SCRC, UC, and Dysplasia/CC with Low and
High HLA-I

Immunohistochemical tests were performed to evaluate tissue-infiltrating immune
cells using immune cell markers such as CD8 (cytotoxic T cell marker), CD68 (M1-like
pro-inflammatory macrophage marker), CD163 (M2-like anti-inflammatory macrophage
marker), and FOXP3 (regulatory T cell marker) in the clinical specimens of patients with
SCRC and patients with UC with dysplasia/CC (Figure 2). The number of infiltrating
immune cells with CD8 and CD68 expression in dysplasia/CC with high HLA-I levels
was higher than that in UC and SCRC (Figure 3A,C); however, this was not significant
in dysplasia/CC with low CD8 infiltrating immune cells. Figure 4 shows that CC cells
with high membrane HLA-I expression were associated with higher infiltration of CD8 + T
lymphocytes compared to those with low HLA-I expression (Figure 4). In contrast, the
number of infiltrating immune cells expressing CD163 and FOXP3 in dysplasia/CC with
high HLA-I levels was higher than that in UC (Figure 3B,D).
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immune cell markers such as CD8 (cytotoxic T cell marker), CD68 (M1-like macrophage marker),
CD163 (M2-like macrophage marker), and FOXP3 (regulatory T cell marker) in tissues from SCRC,
UC, and dysplasia/CC with low and high HLA-I. Scale bar, 25 µm. (original magnification, ×40).
SCRC, sporadic colorectal cancer; UC, ulcerative colitis; CC, colitis cancer.
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with anti-HLA-I (green) and anti-CD8 (red) antibodies. All sections were counterstained with 4′,6-
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3. Discussion 
In this study, we performed immunohistochemical staining for HLA-I, PD-L1, 

γH2AX (DNA damage marker), IRF-1 (a representative HLA inducible factor), and im-
mune cell markers such as CD8 (cytotoxic T cell marker), FOXP3 (regulatory T cell 
marker), CD68 (M1-like pro-inflammatory macrophage marker), and CD163 (M2-like 

Figure 3. Comparison of infiltrating immune cell counts between SCRC, UC, and dysplasia/CC
with low and high HLA-I. (A) The infiltrating cell number of CD8 (cytotoxic T cell marker) positive
cells in SCRC, UC, and dysplasia/CC with low and high HLA-I. (B) The infiltrating cell number of
FOXP3 (regulatory T cell marker) positive cells in SCRC, UC, and dysplasia/CC with low and high
HLA-I. (C) The infiltrating cell number of CD68 (M1-like pro-inflammatory macrophage marker)
positive cells in SCRC, UC, and dysplasia/CC with low and high HLA-I. (D) The infiltrating cell
number of CD163 (M2-like anti-inflammatory macrophage marker) positive cells in SCRC, UC, and
dysplasia/CC with low and high HLA-I. * p < 0.05; ** p < 0.01. SCRC, sporadic colorectal cancer; UC,
ulcerative colitis; CC, colitis.
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Figure 4. Immunofluorescence analysis for HLA-I and CD8 expression in dysplasia/CC tissues.
Representative dysplasia/CC tissues with low (A) or high (B) HLA-I expression were immunostained
with anti-HLA-I (green) and anti-CD8 (red) antibodies. All sections were counterstained with 4′,6-
diamidino-2-phenylindole (DAPI) (blue). Scale bar = 25 µm (original magnification,×40).



Int. J. Mol. Sci. 2023, 24, 13648 6 of 11

3. Discussion

In this study, we performed immunohistochemical staining for HLA-I, PD-L1, γH2AX
(DNA damage marker), IRF-1 (a representative HLA inducible factor), and immune cell
markers such as CD8 (cytotoxic T cell marker), FOXP3 (regulatory T cell marker), CD68
(M1-like pro-inflammatory macrophage marker), and CD163 (M2-like anti-inflammatory
macrophage marker) in surgically resected specimens from 17 patients with SCRC with
12 adjacent normal mucosa (NM) and 9 patients with UC with 18 dysplasia/CC tumors.
Our results demonstrated a significant increase in the number of HLA-I-positive epithelial
cells in UC and dysplasia/CC tissues compared to NM and SCRC tissues. In addition, the
high HLA-I expression in dysplasia/CC tissues was associated with high expression of the
DNA damage marker (γH2AX) and a representative immune checkpoint protein (PD-L1)
compared to SCRC tissues without high HLA-I. Moreover, the infiltration of CD8-positive
T cells and CD68-positive macrophages in dysplasia/CC tissues with high HLA-I levels
was significantly higher than that in UC and SCRC tissues.

Although the HLA genotype has been reported to be associated with susceptibility,
degree of colitis, and extraintestinal complications in patients with UC, the relationship
between HLA-I expression levels (but not the HLA genotype) and inflammatory cell
infiltration in dysplasia/CC has not been extensively investigate [19,20]. HLA-I-activated
CD8-positive cytotoxic T cells secrete IFN-γ, which contributes to the apoptotic induction of
tumor cells by promoting HLA-I expression [21]. In addition, the IFN-γ can promote HLA-I
gene transcription by activating NF-κB and IRF1, which bind to the promoter region of
HLA-I [22]. In the present study, dysplasia/CC had a higher positivity for the DNA damage
marker γH2AX and IRF-1 regarding HLA-I expression than SCRC. Moreover, HLA-I-high
dysplasia/CC showed significant infiltration of CD8-positive cytotoxic T cells compared to
SCRC and UC. These findings suggest that the mechanism of increased HLA-I expression
in dysplasia/CC is not only due to DNA damage caused by UC-induced inflammatory
cell infiltration but also to the activation of inflammatory cell-derived IFN-γ signaling. We
also considered that the increased inflammatory cell infiltration in combination with DNA
damage in dysplasia/CC was consistent with the hypothesis of previous reports [16] that
DNA damage-induced HLA-I expression contributes to the presentation of immunogenic
peptide antigens.

Considering the significance of DNA damage in dysplasia/CC, two therapeutic strate-
gies are required. First, to prevent carcinogenesis, immune cell activation by antigen
presentation by HLA-I is considered crucial for tumor elimination. However, DNA damage-
induced HLA-I due to chronic inflammation may promote the initiation of dysplasia/CC of
the UC colonic mucosa via the enhancement of inflammatory cell infiltration based on the
inflammation-dysplasia-carcinoma sequence theory [23,24]. To interrupt the unfavorable
inflammatory carcinogenic sequence, anti-inflammatory drugs, such as 5-aminosalicylates
and aspirin, which contribute to the control of inflammation in UC and the prevention
of carcinogenesis in SCRC, may be promising [25–30]. In addition, therapeutic strate-
gies that inhibit the infiltration of inflammatory cells into the colonic mucosa of patients
with UC are currently being investigated. Vedolizumab, an anti-α4β7-integrin antibody
against integrin α4β7 expressed on inflammatory cells in the colon, and a specific anti-
body against MAdCAM-1 expressed on vascular endothelial cells in the UC mucosa have
been reported to be able to control UC-induced inflammation [31–37]. Examining whether
these therapeutic strategies can prevent the initiation of dysplasia or CC is a significant
clinical challenge.

Secondly, regarding advanced CC treatment, previous studies and our data show that
rare dysplasia/CC has significantly accumulated DNA damage, HLA-I overexpression,
high inflammatory cell infiltration, and high immune checkpoint protein PD-L1 expression
compared to typical SCRC. Immune checkpoint inhibitors (ICIs), which have recently
attracted considerable attention, are insensitive to cold tumors without inflammatory cell
infiltration or immune checkpoint proteins. In contrast, hot tumors with a high degree
of inflammatory cell infiltration and accumulation of the immune checkpoint protein
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PD-L1 have been reported to be sensitive to ICIs [38–40]. Therefore, it was suggested
that dysplasia/CC with HLA-I upregulation might be highly sensitive to ICIs because it
possesses hot tumor features, such as significant DNA damage, high inflammatory cell
infiltration, and PD-L1 accumulation. Indeed, the HLA-I genotype has been reported to
be associated with prognosis in patients with cancer treated with ICIs, suggesting the
importance of HLA-I in ICI sensitivity [41]. In contrast, as ICI has been reported to cause
colitis as a side effect, future studies should be conducted to determine whether the degree
of colitis as a side effect is worse in patients with HLA-I-high UC and dysplasia/CC with
high inflammatory cell infiltration.

This study has several limitations. A limited number of subjects may have underes-
timated the significance of DNA damage-induced HLA-I presentation as a biomarker in
rare dysplasia/CC samples from patients with UC. As a retrospective study, this could not
determine whether DNA damage-induced HLA-I can facilitate inflammation and carcino-
genesis in the UC mucosa via the activation of antigen presentation by membrane HLA-I.
Moreover, we could not perform in vitro or in vivo functional analyses of the relationship
between DNA damage-induced HLA-I and tumor immunity using cell lines derived from
patients with UC and dysplasia/CC.

In conclusion, this study revealed that dysplasia/CC specimens with DNA damage
exhibited high levels of membrane HLA-I-positive epithelial cells with high CD8- and CD68-
positive immune cell infiltration compared to UC and SCRC specimens. Previous in vitro
studies have shown that DNA damage can induce HLA-I antigen presentation and immune
checkpoint protein PD-L1 expression in tumor immunity [16]; however, these findings
have not been validated in rare dysplasia or CC specimens. We clarified the important
relationship between DNA damage, HLA-I accumulation, and immune cell infiltration
in clinical dysplasia/CC samples. Thus, therapeutic strategies to prevent DNA damage
in patients with UC may regulate immune cell infiltration, immune checkpoint protein
expression, and carcinogenesis by controlling antigen presentation via DNA damage-
induced HLA-I.

4. Materials and Methods
4.1. Patients and Samples

Nine patients (six males and three females) with UC who underwent surgical resec-
tion at Gunma University Hospital and Maebashi Red Cross Hospital between 2000 and
2014 were included in this study. The median age of the patients was 51 years (range
37–72 years). Two patients had two or more tumors, and all high-grade dysplastic and
cancerous lesions were evaluated. Patients with low-grade dysplasia were not included in
the study. Seventeen patients with SCRC (12 male and 5 female patients) who underwent
partial colectomy at Gunma University Hospital between 2000 and 2014 were randomly
selected and included in this study. This study conformed to the tenets of the Declaration
of Helsinki and was approved by the Institutional Review Board for Clinical Research of
Gunma University Hospital (approval number: HS2023-027). Patient consent was obtained
by using the opt-out method. Tables 1 and 2 summarize the patient information. For
accurate pathological diagnosis of dysplastic and cancerous lesions in patients with UC, all
sections were evaluated by a specialized pathologist, Prof. Yao T (Department of Human
Pathology, Juntendo University Graduate School of Medicine).

4.2. Immunohistochemical Staining

Paraffin-embedded blocks were cut into four µm-thick sections and mounted on glass
slides. Sections were deparaffinized in xylene and dehydrated in alcohol. The endogenous
peroxidase activity was inhibited by incubation with 0.3% H2O2/methanol for 30 min at
room temperature. After rehydration through a graded series of ethanol treatments, antigen
retrieval was performed using an Immunosaver (Nisshin EM, Tokyo, Japan) at 98–100 ◦C
for 45 min, and PD-L1 was retrieved using Universal HIER antigen retrieval reagent
(Abcam, Cambridge, UK, ab208572) at 120 ◦C for 20 min in an autoclave. Non-specific
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binding sites were blocked by incubation with Protein Block Serum-Free (Dako, Carpinteria,
CA, USA) for 30 min. Next, the sections from the clinical samples were incubated overnight
at 4 ◦C with primary antibodies against HLA Class I-A, B, C (Hokudo, Sapporo, Japan,
EMR8-5, mouse mAb, 1:400 dilution), CD8 (DAKO, C8/144B, mouse mAb, 1:100 dilution),
CD68 (Abcam, ab955, mouse mAb, 1:100 dilution), CD163 (Cell Signaling Technology,
Beverly, MA, USA, D6U1J, rabbit mAb, 1:500 dilution), FOXP3 (Abcam, ab22510, mouse
mAb, 1:100 dilution), anti-PD-L1 (Abcam, ab205921, 28-8, Rabbit mAb, 1:200 dilution),
anti-γH2AX (Abcam, ab26350, 9F3, mouse mAb, 1:200), anti-IRF-1 (Abcam, ab186384,
Rabbit mAb, 1:300). The Histofine Simple Stain MAX-PO (Multi) Kit (Nichirei, Tokyo,
Japan) was used with the secondary antibody at room temperature for 30 min. The
chromogen 3,3′-diaminobenzidine tetrahydrochloride was applied as a 0.02% solution
containing 0.005% H2O2 in 50 mM ammonium acetate-citrate acid buffer (pH 6.0). Nuclear
counterstaining was performed using Mayer’s hematoxylin solution. Negative controls for
immunohistochemical staining were prepared by replacing the primary antibodies with
phosphate-buffered saline in 0.1% bovine serum albumin, confirming a lack of staining.

4.3. Immunohistochemical Evaluation

We counted the number of HLA-I-positive epithelial cells in the tissues and evaluated
the average number of cells in five high-power fields of view at high-powered fields
(magnification, ×400). HLA-I-stained samples were divided into low and high groups
according to the median HLA-I-positive cell number in the dysplasia/CC samples (cutoff
value: 21.5). We considered tumor and non-cancerous cells that displayed membrane
PD-L1 staining as positive when at least 1% of the cells were stained [42]. The staining
intensity for γH2AX was scored as follows: 0 (no staining); 1+ (weak staining); 2+ (moderate
staining); and 3+ (strong staining). The percentage of nuclear-stained cells was determined
by examining the three sections with the highest staining intensity. The proportion of
nuclear γH2AX staining was scored as follows:0 (no staining); 1+, 1–25%; 2+, 26–50%;
and 3+, 51–100%. The final score was defined as the ratio of the score multiplied by
the intensity score (0, 1+, 2+, 3+, 4+, 6+, or 9+). Nuclear immunoreactivity of γH2AX
was scored as 0–4+ and 6–9+, which were defined as low and high nuclear expression,
respectively. Nuclear and cytoplasmic staining for IRF-1 was evaluated using almost the
same method as that for γH2AX described above. The staining proportion of IRF-1 was
scored as follows: 0, no staining; 1+, 1–25%; 2+, 26–75%; and 3+, 76–100%. The final score
was defined as the ratio of the score multiplied by the intensity score (0, 1+, 2+, 3+, 4+,
6+, or 9+). IRF-1 immunoreactivity was scored as 0–4+ or 6–9+, defined as low or high
expression, respectively. To evaluate the infiltrating immune cells, the total number of
infiltrating CD8, CD68, CD163, and FOXP3 positive cells in five high-power fields was
counted in the sections. MMRD was defined as the complete absence of expression of at
least one mismatch repair protein [43] (MLH1, MSH2, MSH6, or PMS2).

4.4. Multicolor Immunofluorescence Staining for HLA-I and CD8

The sections were prepared, and endogenous peroxidase was blocked as described
above. Nonspecific binding sites were blocked by incubation with Protein Block Serum-Free
Reagent for 30 min, and the sections were incubated overnight at 4 ◦C with the primary
antibodies against HLA Class I-A, B, C (Hokudo, Sapporo, Japan, EMR8-5, mouse mAb,
1:400 dilution) and CD8 (Abcam, Cambridge, MA, USA, ab4055, rabbit pAb, 1:400 dilution).
Multiplex covalent labeling (HLA-I, Opal 520 Fluorophore, OP-001001; CD8, Opal 570 Fluo-
rophore, OP-001003) with tyramide signal amplification (Akoya Biosciences, MA, USA) was
performed according to the manufacturer’s protocol. All sections were counterstained with
DAPI and examined under an All-in-One BZ-X710 fluorescence microscope (KEYENCE
Corporation, Osaka, Japan).
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4.5. Statistical Analyses

The JMP Pro 14.0 software package (SAS Institute Inc., Cary, NC, USA) was used for all
the statistical analyses. Statistical analysis was performed using Wilcoxon and Steel-Dwass
tests. Differences were considered statistically significant at p < 0.05.

Author Contributions: H.O. (Haruka Okami), N.O., T.Y. (Takehiko Yokobori), K.S., A.S. (Atsushi Shibata),
and H.S. (Hiroshi Saeki) conceived and designed this study. H.O. (Haruka Okami), N.O., K.O., B.E.-O.
and G.D. performed experiments. H.O. (Hiroomi Ogawa), N.O., T.S., T.O. (Takuhisa Okada), A.S.
(Akihiko Sano), M.S. (Makoto Sohda), M.S. (Makoto Sakai), T.M., H.O. (Haruka Okami), T.Y. (Takashi
Yao), H.S. (Hiro Sato), and T.O. (Takahiro Oike). analyzed the data. H.O. (Haruka Okami), N.O., T.Y.
(Takehiko Yokobori), K.S., A.S. (Atsushi Shibata), and H.S. (Hiroshi Saeki). wrote the manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by Grants-in-Aid for Scientific Research from the Japan Society for
the Promotion of Science (JSPS) (grant numbers 22H02912, 22K08766, 22K08792, 21K08749, 20K09098,
and 19K07726).

Institutional Review Board Statement: This study conformed to the tenets of the Declaration of
Helsinki and was approved by the Institutional Review Board for Clinical Research of the Gunma
University Hospital (Maebashi, Gunma, Japan; approval number: HS2023-027). Patient consent was
obtained by using the opt-out method.

Informed Consent Statement: Patient consent was obtained by using the opt-out method.

Data Availability Statement: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We thank Mariko Nakamura, Kao Abe, Yukiko Suto, Sayaka Okada, and Harumi
Kanai for their assistance in this study.

Conflicts of Interest: The authors have no conflict of interest.

References
1. Baron, J.A. Aspirin and NSAIDs for the prevention of colorectal cancer. Recent Results Cancer Res. 2009, 181, 223–229. [CrossRef]
2. Rothwell, P.M. Aspirin in prevention of sporadic colorectal cancer: Current clinical evidence and overall balance of risks and

benefits. Recent Results Cancer Res. 2013, 191, 121–142. [CrossRef]
3. Kmietowicz, Z. Study finds that aspirin improves survival after colon cancer diagnosis. BMJ 2014, 348, g2476. [CrossRef]

[PubMed]
4. Monteleone, G.; Pallone, F.; Stolfi, C. The dual role of inflammation in colon carcinogenesis. Int. J. Mol. Sci. 2012, 13, 11071–11084.

[CrossRef] [PubMed]
5. Kuwahara, R.; Ikeuchi, H.; Horio, Y.; Minagawa, T.; Kusunoki, K.; Uchino, M. Have advances in medical therapy for ulcerative

colitis impacted surgical treatment? Ann. Gastroenterol. Surg. 2023, 7, 272–278. [CrossRef] [PubMed]
6. Ahmad, T.; Marshall, S.E.; Jewell, D. Genetics of inflammatory bowel disease: The role of the HLA complex. World J. Gastroenterol.

2006, 12, 3628–3635. [CrossRef] [PubMed]
7. Oike, N.; Kawashima, H.; Ogose, A.; Hatano, H.; Ariizumi, T.; Yamagishi, T.; Murayama, Y.; Umezu, H.; Imai, C.;

Hayashi, M.; et al. Human leukocyte antigen I is significantly downregulated in patients with myxoid liposarcomas. Cancer
Immunol. Immunother. 2021, 70, 3489–3499. [CrossRef]

8. Ogose, A.; Kawashima, H.; Hotta, T.; Ariizumi, T.; Yamagishi, T.; Oike, N.; Sasaki, T.; Hatano, H.; Umezu, H.; Endo, N. Frequent
expression of human leukocyte antigen class I and the status of intratumoral immune cells in alveolar soft part sarcoma. Oncol.
Lett. 2017, 13, 2169–2176. [CrossRef]

9. Asahi, Y.; Hatanaka, K.C.; Hatanaka, Y.; Kamiyama, T.; Orimo, T.; Shimada, S.; Nagatsu, A.; Sakamoto, Y.; Kamachi, H.;
Kobayashi, N.; et al. Prognostic impact of CD8+ T cell distribution and its association with the HLA class I expression in
intrahepatic cholangiocarcinoma. Surg. Today 2020, 50, 931–940. [CrossRef]

10. Sato, H.; Suzuki, Y.; Ide, M.; Katoh, T.; Noda, S.E.; Ando, K.; Oike, T.; Yoshimoto, Y.; Okonogi, N.; Mimura, K.; et al. HLA class I
expression and its alteration by preoperative hyperthermo-chemoradiotherapy in patients with rectal cancer. PLoS ONE 2014,
9, e108122. [CrossRef]

11. Möller, P.; Koretz, K.; Schlag, P.; Momburg, F. Frequency of abnormal expression of HLA-A,B,C and HLA-DR molecules, invariant
chain, and LFA-3 (CD58) in colorectal carcinoma and its impact on tumor recurrence. Int. J. Cancer Suppl. 1991, 6, 155–162.
[CrossRef] [PubMed]

12. Cabrera, T.; Collado, A.; Fernandez, M.A.; Ferron, A.; Sancho, J.; Ruiz-Cabello, F.; Garrido, F. High frequency of altered HLA class
I phenotypes in invasive colorectal carcinomas. Tissue Antigens 1998, 52, 114–123. [CrossRef] [PubMed]

https://doi.org/10.1007/978-3-540-69297-3_21
https://doi.org/10.1007/978-3-642-30331-9_7
https://doi.org/10.1136/bmj.g2476
https://www.ncbi.nlm.nih.gov/pubmed/24691102
https://doi.org/10.3390/ijms130911071
https://www.ncbi.nlm.nih.gov/pubmed/23109839
https://doi.org/10.1002/ags3.12626
https://www.ncbi.nlm.nih.gov/pubmed/36998292
https://doi.org/10.3748/wjg.v12.i23.3628
https://www.ncbi.nlm.nih.gov/pubmed/16773677
https://doi.org/10.1007/s00262-021-02928-1
https://doi.org/10.3892/ol.2017.5696
https://doi.org/10.1007/s00595-020-01967-y
https://doi.org/10.1371/journal.pone.0108122
https://doi.org/10.1002/ijc.2910470727
https://www.ncbi.nlm.nih.gov/pubmed/1712347
https://doi.org/10.1111/j.1399-0039.1998.tb02274.x
https://www.ncbi.nlm.nih.gov/pubmed/9756399


Int. J. Mol. Sci. 2023, 24, 13648 10 of 11

13. Lampen, M.H.; van Hall, T. Strategies to counteract MHC-I defects in tumors. Curr. Opin. Immunol. 2011, 23, 293–298. [CrossRef]
14. Ugurel, S.; Spassova, I.; Wohlfarth, J.; Drusio, C.; Cherouny, A.; Melior, A.; Sucker, A.; Zimmer, L.; Ritter, C.; Schadendorf, D.; et al.

MHC class-I downregulation in PD-1/PD-L1 inhibitor refractory Merkel cell carcinoma and its potential reversal by histone
deacetylase inhibition: A case series. Cancer Immunol. Immunother. 2019, 68, 983–990. [CrossRef] [PubMed]

15. Anderson, P.; Aptsiauri, N.; Ruiz-Cabello, F.; Garrido, F. HLA class I loss in colorectal cancer: Implications for immune escape
and immunotherapy. Cell. Mol. Immunol. 2021, 18, 556–565. [CrossRef] [PubMed]

16. Uchihara, Y.; Permata, T.B.M.; Sato, H.; Kawabata-Iwakawa, R.; Katada, S.; Gu, W.; Kakoti, S.; Yamauchi, M.; Kato, R.; Gond-
howiardjo, S.; et al. DNA damage promotes HLA class I presentation by stimulating a pioneer round of translation-associated
antigen production. Mol. Cell 2022, 82, 2557–2570.e2557. [CrossRef] [PubMed]

17. Sato, H.; Niimi, A.; Yasuhara, T.; Permata, T.B.M.; Hagiwara, Y.; Isono, M.; Nuryadi, E.; Sekine, R.; Oike, T.; Kakoti, S.; et al. DNA
double-strand break repair pathway regulates PD-L1 expression in cancer cells. Nat. Commun. 2017, 8, 1751. [CrossRef] [PubMed]

18. Ozawa, N.; Yokobori, T.; Osone, K.; Katayama, C.; Suga, K.; Komine, C.; Shibasaki, Y.; Shiraishi, T.; Okada, T.; Kato, R.; et al.
PD-L1 upregulation is associated with activation of the DNA double-strand break repair pathway in patients with colitic cancer.
Sci. Rep. 2021, 11, 13077. [CrossRef]

19. Garon, E.B.; Rizvi, N.A.; Hui, R.; Leighl, N.; Balmanoukian, A.S.; Eder, J.P.; Patnaik, A.; Aggarwal, C.; Gubens, M.; Horn, L.; et al.
Pembrolizumab for the treatment of non-small-cell lung cancer. N. Engl. J. Med. 2015, 372, 2018–2028. [CrossRef]

20. Osone, K.; Yokobori, T.; Katayama, C.; Takahashi, R.; Kato, R.; Tatsuski, H.; Takada, T.; Yajima, R.; Motegi, Y.; Ogawa, H.; et al.
STMN1 accumulation is associated with dysplastic and neoplastic lesions in patients with ulcerative colitis. Oncol. Lett. 2019, 18,
4712–4718. [CrossRef]

21. Ashton, J.J.; Latham, K.; Beattie, R.M.; Ennis, S. Review article: The genetics of the human leucocyte antigen region in inflammatory
bowel disease. Aliment Pharmacol. Ther. 2019, 50, 885–900. [CrossRef] [PubMed]

22. Bouma, G.; Oudkerk Pool, M.; Crusius, J.B.; Schreuder, G.M.; Hellemans, H.P.; Meijer, B.U.; Kostense, P.J.; Giphart, M.J.;
Meuwissen, S.G.; Peña, A.S. Evidence for genetic heterogeneity in inflammatory bowel disease (IBD); HLA genes in the
predisposition to suffer from ulcerative colitis (UC) and Crohn’s disease (CD). Clin. Exp. Immunol. 1997, 109, 175–179. [CrossRef]
[PubMed]

23. Mazzarella, G.; Stefanile, R.; Camarca, A.; Giliberti, P.; Cosentini, E.; Marano, C.; Iaquinto, G.; Giardullo, N.; Auricchio, S.;
Sette, A.; et al. Gliadin activates HLA class I-restricted CD8+ T cells in celiac disease intestinal mucosa and induces the enterocyte
apoptosis. Gastroenterology 2008, 134, 1017–1027. [CrossRef] [PubMed]

24. Hazini, A.; Fisher, K.; Seymour, L. Deregulation of HLA-I in cancer and its central importance for immunotherapy. J. Immunother.
Cancer 2021, 9, e002899. [CrossRef] [PubMed]

25. Ullman, T.A.; Itzkowitz, S.H. Intestinal inflammation and cancer. Gastroenterology 2011, 140, 1807–1816. [CrossRef] [PubMed]
26. Porter, R.J.; Arends, M.J.; Churchhouse, A.M.D.; Din, S. Inflammatory Bowel Disease-Associated Colorectal Cancer: Translational

Risks from Mechanisms to Medicines. J. Crohns Colitis 2021, 15, 2131–2141. [CrossRef] [PubMed]
27. Courtney, E.D.; Melville, D.M.; Leicester, R.J. Review article: Chemoprevention of colorectal cancer. Aliment Pharmacol. Ther. 2004,

19, 1–24. [CrossRef]
28. Rothwell, P.M.; Fowkes, F.G.; Belch, J.F.; Ogawa, H.; Warlow, C.P.; Meade, T.W. Effect of daily aspirin on long-term risk of death

due to cancer: Analysis of individual patient data from randomised trials. Lancet 2011, 377, 31–41. [CrossRef]
29. Qiu, X.; Ma, J.; Wang, K.; Zhang, H. Chemopreventive effects of 5-aminosalicylic acid on inflammatory bowel disease-associated

colorectal cancer and dysplasia: A systematic review with meta-analysis. Oncotarget 2017, 8, 1031–1045. [CrossRef]
30. Chen, Y.; Sun, L.; Li, D.; Yin, X.; Shang, G.; Diao, T.; Shi, L. Aspirin Inhibits Carcinogenesis of Intestinal Mucosal Cells in UC Mice

Through Inhibiting IL-6/JAK/STAT3 Signaling Pathway and Modulating Apoptosis and Proliferation. Turk. J. Gastroenterol. 2022,
33, 731–742. [CrossRef]

31. Ohnishi, S.; Hiramoto, K.; Ma, N.; Kawanishi, S. Chemoprevention by aspirin against inflammation-related colorectal cancer in
mice. J. Clin. Biochem. Nutr. 2021, 69, 265–271. [CrossRef] [PubMed]

32. Köhnke, T.; Gomolka, B.; Bilal, S.; Zhou, X.; Sun, Y.; Rothe, M.; Baumgart, D.C.; Weylandt, K.H. Acetylsalicylic Acid reduces the
severity of dextran sodium sulfate-induced colitis and increases the formation of anti-inflammatory lipid mediators. Biomed. Res.
Int. 2013, 2013, 748160. [CrossRef] [PubMed]

33. Tang, H.J.; Bie, C.Q.; Guo, L.L.; Zhong, L.X.; Tang, S.H. Efficacy and safety of vedolizumab in the treatment of patients with
inflammatory bowel disease: A systematic review and meta-analysis of randomized controlled trials. Exp. Ther. Med. 2023,
25, 298. [CrossRef] [PubMed]

34. Besendorf, L.; Müller, T.M.; Geppert, C.I.; Schneider, I.; Mühl, L.; Atreya, I.; Vitali, F.; Atreya, R.; Neurath, M.F.; Zundler, S.
Vedolizumab blocks α4β7 integrin-mediated T cell adhesion to MAdCAM-1 in microscopic colitis. Therap. Adv. Gastroenterol.
2022, 15, 17562848221098899. [CrossRef] [PubMed]

35. Domènech, E.; Gisbert, J.P. Efficacy and safety of vedolizumab in the treatment of ulcerative colitis. Gastroenterol. Hepatol. 2016,
39, 677–686. [CrossRef] [PubMed]

36. Feagan, B.G.; Rutgeerts, P.; Sands, B.E.; Hanauer, S.; Colombel, J.F.; Sandborn, W.J.; Van Assche, G.; Axler, J.; Kim, H.J.;
Danese, S.; et al. Vedolizumab as induction and maintenance therapy for ulcerative colitis. N. Engl. J. Med. 2013, 369, 699–710.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.coi.2010.12.005
https://doi.org/10.1007/s00262-019-02341-9
https://www.ncbi.nlm.nih.gov/pubmed/30993371
https://doi.org/10.1038/s41423-021-00634-7
https://www.ncbi.nlm.nih.gov/pubmed/33473191
https://doi.org/10.1016/j.molcel.2022.04.030
https://www.ncbi.nlm.nih.gov/pubmed/35594857
https://doi.org/10.1038/s41467-017-01883-9
https://www.ncbi.nlm.nih.gov/pubmed/29170499
https://doi.org/10.1038/s41598-021-92530-3
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.3892/ol.2019.10814
https://doi.org/10.1111/apt.15485
https://www.ncbi.nlm.nih.gov/pubmed/31518029
https://doi.org/10.1046/j.1365-2249.1997.4121510.x
https://www.ncbi.nlm.nih.gov/pubmed/9218841
https://doi.org/10.1053/j.gastro.2008.01.008
https://www.ncbi.nlm.nih.gov/pubmed/18395083
https://doi.org/10.1136/jitc-2021-002899
https://www.ncbi.nlm.nih.gov/pubmed/34353849
https://doi.org/10.1053/j.gastro.2011.01.057
https://www.ncbi.nlm.nih.gov/pubmed/21530747
https://doi.org/10.1093/ecco-jcc/jjab102
https://www.ncbi.nlm.nih.gov/pubmed/34111282
https://doi.org/10.1046/j.1365-2036.2003.01806.x
https://doi.org/10.1016/S0140-6736(10)62110-1
https://doi.org/10.18632/oncotarget.13715
https://doi.org/10.5152/tjg.2022.21855
https://doi.org/10.3164/jcbn.20-189
https://www.ncbi.nlm.nih.gov/pubmed/34857988
https://doi.org/10.1155/2013/748160
https://www.ncbi.nlm.nih.gov/pubmed/24083240
https://doi.org/10.3892/etm.2023.11997
https://www.ncbi.nlm.nih.gov/pubmed/37229320
https://doi.org/10.1177/17562848221098899
https://www.ncbi.nlm.nih.gov/pubmed/35784193
https://doi.org/10.1016/j.gastrohep.2015.11.010
https://www.ncbi.nlm.nih.gov/pubmed/26948838
https://doi.org/10.1056/NEJMoa1215734
https://www.ncbi.nlm.nih.gov/pubmed/23964932


Int. J. Mol. Sci. 2023, 24, 13648 11 of 11

37. Kopylov, U.; Burisch, J.; Ben-Horin, S.; Braegger, F.; Fernández-Nistal, A.; Lara, N.; Heinrich, H.S.; Vavricka, S.R. Impact of
Vedolizumab on Extraintestinal Manifestations in Inflammatory Bowel Disease: Results From a Descriptive, Retrospective,
Real-world Study. Inflamm. Bowel Dis. 2023, izad075. [CrossRef]

38. Reinisch, W.; Sandborn, W.J.; Danese, S.; Hébuterne, X.; Kłopocka, M.; Tarabar, D.; Vaňásek, T.; Greguš, M.; Hellstern, P.A.;
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