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Abstract

Ulcerative colitis (UC) and Crohn’s disease (CD) are cryptogenic inflammatory bowel
diseases (IBD) that are suggestive of aberrant MUC expression; however, their
relationship remains unclear. Here, we examined aberrant MUC expression in intestinal
samples from UC and CD patients in comparison to samples from patients with ischemic
colitis (IC) and control groups. To study the expression of MUC1, MUC5AC, and MUC6
in different patient groups, we reviewed the slides stained with hematoxylin and eosin
and performed immunohistochemistry. The results revealed that MUC1 was expressed
more in the UC group and MUC6 in the CD group. No significant changes were observed
in MUC expression in the IC group. Overall, we demonstrated changes in MUC
expression in UC and CD, which can help in the diagnosis and early clinical management

of UC and CD.
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Introduction

Ulcerative colitis (UC) and Crohn’s disease (CD) are chronic inflammatory
bowel diseases (IBD) that are frequently observed in young adults. However, their
pathogenesis is not completely known.! Mucins have been reported to assist in imparting
mucosal defense against external pathogens.* Moreover, they are generally composed of
core proteins (MUC and glycoprotein) and extensive O-linked glycans.’> MUCs contain a
variable number of tandem repeat sequences and demonstrate highly variable structures.
They are divided into two major groups: secretory mucins and membrane-associated
mucins. For instance, MUC2, MUC5AC, MUCS5B, and MUCE6 are classified as secretory
mucins, wherecas MUCI1, MUC3, and MUC4 are membrane-associated mucins.
Remarkably, 21 MUC genes have been identified.®

Multiple studies have demonstrated that UC pathogenesis is significantly
associated with the mucin barrier.””!® Interestingly, MUC2 expression is often detected in
the intestinal goblet cells of healthy individuals, but the expression of other MUCs has
been found to be aberrant in the intestinal epithelium of patients with UC. For instance, a
high incidence of MUCSAC and MUCG6 expression has been reported in UC-associated
non-invasive and invasive neoplasms.'* Despite these findings, the relationship between
aberrant MUC expression and UC is still indefinite and controversial.® Therefore, in this
study, we investigated whether MUC1, MUCS5AC, and MUC6, which are not normally
expressed in the intestinal tract of healthy people, are useful as diagnostic markers for
UC. In addition, to confirm whether the change in MUC expression was specific to UC
patients, the frequency of MUC expression in patients with CD and ischemic colitis (IC)

was compared.
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Materials and Methods

Patients

We collected colorectal biopsy specimens of 60 patients from the pathological
database (2010-2022) of Kinki Central Hospital, Itami, Japan. They were composed of
samples from 38 males and 22 females (age 23—94 years, mean age 63.6 years). Fifteen
patients were clinically diagnosed with UC, 15 were clinically diagnosed with CD, and
15 were clinically and histologically diagnosed with IC. The remaining 15 patients were
diagnosed with colorectal cancer (CRC). Non-lesional specimens from patients with CRC
were used as controls. This study was approved by the Ethical Review Board of Kinki
Central Hospital (Proposal No. 416 and 432). All procedures were performed in
accordance with the committee guidelines and regulations. The patient attributes are listed

in Table 1.

Hematoxylin and eosin staining and immunohistochemistry

All tissue specimens were fixed in 10 % formalin and neutral buffered solution, embedded
in paraffin, cut into 4-um thick serial sections, and used for both hematoxylin and eosin
staining and immunohistochemical (IHC) staining. The latter was performed using the
Roche BenchMark ULTRA THC/ISH Staining Module (Ventana Medical Systems, AZ,
USA) according to the manufacturer’s instructions and a previous study.'” The primary

antibodies used in this study, dilution ratios, and positive controls are listed in Table 2.
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The antibodies for MUC1 (H23), MUCS5AC (MRQ-19), and MUC6 (MRQ-20) used in
our analysis were connected to the tandem-repeat domain.'®!” Immunohistochemical
staining was scored by two independent pathologists (Y.H. and K.Y.). Staining was
considered positive if one or more stained epithelial cells were present in the crypts. We
confirmed that each specimen contained ten crypts at least. When several specimens were

included in the patient group, they were analyzed together.

Statistical analysis

Pairwise comparisons using Fisher’s test were performed using EZR (Easy R).!® The test
was used to examine the relationship between the groups and MUC IHC expression. The
p value adjustment method used was Bonferroni. Statistical significance was set at p <

0.05.

Results

Hematoxylin and eosin staining and MUC expression using immunohistochemistry

To study the pathological characteristics of the UC biopsy tissues, hematoxylin
and eosin staining was performed. The specimens of the control, CD, and IC groups were
similarly studied. Representative histological images of each group are shown in Figure
1.

Subsequently, the MUC expression was assessed in the control, UC, CD, and IC

group of patients using IHC; the results are presented in Table 1. MUCI1 expression was
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positive in 5, 13, 10, and 8 patients in the control, UC, CD, and IC groups respectively.
MUCS5AC expression was positive in 9, 15, 9, and 15 patients in the control, UC, CD,
and IC groups, respectively. MUC6 expression was positive in 0, 1, 7, and 0 patients in
the control, UC, CD, and IC groups, respectively. Compared to the control group, there
were significantly more cases expressing MUCI in the UC group (p = 0.047 <0.05) and
significantly more cases expressing MUC6 in the CD group (p = 0.038 <0.05). No
significant change was observed in the frequency of MUC expression in the IC group.
Representative immunohistochemical expressions are shown in Figure 2. The
statistical results for MUC immunohistochemical expressions are summarized in Table 3.
The specificity and sensitivity using the panel of MUC1 and MUC6 are shown in Table

4.

Discussion

MUCI expression has been observed in the glandular epithelium of the breast,
pancreas, fundic gland, and lungs, whereas MUCSAC expression has been detected in the
gastric foveolar epithelium. Furthermore, MUCG6 expression has been identified in the
pyloric, cardiac, and Brunner’s glands. The expressions of MUC2, MUC3, MUC12,
MUC13, and MUC17 have been reported in the intestine.!® The expressions of MUCI,
MUCS5AC, and MUC6 have not been concluded in UC and CD patients.'® In this study,
we analyzed the expression of MUC1, MUCSAC, and MUCG6 in intestinal biopsy samples
from UC, CD, and IC groups using IHC.

Interestingly, our results differ from those of a previous report,?® according to

which MUCI is expressed more intensely in the UC group than in the non-IBD group.
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Furthermore, MUC1 was found to be expressed more strongly at the site of ruptured crypt
abscess in patients belonging to the severe UC group than in patients from the control
group. Moreover, the expression of MUCS5AC and MUC6 was not observed in the UC
group. In our study, MUCI1 expression was detectable regardless of crypt abscesses in the
UC group. The intensity of MUC1 expression was not considered in this analysis.
However, other reports have corroborated our results. For instance, MUC5AC and MUC6
expression has been reported in 63 (70.0 %) and 16 (17.8 %) out of 90 patients with UC,
respectively.?! While MUC6 expression has been frequently associated with neoplasia in
UC, no neoplasia was detected in cases with MUC6 expression in our study. Moreover,
Mizoshita et al. reported a connection between ectopic MUCSAC expression and
ulcerative colitis.?

MUCI overexpression in neo-terminal ileum biopsies was detected
immunohistochemically in postoperative patients with recurrent CD.?* Histological
severity was considered in this study. Increased MUCI1 gene expression was also reported
in the uninflamed CD ileum and IBD colon compared to healthy controls.?* These studies
are not necessarily contradictory to our study. mRNAs and peptides of MUCS5AC and
MUCS6, which are seldom seen in the healthy ileum mucosa, were observed in the ileal
mucosa near ulcers of CD.? Our report is consistent with the report of MUC6 expression.
Decreased MUCSAC gene expression has been reported in CD patients.?® On the other
hand, our study showed stable MUCS5AC immunohistochemical expression in CD
patients. This discrepancy may have been caused by differences in gene and peptide
expressions.

According to Yuan?’, MUCI is not expressed immunohistochemically in IC.

This result was consistent with our results. The relationships between IC and MUCSAC
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and between IC and MUC6 have not been reported. MUC expression in IC is likely to be
different from that in CD and UC.

Since our analysis focused on non-dysplastic/neoplastic UC and CD in patients
of Japanese ethnicity compared to IC patients, we believe that our approach is original
and valuable. Our study is also helpful for accumulating evidence about MUC expression
in UC and CD using monoclonal antibodies against MUC1, MUCS5AC, and MUCS6,
which were different from other previous studies.

Mucin core proteins and glycans are diverse, as the core proteins have various
repeated sequences, while the glycans exhibit heterogeneous branched structures.!® Thus,
the antigenicity of mucins may be difficult to generalize. Regardless of the antibody clone,
aberrant MUC expression is a potential pathogenic alteration in UC and CD patients.
Hence, if the suggestive histology for UC and CD is observed, aberrant expression of
MUC can support the diagnosis of UC and CD. Additionally, the panel of MUCI1 and
MUC6 is helpful for the differential diagnosis of UC and CD. Especially, the combination
of MUC1+/MUC6- showed a specificity of 80% and a sensitivity of 80% (Table 4). Accordingly,
these findings may be useful in the early clinical management of UC and CD.

Nonetheless, this study had some limitations. For instance, the study had a
limited sample size and its outcomes were not completely adjusted for disease severity
and duration. We could not stratify patients according to severity because we did not find

many patients with UC, CD, or IC in our hospital.

Conclusion

A change in the frequency of MUC expression in UC and CD patients was noted, which
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could help in the diagnosis and early clinical management of UC and CD.
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Figure 1

Representative hematoxylin and eosin staining of terminal ileum or colorectum
samples from control, ulcerative colitis (UC), Crohn’s disease (CD), and ischemic
colitis (IC) group. In case number 6 of control, there was no significant change. In case
number 17 of UC, crypt distortion and crypt abscess were seen. In case number 32 of CD,
irregular branching crypt was seen. In case number 49 of IC, goblet cell depletion and

ghost-like appearance were seen. (Original magnification 200x, scale bar = 50 um).

Figure 2

Representative immunohistochemical staining MUC1, MUCSAC, and MUC6 of
terminal ileum or colorectum samples from control, ulcerative colitis (UC), Crohn’s
disease (CD), and ischemic colitis (IC) group. Case number 6 of control, case number
17 of UC, case number 32 of CD, and case number 49 of IC are shown. (original

magnification 400x, scale bar =20 um). The staining was seen in cytoplasm of the crypt.
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