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A B S T R A C T

Introduction: The involvement of mucin, lectin, and apoptosis in colitis is still unclear. This study aimed to
investigate changes in MUC2 expression, inflammation, and changes in lectin expression in colitis patients.
Methods: A total of 17 patients were divided into two groups including 11 hemorrhoid patients as a control
group and 6 colitis patients. MUC2 mutation analysis was carried out using immunofluorescent and FISH
techniques. Assessment of caspase-3, Ki-67, NF-kB, and lectin expressions was also carried out by immuno-
fluorescent technique then analyzed by confocal laser scanning microscope.
Results: The MUC2, caspase-3, and lectin expressions were significantly lower in the colitis group than in the
control group (p < 0.05).
Conclusions: It was concluded that in colitis there was a change in MUC2 expression due to changes in lectins
accompanied by apoptotic defects.conclusion

1. Introduction

Colitis is a chronic inflammatory disease, characterized by the
presence of plasmacytosis in the lamina propria colon, due to unknown
etiology [1,2]. The manifestations of this disease are heterogeneous due
to complex immunopathological processes, including immune response
dysregulation, aberrant cytokine secretion, changes in barrier function,
and intestinal microbiota [3,4]. In western countries, the prevalence of
colitis is 200–250 per 100,000 inhabitants [5]. In Africa and the Middle
East, the tendency for colitis follow the pattern in developed countries.
This phenomenon is also found in Asia [7].

MUC2 is a mucin layer in the gastrointestinal tract, along with
epithelial cells that will form a barrier to toxic substances. MUC2 is
secreted high in the colon epithelium cells of humans, mice and mice.
MUC2 is stored in the apical granule of goblet cells as a morphological
determinant of goblet cells. In MUC2-deficient mice, colon inflamma-
tion will occur and contribute to the development of colitis induction
[8]. Nonetheless, there is still controversy in the expression of MUC2 in
colitis patients, in the form of decreased expression [9], as well as a

moderate increase in MUC2 expression compared to controls [10]. Even
for mRNA levels, there was no difference between colitis and controls
[11].

Lectin is a glycoprotein that is able to recognize and bind irrever-
sibly with carbohydrates from the glycoconjugate complex [12]. Lectin
is a glycan binding protein [13]. The main function of glycan is the
protection of core proteins from degradation by proteases [14]. In co-
litis, glycan changes are found which result in damage to the mucous
barrier and the appearance of inflammasome [15,16]. Acetylation of
glycoproteins is a mucosal recovery marker for colitis patients [17].
Until now, as far as we know, there have not been many studies eval-
uating the changes in lectins in colitis.

The contribution of inflammation in the development of colitis is
still controversial. About 40% of patients do not respond to anti-TNF-α
treatment [18,19]. Apoptosis can be divided into two pathways, namely
the mitochondrial intrinsic pathway and extrinsic death receptor. Both
of these pathways are interrelated and can influence each other. Both of
these pathways also activate caspase, a protease that targets cellular
proteins, triggering cell disassembly [20]. A previous study has
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revealed a decrease in intrinsic apoptosis in colitis compared to controls
[21]. The role of apoptosis in colitis is also still controversial. Therefore,
this study will investigate changes in MUC2 expression, inflammation,
and changes in lectin expression in colitis patients.

2. Material and methods

2.1. Tissue

There are two groups, including the control group (hemorrhoid
patient) (11 patients) and the group of colitis patients (6 patients).
Criteria for patients are determined through clinical, endoscopic, and
histological examinations. Tissue is obtained from the biopsy. For
controls, there was no prior history of inflammatory bowel disease,
endoscopic and histologic analysis showed normal colon.
Determination of healthy tissue from biopsy of hemorrhoid patients is
carried out by a pathologist. For colitis patients, endoscopic, and his-
tological analysis shows moderate to severe inflammation. A biopsy is
performed in the sigmoid region (30 cm from the anal ring) [11]. The
use of human tissue has received ethical approval from the Research
Ethics Committee, Faculty of Medicine, Banjarmasin, South Kali-
mantan, Indonesia.

2.2. Labelling immunofluorescence

Labelling immunofluorescence was carried out according to the
protocol in the previous study [22]. Antibodies used include anti-Cas-
pase-3 mouse monoclonal antibody (Santa Cruz Biotechnology, Dallas,
Texas, US), anti Ki67 rabbit polyclonal antibody (Santa Cruz Bio-
technology, Dallas, Texas, US), anti-Mucin 2 rabbit polyclonal antibody
(Santa Cruz Biotechnology, Dallas, Texas, US), anti-NFkB mouse
monoclonal antibody (Santa Cruz Biotechnology, Dallas, Texas, US).
Secondary antibodies include goat anti-Rabbit IgG-FITC (Santa Crus
Biotechnology, Dallas, Texas, US) (1:1000), and goat anti-Mouse IgG-
Rhod (Santa Cruz Biotechnology, Dallas, Texas, US).

2.3. FISH of MUC2 (5′-TCC AAT GGG AAC ATC AGGATA CAT GGT
GGC-3′)

First, prepared 40ml of 0.01 N HCL (0.85% NaCl) in the staining jar
on the waterbath temperature 37 °C. The slides were incubated at 90 °C
for 25min. Slides are depreciated with xylene for 15min, repeated
twice. Then dehydrated with absolute ethanol for 5min, repeated 2
times. The slides are air dried. Prepared 10mM citric acid incubated in
waterbath temperature 80 °C. The slides were incubated in citric acid
for 55min. Prepared 80mg of Pepsin dissolved with 0.01 N HCl (0.2%
Pepsin). Slide incubated in pepsin solution for 30min. Slide is washed
with 70% ethanol for 30 s. The slides are air dried and checked for
differences before and after incubation of the Pepsin solution. Slides are
dehydrated with 70% ethanol, 85%, and 100% for 2min each. Then the
slides were dried, then continued with the hybridization step. Prepared
10 μl mix per slide probe. The hybridization was carried out by the
following process: 83 °C denaturation for 3min, 37 °C hybridization for
24–48 h, then washed with 0.3% Igepal, CA-630, Sigma (or NP40)/
0.4XSSC @ 73 °C for 2min. Finally, it was washed with 0.1% IgEpal CA-
630, Sigma (or NP40)/2XSSC at room temperature for 90 s.

2.4. Ethics

In this study, the ethics committee approval was given by the Health
Research Ethics Committee of the Faculty of Medicine, Banjarmasin,
South Kalimantan, Indonesia. (No.30/KEPK-FK UNLAM/01/2019).

2.5. Statistical analysis

Data are presented as mean ± SD and differences between

treatment groups are analyzed by the unpaired t-test. The analysis was
carried out with the SPSS 23.0 statistical package for Windows pro-
gram. The probability value (p < 0.05) is stated to be significantly
different.

3. Results

In this study, eleven healthy colon tissues were isolated from
hemmorhoid patients. For colitis patients, six colon tissue samples were
obtained.

Fig. 1 presents the caspase-3 expressions in all groups. Caspase-3
expression decreased significantly in colitis patients compared to the
control group (p < 0.05). Meanwhile, there were no differences in Ki-
67 expressed in various groups (p > 0.05), as shown in Fig. 2.

Expressions of MUC-2 in various groups can be seen in Fig. 3. MUC-
2 expression decreased significantly in the colitis group compared to
the control group (p < 0.05).

Table 1 shows the MUC2 mutations and NF-κB expression between
various groups. The expression of MUC2 mutations and the NF-κB ex-
pression in the colitis group did not differ significantly compared to the
control group (p > 0.05).

The expression of the lectin can be seen in Fig. 4. The expression of
the lectin in colitis was significantly lower than the control group
(p > 0.05).

4. Discussion

In this study, caspase-3 expression was significantly lower in the
colitis group than in the control group. These findings indicate that
there is an apoptotic defect in colitis compared to controls. This study
contrasts with previous findings that found an increase in apoptosis
assessed by TUNEL in colitis patients [23]. In rat colitis models due to
DSS induction also found an increase in caspase-3 expression [24]. The
results of this study extend the previous findings that apoptosis

Fig. 1. Representative micrograph of caspase-3 expression in healthy colon
tissue (A) and colitis patients (B). (FITC staining at 400x magnification by a
confocal laser scanning microscope) (Top figure). The expression of caspase-3
in control and colitis. Note: Value are presented as mean ± standard of de-
viation; AU: arbitrary units; #: p < 0.05 in comparison with the control group
(Bottom figure).
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resistance colitis [25]. The decrease in caspase-3 expression is thought
to be caused by high autophagy activity which limits apoptosis due to
cytokine induction so that the inflammation is also minimal [26]. This
is supported by the finding that NF-κB expression was not significantly
different between colitis and controls. Apoptotic defects in colitis were
not accompanied by changes in cell proliferation, as evidenced by the
meaningless expression of KI-67 between colitis and control patients.

In this study, MUC-2 expression decreased significantly in colitis
compared to controls. This indicates a down-regulation of MUC-2 ex-
pression in colitis compared to controls. This finding is consistent with
previous studies that there was a decrease in the expression of MUC-2 in
colitis compared to controls [8]. We hypothesized that this decrease in
expression was caused by a decrease in production and/or an increase
in degradation of MUC-2. The results of the FISH analysis showed no
significant differences between colitis and controls. This leads the re-
searcher that the decrease in MUC-2 expression is not caused by pro-
cesses at the level of gene transcription, but in the process of post-
translation modification. One post-translational modification is a
glycan change, protecting the core protein from protease activity
[14,15]. On the other hand, there was no significant difference in NF-κB
activity in colitis patients compared to controls. Thus, in this study the
decrease in expression of MUC-2 in colitis patients did not involve an
increase in inflammation and changes in the level of gene transcription.
The degree of inflammation in colitis is related to glycan changes [16].
This study also found a significant decrease in lectin expression in co-
litis compared to controls. This finding indicates that in colitis there is a
decrease in the location of interactions between carbohydrates (glycan)
and lectins. This confirms that the decrease in MUC2 is caused by the
post-translation process, one of which is due to a decrease in the ex-
pression of the lectin. Decreasing the expression of the lectin will re-
duce the interaction with glycan, so that the glycan protective effect on

protease activity decreases. Furthermore, MUC2 will be degraded by
proteases so that it decreases.

The limitations of this study include the small number of samples
and no identification of the causes of colitis. This will be a concern in
future studies.

It was concluded that in colitis there was a change in MUC2 ex-
pression due to changes in lectins accompanied by apoptotic defects.
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Fig. 2. Representative micrograph of Ki-67 expression in healthy colon tissue
(A) and colitis patients (B). (FITC staining at 400x magnification by a confocal
laser scanning microscope) (Top figure). The expression of ki-67 in all groups.
Note: Value are presented as mean ± standard of deviation; AU: arbitrary units
(Bottom figure).

Fig. 3. Representative micrograph of MUC-2 expression in healthy colon tissue
(as a control) (A) and colitis patients (B). (Rhodamin staining at 400x magni-
fication by a confocal laser scanning microscope) (Top figure). The expression
of MUC-2 in both groups. Note: Value are presented as mean ± standard of
deviation; AU: arbitrary units; #: p < 0.05 in comparison with the control
group (Bottom figure).

Table 1
The MUC-2 mutation and NF-κB expression in all groups.

Control (n= 11) Colitis (n=6) p value

FISH MUC-2
(AU)

10412.809 ± 4773.534 13110.551 ± 8702.766 p > 0.05

NF-κB (AU) 19588.144 ± 11975.148 16419.078 ± 9752.170 p > 0.05

Note: Value presented as mean ± standard of deviation; FISH: fluorescence in
situ hybridization; AU: arbitrary units.
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Appendix ASupplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bbrep.2019.100655.
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