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Abstract

Objectives: Inflammatory bowel disease (IBD) is a med-
ical condition that represents a pathological form of
inflammation, causing damage to the colonic mucosa.
Adjunctive vitamin D therapy may activate the Wnt/p-
catenin pathway that results in cell differentiation and
proliferation via stem cell signalling. This study aims to
evaluate the effect of vitamin D on B-catenin and cyto-
keratin 20 (KRT20) as markers of Wnt pathway activa-
tion for colonic cell repair.

Methods: For the experiment, we used 30 musculus mice
strains of BALB/c, which were categorised into five
groups; the control group (K—) and four other groups,
where colitis was induced by dextran sulphate sodium
(DSS) for seven days. On the seventh day, the remaining
three groups were administered vitamin D with an initial
dose of 0.2 ng/25.0 g, 0.4 ng/25.0 g and 0.6 png/25.0 g until
day 14. An objective index of disease activity and a his-
tological score were required as markers of inflammation
to evaluate the results of the clinical trials.

Results: B-catenin and KRT20 showed a significant in-
crease in the proliferation index of vitamin D at a dose of
0.6 ng/25.0 g (91.50 £ 4.09 and 48.75 + 2.28, respectively;
p < 0.05) compared to the colitis group.

Conclusions: This study demonstrates that vitamin D
could be used as an induction agent of Wnt activation for
healing colonic mucosa via multipotent stem cells.
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Introduction

Inflammatory bowel disease (IBD) is a chronic and
recurrent inflammation of the intestine that has two forms:
Crohn’s disease (CD) and ulcerative colitis (UC). Various
epidemiological studies have concluded that family factors,
environment, nutrition, age at diagnosis and disease activity
influence the prognosis of IBD.' > IBD has become a global
challenge in terms of general well-being, with regions such as
Asia and South America registering an increasing incidence.
In Europe, the incidence rate of UC is 0.6—24.3/100,000
population per year, whereas in Asia and the Middle East, it
is 0.1—6.3/100,000 population per year. With regard to CD,
the incidence rate in Europe has reached 0.3—12.7/100,000
population per year, while in Asia and the Middle East, it is
0.04—5.0/100,000 population per yeatr.“’J

Currently, classical therapy for IBD treatment, with
anti-inflammatory drugs—such as aminosalicylates or
steroids—and immunosuppressants, often does not provide
optimal results. On the contrary, it could have adverse side
effects in the long term. In addition, 20—40% of the pa-
tients treated with these drugs had to undergo colon
resection because of the side effects of long-term treat-
ment.%’ Experts launched IBD therapy efforts that found
remission was dependent on clinical, biochemical and
mucosal healing. Aligned with these efforts, several
regions have provided vitamin D3 as adjuvant therapy in
adult patients in recent years. Adjuvant therapy improves
the intestinal brush-border constituent proteins, reduces
apoptosis incidence and extends colonic mucosal cell pro-
liferation.>” The administration of vitamin D3 helps
activate the Wnt/B-catenin pathway through the vitamin
D3 receptor (VDR). Briefly, canonical Wnt signalling
plays an important role in epithelial maintenance, which
can generate transcriptional activity, cell differentiation
and trigger cell proliferation. Research by Hu et al.
demonstrated that 1,25(OH);D3; binding to the VDR
could induce PB-catenin, extracellular signal-regulated ki-
nase (ERK) and signal transducer and activator of tran-
scription 5 (STATS) to activate the Wnt/B-catenin pathway
as markers of the intestinal signalling activity of stem
cells.'®!'" Furthermore, cytokeratin 20 is also used as a
marker for the formation of mature enterocytes.12
Accordingly, it is necessary to examine the role of
vitamin D3 in the activation and initiation of cell
proliferation by p-catenin and cytokeratin 20, which
would naturally lead to the renewal process through
repair of the damaged colon mucosal epithelium.

Materials and Methods
Animals

Thirty healthy male mice with BALB/c requirements,
weighing 20—25 g and aged six weeks, were sourced from the
Food and Agriculture Service of Bandung, Indonesia. The
mice were reared in a controlled environment in terms of
temperature, light and humidity and were allowed ad libitum
access to food and water.

Protocol induction of UC and treatment with vitamin D

The dextran sulfate sodium (DSS) used in this study was
purchased from MP Biomedical™ (Surabaya, Indonesia).
Colitis was induced by DSS 5% with a molecular weight of
36.000—50.000 Da added to drinking water. The mice were
randomly categorised into five groups. The first group,
namely, the control (K—) group, was administered only
Aquadest. In the second group (K+), colitis was induced
with DSS 5% for seven days and followed up with distilled
water for another seven days. The remaining three groups
were also induced by providing drinking water containing
DSS 5%. After seven days of UC induction, these three
groups were administered vitamin Dj3 (calcitriol) in different
dosages. The dosages included 0.2 pug/25.0 g/day (P1), 0.4 ng/
25.0 g/day (P2) and 0.6 ug/25.0 g/day (P3), respectively, per
round daily for seven days. All the samples were euthanised
on day 14.13

Disease Activity Index

The Disease Activity Index (DAI) was used to determine
UC under protocol scoring systems published by Murthy
et al. with little modification. The DAI consists of three
categories: (i) weight loss, (ii) stool consistency and (iii)
occult/gross rectal bleeding. The weight of the mice was
measured from day 1, and weight loss was counted (in per-
centage) the following day. Overall DAI scores were calcu-
lated using the following equation: DAI = (Weight
loss + Stool consistency + Occult rectal bleeding), and the
overall score was divided by 3.4

Histopathological score

After the mice were confirmed dead, necropsy was per-
formed by removing the required organ (colon). Colonic
tissue was then cleaned and temporarily stored in a 10%
buffered formalin solution. For tissue fixation, the paraffin
method was employed. Subsequently, the degree of colonic
mucosa damage was examined. Haematoxylin-eosin (HE)
staining was observed visually using a light microscope
(Olympus BX51) with a magnification of 100x, followed by
600x magnification to examine changes in the cells of the
colon of all treatment groups of mice. The score was verified
using the Mouse Colitis Histology Index (MCHI). The
MCHI score formula is as follows: 1 x (Type of goblet cell
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loss) + 2 x (Type of crypt density) + 2 x (Type of crypt
hyperplasia) + 3 x (Type of mucosal inﬁltration).lJ

Immunofiluorescence analysis

The colonic epithelial tissues of mice were used in this
study. Each tissue sample was sliced into 4 pwm thickness.
Immunohistochemistry was determined against the expres-
sion of B-catenin detected using the B-catenin (B-9) antibody
sc-79663 (Santa Cruz Biotechnology, Inc.) and basic cyto-
keratin antibody sc-57004PE (Santa Cruz Biotechnology,
Inc.). Double immunofluorescence staining was performed
on the sample, and it was incubated for unspecified protein
blocking using a double-staining blocking kit (anti-Stro-1-
FITC) and monoclonal rabbit SMAD3-rhodamine. The
substrate was subsequently stained with AP-—namely
LVBlue—for 40 min, dried and covered with glass. The
sample was examined by laser scanning confocal microscopy
using FluoView FV-1000 (v.1.7; Olympus).

Statistical analysis

Statistical analysis was performed using SPSS (v.24.0;
IBM Corp., Armonk, NY), and the results of measurements
of control and treatment mice were statistically analysed with
a significance level of 0.05 (o0 = 0.05) or a 95% confidence
level. Parametric data were analysed using one-way analysis
of variance (ANOVA), which was followed by Tukey’s
multiple-comparison post hoc test. To analyse nonpara-
metric data, Kruskal—Wallis and post hoc Mann—Whitney
tests were applied to compare the differences among the
groups.

Results

DAI was used in our study to estimate the health status of
the registered mice. The line chart (Figure 1) shows that the
UC model treated with DSS 5% for seven days was
successful, showing the highest score in each group. The

DAI score was significantly different using the Kruskal—
Wallis test (p = 0.016; p < 0.05) from day 1 to day 7, indi-
cating that the mice induced by DSS would experience a rise
in DAI scores. After seven days of vitamin D treatment, the
scores lowered significantly in the three groups (p = 0.026;
p < 0.05), especially at a dose of 0.4 png/25.0 g (1.50 &+ 1.19)
and 0.6 png/25.0 g (1.75 £ 0.25), which was significantly
different (p < 0.005) from the DSS-induced group
(6.00 £ 1.41). This result shows that the group that received
vitamin Dj3 in a certain dose compared to the group induced
by DSS registered improvement, clinically marked by a
reduction in the DAI score, although the condition did not
return to normal.

Figure 2 shows the results of HE staining in each group in
the trial. The DSS-induced group showed the decay of crypt
density and hyperplasia, as well as submucosal infiltration at
a large extent and small numbers of goblet cells (Figure 2B).
It also had the highest mean histopathological score, which
was 20.30 + 0.64. Crypt density damage and hyperplasia
declined inversely with increasing doses of vitamin D
administered. Crypt and goblet cells were found lined up
regularly, with valid crypt density and no hyperplasia, but
mild submucosal infiltration was still observed in
Figures 2D and 2E compared to the control group. It is
shown that vitamin D treatment ameliorated the UC
condition induced by DSS. However, inflammatory cells
were still observed in the mucosa, implying that the colon
tissue damage caused by inflammatory cell infiltration was
not completely restored. There was a significant difference
in the histopathological score (p < 0.001) among the
groups administered with vitamin D, which was
consistently higher than that of the UC group, indicating
an excellent therapeutic effect in the repairing process of
colonic mucosal tissue (Figure 2F).

To confirm the role of Wnt pathway in tissue repair, we
used immunofluorescence on B-catenin to activate progeni-
tor stem cells with vitamin D. Immunofluorescence staining
revealed that vitamin D significantly enhances the activation
marker of B-catenin compared to the UC group (Figure 3C-
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Figure 1: Disease Activity Index (DAI) of mice. The untreated group showed no improvement after 14 days, while treatment with D5
concentration significantly improved the DAI score of colitis mice. Note: Control group (K-), DSS-induced (K+), vitamin D low dose
(P1), vitamin D medium dose (P2), vitamin D high dose (P3). n = 5; *p < 0.05. #p < 0.005 compared with DSS-induced group in day 8 to

day 14.
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Figure 2: Histopathological image of the colon. Haematoxylin and eosin staining was performed, and the results were observed at a
magnification of 400, rod scale 50 um. The blue box indicates crypt density; the red box indicates the presence or absence of hyperplasia;
the green arrow indicates submucosal infiltration. Groups are shown as follows: (A) Control, (B) DSS-induced, (C) vitamin D low dose,
(D) vitamin D medium dose, (E) vitamin D high dose. (F). Comparison of histopathological scores based on blind histopathological

analysis. Values are expressed as mean + SD. **P < 0.001 compared with DSS-induced group in day 8-day 14.

Control DSS-induced Vitamin D low Vitamin D Vitamin D high
medium dose dose
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Figure 3: Immunofluorescence staining of stem cells. (A) B-catenin. Uptake of DAPI by cells is indicated by blue coloration in cells, and
anti BMI-1 staining is indicated by green fluorescence in colonic stem cells; (B) Cytokeratin 20. Anti-cytokeratin 20 staining is indicated by
red fluorescence. The composite image is a combination of DAPI, anti BMI-1 and anti-cytokeratin 20 staining. The green arrows indicate

colonic stem cells expressing cytokeratin 20, which glow yellow.
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E). The amount of anti-Bmi staining on the vitamin D group
linearly rose with the doses administered. The expression of
protein B-catenin in the DSS-induced group (34.25 & 3.06)
compared to the vitamin D group with various doses reveals
a significant difference (p < 0.05).

Cytokeratin 20 (KRT20) is widely studied as a marker of
differentiation in typical epithelial and colorectal cancers.
This study demonstrates the appearance of this marker as an
indication of successful activation and proliferation of pro-
genitor stem cells through the Wnt/B-catenin pathway. Using
immunofluorescence staining, the number of cell that
expressing KRT20 are different between group observed.
There were significant difference between control and DSS-
induced group. (p = 0.004; p < 0.05). There were also sig-
nificant enhancement of KRT20 in vitamin D groups along
with the dose of vitamin D compare with DSS-iduced group.
There were also significant difference in number of KRT20 in
DSS vs medium dose vitamin D group (18.75 + 4.66 vs 40.00
+2.08) (p =0.001; p < 0.05) and in DSS vs high dose vitamin
D (18.75 + 4.66 vs 48.75 £+ 2.28) (p = 0.000; p < 0.05).
However, the patterns of expression varied as shown in
Figure 3B. The control group was sporadically expressed
throughout the crypt at low and top levels of colon
mucosa, whereas DSS-induced expression was enriched in
the medium crypts. Meanwhile, the vitamin D group also
showed a different pattern, whereas the expression of KRT20
was detected at base crypts and extended along the crypt
axis. In summary, these data suggest that vitamin D may
accelerate progenitor stem cell activation induced by B-cat-
enin and promote the production of mature enterocytes
induced by KRT?20.

Discussion

The association of vitamin D deficiency with the risk and
severity of clinically relevant bowel diseases, such as IBD, led
us to analyse its therapeutic effects in the management of the
severity of colonic inflammation. The synthesis of active
vitamin D requires renal 1o(OH)ase, which is encoded by
Cyp27BI1; thus, it can catalyse the conversion of 25(OH)Dj3
into 1,25(OH)2D3.16’17 This active form of vitamin D binds
to the VDR and induces transcription factors to modulate
the expression of genes in a tissue-specific manner.'®!”
Mice lacking the VDR gene to bind to 1,25(OH),D3 have
shown increased severity of experimentally induced uc.®
In this study, all the groups of mice treated with vitamin D
also showed a significant reduction in histopathological
scores (p < 0.001) compared to the DSS-induced group.
The group with the highest dose of vitamin D had the lowest
score, close to that of the control group. The histopatho-
logical characteristics at a dose of 0.6 1g/25.0 g also had best
view similar to that of the control group, except for the
submucosal inflammatory cell infiltration. The healing pro-
cess in mice was observed on the fifth day of peak prolifer-
ation, while the maturation and remodelling phase was
observed the following day.31 Therefore, vitamin D has a
therapeutic effect in mice with UC but cannot achieve the
histological appearance of a healthy mucosa. Other studies
have also described the link between vitamin D and colonic
inflammation. A study conducted by Meckel et al.
demonstrated that serum 25(OH)D3; concentrations were

inversely correlated with endoscopic and histological
inflammation and disease activity in a cross-sectional
study.20 Several studies have also stated that vitamin D3 in
the blood is inversely related to various inflammation
markers, such as TNF-a, IL-6 and C-reactive protein.m*23

The provision of vitamin D3 is considered to improve in-
testinal brush-border constituent proteins, reduce the inci-
dence of apoptosis and increase the proliferation of colonic
mucosal cells in order to repair the colonic mucosa. 1824 In this
study, we found that the DSS-induced group had increased -
catenin without being induced by vitamin D. It was most
likely triggered by stress on the colonic mucosa and the body’s
defence system to maintain the balance of homeostasis. In this
study, improvement of mucosal repair increase along with the
dose of vitamin D. Furthermore, research by Choi et al. found
that activation of Wnt/B-catenin signalling had an effect on
progenitor cell proliferation in the interfollicular epidermis
under homeostatic conditions. Mucosal signalling networks
in the intestine regulate the competence of the epithelial bar-
rier to resist injury and mediate repair after damage.”> >’ The
increasing expression of cytokeratin in this study shows
progenitor cells for mature enterocytes to tissue repair after
inflammation by DSS. Several studies have reported that
mesenchymal stem cells can restore epithelial barrier
integrity, Mesenchymal stem cells not only stimulate
progenitor cells to increase epithelial regeneration but are
also embedded in damaged tissues so that they can
differentiate into colonic interstitial cells.”®*>” On the basis
of the unique capability of this pathway to promote tissue
repair, multipotent stem cell treatment is a promising
strategy to improve mucosal healing in patients with IBD.
However, there are limitations in terms of knowing the
appropriate therapeutic dose and dose toxicity in this study,
which have opposite effects on IBD. According to a study
by Ghaly et al., the severity of UC induced by DSS would
occur with high doses of vitamin D (D++, 10,000 IU/kg).30
Further research is needed to determine the dosage range
that has a perfect therapeutic effect and does not cause side
effects that aggravate IBD.

Conclusion

Vitamin D deficiency is common in people with IBD. This
study found a significant association between vitamin D
administration and decreased disease activity and histo-
pathological scores. The data presented in this article explain
the activation of Wnt pathway signalling to differentiate
mature enterocytes from 1,25D. It also provides a mecha-
nistic basis for the therapeutic intervention of inducing po-
tential stem cells in targeted clinical studies.

Recommendations

In future research, it is advisable to increase the dose of
vitamin D or lengthen the duration of administration. It will
be sufficient to examine vitamin D levels before and after
vitamin D administration so that we can determine its levels
in the blood. To further verify the therapeutic effect of
vitamin D, researchers could use a mouse model that is
already deficient in vitamin D and subsequently induced with
colitis.
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