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ABSTRACT

Objective(s): The combination of TNF-a inhibitors and vitamin D in colitis remains to be elucidated.
In the present study, we revealed the benefit of infliximab (IFX) and vitamin D in a mouse model of
Ulcerative colitis (UC).

Materials and Methods: A dextran sulfate sodium-induced colitis model was used. The therapeutic
effect of the combination was evaluated by symptom and histopathology analysis. The synergistic
mechanism was explored by detecting the regulatory effect of the combined therapy on Regulatory
T cell (Treg) differentiation.

Results: IFX and 1,25-dihydroxyvitamin D3 (VitD3) synergistically prevented the development of
colitis by improving clinical signs, pathological and hematological manifestation, and inhibiting
intestinal inflammation (decreasing TNF-a, IL-1B, and IL-6). Co-administration of IFX (2.5 mg/kg)
with VitD3 or IFX (5.0 mg/kg) with VitD3 was more effective than administration of IFX (2.5 mg/kg,
5.0 mg/kg). There was no difference in therapeutic effect between IFX (5.0 mg/kg) and VitD3+ IFX
(2.5 mg/kg) groups or between the VitD3+IFX (5.0 mg/kg) and VitD3+ Azathioprine (AZA) groups.
VitD3 or combination therapy showed more powerful regulation of splenetic Treg differentiation and
IL-10 production than IFX alone. Moreover, VitD3 alone or in combination induced higher levels of
Foxp3 and IL-10 than IFX in colon tissue. In ulcerative colitis patients, serum VitD3 levels positively
correlated with Treg levels.

Conclusion: VitD3 and IFX synergistically inhibit colitis based on their powerful regulation of Treg
differentiation. VitD3 combined with IFX is an alternative therapy for patients who are intolerant to

standard doses of IFX or combination of IFX and AZA.
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Introduction

Ulcerative colitis (UC) is a nonspecific inflammatory
disease of the colon. UC is characterized by diarrhea with
discharge of mucus and blood, cramping abdominal pain,
and inflammation and edema of the mucous membrane
with patches of ulceration. In the past decade, UC has
become a global public health problem, with increased
prevalence of UC around the world, incurable by current
medicines, and high recurrence rates. Presently, the
clinical goal of therapy is to induce and maintain clinical
and endoscopic remission (1, 2). Although the precise
etiology of UC is still unclear, aberrant immune responses,
including dysfunctional immune cells and imbalanced
inflammatory cytokine networks, are widely thought to
underlie UC formation (1, 2). Tumor necrosis factor-alpha
(TNF-a) was the first cytokine identified as a target for
the treatment of inflammatory diseases. It is well accepted
that TNF-a plays a key role in initiating and amplifying
inflammatory autoimmune diseases (3), such as UC,
rheumatoid arthritis, Crohn’s disease (CD), ankylosing
spondylitis, psoriasis, and psoriatic arthritis. Therefore,
blockade of TNF-a action by monoclonal antibodies has
been successfully developed to prevent UC (4). Infliximab
(IFX) is a chimeric monoclonal antibody that binds soluble
and membrane-bound TNF-a and is used to induce and
maintain clinical remission (5). However, some patients

are not sensitive to IFX therapy at the beginning of
treatment, or some initially sensitive patients lose their
drug sensitivity at the middle and late stages of treatment,
leading to UC recurrence (6, 7). Therefore, to obtain a
better therapeutic effect, IFX has been used together
with other immunosuppressants, such as thiopurines (8).
However, severe side effects induced by the combination
frequently occur, such as infection and malignant tumors
9).

Vitamin D is a fat-soluble vitamin required for normal
growth of teeth and bones and is produced in general by
ultravioletirradiation of sterols found in milk, fish, and eggs.
Vitamin D is recognized as a regulator of both innate and
adaptive immune responses, and vitamin D deficiency has
been associated with the development of several immune-
mediated disorders, including inflammatory bowel disease
(IBD), CD, and UC (10-11). 1,25-Dihydroxyvitamin D3
(VitD3) is the main active form of vitamin D in the body
and exerts powerful pharmacologic effects by binding
to its receptor. VitD3 plays a protective role in UC by
maintaining the integrity of mucosal homeostasis and the
healing capacity of the colon epithelium (12). A previous
study suggested that vitamin D is an important adjuvant
therapy for the treatment of UC (12, 13). However, the
study was not sufficiently powered to evaluate the
benefit of combination therapy with IFX+VitD3 in UC.
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Therefore, in this study, we investigated the effect of
co-administration of VitD3 and IFX for treatment in a
dextran sulfate sodium (DSS)-induced Ulcerative colitis
model and evaluated the benefits.

Materials and Methods
Participants

This study was approved by the ethics committee of the
Anhui Provincial Children’s Hospital, and all procedures
involving human participants were performed following
the ethical standards described in the 1964 Declaration of
Helsinki and its later amendments. From January 2019 to
December 2021, a total of 7 patients (four boys and three
girls, mean age: 10.28 years) and 9 healthy controls were
enrolled in the current study. All patients conformed to the
Third European Evidence-based Consensus on Diagnosis
and Management of UC (14). Each subject underwent
detailed clinical evaluation and endoscopic assessment.
Colonoscopy was performed to assess the extent of the
disease and endoscopic severity, and the severity of UC
was determined on the basis of the disease activity index
(DAI) score, in which 0-2 was classified as remission,
3-6 as mild disease, 7-10 as moderate disease, and 11-
12 as severe disease. The following inclusion criteria
were used: (1) diagnosed UC based on clinical records,
colonoscopy, and pathology; (2) no history of chronic
inflammatory diseases (such as diabetes); (3) no history
of large gastrointestinal surgery; and (4) no history of
use of medications such as TNF-a blockers, nonsteroidal
anti-inflammatory drugs, vitamin D supplementation,
and immunosuppressants within the past three months.
All patients and healthy control participants signed
written consent prior to their enrollment in this survey.
Serum samples from participants were prepared at the
time of enrollment, and VitD3 and TNF-a were detected
using enzyme-linked immunosorbent assay (ELISA)
kits (Catalog# DY410-05, RDKAP1971, R&D Systems,
Minneapolis, MN, USA). Moreover, fecal samples were
collected, and calprotectin levels were detected using a
kit according to the manufacturer’s instructions (Catalog#
DS8900, R&D Systems, Minneapolis, MN, USA).

Animals

C57BL/6 male mice (8 weeks old) were purchased
from SLAC Laboratory Animal Co., Ltd. (Shanghai,
China). Animals were fed under a specific pathogen-free
environment at 24 +1 °C, 40-75% relative humidity, and a
12:12 hr light/dark cycle. All mice were provided with food
and tap water ad libitum for one week to acclimate before
experiments. The present animal study was approved by
the ethics committee of Anhui Medical University, and
all procedures were performed in accordance with ethical
standards described in the guidelines of laboratory animal
use and care of the European Community (EEC Directive
of 1986; 86/609/EEC).

UC induction and treatment

UC was induced in the mice by a regular method
reported previously (15). In brief, the mice were provided
with sterilized tap water with 3% DSS (Catalog# D806297,
Macklin Biochemical Technology Co., Ltd) in the drinking
water for 7 days to induce colitis. The water was changed
every other day. Moreover, the normal control mice were
given sterilized tap water without 3% DSS. One week
later, 3% DSS-treated mice were randomly divided into
seven groups (eight mice per group): (1) normal group;

Iran J Basic Med Sci, 2024, Vol. 27, No. 9

NEMS

Hu et al.

(2) model group; (3) VitD3 group (2 pg/kg, p.o, Catalog#
D1530, Sigma-Aldrich, St. Louis, MO, USA); (4-5) IFX
group (Catalog# HY-P9970, MedChemExpress LLC,
Shanghai, China, 2.5 mg/kg, 5.0 mg/kg, IP); (6) VitD3+
IFX group (2.5 mg/kg); (7) VitD3+IFX group (5.0 mg/kg);
(8) Azathioprine (AZA, 10 mg/kg, p.o, Catalog# A4638,
Sigma-Aldrich, St. Louis, MO, USA)+IFX group (5.0 mg/
kg). The mice were orally administered VitD3 once a day
for 14 days after 3% DSS treatment. Moreover, the animals
also received IFX by intraperitoneal injection at 4 and 11
days after 3% DSS treatment. The mice in the normal and
DSS model groups received normal saline only. On day
14, all animals were sacrificed, and tissue collection was
conducted for further use.

Assessment of UC severity

During the study period, DAI was assessed by loss
of weight, stool consistency, and presence of blood in
the stool. The DAI was evaluated by the researcher who
was blinded to the group information. DAI values were
recorded daily. Percentage of weight loss (A): 0 meant no
weight loss; 1 meant a 0-5% loss; 2 meant a 5-10% loss;
3 meant a 10-15% loss; and 4 meant over 15% loss. Fecal
states (B): 0 meant normal feces; 1-2 meant wet and soft
feces; and 3-4 meant loose feces. Severity of hematochezia
(C): 0 was normal or occult blood; 1-2 was dim blood;
and 3-4 was obvious blood. The DAI score was calculated
according to (A+B+C)/3.

Assessment of hematological manifestation

At the end of the study, blood samples were collected
from each animal. Hematological parameters, such as red
blood cell (RBC) counts, hematocrit (HCT), hemoglobin
(HGB), monocytes, and total white blood cell (WBC)
counts, were measured by an IDEXX ProCyte DX
hematology analyzer (IDEXX, Westbrook, ME, USA).

Histopathological analysis

Colonic histopathology was detected under a light
microscope. For pathological assessment, the colonic
specimens were fixed in 4% formalin, embedded in
paraffin, cut into 5 um thick sections, and then stained with
hematoxylin and eosin (H&E). Pathological damage was
evaluated according to previously described criteria (16).

Cytokine measurement

At the end of the study, blood was collected, and serum
was prepared to measure inflammatory cytokine levels.
Moreover, colon tissues were collected and homogenized
and then centrifuged at 2,500xg for 10 min at 4 °C. The
supernatant was prepared and then used to detect the
levels of interleukin (IL)-1p, IL-6, IL-10, and TNF-a using
ELISA kits according to the manufacturer’s protocols
(Catalog# MLB00C, M6000B-1, M1000B-1, MTAOOB,
R&D systems, Minneapolis, MN, USA).

Flow cytometry analysis

To analyze the level of regulatory T cells (Tregs) from
patients and experimental animals, flow cytometry
analysis was performed. Spleen tissues were removed, cut
into pieces, ground into suspension carefully, and filtered
using a cell strainer. Peripheral blood mononuclear cells
(PBMCs) were collected from clinical participants based
on the density gradient centrifugation method. PBMCs
and splenocytes were fixed and stained with anti-
CD4, anti-CD25, and anti-Forkhead Box P3 (Foxp3)
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antibodies (Catalog# PA5-85858, PA5-116978, PA1-46126,
eBioscience, Santiago, USA) and analyzed by a FACSCanto
II Flow Cytometer (BD Biosciences, USA).

Immunohistochemical staining

Fixed colonic samples were cut into 4-pm-thick sections,
deparaffinized and rehydrated through a series of xylene and
ethanol washes. Sections were blocked with 1% goat serum
albumin for 10 min at room temperature and incubated
with a primary antibody against Foxp3 (Catalog# ab215206,
Abcam, Cambridge, UK) overnight at 4 °C. After incubation
with the secondary antibody, 3,3-N- diaminobenzidine
(Catalog# P0203, Beyotime Biotech. Inc., Shanghai,
China) was added to each section for 30 sec. The sections
were observed using an Olympus AX70 microscope and
quantitatively analyzed by Image-Pro Plus 6.0 software
(Media Cybernetics, Inc., Rockville, VA, USA).

Statistical analysis

The data were analyzed using the SPSS 16.0 statistical
package. Multiple comparisons were performed by one-way
analysis of variance (ANOVA) followed by an LSD t-test. A
value of P<0.05 was considered statistically significant, and
all results are presented as the mean + SD.
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Results
VitD3 positively correlated with Treg levels in UC patients
To characterize the status of VitD3 in UC patients, we
detected the level of serum VitD3 and then analyzed its
relationship with inflammation-related molecules in UC
patients (Figure 1). A total of 7 UC patients were included,
and their median age was 10.29 years. As shown in Figure
lc-1d, the median level of VitD3 in mild patients was
significantly higher than that in severe patients (P<0.01).
Moreover, the level of VitD3 in UC patients was significantly
lower than that in the healthy control group (P<0.01). VitD3
levels positively correlated with Tregs (P<0.05, Figure 1f)
but not with TNF-a and calprotectin levels in UC patients
(Figure le, 1g).

VitD3 and IFX synergistically improved colitis symptoms
in mice

To explore the therapeutic effect of the combination of
VitD3 and IFX, we evaluated the changes in body weight,
DAI score, and colon length of mice in each group. As shown
in Figure 2, treatment of mice with VitD3, IFX (2.5 mg/kg;
5.0 mg/kg), VitD3+IFX (2.5 mg/kg; 5.0 mg/kg) or AZA+IFX
effectively inhibited the development of DSS-induced
colitis by increasing average weight, reducing DAI scores,
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Figure 1. VitD3 correlated with Treg levels in UC patients

a-b. Representative pathological picture and endoscope image of ulcer tissues; c. VitD3 level in mild and severe UC patients; d. VitD3 level in healthy controls and UC patients;
e. Correlation between calprotectin and VitD3; f. Correlation between Tregs and VitD3; g. Correlation between TNF-a and VitD3; data are represented as the mean+standard

deviation; n=7; ##P<0.05 versus severe or colitis group
UC: Ulcerative colitis; VitD3: 1,25-dihydroxyvitamin D3
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Figure 2. VitD3 and IFX synergistically improved the clinical manifestation of colitis in mice
Data are represented as mean+standard deviation; n=8 per group; $$P<0.01 versus normal group; *P<0.05, **P<0.01 versus DSS group; #P<0.05, ##P<0.01 versus IFX group (2.5

mg/kg); *P<0.05, **P<0.01 versus IFX group (5.0 mg/kg).

IFX: Infliximab; DSS: Dextran sodium sulfate; D3: 1,25-dihydroxyvitamin; AZA: Azathioprine
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Figure 3. VitD3 and IFX synergistically improved the hematological parameters of colitis mice

Hematological parameters were determined from the whole blood of mice, and data are represented as the meanz+standard deviation; n=8 per group; *P<0.01 versus normal group;
"P<0.01 versus DSS group; “P<0.05, “*<0.01 versus IFX group (2.5 mg/kg); “P<0.05, **P<0.01 versus IFX group (5.0 mg/kg).

IFX: Infliximab; DSS: Dextran sodium sulfate; VitD3: 1,25-dihydroxyvitamin D3; AZA: Azathioprine

and improving the lowered colon (P<0.01). Compared
with IFX (2.5 mg/kg or 5.0 mg/kg), the inhibitory effect
of VitD3+IFX (2.5 mg/kg or 5.0 mg/kg) on DSS-induced
clinical signs was more powerful (P<0.01). Moreover, there
was no significant difference in the colitis symptoms of mice
that received IFX (5.0 mg/kg) and VitD3+IFX (2.5 mg/kg).
Moreover, there was no significant difference in the efficacy
between VitD3+IFX (5.0 mg/kg) and AZA+IFX(5.0 mg/kg).

VitD3 and IFX synergistically improved the hematological
parameters of colitis mice

Hematological parameters, such as RBCs and WBCs,
are important laboratory indices to assist in the diagnosis
of colitis. As shown in Figure 3, compared with those of
the normal group, the levels of RBCs, HGB, and HCT
were significantly reduced, and WBC and monocyte levels
were significantly increased in the DSS group (P<0.01).
After administration of IFX (2.5 mg/kg; 5.0 mg/kg),
VitD3+IFX (2.5 mg/kg; 5.0 mg/kg), or AZA+IFX (5.0 mg/
kg), the levels of WBCs and monocytes were significantly
decreased compared with those in the DSS group, and
the levels of RBCs, HGB, and HCT were significantly
increased compared with those in the DSS group (P<0.01).
Moreover, VitD3 treatment showed little regulatory effect
on these parameters. Further analysis was conducted
between different medicine groups. We found that the
regulatory effects of VitD3+IFX (2.5 mg/kg) on present
hematological parameters (excerpt for HCT) were more
powerful than those of IFX (2.5 mg/kg) (P<0.05). A similar
result was observed when comparing VitD3+IFX (5.0 mg/
kg) and IFX (5.0 mg/kg) (P<0.05). Interestingly, there were
no significant differences in these parameters between
VitD3+ IFX (2.5 mg/kg) and IFX (5.0 mg/kg) or between
VitD3+IFX (5.0 mg/kg) and AZA+IFX (5.0 mg/kg).

VitD3 and IFX synergistically improved the pathological
manifestation of colitis mice

As shown in Figure 4b, DSS-administered mice showed
striking hyperemia, infiltration of inflammatory cells into
the mucosa, and exfoliation of goblet cells and epithelial
cells. These histological features did not appear in the normal
group (Figure 4a). Treatment of mice with VitD3, IFX (2.5
mg/kg; 5.0 mg/kg), VitD3+ IFX (2.5 mg/kg; 5.0 mg/kg) or
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AZA+IFX (5.0 mg/kg) effectively improved mucosal damage
and inflammatory cell infiltration (Figure 4c-4 h). We further
quantitatively analyzed the histopathology of colon tissues in
each group. As shown in Figure 4i, intervention with different
medicines effectively reduced the scores of DSS-treated mice
(P<0.01). Moreover, the score in the VitD3+ IFX (2.5 mg/
kg) group was significantly reduced compared with that in
the IFX (2.5 mg/kg) group (P<0.05). A similar result was
also observed comparing the score between VitD3+IFX (5.0
mg/kg) and IFX (5.0 mg/kg) (P<0.05). Finally, there were
no significant differences in pathological scores between
VitD3+IFX (2.5 mg/kg) and IFX (5.0 mg/kg) or between
VitD3+IFX (5.0 mg/kg) and AZA+IFX (5.0 mg/kg).
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Figure 4. VitD3 and IFX synergistically improved the pathological
manifestation of colitis in mice

(200%, H&E staining) (a) normal group; (b) DSS group; (c) VitD3 group; (d) IFX (2.5
mg/kg); (e) IFX (5.0 mg/kg); (f) VitD3+IFX (2.5 mg/kg); (g) VitD3+IFX (5.0 mg/
kg); (h) AZA+IFX (5.0 mg/kg); (i) pathological scores; data are represented as the
meanzstandard deviation; n=8 per group; **P<0.01 versus DSS group; #P<0.05 versus
IFX group (2.5 mg/kg); “P<0.05 versus IFX group (5.0 mg/kg)

IFX: Infliximab; DSS: Dextran sodium sulfate; VitD3: 1,25-dihydroxyvitamin D3;
AZA: Azathioprine
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Figure 5. VitD3 and IFX synergistically reduced inflammatory cytokines in colitis mice
a: Inflammatory cytokines TNF-a, IL-6, and IL-1p in serum were examined by ELISA; b: TNF-a, IL-6, and IL-1f in colonic tissues were examined by ELISA; data are represented
as the mean+standard deviation; n=8 per group; $$P<0.01 versus normal group; **P<0.01 versus DSS group; #P<0.05, ##P<0.01 versus IFX group (2.5 mg/kg); “P<0.05, **P<0.01

versus IFX group (5.0 mg/kg).

IFX: Infliximab; DSS: Dextran sodium sulfate; VitD3: 1,25-dihydroxyvitamin D3; AZA: Azathioprine

VitD3 and IFX synergistically repressed the inflammatory
response in colitis mice

To evaluate the anti-inflammatory effect of the
combination of VitD3 and IFX, we detected inflammatory
cytokines in serum and colon tissue. ELISA results
revealed that the levels of the cytokines TNF-a, IL-1(,
and IL-6 in the DSS group were significantly increased
compared with those in the normal group (Figure 5a-5b,
P<0.01). After administration of IFX (2.5 mg/kg; 5.0 mg/
kg), VitD3+IFX (2.5 mg/kg; 5.0 mg/kg), and AZA+IFX (5.0
mg/kg), serum and colonic levels of TNF-a, IL-1f, and IL-6
were significantly decreased compared with those in the
DSS group (Figure 5a-5b, P<0.01), while VitD3 treatment
alone showed little effect on these cytokines. Moreover, the
levels of TNF-a, IL-1f, and IL-6 in the VitD3+IFX (2.5 mg/

QLAT

a"‘!;m.‘“ﬁ.

| Bleams e

kg) group were significantly decreased compared with those
in the IFX (2.5 mg/kg) group (P<0.05). A similar result was
observed in the comparison of the score between VitD3+IFX
(5.0 mg/kg) and IFX (5.0 mg/kg) (P<0.05). Interestingly,
there were no significant differences in the cytokine levels
between VitD3+IFX (2.5 mg/kg) and IFX (5.0 mg/kg) or
between VitD3+IFX (5.0 mg/kg) and AZA+IFX (5.0 mg/kg).

VitD3 and IFX synergistically regulate Tregs in the spleens
of colitis mice

Tregs play a negative regulatory role in the occurrence
and development of colitis (17). We continued to investigate
the regulatory effect of the combined administration on
Tregs in DSS-treated mice. As shown in Figure 6, DSS-
treated mice showed decreased levels of Tregs compared
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Figure 6. VitD3 and IFX synergistically increased Treg levels in colitis mice
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Representative flow cytometric dot plot and proportion of Tregs (h) are shown. (a) normal group; (b) DSS group; (c) VitD3 group; (d) IFX group (2.5 mg/kg); (e) IFX group (5.0 mg/
kg); (f) VitD3+IFX group (2.5 mg/kg); (g) VitD3+IFX group (5.0 mg/kg); (i): IL-10 in splenocyte supernatant was measured by ELISA kit. Data are represented as the mean=standard
deviation; n=>5 per group; *P<0.01 versus normal group; ~ P<0.01 versus DSS group; *P<0.01 versus IFX group (2.5 mg/kg); **P<0.01 versus IFX group (5.0 mg/kg).

IFX: Infliximab; DSS: Dextran sodium sulfate; VitD3: 1,25-dihydroxyvitamin D3; AZA: Azathioprine

1176

Iran J Basic Med Sci, 2024, Vol. 27, No. 9



VitD3 and infliximab improves colitis IJ-

with the normal group (P<0.01). However, the frequency
of Tregs in mice treated with VitD3, IFX (2.5 mg/kg; 5.0
mg/kg), and VitD3+IFX (2.5 mg/kg; 5.0 mg/kg) was 1.25-
fold, 1.07-fold, 1.13-fold; 1.26-fold and 1.38-fold greater
than that in DSS mice, respectively (P<0.01). Meanwhile,
the level of Tregs in the VitD3+IFX (2.5 mg/kg) group was
significantly increased compared with that in the IFX (2.5
mg/kg) group (P<0.01). A similar result was presented in
the comparison of Tregs between VitD3+IFX (5.0 mg/kg)
and IFX (5.0 mg/kg) (P<0.01). Interestingly, there were no
significant differences in Treg levels between the VitD3+IFX
(2.5 mg/kg) and IFX (5.0 mg/kg) groups. Additionally, IL-
10 is the main cytokine secreted by Tregs. We further
analyzed the expression of IL-10 secreted by splenocytes.
The results are shown in Figure 6i. In brief, compared with
the normal group, the level of IL-10 was down-regulated
in DSS-treated mice (P<0.01). After treatment with VitD3,
IFX, or their combination, the expression of IL-10 was
significantly increased in comparison with that of the DSS
group (P<0.01). Moreover, VitD3 and IFX cotreatment
synergistically increased IL-10 levels in the spleens of
DSS-treated mice.

VitD3 and IFX synergistically regulate Foxp3+ cells in the
colonic tissue of colitis mice

Foxp3 is required for the generation of functional Tregs.
We continued to investigate the regulatory effect of the
combined administration on Foxp3 levels in DSS-treated
mice (18). As shown in Figure 7, DSS-treated mice showed
decreased levels of Foxp3 expression compared with the
normal group (P<0.01). However, the levels of Foxp3
in mice treated with VitD3, IFX (2.5 mg/kg; 5.0 mg/kg),
and VitD3+IFX (2.5 mg/kg; 5.0 mg/kg) were significantly
increased compared with those in the DSS group (P<0.01).
Moreover, the expression of Foxp3 in the VitD3+IFX (2.5
mg/kg) group was significantly higher than that in the IFX
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(2.5 mg/kg) group. A similar result was presented when
comparing Foxp3 between VitD3+ IFX (5.0 mg/kg) and IFX
(5.0 mg/kg) (P<0.01). Interestingly, there was a significant
difference in Foxp3 levels between VitD3+IFX (2.5 mg/kg)
and IFX (5.0 mg/kg). Additionally, IL-10 is responsible for
maintaining the expression and function of Foxp3 in Tregs.
We further analyzed the expression of IL-10 in colonic
tissues. Compared with the normal group, the level of
IL-10 was decreased in DSS-treated mice (P<0.01). After
treatment with VitD3, IFX, or their combination, the
expression of IL-10 was significantly increased compared
with that in the DSS group (P<0.01). Moreover, VitD3 and
IFX cotreatment synergistically increased IL-10 levels in
the colonic tissues of DSS-treated mice (P<0.01).

Discussion

TNF-a plays an important role in the occurrence and
development of chronic IBD, and anti-TNF-a therapy can
effectively improve disease symptoms (4). However, the
loss of response to IFX in some IBD patients remains an
important clinical problem. In brief, treatment of IBD by
humanized monoclonal antibody directed against TNF-a
(IFX) induces complete clinical remission in 33% to 50% of
patients, in which some patients do not respond to IFX at
the beginning of treatment. In contrast, others respond at
the beginning of treatment but lose this response later (6, 7).
To overcome resistance to biologics, retrospective data or
clinical practices suggest the benefit of the combination of
TNF-a inhibitors with immunosuppression. For example,
the combined therapy of anti-TNF-a and thiopurines in
IBD has been proven to be superior to monotherapy in
induction and maintenance of response due to decreased
antibody formation against anti-TNF-a agents, increased
response rate, and prolonged drug survival (19). However,
IFX or thiopurine monotherapy may be associated with
more serious adverse events in a dose-dependent manner

IL-10 [pgimg)

o ST
g
&

Figure 7. VitD3 and IFX synergistically increased Foxp3 levels in colitis mice
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Representative immunohistochemical images are shown in the (a) normal group, (b) DSS group, (c) VitD3 group, (d) IFX group (2.5 mg/kg), (e) IFX group (5.0 mg/kg), (f)
VitD3+IFX group (2.5 mg/kg), and (g) VitD3+IFX group (5.0 mg/kg), and semiquantitative analysis is shown in (h). (i) The IL-10 level in colonic tissues was measured by an
ELISA kit. Data are represented as the mean+standard deviation; n=>5 per group; $$P<0.01 versus normal group;**P<0.01 versus DSS group; ##P<0.01 versus IFX group (2.5 mg/

kg); AAP<0.01 versus IFX group (5.0 mg/kg).

IFX: Infliximab; DSS: Dextran sodium sulfate; VitD3: 1,25-dihydroxyvitamin D3; Foxp3: Forkhead Box P3
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(20, 21). Previously published work has found that high-
dose (HD) IFX may benefit IBD patients who have
failed standard doses of IFX, but HD IFX therapy was
discontinued in 7.3% of patients for adverse events, and
eleven cases of infection required hospitalization for a
serious infection rate of 7.41 events per 100 patient-years
(20). Moreover, both IFX and thiopurines present powerful
immunosuppression, and therefore, the combination will
inevitably induce a strong inhibitory effect on the body’s
immune system, resulting in serious adverse reactions.
It has been shown that the combination of anti-TNF-a
agents and thiopurines has been associated in a real-life
setting with an increased risk for serious and opportunistic
infections compared to monotherapy with both agents
(22). Moreover, a recent systematic review with meta-
analysis, comprising 261,698 patients, concluded that both
anti-TNF-a agents and thiopurines are associated with an
increased risk of lymphoma, and the risk associated with
combination therapy was significantly higher compared to
both unexposed patients and monotherapy (21). Therefore,
how to reduce IFX adverse reactions or increase their effects
is worthy of further study.

The active vitamin D metabolite VitD3 has a variety of
biological activities, including regulation of the immune
system (10-11). VitD3 inhibits some parts of adaptative
immunity, especially shifting Th1 and Th17 lymphocytes
toward a Th2 phenotype, with potential protective effects
on some autoimmune diseases (23). Therefore, it has
previously been shown that VitD3 has a good effect on
UC. In an experimental animal model, VitD3 ameliorated
clinical symptoms in an established chronic colitis model
(12). For UC patients, vitamin D deficiency is highly
prevalent. Patients with longer disease duration, more severe
symptoms, and pancolitis are likely to have lower vitamin D
levels (24). Vitamin D supplementation was associated with
reduced intestinal inflammation in patients with active UC
(25). Moreover, vitamin D stimulates innate immunity with
potential protective effects against some infectious diseases
(26). Asaresult, VitD3 may be a bilateral immunomodulator
rather than a unilateral immunosuppressant. Therefore, the
combination of VitD3 with IFX may have advantages in the
occurrence of severe adverse events when compared with
VitD3 and immunosuppressants. In the present study, we
enrolled seven UC patientsand found that the median serum
level of VitD3 in mild UC patients was significantly higher
than that in the severe group. Furthermore, in DSS-induced
animals, VitD3 and IFX co-administration synergistically
improved symptoms and pathological and hematological
manifestations and inhibited intestinal inflammation in
colitis mice, and the therapy of the combined group was
more effective than that of the corresponding IFX group.
Moreover, the other important finding in the present study
is that there was no significant difference in the protective
effect between IFX (5.0 mg/kg) and VitD3+IFX (2.5 mg/
kg) or between VitD3+IFX (5.0 mg/kg) and AZA+IFX (5.0
mg/kg). These results suggest that VitD3 combined with
a small dose of IFX may be an alternative therapy for UC
patients who are intolerable in response to standard doses
of IFX. Moreover, VitD3 combined with a standard dose
of IFX may be an alternative therapy for UC patients who
are intolerable in response to a combination of IFX and
immunosuppressants.

In previous reports, several mechanisms have been
proposed to explain the increased effectiveness of combined
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immunosuppressives and IFX. In brief, the presence of
anti-drug antibodies against IFX has been associated with
a 4-fold increase in drug clearance, most likely due to
enhanced clearance of drug/anti-drug antibody immune
complexes. Lower rapid drug clearance results in low or
undetectable circulating drug concentrations, which are
associated with lower success rates for the induction of
remission and with loss of response (9). However, there
is limited data to support our present findings. Therefore,
further study was conducted to disclose why VitD3 and IFX
synergistically repressed the development of colitis. Many
studies have revealed the anti-colitis mechanism of VitD3,
such as deactivation of the local renin-angiotensin system in
the colon, inhibition of NLRP3 inflammasome activation,
alteration of the composition of the fecal microbiome, and
modulation of T helper (Th)1 and Th17 activation (11, 27-
29). We postulated that the addition of VitD3 to IFX therapy
may have benefits based on synergy at the pharmacological
level. Tregs play a crucial role in the pathogenesis of IBD.
Therapeutic arrangement based on Tregs is important to
address systemic inflammatory and autoimmune diseases.
A decreased number of Tregs was previously observed in
patients with IBD compared with healthy controls. Inhibited
generation of functionally impaired Tregs contributes
to intestinal inflammation, leading to colitis and other
complications, while functionally immunosuppressive
Tregs have been shown to ameliorate IBD-induced immune
responses (17, 30, 31). In a recent study (32), VitD3 was
shown to increase Treg profiles and the production of its
secreted anti-inflammatory cytokine IL-10. In the present
study, VitD3 monotherapy or combination treatment
showed more powerful regulation of splenetic Treg
differentiation and IL-10 production than IFX alone.
Moreover, VitD3 treatment alone or in combination induced
increased levels of Foxp3 in colon tissue, which is one of the
key transcription factors controlling Treg differentiation.

Conclusion

In summary, our results demonstrate that VitD3 and IFX
synergistically improve colitis in mice. Co-administration
of VitD3 with a reduced dose of IFX showed the same
protective effect as that of a standard dose of IFX, and
administration of VitD3 with a standard dose of IFX showed
an identical effect to that of AZA+IFX. Our results suggest
that VitD3 used together with IFX is an alternative therapy
for UC patients who are intolerable in response to standard
doses of IFX or a combination of AZA and IFX. Moreover,
VitD3 facilitates the control of colitis by IFX via its powerful
regulation of Tregs.

Acknowledgment

This work was supported by the Natural Science
Foundation of Anhui Province, China (No. 1808085QH239)
and the Scientific Research Project of Anhui Health and
Family Planning Commission (No. AHW]2021b058).

Authors’ Contributions

Y C and Y W contributed to the supervision, funding
acquisition, study conception, and design. Y H, CYL, Y
L, and C W contributed to data processing, collection,
performing experiments, analysis and interpretation of
results, draft manuscript preparation, and visualization.
All authors approved the final version to be published.

Iran J Basic Med Sci, 2024, Vol. 27, No. 9



VitD3 and infliximab improves colitis

Conflicts of Interest
The authors declare no conflict of interest.

References

1. Du L, Ha C. Epidemiology and pathogenesis of ulcerative colitis.
Gastroenterol Clin North Am 2020;49:643-654.

2. Segal JP, LeBlanc JE Hart AL. Ulcerative colitis: an update. Clin
Med (Lond) 2021;21:135-139.

3. Jang DI, Lee AH, Shin HY, Song HR, Park JH, Kang TB, et al.
The role of tumor necrosis factor alpha (TNF-a) in autoimmune
disease and current TNF-a inhibitors in therapeutics. Int ] Mol Sci
20215 22: 2719.

4. Bhattacharya A, Osterman MT. Biologic therapy for ulcerative
colitis. Gastroenterol Clin North Am 2020;49:717-729.

5. Bradley GM, Oliva-Hemker M. Infliximab for the treatment
of pediatric ulcerative colitis. Expert Rev Gastroenterol Hepatol
2012;6:659-665.

6. D’'Haens GR, Panaccione R, Higgins PD, Vermeire S, Gassull
M, Chowers Y, et al. The london position statement of the World
Congress of Gastroenterology on biological therapy for IBD with
the European Crohn’s and Colitis Organization: when to start,
when to stop, which drug to choose, and how to predict response?
Am ] Gastroenterol 2011;106:199-212.

7. Ben-Horin S, Chowers Y. Review article: loss of response to
anti-TNF treatments in Crohn’s disease. Aliment Pharmacol Ther
2011;33:987-995.

8. Lambrescak E, Vaysse T, Allez M, Ungar B, Gleizes A, Hacein-
Bey S, et al. Duration of combination therapy and risk of treatment
failure in patients with inflammatory bowel disease. Clin Res
Hepatol Gastroenterol 2021;45:101503.

9. Bots S, Gecse K, Barclay M, D'Haens G. Combination
immunosuppression in IBD. Inflamm Bowel Dis 2018;24:539-545.
10. Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and
immune function. Nutrients 2013;5:2502-2521.

11. Battistini C, Ballan R, Herkenhoff ME, Saad SMI, Sun J.
Vitamin D modulates intestinal microbiota in inflammatory bowel
diseases. Int ] Mol Sci 2020 ;22:362.

12. Zhao H, Zhang H, Wu H, Li H, Liu L, Guo J,et al. Protective
role of 1,25(OH)2 vitamin D3 in the mucosal injury and epithelial
barrier disruption in DSS-induced acute colitis in mice. BMC
Gastroenterol 2012;12:57.

13. Fletcher J, Cooper SC, Ghosh S, Hewison M. The role of Vitamin
D in inflammatory bowel disease: mechanism to management.
Nutrients 2019;11:1019.

14. Magro E Gionchetti P, Eliakim R, Ardizzone S, Armuzzi
A, Barreiro-de Acosta M, et al. European Crohn’s and Colitis
Organisation [ECCO]. Third European Evidence-based consensus
on diagnosis and management of ulcerative colitis. Part 1:
Definitions, diagnosis, extra-intestinal manifestations, pregnancy,
cancer surveillance, surgery, and ileo-anal pouch disorders. J
Crohns Colitis 2017;11:649-670.

15. Li J, Ren S, Li M, Bi ], Yang G, Li E. Paeoniflorin protects
against dextran sulfate sodium (DSS)-induced colitis in mice
through inhibition of inflammation and eosinophil infiltration. Int
Immunopharmacol 2021;97:107667.

16. Han DH, Kim WK, Lee C, Park S, Lee K, Jang SJ, et al. Co-
administration of Lactobacillus gasseri KBL697 and tumor necrosis

Iran J Basic Med Sci, 2024, Vol. 27, No. 9

NE=EMS

Hu et al.

factor-alpha inhibitor infliximab improves colitis in mice. Sci Rep
2022;12:9640.

17. Negi S, Saini S, Tandel N, Sahu K, Mishra RPN, Tyagi
RK.Translating treg therapy for inflammatory bowel disease in
humanized mice. Cells 2021;10:1847.

18. Ono M. Control of regulatory T-cell differentiation and
function by T-cell receptor signalling and Foxp3 transcription
factor complexes. Immunology 2020;160:24- 37.

19. Arieira C, Dias de Castro F, Curdia Gongalves T, Moreira MJ,
Cotter J. Combination therapy in inflammatory bowel disease
patients: do we need to maximize the dose of azathioprine? Scand
] Gastroenterol 2020;55:920-923.

20. Hendler SA, Cohen BL, Colombel JF, Sands BE, Mayer L,
Agarwal S.High-dose infliximab therapy in Crohn’s disease: clinical
experience, safety, and efficacy. ] Crohns Colitis 2015;9:266-275.
21.PriviteraG, Pugliese D, OnaliS, Petito V, Scaldaferri F, Gasbarrini
A, et al.Combination therapy in inflammatory bowel disease-from
traditional immunosuppressors towards the new paradigm of dual
targeted therapy. Autoimmun Rev 2021;20:102832.

22. Kirchgesner ], Lemaitre M, Carrat F, Zureik M, Carbonnel
E, Dray-Spira R. Risk of serious and opportunistic infections
associated with treatment of inflammatory bowel diseases.
Gastroenterology 2018;155:337-346.

23. Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio
A.Serum 25-hydroxyvitamin D levels and risk of multiple sclerosis.
JAMA 2006;296:2832-2838.

24. Law AD, Dutta U, Kochhar R, Vaishnavi C, Kumar S, Noor T,
et al.Vitamin D deficiency in adult patients with ulcerative colitis:
prevalence and relationship with disease severity, extent, and
duration. Indian J Gastroenterol 2019;38:6-14.

25. Garg M, Hendy P, Ding JN, Shaw S, Hold G, Hart A. The Effect
of Vitamin D on intestinal inflammation and faecal microbiota in
patients with ulcerative colitis. ] Crohns Colitis 2018;12:963-972.
26. Urena-Torres P, Souberbielle JC. Pharmacologic role of vitamin
D natural products. Curr Vasc Pharmacol 2014;12:278-285.

27. Cao R, Ma Y, Li S, Shen D, Yang S, Wang X, et al. 1,25(0H)2
D3 alleviates DSS-induced ulcerative colitis via inhibiting NLRP3
inflammasome activation. ] Leukoc Biol 2020;108:283-295.

28. Wei X, Li X, DuJ, Ge X, Sun Y, Li X, et al. Vitamin D deficiency
exacerbates colonic inflammation due to activation of the local renin-
angiotensin system in the colon. Dig Dis Sci 2021;66:3813-3821.

29. Zhang H, Wu H, Liu L, Li H, Shih DQ, Zhang X.1,25-
dihydroxyvitamin D3 regulates the development of chronic colitis
by modulating both T helper (Th)1 and Th17 activation. APMIS
2015;123:490-501.

30. Mohammadnia-Afrouzi M, Zavaran Hosseini A, Khalili
A, Abediankenari S, Hosseini V, Maleki I. Decrease of CD4(+)
CD25(+) CD127(low) FoxP3(+) regulatory T cells with impaired
suppressive function in untreated ulcerative colitis patients.
Autoimmunity 2015;48:556-561.

31. Pedros C, Duguet E, Saoudi A, Chabod M.Disrupted regulatory
T cell homeostasis in inflammatory bowel diseases. World J
Gastroenterol 2016 ;22:974-995.

32. Ribeiro VR, Romao-Veiga M, Nunes PR, Matias ML, Peracoli
JC, Peracoli MTS.Vitamin D modulates the transcription factors
of T cell subsets to anti-inflammatory and regulatory profiles in
preeclampsia. Int Inmunopharmacol 2021;101(Pt B):108366.

1179



