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ABSTRACT

Background/Aims: The interaction of CD40 ligand (CD40L) and CD40 triggers the induction of pro-inflammatory cytokines. It has been
proposed that vitamin D deficiency might be an important factor, which causes or aggregates the autoimmune situations. The aim of
the present study was to assess the effect of vitamin D on CD40L gene expression in patients with ulcerative colitis (UC).

Materials and Methods: Ninety mild-to-moderate UC patients were randomized to receive a single injection of 7.5 mg cholecalciferol or
1 mL normal saline. At baseline and 90 days following the intervention, RNA samples from whole blood were obtained. Fold changes in
CD40L mRNA expression were determined for each patient using the 2-AACq method. The data were analyzed.

Results: The serum levels of vitamin D and calcium increased only in the vitamin D group (p<0.05). Relative to baseline values, the CD40L
gene expression fold change was significantly lower in the vitamin D group compared with the placebo group (mediantinterquartile

range: 0.34+0.30 vs 0.43%1.20, respectively, p=0.016).

Conclusion: The results of this study showed that vitamin D administration in mild-to-moderate UC patients led to the downregulation
of the CD40L gene, which is an essential part of inflammatory pathways.
Keywords: Cholecalciferol, Inflammatory bowel disease, ulcerative colitis, CD40 ligand

INTRODUCTION

Ulcerative colitis (UC) and Crohn's disease, both known
as inflammatory bowel disease (IBD), are chronic relaps-
ing-remitting autoimmune diseases of the gastrointesti-
nal tract. Although the exact etiology of IBD is unknown,
inappropriate immune responses coupled with particular
environmental and genetic factors might lead to inflam-
matory manifestations (1).

From the immunological perspective, it has been suggest-
ed that CD4+ T cell-mediated or dependent immune re-
sponses are involved in the inflamed mucosa of IBD. CD40
ligand (CD40L), which is also known as CD154, a member
of the tumor necrosis factor (TNF) superfamily of mole-
cules, is a type 2 membrane protein that is transiently ex-
pressed on activated T cells (2). The binding of CD40L to

CD40 on antigen-presenting cells (APCs) leads to a spec-
trum of effects, which depends on the type of target cell.

The interaction between CD40L and CD40 has been
suggested to trigger the induction of pro-inflammato-
ry cytokines such as TNF-a and upregulation of surface
molecules such as CD40, CD80, and CD86 (3), which
might be relevant to the pathogenesis of many autoim-
mune diseases, including IBDs (4, 5). Anti-CD40L anti-
body intervention has been shown to be beneficial in sev-
eral chronic inflammatory situations (6-8).

In an experimental model of IBD, anti-CD40L mouse-Ab
therapy in colitis-induced mice has effectively prevented
interferon (IFN)-y production by lamina propria CD4* T
cells and mucosal inflammation (9).
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Different medications targeting immune cell surface
molecules could induce apoptosis in CD4+ cells (10).
However, these medications are associated with differ-
ent side effects. Therefore, finding the appropriate and
safe therapy with the minimal amount of side effects is
important. Vitamin D is a fat-soluble vitamin that plays
an important role in human immune responses. Vitamin
D exerts its effects mainly by modulating gene expression
after binding to the vitamin D receptor (VDR) (11). Vita-
min D deficiency and insufficiency are common in UC pa-
tients (12), and vitamin D deficiency has been proposed
to be an essential factor, which causes or aggregates the
autoimmune situations (13).

According to previous studies, 1,25D3 may interfere with
CD40L-induced CD40 expression in fully differentiated
monocyte-derived DC (14). Moreover, in in vitro studies,
the addition of vitamin D to CD4+ T cells prevented the
development of Th1 cells and resulted in the downregu-
lation of pro-inflammatory cytokines (15, 16). In experi-
mental models of IBD, VDR deficiency has led to severe in-
flammation of the gastrointestinal tract (17). Therefore, it
seems that supplementation with this vitamin D may have
positive effects on the immune function in patients with
IBD. To the best of our knowledge, there is no clinical trial
that investigates the effect of vitamin D supplementation
on the expression of CD40L in UC patients. Therefore, the
aim of the present study was to assess the effect of vita-
min D on CD40L gene expression in patients with UC.

METHODS AND MATERIALS

This study was a double-blinded, randomized, place-
bo-controlled trial with a 1:1 ratio parallel design. After
meeting the eligibility criteria for the study, a total of 90
patients with mild-to-moderate UC were recruited to
participate in the trial from December 2014 to January
2015 (18). At a 5% level of significance, a precision power
higher than 80% was obtained. Using a stratified blocked
randomization method, we assigned the patients to re-
ceive either a single dorsogluteal injection of 1 mL vitamin
D3 containing 7.5 mg cholecalciferol (vitamin D group)
or 1 mL dorsogluteal injection of normal saline (placebo
group). The investigators and the participants were blind-
ed to the allocation, and the intervention staff did not ob-
tain the measurements. The complete details of the study
design, inclusion and exclusion criteria, and characteris-
tics of the patients have been previously discussed (18).
The trial was registered at the Iranian Registry of Clinical
Trials (IRCT) (Register Number IRCT2014062318207N1).
The study was approved by the Golestan University of
Medical Sciences Ethics Committee, 1/28/2018, eth-

ic number 270. Written informed consent was obtained
from all of the participants prior to the study.

Experiments

Before and 3 months after the intervention, fasting blood
samples were obtained. The total RNA of whole blood
samples was immediately isolated using QlAamp RNA
Blood Mini Kit (Qiagen, Hilden, Germany), and treated
with DNase 1. Optical densities were measured at 280
nm, 260 nm, and 230 nm for determining the quality and
quantity of RNA. Reverse transcriptions of 1 yg RNA were
performed using GeneAll HyperScript™ Reverse Tran-
scriptase (GeneAll, Seoul, South Korea) with oligo dT, and
random hexamer primers in 20 pl reaction volume and
cDNA of all samples were obtained. Duplicate real-time
quantitative reverse transcriptase polymerase chain reac-
tions were performed using the LightCycler® 2.0 Instru-
ment (Roche, Germany) for determining CD40L relative
gene expression. The succinate dehydrogenase complex
subunit A (SDHA) gene was used as internal control (19).
Each reaction mixture comprised 10 pl of 2x SYBR Green
Master Mix (Ampligon; Stenhuggervej, Denmark), 1 pL
(10 ng) of either forward and reverse primers, and 1 pl of
cDNA (approximately 50 ng RNA), and polymerase chain
reactions (PCR)-Grade water in a final volume of 20 pl.
Reaction mixtures either without reverse transcriptase or
without template were included in each experiment for
quality control. The standard curves for both CD40L and
SDHA of four serial dilutions of cDNA (50 ng to 50 pg)
were plotted; all PCR efficiencies were above 95%.

The CD40L (ENSG00000102245; Chromosome X:
136,648,193-136,660,390 forward strand; 12,197 bp) and
SDHA (ENSG00000073578; Chromosome 5:218,241-
256,700; 38,460 bp) primers were designed by Primer3
software. Online databases were also searched for the
obtained primers (CD40L forward primer: 5'- GAGCAA-
CAACTTGGTAACCCT -3'; CD40L reverse primer: 5'-
GGCTGGCTATAAATGGAGCTTG -3' and SDHA forward
primer: 5'- TGGGAACAAGAGGGCATCTG-3'; SDHA re-
verse primer: 5'- CCACCACTGCATCAAATTCATG-3)
(20).

The amplification profile was as follows: 10 minutes initial
denaturation at 95°C followed by 40 cycles of 15 seconds
denaturation (95°C), 20 seconds annealing (56°C), and
20 seconds extensions (72°C). At the end of each run, the
instrument was set at 15 seconds at 95°C, 60 seconds at
60°C, and the final temperature was at 95°C with 0.1°C/s
slope, to plot the melt curve. All of the plots for each gene
(CD40L and SDHA) had only one similar sharp peak.
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Fold changes in CD40L mRNA expression normalized to
SDHA and relative to baseline values were determined for
each patient using the 27224 method (21) and a Microsoft
Excel file (Microsoft Office 2016) formulated specifically
for this study, on which AACq = (

Cq CD40L After Cq SDHA After)

- (Cqg CD40L Before Cq SDHA Before)‘

Statistical analysis

The statistical analyses were performed using The Sta-
tistical Package for the Social Sciences (SPSS) 25.0 (IBM
Corp., Armonk, NY, USA). The Kolmogorov-Smirnov test
was used for assessing the normality of distribution. The
descriptive results are expressed as meantstandard de-
viation (SD) or number (%). The data with skewed dis-
tributions are expressed as medianzinterquartile range.
The comparisons between two groups were conducted
using independent T-test for normal distribution data
and Mann-Whitney U test for variables with skewed dis-
tribution. Spearman's rho test was used for the correla-
tion analyses. A p<0.05 was considered to be statistically
significant.

RESULTS

The data of 86 participants (40 patients in the place-
bo group and 46 patients in the vitamin D group) were
analyzed; four patients in the placebo group declined to
complete the study. The results obtained from the pro-
tocol and intention-to-treat analyses were statistically
identical. The CONSORT flow diagram of the trial is pre-
sented in Figure 1.

‘ Assessed for eligibility = 165

Not meeting inclusion criteria = 36 |

™| Declinedto participate = 39

Y

{ Randomized =90 J

—

[ Received vitamin D =46

¥ v

‘ Lost to follow-up =0

Received placebo = 44

Lost to follow-up =4

{ 1]

‘ Analyzed = 46

Analyzed = 40

Figure 1. Consort flow diagram of the study.

The baseline demographic, anthropometric, dietary,
clinical, and laboratory details of the patients, and com-
parisons have been previously discussed (18).All of the
assessed variables including age, disease duration, body
mass index, heart rate, systolic and diastolic blood pres-
sures, body temperature, and calorie intake, gender pro-
portion, and medication regimen were comparable in the
intervention vs. the control groups at baseline. Moreover,
at baseline, the mean serum concentrations of 25(0H)
D3 of the vitamin D and placebo groups were 33.3+7.0
ng/mL vs. 32.9+9.6 ng/mL, respectively (p=0.82), and 3
months after the intervention, they were 40.8+5.2 ng/
mL and 33.9+10.6 ng/mL, respectively (p<0.001). The
mean baseline calcium levels were 9.15£0.40 mg/dL in
the vitamin D group vs. 9.07+0.39 mg/dl in the place-
bo group (p=0.34), while at the end of the study, they
were 9.56+0.43 mg/dl vs. 8.99+0.33 mg/dL, respective-
ly (p<0.001). The PTH levels also decreased significantly
only in the vitamin D group (p<0.001).

Relative to baseline values, the CD40L gene expression
fold change was significantly lower in the vitamin D group
compared with the placebo group (Table 1).

We also did a subgroup analysis regarding the baseline vi-
tamin D levels that were lower than or equal to and higher
than 30 ng/mL as the cutoff levels for vitamin D deficien-
cy and insufficiency (Figure 2). The relative gene expres-
sion was significantly lower in the vitamin group only in
those patients with baseline vitamin D values <30 ng/mlL,
but not in vitamin D patients with sufficient baseline val-
ues (0.55£0.55 ng/mL and 1.06£1.88 ng/mL, p=0.03 vs.
0.34+0.16 ng/mL and 0.35+0.69 ng/mL, p=0.23, respec-
tively).

There was a significant positive correlation between
CD40L gene expression fold change and hs-CRP levels
(Spearman’s rho=0.54; p<0.001), erythrocyte sedimen-
tation rate (ESR) levels (Spearman’s rho=0.38; p<0.001)
and TNF-a (Spearman’s rho=0.27; p=0.011) but not IFN-y
(Spearman’s rho=0.17; p=0.13).

Table 1. CD40L gene expression fold change in vitamin D
and placebo groups 3 months after the intervention relative
to baseline valuess.

MeantSD Median+IQR

Vitamin D group (n=40) 0.49+0.26 0.34+0.30
Placebo group (n=46) 0.95+0.79 0.43+1.20
- p=0.016

SD: standard deviation; IQR: interquartile range.
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Figure 2. Subgroup fold change in CD40L gene expression normalized
to SDHA and calibrated for baseline values regarding baseline vitamin
D levels (median+IQR).

DISCUSSION

For the first time, the results of this study demonstrated
that vitamin D supplementation decreases the CD40L
gene expression in patients with mild-to-moderate
UC. In addition, we found positive correlations between
CD40L gene expression and clinical inflammatory mark-
ers (TNF-q, ESR, and hs-CRP) in patients with UC.

CD40L binding to CD40 plays a crucial role in co-stim-
ulation of the immune system. The pioneer signal for
immune system activation in macrophages is IFN-y pro-
duced mainly by T-helper-1 (Th1) type CD4 T cells. The
secondary signal is created via the binding of CD40L on
the T cell to CD40 on the surface macrophages, which
leads to more expression of CD40 and TNF receptors on
the macrophage's surface (22). In addition, the coupling
of CD40L to CD40 induces the activation of kinases, the
expression of cellular stress related and surface molecule
genes, the activation and further differentiation of im-
mune cells, and the activation of T cells in autoimmune
situations (23).

CD40L is expressed in a variety of cells types such as leu-
kocytes, endothelial, epithelial, smooth muscle cells, and
platelets (24). CD40 is mainly expressed by APCs, and
also can be expressed in smooth muscle cells, fibroblasts,
endothelial cells, epithelial cells, keratinocytes, and plate-
lets (23).

Evidence indicates that CD40L is actively produced by
lamina propria T cells from patients with IBD. CD40L or
CD40 blocking with mAb significantly decreases their

ability to induce interleukin (IL)-12 and TNF production
by monocytes (25), which shows that overexpression of
TNF-a in IBD might be somewhat due to the coupling of
CD40L to CD40. Moreover, the lamina propria and pe-
ripheral blood T cells of these patients showed increased
and prolonged expression of CD40L after in vitro acti-
vation with anti-CD3, compared with the control group,
which indicated that overexpression of CD40L might be
involved in the pathogenesis of IBD and that the cou-
pling of cells expressing CD40L to target cells expressing
CD40 may be responsible for the activation and the in-
flammatory cytokine production in IBD lesions (25).

Studies have shown that calcitriol, the active form of
vitamin D, may interfere with CD40L effects such as
CD40L-induced CD40 expression in fully differentiated
monocyte-derived dendritic cells (14). To date, there is no
evidence to indicate whether the administration of vita-
min D can affect the expression of CD40L in vitro or not.
For the first time, the results of this study revealed that
vitamin D supplementation leads to a decrease in the ex-
pression of CD40L in blood immune cells of UC patients.

Previously, we had shown that vitamin D leads to ESR
and hs-CRP decrease in UC patients (18). Moreover, the
results of this study showed that there was a significant
positive correlation between CD40L expression with
these inflammatory markers as well as TNF-a, which is
consistent with studies that suggested the engagement
of CD40 on T cells increased their production of TNF-a
and IL-2 (26). Moreover, several studies have reported
that there was a significant correlation between soluble
CD40L and C-reactive protein in UC patients (4) and in
patients undergoing percutaneous coronary interven-
tion (27). It seems that the mechanistic relationship be-
tween CD40-CD40L and TNF-a is mutual because the
evidence shows that blocking of TNF-a downregulates
the CD40-CD40L pathway in the microcirculation of gut
mucosa (28). In addition, incubation of human umbilical
vein endothelial cells with CRP leads to an increase in the
CD40 and CD40L expression (29). However, the question
remains whether the decrease in CD40L gene expression
is due to a decrease in hs-CRP and TNF-a or vice versa.

Almerighi et al. (8) showed that co-treatment of
CD40L-stimulated monocytes with calcitriol led to re-
duced production and secretion of TNF-a. In addition,
they found that costimulation of CD4+ T lymphocytes by
monocytes co-treated with CD40L and calcitriol caused
a reduction in cell proliferation and diminished IFN-y but
elevated IL-10 production by CD4+ T cells. These find-
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ings confirm that CD40L/CD40 is an upstream pathway
of the inflammatory cascade. The results of our study
showed that not only vitamin D can diminish the CD40L/
CD40 inflammatory downstream but also it can also di-
rectly decrease the CD40L gene expression, which seems
to be a therapeutic target in patients with IBD.

The subgroup analysis based on baseline vitamin D levels
showed that vitamin D could decrease CD40L gene ex-
pression only in baseline vitamin D deficient and insuffi-
cient patients. However, the low statistical power of the
subgroup analysis in null results should be considered.

This study was done in mild-to-moderate UC patients
regardless of their baseline vitamin D levels. The inter-
vention was safe even in those patients with sufficient
vitamin D levels, and no adverse effect was seen and the
serum vitamin D and calcium levels remained within a
safe range. The four patients who refused to complete
the study were in the placebo group and their refusal was
not related to the intervention (18).

The results of the present study should be interpreted
considering that the sample size and the duration of the
study were limited. So, studies with larger sample sizes
and longer durations are required to investigate the ef-
fects of vitamin D in patients with UC.

In conclusion, for the first time, we showed that vitamin
D supplementation not only can diminish the CD40L/
CD40 inflammatory downstream but it can also directly
decrease the CD40L gene expression, which seems to be
a therapeutic target in patients with IBD.
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