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ABSTRACT
The aim of this study was to analyze the infl uence of 25(OH)VD serum concentration on the expression of 
mRNA cytokines (IL-6, IL-8, IL-12, IL-17, IL-23, TNFα, CCR1, CCR2, CCR5, CCR9, CCL5, TLR2, TLR4, TLR5, 
CD207 ,CD206, FoxP3) in mucosa of IBD patients. 
The cohort consisted of 86 IBD patients (48 CD and 38 UC) followed at the IBD center of University Hospital 
Bratislava-Ruzinov. We performed colonoscopy in each patient and took biopsies from mucosa of sigma and 
terminal ileum. Serum concentration of 25(OH)VD was assessed at the time of colonoscopy. mRNA was ex-
tracted from mucosal biopsy samples for each cytokine. Then we analyzed the correlation between VD and the 
expression of mRNA of cytokines from biopsies samples.  
In CD we observed a signifi cant positive correlation of serum concentration 25(OH)VD and the expression 
mRNA level of IL-6. There was also trend towards signifi cant positive correlation of the expression mRNA of 
TNFα, IL-10, IL-23, TLR 2 in infl amed mucosa of terminal ileum as well as the expression mRNA of CCR5 and 
CCR1 in non-infl amed mucosa from terminal ileum. We also found a trend towards positive correlation between 
25(OH)VD and the expression mRNA of IL-23, TLR4, CD 207, CCR1, CCR5 and CD 206 in non-infl amed mu-
cosa of sigma in UC.
VD signifi cantly correlated with the levels of expression of several infl ammatory cytokines including TNFα in 
colonic mucosa of patients with IBD (Tab. 4, Fig. 3, Ref. 31). Text in PDF www.elis.sk.
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Introduction

Infl ammatory bowel diseases (IBDs) are chronic infl ammatory 
disorders of the intestines, and include Crohn’s disease (CD) and 
ulcerative colitis (UC), the  aetiology and pathogenesis of which 
are not completely understood (1). Studies suggest that in IBD the 
loss of immune tolerance toward the enteric fl ora is mediated by 
different immune cells and cytokines (2, 3).

CD is mediated by the Th1 cytokines and characterized by in-
creased production of TNF-α, INF-γ, IL-12, IL-15, IL-17A, IL-18, 
IL-21 and IL-23 (4, 5). On the other hand, the cytokine profi les 

in infl amed areas of UC seem to exhibit increased production of 
the Th2-associated cytokines such as IL-5, IL-13, TNFa, IL-1 and 
IL-6 (6, 7). In addition, several studies have shown the involve-
ment of Th17 type cytokines (IL-17, IL-23, IL-22 and IL-6) in the 
pathogenesis of both CD and UC (8, 9).

VD in adaptive immunity has a suppressive effect on T helper-1 
cells (Th-1) which produce IFN-γ and lead to activation macro-
phages (10). However, it favors T-helper-2 cell (Th-2) response 
by the up-regulation of IL-4, IL-5 and IL-10 production by hu-
man T-cells (11–14).

In tune with its immune modulating effect, VD may infl uence the 
severity of infl ammation in IBD (15). According to Sadeghian’s re-
cent meta-analysis of 63 epidemiological studies, the prevalence of 
vitamin D defi ciency is shown in 57.7 % of CD patients. As we have 
previously well-documented, inverse association between serum 
vitamin D and disease activity in CD was also observed (16). Other 
clinical data suggest an association between low 25(OH)VD serum 
concentration and increased disease activity in UC patients. (17). In 
our previous study, we have shown there is a clinically important 
bias between different VD assays. As our results indicate there is 
a need towards standard assays for 25(OH)VD measurement (18).

The identifi cation of cytokines, chemokines and their recep-
tors could allow the determination of key pathways/targets that 
uniquely cause or support colitides. However, how VD infl uences 
the mRNA expression of anti and pro-infl ammatory cytokines in 
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mucosa remains largely unknown. There are also limited data on 
how vitamin D exerts its local immunomodulatory effect on the 
intestinal mucosa of IBD patients.

Methods and materials 

Aim of the study 
The aim of this study was to investigate the effect of 25(OH)

VD on the level of the mRNA expression of infl ammatory, anti-

infl ammatory, regulatory mediators in infl amed and non-infl amed 
mucosa, in CD and UC patients. Additionally, we determined and 
compared the mRNA expression of 18 cytokines in infl amed and 
non-infl amed mucosa in CD and UC patients. 

Cohort 
The cohort consisted of 86 patients with a diagnosis of Crohn’s 

disease or ulcerative colitis (48 CD, 38 UC), each of whom under-
went a colonoscopy. The study was approved by the local ethical 
committee. All of the eligible patients who signed the informed 
consent form and agreed to participate in the study were included. 
The demographic and clinical characteristics of each patient are 
provided in Table 1.

Colonoscopy and biopsies 
Biopsy specimens from the terminal ileum and sigma from 

infl amed mucosa and if applicable also from non-infl amed mu-
cosa were collected from the CD patients. Biopsy specimens 
from sigma were collected in the same manner from UC patients. 
Infl amed mucosa was defi ned as the presence of marked hyper-
emia, friability, erosions or ulcers. Mucosal biopsies were im-
mediately immersed in an RNA stabilizing solution (RNA later, 
Qiagen) until processed and sent for mRNA cytokine analysis 
the same day. 

Baseline characteristics CD (n=48) UC (n=38)
Sex (male / female) 34/14 21/17
Median age (range) yrs 42 (24–68) 46 (23–70)

Location (%)

L1: 19 (40%) E1: 3 (8%)
L2: 5 (10%) E2: 17(45%)
L3: 23 (48%) E3: 18 (47%)
L4: 1 (2%) –

Behavior (%) B1: 12 (25%) –
B2: 17 (35%) –

B3: 19 (40%) –
Vitamin D Range (ng/ml) 

Median  
5.2–68,4 
24.75

6.2–60.3
30.48

Therapy 
Corticosteroids 2 (4%) 2 (5%)
Azathioprine 20 (44%) 17 (45%)
Anti-TNF alfa 26 (54%) 19(50%)

Tab. 1. Clinical characteristics of the cohort according the Montreal 
classifi cation.

mRNA cytokines 
Mean

Infl amed mucosa
1.∆C1

Mean
Non-infl amed mucosa 

2.∆C2

3.Difference 
(Infl amed-Non infl amed 

mucosa)
4.Std. deviation 5.P

TNFα –5.856 –10.467 4.611 4.471 0.002
Foxp3 –7.831 –10.205 2.373 1.708 0.001
IL6 –12.530 –12.835 0.305 1.464 0.006
IL8 –5.856 –10.467 4.611 4,471 0.004
IL10 –10.568 –12.433 1.864 2.017 0.008
IL12 –12.530 –12.835 0.305 1.464 0.486
IL17A –13.032 –13.343 0.310 1.831 0.569
IL23A –9.647 –11.771 2.124 2.668 0.019
TLR2 –8.451 –11.137 2.687 2.380 0.002
TLR4 –12.165 –11.878 –0.286 1.644 0.558
TLR5 –10.375 –10.606 0.230 0.691 0.273
CCR1 –7.428 –9.552 2.124 2.198 0.007
CCR2 –9.355 –10.653 1.299 1.900 0.037
CCR5 –7.722 –9.301 1.579 1.006 <0.001
CCR9 –9.566 –9.056 –0.510 1.204 0.170
CCL5 –7.818 –7.597 –0.221 0.862 0.393
CD206 –8.723 –9.556 0.833 0.950 0.011
CD207 –11.343 –10.832 –0.511 1.589 0.289
Bonferroni¢s correction was applied; p<0.003 was considered signifi cant. 
∆C represents the difference in the number of PCR cycles needed to express the mRNA of the house keeping gene GAPDH and the number of PCR cycles needed to express 
the mRNA of the target cytokine ∆C = (∆C house-keeping gene - ∆C cytokines).
1. ∆C represents the difference in the number of PCR cycles needed to express the mRNA of the house keeping gene GAPDH and the number of PCR cycles needed to ex-
press the mRNA of the target cytokine 1 in infl amed mucosa 
2. ∆C2 represents the difference between the mRNA expression of the cytokine and the mRNA expression of the housekeeping gene in non- infl amed mucosa
3. Difference (Infl amed-Non infl amed mucosa): results of the difference between the expression of mRNA of cytokines in infl amed and non-infl amed mucosa of sigma - 
positive difference means an up-regulation of the mRNA expression of the cytokine in infl amed mucosa – negative difference means a down-regulation of the mRNA ex-
pression of the cytokine in infl amed mucosa 
4. Std. deviation: measure used to quantify the variation or dispersion of a set data
5. P: two-tailed p-value evaluating the null hypothesis against an alternative hypothesis in which the mean is not equal to 50

Tab. 2. The difference between the expression of mRNA of cytokines in infl amed and non-infl amed mucosa in patients with ulcerative colitis, Sigma.
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Real time PCR (RT-qPCR)
Tissue RNA was isolated by RNeasy Mini Kit (QIAGEN) for 

each cytokine (TNFα, FOXP3, IL-6, IL8, IL-10, IL-12, IL-17, 
IL-23, TLR2, TLR4, TLR5 CCR1, CCR2, CCR5, CCR9, CCL5, 
CD207, CD 206) according to the manufacturer’s instructions. 
RNA samples of the cytokines were converted to cDNA using 
Thermo Scientifi c Maxima H Minus First Strand cDNA Syn-
thesis K. DNA was isolated with a DN-easy Blood & Tissue Kit 
(QIAGEN). The quality and quantity of RNA was screened by an 
Agilent RNA 6000 Nano Kit. The gene expression of cytokines 
was analyzed by a custom array gene expression kit (QIAGEN) 
including house-keeping gene (Glyceraldehyde 3-phosphate de-
hydrogenase, GAPDH). Data were analyzed by RT2 Profi ler PCR 
Array Data Analysis v3.5 software (QIAGEN). Next, we analyzed 
the difference between the expression of mRNA of the target cy-
tokine and the expression of mRNA of the housekeeping gene, 
GAPDH. The difference was expressed as DC, which represents 
the difference in the number of PCR cycles needed to express the 
mRNA of the house keeping gene GAPDH (DC house-keeping gene) and 
the number of PCR cycles needed to express the mRNA of the 
target cytokine (DC cytokine). DC = (DC house-keeping gene – DC cytokine). 

Assessment of VD serum concentration 
The serum concentration of 25(OH)D3 was measured using 

high-performance liquid chromatography (HPLC, Agilent 1200) 
at the hospital’s clinical biochemistry laboratory. The parameters 
of the HPLC method were ultraviolet detection at 264nm, fl ow 
rate of 1mL/min, temperature of 40 °C, and analysis time of 10 
minutes. This method measured 25(OH)D3 and 25(OH)D2. 

Statistical analysis
Statistical analyses were performed using SPSS 19.0 (IBM 

SPSS Inc., Chicago, Illinois, United States). Nominal and ordinal 
variables such as clinical characteristics and VD status were ana-
lyzed using the Chi square test with Yate’s correction. If any cell 
of the contingency table contained a value of less than 5, Fisher's 
exact test was used instead. The Kolmogorov-Smirnov test was 
used to analyze the normality of the distribution of measured pa-
rameters (age, duration of disease, VD serum concentration). We 
compared the expression of mRNA of cytokines (∆C, see above) 
in infl amed and non-infl amed mucosa using a paired sample – T 
test. The Spearman correlation coeffi cient was used for analyzing 
correlations between the serum concentration of 25-OH VD and 
the expression of all mRNA of cytokines in mucosal biopsies. We 
applied Bonferroni’s correction (n=18) to the baseline statistical 
signifi cance level of 0.05. The statistical signifi cance for multiple 
comparisons in the study was corrected to p < 0.003. 

mRNA cytokines 
Mean 

Infl amed mucosa
1.∆C1

Mean 
Non-infl amed mucosa 

2.∆C2

3.Difference 
(Infl amed-Non infl amed 

mucosa)

4.Std.
deviation  5.P

TNFa –7.678 –8.107 0.428 2.258 0.445
Foxp3 –8.303 –8.995 0.692 1.817 0.136
IL6 –10.241 –11.696 1.427 4.052 0.166
IL8 –5.834 –9.042 3.207 2.515 <0.001
IL10 –11.321 –12.008 0.688 2.421 0.259
IL12 –12.629 –11.583 –1.046 3.208 0.198
IL17A –13.441 –12.643 –0.803 3.658 0.379
IL23A –10.163 –10.959 0.796 2.937 0.280
TLR2 –8.940 –9.578 0.636 2.047 0.218
TLR4 –12.531 –12.096 –0.435 2.373 0.461
TLR5 –11.057 –10.575 –0.481 2.089 0.356
CCR1 –7.290 –8.767 1.478 1.862 0.005
CCR2 –10.276 –10.596 0.320 2.590 0.617
CCR5 –7.765 –7.758 –0.021 1.691 0.960
CCR9 –10.752 –10.817 0.064 2.674 0.922
CCL5 –7.264 –5.948 –1.32 2.095 0.020
CD206 –8.067 –8.370 0.303 1.649 0.459
CD207 –10.491 –9.423 –1.068 2.236 0.066
Bonferroni’s correction was applied; p<0.003 was considered signifi cant. 
∆C represents the difference in the number of PCR cycles needed to express the mRNA of the house keeping gene GAPDH and the number of PCR cycles needed to express 
the mRNA of the target cytokine ∆C = (∆C house-keeping gene – ∆C cytokines).
1. ∆C represents the difference in the number of PCR cycles needed to express the mRNA of the house keeping gene GAPDH and the number of PCR cycles needed to ex-
press the mRNA of the target cytokine 1 in infl amed mucosa 
2. ∆C2 represents the difference between the mRNA expression of the cytokine and the mRNA expression of the housekeeping gene in non- infl amed mucosa
3. Difference (Infl amed-Non infl amed mucosa): results of the difference between the expression of mRNA of cytokines in infl amed and non-infl amed mucosa of sigma 
– positive difference means an up-regulation of the mRNA expression of the cytokine in infl amed mucosa 
– negative difference means a down-regulation of the mRNA expression of the cytokine in infl amed mucosa 
4. Std. deviation: measure used to quantify the variation or dispersion of a set data
5. P: two-tailed p-value evaluating the null hypothesis against an alternative hypothesis in which the mean is not equal to 50

Tab. 3. The difference between the expression of mRNA of cytokines in infl amed and non-infl amed mucosa in patients with Crohn’s disease, 
Terminal ileum.
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Results

Study population 
The demographic and clinical characteristics are presented 

in in Table 1. 

Analyses of the expression of mRNA of cytokines from sigma in 
UC patients

First, we compared the expression of mRNA of cytokines in 
infl amed and non-infl amed mucosa of sigma in UC patients (Tab. 
2). We found a signifi cantly higher expression of mRNA of cyto-
kines TNFα (p = 0.002), transcription factor FOXP3 (p = 0.001), 
TLR2 (p = 0.002), CCR5 (p < 0.001) in the infl amed mucosa of 
sigma. There was also a trend toward a signifi cantly higher ex-
pression of mRNA in the infl amed mucosa of sigma of IL6, IL 8, 
IL10, IL 23A, CCR1, CCR2, CD206.

Analyses of the expression of mRNA of cytokines from the termi-
nal ileum in CD patients 

Next, we analyzed the expression of mRNA of cytokines in 
infl amed and non-infl amed mucosa in the terminal ileum of CD 
patients. We observed a signifi cantly higher expression of mRNA 
of IL-8 in infl amed mucosa (p ≤ 0.001) in the terminal ileum of 
CD patients. 

We observed a trend toward the signifi cance of the expres-
sion of mRNA of CCL5 in non-infl amed mucosa of the terminal 
ileum of CD patients, also CCR1 in infl amed mucosa of the ter-
minal ileum (Tab. 3). 

Analyses of the expression of mRNA of cytokines from sigma in 
CD 

We also analyzed the difference in the expression of mRNA 
of cytokines between infl amed and non-infl amed mucosa of sigma 
in CD patients (Tab. 4). We observed no signifi cant difference 
between the expression of mRNA of cytokines in infl amed and 
non-infl amed mucosa in sigma of CD patients. The expression 
of mRNA of cytokines in endoscopically normal mucosa (non-
infl amed) was similar to the expression of mRNA of cytokines in 
infl amed mucosa of sigma. 

Analyses of the expression of mRNA of cytokines in sigma be-
tween CD and UC patients 

Finally, we compared the expression of mRNA of cytokines 
in sigma in infl amed as well as in non-infl amed mucosa between 
CD patients and UC patients. We found a signifi cantly higher ex-
pression of mRNA of FOXP3 (∆CCD = –8.611 vs ∆CUC = –11.342, 
p = 0.001) CCL5 (∆CCD = –6.453, ∆CUC = –8.222, p = 0.001) CD 
206 (∆CCD –7.98 vs ∆CUC –10.758, p < 0.001) in non-infl amed 

mRNA cytokines
Mean

Infl amed mucosa
1.∆C1

Mean
Non-infl amed mucosa 

2.∆C2

3.Difference 
(Infl amed-Non infl amed 

mucosa)
4.Std. deviation

5. Sig.
(2-tailed)

TNF –8.204 –8.544 0.341 1.710 0.504
Foxp3 –8.558 –8.558 0.300 1.837 0.583
IL6 –11.403 11.783 0.335 2.723 0.678
IL8 –7.367 –8.424 1.049 2.363 0.152
IL10 –11.897 –11.969 0.072 2.078 0.906
IL12 –12.463 –12,357 –1.053 1.417 0.802
IL17 –13.310 –12.834 –0.476 1.352 0.248
IL23 –10.625 –10.984 0.359 1.962 0.539
TLR2 –9.832 10.873 1.039 2.405 0.162
TLR4 –12.748 –12.610 –0.138 1.453 0.747
TLR5 –10.642 –10.660 0.018 1.227 0.960
CCR1 –8.177 –8.856 0.679 2.546 0.375
CCR2 –10.542 –11.018 0.476 2.521 0.527
CCR5 –8.134 –8.355 0.221 1.596 0.640
CCR9 –9.514 –9.374 –1.395 1.701 0.782
CCL5 –7.136 –7.032 –0.104 1.011 0.727
CD206 –8.639 –8.644 0.005 1.269 0.990
CD207 –10.733 –10.110 –0.623 1.477 0.172
Bonferroni¢s correction was applied; p<0.003 was considered signifi cant. 
∆C represents the difference in the number of PCR cycles needed to express the mRNA of the house keeping gene GAPDH and the number of PCR cycles needed to express 
the mRNA of the target cytokine ∆C = (∆C house-keeping gene – ∆C cytokines).
1. ∆C represents the difference in the number of PCR cycles needed to express the mRNA of the house keeping gene GAPDH and the number of PCR cycles needed to ex-
press the mRNA of the target cytokine 1 in infl amed mucosa 
2. ∆C2 represents the difference between the mRNA expression of the cytokine and the mRNA expression of the housekeeping gene in non- infl amed mucosa
3. Difference (Infl amed-Non infl amed mucosa): results of the difference between the expression of mRNA of cytokines in infl amed and non-infl amed mucosa of sigma – 
positive difference means an up-regulation of the mRNA expression of the cytokine in infl amed mucosa – negative difference means a down-regulation of the mRNA ex-
pression of the cytokine in infl amed mucosa 
4. Std. deviation: measure used to quantify the variation or dispersion of a set data
5. P: two-tailed p-value evaluating the null hypothesis against an alternative hypothesis in which the mean is not equal to 50

Tab. 4. The difference between the expression mRNA cytokines in infl amed and non-infl amed mucosa in patients with Crohn’s disease, Sigma 
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mucosa in CD patients compared to the expression of mRNA in 
UC patients. Also, we observed a signifi cantly higher expression 
of mRNA of IL6 (∆CCD = –11.110 vs ∆CUC = –7.685, p < 0.002), 
IL12 (∆CCD = –11.476 vs ∆CUC = –5.362, p < 0.001) TLR4 (∆CCD 
= –11.615 vs ∆CUC –8.640, p < 0.001) in non-infl amed mucosa 
of UC patients.

The infl uence of the 25(OH)VD on the expression of mRNA of cy-
tokines in patients with IBD

We analyzed the correlation between the serum concentra-
tion of 25(OH)VD and the expression of mRNA of cytokines in 
infl amed and non-infl amed mucosa in patients with CD as well 
as in patients with UC.

Infl uence of the 25(OH)VD on the expression of mRNA of cyto-
kines in patients with CD

In a next group of analyses, we analyzed the correlation be-
tween the serum concentration of 25(OH)VD and the expression 
of mRNA of cytokines in CD patients. We found a signifi cant 
positive correlation of the expression of mRNA of cytokine IL 6 
(r2 = 0.2, p = 0.002) in colonic samples of the infl amed terminal 
ileum of CD patients (Fig. 2). 

In the same group, we found a trend toward a signifi cant posi-
tive correlation between 25(OH)VD and the expression of mRNA 
of CCR1 in non-infl amed mucosa of sigma (Fig. 1) and CCR5 in 
non-infl amed mucosa of the terminal ileum (Fig. 1.) 

Also, we found a trend toward a signifi cant positive correla-
tion of the expression of mRNA of cytokines such as TNFα, IL10, 
IL 23, TLR 2 in infl amed mucosa of the terminal ileum (Fig. 2) 

Infl uence of the 25(OH)VD on the expression of mRNA of cyto-
kines in patients with UC

Finally, we analyzed the correlation between the serum concen-
tration (25) OHVD and the expression of mRNA of cytokines in 
UC patients. We observed a trend toward a signifi cant correlation 
between the serum concentration of 25 (OH) VD and the mRNA 
expression of cytokines such as IL-23, TLR4, CCR1, CCR5,CD 
206 CD207 in non-infl amed mucosa of sigma (Fig. 3). 

Discussion

Recent meta-analysis has shown that vitamin D infl uences the 
incidence and natural course of IBD (17). There remain questions 
as to whether vitamin D modifi es the expression of mRNA of cy-
tokines in the mucosa of IBD patients. 

First, we analyzed the expression of mRNA in infl amed mucosa 
of sigma in UC patients and we found the highest up-regulation 
of the expression of mRNA of TNFα (p = 0.002). Matsuda et al 
observed a signifi cantly higher expression of mRNA of TNFα (p 
= 0.04) in infl amed mucosa of UC patients compared to healthy 
controls (19). 

In CD patients, we demonstrated a signifi cant up-regulation of 
the expression of mRNA of IL 8 (p ≤ 0.001) in colonic samples of 
infl amed mucosa of the terminal ileum. Consistent with our results, 
the study by Stallmach et al found a signifi cantly higher mRNA 
expression of IL 8 in biopsy specimens in active CD patients. More-
over, the mRNA transcript of IL 8 correlated with clinical disease 
activity (CDAI) and endoscopic scores indices (20). 

Interestingly, in CD patients we observed an up-regulation of 
the expression of mRNA of pro-infl ammatory milieu in endoscopi-
cally normally appearing mucosa. In the abovementioned study 
by Stallmach et al, they found a signifi cantly higher expression of 
mRNA transcript of IL 1β, IL 8, IL 23, MRP 14 in the non-infl amed 
area of CD patients. They showed that elevated pro-infl ammatory 
cytokines in patients with active CD may underline disease chro-
nicity and reactivation (20).

We also compared the level of expression of mRNA of cytokines 
of sigma in infl amed as well as non-infl amed mucosa between CD 
and UC patients. We found an up-regulation of FOXP3 (p = 0.001), 
CCL5 (p = 0.001), CD 206 (p < 0.001) in non-infl amed mucosa in 
CD patients compared to the expression of mRNA in UC patients.

We observed a signifi cantly higher level of expression of 
mRNA of IL6 (p = 0.002), IL12 (p < 0.001) TLR4 (p < 0.001) in 
the non-infl amed mucosa of UC patients. 

To the best of our knowledge, there are no previously pub-
lished studies that comprehensively assess the effect of VD on the 
expression of mRNA of cytokines in the mucosa of IBD patients.

Fig. 1. The correlation of vitamin D on mRNA expression in non-infl amed mucosa of the terminal ileum and sigma in patients with CD.

Infl uence of VD on the expression of mRNACCR1 in non-
infl amed mucosa of terminal ileum, r2 =0.11, p=0.03.

Infl uence of VD on the expression of mRNA CCR5 in non-
infl amed mucosa of terminal ileum, r2 =0.17, p=0.01.
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Fig. 2. The effect of vitamin D on the mRNA 
expression in infl amed mucosa of the terminal 
ileum in patients with Crohn’s disease.

Infl uence of VD on the expression of mRNA 
IL6 in infl amed mucosa of terminal ileum, r2 
=0.2, p=0.002

Infl uence of VD on the expression of mRNA TLR2 in 
infl amed mucosa of terminal ileum, r2 =0.17, p=0.04

Infl uence of VD on the expression of mRNA 
IL 10 in infl amed mucosa of terminal ileum, r2 
=0.19, p=0.03

Infl uence of VD on the expression of mRNA 
TNFα in infl amed mucosa of terminal ileum, 
r2 =0.17, p=0.04

Infl uence of VD on the expression of mRNA 
IL 23 in infl amed mucosa of terminal ileum, r2 
=0.19, p=0.03

In our study, we found a signifi cant positive correlation be-
tween the serum concentration of 25(OH) VD and the expression 
of mRNA of IL-6 in the infl amed mucosa in the terminal ileum 
of CD patients. 

In the placebo-controlled study (108 CD patients) by Bendix-
Struve et al, they showed that VD3 upregulates the expression of 
mRNA of IL 6 in PBMC in CD patients (21). However, it also 
inhibits Th-1 polarization through two independent molecular 
mechanisms (22, 23).

In a more recent study by Di Rosa, they obtained contro-
versial results of the effect of VD on the mRNA expression of 
IL-1 and IL-6 in monocytes and macrophages. In monocytes, 
the expression of mRNA of IL1 and IL6 was upregulated by 
1α,25(OH)2D3, in contrast, 1α,25(OH)2D3 treatment reduced basal 
IL-1, IL6 levels in macrophages. The expression of mRNA de-
pends on the stage of maturation of the immune cells (monocytes/
macrophages) (24).

Kimura et al described the pleiotropic role of IL 6 that can 
induce Th-17 cells. They are considered to be the cause of the 
pathology IBD (25). 

However, although 1α,25(OH)2D3 affects the expression of 
mRNA of IL6 in PBMC, there is a lack of data of the infl uence 
25(OH)VD on the expression of mRNA of IL6 in patients with 
infl ammatory bowel disease. Our results showed that VD upregu-

lates the mRNA expression of IL 6 in the infl amed mucosa of the 
terminal ileum in CD patients. 

We also found a trend toward a signifi cant correlation between 
the serum concentration of 25(OH) VD and the mRNA expres-
sion of TNFα, IL 10, IL 23, TLR2 in the infl amed mucosa of the 
terminal ileum in CD patients. 

There is evidence of the anti-infl ammatory effect of VD on the 
expression of mRNA of TNFα in human cell lines in IBD patients 
(26–28). Our fi ndings showed a trend toward a signifi cant positive 
correlation (up-regulation) between vitamin D and the expression 
of mRNA of TNFα (r2 = 0.17, p = 0.04) in the infl amed mucosa 
of the terminal ileum. We concluded that vitamin D activates the 
expression of mRNA of TNFa under physiological conditions. 
Therefore, the cooperation of vitamin D and TNFa may play an 
important role in the control of immune cell growth (29). 

We found a trend toward a signifi cant correlation of the se-
rum concentration of 25(OH)VD and the expression of mRNA of 
IL23 (r2 = 0.3, p = 0.01) in CD patients in the infl amed terminal 
ileum as well as in UC patients (r2 = 0.2, p = 0.01) in non-infl amed 
mucosa of sigma. In support of this interpretation, Faraji et al 
observed that the mRNA expression of IL17, IL23 and IFN-γ de-
creased remarkably in mice that were administered VD3 before 
SLE induction. VD3 administration after the establishment of SLE 
failed to affect the expression of mRNA of IL 17, IL 23. Lastly, 
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VD pre-treatment may decrease the expression of mRNA of pro-
infl ammatory cytokines (30).

In our study, we found a trend toward a signifi cant positive 
correlation between 25(OH)VD and the mRNA expression of 
TLR2 (r2 = 0.17, p = 0.04) in infl amed mucosa of the terminal il-
eum in CD patients and TLR4 (r2 = 0.18, p=0.02) in non-infl amed 
sigma UC patients. 

According our results, we suppose that VD may heighten 
TLR expression in preparation for a possible pathogen encounter. 

A similar effect of VD is well documented in the study by Di-
onne et al They examined the effect of 1.25(OH)VD in the presence 
of MDP (muramyl dipeptide) and found that the co-stimulation 
of MDP and NOD-2 results in increased IL-10, IL-23 and TNFα 
in PBMC in CD patients (p < 0.05). MDP as a ligand of NOD-2 
induced the production of IL-23, IL-10 and TNFα (31).

Conclusion 

UC patients had a signifi cantly higher baseline expression of 
mRNA of cytokines TNFα transcription factor FOXP3, CCR5 in 
infl amed mucosa of sigma

In CD patients we observed a signifi cantly higher expression 
of mRNA of IL-8 in infl amed mucosa of the terminal ileum. On 

the other hand, in the same group of patients, we observed no sig-
nifi cant difference between the expression of mRNA of cytokines 
in infl amed and non-infl amed mucosa in sigma.

The serum of 25(OH)VD signifi cantly positively correlates 
with the expression of mRNA of IL6 in infl amed mucosa of the 
terminal ileum in CD patients. 

Although there is an increasing amount of evidence from hu-
man control studies that demonstrated the role of 25(OH)VD on 
the expression of mRNA of cytokines in human cells, additional 
clinical trials that investigate effect 25(OH) VD the expression 
of mRNA of cytokines in intestinal mucosa of IBD patients are 
needed. 
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