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ABSTRACT 
Introduction: Changes in vitamin D serum levels have been associated with inflammatory diseases, such as in IBD. Ge-

nome and transcriptome wide studies indicate that vitamin D signaling modulates many inflammatory responses on sev-

eral levels. Inflammatory bowel diseases (IBD) are chronic relapsing immune-mediated disorders that result from an 

aberrant immunological response. IBD comprises of Crohn's disease and ulcerative colitis. The increasing number of 

hospitalisation coupled with the high economic burden experienced by IBD patients, calls for more concerted research 

efforts, to design a potent and credible treatment option for these strata of patients. 

Aims/Objectives: This research was designed to assess the efficacy of 1α,25(OH)2D3 on the expression  of IL-17, 

RORC, IL-4, and GATA3 genes in PBMC of Inflammatory bowel diseases (IBD) patients. 

Materials and Methods: Ten(10) ml of blood was aseptically collected from 24 IBD patients and 24 healthy controls. 

PBMC was isolated and stimulated with 1µg/ml of LPS and incubated for 4 hrs. The cells were later treated with 10-10 

and 10-8 M of 1α,25(OH)2D3 and incubated at 370C under 5% CO2 and 100% humidity. The RNA extractions, cDNA 

synthesis, and QRT-PCR was later performed.  

Results: The result shows a significant down-regulation of RORC gene and IL-17 expression, while the IL-4 and GA-

TA3 gene expression were significantly up-regulated.  

Conclusion: This result is an indication that 1α,25(OH)2D3 possesses not just immunomodulatory potentials, but also 

has immunosuppressive effects on cytokines that are pivotal in the pathogenesis of IBD , which is to say that, it can be 

used in management and treatment of both UC and CD patients. 
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1. INTRODUCTION. 

Inflammatory bowel diseases (IBD) can be described 

as a group of idiopathic, chronic, and relapsing in-

flammatory disorders whose etiologic origins are yet 

to be understood, but many investigations have at-

tributed the emergence of this disease to genetic sus-

ceptibility, immune dysregulations, environmental 

factors or bacterial infections [1,2]. IBD is categorised 

into two major classes. Ulcerative colitis (UC) and 

Crohn's disease (CD), each of with its distinguishing 

characteristic. Ulcerative colitis (UC) is a Th2-like 

inflammatory disorder where the morphological 

changes are restricted to the colon. In about 95% of 

patients diagnosed with ulcerative colitis, the rectum 

is involved[3]. Crohn's disease is a Th-1-mediated in-

flammatory disorder, which may extend from the oe-

sophagus to the anus, but the ileocecal region and 

terminal ileum are the most commonly affected areas
[4] . Inflammation in CD is usually transmural with a 

resultant fistula formation. In most cases, the affected 

parts are bridged by intervening normal bowel[4,5]. 

The 1α,25(OH)2D3 has multiple immunomodulatory, 

anti-inflammatory and immunosuppressant proper-

ties. Supplementation of 1α,25(OH)2D3 was shown 

to be therapeutically effective in various animal mod-

els such as type 1 diabetes mellitus[6], IBD[7] and sys-

temic lupus erythematosis (SLE)[8]. 1,25(OH)2D3 

seems to interact with the immune system through its 

actions on the regulation and differentiation of cells 

such as lymphocytes, macrophages and natural killer 

cells (NK). Some notable immunomodulatory and 

immunosuppressive effects of 1α,25(OH) 2D3, are 

down-regulation  of IL-2, IL-12, IL-6, IFN-γ, TNF-α; 

and  Upregulation in the production of IL-4, IL-5 and 

IL-10 [9] . 

 

The proliferation and ultimate differentiation of Na-

ïve T-cells play a pivotal role in the development of 

IBD[10-11]. IL4 is a major Th-2 cytokine subset; its 

expression is controlled by the master regulator, the 

GATA3. The therapeutic intervention that up-

regulates the GATA3 gene expression will inadvert-

ently affect the expression of IL-4 [4]. RORγt or 

RORC in human is the key transcription factor that 

orchestrates the differentiation of Th-17 effector cell 

lineage. RORC induces transcription of the genes 

encoding for IL-17 and the related cytokine IL-17F in 

naıve CD4+ T helper cells and is required for their 

expression in response to IL-6 and TGF-β,  the cyto-

kines known to induce IL-17 [12]. Mice with RORγt 

deficient T cells have attenuated autoimmune disease 

and lack tissue-infiltrating Th17 cells. Altogether, 

these findings suggest that RORC are the key regula-

tor of immune homoeostasis and highlight their po-

tential as a therapeutic target in  IBD[12]. 

 

It is worthy to note that most of the immune modifi-

ers, and anti-inflammatory drugs used in the manage-

ment of  IBD, are without side effects, such as over-

dependence and damage to some vital organs of the 

body, such as liver, Kidney, lungs, and GIT, leading 

to the development of colorectal cancers and other 

debilitating diseases [13-15]. It is paramount,  therefore 

to develop safe,  effective, and affordable treatment 

options that will replace the ones presently available. 

This research was designed to assess the regulations 

and therapeutic efficacy of 1α,25(OH)2D3 on the ex-

pression of  IL-4, GATA3, RORC, and IL-17 in the 

PBMC of IBD patients. 

 

2. MATERIALS AND METHODS 

Study Population 

The participants were recruited from the Digestive 

Disease Research Institute (DDRI), Shariati Hospital 

and Gastroenterology Department, Firosgar Hospital, 

Iran University of Medical Sciences, Tehran, between 

Feb.,2016 to May, 2017. None of the selected partici-

pants were on immunosuppressive and anti-

inflammatory agents, such as anti-TNF drugs, corti-

sone and other drugs that could interfere with the re-

search findings. Pregnant and lactating mothers, 

Smokers, HIV positive patients and drug users were 

all excluded from the study. The research participants 

cut across all age groups and have fulfilled all the 

above mentioned inclusive criteria. The mean age 

ranges were 31.0417± 5.39306 for the patients and 

29.8333±5.70024 for the normal controls.Samples 

were collected from IBD patients (n = 24) aged 19-64 

(mean age= 30 ) and healthy adults (n = 24). 
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Ethical Approval and Informed Consent 

The study was approved by the Ethical committee of 

Tehran University of Medical Sciences (TUMS) Teh-

ran, and the research participants were recruited after 

informed consent was obtained from them. The re-

search was conducted in line with the international 

best practice in conformity with the international 

standard ethical protocol. 

 

Blood collections and PBMC Isolations 

Ten ml of blood samples was obtained from 24 pa-

tients and 24 normal controls into EDTA container. 

Peripheral blood mononuclear cells (PBMC) were 

isolated using Ficol-Paque centrifugation method 

(Amersham Pharmacia Biotech, Uppsala-Sweden). 

The Isolated PBMC was suspended in RPMI 1640 

(GIBCO) with 10% FBS (GIBCO) and 1% penstrip. 

The cells were counted using improved Neubauer 

hemacytometer counting chamber. 

 

Experimental Groups 

There are four groups for each patients, these are 

matched by age to age and sex to sex with appropriate 

normal control. The groups are Normal controls(NC), 

Positive control(PC), Vitamin D low dose (VLD), and 

Vitamin D high dose (VHD). Both the normal control 

(NC) and the positive control (PC) were not treated 

with 1α,25(OH)2D3. Group VLD  were treated with 

10-10M low dose 1α,25(OH)2D3 While group VHD  

were treated with 10-8M  of 1α,25(OH)2D3. 

 

Stimulation and Treatment of PBMC In cell Cul-

ture  

The stimulations and treatments of all individual 

groups were done in Step IV safety carbinet. To a 24 

well culture plate, 1.5 x106 Cells were added to each 

well. The cells were stimulated with 10µg/ml of LPS 

(Sigma) and incubated for 4 hours at 370C in 5% CO2 

and in 100% humidified air. After 4 hours of incuba-

tion, the PBMC was treated with 10-10 and 10-8 M of 

low and high doses of 1α,25(OH)2D3 respectively. 

The cells were again incubated for an additional 24 

hours at 370C in 5% CO2 and in 100% humidified air. 

 

 

 

RNA Extractions 

The cells were harvested from the cell culture plates 

into 2ml Eppendorf tube and centrifuge at 12,000 

RCF for 10 minutes to separate the cells from the su-

pernatants. The supernatants were stored at -700C 

until ready for cytokines assay. Total RNA was ex-

tracted from 2.5×106 cells, using GeneAll® Hybrid-

RTM kits, Cat.No.305-101 (Songpa-Gu, Seoul, Korea 

138-859, based on the manufacturer's instructions. 

The final concentration and purity of the total RNA 

were measured by NanoDrop 1000 UV–

Spectrophotometer (Thermo Fisher Scientific, Wal-

tham, MA, USA), and stored at -700C prior to cDNA 

synthesis. 

 

cDNA Synthesis. 

Cyclic Deoxyribonucleic Acid (cDNA) synthesis was 

carried out using cDNA primescriptTM reagent Kit, 

Takara BIO. INC (Perfect Real Time), Cat NO: 

RR037A, lot NO: AK5601 (Nojihigashi 7-4-38, 

Kusatsu, Shiga 525-0058 Japan), based on manufac-

turer's instructions. The cDNA synthesised was stored 

at -200, until required for qRT-PCR. 

 

Real-Time PCR 

The quantitative real-time PCR was done using 

SYBR® Premix Ex Taq™ II (Takara Co., Ltd.) with 

all the specific primers from Sigma-Aldrich as shown 

in Table:1. The cytokine analysis and gene transcrip-

tions of IL-4, GATA3, IL-17, RORC and GAPDH  

were carried out using  StepOnePlus™ Real-Time 

PCR Systems (Applied Biosystems, Foster City, CA, 

USA). The relative expressions of target gene mRNA 

compared to the endogenous control, GAPDH 

mRNA, were measured using a ΔCT method with ref-

erence to each amplification plot (fluorescence signal 

vs cycle number). The mean difference (ΔCT) between 

the values in the replicate samples of target genes and 

that of the endogenous control, GAPDH mRNA was 

calculated. The changes in the expressions of the tar-

get genes and the normal group were calculated us-

ing, ΔCT
Patients – ΔCT

Controls = ΔΔCT. This is further ex-

pressed as a relative fold change or expression of the 

gene in the patients compared to the normal healthy 

control (2^-ΔΔCT).  
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Statistical Analysis 

All statistical analysis was carried out by SPSS soft-

ware (22.0; IBM Corporation, Chicago, IL, USA).. 

The analysis of variance (ANOVA) test was used to 

compare the quantitative variables between the 

groups and the Post hoc turkey was used to determine 

significant differences in the gene expression level 

between the controls and treated groups. P≤0.05 was 

statistically considered as a significant expression. 

Graphs were designed using, GraphPad Prism soft-

ware version 6.0 (GraphPad Software, Inc., La Jolla, 

CA, USA). 

 

3. RESULTS 

The results of this study as presented in Fig.1-4 has 

evidently shown the enormous immunosuppressive 

and immunomodulatory potentials of 1α,25(OH)2D3  

in the regulation of cytokines that are critical in the 

pathogenesis of IBD. 

 

The level of IL-17 gene expression in untreated pa-

tients’ PBMC was 4.12 fold higher than that in the 

normal controls. After 24 hours of incubation and 

treatment with low and high doses of 1α,25(OH)2D3,  

the relative expression of 2.26 and 1.17 fold decrease 

in low and high doses of 1α,25(OH)2D3 was ob-

served, respectively. This is a significant down–

regulation in IL-17 expression between the treated 

and untreated groups (Fig.1).   

Fig. 1: The relative folds expression of IL-17 in 

untreated and treated groups: In the untreated 

groups the PBMC was stimulated with 10µg/ml of 

LPS and incubated for 24hours. The relative  expres-

sion of IL-17 was 4.13 fold increase in the patients’ 

PBMCs compared to the normal control.  In the treat-

ed group, after the stimulation of the PBMC with 

10µg/ml of LPS, and incubated for 4 hours, the 

PBMC was treated with 10-8 and 10-10M of 1α,25

(OH)2D3  and incubated for 24hours. The relative 

expression of IL-17 has indicated a  2.26 and 1.17 

fold decrease in the treated groups compared to un-

treated groups.  Statistically P<0.05 is considered 

significant. (***P<0.001, ****P< 0.0001 ). All data 

are representative of three independent qPCR experi-

ments.  

 

The level of RORC gene expressions in untreated 

patients’ PBMCs was 5.1 fold higher than in the nor-

mal control . After 24 hours of incubation and treat-

ment of patients’ PBMC with 1α,25(OH)2D3, there 

was a statistically significant down-regulation in the 

relative fold expressions of RORC between the treat-

ed and untreated groups. The levels of RORC expres-

sions in the PBMC of patients treated with low and 

high doses of 1α,25(OH)2D3  was 3.5 and 1.3 fold 

respectively, compared to the untreated patients’ 

PBMC (Fig.2).  

Fig.2: The relative folds expression of RORC in 

untreated and treated groups: In the untreated 

groups the PBMC was stimulated with 10µg/ml of 

LPS and incubated for 24hours. The relative folds 

Primers Forward Reverse 

IL-17 5’-CTGTCCCCATCCAGCAAGAG-3’ 5’-AGGCCACATGGTGGACAATC-3’ 

RORC 5’-GTGGGGACAAGTCGTCTGG-3’ 5’-AGTGCTGGCATCGGTTTCG-3’ 

IL-4 5’-CCAACTGCTTCCCCCTCTG-3’ 5’-TCTGTTACGGTCAACTCGGTG-3’ 

GATA3 5’-GAGGGCTGGTTTCCTTGACTG-3’ 5’-AAAAAGGGGCGACGACTCTG-3’ 

GAPDH 5’-ACAACTTTGGTATCGTGGAAGG-3’ 5’-GCCATCACGCCACAGTTTC-3’ 

Table 1: PRIMER SEQUENCES FOR  qRT- PCR 

PCR= Polymerase chain reaction, IL-17= Interleukin-17,  RORC= RAR-related orphan receptor C,  IL-4= Interleukin-4, 
GATA3= Gata binding protein-3,  GAPDH=Glyceraldehyde 3-phosphate dehydrogenase 
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expression of RORC was 5.1 fold increases in the 

patients PBMCs compared to the normal control. In 

the treated group, after the stimulation of the PBMC 

with 10µg/ml of LPS, and incubated for 4 hours, the 

PBMC was treated with 10-8 and 10-10M of 1α,25

(OH)2D3  and incubated for 24hours. The relative 

expression of RORC has indicated a 3.5 and 1.3 fold 

decreases in the treated groups compared to untreated 

groups. Statistically P<0.05 is considered significant. 

( **P< 0.01, ****P< 0.0001 ). All data are repre-

sentative of three independent qPCR experiments.  

 

There was a 0.23 fold decrease in the level of IL-4 

expression in the untreated patients compared to the 

normal control. This is an indication that the level of 

circulating IL-4 cytokine is very low in IBD patients 

compared to the healthy subjects, but after 24 hours 

of treatment with 1α,25(OH)2D3, there was a sharp 

up-regulation in relative fold expression in the treated 

groups. The levels of IL- 4 gene expression in the 

PBMC of patients treated with  low and high doses of 

1α,25(OH)2D3  were  1.23 and 2.16 fold respectively, 

compared to the untreated patients PBMC (Fig.3).  

Fig. 3: The relative folds expression of IL-4 in un-

treated and treated groups: In the untreated groups 

the PBMC was stimulated with 10µg/ml of LPS and 

incubated for 24hours. The relative folds expression 

of IL-4 was 0.23 fold decreases in the patients 

PBMCs compared to the normal control. In the treat-

ed group, after the stimulation of the PBMC with 

10µg/ml of LPS, and incubated for 4 hours, the 

PBMC was treated with 10-8 and 10-10M of 1α,25

(OH)2D3  and incubated for 24hours. The relative 

expression of IL-4 has indicated a 1.23 and 2.16 fold 

increase in the treated groups compared to untreated 

groups. Statistically P<0.05 is considered significant. 

(***P<0.001, ****P< 0.0001). All data are repre-

sentative of three independent qPCR experiments.  

 

 GATA3 gene expression in untreated patients PBMC 

was low when compared to the normal controls. The 

relative gene expression of GATA3 in untreated pa-

tients was 0.15 fold compared to the normal healthy 

controls, but after 24 hours of incubation and treat-

ment with 1α,25(OH)2D3, there was a significant up-

regulation of the GATA3 fold expression compared 

to untreated patients. The levels of GATA3 gene ex-

pression in the PBMC of patients treated with low 

and high doses of 1α,25(OH)2D3 has been up-

regulated to 1.22 and 1.56 fold respectively, com-

pared to the untreated patients PBMC (Fig.4). P<0.05 

is statistically considered significant in the treatment 

groups.  

Fig.4: The relative folds expression of GATA3 in 

untreated and treated groups: In the untreated 

groups the PBMC was stimulated with 10µg/ml of 

LPS and incubated for 24hours. The relative folds 

expression of GATA3 was 0.15 fold decreases in the 

patients PBMCs compared to the normal control. In 

the treated group, after the stimulation of the PBMC 

with 10µg/ml of LPS, and incubated for 4 hours, the 

PBMC was treated with 10-8 and 10-10M of 1α,25

(OH)2D3 and incubated for 24hours. The relative 

expression of GATA3 has indicated a  1.22 and 1.56 

fold increases in the treated groups compared to un-

treated groups. Statistically P<0.05 is considered sig-

nificant. (***P<0.001, ****P< 0.0001 ). All data are 

representative of three independent qPCR experi-

ments. 

 

4. DISCUSSION  

The 1α,25(OH)2D has diverse immunomodulatory 

functions. The vitamin D receptor (VDR) is widely 

expressed on  most immune cellular subsets and VDR 

ligation by vitamin D results in activation of key in-

nate immune cells such as monocytes, macrophages, 

and neutrophils leading to enhanced immunological 
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activities [16–18]. The effects of 1,25(OH)2D3 as inhib-

itors of T cells have been well described. Since 1983 

it has been described that 1α,25(OH)2D3  inhibites T 

cell proliferation and the secretion of selective cyto-

kines after mitogen stimulation [19-20].  IL-17 is pro-

duced mainly by Th17 cells, although CD8+ T cells 

are also able to produce this cytokine during chronic 

inflammation [21]. IL-17 acts as a key mediator in de-

layed-type immune reactions by increasing chemo-

kine production and recruiting monocytes and neutro-

phils to the inflammatory site[22]. In our study, there 

were significant up-regulation in the level of IL-17 

gene expression in the PBMC of IBD patients com-

pared with the control. This result was in conformity 

with other reported research findings in humans, 

where elevated levels of IL-17 in active CD and UC 

was reported[23]. Most recently, it has been shown 

that in CD patients increased numbers of circulating 

IL-17 and IFN-γ-producing CD161+ memory cells 

are present, and these cells constitute a high percent-

age of colonic mucosal cells[24]. In addition, CD pa-

tients have numbers of circulating IL-23R expressing 

T cells, which respond to IL-23 with increased pro-

duction of IL-17, IL-22 and IFN-γ, which is further 

increased by the presence of IL-1β [24]. 1α,25(OH)

2D3 has also been shown to inhibit IL-17 secretion 

by Th17 cells [25,26]. This is in agreement with our 

results, findings where after 24 hours of treatment 

and incubation of 1α,25(OH)2D3 with the PBMC of 

the patients, there was significant down-regulation of 

IL-17 relative gene expression when compared to the 

untreated patients’ PBMCs. Research has shown that 

Th1 and Th17 cells cause experimental autoimmune 

encephalomyelitis (EAE, murine model of multiple 

sclerosis), IBD and type-1 diabetes. In vivo, 1,25

(OH)2D3 treatments suppressed the development and 

progression of these Th1/Th17 mediated diseases [27–

29]. In addition, vitamin D and VDR deficiency exac-

erbated experimental type-1 diabetes and IBD in 

mice [27,30]. Moreso,  in vitro treatment of T-cells with  

active Vitamin D suppresses Th17 development and 

inhibits  production of IL-17 [31]. 

 

RORC in human is the master regulator for the Th17 

differentiation. Individual deficient in RORC has 

limited Th17 differentiation, while overexpression 

RORC induced IL-17 expression in the absence Th17 

polarising cytokines [13]. In our study, there was a 5.1 

fold increase in the level of RORC gene expression 

in untreated patients than in the normal control. The 

relative overexpression of RORC observed in this 

study may be responsible for the increase in the ex-

pression of IL-17 observed in this study because of 

the synergy that existed between RORC and IL-17 

gene expression [32]. This findings is in agreement 

with the research findings which states that in IBD, 

IL-23 promote differentiation of naïve CD4+ T cells 

into Th17 cells and this is characterized by increased 

expression of IL-17A and RORC in IBD patients [33], 

but in vitro treatment with 1α,25(OH)2D3, has shown 

a  significant down-regulation in RORC and IL-17 
[31] . This report is in line with our research findings, 

in which a significant down-regulation of RORC 

gene expression was observed in both low and high 

doses of 1α, 25(OH)2D3 after 24 hours of treatment 

and incubation. 

 

IL4 is a major Th-2 cytokine subset; its expression is 

controlled by the master regulator, the GATA3, It is 

widely reported that IBD is characterised by a signifi-

cant decrease in IL-4 gene expression[34]. This was 

confirmed in our study, where the level of IL-4 was 

significantly down-regulated compared to the healthy 

control, but after 24 hours of treatment and incuba-

tion with 1α,25(OH)2D3,  a fold increase of 1.23 and 

2.16  was observed in IL-4 gene expression in the 

treated groups compared to untreated groups. In 

vitro, 1,25(OH)2D3 treatment of T cells has been 

shown to increase IL-4 secretion by human and 

mouse Th cells [35,36,37]. In human PBMC 1,25(OH)

2D3 induced the expression of IL-4 when added in 

vitro. The differentiation of Th2 requires GATA3 

Master regulator, deficiency of GATA3 expression 

lead to loss of Th2 cells expression, resulting in low 

expression of IL-4 and other anti-inflammatory cyto-

kines [37]. In  untreated  group, the  relative folds ex-

pression of GATA3 was 0.15 fold decrease in the 

patients PBMCs compared to the normal control. In 

the treated group, the relative expression of GATA3 

has indicated a  1.22 and 1.56 fold increases in the 

treated groups compared to the untreated group. In 

general, the 1,25(OH)2D3 regulation of IL-17, 
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RORC, IL-4 and GATA3 is brought about by GA-

TA3 dependant and GATA3 independent mechanism 
[38]. The 1,25(OH)2D3-mediated regulation of Th17 

polarization occurs through GATA3-dependent 

mechanisms, including direct effects on RORC ex-

pression and IL-4-mediated inhibition of Th17 polari-

zation. Moreover, GATA3-independent mechanisms 

are involved in the  modulation of NFAT-C2. These 

mechanisms may play a role in the suppressive effect 

of 1,25(OH)2D3 in autoimmune  disease activity [38]. 

 

5.CONCLUSION 

The result of this research has indicated that the un-

met needs for the development of novel therapies for 

IBD, could be fulfilled with the utilization of 1,25

(OH)2D3. The potency and efficacy of this drug was 

elucidated by this research finding and others. The 

drug was able to significantly reduce, the relative 

gene expression of IL-17 and RORC to the barest 

minimum, while up-regulating the relative gene ex-

pressions of IL-4 and its transcription factor GATA3 

in the PBMC of IBD. This research is an ex vivo 

study, there is a need for large scale in vivo clinical 

trials to determine the effects of this drugs in human 

subjects. 
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