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Background & objective: The immunoregulatory effects of transforming growth 

factor (TGF)-βand interleukin-12 (IL-12) and immunomodulatory actions of vitamin 

D (VD) were reported in several studies. This study aims to evaluate VD effects on 

IL-12 and TGF-β expression in experimental autoimmune encephalomyelitis (EAE). 

Methods: EAE was induced in three groups of C57BL/6 mice by immunization 

with MOG and administered intra-peritoneally 200 ngVD, PBS or olive oil (OO) 

from day +3 to +30. One group was also considered as healthy control group. At day 

31, cytokines expression in the spinal cord and their serum levels were determined 

using real time-PCR and ELISA, respectively. 

Results: IL-12 gene expression and its serum levels in PBS-injected- or OO-

administrated EAE groups were significantly higher than healthy group. IL-12 gene 

expression in EAE group treated with VD was significantly decreased compared to 

PBS-injected- or OO-administrated EAE groups (P<0.001 and P<0.02, respectively). 

Serum IL-12 levels were significantly reduced in VD-treated EAE mice compared to 

PBS-injected- or OO-administrated EAE groups (P<0.004 and P<0.05, respectively). 

No significant difference was observed between PBS-injected-EAE, OO-

administrated EAE and healthy groups regarding the expression of TGF-β. In EAE 

mice treated with VD, TGF-β expression was significantly higher than healthy group 

and PBS-injected EAE mice (P<0.01 and P<0.04, respectively). VD-treated EAE 

group had also higher serum TGF-β levels than PBS-injected-, OO-administrated and 

healthy groups (P<0.05). 

Conclusion: VD modulates the expression of IL-12 and TGF-β in spinal cord and 

serum of EAE mice. 
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Introduction 

Multiple sclerosis (MS) is a chronic autoimmune 

response-mediated inflammatory disease of the 

central nervous system (CNS), which results in 

neuronal demyelination and axonal degeneration  

 

(1). The experimental model of MS disease is 

named autoimmune encephalomyelitis (EAE), 

which is inducible in susceptible animals by 

immunization with myelin-derived components 

http://ijp.iranpath.org/
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such as myelin basic protein (MPB), proteolipid 

protein (PLP) or myelin oligodendrocyte protein 

(MOG) mixed with a suitable adjuvant (2). 

Rupture of the blood-brain barrier (BBB) and 

migration of activated leukocytes are among the 

earliest defects that occur in MS and EAE diseases 

(3). Dendritic cells (DCs) migrate across the BBB 

and induce differentiation of naïve myelin specific 

naïve CD4+ T cells into pathogenic Th1 and Th17 

that may be accountable for demyelination in MS 

and EAE (3, 4), while Treg cells may confer 

protection against diseases and the Th2 role 

remains controversial (4, 5). Increased levels of a 

Th17 cell-related chemokine C-C motif ligand 20 

(CCL20) and diminished levels of a Th2/Treg cell-

related chemokine C-C motif ligand 22 (CCL22) 

were also observed in patients with MS (6, 7). 

Structurally, IL-12 is composed of two 

covalently linked subunits, including P35 and P40 

which is produced mainly by antigen-presenting 

cells (APCs), including macrophages and DCs (8). 

The P35 subunit is unique to IL-12, whereas P40 

subunit is shared with IL-23, another 

proinflammatory cytokine required for the 

establishment of Th17 cell-related immune 

responses (9). Mice with a P35 knockout (KO) 

cannot develop Th1 cell-related immunity, while 

those with a P40 KO unable to develop both Th1- 

and Th17 cells-related immunity (9, 10). The P40 

subunit also induces the expression of IL-16 (a 

lymphocyte chemoattractant factor), nitric oxide 

synthase (NOS) and tumor necrosis factor-α (TNF-

α) in microglia and macrophages and promotes the 

migration of macrophages and dendritic cells (11, 

12). 

IL-12 receptor is expressed on several immune 

cells, including natural killer (NK) cells, DCs, T 

and B cells (8, 13). IL-12 is a pro-inflammatory and 

its major functions include enhancing the cytotoxic 

activity of CD8+ T lymphocytes and NK cells, 

increasing the production of IFN-γ from NK and T 

cells, inducing the differentiation of naïve CD4+ 

Th0 cells into the Th1 cells and increasing 

antibody-dependent cellular cytotoxicity (ADCC) 

against tumor cells (8, 14). 

Transforming growth factor (TGF)-β is an 

important pleiotropic cytokine with powerful 

immunomodulatory effects which is released by 

regulatory T (Treg) cells (15). Different functions 

have been attributed to TGF-β such as stimulating 

Treg cells differentiation, enhancing IL-10 

secretion by macrophages, inducing the generation 

of tolerogenic DC, reducing IL-1, IL-12, TNF-α 

and TNF-β production by APCs, modulating the 

toll-like receptor 4 (TLR4) expression, decreasing 

the macrophage and microglia functions and 

suppressing the development of Th1- and Th2 

lymphocytes (15, 16). 

TGF-β plays a key role in maintaining tolerance 

by controlling proliferation and differentiation of 

the effector lymphocytes (15, 16). There are several 

investigations showing that TGF-β confer 

protection against MS and EAE diseases. TGF-β 

ameliorates EAE and inhibits the entrance of 

sensitized T cells into the CNS (17). Treatment of 

EAE mice with an antibody against TGF-β worsens 

EAE severity (16). 

Vitamin D has various immunoregulatory and 

anti-inflammatory characteristics (18). Some 

beneficial effects of treatment of EAE mice with 

vitamin D including attenuation of the disease 

severity, delaying in disease beginning and low 

aggregation of the inflammatory cell into the CNS 

were observed in our previous study (19). Long-

term medication with anti-inflammatory drugs may 

have deleterious side effects. Therefore, novel 

efficient therapeutic programs with fewer side 

effects should be considered for the treatment of 

inflammatory diseases. This study aimed to 

evaluate the effects of vitamin D on the expression 

of IL-12 and TGF-β in the spinal cord and serum of 

C57BL/6 mice subjected to EAE induction by 

immunization with a myelin-derived antigen named 

MOG.  

Materials and Methods 

Mice  

The female C57BL/6 mice (6-8 weeks old) were 

obtained from the Pasteur Institute (Tehran, Iran) 

and housed in standard controlled conditions; 

temperature 20±2°C and a 12-hour light/12-hour 

dark cycle with ad libitum access to mouse nutrition 

and water in a standard laboratory manner. To 

avoid any stress reaction possibly caused by novel 

environmental cues, the research protocol was 
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performed in a room where the mice were housed. 

All experiments were performed in accordance with 

the Ethics Committee on Animal Experimentation 

of Rafsanjan University of Medical Sciences 

(IR.RUMS.REC.1394.275) and were also in 

agreement with the National Research Council 

Guide (NRC, 2011).    

Induction and scoring of EAE    

EAE was induced by immunization with a 

MOG35–55 peptide as explained previously (20). The 

MOG is a component of the myelin sheath of nerves 

and is known as a major target autoantigen in MS 

and EAE diseases. Briefly, the C57BL/6 mice were 

immunized by subcutaneous (s.c) delivery in two 

places in the flank on day 0 with injecting 400 μg 

of MOG35–55 peptide (Alexis, Switzerland) mixed in 

complete Freund's adjuvant comprising 5 mg/mL of 

Mycobacterium tuberculosis. The mice received 

two additional injections of 250 ng of pertussis 

toxin intraperitoneally (i.p) on days 0 and 48 hours 

after immunization with MOG. The EAE clinical 

score was measured using a standardized scoring 

criteria (21) as follows; 0, no signs (no 

abnormality); 1, loss of tail tone; 2, flaccid tail; 3, 

one hind limb paralysis; 4, two hind limbs 

paralysis; 5, paralysis of forelimb and hind limb; 6, 

dead animal. Paralyzed mice had comfortable 

access to water and nutrition. 

Experimental design 

Four groups of female C57BL/6 mice (6 mice in 

each group) were enrolled into the study. Group I 

was considered as a healthy control group. The 

mice in group I were not immunized with MOG and 

treated with PBS. The mice in groups II, III and IV 

were subjected to EAE induction and treated with 

PBS, olive oil (as a vitamin D vehicle) or 200 ng of 

vitamin D (22). Groups II, III and IV were 

considered as PBS-injected EAE group, olive oil-

administrated EAE group and vitamin D-treated 

EAE group, respectively.  

The 1, 25 dihydroxy vitamin D3 (1,25(OH)2D3) 

was obtained from Osveh company (Tehran, Iran). 

For induction of EAE, mice were immunized on the 

first day by a MOG peptide mixed with complete 

Freund adjuvant containing killed Mycobacterium 

tuberculosis. From day +3 to +30, the mice were 

intraperitoneally (i.p) treated with 100 µL PBS or 

olive oil (as a vitamin D vehicle) in control groups 

and 200 ng vitamin D in the same volume of olive 

oil (every two days) in vitamin D-treated group. 

The mice were scored daily for exhibition of 

clinical symptoms of EAE, from the day of MOG 

injection (day 0) until the day 30. Mice were killed 

on day 31 and their spinal cords removed for RNA 

extraction and gene expression analyses. 

RNA extraction, reverse transcription and 

quantitative real-time PCR 

Quantitative real time-PCR method was used to 

determine gene expression of the IL-12 and TGF-β 

in the spinal cords. Total RNA was extracted from 

the spinal cords using Trizol Reagent (purchased 

from Invitrogen, Carlsbad, CA) according to the 

manufacturer's guideline. Electrophoresis on the 

agarose gel pre-treated with ethidium bromide was 

used to determine the quality of extracted RNA. A 

spectrophotometer system was used to determine 

RNA purity based on measuring absorption at 260 

nm and 280 nm and determination of 260/280 ratio. 

A complementary DNA (cDNA) synthesis kit 

(Bionner, Korea) that contained both oligo (dT) and 

random hexamer primers was used to convert the 

extracted RNA to the cDNA. The reverse 

transcription amplification protocol included: 70°C 

for 10 min (in the absence of reverse transcription 

enzyme), 20°C for 1 min (cooling stage), addition 

of reverse transcription enzyme, 42°C for 60 min 

and finally the protocol was completed by a step at 

95°C for 10 min to terminate the activation of 

reverse transcription enzyme. 

Real-time PCR protocol was performed using a 

Bio-Rad CFX96 system (Bio-Rad, USA) in a 

triplicate manner using a SYBR green master mix 

(Bionner, Korea), mixed with 200 ng of template 

cDNA with 2 µL suitable primers (10 pmol stock). 

Sequences of the used primers and the sizes of 

amplification products are demonstrated in Table 1.  
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Table 1. Used Primers for mRNA Expression of IL-12and TGF-β in the Spinal Cords  

Amplification product (bp) Primer Gene 

132 
Forward: CCACCCTTGCCCTCCTAAAC 

IL-12 (P35) 
Reverse: GTTTTTCTCTGGCCGTCTTCA 

180 
Forward: GGAAGCACGGCAGCAGAATA 

IL-12 (P40) 
Reverse: AACTTGAGGGAGAAGTAGGAATGG 

114 
Forward: ATTCCTGGCGTTACCTTG 

TGF-β 
Reverse: GTATTCCGTCTCCTTGGTTC 

138 
Forward: AGAGGGAAATCGTGCGTGAC 

β-Actin 
Reverse: CAATAGTGATGACCTGGCCGT 

The thermal cycling program was as follows; an 

initial heating at 95°C for 15 min, 40 cycles of 95°C 

for 30 s and 60°C for 30 s and eventually 72°C for 

30 s. Primers were synthesized by the Bionner 

Company (Korea). For normalization of the 

amplified cytokine target genes, the -actin gene 

was used as an internal control or housekeeping 

gene. The amount of IL-12 and TGF-B expression 

in the spinal cords expressed as units relative to the 

amount of β-actin expression calculated by the 2-

Ct formula. The melting curves and data 

processing were performed using CFX manager 

software version 1.1.308.111 (Bio-Rad, USA). The 

PCR products were also electrophoresed and 

visualized on a 1% agarose gel comprising 0.5 

mg/mL ethidium bromide (Figure 1).  

 

 

Figure 1. PCR amplification of IL-12 and TGF-β genes. 

Columns 1, 2 and 3 show the PCR products of IL-12P40, 

IL-12P35 and TGF-β from a healthy normal mouse, 

respectively. 

Column M shows the DNA Marker (ladder). 

 

 

Measurement of Serum IL-12 and TGF-β 

Levels 

As mentioned, the mice were killed on day 31 

and blood collection was performed through 

cardiac puncture. Then the serum specimen were 

separated and placed at -20°C until analysis. Serum 

IL-12 and TGF-β concentrations were quantitated 

using commercial enzyme-linked immunosorbent 

assay (ELISA) kits (eBioscience, UK). The 

sensitivity degrees were 4.0 and 15.0 Pg/mL for IL-

12 and TGF-β kits, respectively. 

Statistical analysis 

Data was expressed as mean ± SEM. Statistical 

comparison was analyzed by a computer program 

(SPSS version 18, Chicago, IL, USA) using 

ANOVA and Student's t test, as appropriate. The 

differences were considered significant, when the P 

values were less than 0.05. 

 

Results 

Vitamin D effects on EAE clinical symptoms 

The EAE clinical scores in vitamin D-treated 

mice and control groups are demonstrated in Figure 

2. Clinical signs of EAE appeared in the PBS-

injected EAE mice and olive oil-administrated EAE 

group on days 10 and 9, respectively. The vitamin 

D-treated EAE group exhibited clinical signs of 

EAE later on day 13. The maximum mean clinical 

score (MMCS) was 5 ± 0.00 for PBS-injected EAE 

mice, 4.5 ± 0.28 for olive oil-administrated EAE 

group and 2.40 ± 0.40 for EAE mice received 

vitamin D treatment. The MMCS in EAE group 

receiving vitamin D treatment was lower than PBS-

injected EAE mice and olive-administrated EAE 

group (P<0.001 using student's t test). 
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Fig 2. Comparison of the clinical scores of the EAE between vitamin D-treated and control groups. 

The maximum mean clinical score was significantly lower in vitamin D -treated EAE groups as compared with PBS- 

or olive treated EAE mice (P<0.01 and P<0.02, respectively; by using student's  t test). 

 

The effects of vitamin D on the gene 

expression of IL-12 in spinal cords 

PBS-injected EAE mice had a higher mRNA 

expression of IL-12 P35 and IL-12 P40 than the 

healthy group (P<0.001) (Table 2, Figures 3 & 4).  

mRNA expression of IL-12 P35 and IL-12 P40 

in olive oil-administrated EAE group were also 

significantly higher than the healthy group 

(P<0.001 and P<0.04, respectively). mRNA 

expression of IL-12 P35 and IL-12 P40 in EAE 

group receiving vitamin D treatment were 

significantly lower than PBS-injected EAE mice 

and olive oil-administrated EAE group (P<0.001 

and P<0.02, respectively). mRNA expression of IL-

12 P35 and IL-12 P40 in olive oil-administrated 

group was also significantly lower than in PBS-

injected EAE group (P<0.002) (Table 2, Figures 3 

& 4).  

 

 

Table 2. mRNA Expression of IL-12 and TGF-β in Spinal Cords and Their Serum Levels in Vitamin D-treated 

EAE Mice and Control Groups 

Groups 

In spinal cord (Fold) In serum (Pg/mL) 

IL-12 P35 IL-12 P40 TGF-β IL-12 TGF-β 

Healthy group 0.98 ± 0.16 0.99 ± 0.26 1.00 ± 0.19 14.02 ± 1.05 7.40 ± 1.35 

PBS-injected EAE 64.58 ± 9.36 32.87 ± 5.13 1.39 ± 0.08 36.00 ± 2.14 8.13 ± 1.69 

Olive oil-treated EAE 13.80 ± 2.63 4.00 ± 0.99 1.72 ± 0.40 31.27 ± 3.96 8.15 ± 2.86 

vitamin D-treated EAE 4.61 ± 1.72 0.71 ± 0.24 2.90 ± 0.92 20.08 ± 2.94 15.29 ± 3.37 
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Fig 3. Comparison of the expression of IL-12 P35 mRNA between vitamin D-treated and control groups. 

The mRNA expression of the IL-12 P35 in PBS-treated EAE group was significantly higher than in the healthy 

group (P<0.001, by using student's t test). The expression of IL-12 P35 mRNA in both vitamin D-treated EAE 

mice and olive oil-treated EAE group were decreased as compared with PBS-treated EAE group (P<0.001 and 

P<0.002, respectively; by using student's t test). The expression of IL-12 P35 mRNA in vitamin D-treated EAE 

group was also significantly lower than olive oil-treated EAE group (P<0.02, by using student's t test).   

 

 
Fig 4. Comparison of the expression of IL-12 P40 mRNA between vitamin D-treated and control groups.   

The mRNA expression of the IL-12 P40 in PBS-treated EAE group was significantly higher than in the healthy group 

(P<0.001, by using student's t test). The expression of IL-12 P40 mRNA in both vitamin D-treated EAE mice and 

olive oil-treated EAE group were decreased as compared with PBS-treated EAE group (P<0.001 and P<0.002, 

respectively; by using student's t test). The expression of IL-12 P40 mRNA in vitamin D-treated EAE group was also 

significantly lower than olive oil-treated EAE group (P<0.02, by using student's t test).
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mRNA expression of IL-12 P35 in vitamin D-

treated EAE group was significantly higher than the 

healthy control group (P<0.05). However, there 

was no significant difference between EAE mice 

received vitamin D treatment and the healthy group 

regarding IL-12 P40 expression (Table 2, Figures 3 

& 4).  

The effect of vitamin D on the serum IL-12 

levels  

Serum IL-12 levels in PBS-injected EAE group 

and olive oil-administrated EAE group were 

significantly higher than healthy control mice 

(P<0.001 and P<0.01, respectively). Serum IL-12 

levels in EAE group receiving vitamin D treatment 

were significantly diminished compared to PBS-

received and olive oil-administrated EAE mice 

(P<0.004 and P<0.05, respectively). Serum IL-12 

levels were not significantly different between EAE 

group receiving vitamin D treatment and the 

healthy group mice (Table 2 and Figure 5). 

The effect of vitamin D on gene expression of 

TGF-β in the spinal cords 

There were no significant differences between 

PBS-injected EAE mice, olive oil-administrated 

EAE group and the healthy control mice regarding 

gene expression of the TGF-β. In vitamin D-treated 

EAE group, mRNA expression of TGF-β was 

significantly increased compared to the healthy 

control group and EAE mice that received PBS 

(P<0.01 and P<0.04, respectively). TGF-β 

expression was not significantly different between 

EAE group receiving vitamin D treatment and olive 

oil-administrated EAE mice, although this cytokine 

expression was found to be higher in vitamin D-

treated mice (Table 2 and Figure 6).

 

 

 

Fig 5. Comparison of the serum levels of IL-12 between vitamin D-treated and control groups.  

The serum IL-12 levels of in PBS-injected and olive oil-treated EAE mice were significantly increased in 

comparison with to healthy control group (P<0.001 and P<0.01, respectively; by using student's t test). The serum 

levels of IL-12 in vitamin D-treated EAE group was significantly lower than in PBS-injected and olive oil-treated 

EAE mice (P<0.004 and P<0.05, respectively; by using student's t test). 
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Fig 6. Comparisom of the expression of TGF-β mRNA between ginger-treated and control groups.  

No significant difference was observed between PBS-treated, olive oil-treated EAE mice an healthy control group groups 

regarding the expression of the TGF-β mRNA. In vitamin D-treated EAE group the expression of TGF-β mRNA was 

significantly higher as compared to  healthy control group and PBS-treated EAE mice (P<0.01 and 0.04, respectively). 

 

 

Fig 7. Comparisom of the expression of TGF-β between vitamin-D and control groups.  

No significant difference was observed between PBS-treated EAE mice, olive oil-treated EAE mice and healthy control 

group regarding the serum levels of TGF-β. In vitamin D-treated EAE group the mean serum TGF-β was significantly 

higher than those in PBS-injected and olive oil-treated EAE mice (P<0.05, by using student's t test). 
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The effect of vitamin D on serum levels of 

TGF-β 

No significant differences were observed 

between PBS-injected EAE group, olive oil-

administrated EAE mice and the healthy control 

group regarding serum TGF-β levels. Vitamin D-

treated EAE group had significantly higher serum 

levels of TGF-β than PBS-injected EAE group and 

olive oil- administrated EAE mice (P<0.05) (Table 

2 and Figure 7).  

 

Discussion  

Our results indicated that clinical manifestations 

of EAE were decreased in vitamin D-treated EAE 

group compared to the control groups. Previous 

reports indicated an association between vitamin D 

deficiency and higher incidence and severity of MS 

(23-25). Furthermore, inverse correlations have 

been found between cerebral lesions, brain atrophy 

and the level of disability (26).  

MS and EAE are Th1⁄Th17-mediated 

autoimmune diseases (4). IL-12 may play a major 

role in the development of MS and EAE by 

inducing differentiation of both Th1 and Th17 cells 

(8). Moreover, interferon-γ [IFN-γ (a main cytokine 

of Th1 cells)] may play a key role in the 

pathogenesis of EAE disease through increasing 

M1 macrophages expansion (27). Furthermore, 

IFN-γ enhances the expression of inducible nitric 

oxide synthase (NOS) enzyme that lead to elevated 

NO synthesis by antigen presenting cells such as 

macrophages and DCs (28). Therefore, it seems that 

the IL-12/IFN-γ/NO axis plays a critical role in the 

development of EAE (28). Our results indicated 

elevated IL-12 expression in the spinal cords and 

serum from control EAE mice treated with PBS or 

olive oil. In agreement with our results, IL-12 

production was increased by stimulated-peripheral 

blood mononuclear cells (PBMCs) from patients 

with MS (29). These observations confirm the 

possible contribution of IL-12 in MS and EAE 

development. 

Our results also indicated that IL-12 expression 

decreased in the spinal cord and serum of EAE mice 

receiving vitamin D treatment. In accordance with 

our findings, vitamin D suppressed IL-12 secretion 

by lipopolysaccharides (LPS)-stimulated human 

microglial cells (30). Besides, vitamin D treated-

splenocytes from EAE mice produce higher levels 

of Th2 cell-related cytokines such as IL-10 (31). 

Moreover, it has been indicated that vitamin D-

treated-microglial cells express higher ratio of IL-

10/IL-12 (30). Additionally, vitamin D inhibits Th1 

cells-type cytokines, while induces Th2 cells-type 

cytokines (32). Furthermore, TGF-β has 

suppressive effects on the IL-12 synthesis by 

monocytes (16). Accordingly, some beneficial 

effects of vitamin D on EAE may act by 

suppression of IL-12 expression and induction 

inhibitory cytokines that may result in modulation 

of both Th1- and Th17 cells-related immune 

responses and deviation of responses from Th1- to 

Th2 cells. 

Our results also indicated no significant 

difference between PBS-injected EAE mice and 

healthy control group regarding the expression of 

TGF-β. We have also previously reported that there 

was no significant difference between patients with 

MS and healthy subjects regarding circulating 

levels of a Treg-cells related cytokine IL-35 (33). 

In the present study, we measured TGF-β 

expression on day 31 post immunization. However, 

it has been reported that serum levels of TGF-β 

were diminished in the development stage of EAE 

(34). Therefore, reduced levels of TGF-β may 

contribute in the EAE development during the early 

phase of disease. 

Our results also indicated elevated TGF-β 

expression in EAE mice receiving vitamin D 

treatment. In agreement with our findings, mRNA 

expression of TGF-β and its serum levels were 

increased after vitamin D supplementation in 

patients with MS, while EDSS scores decreased 

(35, 36). TGF-β is required for both Th17- and Treg 

cells differentiation. Stimulation of naive T cells in 

the presence of TGF-β (without IL-6) leads to the 

Treg cells differentiation, whereas, a combination 

of TGF-β and IL-6 results in Th17 cell 

differentiation (37). It seems that TGF-β/IL-6 ratio 

may be a determining factor in differentiating naïve 

CD4+ cells and Treg- or Th17 cells (38). The 

presence of higher levels of IL-6 together with 

adequate levels of TGF-β may lead to 

differentiation of naïve Th cells into pathogenic 
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Th17 cells, during initial stage of developing EAE 

(34, 39, 40). We observed higher levels of TGF-β 

in vitamin D-treated EAE group. Reducing effects 

of vitamin D on IL-6 production have been also 

demonstrated in other studies (41, 42). In the 

presence of the higher levels of TGF-β and lower 

levels of IL-6 (higher TGF-β/IL-6 ratio), TGF-β 

leads to differentiation of protective Treg cells (38). 

Also, vitamin D alone or in joining with 

glucocorticoids, strongly stimulated the 

differentiation of Treg cells (32, 43). Therefore, 

treatment with vitamin D may improve the 

Th17/Treg cells imbalance with tendency toward 

Treg cells differentiation that may contribute an 

important role in the amelioration of EAE. 

We also observed that mRNA expression of IL-

12 in olive oil-administrated group was 

significantly diminished compared to PBS-injected 

EAE group. These observations indicate that olive 

oil may have some anti-inflammatory effects alone. 

In agreement with our finding, anti-inflammatory 

effects of olive oil have been demonstrated in other 

studies (44, 45). Olive oil has been used as a 

vitamin D vehicle in our study. Accordingly, 

vitamin D and olive oil may have synergistic effects 

on detected parameters in our EAE model. 

Therefore, vitamin D and olive oil may have 

synergistically beneficial properties on EAE 

disease. 

In summary, IL-12 expression was up-regulated 

in both spinal cord and serum of EAE mice. 

Therefore, increased IL-12 expression probably 

contributes in the EAE development. Vitamin D 

also ameliorates the severity of EAE and modulates 

IL-12 and TGF-β expression in EAE mice. Further 

investigations should be conducted to consider the 

incorporation of vitamin D in the treatment of MS 

disease.  
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