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Abstract

Impact of 25(OH)D3 and 1,25(0H)2D3 was studied on transcription
regulation of FOXP3, regulatory cytokines (TGF-B, & IL-10) and IgE receptors
(CD23 and CD21) in human immortalized JURKAT and 8E5 cell lines. In
addition, vitamin D regulating enzymes (CYP27B1, CYP2R1 & CYP24A1),
VDR, RXR and VDBP mRNA expressions were quantified by RT-PCR. The
mRNA expression of FOXP3 was significantly (p < 0.05) upregulated, while IgE
receptors were downregulated (P < 0.05) in both the cell lines upon treatment
with 25(OH)D3 or 1,25(0H)2D3. As for the regulatory cytokines, IL-10 was not
affected, whereas TGF-§ increased significantly (P < 0.05) with 1,25(0OH)2D3
treatment in both the cell lines. Vitamin D metabolizing enzyme (CYP24A1) was
upregulated (p < 0.05) with 1,25(0OH)2D3 treatment; in contrast, CYP27B1 and
CYP2R1 expression remained unaltered. This study shows that 1,25(0OH)2D3
and 25(OH)D3 impact transcription regulation of FOXP3, TGF-8 and IgE
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receptors expression in lymphocyte cell lines.
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Abbreviations

FOXP3: Forkhead Box P3; 25-hydroxyvitamin D3
la-hydroxylase; CYP2R1: Vitamin D3 25-hydroxylase; CYP24Al:
Cytochrome P24 Al or 1,25-dihydroxyvitamin D3 24-hydroxylase;
VDR: Vitamin D Receptor; RXR: Retinoic acid Receptor; VDBP:
Vitamin D Binding Protein; 1,25(OH)2D3, 1,25-dihydroxyvitamin
D3; IgE: Immunoglobulin E; CD: Cluster of Differentiation; TGF f:
Transforming Growth Factor Beta; IL-10: Interleukin-10; CYP27B1:
RQ: Relative Quantification

Introduction

Several in vitro and in vivo studies have shown that vitamin D
plays an important role in shaping of the innate and adaptive immune
system [1]. It is supported by the fact that almost all immune cells,
including T lymphocytes, B lymphocytes, neutrophils, and antigen
presenting cells express vitamin D receptor and vitamin D activating
enzyme, la-hydroxylase [1-5]. Immune cells possess the ability to
convert 25(OH)D3 to 1,25(0OH)2D3, which in turn is regulated by
circulating levels of 25(OH)D3 [1-5].

The main targets for vitamin D regulation appear to be T Helper
cells (TH cells), especially regulatory T cells (CD4*/CD25*/CD127/
FOXP3 or Treg cells) [6]. Treg cells are subsets of T lymphocytes
described by the expression of a specific transcription factor, Forkhead
box P3 (FOXP3) [7]. There are reports implicating reduction in the
numbers and functionality of Treg cells in both human and mouse,
during allergic conditions [7,8]. Furthermore, Treg cells produce
regulatory cytokines such as Interleukin 10 (IL-10) and transforming
growth factor beta (TGF-f), both of which have anti-inflammatory
activity relevant to the inhibition of asthma pathology [9,10]. IL-10

acts on antigen-presenting cells and suppresses T cell activation,
including Th2 cells [9]. On the other hand, TGF-p induces peripheral
expression of the transcription factor FOXP3. Interaction between
IL-10 and TGF-B is likely to be vital in the regulation of IgE and its
substrates, which play an essential role in all allergic conditions [11].

CD23 and CD21 are substrates on the B lymphocytes that act as
receptors for IgE antibody and are further linked to asthma/ allergy in
children as well as in adults [12-14]. B cells can be identified by their
characteristic presence of CD19 receptor, which is expressed during
all stages of B-cell differentiation, maturation and proliferation
[12,15,16]. Recently, we found impaired immune regulation and
increased CD23 and CD21 expression in pregnant women with
vitamin D deficiency [17].

Several enzymes are involved in the homeostasis of 25(OH)
D3. Upon intake, vitamin D3 (vitamin D) is metabolized to
25-hydroxycholecalciferol (calcidiol or 25-hydroxyvitamin D3 or
25(0OH)D3) by the hepatic 25-hydroxylases (CYP2R1) in the liver.
Subsequently, 25(OH)D3is converted to 1,25 dihydroxycholecalciferol
(calcitriol or 1,25(0OH)2D3) by la-hydroxylase (CYP27B1) in the
kidney [18]. The active form of vitamin D (1,25(OH)2D3) form
complexes with Vitamin D Receptor (VDR) and forms a heterodimer
with 9-cis-retinoic acid receptor (RXR) and interacts with genes in
the immune cells [19]. 1,25(OH)2D3 formation also takes place in
several other cell types, including dermal, intestinal epithelial cells,
lymph nodes, monocytes and placenta, which express CYP27B1
enzyme, that aids in extra renal activation of 25(OH)D?3 to the active
hormonal form1,25(0OH)2D3 [20,21]. Altered expression of VDR,
RXR and vitamin D regulating enzymes are associated with vitamin
D deficiency [17].
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Table 1: Primers used in RT-PCR.
S.
No

Gene Primer sequence Base pairs

Forward: 5'-

21
1 GAPDH TCGACAGTCAGCCGCATCTTCTTT -3 04
Reverse: 5!
ACCAAATCCGTTGACTCCGACCTT - 3*
Forward:5*-

_ 21
9 VDR TGTAATCCCAGCAGTTTGGGAGGT -3 88
Reverse: 5'-
AGGGTTTCTCCATGTTGGTCAGGT -3*
Forward:

1 21
3 FOXP3 5'AGATCTACCACTGGTTCACACGCA-3 105
Reverse:
5!-GCACAAAGCACTTGTGCAGACTCA-3*
Forward:
51-GGAATTGAACGAGAGGAACGAAG-3* 97
Reverse: 5!-AAAGCCGCTGGACACCTG-3*
Forward:
5!1-CCCATAGTACCAGGAGGATACA-3* 100
Reverse: 5!-CCGTTCATGGAGAAGTTGGT- 3!
Forward: 5-CCATGTGGCAGAAGGGATAA-3*
6 |CYp27B1 Reverse: 5--AAACCGTAAACCAGGCTAGG-3! 100
Forward: 5!-GACAGACCATGCCTTCCTTTA-3*
7 | CYP2R1 Reverse: 5!-ATCGTCTGTGATCAACCCATC-3* 94
Forward: 5!-CGCCTCAGATGGTGGTATTT-3*
8 |CYP2AL Reverse: 5--AGCAGTGAACCCTGTAGAATG-3! 92
9 RXR Forward: 5'-GGACCCTCCTTTGGTGAAAT-3! 105
Reverse: 5-AGGATTGGGAACGGCTAAAG-3!
Forward: 5:-GGTACTTGAGCCAACCCTAAA-3!
Reverse: 86

5-GTAGAGGGCCCTTAGCATTAAA-3*

4 CD23

5 CD21

10 VDBP

To demonstrate the effect of vitamin D on Treg cells, IgE receptors
and vitamin D regulating enzymes, we used different concentrations
of vitamin D and studied the mRNA expression of FOXP3, IgE
receptors, vitamin D regulating enzymes (CYP2R1, CYP27BI and
CYP24A1) and Vitamin D Receptors (VDR & RXR) in T lymphocyte
(JURKAT) and B lymphocyte (8E5) cell lines.

Materials and Methods

Cell culture

Human immortalized T lymphocytes (JURKAT) and B
lymphocytes (8E5) were obtained from National Centre for Cell
Science (NCCS), Pune, India. These cells were cultured in RPMI
1640 medium containing heat inactivated 10% Fetal Bovine Serum
(FBS) (Thermo Fischer scientific, USA), 2 mM L-glutamine (Thermo
Fischer scientific, USA), MEM nonessential amino acids (Thermo
Fischer scientific, USA), 1% anti mycotic antibiotic (Thermo Fischer
scientific, USA) and was incubated in a humified (95 %) atmosphere
with 5 % CO2 at 37°C. For expression assays the cells were treated with
Phorbol 12-Myristate 13 Acetate (PMA) (Sigma Aldrich, St. Louis,
MO, USA) for 12 and 24 h. Following the treatment with PMA, the
cells were treated either with 25(OH)D3 or 1,25(0OH)2D3 in different
concentrations such as 25 nM, 50nM and 100nM solvent (Ethanol,
0.1 % final concentration). All the assays were run in triplicates and
were repeated in three independent experiments. PMA stimulated
cells were taken as control; PMA stimulated cells with 0.1% ethanol
were taken as vehicle control and PMA stimulated cells with 0.1%
ethanol and treatment with either 25(OH)D3 or 1,25(0OH)2D3 were
taken as treated cells.

FOXP3, CD23, CD21, VDR, CYP2R1, CYP27B1, CYP24A1,
VDBP and RXR mRNA expression by Real-time PCR

Total RNA extraction from the cells: The total RNA was

extracted using the method described by Chomzinsky and Sacchi
[22]. The Total RNA was extracted using TRIZOL reagent from
the cells that were treated with PMA for 24 h, followed by exposure
to the 25(OH)D3 or 1,25(OH)2D3 in different concentrations
(100nM, 50nM and 25nM) after 12 and 24 h incubation. Total RNA,
thus obtained was treated with DNase I (Ambion) according to
manufacturer’s protocol. The quality and the yield of total RNA were
checked using Agilent Bioanalyzer 2100 (Agilent Technologies) and
Nanodrop 1000 (Thermo Scientific). Electrophoresis was employed
to check the integrity and purity of the RNA for cDNA synthesis by
Masek et al. procedure [23].

cDNA synthesis and gene expression from mRNA: Five
micrograms of total RNA were transcribed into cDNA using Revert
Aid first strand cDNA synthesis kit (Thermo scientific). The cDNA
thus obtained was aliquoted and stored at -20°C. For the RT-PCR
assay, primers were designed by Geneiou’s pro software (Version;
5.4.6, New Zealand) and synthesized by Imperial life sciences, New
Delhi, India (Table 1). Glyceraldehyde-3-Phosphate Dehydrogenase
(GAPDH) was used as internal control. In order to quantify gene
expression of target genes like VDR, CD23, CD21 and FOXP3, the
ABI step one plus system was used to programme, which consisted
of 95°C for 10 min followed by 40 cycles of 95°C for 15 sec and 60°C
for one minute. The difference in cycle threshold [24] value between
the control gene (GAPDH) and the target genes (CD23, CD21,
FOXP3, VDR, CYP2R1, CYP27B1, CYP24A1, VDBP and RXR) was
obtained for each sample. The critical threshold cycle [24] values
were determined using the ABI system and Step one plus software.
The difference in CT values (ACT) between the target genes and
GAPDH was normalized to the corresponding ACT of the calibrator
(AACT) and was expressed in fold expression (242°D) or Relative
Quantification (RQ) to assess the relative difference in mRNA for
each gene.

Regulatory cytokines (TGF-B8 and IL-10) secretion in cell
supernatant

Cytokines such as TGF-B and IL-10 were quantified by Sandwich
ELISA. The cell lysates were used for this assay. JURKAT and 8E5 cell
lines were stimulated with PMA for 24 hours and were treated with
different concentrations (25nM, 50nM and 100nM) of 25(OH)D3 or
1,25(0OH)2D3 and were incubated for 12 and 24 hrs. Briefly, the micro
plate was coated with capture antibody. Then, samples containing an
unknown amount of the target analyte of interest were added. After
washing, to get rid of the micro plate of unbound substances, an HRP
conjugate was added and absorbance was determined according to
the manufacturer’s instructions (E biosciences, USA). The lower limit
of detection for total IgE was 7.8 ng/mL and the standard curve range
given with the kit was 7.8 to 1000 ng/mL. The lower limit of detection
for IL-10 was 0.8 ng/mL and the standard curve range given with kit
was 0.8 to 50 ng/mL. The lower limit of detection for TGF- was 80
pg/mL and the standard curve range given with kit was 80 to 5000
ng/mL.

Data analysis and statistics: Data are presented as Mean *
Standard Error (SE), derived from a minimum of three independent
experiments. Statistical analysis was conducted using the SPSS
software, version 22.0 (IBM software, USA). Graphical analysis was
performed in SigmaPlot'12.3 (Systat Software, USA). Significance
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Figure 1: Effect of 1,25(0OH)2D3 and 25(0OH)D3 on the mRNA expression of
immune markers (FOXP3, CD23, CD21, TGF-B and IL-10) in T lymphocytes
(JURKAT cells) for 12 and 24 hours. The mRNA expression has been
analyzed by qRT-PCR and is expressed as the fold expression (RQ) in
related to the expression in control and vehicle control (Ethanol treated)
cells. GABDH was used as an internal control and the expression in control
cells was set to one and data are presented as the mean + SE. 'p < 0.05,
statistically different from controls. A) Effect of 1,25(0OH)2D3 (100 nM) on the
mRNA expression of immune markers. B) Effect of 1,25(0OH)2D3 (50 nM) on
the mRNA expression of immune markers. C) Effect of 25(OH)D3 (100 nM)
on the mRNA expression of immune markers. D) Effect of 25(OH)D3 (50 nM)

on the mRNA expression of immune markers.

in differences between treated versus control was analyzed using
Analysis of variance (ANOVA) with post hoc multiple comparison
test by Dunnet.

Results

The mRNA expressions of FOXP3, CD23, CD21, TGF-B, IL-10,
CYP27B1, CYP2R1, CYP24A1, VDR, RXR and VDBP were expressed

in relative quantification (RQ) values and were compared between
the treated and the control. Control cells JURKAT or 8E5) with PMA
and without 25(OH)D3 or 1,25(OH)2D3 was taken as calibrator and
GAPDH was used as internal control. The mRNA expressions of
FOXP3, CD23, CD21, TGF-, IL-10, CYP27B1, CYP2R1, CYP24Al,
VDR, RXR and VDBP in the control cells were always comparable
with vehicle control (cells with PMA and ethanol but without 25(OH)
D3 or 1,25(0H)2D3).

Effect of 1,25(0OH)2D3 on immune parameters in JURKAT
cells

The mRNA expression of Treg cell transcription factor, FOXP3
and regulatory cytokine, TGF-B increased significantly (p<0.05)
at 100nM and 50nM of 1,25(OH)2D3 when compared to control
cells (Figures 1A & 1B). However, mRNA expression of IL10 was
not affected at different concentrations (100nM, 50nM and 25nM)
of 1,25(0OH)2D3. In contrast, the mRNA expression of CD23 and
CD21 was significantly (p < 0.05) downregulated upon treatment
with 1,25(OH)2D3 at 100nM and 50nM concentrations (Figures 1A
& 1B). 25nM of 1,25(0OH)2D3 had no effect on any of the immune
parameters tested (25nM concentration data not shown).

Effect of 25(OH)D3 on immune parameters in JURKAT
cells

The mRNA expression of Treg cell transcription factor,
FOXP3 and regulatory cytokine, TGF-B increased significantly (p
< 0.05) at 100nM of 25(OH)D3 when compared to control cells,
but 50nM & 25nM had no effect (Figures 1C & 1D). In contrast,
the mRNA expression of CD23 and CD21 was significantly (p <
0.05) downregulated upon treatment with 25(OH)D3 at 100nM
concentrations, but 50nM & 25nM had no effect. However, mRNA
expression of IL-10 was not affected at different concentrations
(100nM, 50nM and 25nM) of 25(OH)D3 (Figures 1C & 1D).

Effect of 1,25(0OH)2D3 on vitamin D regulating enzymes
and vitamin D receptors in JURKAT cells

Different concentrations (100nM, 50nM and 25nM) of
1,25(0OH)2D3 had no effect on the mRNA expression of CYP27Bl1,
CYP2RI, RXR and VDBP and were comparable with control cells
(Figures 2A & 2B). However, the vitamin D metabolizing enzyme,
CYP24A1, was upregulated (p < 0.05) at 100nM and 50nM of
1,25(0OH)2D3 when compared to control, but 25nM had no effect.
VDR was also upregulated (p < 0.05) with different concentrations
of 1,25(0OH)2D3 when compared to control cells (Figures 2A & 2B).

Effect of 25(OH)D3 on vitamin D regulating enzymes and
vitamin D receptors in JURKAT cells

Both the vitamin D activating enzymes (CYP27B1 & CYP2R1)
and the RXR and the VDBP mRNA expression were not affected at
different concentrations (100nM, 50nM and 25nM) of 25(OH)D3
(Figures 2C & 2D). However, the vitamin D metabolizing enzyme,
CYP24A1, was significantly upregulated (p < 0.05) with 25(OH)D3
at 100nM, but 50nM and 25nM had no effect. Similarly, vitamin D
receptor (VDR) was upregulated (p < 0.05) upon treatment with
25(OH)D3 at 100nM, but 50nM & 25nM had no effect (Figures 2C
& 2D).

Cytokine secretion in cell supernatant in JURKAT cells

Regulatory cytokine TGF-B was significantly increased in
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Figure 2: Effect of 1,25(0OH)2D3 and 25(OH)D3 on the mRNA expression of
vitamin D regulating enzymes (CYP27B1, CYP2R1, CYP24A1 & VDBP) and
Vitamin D Receptors (VDR & RXR) in T lymphocytes (JURKAT cell lines) for
12 and 24 hours. The mRNA expression has been analyzed by qRT-PCR
and is expressed as the fold expression (RQ) in related to the expression in
control and vehicle control (Ethanol treated) cells. GABDH was used as an
internal control and the expression in control cells was set to one and data are
presented as the mean + SE. 'p < 0.05, statistically different from controls. A)
Effect of 1,25(0OH)2D3 (100 nM) on mRNA expression of vitamin D regulating
enzymes and vitamin D receptors. B) Effect of 1,25(0OH)2D3 (50 nM) on
mRNA expression of vitamin D regulating enzymes and vitamin D receptors.
C) Effect of 25(0OH)D3 (100 nM) on mRNA expression of vitamin D regulating
enzymes and vitamin D receptors. D) Effect of 25(OH)D3 (50 nM) on mRNA
expression of vitamin D regulating enzymes and vitamin D receptors.

JURKAT cells with 100nM and 50nM of 1,25(OH)2D3 and 100nM
of 25(OH)D3 after 12 or 24 hours incubation. However, lower
concentrations of 1,25(OH)2D3 (25nM) and 25(OH)D3 (50nM and
25nM) had no effect on TGF-p. IL-10 concentration, however, was
not effected with both forms of vitamin D such as 1,25(0OH)2D3 and
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Figure 3: Regulatory cytokines analysis (TGF-8 and IL-10) in T lymphocytes
(JURKAT cells) by ELISA. Values are expressed as mean + SE. A) TGF 8
concentrations (pg/mL) in T lymphocytes (JURKAT cell lines) after treatment
with 1,25(OH)2D3 (100 nM, 50 nM & 25 nM) and 25(OH)D3 (100 nM, 50
nM & 25 nM) at both 12 or 24 hours. B) IL-10 concentrations (pg/mL) in T
lymphocytes (JURKAT cells) after treatment with 1,25(0OH)2D3 (100 nM, 50
nM & 25 nM) and 25(OH)D3 (100 nM, 50 nM & 25 nM) at 12 or 24 hours.

25(OH)D3 (Figures 3A & 3B).

Effect of 1,25(0H)2D3 on immune parameters in 8E5 cells

The mRNA expression of Treg cell transcription factor, FOXP3
and regulatory cytokine, TGF-B increased significantly (p < 0.05)
at 50 and 100nM of 1,25(0OH)2D3 when compared to control cells
(Figures 4A & 4B). However, mRNA expression of IL10 was not
affected at different concentrations (100nM, 50nM and 25nM) of
1,25(0OH)2D3. In contrast, the mRNA expression of CD23 and
CD21 was significantly (p < 0.05) downregulated upon treatment
with 1,25(OH)2D3 at 100nM and 50nM concentrations (Figures 4A
& 4B). 25nM of 1,25(0OH)2D3 had no effect on any of the immune
parameters tested.

Effect of 25(OH)D3 on immune parameters in 8E5 cells

The mRNA expression of Treg cell transcription factor, FOXP3 and
regulatory cytokine, TGF-p increased significantly (p<0.05) at 100nM
of 25(OH)D3 when compared to control cells, but 50nM & 25nM
had no effect (Figures 4C & 4D). In contrast, the mRNA expression
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Figure 4: Effect of 1,25(0OH)2D3 and 25(0OH)D3 on the mRNA expression of
immune markers (FOXP3, CD23, CD21, TGF-B and IL-10) in B lymphocytes
(8E5 cell lines) for 12 and 24 hours. The mRNA expression has been
analyzed by qRT-PCR and is expressed as the fold expression (RQ) in
related to the expression in control and vehicle control (Ethanol treated) cells.
GABDH was used as an internal control and the expression in control cells
was set to 1 and data are presented as the mean + SE. p < 0.05, statistically
different from controls. A) Effect of 1,25(0OH)2D3 (100 nM) on the mRNA
expression of immune markers. B) Effect of 1,25(0H)2D3 (50 nM) on the
mRNA expression of immune markers. C) Effect of 25(OH)D3 (100 nM) on
the mRNA expression of immune markers. D) Effect of 25(OH)D3 (50 nM) on
the mRNA expression of immune markers.

of CD23 and CD21 was significantly (p < 0.05) downregulated upon
treatment with 25(OH)D3 at 100nM concentrations, but 50nM &
25nM had no effect. However, mRNA expression of IL-10 was not
affected at different concentrations (100nM, 50nM and 25nM) of

25(OH)D3 (Figures 4C & 4D).

Effect of 1,25(0H)2D3 on vitamin D regulating enzymes

and vitamin D receptors in 8ES5 cells

Different concentrations (100nM, 50nM and 25nM) of
1,25(OH)2D3 had no effect on CYP27B1, CYP2RI, RXR and
VDBP. However, Vitamin D metabolizing enzyme, CYP24A1 was
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Figure 5: Effect of 1,25(0H)2D3 and 25(0OH)D3 on the mRNA expression
of vitamin D regulating enzymes (CYP27B1, CYP2R1, CYP24A1 & VDBP)
and vitamin D receptors (VDR & RXR) in B lymphocytes (8E5 cell lines) for
12 and 24 hours. The mRNA expression has been analyzed by qRT-PCR
and is expressed as the fold expression (RQ) in related to the expression in
control and vehicle control (Ethanol treated) cells. GABDH was used as an
internal control and the expression in control cells was set to 1 and data are
presented as the mean + SE. "p < 0.05, statistically different from controls. A)
Effect of 1,25(0OH)2D3 (100 nM) on mRNA expression of vitamin D regulating
enzymes and vitamin D receptors. B) Effect of 1,25(0OH)2D3 (50 nM) on
mRNA expression of vitamin D regulating enzymes and vitamin D receptors.
C) Effect of 25(OH)D3 (100 nM) on mRNA expression of vitamin D regulating
enzymes and vitamin D receptors. D) Effect of 25(OH)D3 (50 nM) on mRNA
expression of vitamin D regulating enzymes and vitamin D receptors.

significantly (P < 0.05) upregulated with 1,25(0OH)2D3 at 100nM
when compared to control cells, but had no effect was observed
with 50nM and 25nM. However, VDR was significantly (P < 0.05)
upregulated with different concentrations of 1,25(OH)2D3 when
compared to control cells (Figures 5A & 5B).

Effect of 25(0OH)D3 on vitamin D regulating enzymes and
vitamin D receptors in 8E5 cells

Different concentrations (100nM, 50nM and 25nM) of
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Figure 6: Regulatory cytokines analysis (TGF-B and IL-10) in T lymphocytes
(8ES5 cell lines) by ELISA. Values are expressed as mean + SE. A) TGF
concentrations (pg/mL) in T lymphocytes (JURKAT cell lines) after treatment
with 1,25(0OH)2D3 (100 nM, 50 nM & 25 nM) and 25(OH)D3 (100 nM, 50
nM & 25 nM) at both 12 or 24 hours. B) IL-10 concentrations (pg/mL) in T
lymphocytes (JURKAT cells) after treatment with 1,25(0OH)2D3 (100 nM, 50
nM & 25 nM) and 25(OH)D3 (100 nM, 50 nM & 25 nM) at 12 or 24 hours.

1,25(OH)2D3 had no effect on of CYP27B1, CYP2R1, RXR, VDBP
and vitamin D metabolizing enzyme (CYP24A1). In contrast, VDR
mRNA expression was significantly (P < 0.05) upregulated with
25(OH)D3 at 100nM when compared to control cells. But 50nM and
25nM of 1,25(OH)2D3 had no effect on VDR mRNA (Figures 5C &
5D).

Cytokine secretion in cell supernatant in 8E5 cells

Different concentrations (100nM, 50nM and 25nM) of
1,25(0H)2D3 and 25(OH)D3 had no effect on TGF-p or IL-10
concentrations (Figures 6A & 6B).

Discussion

The current study demonstrates effect of 1,25(OH)2D3 and
25(OH)D3 on transcription regulation of FOXP3, IgE receptors
(CD23 & CD21) and regulatory cytokine expressions in the T and
B lymphocyte cell lines. In our earlier study, vitamin D deficiency
leads to impaired regulatory T cell population and its transcription
factor (FOXP3) in pregnant women and in children with asthma
[17]. In the present study, 1,25(OH)2D3 and 25(OH)D3 augmented
Treg cell transcription factor (FOXP3) expression in both T and
B lymphocytes, similar to that observed by other investigators in

PBMC [25-28]. Moreover, increasing expression of FOXP3 was
associated with TGF-B mRNA expression and protein production
from both the cell lines, suggesting a direct role of 25(OH)D3 and
1,25(0H)2D3 on TGF-p induction and FOXP3 expression. In
contrast, we did not register increase in IL-10 mRNA expression or
protein production with either 25(OH)D3 or 1,25(OH)2D3 even after
24 hours incubation. The effect of 1,25(OH)2D3 treatment on IL-10
production has been suggested to be bi-directional, with experiments
showing suppression during the first 8 hours and upregulation after
48 hours of incubation. Since our experiments were completed by
24 hours, predictably the IL-10 production was not increased with
1,25(0OH)2D3 treatment.

TGF-p is a key regulator of the signaling pathways that initiate
and maintain FOXP3 expression via smad proteins (Small dependent
transcription factors) or MAPK (Mitogens activated protein kinase)
pathway [29]. TGE-P is capable of inducing FOXP3 expression in
naive peripheral CD4*CD25"FOXP3" T cells into FOXP3* Treg cells
[30]. The TGF-p induced FOXP3* Treg cells are phenotypically and
functionally indistinguishable from the natural FOXP3* Treg cells
generated in the thymus [31]. However, FOXP3 expression in the
present study was not associated with IL-10 expression, suggesting
that the induced FOXP3 may not be IL-10 producing phenotype
[32]. Together, these results suggest that 1,25(OH)2D3 and 25(OH)
D3 may induce FOXP3 expression, perhaps via TGF-$ induction
in naive peripheral lymphocytes, but may have little role on IL-10
production [32,33]. Also, these data suggest that IL-10 production is
not a prerequisite for FOXP3 expression in vitro, and suggest that
TGEF-P and FOXP3 may have distinct origins as compared to IL-10
[32].

CD23 and CD21 on B cells may hold a central role as receptors
of IgE antibody and possibly are linked with increased respiratory
morbidity amongst vitamin D deficient subjects [34,35]. It has been
hypothesized that vitamin D insufficiency may increase early life
respiratory morbidity by increasing B cells bearing IgE receptors
[36]. In the present study, IgE receptors such as CD23 and CD21
were down regulated in both JURKAT and 8ES5 cells with the active
form of vitamin D ie. 1,25(0OH)2D3. These results may confirm
that vitamin D might affect allergy related IgE receptors such as
CD23 and CD21 and thus provide additional evidence of important
immunomodulatory properties of 1,25(OH)2D3 that may help to
control immune mediated diseases.

Vitamin D shows its action on immune regulation due to
the presence of VDR in immune mediated cells. Through VDR
receptors, 1,25(0OH)2D3 acts directly on immune system cells and
more specifically on T lymphocytes in autoimmune disease [37,38].
1,25(0OH)2D3 protects VDR protein from proteasomal degradation,
and as such VDR protein is stabilized with 1,25(OH)2D3 as reported
in the current study and elsewhere [38,39]. The active forms of
1,25(0OH)2D2 or 1,25(OH)2D3 act via the VDR, although some have
effects unrelated to VDR binding such as CYP24A1 enzyme inhibition
[40]. VDR moves constantly between the nucleus and cytoplasm, is
a negative regulator of NF-«B signaling and thus mediates various
cellular effects [41].

The activity of vitamin D regulating enzymes is poorly understood
and it is unknown if they are directly regulated by 25(OH)D3 or
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1,25(0OH)2D3 [42]. Additionally, the regulation of CYP27B1 or
CYP2RI may not be critical in determining the cell’s ability to
generate the active form of vitamin D [43]. mRNA expression was
important to know the role of 1,25(0H)2D3 and 25(OH)D3 on
CYP27B1 and CYP2RI’s true activity, especially since CYP2R1 has
been reported to be the most biologically active enzyme in humans
[43]. In our earlier studies, we have shown a strong relationship
between 25(OH)D3 and vitamin D regulating enzymes in pregnant
women as well as in children with asthma [17]. Earlier studies have
shown increased expression of CYP27B1 with 1,25(OH)2D3 in
human Peripheral Blood Mononuclear Cells (PBMC) [44,45]. In
contrast, in our study, no change in the expression of vitamin D
activating enzymes CYP27B1 and CYP2R1 were observed in both T
and B lymphocyte cell lines, this may not be wholly unexpected, since,
CYP27B1 enzyme converts 7-dehydrocholesterol to 25(OH)D3 and
CYP2R1 converts 25(0OH)2D3 to active form of 1,25(OH)2D3 [18].
Thus, the availability of both the forms of vitamin D (25(OH)D3 &
1,25(OH)2D3) in our experiment might have prevented upregulation
of CYP27B1 and CYP2R1 by a negative feedback mechanism [46].
Conversely, CYP2R1 was expressed in higher concentration with
25(OH)D3, but not with 1,25(0OH)2D3, indicating the requirement of
activating enzyme (CYP2R1) to convert 25(OH)D3 to 1,25(0OH)2D3.
CYP24A1 is the vitamin D metabolizing enzymes and as expected
was highly expressed in both the cell lines after treatment with 100nM
of 1,25(0OH)2D3, suggesting that the CYP24A1 enzyme is driven by
high concentration of 1,25(OH)2D3.

Conclusion

It should be noted, however, that most of the earlier studies were
done on human peripheral blood mononuclear cells or in the mouse.
The T cells come from different tissues and the functions of the T
cells depend large on where they are located. Few investigators have
studied the effect of vitamin D and immune regulation on the human
T and B lymphocytes. This study demonstrates role of 1,25(0OH)2D3
and 25(OH)D3 on transcription regulation of FOXP3, TGF-f and
IgE receptors.
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