Received: 23 October 2017

Accepted: 28 December 2017

DOI: 10.1111/cpr.12461

ORIGINAL ARTICLE

1,25(0OH),D, inhibited Th17 cells differentiation via regulating
the NF-xB activity and expression of IL-17

Dong Sun | FeilLuo | Jun-chao Xing | FeiZhang | Jian-zhong Xu | Ze-hua Zhang

Department of Orthopaedics, Southwest
Hospital, Third Military Medical University,
Chongging, China

Correspondence

Ze-hua Zhang and Jian-zhong Xu,
Department of Orthopaedics, Southwest
Hospital, Third Military Medical University,
Chongging, China.

Emails: zhangzehuatmmu@163.com;
zhangzehua001612@126.com and
Xjzslw@163.com

Funding information

National Science Foundation of China,
Grant/Award Number: No.81401816;
National Science Foundation of China,
Grant/Award Number: No.81371980

Correction added on 22 May 2018 after first
online publication: The grant number was
previously incorrect and has been corrected
in this version of the article.

1 | INTRODUCTION

Abstract

Objectives: The role of vitamin D (VD) in innate and adaptive immune responses to
tuberculosis is still unclear. Our research was aimed to uncover the effect of VD on
Th17 cells and elucidate potential molecular mechanism.

Materials and methods: VDR-deficient and wild-type mice were used to obtain CD4
T cells. Th17 cells were induced and activated by Bacillus Calmette Guerin. Flow cy-
tometry was used to analyse the apoptosis rate and degree of differentiation of Th17
cells in the treatment of 1,25(OH)2D3. The interaction between P65 and Rorc was
determined by immunofluorescence assay, luciferase reporter assay, EMSA-Super-
shelf assay and ChIP assay. Co-IP assay was carried out to test the interaction be-
tween VDR and NF-kB family proteins. gRT-PCR and Western blot were also
performed to detect the levels of P65, RORyt and IL-17.

Results: The Th17 cells differentiation was suppressed by 1,25(0OH),D, in vitro. We
confirmed that Rorc was a downstream gene of the transcription factor P65. VDR
interacts with P105/P50, P100/P52 and P65 NF-xB family proteins. 1,25(0OH),D,
inhibited the expression of RORyt/IL-17 by suppressing p65 transcription factor
translocating to nucleus. In vivo experiments, the expression of IL-17 and RANKL was
suppressed by 1,25(0H),D, by VD receptor. Moreover, 1,25(0H),D, suppressed the
inflammatory infiltrates and inhibited the expression of P65, RORyt and IL-17 in the
spleen tissues of model mice.

Conclusions: Together, 1,25(0H),D, suppressed the differentiation of Th17 cells via
regulating the NF-xB activity.

TB because of infection of new drug-resistant strains.”® Indeed, it

was found that sun exposure was useful for TB treatment decades

Tuberculosis (TB) is a disease spread by obligate intracellular organ-
ism Mycobacterium tuberculosis.>? Around 1.5 million patients died
of TB and 9 million people were infected every year. TB has become
to be a major public health threat in the world, a new medicine to
treat TB is desperately needed.®

Vitamin D was synthesized in human skin under the exposure
of ultraviolet. Many researches showed that the VD was involved
in bone metabolism and immunomodulatory.*® The variation in the
ability to synthesize vitamin D (VD), including polymorphisms in the
VDR was a contributing factor to increase TB susceptibility. For

many patients, the normal treatment regimens were ineffective for

ago, but the mechanism was unclear. The phagocytosis ability of
macrophages cells was increased by VD. While, the inflammatory
cytokines level of T cells were showed to be decreased by VD.” As
we all know, 1,25(0OH),D, could regulate the expression of different
genes for immunoregulation by biding to VDR.

Th17 cell, a distinct population of the T helper cells that is con-
trolled by Retinoid-related orphan nuclear receptor yt (RORyt) which
is encoded by gene Rorc. T-bet, STAT4, GATA-3 and STAT6 have been
reported to regulate the Th1 and Th2 functions.!®** The cytokines
IL-22 produced by Th17 cells was early increased during TB infec-

tion and IL-17 plays a protection role of TB infection. IL-17 could also
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Proliferation:
regulate the development of Th1 cells.? In our findings, the differen-
tiation of Th17 cells was inhibited by1,25(0OH),D,. However, underly-
ing molecular mechanism was still needed to be revealed.

In the study, the activated VDR-deficient and wild-type (WT)
Th17 were treated with 1,25(0OH),D,. 1,25(0OH),D, changed the
NF-kB activity in VDR-/- Th17 cells decreased and sequestered p65
in the cytoplasm. Furthermore, increased pé5 translocated to the
nucleus was found in VDR-/- Th17 cells than WT Th17 cells both
under the treatment of 1,25(0OH),D,, indicating that VDR played an
important role of NF-kB activity.

t,® was identified to have a poten-

Rorc, a gene encodes RORy
tial promoter-binding sites biding to P65. We confirmed that Rorc
was the direct target of transcription factor P65 in Th17 cells and
the binding of P65 and Rorc promoter-binding sites was inhibited by
1,25(0OH),D,. Then, 1,25(0OH),D, suppressed the NF-kB activity and
level of RORyt/IL-17 by inhibiting p65 transcription factor translo-
cating to nucleus. In vivo, 1,25(0H),D, inhibited the inflammatory
infiltrates and expression of P65, RORyt and IL-17 in the spleen of
model mice. These study results revealed the molecular mechanisms
about the immune system regulation regulated by VD, and provided

a foundation for targeting Th17 immunity by 1,25(0OH),D, analogues.

2 | MATERIALS AND METHODS

2.1 | Animals

The VDR-/- mice (B6/CBA genetic background) were backcrossed to
C57BL/6J mice for 9 times. We maintained genetic background of the
mice for 8 years.* To induce the VD defective in C57BL/6 mice, mice
were placedin ultraviolet light-free cages and raised with a VD-depleted
die. Three months later, the blood was got and serum 1,25(OH)2D3 lev-
els were measured. We chose the mice lacing 1,25(OH)2D3 as the ex-
perimental mice. The normal group mice were raised by VD-abundant
diet in the same ultraviolet light-free environment. The mice were
given tail intravenous injection with Bacillus Calmette Guerin (BCG)
for 6 weeks. All experimental procedures were reviewed and approved

by the Institutional Animal Care and Use Committee.

2.2 | Preparation of Th17 cells

The antigen-presented cells were isolated from the spleen of VDR-
/- and WT mice as previous described.’® Briefly, the mononuclear
lymphocytes got from spleen were incubated with CD4, CD8 an-
tibody and complement to eliminate the T cells. Naive CD4 T cells
were isolated from VDR-/- and WT mice and cultured in RPMI-1640
containing 10% FBS.

CD4 T cells isolated from mouse splenocytes by CD4 T-cell
isolation kit (Teterow, Germany ) following the manufacturer’s pro-
tocol. The cell proportion of purified naive CD4" T cells before or
after isolation was tested by Flow cytometry. For Th17 cells, sorted
TCR-Tg CD4" T cells and APC cells were mixed in a ratio(1:6) with
BCG, TGF-p and IL-6 (2 ng/mL) for 3 days. Then, the cells were
washed and IL-23 (10 pg/mL) was added. Cells passage culture for

3 days a time and the third generation cells were mixed with APC
cells (1:6) in culture medium contained BCG (1 pg/mL) for 5 hours
for subsequent experiment. The fluorochrome-conjugated antibod-
ies were obtained from purchased from eBioscience (Thermo Fisher
Scientific, Waltham, MA USA) and cytokines were purchased from
R&D Systems Inc (Minneapolis, MN, USA).

2.3 | Cell viability (MTT) assay

Briefly, the Th17 cells (2 x 10° cells/well) were incubated in tripli-
cate in a 96-well plate in the presence of various concentrations of
1,25(0H),D, 1, 10 or 100 nmol/L or vehicle for 24, 48 or 72 hours.
At different time points, 20 pL of 5g/L MTT solution (Sigma, St
Louis, MO, USA) was added and incubated for 4 hours. Finally, the

optical absorbance (OD) was measured at 570 nm.

2.4 | Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay (ELISA) Kits (Elabscience
Biotechnology Co., Ltd, Wuhan, China) was used to measure the lev-
els of VD, IL-17 and RANKL in the serum were in strict accordance
with the kit instructions. First, the ELISA Kits were placed at room
temperature for 30 minutes. The standard sample and actual sam-
ples were diluted and prepared according to the instructions. Then,
the samples were added and the liquid was mixed. The optical den-
sity values were determined under 450 nm. The content of VD, IL-17
and RANKL in the serum can be detected with the graph.

2.5 | Flow cytometry

Briefly, Th17 cells were washed, centrifuged after incubation for
48 hours with 1,25(0H),D, Then, the cell suspension was added
5 pL Annexin-V-FITC solution (BD Biosciences, Franklin Lakes, NJ,
USA) and incubated for 20 minutes. The cell apoptosis was detected
by the flow cytometer (BD Biosciences; FASCalibur).

2.6 | Immunohistochemistry assay

Spleen sections were deparaffinized, hydrated, blocked for endog-
enous peroxidase using 3% H,0,/H,0 and subsequently subjected
to microwave epitope. The primary antibodies specific for P65, IL-17
and RORyt (Abcam, Cambridge, UK) were used. The sections were
incubated with the antibodies for half an hour at 37°C. Diluted nor-
mal human serum was used for negative control sections instead
of primary antibodies. A universal biotinylated secondary antibody
(DAKO) and peroxidase substrate 3, 3-diaminobenzidine (Sigma-
Aldrich) were applied, counterstaining with Harris’ haematoxylin.

2.7 | Immunofluorescence assay

The fixed VDR-deficient (VDR-/-) and WT Thi17 cells by 4%
paraformaldehyde were stained with endogenous NF-kB pé5
and 4',6-diamidino-2-phenylindole for cell nucleus as previously
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described.!® P65 polyclonal antibody was purchased from Cell
Signalling Technology (Danvers, MA). Secondary antibodies conju-
gated with Alexa Fluor® 647 and DAPI (1:1000; Sigma) were used.
Cells were visualized by Olympus BX60 fluorescent microscope.

2.8 | Western blot

Cells were washed and lysed in ice-cold lysis buffer. BCA Protein
Assay Kit (Pierce, Rockford, IL, USA) was used to detect the protein
concentration. An amount of 50 pg of protein samples were sepa-
rated on a 4%-12% SDS-PAGE gel and the protein was transferred
onto PVDF membranes (Millipore, Billerica, MA, USA). TBST contain-
ing 2% BSA, antibodies against IKB (CST, 1:1000), P65 (CST, 1:1000),
RORyt (CST, 1:1000), IL-17 (CST, 1:1000), RANKL (CST, 1:1000),
P105/P50(CST, 1:1000), P100/P52 (CST, 1:1000), IxBa (CST, 1:1000)
phosphorylated IkBa (CST, 1:1000) and GAPDH (CST, 1:2000) and
goat anti-rabbit-HRP-conjugate antibodies (Bio-Rad; California, USA
1:2000) were used. Chemiluminescent kit (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was used to detect the protein bands.

2.9 | RNA extraction and quantitative reverse
transcription PCR (Q-PCR)

RNA isolation and gRT-PCR were performed as previously de-
scribed.” Trizol Reagent (Life Technologies, Grand Island, NY) was
used for RNA extraction and SYBR green PCR Mix (iTAP; Bio-Rad)
was used for detection following the manufacturer’s protocols.17
“*CT values were used to show the fold change and primers for
quantitative reverse transcription PCR are listed in Table 1.

2.10 | Transient transfection and small interfering
RNA

For small interfering RNA (siRNA) assay, RiboBio (Guangzhou,
China) synthesized the siRNA targeting human P65 and scrambled
siRNA. The siRNA was transfected by Lipofectamine 2000 (Life
Technologies) into targeting cells and cells were harvested at indi-

cated time point for further assay.

TABLE 1 Primers used in this study

Gene Primer (5’-3')

GAPDH-F AGGTCGGTGTGAACGGATTTG
GAPDH-R CCTCTGAGGCCTCGCTGCG
P65-F CTTCTGGGCCTTATGTGGAG
P65-R TGTCTTGGTGGTATCTGTGCTT
RORyt-F GCAGCAACAGGAACAAGTGG
RORyt-R CCTCGGGTAGGTCAGGTGAG
IL17a-F TCAGACTACCTCAACCGTTCC
IL17a-R GGTGGTCCAGCTTTCCCT
RANKL-F ACCTGATGAAAGGAGGGAGC
RANKL-R AAGGGTTGGACACCTGAATG

Proliferation
2.11 | Luciferase assays

Plasmid pcDNA-pé65, pGL3-Rorc-5'UTR-WT and pGL3-Rorc-5'UTR-
MUT were constructed. Reporter was constructed by ligating Rorc
putative promoter region and mutations to pGL3-basic (pGL3-Rorc-
5'UTR-WT and pGL3-Rorc-5'UTR-MUT reporter). Plasmid pPCDNA3.1
and pGL3-basic were used as control. Lipofectamine 2000 (Life
Technologies) was used to transfect Th17 cells. The cells were trans-
fected for 36 hours and luciferase activity was measured by Promega

Turner Biosystems Modulus Multimode Reader luminometer.

2.12 | Electrophoretic mobility shift assays

The electrophoretic mobility shift assays were performed in strict
accordance with the protocol.®®'? Nucleoprotein Extraction Kit
(Novagen, Darmstadt, Germany) and 5’-Cy5-labelled cognate
double-stranded DNA elements containing motif sequence were
used. Typhoon FLA-7000 Phosphor Imager (FUJIFILM) scanned
band.

2.13 | Co-immunoprecipitation (co-IP)

Total cell extracts were prepared in a RIPA buffer (50 mmol/L Tris-
HCI, pH 7.5, 150 mmol/L sodium chloride, 1% Nonidet P-40, and
0.5% sodium deoxycholate) for co-immunoprecipitation. The experi-
ments were carried out following the manufacturer’s instructions
(Pierce). Briefly, normal IgG or VDR protein-specific Abs were incu-
bated with protein G-conjugated agarose beads at room temperature
for 5 hours. The unbound antibodies were removed by washing with
1x PBS 3 times. The antibody-bound agarose beads were then incu-
bated with 300 pL of cell lysate at 4°C overnight. Inmunocomplexes
were resolved by SDS-PAGE and Western blotting was performed
by specific antibodies P105/P50, P100/P52 and P65. The antibodies

were purchased from Cell Signalling Technology.

2.14 | Chromatin immunoprecipitation

Cells were rinsed twice with cold PBS, harvested by gentle scraping, and
pelleted by centrifugation at 2000 g for 4 minutes at 4°C, after which
the pellets were washed once with 1x PBS. The cell pellets were resus-
pended in 300 pL of cell lysis buffer and incubated on ice for 10 min-
utes to release the nuclei. The chromatin fragmentation was done by
sonication on ice for 4 cycles (30 seconds “ON”, 30 seconds “OFF” at
40% amplitude) to yield an average length of <600 bp. Chromatin im-
munoprecipitation (ChIP) assay was performed using Zymo-Spin ChIP
Kit (Irvine, Santa Ana, CA, USA) following the manufacturer’s protocol.
Briefly, the supernatants of the fragmented lysates were diluted 10-fold
with chromatin dilution buffer. Chromatin solutions were immunopre-
cipitated with P65 antibody (CST, USA) at 4°C overnight. ZymoMag
Protein A beads were added to the lysate to isolate the antibody-bound
complexes. The elute was reverse cross-linked by heating at 65°C for
30 minutes. Samples were then treated with proteinase K for 90 min-

utes at 65°C to digest the proteins that were immunoprecipitated.
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Purified DNA from each ChIP assay (0.5-1 pl) was subjected to PCR. To
identify the P65-binding sequence, 2 sets of primers were used for PCR
amplification of the Rorc promoter-specific primers: primers for P65-
binding sites: Rorc-CHIP-F: 5'-GTGAAGTTTTACGGAGGGTTAAC-3,
Rorc-CHIP-R: 5-~AATAAACAACAAAACAAAAACCGAC-3'; and control
primers: F: 5-TGTCCTCCCACACACAACTC-3, R: 5-GAGGCAGGA
CTCTGGCTTTA-3".

2.15 | Statistical analysis

All experiments are repeated at least 3 times and expressed as
mean * SEM, unless otherwise indicated. Two-tailed Student’s t test

was used to compare and Graphpad prism software was used.

3 | RESULTS

3.1 | The Th17 cells differentiation was inhibited by
1,25(0H),D; in vitro

VDR-/- and WT Naive CD4" T cells were isolated. The cell propor-

tion of purified naive CD4" T cells after isolation was tested and

(A)
3
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- Bireord w
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]
AT T

©
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showed in Figure 1A. We first assessed the cell viability of Th17 cells
under 1, 10 or 100 nmol/L 1,25(0H),D, or vehicle. 1,25(0H),D,
stimulation affected the Th17 cell viability by a dose-dependent
manner; 10 nmol/L 1,25(0H),D, was chosen as the appropriate
concentration in subsequent assay (Figure 1B). Then, we tested the
apoptosis of Th17 cells under 1,25(0OH),D, (10 nmol/L) or vehicle
and found that 10 nmol/L 1,25(0H),D, did not influence the Th17
cell apoptosis (Figure 1C). In view of this, the 10 nmol/L was pre-
ferred as the suited concentration in subsequent assay. The effects
of 10 nmol/L 1,25(0OH),D, on Th17 in purified CD4"* T cells were as-
sessed. 1,25(0H),D, was found to inhibit both WT CD4"/IL-17" T
cells and VDR-/- CD4"/IL-17" T cells (Figure 1D).

3.2 | 1,25(0H),D, inhibited the nuclear
translocation of P65 and Rorc was a downstream
gene of the transcription factor P65

In order to explore the relation between 1,25(0OH),D, treatment
and NF-kB activity, both the activated WT and VDR-/- Th17 cells
from mice were treated with 1,25(0H),D, and the pé5 transcrip-

tion factor was assessed. The enhanced fluorescence intensity of
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FIGURE 1 1,25(0H),D, inhibits the Th17 cells in vitro. A, The cell proportion of purified naive CD4* T cells before or after isolation was
tested by flow cytometry. B, Cell viability of Th17 cells in the presence of 1, 10, or 100 nmol/L 1,25(0OH),D, or vehicle was tested by CCK8
assay. C, Apoptosis of Th17 cells under the presence of 10 nmol/L 1,25(0OH),D, or vehicle for 3 d was analysed by flow cytometry. D, The
purified CD4" T cells from WT mice and VDR~/- mice were treated with 10 nmol/L 1,25(0H),D, and the proportion of CD4"/IL-17" Th17

cells was analysed by flow cytometry. NS P > .05, *P < .05, ***P < .001
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the p65 in the nucleus of Th17 cells stands for the robust NF-xB
activity. In the WT Th17 cells, 1,25(OH)2D3 treatment had less
p65 translocation to the nucleus (Figure 2A). The NF-xB activity
in VDR-/- Th17 cells decreased and sequestered p65 in the cyto-
plasm under treatment of 1,25(0OH),D, (Figure 2B). However, more
p65 translocation to the nucleus was found in VDR-/- Th17 cells
than WT Th17 cells both under the presence of 1,25(0OH),D,, indi-
cating that VDR was involved in the inhibition of NF-kB activity by
1,25(0H),D, (Figure 2A,B). The mammalian NF-xB family consists

of 5 members: NF-xB 1 (p50 and p105), NF-xB 2 (p52 and p100),

DAPI

\f[erle

Prob e

[onuo)y

QT (HO) ST 1

(€

Protein
Competitor
Mutant Probe
P65 antibody

Relative luciferase activity

RelA (p65), ReIB and c-Rel. These proteins share a Rel homology
domain that mediates DNA binding, dimerization and interactions
with specific inhibitory factors named IkBs, which retain NF-xB
dimers in the cytoplasm.m’21 To further study the underlying
mechanisms that 1,25(0OH),D, inhibited the p65 translocation, we
investigated whether VDR binds to the NF-xB family proteins by
Co-IP assay. As shown in Figure 2F,H, P105/P50, P100/P52 and
P65 can be clearly observed in the FLAG-VDR but not the control
immunoprecipitates. These data demonstrated that VDR interacts
with P105/P50, P100/P52 and P65 NF-kB family proteins. So, the
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FIGURE 2 Rorc was a downstream gene of the transcription factor P65. (A, B) WT and VDR-/- Th17 cells were fixed and stained for
DAPI (nucleus) and pé5. Robust NF-kB is represented by high fluorescence levels of the p65 transcription factor in the nucleus of VDR-/-
Th17 cells with 1,25(OH)2D3 treatment. (C) Plasmid pcDNA-Vector, pGL3-Rorc-5'"UTR-WT, pcDNA-p65 and pGL3-Rorc-5'UTR-MUT
reporter were co-transfected and the luciferase was measured. (D) EMSA-Super-shelf assay was performed to identify the P65-binding
sites in the Rorc promoter. Nuclear protein extracts are prepared from Th17 cells and were incubated with a biotin-labelled DNA probe,
followed by chemiluminescent EMSA. The unlabelled probe served as a cold competitor, and its mutant served as a negative control.

The specificity of the P65-binding motif was confirmed by the ability of P65-specific antibody to block the DNA complex shift. An arrow
indicates the P65 DNA-binding complex. (E) ChIP DNA agarose gel results of DNA sequences immunoprecipitated by normal rabbit IgG or
a rabbit anti-P65 antibody amplified by Rorc promoter-specific primers. Control represents the vehicle and VD represents the 1,25(0H),D,
(F) Co-IP experiments were carried out in WT and VDR-/- Th17 cells with or without 1,25(0H),D, treatment. Western blot analysis of
whole cell lysate and co-IP samples of IgG or anti-P105/P50 antibody. (G) Western blot analysis of whole cell lysate and co-IP samples of
IgG or anti-P100/P52. (H) Western blot analysis of whole cell lysate and co-IP samples of IgG or anti-P105/P50 antibody. Data represent 3
independent experiments (average and s.e.m of triplicate samples). **P < .01
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VDR may form a ternary complex with NF-xB and lkBa to inhibit
the nuclear translocation of P65. We also studied the role of VDR
in phosphorylation and/or ubiquitination of kB and the level of
NF-kB 1 and NF-kB 2. The results showed that the activation of
VDR decreased the level of P105/P50, P100/P52 and phosphoryl-
ated IkBa in WT Th17 cells. The treatment of 1,25(0OH),D, also
decreased the level of P105/P50, P100/P52 and phosphorylated
lkBa in WT Th17 cells (Figure S1A,B).

RORyt, encoded by Rorc, is a key transcription factor for the
development and function of Th17 cells. We have found that the
p65 translocation from cytoplasmic to the nucleus was inhibited
by 1,25(0OH),D,. We used Jaspar database to identify potential
P65 and Rorc promoter-binding sites. We did luciferase reporter
assay and found luciferase activities were significantly enhanced
in pcDNA-p65 and pGL3-Rorc-5'UTR-WT plasmid co-transfected
cells compared to the empty vector and pGL3-Rorc-5'UTR-MUT
plasmid co-transfected cells. The luciferase activities were signifi-
cantly reduced in pcDNA-p65 and pGL3-Rorc-5'UTR-WT plasmid
co-transfected cells compared to the pcDNA-p65 and pGL3-Rorc-
5'UTR-MUT plasmid co-transfected cells (Figure 2C). In addition,
EMSA-Super-shelf assay was performed and demonstrated the

FIGURE 3 1,25(0H),D, inhibited

& the pé5 translocation to nucleus and
O VDR-/- expression of RORyt/IL-17 by VDR.
£ VDR-/—+VD A, The protein level of P65 in nucleus
B WT of VDR-/- and WT Th17 cells with the
B WT+VD treatment of 1,25(0OH),D, or vehicle.

B, The siRNA targeting against P65 was
used to knockdown the P65 in VDR-/-
and WT Th17 cells. Then, the cells were
treated with 1,25(0OH),D, or vehicle and
the mRNA level of P65, RORyt and IL-17
was tested. C, The protein level of P65,

o, RORyt and IL-17 was tested in si-NC group
¥ by Western blot. D, Densitometry plot of

3 VDR-/- results from (C). The relative expression
& VDR-/-+VD levels were normalized to GAPDH. Data
| wT represent the mean + standard error

El WT+VD (n = 3). E, The protein level of P65, RORyt

and IL-17 was tested in si-P65 group by
Western blot. F, Densitometry plot of
results from (E). The relative expression
levels were normalized to GAPDH

& (n = 3). Data represent 3 independent
8 experiments (average and s.e.m of
triplicate samples). **P < .01. ***P < .005

validity of P65-binding sites in the Rorc promoter (Figure 2D). To
confirm P65 binding to Rorc promoter-binding sites, ChIP assay was
performed. The treatment of 1,25(0H),D, inhibited the binding of
P65 and Rorc promoter-binding site (Figure 2E). These results indi-
cate that Rorc was the direct target of transcription factor P65 in
Th17 cells and the binding of P65 and Rorc promoter-binding sites
was suppressed by 1,25(0H),D,.

3.3 | 1,25(0H),D, suppressed the pé5 translocation
to nucleus and expression of RORyt/IL-17 by VDR

We further assessed the protein level of P65 in nuclear of Th17
cells and found 1,25(0OH),D, treatment suppressed the p65 trans-
location to nucleus. Less P65 protein was translated to nucleus in
WT Th17 cells compared with VDR-/- Th17 cells under presence
of 1,25(0H),D, (Figure 3A). The P65 in VDR-/- and WT Th17 cells
was knockdown, and treated with 1,25(0H),D, or vehicle. As shown
in the Figure 3B, si-P65 transfected decreased the mRNAs levels of
P65, RORyt and IL-17 in WT Th17 cells. The mRNAs levels of RORyt
and IL-17 in both si-NC and si-P65 groups were down-regulated by
1,25(0H),D, compared with vehicle. Correspondingly, the similar
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results were found in protein level of P65, RORyt and IL-17 both in
si-NC group (Figure 3C,D) and si-Pé65 group (Figure 3E,F).

3.4 | 1,25(0H),D, inhibited Th17 cells
differentiation in vitamin D deficiency mouse model
following vaccination with BCG

To reveal the role of VD in Th17 in vivo, we establish VD defi-
ciency mouse model using yellow light and purified diet without
VD. Measurement of the level of VD, RANKL and IL-17 in the blood
was performed. We found that the VD level was elevated with
1,25(0OH),D, addition (Figure 4A). Intriguingly, 1,25(0H),D, treat-
ment down-regulated the level of RANKL and IL-17 in the blood
(Figure 4B,C). Then, we assessed the mRNA level of IL-17, RORyt and
RANKL in the spleen. We found that the addition of VD decreased

Cell ® 7 of 10
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the mRNA level of IL-17 and RANKL both in VDR-/- and WT group
(Figure 4D,E). However, 1,25(0H),D, decreased the expression of
RORyt in WT group but not in VDR-/- group (Figure 4F). Then, we
found the protein level of nuclear P65, IL-17, RORyt and RANKL was
significantly down-regulated by 1,25(0OH),D, both in VDR-/- and
WT group (Figure 4G,H). In addition, the IKB and cytoplasm P65
protein level were significantly enhanced by 1,25(0H),D, both in
VDR-/- and WT group (Figure 4G,H).

3.5 | 1,25(0OH),D, inhibited the inflammatory
infiltrates and expression of P65, RORyt and IL-17
in the spleen of vitamin D deficiency mouse model

Haematein eosin and immunohistochemistry assay was performed

in the spleen of mice. Histological analysis showed less intratumoural
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FIGURE 4 1,25(0H),D, inhibited Th17 cells in vitamin D deficiency mouse model. ELISA assay was performed to test the level of VD (A),
RANKL (B) and IL-17 (C) in the blood. Q-PCR assessed the mRNA level of IL-17, RORyt and RANKL in spleen (D-F). (G) Western blot analysed
the protein level of IKB, cytoplasm P65, nuclear P65, IL-17, RORyt and RANKL in Th17 cells. (H) Densitometry plot of results from Figure 4G.
The relative expression levels were normalized to GAPDH. Data represent the mean + standard error (n = 3). *P < .05, **P < .01, ***P < .001 vs

VDR-/- group. P < .01, vs WT group
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FIGURE 5 1,25(0H),D, inhibited the inflammatory infiltrates and expression of P65, RORyt and IL-17 in the spleen of vitamin D
deficiency mouse model. A, Representative images of haematoxylin and eosin staining in spleen of vitamin D deficiency model mice.
B, Representative images of immunohistochemical (IHC) staining for P65. C, Representative images of IHC staining for RORyt. D,

Representative images of IHC staining for IL-17. Magnification, 400x

leukocyte populations in mice under 1,25(0OH),D; treatment both in
VDR-/- and WT group (Figure 5A). Immunohistochemical staining of
P65 showed less P65-positive cells in mice under 1,25(0H),D, treat-
ment both in VDR-/- and WT group (Figure 5B). The treatment of
1,25(0OH),D, also decreased the level of P105/P50, P100/P52 and phos-
phorylated IkBa in spleen of VD deficiency model mice (Figure S1C,D).
1,25(0OH),D, decreased the expression of RORyt and IL-17 in
the spleen of VDR-/- and WT group (Figure 5C,D). In addition,
VDR-/- mice showed the enhanced expression of P65, RORyt and
IL-17 in the spleen compared with WT mice under the presence of
1,25(0OH),D, or control (Figure 5B-D). Together, our findings showed
that 1,25(0OH),D; inhibited inflammatory damage by suppressing the
differentiation of Th17 cells in VD deficiency mouse model.

4 | DISCUSSION

Growing evidence indicated that VD deficiency was associated with
susceptibility and TB reactivation.??* Patients with TB have a high
rate of VD deficiency, both at diagnosis and during the course of

treatment with anti-TB drugs. Low VD level confers higher risk of
progression from LTBI to active TB. The hypovitaminosis D can be
regularly found in subjects with active TB.?° VD restricted M. tu-
berculosis growth by regulating the production of the antimicrobial
peptide, cathelicidin in macrophages TLR activation of human mac-
rophages up-regulated expression of the VD receptor and the VD-1-
hydroxylasegenes, leading to induction of the antimicrobial peptide
cathelicidin and killing of intracellular M. tuberculosis.?® The antimi-
crobial effects of VD have been reported.The reduced VD status is
known to be associated with the susceptibility to M. tuberculosis
infection. 1,25(0H),D, has been reported to suppress the T-cells
proliferation.?’ 1,25(0OH),D, was also been reported that selective
inhibited the functions of Th1 over Th2 cells. 1,25(0H),D, was also
found to suppress secretion of IFN-gamma by Thl clones with no
obvious influence on secretion of IL-4 by Th2.! CD4* CD25" Treg
expansion were induced by epidermal 1,25(OH)2D3'28 In vitro assay,
the frequency of murine CD4* T cells was up-regulated while the
frequency of IFN-y-producing cells was decreased by addition of
1,25(0H),D, * However, Staeva-Vieira reported that IFN-y and IL-4
production by murine CD4" T cells was decreased by 1,25(OH)2D3'30
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With respect to Th17 cells, 1,25(0H),D, suppressed the differ-
entiation of Th17 cells and the level of IL-17 produced by human
CD4"* T cells.®! In autoimmune encephalomyelitis, Th17 cell migra-
tion to the central nervous system was inhibited by 1,25(OH)2D3_32
In vitro assay, we found 10 nmol/L 1,25(0H),D, suppressed the
differentiation of Th17 cells. In addition, 1,25(0H),D, inhibited
the NF-xB activity and expression of RORyt/IL-17 by inhibiting
p65 transcription factor translocating to nucleus. Then, in VD defi-
ciency mouse model, 1,25(OH)2D3 treatment decreased the mRNA
level of IL-17 and RANKL in vivo via VDR. In VD deficiency mouse
model, the inflammatory infiltrates and level of P65, RORyt and IL-
17 in the spleen were suppressed by 1,25(0OH),D,. Our results were
consistent with previous reports and we elucidate the underlying
molecular mechanism. We found that Rorc was the direct target of
transcription factor P65 in Th17 cells and 1,25(0OH),D; inhibited the
p65 translocation to nucleus by VDR. The binding of P65 and Rorc
promoter-binding sites was inhibited by 1,25(OH),D,.

It has been reported that the production of IL-17and IFN-y in
VDR-/- CD8" T cells was higher than WT CD8" T cells following
transfer to immunodeficient recipients. In vivo proliferation assay,
the proliferation index of VDR-/- CD8" T cells was higher than WT
CD8" T cells.®® In our study, the difference between VDR-/- mice
and WT mice group was significant in Th17 cell differentiation, NF-
kB activity and relative gene expression.

Previous studies reported that experimental allergic encephali-
tis was exacerbated by activating Th1l and Th17 responses induced
by NF-kB activation (Cowan et al, 2010). NF-kB signalling path-
way was reported to directly promote the transcription of Foxp3
(Momparler, 2005). In our study, the activation of NF-kB was in-
hibited by 1,25(0H),D,. VDR interacts with P105/P50, P100/P52
and P65 NF-kB family proteins. So, the VDR may form a ternary
complex with NF-kB and IxBa to inhibit the nuclear translocation
of P65. Rorc was confirmed as a downstream gene of the transcrip-
tion factor P65 in T cells. Collectively, 1,25(0OH),D, suppressed the
NF-kB activity and expression of RORyt/IL-17 by inhibiting p65
transcription factor translocating to nucleus. Our findings sug-
gested that 1,25(0H),D, suppressed Th17 cells differentiation in
TB via regulating the NF-xB activity and expression of I1L-17.
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