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Vitamin D receptor expression in peripheral blood mononuclear cells
is inversely associated with disease activity and inflammation
in lupus patients
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Abstract
Objective Systemic lupus erythematosus (SLE) is characterized by uncontrolled production of pro-inflammatory cytokines.
Vitamin D receptor (VDR) has potent anti-inflammatory activities. The aim of this study was to examine the correlation between
VDR expression and inflammation and disease activity in patients with SLE.
Methods Ninety-five SLE patients were recruited and divided into two groups, active and inactive, according to their SLE
disease activity index (SLEDAI)-2 K, and 40 healthy individuals served as controls. The expression of VDR and NF-κB p65
in peripheral blood mononuclear cells (PBMCs) was determined by quantitative RT-PCR andWestern blotting. VDR expression
was correlated with inflammatory and diseases parameters in SLE patients. VDR regulation was also studied in THP-1 and Jurkat
cell lines.
Results PBMC VDR expression was downregulated in SLE patients, especially in the active SLE group. VDR mRNA levels
were negatively correlated with SLEDAI-2 K (r = − 0.348, P = 0.001), Systemic Lupus International Collaborating Clinics
(SLICC) renal activity scores (r = − 0.346, P = 0.014), and proteinuria (r = − 0.309, P = 0.002) and positively associated with
serum complement C3 levels (r = 0.316, P = 0.002). Multiple stepwise regression analysis indicated that PBMC VDR downreg-
ulation was an independent risk factor for SLEDAI-2 K. VDR levels were also negatively correlated with NF-κB p65 (r = −
0.339, P = 0.001), TNF-α (r = − 0.268, P = 0.009), and IL-6 (r = − 0.313, P = 0.002) levels. In monocyte and T lymphocyte cell
lines, TNF-α suppressed VDR expression, whereas 1,25-dihydroxyvitamin D blocked TNF-α-induced VDR downregulation.
Conclusion PBMC VDR expression is inversely associated with disease activity and inflammation in SLE patients, and VDR
downregulation is likely driven by inflammation.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease that often results in multiple organ damages [1],
among which renal failure and cardiovascular disease are the

leading causes of death. Previous studies have shown that both
innate and adaptive immunities are involved in the pathogen-
esis of SLE, and uncontrolled inflammation is a key feature of
SLE [2, 3]. Vitamin D deficiency is common in patients with
SLE and has been shown to be associated with high disease
activity [4, 5], but whether vitamin D is a pathogenic factor
causing SLE remains unclear [6]. It is well known that vitamin
D receptor (VDR), a multifunctional nuclear hormone recep-
tor, has potent anti-inflammatory activities by blocking
NF-κB activation and inhibiting the production of pro-
inflammatory cytokines [7–10]. VDR is activated by the vita-
min D hormone, 1,25-dihydroxyvitamin D (1,25(OH)2D3), or
its active analogs [11]. Once activated, liganded VDR is
translocated to the nuclei to act as a transcription factor to
regulate target gene expression [12]. Numerous studies have
suggested that vitamin D-VDR signaling is protective in many
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autoimmune diseases, including type 1 diabetes, rheumatoid
arthritis, multiple sclerosis, and SLE [13–16]. It is reported
that the reduction of VDR levels is associated with Crohn’s
disease and ulcerative colitis [17] and colon cancer [18]. Other
studies suggest that VDR gene polymorphisms are correlated
with autoimmune diseases such as Graves’ diseases [19] and
ankylosing spondylitis [20]. Recently, the immune regulatory
effect of VDR in SLE has drawn some attention, but many
researches focused on the gene polymorphism of VDR. For
example, a Japanese study showed that, in a cohort of 58 SLE
patients, the B/B (BsmI) allele frequencies in the VDR gene
were much higher compared with the healthy controls, where-
as in patients with nephrotic syndrome showed a higher fre-
quency of b/b allele genotype among these subjects [21]. In
another study with 337 SLE patients in Chinese Han popula-
tion, the VDR BsmI B allele frequency was reported to be
significantly higher than the control group, and the frequency
of B allele was positively correlated with incidence of both
lupus nephritis and positive antinuclear antibodies [22]. These
studies suggest that the VDR BsmI B allele is a risk factor for
SLE, but the underlyingmechanism is unknown. It is conceiv-
able that this polymorphism may influence VDR expression
that consequently affects SLE pathogenesis, yet the expres-
sion status of VDR in SLE as well as its correlation with
disease activity and renal impairment has not been addressed.
Therefore, in the present study, we determined the expression
of VDR in SLE patients and analyzed its correlation with
disease activity and renal involvement of SLE. Our data show
that VDR downregulation in peripheral blood mononuclear
cells (PBMCs) is associated with disease activity and inflam-
mation in SLE patients and suggest that VDR downregulation
is a useful biomarker for SLE development.

Materials and methods

Patients All of the patients were recruited from the outpatient
department and ward in the Third Xiangya Hospital affiliated
with Central South University between April 2014 to
December 2016 who were over 18-year old and fulfilled the
American College of Rheumatology (ACR) classification
criteria of SLE [23]. Patients obtained standard-of-care evalu-
ation and management. The clinical management was deter-
mined based on disease activity at each visit. In general, pa-
tients with renal disease were treated with glucocorticoid, to-
gether with cyclophosphamide or mycophenolate, and also
with calcium and vitamin D supplements, according to pub-
lished protocols [24]. In this cohort, 89% of patients were
treated with glucocorticoids (median daily dose 10 mg),
54% were treated with 1,25-dihydroxyvitamin D3 (daily dose
0.25 μg), 31% were treated with mycophenolate, and 29%
were treated with cyclophosphamide. SLE disease activity
index (SLEDAI)-2 K was used for assessing the activity of

global disease [25]. Active SLE was defined according to
SLEDAI-2 K > 4 [26]. Of the 95 patients, 50 were assigned
in the active group and 45 in inactive group based on their
SLEDAI-2 K values. A non-zero score was used to define
active renal disease in any of the renal components of the
SLEDAI-2 K. Individuals suffered from other autoimmune
or rheumatic disorders, renal diseases other than lupus nephri-
tis, infections, any other comorbidities or malignant tumors
were eliminated from this work. We also recruited 40 healthy
volunteers as controls. The healthy cohort was matched con-
sistently for gender and age. This cross-sectional study was
approved by the institution of the ethical committee of the
Third Xiangya Hospital and carried out at the Section of
Nephrology and Rheumatology of the Third Xiangya
Hospital. All research subjects signed an informed consent.

Sample collection and clinical data Peripheral venous blood
samples were collected from all subjects after they underwent
overnight fasting (at least 8 h). PBMCs were isolated with
Percoll density gradient centrifugation as described [27].
Serum biochemical indices were measured by automatic bio-
chemical analyzers (Hitachi 7600, Japan). Patient records
were reviewed. Serologic data included complement factor 3
(C3), C4, anti-dsDNA, and antinuclear antibodies. The
Systemic Lupus International Collaborating Clinics (SLICC)
renal activity score was utilized to quantify renal disease ac-
tivity [28]. It was calculated based on the following points:
proteinuria > 3 g/day (11 points), proteinuria 1 to 3 g/day (5
points), proteinuria 0.5 to 1 g/day (3 points), urine white blood
cells ≥ 5/high power field (hpf; 1 points), and urine red blood
cells ≥ 5/hpf (3 point). Renal activity scores ranged from 0
(inactive renal disease) to a maximum of 16 [29].

Cell culture studies THP-1 cells, considered as a human leu-
kemia monocytic cell line, and Jurkat T lymphocytic cells
were cultured in RPMI 1640 media with fetal bovine serum
(10%). Cells were stimulated by tumor necrosis factor α
(TNF-α) with different concentrations (10 ng/mL, 50 ng/mL
and 100 ng/mL) respectively for 24 h, followed by the isola-
tion of total RNAs or protein. In some experiments, cells were
under the 24-h co-treatment of TNF-α (50 ng/ml) and
1,25(OH)2D3 at 10−9 mmol/L, 10−8 mmol/L, and
10−7 mmol/L before harvesting total RNAs and cell lysates,
which were used for qRT-PCR and Western blot analyses.

Quantitative RT-PCR Total RNAs were extracted from
PBMCs, THP-1, or Jurkat cells using the TRIzol reagent
(Invitrogen). First strand cDNA synthesis was carried out
using a reverse transcription kit ReverTra Ace qPCR RT Kit
(Toyobo, Japan) according to the manufacturer’s instruction.
Quantitative real-time PCR was conducted using the SYBR
Green PCR Master Mix (Toyobo, Japan) on the 7300 Real
Time PCR System (Eppendorf, Germany). PCR reactions
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were performed using the following cycle conditions: pre-
denaturation at 95 °C for 2 min, followed by denaturation at
95 °C for 10 s, annealing at 58 °C for 20 s, and extension at
72 °C for 30 s, with 40 cycles in total, followed by extension at
72 °C for 5 min. The melting curve was used to confirm the
specificity of the amplification products. Relative amounts of
transcripts were calculated in term of the 2-ΔΔCt formula.
GAPDH or b-actin was used as the internal control for nor-
malization. The PCR primer sequences are as follows: VDR:
5’AGTGCAGAGGAAGCGGGAGATG3’ (forward) and
5’CTGGCAGAAGTCGGAGTAGGTG3’ (reverse);
NF-κBp65: 5’ATCCCATCTTTGACAATCGTGC3’ (for-
ward), and 5’CTGGTCCCGTGAAATACACCTC3’
(reverse); TNF-α: 5’AGCTCCAGTGGCTGAACCG3’ (for-
ward), 5’TGGTAGGAGACGGCGATGC3’(reverse); IL-6:
5’TGAGGCTACGGCGCTGTCA3’ (forward), and
5’GGCATTCTTCACCTGCTCCAC3’ (reverse); GAPDH:
5’GCACCGTCAAGGCTGAGAAC3’ (forward), and
5’TGGTGAAGACGCCAGTGGA3’ (reverse); and β-actin:
5’CATCCTGCGTCTGGACCTGG3’ (forward), and 5’
TAATGTCACGCACGATTTCC3’ (reverse).

Western blot PBMC nuclear protein levels were analyzed in
45 randomly selected study subjects, including 15 subjects
from each of the inactive SLE, active SLE groups, and
control group. All subjects were matched for age, sex,
and disease duration. Nuclear proteins were extracted
using a Nucleoprotein kit (Merck, USA) according to the
manufacturer’s instructions, and protein concentrations
were measured using BCA protein assay kit (Pierce,
USA). Nuclear proteins (30 μg) from each sample were
separated by SDS-PAGE. Lysates from THP-1 and Jurkat
cells (50 μg) were also separated by SDS-PAGE and ana-
lyzed for VDR expression. Proteins separated were trans-
ferred onto PVDF membranes and incubated overnight by
the primary antibody against VDR (sc-13,133, Santa Cruz
Biotechnology), NF-κB p65 (sc-8008, Santa Cruz
Bio technology) , PCNA (sc -25 ,280, Santa Cruz
Biotechnology), and β-actin (sc-47,778, Santa Cruz
Biotechnology) at 4 °C. After three-time washes with
TBST buffer, the PVDF membranes were treated with
HRP (horseradish peroxidase-conjugated) secondary anti-
body for 2 h at room temperature. Then, the membranes
were exposed with an enhanced chemiluminescence ad-
vanced machine (GE Healthcare, UK) and images captured
on X-ray film. The densitometry of immunoreactive bands
was quantified by Image J software (NIH, USA).

Statistical analysesData values were presented as mean ± SD.
Statistical analyses were carried out by SPSS17.0 software. A
post hoc test in one-way ANOVAwas used to determine dif-
ferences among the SLE and the control groups. Student’s t
test was carried out to analyze the differences between active

group and inactive group. Spearman correlation and stepwise
multiple linear regression analysis were carried out for deter-
mining the correlations between clinical and biochemical data.
P < 0.05 was considered to be statistically significant.

Results

Demographic and baseline clinical data SLE patients and
healthy control volunteers were matched for age and sex.
There were no statistically significant differences between pa-
tients with active and inactive disease regarding age and sex
composition. The demographic characteristics of the control,
active, and inactive SLE groups are given in Table 1.
Consistent with early reports [4, 5], the vitamin D status
(i.e., serum 25(OH)D3 levels) was lower in the inactive SLE
and active SLE groups compared with the control group
(P < 0.01), with the active SLE group showing the lowest
serum 25(OH)D3 levels (P < 0.01 compared with the inactive
SLE group).

VDR levels in PMBCs We first assessed VDR mRNA and pro-
tein levels in PBMCs by quantitative RT-PCR and Western
blotting. As shown in Fig. 1, the levels of VDR mRNA
(Fig. 1a) and protein (Fig. 1b and c) in the inactive SLE and
active SLE groups were lower than that in the control group
(P < 0.01), and the active SLE group had even lower levels of
VDR mRNA and protein compared with the inactive SLE
group (P < 0.01).

VDR and SLE disease activityWe then correlated PBMC VDR
mRNA levels with a number of clinical parameters in the SLE
patients. VDR mRNA levels were inversely associated with
patients’ SLEDAI-2 K values (r = − 0.348, P = 0.001)
(Fig. 2a), and positively correlated with serum C3 concentra-
tion (r = 0.316, P = 0.002) (Fig. 2b). However, there was no
correlation between VDR mRNA and erythrocyte sedimenta-
tion rate (ESR) (r = − 0.009,P = 0.960), dsDNA antibody (r =
− 0.233, P = 0.054), or C4 (r = − 0.027, P = 0.843). After
adjusting for potential confounding variables (albumin,
WBC, Hb, PLT), stepwise multiple regression analysis indi-
cated that VDR mRNA is an independent variable of
SLEDAI-2 K (β = − 0.260, P = 0.036).

VDR and SLE with renal disease We further correlated VDR
mRNA levels with renal disease. The relative expression of
VDRmRNAwas negatively correlated with 24-h total urinary
protein (r = − 0.309, P = 0.002) (Fig. 3a). In the 50 patients
with active renal disease in the active SLE group, there was
an inverse correlation between VDRmRNA and SLICC renal
active score (r = − 0.346, P = 0.014) (Fig. 3b); however, no
correlation was seen in the inactive SLE group.
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VDR expression and pro-inflammatory cytokines To assess the
association between PBMC VDR and pro-inflammatory cy-
tokines in SLE patients, we measured TNF-α and IL-6
mRNAs in the PBMCs. Consistent with previous studies
[30], compared with control group, the levels of TNF-α and
IL-6 were significantly increased in two SLE groups, with
active SLE group showing the highest increase (P < 0.01)
(Fig. 4a and b). Spearman correlation analyses showed the
VDR mRNA was negatively correlated with TNF-α mRNA

(r = − 0.268, P = 0.009) or IL-6 mRNA levels (r = − 0.313,
P = 0.002) (Fig. 4c and d). These observations suggest that
PBMC VDR downregulation increases the production of
pro-inflammatory cytokines in SLE patients.

VDR expression and NF-κB VDR signaling is known to intrin-
sically suppress NF-κB, a key signaling pathway for pro-
inflammatory cytokine production [7, 8, 10]. Therefore, we
measured the mRNA and nuclear levels of NF-κB p65 in

Table 1 Demographic and
baseline clinical data of the
patients

Parameters Controls Active SLE Inactive SLE

N 40 50 45

Age (years) 31.65 ± 9.01 31.54 ± 11.52 31.20 ± 12.97

Sex (male/female) 4/36 6/44 5/40

WBC (109/L) 5.53 ± 1.03 6.62 ± 4.79 6.08 ± 2.14

Hb (g/L) 127.45 ± 12.52 85.16 ± 16.87**## 118.04 ± 16.31**

PLT (109/L) 211.82 ± 51.47 134.56 ± 62.31**## 185.07 ± 62.86*

Serum albumin (g/L) 41.72 ± 3.41 26.56 ± 6.31**## 38.51 ± 2.84**

Estimated GFR (ml/min) 108.08 ± 11.90 90.89 ± 22.16**## 102.15 ± 11.93

Proteinuria (mg/day) 71.22. ± 12.91. 2323.00 ± 1569.74**## 152.58 ± 106.87

C3 (g/L) 0.82 ± 0.17 0.42 ± 0.19**## 0.75 ± 0.19

C4 (g/L) 0.24 ± 0.09 0.15 ± 0.14** 0.19 ± 0.11

dsDNA positive (%) – 70% 49%

ESR (mm/h) 10.25 ± 4.09 58.10 ± 30.06**## 32.53 ± 22.55**

25-OH-D3 (ng/L) 32.49 ± 6.28 20.81 ± 5.74**## 24.42 ± 6.54**

Values are expressed as mean ± SD. Data are compared by chi-square test or one-way ANOVA

*P < 0.05, **P < 0.01 vs. controls; ##P < 0.01 vs. inactive SLE group

SLE systemic lupus erythematosus; GFR glomerular filtration rate; C complement factor; ESR erythrocyte sed-
imentation rate; WBC: white blood cell; PLT: platelet; (−) no data

Fig. 1 VDR expression in
PBMCs from SLE patients. a
VDR mRNA levels in healthy
control (n = 40), active SLE group
(n = 50), and inactive SLE group
(n = 45), determine by real-time
RT-PCR. b and c VDR protein
levels in these groups. VDR
protein was measured by b
Western blotting and c quantified
by densitometry. Dates are
presented as the mean ± SD.
**P < 0.01 vs. control group;
##P < 0.01 vs. active SLE group
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PBMCs. As shown in Fig. 5, NF-κB p65 mRNA and protein
levels in the inactive SLE and active SLE groups were higher
than that in the control group (P < 0.01), and the active SLE
group had the highest increase (P < 0.01) (Fig. 5a, b).
Spearman correlation analysis showed that the VDR mRNA
was negatively correlated with NF-κB p65mRNA (r = −
0.339, P = 0.001) (Fig. 5c), and VDR protein was negatively
correlated with NF-κB p65 protein (r = − 0.588, P = 0.001)
(Fig. 5d). Given the key role of NF-κB in inflammatory re-
sponse, these results together suggest that VDR downregula-
tion increases the production of pro-inflammatory cytokines
in SLE patients due to NF-κB activation.

TNF-α and VDR downregulation Previous studies showed that
pro-inflammatory cytokine TNF-α suppresses VDR expres-
sion in human colon cancer cells [31]. To address whether
VDR downregulation is caused by inflammation, we studied
the effect of TNF-α on VDR expression in THP-1 cells, a
human leukemia monocytic cell line, and Jurkat cells, a hu-
man leukemia T lymphocyte line. As shown in Fig. 6, VDR
mRNA and protein were suppressed by TNF-α in a dose-
dependent manner in THP-1 cells, and the downregulation
was significant in the dose of 50 ng/ml TNF-α or higher
(Fig. 6a–c). When THP-1 cells were cotreated with TNF-α
and 1,25(OH)2D3, VDR downregulation was attenuated by
1,25(OH)2D3 in a dose-dependent manner (Fig. 6d–f).
Similar observations were seen in Jurkat cells with regard to

the effects of TNF-α and 1,25(OH)2D3 on VDR expression,
although the suppression of VDR by TNF-α appeared to be
less dramatic than in THP-1 cells (Fig. 7a–f). These results
confirmed the inhibitory effect of inflammation on VDR ex-
pression in monocytes and T lymphocytes.

Discussion

In this study, we showed that VDR expression in SLE pa-
tients’ PBMCs is markedly reduced, and VDR downregula-
tion worsens in active SLE patients. Accompanying VDR
reduction is an increased production of pro-inflammatory cy-
tokines in these patients. Further analyses revealed that PBMC
VDR expression is inversely correlated with SLEDAI-2 K, a
clinical index for assessment of SLE disease activity, SLICC
renal active score, and urinary albumin levels in the SLE pa-
tients. Overall, our data show that PBMC VDR expression is
negatively correlated with SLE disease activity, suggesting
that VDR downregulation might potentially serve as a bio-
marker for lupus activity in clinical practice. These correla-
tions stand true after adjustments for the use of glucocorticoid
or 1,25(OH)2D3 in these patients. To our knowledge, this is
the first time that PBMC VDR status is linked to the develop-
ment of SLE.

Dysregulation of immune activities is considered to be a
crucial step in the development of SLE [32]. Abnormalities of

Fig. 2 Correlation between
PBMC VDR and SLE disease
activity. a Scatter plot showing an
inverse relationship between
VDR mRNA and SLEDAI-2 K
(r = − 0.348, P = 0.001), and b
positively correlated with serum
C3 levels (r = 0.316, P = 0.002)

Fig. 3 Correlation between
PBMC VDR and SLE with renal
disease. a Scatter plot showing an
inverse relationship between
PBMC VDR mRNA and
proteinuria (r = − 0.309, P =
0.002). b Scatter plot showing an
inverse relationship between
PBMC VDR mRNA and SLICC
active renal scores (r = − 0.346,
P = 0.014)
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the cytokine networks have been described in patients suffer-
ing from SLE as well as in murine lupus models. Pro-
inflammatory cytokines TNF-α and IL-6 are believed to play
an important role in the pathogenesis of SLE [30, 33, 34], and
upregulated NF-κB signaling is regarded as one of the most

important factors in SLE pathogenesis [35]. Vitamin D is well
known to have strong immune-modulatory effects, particular-
ly anti-inflammatory activity. Indeed, previous studies have
well documented that VDR signaling inhibits inflammation
via targeting NF-κB pathway [7, 36–40]. The baseline

Fig. 4 The expression of TNF-α
and IL-6 in patients with SLE. a
PBMC TNF-α and IL-6 mRNA
levels in healthy control (n = 40),
active SLE group (n = 50), and
inactive SLE group (n = 45). a
and b The mRNA levels were
quantified by real-time RT-PCR.
Dates are presented as the mean ±
SD. **P < 0.01 vs. control group;
##:P < 0.01 vs. active SLE group.
c Scatter plot showing an inverse
relationship between PBMC
VDR mRNA and TNF-α mRNA
(r = − 0.268, P = 0.009). d Scatter
plot showing an inverse
relationship between PBMC
VDR mRNA and IL-6 mRNA
(r = − 0.313, P = 0.002). Both
scatter plots cover both active and
inactive SLE groups

Fig. 5 NF-κBp65 levels in
PBMCs from SLE patients. aNF-
κBp65 mRNA in healthy controls
(n = 40), active SLE group (n =
50), and inactive SLE group (n =
45). The mRNA levels were
quantified by real-time RT-PCR.
b NF-κB p65 protein levels were
measured by Western blotting.
The data are presented as the
mean ± SD. **P < 0.01 vs.
control group; ##P < 0.01 vs.
active SLE group. c Scatter plot
showing an inverse relationship
between PBMCVDRmRNA and
NF-κB p65 mRNA (r = − 0.339,
P = 0.001). d Scatter plot showing
an inverse relationship between
PBMC VDR protein and NF-κB
p65 protein (r = − 0.588, P =
0.001). Both scatter plots cover
both active and inactive SLE
groups
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NF-κB activity is elevated in the case of genetic VDR
deletion, suggesting that VDR signaling intrinsically sup-
presses NF-κB activation [8]. VDR blocks NF-κB activa-
tion by directly interacting with IKKβ and thus increasing
IκB concentration in the cytoplasm [7]. Here we found
that PBMC VDR expression is inversely correlated with
the NF-κB p65, IL-6, and TNF-α levels. These observa-
tions suggest that VDR downregulation may contribute to
the increased production of pro-inflammatory cytokines in
SLE patients via upregulation of NF-κB, the major path-
way regulating pro-inflammatory cytokine production. It
is speculated that this mechanism may be part of the
events promoting SLE disease development. However,
the PBMC preparation in our study contains many cell
types involved in SLE pathogenesis, such as monocytes
and lymphocytes. It is unclear at this point in what cell
type(s) the VDR downregulation observed here occurs
that contributes to inflammation in SLE. Future studies
should be designed to address this important issue.

The cause for VDR downregulation in SLE is unclear.
We cannot exclude the possibility that the therapy re-
ceived by the SLE patients, particularly glucocorticoid,
might suppress VDR expression; however, glucocorticoid
has been reported to suppress as well as induce VDR
expression [41, 42]. Our previous study demonstrated that
inflammation, especially TNF-α, suppresses VDR expres-
sion in intestinal epithelial cells via miRNA-346 [31].

Here, we confirmed that TNF-α is able to decrease the
expression of VDR in THP-1 cells and Jurkat cells, which
are monocyte-like and T lymphocyte-like leukemia cell
lines, respectively. TNF-α is thought to be a critical cyto-
kine involved in pathogenesis of SLE [43]. Although anti-
TNF therapy is not a standard treatment for SLE, there
have been reports of anti-TNF therapy in SLE manage-
ment [44]. In our cohort of SLE patients, serum TNF-α
level is clearly elevated. Therefore, it is speculated that
elevated TNF-α may in turn suppress VDR expression in
PBMCs in SLE pat ien ts . We also showed tha t
1,25(OH)2D3 treatment is able to reverse TNF-α induced
downregulation of VDR in both monocyte and T lympho-
cyte cell lines. It is well known that the vitamin D hor-
mone can induce VDR expression [45], and suppress
TNF-α production via VDR activation [31]. We have
shown previously that TNF-α down-regulates VDR ex-
pression by stimulation of miR-346 via NF-κB [31], and
1,25(OH)2D3 blocks NF-κB through stimulating VDR in-
teraction with IKKα [7]. Thus, the VDR expression level
in these cells is likely a combined net effect of
1,25(OH)2D3 direct stimulation of VDR transcription at
the genomic level and 1,25(OH)2D3 inhibition of TNF-α
signaling by blocking NF-κB. Because activated VDR
suppresses inflammation and inflammation can suppress
VDR expression, these reciprocal regulations may create
a vicious cycle that drives VDR downregulation and

Fig. 6 TNF-α downregulates
VDR expression in human
monocytic cell line. a‑c. THP-1
cells were treated with increasing
doses of TNF-α for 24 h. VDR
expression was measured by a
real-time RT-PCR and b and c
Western blotting. *P < 0.05
**P < 0.01 vs. 0. d‑f THP-1 cells
cotreated with TNF-α (50 ng/ml)
and increasing doses of
1,25(OH)2D3 (10

−9 mmol/L,
10−8 mmol/L, 10−7 mmol/L).
VDR expression was measured
by e real-time RT-PCR and d and
f Western blotting. β-actin was
used as an internal control.
*P < 0.05 **P < 0.01 vs. TNF-α.
Experiments were done at least
three times
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inflammation in the presence of vitamin D deficiency. In
fact, any event that triggers inflammatory response could
drive this vicious cycle leading to VDR downregulation
and more inflammation, which could in part contribute to
SLE disease progression. Therefore, vitamin D therapy,
by increasing 1,25-dihydroxyvitamin D concentration
and activating VDR, could break this vicious cycle and
shift the balance to favor inhibition of inflammation in the
management of SLE. Further studies are warranted to test
this hypothesis in preclinical and clinical settings.

Although this is the first study, to our knowledge, linking
PBMC VDR status to SLE disease severity, there are a
number of limitations. The sample size in this study was
relatively small; larger multi-center studies may need to
confirm our findings. The correlations established in this
study do not provide insights into the disease mechanism
of SLE, and whether PBMC VDR deficiency is a causative
factor for SLE development is unclear. More studies are

needed to explore the pathological role of the vitamin D-
VDR signaling in SLE in the future. Moreover, the exact
mechanism of VDR regulation in PBMCs remains not
completely understood. The principle established based
on the cell line data needs to be validated in primary cells,
as cell lines are not exactly the same as primary cells.
Finally, given the difference seen in the suppressive effect
of TNF-α on VDR in THP-1 and Jurkat cells, it is conceiv-
able that the relative contribution of vitamin D induction
and vitamin D blocking of TNF-α suppression to VDR
expression could be different in different PBMC subsets.
This issue also needs further exploration.
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