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Summary

Crohn’s disease (CD) is a chronic inflammatory disease associated with a

dysregulated T cell response towards intestinal microflora. Vitamin D has

immune modulatory effects on T cells through the nuclear vitamin D

receptor (VDR) in vitro. It is unclear how oral vitamin D treatment

affects VDR expression. The aim of this study was to establish a flow

cytometry protocol, including nuclear and cytoplasmic VDR expression,

and to investigate the effects of vitamin D treatment on T cell VDR

expression in CD patients. The flow cytometry protocol for VDR staining

was developed using the human acute monocytic leukaemia cell line

(THP-1). The protocol was evaluated in anti-CD3/CD28-stimulated

peripheral blood mononuclear cells (PBMCs) from vitamin D3- (n = 9)

and placebo-treated (n = 9) CD patients. Anti-VDR-stained PBMCs were

examined by flow cytometry, and their cytokine production was

determined by cytokine bead array. VDR, CYP27B1 and RXRa mRNA

expression levels in CD41 T cells were measured by quantitative reverse

transcriptase polymerase chain reaction. The flow cytometry protocol

enabled detection of cytoplasmic and nuclear VDR expression. The results

were confirmed by confocal microscopy and supported by correlation

with VDR mRNA expression. VDR expression in CD41 T cells increased

following stimulation. This VDR up-regulation was inhibited with 30% by

vitamin D treatment compared to placebo in CD patients (P = 0�027).

VDR expression was correlated with in-vitro interferon-g production in

stimulated PBMCs (P = 0�01). Flow cytometry is a useful method with

which to measure intracellular VDR expression. Vitamin D treatment in

CD patients reduces T cell receptor-mediated VDR up-regulation.
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Introduction

Crohn’s disease (CD) is characterized by a transmural

intestinal mucosal inflammation that results from an

inappropriate immune response towards the intestinal

commensal microbiota in a genetically predisposed host

[1]. CD inflammation is dominated by an imbalanced T

helper type 1 (Th1) and Th17 response, resulting in

increased production of tumour necrosis factor (TNF)-a,

interferon (IFN)-g [2], interleukin (IL)-17 and IL-22

[3,4].

Vitamin D deficiency is common in CD [5,6]; it is

associated with a lower quality of life in CD patients [7]

and increases the risk of developing CD [8]. Vitamin D

is produced in the skin and is hydroxylated twice. The

second hydroxylation is mediated by hydroxyvitamin-D3-

1-a-hydroxylase (1a-hydroxylase), which is encoded by

CYP27B1. The active form of vitamin D, 1.25-dihydroxy-

vitamin D3 (1�25-vitD), has a complex signal-transducing

pathway. Together with one of the isoforms of retinoid X

receptor (RXR), 1�25-vitD binds to the nuclear and cyto-

plasmic vitamin D receptor (VDR) [9]. Then, the com-

plex of 1�25-vitD and VDR-RXR translocate to the

nucleus [10], where it binds to vitamin D receptor

response elements (VDREs) [11]. By binding to nuclear

vitamin D-responsive genes, this vitamin D complex has

great immune-modulating potential [12]. This potential
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has been observed in animal models of inflammatory

bowel disease (IBD) and in human studies of CD. In ani-

mal IBD models, vitamin D3 reduces colitis symptoms

[13,14]. In humans, a prospective study showed that

patients with active CD had lower vitamin D levels than

CD patients in remission [12]. In a placebo-controlled

CD trial we demonstrated a reduced relapse rate in vitamin

D3-treated CD patients [15]. This effect may be due to

decreased expression of CD80 in lipopolysaccharide (LPS)-

matured monocyte-derived dendritic cells, together with

decreased production of IL-6 and IL-1b [16] and an

increase in the synthesis of the anti-bacterial peptide cathe-

licidin [17]. In T cells, oral vitamin D treatment increases

the proliferation and IL-6 production ex vivo [18].

Several studies have reported an association between

intestinal inflammation and the expression of vitamin D-

related genes. In mice, dextran sodium sulphate (DSS)-

induced colitis is associated with increased CYP27B1

mRNA but not with VDR mRNA expression in colonic

tissue [19]. DSS colitis in mice was associated with lower

1�25-vitD serum levels. In human in-vitro studies, the

expression of VDR and CYP27B1 mRNA is induced by

1�25-vitD-stimulated T cells [9,20]. Ham et al. showed

that inflammation (active CD) increases CYP27B1 mRNA

expression in T cells compared to CD patients in remis-

sion [12]. Unlike reports from mice studies [19],

patients with active CD exhibited increased VDR mRNA

expression in blood T cells compared with CD in remis-

sion. A positive association between VDR expression and

T cell activation in vitro has been reported [10].

VDR expression has been investigated with polymerase

chain reaction (PCR), immunohistochemistry, flow

cytometry and Western blot analyses. Gene expression

studies may not reflect the actual cellular expression of

VDR, and in the study using flow cytometry it was not

specified whether the applied permeabilization procedure

included the nucleolemma [10]. Considering that VDR

is mainly a nuclear receptor [11], the inclusion of

nuclear VDR expression may be of importance. With

Western blot the relative VDR expression can be meas-

ured in both cytosol and nucleus of fractioned cells

[13,21–23]. However, to detect the VDR expression by

Western blot in different cell subsets, isolation of the spe-

cific cell type of interest from the tissue should be per-

formed. Therefore, this procedure will be extremely time-

consuming compared with a flow cytometry analysis, and

increases the need for necessary cellular material. We

present a flow cytometry protocol that enables the investi-

gation of both cytoplasmic and nuclear VDR expression

developed on the human monocytic human acute mono-

cytic leukaemia (THP1) cell line. THP1 cells express VDR

and have a large nucleus, which is optimal for verifying

nuclear staining for VDR by confocal microscopy [24].

We hypothesized that vitamin D treatment modulates

T cell VDR expression in CD patients. We investigated

this hypothesis by using the newly described flow

cytometry protocol for the measurement of VDR

expression in T cells from vitamin D- and placebo-

treated CD patients.

Materials and methods

Patients

A total of 108 patients were enrolled in a randomized

placebo-controlled clinical study [15]. Each patient was

treated for 1 year with 30 lg vitamin D3 or placebo daily.

All patients received 1200 mg calcium daily. Peripheral

blood mononuclear cells (PBMCs) were isolated by den-

sity gradient separation (Ficoll-Paque, Amersham Bio-

sciences, Uppsala, Sweden) at weeks 0 and 26 and stored

at 2140�C.

In the present study, nine patients receiving vitamin

D3 were selected from the described clinical study, on the

basis of the largest increase in the serum levels of 25-vitD

from baseline to week 26. Nine placebo-treated patients

seasonally matched by inclusion date were included as

controls. Table 1 shows the characteristics of the patients.

No differences in patient characteristics were detected

other than the 25-vitD levels at week 26.

THP1 cell culture

Human monocytic leukaemia THP1 cells (ATCC TIB-

202; LGC Standards, Teddington, UK) (1 3 106/ml) were

cultured in culture medium (RPMI-1640 (25 mM

HEPES, 2 mM i-glutamine), penicillin and streptomycin,

10% heat-inactivated human AB serum and 1% gluta-

mine). The cells were cultured in culture medium

6 1028 M 1�25-vitD3 (Sigma-Aldrich, St Louis, MO,

USA) for 3 days in 24-well plates (TPP, Trasadingen,

Switzerland). On day 2, 100 ng/ml phorbol-12-myristate-

13-acetate (PMA) (Sigma-Aldrich) was added to wells

selected for PMA stimulation, and 200 ll of culture

medium was added to all wells. The cells were harvested

on day 3 and washed twice before resuspension in

phosphate-buffered saline (PBS) (bovine serum albumin

0�5%, natriumazid 0.09%; Aarhus University, Aarhus,

Denmark) to a concentration of 5 3 106/ml.

Confocal microscopy of THP1 cells

THP1 cells (1 3 106/ml) were cultured on acetone-

processed glass cover slips in culture medium

6 1028 M 1�25-vitD3 for 3 days in 24-well plates. Cells

were stained with unconjugated mouse anti-VDR anti-

body (clone D-6; Santa Cruz Biotechnologies Inc., Dallas,

Texas, USA) or matching isotype (Biolegend, San Diego,

CA, USA), followed by staining with a secondary anti-

body, 0.75 lg/ll donkey anti-mouse Alexa Fluor 488 (Life

Technologies, Carlsbad, CA, USA), which was diluted to
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1 : 400. The nucleus was stained with 4’,6-diamidino-2-

phenylindole (DAPI) (Sigma-Aldrich). Confocal micros-

copy was performed within 48 h.

Culture and stimulation of PBMCs

PBMCs were thawed and diluted in RPMI-1640 and

washed twice. Cells (2 3 106/ml) were cultured in

RPMI-10 medium (2 3 106 cells/well) (RPMI-1640,

penicillin and streptomycin, 10% human heat-

inactivated AB serum and 1�5 ml HEPES) and stimu-

lated with 1 lg/ml immobilized anti-CD3 (Orthoclone

OKT3; a kind gift from Cilag AG International, Schaff-

hausen, Switzerland) and 1 lg/ml soluble anti-CD28

(BD Biosciences, San Diego, CA, USA) for 3 days. On

day 3, the PBMCs were harvested, washed twice and sus-

pended in PBS (5 3 106/ml).

Cytokines

After 3 days of culture with or without anti-CD3/anti-

CD28 stimulation (described above), the supernatants

were harvested and frozen at 220�C. The supernatants

were thawed for the measurement of cytokine concentra-

tion (IL-2, IL-4, IL-6, IL-10, IL-17A, TNF-a and IFN-g)

using cytometric bead array (BD Biosciences). The detec-

tion limits were 10 pg/ml for all cytokines.

VDR antibody conjugation

The anti-VDR antibody (clone D-6; Santa Cruz Biotech-

nologies, Inc.) was conjugated with a phycoerythrin (PE)

lighting link according to the manufacturer’s description

(Innova Biosciences, Cambridge, UK) and suspended to a

final concentration of 0�4 lg/ll, confirmed with a Nano-

Drop Spectrophotometer (Thermo Scientific, Wilming-

ton, DE, USA).

Nuclear and cytoplasmic VDR staining

One hundred ll PBMC suspension was added each tube and

stained with 2�5 ll of anti-CD4 antibody fluorescein isothio-

cyanate (FITC) (BD Bioscience), 2�5 ll of anti-CD8 antibody

allophycocyanin (APC) (BD Bioscience) and 2 ll of live-dead

antibody (Life Technologies, Carlsbad, CA, USA) and incu-

bated for 20 min in the dark at room temperature (RT). The

THP1 cells were stained only with 2 ll of live-dead antibody.

Then, 2 ml of PBS was added and the cells were washed. The

cells were resuspended by vortexing in 100 ll of 4% freshly

prepared formaldehyde solution (37% formaldehyde diluted

in PBS) (J. T. Baker, Deventer, Holland) and incubated for

20 min in the dark at RT. Thereafter, the cells were washed

twice in 2 ml of PBS and resuspended in 100 ll of cold, freshly

prepared staining buffer [5% inactivated human AB serum,

0.5% Triton X (Sigma-Aldrich) and PBS] and incubated for

30 min in the dark at 4�C. Anti-VDR PE antibody (0�8 lg) or

phycoerythrin (PE) isotype (0�8 lg) (clone eBM2a; eBio-

science) were added, and the cells were incubated for 30 min

in the dark at 4�C. The cells were then washed twice in cold

stain buffer before resuspension in 250 ll of stain buffer. Flow

cytometry analysis was performed within 2 h. The VDR-

positive gate was set on the basis of the isotype PE control in

each experiment. VDR expression is given as the number of

positive VDR-stained cells in percentage, and the VDR

median fluorescence index (MFI) was measured for VDR-

positive cells. The delta-VDR MFI was also calculated (delta-

VDR MFI = MFI anti-CD3CD28 stimulated cells minus MFI

non-stimulated cells).

Separation of CD41 T cells for PCR

CD41 T cells (> 95% purity) were isolated from the

PBMCs by magnetic bead separation using autoMACS

Table 1. Patient characteristics

Vitamin D3 Placebo

Week 0 Week 26 Week 0 Week 26

Numbers of patients 9 9 9 9

Female patients, n 6 – 6 –

Age (years), median (range) 36 (28–65) – 42 (23 – 66) –

Enrolled during the winter*, n 8 – 8 –

Relapse during 26 weeks† – 0 – 1

Azathioprine users, n 6 – 3 –

Biologicals prior to inclusion, n‡ 1 – 1 –

25-vitD levels nmol/l, median (range) 36 (16–66) 111 (62–154) 66 (22–105) 45 (27–97)

HBI, median (range) 2 (1–4) 2 (1–4) 2 (1–7) 1 (0–6)

CDAI, median (range) 35 (8–111) 33§ (23–53) 22 (0–187) 27 (0–273)

CRP nmol/l, median (range) 61 (6–247) 17 (6–166) 20 (12–276) 18 (0–83)

*Winter enrolment corresponded to enrolment between 1 November and 30 April.

†Relapse was defined as an increase in the Crohn’s disease activity index (CDAI) of > 70 and a total CDAI score > 150.

‡Infliximab or natalizumab. None of the patients were treated with biologicals during the intervention.

§n = 8. 25-vitD = 25-hydroxyvitamin D3; CRP = C-reactive protein; HBI = Harvey–Bradshaw Index. No differences were observed between

the two groups except increased 25-vitD in the vitamin D group within 26 weeks of treatment, which was expected.

Flow cytometry detection of VDR in Crohn’s disease
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(Miltenyi Biotec, Bergisch Gladbach, Germany). The

PBMCs (4–13 3 106 cells) were thawed and diluted in

RPMI (25 mM HEPES and 2 mM L-glutamine) and

washed twice with RPMI. The cells were resuspended

according to the manufacturer’s instructions and labelled

with CD41 MicroBeads (Miltenyi Biotec). The autoMACS

separation program ‘possel’ was chosen. The CD41 cell

suspensions were washed twice, and the supernatants

were completely aspirated with a pipette. The cell pellet

was resuspended immediately in 350 ll of RLT RNeasy

Plus lysis buffer (Qiagen, Copenhagen, Denmark) supple-

mented with 3�5 ll of 2-mercaptoethanol (14�3 M, Sigma

Aldrich, Brøndby, Denmark) and vortexed for 1 min. The

cell suspensions were stored on ice for a maximum of

20 min before RNA and DNA isolation.

Isolation of RNA for PCR

RNA was extracted using the Qiagen Allprep DNA/RNA mini

kit (Qiagen) from the CD41 T cell suspensions according to

the manufacturer’s instructions and quantified by measuring

the absorbance at 260 nm with a NanoDrop ND-8000 8-sam-

ple spectrophotometer (Thermo Scientific, Wilmington, DE,

USA). The 260/280 nm ratio was used to determine the purity

of the samples and was found to be 1�8 or higher. The RNA

concentration was too low to generate reverse transcription–

PCR (RT–PCR) products for the one week 0 sample and the

one week 26 sample; these samples were from two different

patients, both in the vitamin D group.

Gene expression using RT–PCR

The cDNA was generated from the stored RNA using the

iScriptTM cDNA Synthesis Kit (Bio-Rad, Hercules, CA,

USA), according to the manufacturer’s protocol. Prede-

signed gene-specific primers and TaqMan MGB probe

sets were obtained from Applied Biosystems (Life Tech-

nologies). Real-time PCR was performed in triplicate in

reaction mixtures consisting of 1 ml of 380 ng/20 ll of

cDNA, 0�5 ml of 203 assay mix, 5 ml of TaqMan
VR

Fast

Universal PCR MasterMix (both Applied Biosystems, Fos-

ter City, CA, USA) and 3�5 ml of ddH2O (Milli-Q H2O).

The thermocycling was performed using a 7500 fast real-

time PCR system (Applied Biosystems) using the follow-

ing protocol: 95�C for 20 s, followed by 40 cycles of 95�C

for 3 s and 60�C for 30 s. Probes were tested and house-

keeping genes selected as described previously [25]. The

housekeeping genes (HKGs) expressed most consistently

during the vitamin D3 treatment were identified using

the geNorm Excel sheet developed by Vandesompele et al.

[26]; glyceraldehyde 3-phosphate dehydrogenase

(GAPDH), beta glucuronidase (GUSB) and phosphogly-

cerate kinase (PGK-1) were the three most consistently

expressed HKGs in our analyses. The analysis of the varia-

tion between the normalization factors calculated using

two and three HKGs (V2/3) was 0�07.

The expression levels of the target genes were normal-

ized to the levels of three HKGs. The calculations were

performed using 7500 software version 2�0 �1 (Applied

Biosystems).

Statistical analysis

The median and total range gives the descriptive statistics

for the patient characteristics. We used the non-

parametric Wilcoxon rank sum test to compare unpaired

data and the non-parametric Wilcoxon signed rank test

with paired data. An association between two variables

was estimated using the Spearman’s rank correlation coef-

ficient (Spearman’s rho).

The RT–PCR results of gene expression are presented

in relative quantification (RQ) values and median RQ. A

P-value below 0�05 was considered statistically significant.

All the statistical analyses and graphs were completed

using GraphPad Prism version 6 (GraphPad Software

Inc., La Jolla, CA, USA).

Ethics

The clinical study (which provided patient samples to the

present study) and additional studies based on the col-

lected patient samples were approved by the National

Committee on Health Research Ethics (j. no. 2004/0149)

and the Danish Medicines Agency (EudraCT no. 2005/

001216/50) and were registered at ClinicalTrial.gov (NCT

0013 2184). In the randomized clinical trial that the

patients signed and approved, the blood samples were

stored for further studies on the effects of vitamin D in

CD. The clinical trial conformed to the Helsinki Declara-

tion and to Danish legislation. Patients gave informed

consent to participate in the study [15].

Results

Establishing and validating a flow cytometry protocol
for nuclear and intracellular VDR expression

We developed and validated a flow cytometry protocol

for cytoplasmic and nuclear VDR expression using the

cell line THP1. Flow cytometry analysis revealed that

approximately 30% of non-stimulated THP1 cells express

VDR compared to isotype control. To verify the proto-

col’s sensitivity to in-vitro changes in cellular VDR activa-

tion, THP1 cells were stimulated with 1�25-vitD, which

doubled the VDR expression (data not shown). To show

that the protocol included both nuclear and cytoplasmic

VDR expression, we performed a confocal microscopic

evaluation of THP1 cells labelled with anti-VDR antibody

(Fig. 1). Confocal microscopy demonstrated that VDR

staining was associated with both the nucleus and the

cytoplasm of the THP1 cells. There was no staining with

the isotype control. Confocal microscopy verified that

M. Bendix et al.
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1�25-vitD stimulated THP1 cells had an increased VDR

expression compared to non-stimulated cells. 1.25-vitD

stimulation resulted in a minor translocation of VDR

into the nucleus compared to no stimulation.

Verifying the VDR flow protocol in PBMCs

We used the VDR staining protocol in PBMCs from CD

patients. To substantiate the specificity of the flow proto-

col to VDR on PBMCs, we correlated the VDR mRNA

expression in magnetically separated CD41 T cells with

the percentage of CD41VDR1 T cells. Flow VDR expres-

sion was correlated with mRNA VDR expression in CD41

T cells (Fig. 2a). To substantiate the specificity of the

mRNA VDR quantification we examined the mRNA

expression of RXRa, which heterodimerizes with VDR. As

expected, RXRa was correlated with mRNA VDR (Fig. 2b)

and with the percentage of CD41VDR1 T cells measured

Fig. 1. Confocal microscopy of vitamin D receptor response (VDR) expression in human acute monocytic leukaemia cell line (THP1) cells. (a1

and a2) Confocal microscopy photos of non-stimulated THP1 cells labelled with VDR antibody and nuclear 4’,6-diamidino-2-phenylindole

(DAPI). VDR is present in some THP1 cells both in the nucleus and cytosol with different intensity. (b) Confocal microscopy photo of 25-

hydroxyvitamin D3 (1�25-vitD)-stimulated THP1 cells labelled with isotype and nuclear DAPI. (c) Confocal microscopy photograph of 1�25-

vitD-stimulated THP1 cells labelled with VDR antibody and nuclear DAPI. 1�25-vitD increases the VDR expression and induces a minor shift of

VDR towards the nucleus compared to non-stimulated cells. Blue colour = nuclear DAPI; green colour = VDR.

Flow cytometry detection of VDR in Crohn’s disease
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by flow cytometry (Spearman’s rho = 0�78, P = 0�0004)

(Fig. 2c).

T cell receptor activation increases VDR expression in
T cells

The sensitivity of the VDR flow cytometry protocol was

determined by detecting changes in VDR expression in T

cells following T cell receptor (TCR) stimulation. TCR

activation increased VDR expression in both CD41 and

CD81 T cells by four- to fivefold compared to unstimu-

lated T cells (for both CD41 and CD81 T cells,

P< 0�0001; Fig. 3a,b). Flow cytometry VDR expression in

stimulated lymphocytes was also associated with an

increased in-vitro production of the proinflammatory

cytokine IFN-g (Spearman’s rho 0�58, P = 0�01; Fig. 3c).

VDR expression may be influenced by in-vivo inflamma-

tion in CD. This finding was supported by a trend

towards an association between faecal calprotectin and

mRNA VDR expression in CD41 T cells at baseline

(P = 0�055, n = 13; Fig. 3d).

Oral vitamin D treatment is associated with lower
VDR up-regulation following in-vitro T cell receptor
activation

Flow cytometry revealed that vitamin D treatment did

not influence the flow cytometry VDR expression in non-

stimulated T cells or the cytokine secretion in PBMC

supernatants (data not shown). However, 26 weeks of

vitamin D treatment reduced CD41 T cell VDR up-

regulation by 30% in response to TCR stimulation com-

pared to the placebo (P = 0�027, Fig. 4a,b). Vitamin D-

treated patients exhibited a higher TCR-induced up-regu-

lation of VDR than the placebo-treated patients at base-

line. The baseline CD41VDR1 delta expression was

independent of the gender (data not shown). There was

no statistically significant effect of vitamin D on CD81 T

cell VDR up-regulation following TCR stimulation (data

not shown). We examined whether these effects were due

to a decreased ability to synthesize mRNA VDR and

CYP27B1 after 26 weeks of vitamin D treatment. Neither

vitamin D nor placebo treatment changed the mRNA

VDR and CYP27B1 expression in separated CD41 T cells

(data not shown).

Discussion

In the present study, we used a flow cytometry protocol

to determine cytoplasmic and nuclear VDR expression

and to investigate the effects of vitamin D treatment on T

cell VDR expression in CD. Vitamin D treatment

decreased the activation-induced VDR up-regulation in

CD41 T cells by 30% compared to placebo.

Studies of VDR expression have been limited previ-

ously to gene expression analyses, immunohistochemistry,

Fig. 2. Correlations between flow cytometry and mRNA levels. (a)

Baseline association between the percentage of flow cytometry CD41

vitamin D receptor response (VDR)1 T cells and mRNA VDR

expression in CD41 T cells, including both the vitamin D and

placebo group (n = 17; data are missing from one vitamin D-treated

patient). VDR mRNA is measured as relative quantification (RQ).

Cells for VDR expression measurement [flow cytometry and

polymerase chain reaction (PCR)] were unstimulated.

VitD = vitamin D-treated patients; placebo = placebo-treated

patients. (b) Baseline correlation between mRNA RXRa RQ and

mRNA VDR RQ in unstimulated CD41 T cells at baseline (n = 17;

data are missing from one vitD-treated patient). RXRa = retinoid X

receptor alpha; VDR = vitamin D receptor. (c) Correlation between

the percentage of CD41VDR1 T cells and mRNA RXRa RQ in non-

stimulated CD41 T cells at baseline (n = 17; data are missing from

one vitD-treated patient.

M. Bendix et al.
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Western blot and flow cytometry investigation. Gene

expression may not reflect cellular and functional VDR

protein expression. The relative VDR expression in cyto-

sol and nucleus can be measured by Western blot in sepa-

rated fractionated cells. However, we aimed to develop a

method to detect VDR expression in small amounts of

patient material and in different cell subsets. Several stud-

ies have reported intracellular VDR protein expression

using different VDR antibodies [10,27–29]. These VDR

antibodies may be associated with significant non-specific

staining. Wang et al. reported that the VDR antibody

clone D-6 from Santa Cruz Biotechnologies was the only

specific VDR antibody in a test panel of nine VDR anti-

bodies [21]. We therefore chose to use that VDR D-6

antibody in the present study. Joseph et al. performed an

intracellular flow cytometry protocol for VDR staining,

using the VDR D-6 antibody from Santa Cruz Biotech-

nologies and validated the results with Western blot [10].

Fluorescence activated cell sorter (FACS) Lysing/Perm II

Solution from BD was used for permeabilization. How-

ever, Joseph et al. have not described whether the perme-

abilizaton procedure also included the nucleolemma. We

used Triton X for permeabilization because of the ability

to permeabilize both the cell membrane and nucleo-

lemma [30,31]. We validated the ability of the flow pro-

tocol to stain for both cytoplasmic and nuclear VDR

expression with confocal microscopy of THP-1 cells. We

observed a minor but definite vitamin D-dependent shift

of VDR towards the nucleus, as described earlier

[13].The sensitivity of the flow protocol in PBMCs was

indicated strongly by the correlation between percentages

of CD41VDR1 T cells and the mRNA VDR levels in

Fig. 3. T cell receptor (TCR) stimulation increases vitamin D receptor response (VDR) expression. (a) The percentage of CD41VDR1 T cells

measured by flow cytometry is induced by T cell receptor activation with anti-CD3 and anti-CD28 stimulation. (a) Comprises vitamin D- and

placebo-treated patients at baseline; n = 18. Stimulated = anti-CD3 and anti-CD28 stimulation. (b) The percentage of CD81VDR1 T cells (flow

cytometry) is also induced by T cell receptor activation. (b) Comprises vitamin D- and placebo-treated patients at baseline; n = 18.

Stimulated = anti-CD3 and anti-CD28 stimulation. (c) Interferon gamma production in supernatant from TCR stimulated peripheral blood

mononuclear cells (PBMCs) correlated with the median fluorescence index of VDR in lymphocytes at baseline; n = 18 comprising both the

vitamin- and placebo-treated CD patients. (d) When combining the vitamin D and placebo group at baseline, VDR mRNA expression in

unstimulated CD41 T cells tended to correlate with faecal calprotectin; n = 13 mRNA data were missing from one vitamin D patient and faecal

calprotectin data was missing from one vitamin D patient and three placebo-treated patients. RQ = relative quantification.

Flow cytometry detection of VDR in Crohn’s disease
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magnetically separated CD41 T cells. To minimize the

effects of non-specific staining, we used an isotype con-

trol and 4% formaldehyde fixation.

TCR activation induced VDR expression in CD41 and

CD81 T cells in accordance with observations in previous

studies [13,32,33]. At baseline, the patients who received

vitamin D demonstrated a higher VDR up-regulation fol-

lowing TCR stimulation than the placebo-treated patients.

This may reflect a selection bias. The vitamin D group

was selected on the basis of the largest increase in 25-

vitD and patients with a low baseline 25-vitD are more

likely to have a large increase in 25-vitD compared to

patients with a normal baseline 25-vitD. Twenty-six weeks

of vitamin D treatment reduced the ability of TCR-

stimulated CD41 T cells to up-regulate VDR by 30%

compared with placebo. This finding is in contrast to pre-

vious in-vitro studies, demonstrating that vitamin D stim-

ulation induced VDR expression in CD4 T cells [13,34].

Fig. 4. Vitamin D receptor response (VDR) expression is influenced by vitamin D treatment. (a) Delta median fluorescence index (MFI) VDR

(anti-CD3- and anti-CD28-stimulated MFI VDR–non-stimulated MFI VDR) expression at baseline and after 26 weeks of vitamin D or placebo

treatment in CD41 T cells. Vitamin D treatment decreases the ability to up-regulate VDR in CD41 T cells compared to placebo. Delta VDR

values at baseline are higher in vitamin D-treated patients compared to the placebo group. (b) The gating strategy of a representative patient

after 26 weeks of vitamin D treatment, 6 anti-CD3 and anti-CD28 stimulation. The histograms shown in red represent isotype controls; the

histograms shown in blue represent CD41VDR1 cells.
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Long-term vitamin D supplementation might modulate

the inflammatory response in T cells, resulting in less

responsive T cells and thereby a secondary decrease in

VDR up-regulation. This tolerant response is in good

agreement with the anti-inflammatory effects of vitamin

D reported from clinical settings, where vitamin D

reduces the relapse rate of CD [15].

VDR expression in non-stimulated T cells was not

influenced by vitamin D treatment when measured by

flow cytometry or by mRNA levels. VDR was present in

non-stimulated T cells, both measured by flow and

mRNA, but at very low levels. There have been conflicting

results regarding the expression of VDR in non-

stimulated CD41 T cells. Some studies have reported

VDR expression in non-stimulated T cells [20,35],

whereas other studies have reported no VDR expression

[13,32]. Our results support the low expression of VDR

in unstimulated CD41 T cells. However, our study shows

that the primarily modulatory effect on CD41 T cells

from oral vitamin D treatment occurs through decreased

up-regulation of VDR following T cell activation.

VDR expression in CD might be influenced by inflam-

mation, as suggested by the association between IFN-g lev-

els in cell culture supernatants and VDR expression in

PBMCs. Furthermore, VDR expression tended to be corre-

lated with faecal calprotectin levels, a sensitive marker for

mucosal inflammation in CD [36]. These results are in

agreement with other studies reporting a negative correla-

tion between 25-vitD levels and inflammation [37,38].

Conclusion

Flow cytometry is a valid and reliable method to examine

the nuclear and cytoplasmic expression of VDR in differ-

ent cell subsets. The method is sensitive and can be used

to detect the influence of vitamin D treatment on the

VDR expression of T cells. Long-term vitamin D treat-

ment of CD patients reduces activation-induced VDR up-

regulation in CD41 T cells.
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