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SIGNIFICANCE
Vitamin D synthesis is induced by ultraviolet B irradiation 
of the skin and may have a beneficial effect on the immune 
system in patients with atopic dermatitis. We measured 
changes in vitamin D levels and immunological markers 
in patients with atopic dermatitis receiving ultraviolet B 
photo therapy. Following ultraviolet B phototherapy, vita-
min D levels were increased, as expected, but no changes 
were found in the immune system. Furthermore, ultraviolet 
B phototherapy induced equal increases in the vitamin D 
levels in patients with atopic dermatitis with and without a 
mutation that causes a defective skin barrier.

This study investigated serum 25-hydroxyvitamin D 
(25(OH)D) concentrations and circulating regulato-
ry T cells in patients with atopic dermatitis receiving 
narrow-band ultraviolet B (nbUVB) phototherapy. 
Thirty adult patients with atopic dermatitis were inclu-
ded. Blood samples were collected at baseline and at 
weeks 2 and 4 of nbUVB phototherapy. Skin biopsies 
were taken at baseline and at week 4. Serum 25(OH)
D concentrations increased significantly following 
nbUVB phototherapy (estimate of change from base-
line to week 2: 32.00 nmol/l, confidence interval (CI) 
20.48–43.52, p < 0.0001, n = 25; and from baseline to 
week 4: 50.30 nmol/l, CI 37.28–63.33, p < 0.0001, 
n = 18). This increase was independent of the filaggrin 
gene loss-of-function mutation status. Flow cytometry 
showed no significant change in regulatory T cells or 
cytokine profiles of T cells in blood. Real-time quanti-
tative PCR showed no change in skin cytokine levels. 
In conclusion, nbUVB phototherapy was associated 
with increased serum 25(OH)D concentrations, but 
not changes in circulating regulatory T cells in patients 
with atopic dermatitis. 

Key words: nbUVB phototherapy; atopic dermatitis; 25-hydroxy-
vitamin D; regulatory T cells, filaggrin.
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Narrow-band ultraviolet B (nbUVB) phototherapy is 
an established treatment for atopic dermatitis (AD) 

(1). AD is a complex trait characterized by a dysfunctio-
nal skin barrier and a pathological immune polarization. 
Although different endotypes may exist, AD is characte-
rized by a strong activation of TH2 immune responses in 
lesional and non-lesional skin, with some contribution 
from the TH22, TH17/IL-23, and TH1 cytokine pathways 
(2). Regulatory T cells are pivotal for maintenance of 
self-tolerance and probably also for the regulation of 
unwanted immune activation, such as in atopy (3). How-
ever, the role of regulatory T cells in the pathogenesis 
of AD is not fully understood. Several studies have 
suggested that patients with AD have increased levels 
of circulating regulatory T cells compared with healthy 
controls, although the data are conflicting (4–8). Vitamin 
D is central for immune function (9). Notably, vitamin 

D levels may be associated with the risk and severity of 
AD, and a few small studies have shown that vitamin D 
supplementation may reduce the clinical severity of AD 
(10). A recent study has investigated circulating regula-
tory T cells and serum 25-hydroxyvitamin D (25(OH)D) 
concentration in a group of patients with different in-
flammatory skin diseases who were undergoing nbUVB 
phototherapy (11). The authors showed that the numbers 
of regulatory T cells increased mainly in the first 14 days 
of nbUVB phototherapy, and that there was a correlation 
between this increase and an increase in serum 25(OH)D 
concentration.

Loss-of-function mutations in the filaggrin gene, FLG, 
result in a complete or partial lack of monomeric filag-
grin in the epidermis, and are a strong risk factor for AD 
(12). Filaggrin is metabolized to amino acids and their 
derivatives, which constitute a major part of the natural 
moisturizing factors in the upper layers of the stratum 
corneum. One important metabolite is trans-urocanic 
acid (trans-UCA), a key UVB photon-absorbing chro-
mophore of the epidermis (13). In vitro and animal stu-
dies have suggested that decreased levels of trans-UCA 
result in increased keratinocyte UVB photosensitivity 
(14–18). A meta-analysis of cross-sectional studies has 
shown that subjects with FLG loss-of-function mutations 
have a 10% higher concentration of serum 25(OH)D 
concentration than wild-type (WT) subjects (19). Based 
on these observations, one may hypothesize that FLG 
loss-of-function mutations cause increased epidermal 
penetration of UVB photons and thereby increased 
25(OH)D synthesis. This study investigated changes in 
serum 25(OH)D concentration and circulating regulatory 
T cells in the early stage of nbUVB phototherapy in a 
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group of patients with AD. The study also examined 
changes in the cytokine profiles of circulating T cells 
and cytokine levels in the skin. Furthermore, the study 
examined differences between patients with AD who 
had or did not have FLG loss-of-function mutations, in 
nbUVB-induced changes in serum 25(OH)D concentra-
tion and in circulating regulatory T cells. 

METHODS 

Patients

The study was approved by the local ethics committee of the 
Capital Region of Denmark (no. H-4-2014-037) and the Danish 
Data Protection Agency. Written informed consent was obtained 
from all patients before inclusion, and the study was performed 
according to the Declaration of Helsinki. Enrolled patients had 
been diagnosed with AD, were of Northern European descent, 
and were 18 years old or more. All patients were planned to start 
nbUVB phototherapy as part of their treatment for AD. Recruit-
ment was accomplished from dermatological outpatient clinics 
and dermatological practitioner clinics in the Capital Region of 
Denmark between February and April 2015 and between Sep-
tember and April in the period 2015 to 2017. The season of the 
study was chosen to minimize UVB-induced 25(OH)D synthesis 
by exposure to sunlight. The nbUVB phototherapy was given 
as whole-body exposure, starting at 0.05 J/cm2 to 0.41 J/cm2 
depending on skin type and gradually increasing by 0.05–0.2 J/
cm2 per treatment. NbUVB phototherapy was scheduled 3 times 
a week. If patients had attended fewer than 3 nbUVB treatments 
between study visits, they were excluded from the rest of the study. 
For information on machines and light sources, see Table SI1. 
The patients were instructed not to take vitamin D supplements 
during the study period and were allowed to use topical therapy 
(steroids and calcineurin inhibitors) on minor skin areas if neces-
sary. All patients started treatment immediately after control by 
a dermatologist due to eczema activity or flare up. The age, body 
mass index (BMI), and sex of the patients were recorded (Table 
I). Cumulative doses were also recorded (Table I).

Study design

The study comprised 3 visits: within hours before the first ses-
sion of nbUVB phototherapy (baseline), after 2 weeks of nbUVB 
phototherapy (week 2), and after 4 weeks of nbUVB phototh-
erapy (week 4). Blood samples were obtained at all study visits. 
At baseline, total IgE and the presence of the 3 most common 
FLG mutations in Europe were determined. At all study visits, 
blood was analysed for serum 25(OH)D concentration and was 
directly analysed for regulatory T cells and intracellular cytokine 
expression by flow cytometry, as described below. In patients who 
agreed to the taking of biopsies, skin biopsies (4 mm in diameter) 
were taken under local anaesthesia from lesional skin at baseline, 
and at approximately the same location at week 4 of nbUVB 
photo therapy. All biopsies were used for real-time quantitative 
polymerase chain reaction (RT qPCR) analysis. 

25(OH)D, IgE, and FLG loss-of-function mutations

Serum 25(OH)D concentration was determined as the sum of the 
concentrations of 25-hydroxyvitamin D2 and 25-hydroxyvitamin 
D3 determined with a competing antibody immunoassay system 

(Advia Centaur; Siemens, New York, NY, USA). Plasma IgE 
concentration was determined with a sandwich immunoassay 
system (Advia Centaur; Siemens). FLG loss-of-function muta-
tions (R501X, 2282del4, and R2447X) were determined by PCR 
technique (20). All analyses were performed at the Department of 
Clinical Biochemistry, Herlev and Gentofte Hospital, Hellerup, 
Denmark.

Flow cytometry

Peripheral blood mononuclear cells (PBMCs) were isolated by 
density gradient centrifugation (Lymphoprep; Fresenius Kabi, 
Oslo, Norway). Cells were counted and used for two separate in-
tracellular staining procedures: FoxP3 and intracellular cytokines.

FoxP3

Cells (2×107/ml) were plated and immediately stained with the 
following antibodies from BD Biosciences (San Jose, CA, USA): 
anti-CD3-FITC (561806), anti-CD4-AF700 (557922), anti-CD25-
PE-Cy7 (557741), anti-CD45RA-BV711 (563733), and anti-
CD45RO-BV786 (56429). Brilliant Stain Buffer (563794; BD 
Biosciences) was added to the antibody cocktail. Then the cells 
were fixed and permeabilized with the Transcription Factor Buffer 
Set (562574; BD Biosciences) according to the manufacturer’s pro-
tocol. Finally, they were stained with anti-FoxP3-AF647 (560045). 

Intracellular cytokines

Cells (107/ml) were plated and incubated at 37°C in an atmosphere 
of 5% CO2 for 5 h in RPMI-1640 (Sigma-Aldrich, Steinheim, Ger-
many) with penicillin-streptomycin (Sigma-Aldrich), L-glutamine 
(Sigma-Aldrich), and foetal bovine serum (Sigma-Aldrich) in the 
presence of 50 ng/ml phorbol 12-myrisate 13-acetate (Sigma-
Aldrich), 250 ng/ml ionomycin (Sigma-Aldrich), and 2 μg/ml 
monensin (Sigma-Aldrich). Thereafter, the cells were immedia-
tely stained with the following antibodies from BD Biosciences: 
anti-CD3-BV650 (563852), anti-CD4-AF700 (557922), and anti-
CD8-APC-H7 (560179). Next, they were fixed and permeabilized 
according to the manufacturer’s protocol (Permeabilization Buffer 
00-8333-56, Fixation/Permeabilization Diluent 00-5223-56, and 
Fixation/Permeabilization Concentrate 00-5123-43; eBioscience, 
San Diego, CA, USA). Finally, the cells were stained with the 
following antibodies: anti-IL5-PE (554395; BD Biosciences), 
anti-IL10-BV421 (564053; BD Biosciences), anti-IL17-BV510 
(563295; BD Biosciences), anti-IL22-PerCP eFluor (710 46-7229-
42; eBioscience), and anti-interferon (IFN)-γ-BV488 (557718; 
BD Biosciences). Brilliant Stain Buffer was added to the antibody 
cocktail.

RNA purification and real-time qualitative PCR 

Skin biopsies were frozen immediately in liquid nitrogen and 
stored at −80°C until RNA purification. RNA extraction, cDNA 
synthesis, and RT qPCR analysis were performed by AROS App-

Table I. Demographics and baseline data

 FLG+/+ FLG+/–

Total number of subjects, n 21 9
Men, n (%) 13 (62) 5 (56)
Age, years, median (range) 26 (19–47) 26 (19–56)
IgE >150 × 103 IU/, % 35 63
BMI, kg/m2, mean ± SD 24.5 ± 3.70 23.4 ± 3.07
25(OH)D, nmol/l, mean ± SD 87.4 ± 31.32 79.9 ± 16.36
Cumulative UV dose, J/cm2, mean ± SD 4.1 ± 2.2 3.8 ± 2.3

BMI: body mass index; SD: standard deviation; UV: ultraviolet; 25(OH)D: 
25-hydroxyvitamin D.

1https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3050

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3050
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lied Biotechnology A/S, Aarhus, Denmark. Skin biopsies from 
baseline and week 4 of nbUVB phototherapy were used for RNA 
extraction. Total cellular RNA was extracted and purified from 
tissue samples using the automated process on a QIAsymphony 
SP robot using the QIAsymphony RNA kit (QIAGEN, Hilden, 
Germany). cDNA synthesis was undertaken using the High-
Capacity cDNA Reverse Transcription Kit (Applied Biosystems; 
ThermoFisher Scientific, Waltham, MA, USA) using 100 ng 
RNA. A specific target amplification was performed using a pool 
of the PCR assays IL-4: Hs00174122_m1; IL-5: Hs01548712_
g1; IL-10: Hs00961622_m1; IL-13: Hs00174379_m1; IL-17: 
Hs00174383_m1; IL-22: Hs01574154_m1; IL-33: Hs04931857_
m1; IFN-γ: Hs00989291_m1; PGK1: Hs00943178_g1; and 
SDHA: Hs00188166_m1 (TaqMan; ThermoFisher Scientific), 
which were also used in the subsequent qPCR. The pre-amplified 
cDNA and the assays were loaded on a 48×48 dynamic array and 
run under standard conditions on the Fluidigm BioMark system ac-
cording to the manufacturer’s protocol. Data were analysed using 
Fluidigm BioMark software version 4.1.3 with linear (derivative) 
baseline correction and the user (detectors) method for Ct threshold 
settings. Mean Ct values were calculated from the raw data along 
with assay standard curve linearity and amplification efficiency.

Statistics 

NbUVB phototherapy-induced changes and interaction between 
nbUVB phototherapy and mutation were tested with a mixed-
effect model and analysis of variance (ANOVA). Paired t-test was 
used to compare baseline values between FLG heterozygous and 
WT patients. RT qPCR data were assessed with paired Wilcoxon 
matched-pairs signed rank test. Statistical significance was as-
sumed at p-values less than 0.05. All analyses were performed 
with RStudio, version 0.99.902 (RStudio Inc., Boston, MA, USA). 

RESULTS

Patient characteristics
A total of 36 patients were screened, and 30 were inclu-
ded in the study. Baseline data for the included patients 
are given in Table I. Three patients dropped out after 
baseline sampling. Two patients were excluded at week 

2, and 6 were excluded at week 4 due to having less than 
3 nbUVB treatments between study visits (Fig. S11). Of 
the patients who entered the study, 9 were heterozygous 
for FLG mutation. None of the patients were homozygous 
or compound-heterozygous for FLG mutation. Total IgE 
was elevated (>150×103 IU/l) in 56% of FLG heterozy-
gous patients and in 32% of WT patients. 

Serum 25(OH)D concentrations increased after nbUVB 
phototherapy in FLG heterozygous patients and WT 
patients, but the proportion of regulatory T cells was 
unchanged
At baseline, the overall mean ± SD 25(OH)D serum 
concentration was 85.13 ± 27.62 nmol/l (n = 30). There 
was no significant difference between FLG heterozygous 
patients and WT patients (p = 0.51, nWT=21, nheterozygous=9) 
(Table I). 25(OH)D concentration above 50 nmol/l was 
defined as sufficient. Only 3 patients had a 25(OH)D 
concentration below 50 nmol/l at baseline. NbUVB 
phototherapy led to a significant increase in 25(OH)
D concentration at both study visits compared with ba-
seline (pWeek 2 < 0.0001, n = 25; pWeek 4 < 0.0001; n = 18). 
The mean ± SD increase in 25(OH)D concentration 
between baseline and week 2 was 31.20 ± 26.48 nmol/l 
and the mean increase between week 2 and week 4 was 
20.00 ± 27.97 nmol/l (Fig. 1). No significant effect of 
FLG mutations on increase in 25(OH)D concentration 
was found (Table II). Regulatory T cells were measured 
as the percentage of CD25+FoxP3+ cells in CD4+ cells 
(Fig. 1). The baseline proportion of regulatory T cells 
was not significantly different between FLG heterozy-
gous patients and WT patients (meanWT ± SD = 5.28% of 
CD4+ ± 2.38, meanheterozygous ± SD=5.87% of CD4+ ± 3.53; 
p = 0.63, nWT=18, nheterozygous=8). Overall, there was no 
change in the proportion of regulatory T cells at week 

Fig. 1. Serum 25(OH)D concentration is increased 
by ultraviolet B (UVB) phototherapy, but circulating 
regulatory T cell proportion is not. 25-hydroxyvitamin D 
concentration was measured in blood by a competing antibody 
immunoassay system, while regulatory T cells were evaluated 
by flow cytometry of fresh blood samples. FLG+/+: FLG wild-
type subjects; FLG+/–: FLG heterozygous subjects; 25(OH)D: 
25-hydroxyvitamin D; % CD25+FoxP3+: % CD25+FoxP3+ cells in 
CD4+ cells. Open squares represent mean values. (A) and (B): 
serum 25(OH)D concentration; (C) and (D): % CD25+FoxP3+ 
of CD4+ T cells.

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3050
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2 (p = 0.11, n = 24) or at week 4 (p = 0.97, n = 18) and 
we found no significant effect of FLG mutation on the 
proportion of circulating regulatory T cells following 
nbUVB phototherapy using mixed-effect model analysis 
(pWeek 2= 0.10, n = 24; pWeek4= 0.88, n = 18).

Neither the phenotype of the CD4+ T cells in the blood 
nor cytokine expression in the skin changed significantly 
during nbUVB phototherapy 
Intracellular cytokine profiles of circulating CD4+ cells 
from PBMCs were evaluated with flow cytometry at 
baseline, at week 2, and at week 4 following nbUVB 
phototherapy. No overall change was found in the 
proportions of CD4+IL-5+ cells, CD4+IL-10+ cells, 
CD4+IFN-γ+ cells, CD4+IL-17+ cells, or CD4+IL-22+ cells 
during nbUVB phototherapy (Table II and Fig. 2), but 
CD4+IL-22+ cells were borderline significantly increased 
(p = 0.05). Furthermore, there was no significant effect 
of FLG mutation status on the phenotype of CD4+ T 
cells as determined by intracellular cytokine expres-
sion. The proportions of CD45RA+ cells and CD45RO+ 
cells in circulating CD4+ cells from PBMCs were not 
significantly changed during nbUVB phototherapy (Ta-
ble II), and no significant effect of FLG mutation status 
on the number of CD45RA+ cells and CD45RO+ cells 
was found. Skin biopsies from baseline and at week 4 
of nbUVB phototherapy were analysed with RT qPCR 
for selected cytokine mRNA. This showed no change in 
IL-10, IL-13, IL-22, IL-33, or IFN-γ mRNA following 
nbUVB phototherapy (Table SII1) (n = 6 or n = 5). This 

part of the study included too few patients to make 
comparisons between patients with and without FLG 
loss-of-function mutations. IL-4, IL-5, and IL-17 mRNA 
were detected in only a few biopsies.

DISCUSSION

Adult patients with AD showed an increase in serum 
25(OH)D concentration during nbUVB phototherapy. 
FLG loss-of-function mutations had no significant effect 
on this increase. No increase in circulating regulatory T 
cell levels was detected during nbUVB phototherapy in 
patients with AD. 

The finding of a significant increase in serum 25(OH)
D concentration during nbUVB phototherapy is in line 
with previous studies that have investigated AD patients 
alone or a group of patients with various skin disorders 
(11, 21–26). The lack of effect of FLG loss-of-function 
mutations on this increase contrasts with epidemiolo-
gical and experimental studies that have indicated that 
decreased filaggrin levels in the skin cause higher nbUVB 
penetration (14–19). In keeping with a possible greater 
nbUVB penetration caused by filaggrin deficiency, a 
recent study investigating patients with irritant contact 
dermatitis of the hands found that the increase in serum 
25(OH)D concentration after nbUVB irradiation was 
inversely correlated with the baseline levels of trans-UCA 
in epidermal interstitial fluid (27). However, neither ba-
seline levels of trans-UCA nor FLG mutation status had 
an effect on UVB-induced changes in cytokines in epi-
dermal interstitial fluid (27). In agreement with our study, 

Table II. Summary of mixed-effect model analysis

Study 
visit

Number of  
participants (n)

Estimate of 
intercepta

Estimate of change from baselineb Interaction effectc

95% CI p-value 95% CI p-value

25(OH)D, nmol/l Baseline
Week 2
Week 4

nWT=19, nheterozygous=9
nWT=17, nheterozygous=8
nWT=11, nheterozygous=7

86.11
32.00
50.30 

20.48–43.52
37.28–63.33

< 0.0001 
< 0.0001 

14.57 
10.00

–10.40–39.53
–17.27–37.27

0.25
0.46

Regulatory T cells 
(% CD25+FoxP3+ of 
CD4+)

Baseline
Week 2
Week 4

nWT=18, nheterozygous=8
nWT=17, nheterozygous=7
nWT=11, nheterozygous=7

5.30
  0.86 
–0.02 

–0.21–1.93
–1.11–1.07

0.11
0.97

  0.16
–0.01

–0.03–0.35
–0.21–0.18

0.10
0.88

CD4+IL10+ (% of CD4+) Baseline
Week 2
Week 4

nWT=21, nheterozygous=9
nWT=15, nheterozygous=7
nWT=11, nheterozygous=7

2.59
0.34 
0.46

–0.53–1.20
–0.39–1.31

0.44
0.28

  1.10 
–1.82

–0.92–3.11
–3.93–0.28

0.28
0.09

CD4+IL5+ (% of CD4+) Baseline
Week 2
Week 4

nWT=21, nheterozygous=9
nWT=16, nheterozygous=8
nWT=11, nheterozygous=7

6.70
–0.31 
–0.25 

–2.16–1.54
–2.29–1.80

0.74
0.81

  1.27
–0.32

–2.74–5.27
–4.62–4.00

0.53
0.88

CD4+IL17+ (% of CD4+) Baseline
Week 2
Week 4

nWT=21, nheterozygous=9
nWT=16, nheterozygous=8
nWT=11, nheterozygous=7

3.23
0.16 
0.18 

–0.91–1.23
–0.89–1.23

0.76
0.74

–0.93 
–1.47

–3.17–1.32
–3.71–0.77

0.41
0.19

CD4+IL22+ (% of CD4+) Baseline
Week 2
Week 4

nWT=21, nheterozygous=9
nWT=16, nheterozygous=8
nWT=11, nheterozygous=7

2.09
0.42 
1.30 

–0.75–1.59
–0.01–2.58

0.47
0.05

  1.66
–0.71

–0.79–4.12
–3.34–1.91

0.18
0.59

CD4+CD4IFNγ+ 
(% of CD4+)

Baseline
Week 2
Week 4

nWT=21, nheterozygous=9
nWT=16, nheterozygous=8
nWT=11, nheterozygous=7

9.66
–0.49
  2.25

–3.59–2.62
–1.19–5.69

0.75
0.19

  1.26
–6.27

–5.15–7.66
  13.19–0.65

0.69
0.07

CD4+CD45RA+

(% of CD4+)
Baseline
Week 2
Week 4

nWT=20, nheterozygous=7
nWT=17, nheterozygous=7
nWT=10, nheterozygous=6

51.21
1.49
0.41

–4.58–7.56
–6.61–7.43

0.62
0.91

5.00
1.29

–8.60–18.58
–13.72–16.30

0.46
0.86

CD4+CD45RO+ 
(% of CD4+)

Baseline
Week 2
Week 4

nWT=20, nheterozygous=7
nWT=17, nheterozygous=7
nWT=10, nheterozygous=6

7.22
–1.19
–0.84 

–3.15—0.77
–2.80–1.12

0.23
0.39

–1.22
–2.31

–5.48–3.03
–6.57–1.94

0.57
0.28

aEstimate of intercept with the y-axis at baseline as calculated by the mixed effect model. bEstimate of change from baseline as calculated by the mixed effect model. 
cMixed effect model calculation of whether the effect of the ultraviolet B (UVB) differs depending on the presence of FLG loss-of-function mutations.
CI: confidence interval.

https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-3050
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minimal erythema dose has been shown to be similar in 
FLG heterozygous and WT subjects (28). In addition, 
levels of filaggrin degradation products are influenced 
by disease severity as well as FLG status (29), and both 
filaggrin mRNA and protein levels can be suppressed by 
various inflammatory cytokines (30). The lack of effect 
of FLG loss-of-function mutations may therefore also be 
explained by insignificant differences in trans-UCA levels 
in the epidermis between patients with AD who have and 
do not have FLG loss-of-function mutations, minimizing 
the difference in penetration of UVB photons.

Milliken et al. (11) showed that the mean proportion 
of circulating regulatory T cells increased significantly 
at week 2 of nbUVB phototherapy in a group of patients 
with different inflammatory skin diseases. Similarly 
to Milliken et al. the current study examined the early 
UVB-induced changes in the blood and the effect of the 
first 4 weeks of UVB treatment. The results suggest that 
this does not apply to a group of patients with AD only. 
In contrast to our data, a recent study from Egypt (31) 
showed that numbers of circulating regulatory T cells 
were increased significantly after 6 weeks of nbUVB 
phototherapy in AD patients, but the authors did not as-
sess FLG genotype. Comparisons with our study should 
be made with caution, because the study from Egypt was 
based on patients with more severe disease, different 
ethnicity, and different time points of follow-up. 

In keeping with our findings, it has been shown re-
cently that there is no difference in circulating regulatory 

T cells between patients with AD who have and do not 
have FLG loss-of-function mutations (32).

Several studies have shown differences in intracellular 
cytokines or serum cytokine levels in patients with AD 
and in healthy control subjects (6, 33–36). The present 
study did not compare cytokine values with those in 
healthy controls. Our group has previously shown a 
higher number of Th17 cells in AD patients with FLG 
loss-of-function mutations than in AD patients without 
these mutations (37). In this study, both compound-
heterozygous patients and homozygous AD patients 
were included. To our knowledge, no previous study has 
investigated changes in cytokine profiles in circulating 
T cells in patients with AD who are undergoing nbUVB 
phototherapy. Our data do not suggest that nbUVB 
phototherapy has any influence on cytokine profiles in 
blood in the first 4 weeks of treatment; nor did we find 
any significant changes in IL-10, IL-13, IL-22, IL-33, or 
IFN-γ mRNA expression in biopsies from lesional AD 
skin at week 4 following nbUVB phototherapy compared 
with pretreatment. In previous studies, IL-10, IL-13, IL-
22, and IFN-y expression in skin from patients with AD 
has been shown to be significantly elevated (36, 38, 39). 
Twelve weeks of nbUVB phototherapy has been shown 
to be associated with decreased levels of IL-10, IL-13, 
IL-22, IL-17A, and IFN-γ mRNA in the skin of patients 
with AD. However, at this time point the skin is well 
treated and the data therefore cannot be compared with 
the data from our study.

Fig. 2. Intracellular cytokine levels are not changed during 
ultraviolet B (UVB) phototherapy. Peripheral blood mononuclear 
cells were isolated from fresh blood samples, stained intracellularly, and 
analysed with flow cytometry. FLG+/+: FLG wild-type subjects; FLG+/–: 
FLG heterozygous subjects. Cytokines are given as the percentage of 
cytokine-positive CD4+ cells in total CD4+ cells. Open squares represent 
mean values. (A) and (B): CD4+IFN-γ+; (C) and (D): CD4+IL-5+; (E) and 
(F): CD4+IL-17+; (G) and (H): CD4+IL-22+; (I) and (J): CD4+IL-10+.
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This study is the first to investigate 25(OH)D serum 
concentrations and the proportion of circulating regu-
latory T cells during nbUVB phototherapy exclusively 
in patients with AD. The aim was to examine the initial 
changes in 25(OH)D serum concentration and immune 
markers in the blood and skin, and not clinical outco-
mes. One strength of the present study is that it did not 
examine a selected group based on clinical severity or 
baseline serum 25(OH)D concentration. The findings are 
therefore likely to represent real-life data.

Study limitations
The study has several limitations. Only one patient with 
severe disease was included. In addition, we were only 
able to include a limited number of patients with FLG 
loss-of-function mutations and no FLG homozygous 
patients were included. A difference in 25(OH)D serum 
concentration between patients with and patients with-
out FLG loss-of-function mutations might have been 
more easily detectable if baseline mean serum 25(OH)
D had been insufficient. Furthermore, it is possible that 
immune function does not benefit from increases in 
vitamin D levels if the baseline concentration is suffi-
cient. The baseline serum 25(OH)D concentration in our 
study population is higher than that found in the Danish 
background population in a study 6 years ago (40).This 
may be explained by increased public awareness about 
the risk of vitamin D insufficiency, and thus increased 
use of supplements.

Conclusion
Human data suggest that the vast majority of circulating 
regulatory T cells express skin homing receptors (41). 
Future studies are needed to investigate the effect of 
nbUVB on the proportion of circulating regulatory T cells 
that express skin homing receptors in patients with AD.

In conclusion, this study confirms that there is an 
increase in serum 25(OH)D concentration after nbUVB 
phototherapy in patients with AD. This study did not 
find any evidence of increased vitamin D synthesis in 
AD patients with FLG loss-of-function mutations. The 
data did not show any overall effect of phototherapy on 
the proportion of circulating regulatory T cells in patients 
with AD, either in those with or in those without FLG 
mutations. 

ACKNOWLEDGEMENTS
This work was supported by grants from the Capital Region of 
Denmark Foundation for Health Research and from the Aage Bang 
Foundation. Stine Simonsen was supported by a grant from the 
University of Copenhagen. The authors thank all the patients who 
volunteered for the study, and all the doctors and nurses at the 
Department of Skin and Allergy, Gentofte Hospital, who helped 
to recruit patients. The authors also thank Anne Danielsen, Mads 
Nielsen, Gitte Strauss, David Mølenberg, Elisabeth Ammitzbøll 

Holm, Eva Due, and Lene Overgaard and their staff who helped 
to recruit patients from dermatological practitioner clinics and 
kindly let us use their facilities. 
Disclosures: LS has received consultancy and/or speaker honoraria 
from Abbvie, Pfizer, Janssen-Cilag, Novartis, and Leo Pharma and 
is a member of the advisory boards of Abbvie, Sanofi, Pfizer, Leo 
Pharma, Janssen-Cilag, Eli Lilly, Orion, Celgene, Admirall and 
Novartis. The other authors have no conflicts of interest to declare.

REFERENCES
1. Krutmann J, Morita A. Photo(chemo)therapy for Atopic Der-

matitis. In: Hönigsmann H, Elmets CA, Krutmann J, editors. 
Dermatological phototherapy and photodiagnostic methods. 
2nd edn. Berlin: Springer Berlin Heidelberg, 2009: p. 1 
online resource.

2. Brunner PM, Guttman-Yassky E, Leung DY. The immunology 
of atopic dermatitis and its reversibility with broad-spectrum 
and targeted therapies. J Allergy Clin Immunol 2017; 139: 
S65–S76.

3. Dimeloe S, Nanzer A, Ryanna K, Hawrylowicz C. Regulatory 
T cells, inflammation and the allergic response – the role of 
glucocorticoids and Vitamin D. J Steroid Biochem Mol Biol 
2010; 120: 86–95.

4. Samochocki Z, Alifier M, Bodera P, Jeziorkowska R, Rosiak E, 
Jurkiewicz B, et al. T-regulatory cells in severe atopic derma-
titis: alterations related to cytokines and other lymphocyte 
subpopulations. Arch Dermatol Res 2012; 304: 795–801.

5. Ito Y, Adachi Y, Makino T, Higashiyama H, Fuchizawa T, 
Shimizu T, et al. Expansion of FOXP3-positive CD4+CD25+ 
T cells associated with disease activity in atopic dermatitis. 
Ann Allergy Asthma Immunol 2009; 103: 160–165.

6. Hayashida S, Uchi H, Moroi Y, Furue M. Decrease in circulating 
Th17 cells correlates with increased levels of CCL17, IgE 
and eosinophils in atopic dermatitis. J Dermatol Sci 2011; 
61: 180–186.

7. Reefer AJ, Satinover SM, Solga MD, Lannigan JA, Nguyen JT, 
Wilson BB, et al. Analysis of CD25hiCD4+ “regulatory” T-cell 
subtypes in atopic dermatitis reveals a novel T(H)2-like po-
pulation. J Allergy Clin Immunol 2008; 121: 415–422 e413.

8. Hijnen D, Haeck I, van Kraats AA, Nijhuis E, de Bruin-Weller 
MS, Bruijnzeel-Koomen CA, et al. Cyclosporin A reduces 
CD4(+)CD25(+) regulatory T-cell numbers in patients 
with atopic dermatitis. J Allergy Clin Immunol 2009; 124: 
856–858.

9. Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the im-
mune system by UV radiation: more than just the effects of 
vitamin D? Nat Rev Immunol 2011; 11: 584–596.

10. Benson AA, Toh JA, Vernon N, Jariwala SP. The role of vita-
min D in the immunopathogenesis of allergic skin diseases. 
Allergy 2012; 67: 296–301.

11. Milliken SV, Wassall H, Lewis BJ, Logie J, Barker RN, Mac-
donald H, et al. Effects of ultraviolet light on human serum 
25-hydroxyvitamin D and systemic immune function. J Al-
lergy Clin Immunol 2012; 129: 1554–1561.

12. Palmer CN, Irvine AD, Terron-Kwiatkowski A, Zhao Y, Liao 
H, Lee SP, et al. Common loss-of-function variants of the 
epidermal barrier protein filaggrin are a major predisposing 
factor for atopic dermatitis. Nat Genet 2006; 38: 441–446.

13. Sandilands A, Sutherland C, Irvine AD, McLean WH. Filaggrin 
in the frontline: role in skin barrier function and disease. J 
Cell Sci 2009; 122: 1285–1294.

14. Barresi C, Stremnitzer C, Mlitz V, Kezic S, Kammeyer A, 
Ghannadan M, et al. Increased sensitivity of histidinemic 
mice to UVB radiation suggests a crucial role of endogenous 
urocanic acid in photoprotection. J Invest Dermatol 2011; 
131: 188–194.

15. Mildner M, Jin J, Eckhart L, Kezic S, Gruber F, Barresi C, et 
al. Knockdown of filaggrin impairs diffusion barrier function 
and increases UV sensitivity in a human skin model. J Invest 
Dermatol 2010; 130: 2286–2294.

16. Devos M, Prawitt J, Staumont-Salle D, Hoste E, Fleury S, 



A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

145UVB, 25(OH)D and regulatory T cells in AD

Acta Derm Venereol 2019

Bouchaert E, et al. Filaggrin degradation by caspase-14 is 
required for UVB photoprotection but does not influence al-
lergic sensitization in a mouse model of atopic dermatitis. J 
Invest Dermatol 2012; 132: 2857–2860.

17. Denecker G, Hoste E, Gilbert B, Hochepied T, Ovaere P, Lip-
pens S, et al. Caspase-14 protects against epidermal UVB 
photodamage and water loss. Nat Cell Biol 2007; 9: 666–674.

18. Bergeron L, Gondran C, Oberto G, Garcia N, Botto JM, Cucu-
mel K, et al. Skin presenting a higher level of caspase-14 is 
better protected from UVB irradiation according to in vitro 
and in vivo studies. J Cosmet Dermatol 2012; 11: 111–121.

19. Thyssen JP, Thuesen B, Huth C, Standl M, Carson CG, Heinrich 
J, et al. Skin barrier abnormality caused by filaggrin (FLG) 
mutations is associated with increased serum 25-hydroxyvi-
tamin D concentrations. J Allergy Clin Immunol 2012; 130: 
1204–1207 e1202.

20. Meldgaard M, Szecsi PB, Carlsen BC, Thyssen JP, Johansen 
JD, Menne T, et al. A novel multiplex analysis of filaggrin 
polymorphisms: a universally applicable method for geno-
typing. Clin Chim Acta 2012; 413: 1488–1492.

21. Rose RF, Williams C, Oliphant T, Browne F, Turner D, Goul-
den V. Serum 25-hydroxyvitamin D levels in patients with 
atopic eczema and the influence of narrowband ultraviolet 
B phototherapy. Photodermatol Photoimmunol Photomed 
2014; 30: 287–293.

22. Cicarma E, Mork C, Porojnicu AC, Juzeniene A, Tam TT, Dahl-
back A, et al. Influence of narrowband UVB phototherapy on 
vitamin D and folate status. Exp Dermatol 2010; 19: e67–72.

23. Feldmeyer L, Shojaati G, Spanaus KS, Navarini A, Theler B, 
Donghi D, et al. Phototherapy with UVB narrowband, UVA/
UVBnb, and UVA1 differentially impacts serum 25-hydroxy-
vitamin-D3. J Am Acad Dermatol 2013; 69: 530–536.

24. Vahavihu K, Ala-Houhala M, Peric M, Karisola P, Kautiainen H, 
Hasan T, et al. Narrowband ultraviolet B treatment improves 
vitamin D balance and alters antimicrobial peptide expres-
sion in skin lesions of psoriasis and atopic dermatitis. Br J 
Dermatol 2010; 163: 321–328.

25. Weinhold A, Obeid R, Vogt T, Reichrath J. Prospective In-
vestigation of 25(OH)D3 serum concentration following UVB 
Narrow band phototherapy in patients with psoriasis and 
atopic dermatitis. Anticancer Res 2016; 36: 1439–1444.

26. Le P, Tu J, Gebauer K, Brown S. Serum 25-hydroxyvitamin 
D increases with NB-UVB and UVA/UVB phototherapy in 
patients with psoriasis and atopic dermatitis in Western 
Australia. Australas J Dermatol 2016; 57: 115–121.

27. Landeck L, Jakasa I, Dapic I, Lutter R, Thyssen JP, Skov L, et 
al. The effect of epidermal levels of urocanic acid on 25-hy-
droxyvitamin D synthesis and inflammatory mediators upon 
narrowband UVB irradiation. Photodermatol Photoimmunol 
Photomed 2016; 32: 214–223.

28. Forbes D, Johnston L, Gardner J, MacCallum SF, Campbell 
LE, Dinkova-Kostova AT, et al. Filaggrin genotype does not 

determine the skin’s threshold to UV-induced erythema. J 
Allergy Clin Immunol 2016; 137: 1280–1282 e1283.

29. Kezic S, O’Regan GM, Yau N, Sandilands A, Chen H, Camp-
bell LE, et al. Levels of filaggrin degradation products are 
influenced by both filaggrin genotype and atopic dermatitis 
severity. Allergy 2011; 66: 934–940.

30. Gutowska-Owsiak D, Ogg GS. Cytokine regulation of the 
epidermal barrier. Clin Exp Allergy 2013; 43: 586–598.

31. El Samahy MH, Attia EA, Saad AA, Mahmoud EY. Circulating 
CD4(+) CD25(high) FoxP3(+) T-regulatory cells in patients 
with atopic dermatitis after narrowband-ultraviolet B pho-
totherapy. Int J Dermatol 2015; 54: e424–429.

32. Moosbrugger-Martinz V, Bellutti M, Ladstätter K, Schmuth 
M, Dubrac S, Gruber R. Influence of filaggrin genotype on 
regulatory T cells in atopic dermatitis. J Invest Dermatol 
2017; 137: 263.

33. Kallstrom E, Roscher I, Andreasson A, Back O, van Hage-
Hamsten M. Decreased frequency of intracellular IFN-gamma 
producing T cells in whole blood preparations from patients 
with atopic dermatitis. Exp Dermatol 2002; 11: 556–563.

34. Aleksza M, Lukacs A, Antal-Szalmas P, Hunyadi J, Szegedi A. 
Increased frequency of intracellular interleukin (IL)-13 and 
IL-10, but not IL-4, expressing CD4+ and CD8+ peripheral T 
cells of patients with atopic dermatitis. Br J Dermatol 2002; 
147: 1135–1141.

35. Nakagawa S, Aiba S, Tagami H. Decreased frequency of 
interferon-gamma-producing CD4+ cells in the peripheral 
blood of patients with atopic dermatitis. Exp Dermatol 1998; 
7: 112–118.

36. Hamid Q, Naseer T, Minshall EM, Song YL, Boguniewicz M, 
Leung DY. In vivo expression of IL-12 and IL-13 in atopic 
dermatitis. J Allergy Clin Immunol 1996; 98: 225–231.

37. Bonefeld CM, Petersen TH, Bandier J, Agerbeck C, Linneberg 
A, Ross-Hansen K, et al. Epidermal filaggrin deficiency medi-
ates increased systemic T-helper 17 immune response. Br J 
Dermatol 2016; 175: 706–712.

38. Szegedi K, Lutter R, Res PC, Bos JD, Luiten RM, Kezic S, et 
al. Cytokine profiles in interstitial fluid from chronic atopic 
dermatitis skin. J Eur Acad Dermatol Venereol 2015; 29: 
2136–2144.

39. Gittler JK, Shemer A, Suarez-Farinas M, Fuentes-Duculan 
J, Gulewicz KJ, Wang CQ, et al. Progressive activation of 
T(H)2/T(H)22 cytokines and selective epidermal proteins 
characterizes acute and chronic atopic dermatitis. J Allergy 
Clin Immunol 2012; 130: 1344–1354.

40. Thuesen B, Husemoen L, Fenger M, Jakobsen J, Schwarz P, 
Toft U, et al. Determinants of vitamin D status in a general 
population of Danish adults. Bone 2012; 50: 605–610.

41. Hirahara K, Liu L, Clark RA, Yamanaka K, Fuhlbrigge 
RC, Kupper TS. The majority of human peripheral blood 
CD4+CD25highFoxp3+ regulatory T cells bear functional 
skin-homing receptors. J Immunol 2006; 177: 4488–4494.


