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Abstract

Introduction: Mechanisms responsible for UVAL1 efficacy in atopic dermatitis (AD) are not fully elucidated.

Aim: To investigate IL-8, CCR-4, and IFN-y mRNA expression in AD before and after UVAL, to identify correlations
among them, and to determine whether and to what degree mRNA expression is influenced by UVAL.

Material and methods: Twenty-five patients with AD underwent medium dose UVAl-phototherapy at daily dosages
of 10, 20, 30, 45, and then continuing 45 J/cm? up to 20 days, from Monday to Friday for 4 weeks. Before and after
UVAL, biopsies from acute skin lesions were studied using reverse-transcription and RT-PCR.

Results: The levels of CCR-4 mRNA correlated with those of IFN-y, both before and after UVA1 phototherapy
(p < 0.05). A significant correlation was found after UVA1 between mRNA levels of IL-8 and IFN-y (p < 0.05). After
UVAL1 an increase in IL.-8 mRNA expression in comparison to the baseline assessment (p = 0.02) was found, while
no significant difference was revealed in the expression of CCR-4 and IFN-y mRNA. UVAL improved both SCORAD
and severity of AD (p < 0.001). SCORAD and the severity of AD did not correlate with the degree of expression of
measured cytokine mRNA, neither before nor after UVAL

Conclusions: CCR-4 is expressed in parallel with IFN-y in acute skin lesions of patients with AD both before and
after UVAL phototherapy. UVAL significantly improves SCORAD index, lessens the severity of AD and increases the

expression of IL-8, with no direct effects on other studied molecules.
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Introduction

Phototherapy is usually a part of the total treat-
ment plan for the management of patients with atopic
dermatitis (AD) [1, 2]. Ultraviolet A1 (UVAL) is effective
in managing flares, whereas narrow-band UVB has been
recommended for chronic moderate forms of the dis-
ease [2]. The therapeutic effectiveness of UVAL in AD
was found to accompany a decrease in the serum level
of eosinophil cationic protein, with reductions in the
numbers of dermal Langerhans cells and mast cells, as
well as relative numbers of intraepidermal IgE+ Langer-
hans cells, increase in the percentage of dermal CD8+
cells and a reduction in interleukin (IL)-5, IL-13 and IL-31
mRNA expression [3—6]. Twenty years ago, Kimata and

Lindley found that plasma IL-8 concentrations decreased
as AD improved during treatment[7], and more recently,
Kreuter et al. [8] noted a decrease in IL-8 mRNA occur-
ring as a response to UVAL phototherapy in localized
scleroderma. Interleukin-8 is an important mediator of
chemotaxis [9]. In a recent study, IL-8 content in the stra-
tum corneum was found to be an indicator of the sever-
ity of inflammation in AD lesions [10]. It is now known
that a range of cells, including keratinocytes, mast cells
and dendritic cells, are capable of secreting IL-8 when ex-
posed to inflammatory stimuli [9, 11-18]. Human kerati-
nocytes were found to express IL-8 after stimulation with
heat-killed Staphylococci, suggesting that bacterial load
on the skin surface elicits inflammation, which begs the
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question of whether clinical efficacy of UVAL irradiation
is linked with changes in the expression of IL-8 and other
cytokines involved in the pathogenetic pathways of AD,
such as chemokine receptor 4 (CCR4), which is impor-
tant in the recognition of skin vasculature by circulating
T cells and in directing lymphocytes [14, 15]. In addition,
recent data indicate that skin-infiltrating T cells are ca-
pable of producing interferon (IFN)-y, especially in the
chronic phase of the disease, indicating that pathogen-
esis of AD is not limited to a type-2 cytokine pattern [16].

Aim

Therefore, the aim of the study was to investigate the
expression of IL-8, IFN-y, and CCR4 mRNA in specimens
of acute skin lesions of patients with AD before and af-
ter UVAL therapy and to identify any correlations which
might exist among them. Additionally, the study exam-
ines whether UVAT irradiation influences the expression
of these mediators and whether this expression corre-
sponds with the clinical efficacy of UVAL

Material and methods

Eligibility criteria

The study included a limited number of 25 patients
with atopic dermatitis, including 14 males and 11 females,
aged 18 to 61, mean 32.4 +11.54 years. The diagnosis was
based on the classification of Hanifin and Rajka [13]. In
the clinical assessment of atopic dermatitis, to help mini-
mize the bias, only 1 person performed SCORAD index
evaluation, and this evaluator was unaware of the results
of the molecular studies [17].

The exclusion criteria were pregnancy, glaucoma,
cataract, claustrophobia, photosensitivity, solar urticaria,
administration of phototoxic or photoallergic drugs, im-
munosuppressants, retinoids, glucocorticoids, the use of
sunbeds or other artificial UV sources during the previous
6 months and during the study. The study was approved
by the local Ethics Committee (RNN/16/14/KE).

UVAL1 phototherapy

A Medisun 24000 (Schulze & Bohm GmbH, Germany)
was used for medium dose UVA1 phototherapy. The pro-
tocol comprised one exposure daily, on Monday-Tuesday-
Wednesday-Thursday-Friday, from a starting dose of
10 J/cm? rising through 20 and 30 on consecutive days to
45 J/cm?. The final dose of 45 J/cm? was maintained
for up to 20 consecutive days of phototherapy. Topical
management was limited to the use of emollients. No
systemic drugs for atopic dermatitis were administered.
Biopsies were taken from acute skin lesions, which were
clinically determined when erythema or edema or ooz-
ing exceeded one point according to SCORAD index. The
first biopsy was taken before phototherapy and the sec-
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ond one within 2 h after the last UVALl irradiation. Skin
samples were frozen at —=70°C until assay.

Total RNA extraction

Total RNA was extracted from biopsied skin sam-
ples using the RNeasy mini kits (Qiagen), according to
the manufacturer’s protocol. In the initial step, a buffer
containing B-mercaptoethanol was added to Eppendorf
tubes containing frozen samples. The samples were then
homogenized using a Qiagen homogenizer (Tissue Rup-
tor) and centrifuged for 3 min at 14000 rpm. RNA was
quantified using a PicoDrop spectrophotometer (Pico-
drop Limited). The quality of RNA samples was analyzed
by measuring the absorption ratio at 260/280 nm. The
purified total RNA was immediately used for cDNA syn-
thesis or stored at —80°C.

Reverse transcription

cDNA was generated with High Capacity cDNA Re-
verse Transcription Kits (Applied Biosystems Inc., Foster
City, CA), according to the reverse transcription protocols.
The starting material comprised 2 ug of DNAse-treated
total RNA, to which the following was added: 2x RT mas-
ter mix containing 2 pl of 10x RT Buffer, 0.8 pl of 25x
dNTP Mix (100 mM), 2 ul of 10x RT Random Primers,
1 ul MultiScribe™ Reverse Transcriptase and 1 ul RNase
Inhibitor per 20 pl reaction. Reverse transcription was
performed in conditions optimized for use with the kit:
25°C for 10 min, 37°C for 120 min, 85°C for 5 min. The
samples were kept frozen at —20°C.

mRNA expression

mRNA quantification of selected genes and an en-
dogenous control (actin beta, ACTB) was performed us-
ing standard TagMan® Gene Expression Assays (Applied
Biosystems). Hs99999903_m1 was used as endogenous
controls, and Hs00174103_m1, Hs00989291_m1, and
Hs00747615_s1 for the assessment of IL-8, IFN-y, and
CCR-4.

Real-time TagMan gPCR was performed in 96-well
optical plates using the HT 7900 Fast Real-Time PCR Sys-
tem (Applied Biosystems) and analyzed using Sequence
Detection System 2.3 Software. The results of target
genes were represented as ACt, which represents the dif-
ferences in cycle threshold numbers between the target
gene and endogenous control.

Statistical analysis

Statistical analysis was performed using Statistica
software, version 10.0 (Statsoft, Poland). Data estimation
with the Shapiro-Wilk test did not confirm a Gaussian
distribution of the studied parameters. To find correla-
tions, the Spearman correlation coefficient was estimat-
ed. Wilcoxon signed-rank test was used to compare two
repeated measurements in a sample of atopic dermati-
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Figure 1. Correlation between mRNA levels of CCR-4 and
IFN-y in acute skin lesions of patients with AD before UVA1
phototherapy

tis patients before and after UVAL phototherapy. Results
were displayed as means and standard deviation. In all
calculations, p < 0.05 was considered statistically signifi-
cant.

Results

Correlations before UVAL1 irradiation

Before UVA1 phototherapy, mRNA level of CCR-4 cor-
related with that of IFN-y (r = 0.61, p < 0.05) (Figure 1).
No significant correlations were found between mRNA
level of IL-8 and CCR-4 or between mRNA level of IL-8 and
IFN-y before UVAL phototherapy.

Correlations after UVAL1 irradiation

After UVAL phototherapy, mRNA level of CCR-4 cor-
related with that of IFN-y (r = 0.68, p < 0.05) (Figure 2).
A significant correlation was found between mRNA level
of IL-8 and IFN-y (r = 0.57, p < 0.05). After UVA1 photo-
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Figure 2. Correlations between mRNA levels of CCR-4 and IFN-y (A), IL-8 and IFN-y (B), CCR-4 and IL-8 (C) in acute skin

lesions of patients with AD after UVAL phototherapy
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therapy, mRNA level of CCR-4 correlated also with that of
IL-8 (r=0.54, p < 0.05).

Impact of UVA1 on mRNA expression

UVAL phototherapy resulted in a significant increase
in mRNA expression of IL-8 in comparison to the baseline
assessment (6.74 +3.33 vs. 8.78 £3.61, p < 0.05, before
and after treatment, respectively, p = 0.02) (Figure 3).

After UVAL phototherapy, no significant difference
was found with regard to the mRNA expression of CCR-4
(2.34 £3.67 vs. 3.34 £3.922, before and after treatment,
respectively) or IFN-y (12.7 £3.75 vs. 13.93 +3.0, before and
after treatment, respectively).

SCORAD index and UVA1 phototherapy

UVAI1 phototherapy was associated with a signifi-
cantly improved SCORAD index (60.16 +14.71 vs. 30.71
+14.41 before and after treatment, respectively, p < 0.001)
and a significant improvement of the severity of AD (2.68
+0.47 vs. 1.64 +0.56 before and after treatment, respec-
tively, p < 0.001) (Figure 4).

SCORAD index and severity of AD were not found to
correlate with investigated cytokine mRNA expression,
neither before nor after UVAL phototherapy.

Discussion

The expression of IL-8 mMRNA, and the protein itself,
by cultured keratinocytes stimulated with Staphylococci
[15], indicates that it represents a contributory link in the
process of eliciting skin inflammation in response to bac-
terial colonization or symptomatic skin infection in AD.
Itis also conceivable that in AD-activated leukocytes in

spongiotic or excoriated skin also release IL-8 [10]. Levels
of IL-8 in the stratum corneum were found to be associ-
ated with the severity of AD, particularly with the degree
of erythema, edema/papules and excoriation [10]. These
observations prompted this investigation of whether the
clinical efficacy of UVAL is related to a decrease in the
expression of IL-8 in acute skin lesions in AD. Although
UVAL irradiation resulted in a significant improvement
of SCORAD index as well as severity of AD as expected, it
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Figure 3. Significant increase in mRNA expression for IL-8
after UVA1L phototherapy. The results of mRNA expression
of IL-8 gene are displayed by relative units that represent
the differences in cycle threshold numbers between the IL-8
gene and actin beta (ACTB) as an endogenous control
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Figure 4. Significant decrease in SCORAD index (A) and severity of AD (B) after UVA1 phototherapy
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was also found to be accompanied with a greater mRNA
expression for IL-8. Therefore, it is likely that the efficacy
of UVAL is attributed to its influence on the expression
of a number of different molecules, not only IL-8. In in-
terpreting the results of the present study, it is impor-
tant to consider indirect effects of UVAL on many other
molecules, via downstream mediators of inflammatory
pathways in AD. Hence, the results also take into account
the effect of UVAL on the expression of CCR-4 and IFN-y
mMRNA. CCR4 is a chemokine receptor which is expressed
particularly strongly on Th2 lymphocytes, and is involved
in the response to macrophage-derived chemokine
(MDC) and thymus and activation-regulated chemokine
(TARC) [19]. Interestingly, the presence of CCR4(+)CD8(+)
T cells predominantly in the CD27(+)CD28(+)CD45RA(-)
memory subset was reported [19]. Significant numbers
of circulating CCR4(+) memory CD4 lymphocytes were
found to express the Thl cytokine IFN-y after stimula-
tion [19]. The present study reveals correlations between
mMRNA levels of CCR-4, characteristic of Th2 lymphocytes,
and IFN-y, a Th1 cytokine, in acute skin lesions of patients
with AD, both before and after UVAL phototherapy, which
underlines a potential problem in using CCR-4 as a mark-
er of Th2 cells [19]. Instead of the obvious biphasic im-
mune response in AD, with a switch from an initial Th2
response, with predominant IL-4, to a Th1 response with
its main production of IFN-y in the chronic phase of the
disease, patterns of chemokine receptors encountered
in vivo can be regulated in a more sophisticated manner
[15]. In addition, it seems that interpreting the obtained
results as an interplay between Th2 and Th1 cytokine pro-
files, restricted only to the transition between the initial
and the late phase of AD, is an over-simplification. Xiao
et al. demonstrate that Th2 and Thl immune responses
are not mutually exclusive and that cofactors, spatial
separation, such as epidermis vs. dermis, and cell type in
particular, play a role in the initiation and perpetuation
of inflammation in AD [20]. In a mouse model, produc-
tion of TARC, a Th2 chemokine, by Langerhans cells was
down-regulated by IFN-y, a Th1 cytokine, and up-regu-
lated by tumor necrosis factor (TNF)-a and IL-4, aTh2
cytokine [20]. In contrast, HaCaT cells exposed to IL-4,
TNF-a and IFN-y characterized significantly decreased
supernatant TARC levels compared to those exposed to
both TNF-a and IFN-y [21]. These results indicate that
the cytokine profile can be regulated in different ways
depending on cell type, and that the Th2 and Thl im-
mune responses are not mutually exclusive. Hence, it is
also possible that UVAL irradiation can exert different ef-
fects on the expression of cytokines and chemokines in
different cell types in the epidermis and dermis in AD.
In this regard, our study has several limitations. Firstly,
only full skin biopsies containing both epidermis and der-
mis were investigated. Secondly, mRNA expression was
studied in acute skin lesions and compared only with
a constitutively expressed house-keeping gene for beta
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actin. Undoubtedly, a comparison of mRNA expression
levels in affected and unaffected skin, together with skin
samples from healthy control individuals, would provide
more comprehensive data. Thirdly, an investigation of se-
lected molecules additionally at the protein level would
also supply more convincing evidence. However, this will
have to await future studies. Our intention was to inves-
tigate and to confirm, firstly, that IL-8, IFN-y, and CCR-4
are expressed, and that secondly, CCR-4 is expressed
in parallel with IFN-y in acute skin lesions of patients
with AD both before and after UVAL phototherapy. An-
other key conclusion is the fact that UVAL significantly
improves SCORAD index, lessens the severity of AD and
increases the expression of IL-8, with no direct effects on
other studied molecules. However, it is likely that UVAL
can influence inflammatory pathways in AD via indirect
effects by other mediators. Undoubtedly, the results of
RT-PCR are comparable and reproducible, and so further
studies conducted on larger populations of patients with
AD from different sites are required. This reproducibility
may allow future conclusions to be drawn from a more
comprehensive evidence base.
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