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Background

Chemokine ligand 22 (CCL22) is a heparin-binding immunomodulator protein that
plays an important role in a variety of autoimmune diseases. Narrow-band
ultraviolet B (NB-UVB) therapy was considered a cornerstone in the treatment
of vitiligo. However, the mechanism of action of NB-UVB in vitiligo has not been
completely elucidated.

Objective

To study the hypothesized role of CCL22 in vitiligo etiopathogenesis and to detect
its possible role in NB-UVB-induced pigmentation in vitiligo through its lesional
immunohistochemical evaluation in patients with vitiligo before and after ultraviolet
B phototherapy.

Patients and methods

A total of 33 patients with vitiligo versus 20 patients of age-matched, sex-matched,
and skin phototype-matched healthy controls were enrolled in this case—control

study. Patients were treated with NB-UVB three sessions weekly for 12 weeks.
Vitiligo Area Scoring Index score was evaluated before and after NB-UVB sessions.
For patients with vitiligo, baseline CCL22 immunohistochemical staining was
estimated, and compared with that of controls and with its posttreatment data in
those patients.

Results

Baseline CCL22 immunohistochemical studied parameters were insignificantly
lower in patients with vitiligo than controls except its cellular localization
(P<0.001). After 12 weeks of NB-UVB, these CCL22 immunohistochemical
parameters were significantly up-regulated (P<0.001). Although there was a
negative correlation between the improvement in Vitiligo Area Scoring Index
score and CCL22 H score, this correlation could not reach level of significance
(r=0.086, P=0.653).

Conclusion

Although we could not confirm that CCL22 protein has an active role in the
pathogenesis and development of vitiligo, we concluded that CCL22 chemokine
may take part in photo-induced melanogenesis. Yet, the mechanism of NB-UVB-
induced pigmentation is still far from being clarified, and further studies are needed.
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Th2 cells into the skin through binding to G
protein-coupled receptor (CCR4). In turn, this
binding increases intracellular Ca** mobilization that
affects cytoskeleton-induced movement and increases
the affinity of targeted cells to adhesion molecules [4].

Introduction

Vitiligo is a common noncontagious disorder that is
characterized by progressive patchy loss of skin
pigmentation. It affects nearly 0.5-2% of the
population worldwide, irrespective of ethnic origin
or race, with significant decrease in the quality of

life of affected cases [1]. CCL22 has a preferential effect on CD4+ regulatory T

lymphocytes (Tregs), which have a role in immune
homeostasis [5]. Autoimmune diseases like vitiligo

Owing to its multifactorial nature, the pathogenesis of have poor lesional-specific expression of CCL22 and

vitiligo is complex. Several pathogenic theories have
been proposed including autoimmune mechanisms [2].
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so lower regulatory T cells infiltrating the affected area
than normal healthy skin [6].

Narrow band ultraviolet B (NB-UVB) therapy has
been considered as a cornerstone in the treatment of
vitiligo because of its safety and efficacy. However, the
mechanism of action of NB-UVB in vitiligo has not
been completely understood [7].

Therefore, we aimed in this study to investigate the
hypothesized role of CCL22 in vitiligo
etiopathogenesis and to detect if CCL22 has a role
in NB-UVB-induced pigmentation in vitiligo through
its lesional immunohistochemical
patients with vitiligo before and after ultraviolet B

(UVB) phototherapy, and controls.

evaluation in

Patients and methods

A total of 33 patients with different degrees of vitiligo
severity were included in this case—control study. They
were recruited from the Dermatology Outpatient
Clinic, Faculty of Medicine, Menoufia University
Hospital, Shebin El-Kom, Egypt. This case—control
study was recruited during spring from March 2016 to
June 2016.

Additionally, 20 apparently healthy, vitiligo free, and
age-matched, sex-matched, occupation-matched and
Fitzpatrick skin phototype-matched volunteers were
included as a control group. The enrolled patients
were instructed to stop treatment of their vitiligo 1
month before joining the study. Patients having any
other autoimmmune/inflammatory diseases or those
having history of photosensitivity to ultraviolet rays
were excluded from the study. The study protocol was
approved by the Research Ethics Committee of
Faculty of Medicine, Menoufia University, which
was in accordance with Helsinki Declaration in
1975 (revised in 2000). A desired proposal sheet
and general examination were performed to detect
any of excluding factor. Dermatologically, the studied
patients were evaluated to assess their skin phototype
[8], and to classify patients with vitiligo into
segmental and nonsegmental types [9]. Vitiligo
Area Severity Index (VASI) was calculated in the
first visit and at week 12 (end of therapy) [10]. By
Waldmann UV 1000 L (TL 01) (Family-run
company, Villingen-Schwenningen, Baden-
Wiirttemberg, Germany), NB-UVB phototherapy
for the studied patients with vitiligo was given
three times/week on nonconsecutive days for 12
weeks. We started the irradiation by 300 m]/cm®
(the minimum erythema dose of Egyptian skin) [11].

Then the dose was increased by 20% on each
subsequent session till just faint erythema appeared.
If symptomatic erythema (burning or blisters)
developed, phototherapy was pending till the lesions
healed. At that time, irradiation was taking place again
at a dose 20% lesser. Thereafter, the dose was increased

by 10% on subsequent sessions [12].

During treatment, genitals were shielded and eyes were
protected with UV safety glasses. From each patient,
two punch skin biopsies 4 mm in size from the involved
skin were taken under local anesthesia one before and
one after NB-UVB phototherapy. In addition, one
site-matched skin biopsy from every control patient
was obtained. All biopsies were submitted to Pathology
Department, Faculty of Medicine, Menoufia
University. Sections were cut from the paraffin-
embedded blocks and were stained with purified
rabbit polyclonal antibody (cat. #YPA1195; SNF
Medical Company, Chongqing, China; Azp.//www.
biospes.combttp.//www.biospes.com)  raised  against
CCL22 that was received as concentrated 0.1ml.
The optimal dilution was 1 : 200, by using PBS.
Negative control slides were prepared, by omitting
the primary antibody from the staining procedure,
whereas tissue sections prepared from lymph node
tissue were used as a positive control for CCL22.

Procedure of IHC staining was done according to

received datasheet of the wused antibodies.
Immunohistochemically, CCL22  expression is
confirmed by  cytoplasmic, nuclear, and/or

membranous staining and was evaluated in both
epidermis and dermis. In case of positively expressed
cells, the percentage of the positive cell was assessed at
x200 magnification field [13]. Intensity of the stain was
graded subjectively as mild, moderate, or strong.
Histo-score (A score) was calculated (A score=1x%
of mildly stained cells+2x%moderately stained cells
+3x%of strongly stained cells) [14].

CCL22 stain distribution pattern was categorized as
either patchy or diffuse, and its cellular localization was
assigned as either cytoplasmic, nuclear, and/or
membranous.

Statistical analysis

The results were collected, entered, and processed on
IBM-PC compatible computer using SPSS software
(version 20.0; SPSS Inc., Chicago, Illinois, USA).
Descriptive statistics were expressed as percentage,
mean, and SD. Analytic statistics included Student’s
t-test and Mann-Whitney U-test to compare

quantitative data according to its distribution.



Fisher’s exact test was used in the analysis of 2x2
contingency tables when at least 25% of cells has
expected number less than 5. McNemar’s test of
significance was used on paired (e.g. pre and post)
qualitative data. Marginal homogeneity test was used
on paired (e.g. pre and post) qualitative data when a
category of the sample is more than two. y>-Test was
used for qualitative data and Spearman’s correlation to
assess correlation. Pvalue up to 0.05 was considered the
cutoft value for significance.

Results

This case—controls study included 33 patients with
vitiligo, with 15 (45.5%) males and 18 (54.5%)
temales, having male : female ratio of 1 : 1.2. Their
age ranged from 15 to 50 years, with a mean value of
34.9+11.39 years and median of 34 years. Regarding
Fitzpatrick skin phototype, nine (27.3%) cases were
type 11, 14 (42.4%) cases were type 111, and 10 (30.3%)

Table 1 Personal and clinical data of the studied participants
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cases were type IV. Additionally, 14 (42.4%) cases had
outdoor occupations and 19 (57.6%) cases had indoor
ones. The control group included 20 healthy
volunteers, with 11 (55%) males and nine (45%)
temales, having male : female ratio of 1.2 : 1. Their
age ranged from 15 to 50 years, with a mean value of
37.35+10.82 years and median of 35 years. Regarding
Fitzpatrick skin phototypes, four (20%) patients were
type 11, eight (40%) patients were type III, and eight
(40%) patients were type IV. Additionally, nine (45%)
patients had outdoor occupation and 11 (55%) patients
had indoor occupation. There were insignificant
differences regarding age, sex, skin phototypes, and
occupation between patients with vitiligo and their

controls (P>0.05 for all) (Table 1).

Clinical data of the studied vitiligo cases

The result of clinical data in this study showed that
most of our patients had negative family history
(93.3%) and only two patients with vitiligo had

Evaluated data Studied group (N=53) Test of significance P value
Patients (n=33) Control (n=20)

Age (years)
Mean+SD 34.9+11.39 37.35+10.82 U=0.751 0.456
Range 15.00-50.00 15.00-5.00
Median 34.0 35.0

Sex [n (%)]
Male 15 (45.5) 11 (55.0) £°=0.454 0.500
Female 18 (54.5) 9 (45.0)

Occupation
Outdoor 14 (42.4) 9 (45.0) 0.034 0.854
Indoor 19 (57.6) 11 (55.0)

Skin type
Il 9 (27.3) 4 (20.0) 0.631 0.729
1 14 (42.4) 8 (40.0)
v 10 (30.3) 8 (40.0)

Family history of vitiligo
Positive 2 (6.1) - -
Negative 31 (93.9)

Type of vitiligo
Segmental 13 (39.4) - -
Nonsegmental 20 (60.6)

Disease duration (years)
Mean+SD 3.58+5.82 - - -
Range 0.25-24.0
Median 1.0

Age of onset (years)
Mean+SD 31.61+0.8 - - -
Range 14.0-50.0
Median 31.0

VASI score before phototherapy
Mean+SD 3.77+2.38 - - -
Range 0.9-10.8
Median 3.6

U, Mann—Whitney test; VASI, Vitiligo Area Severity Index.
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Figure 1

VASI score

BVASI score

Cases before treatment

Cases after treatment

CCL22 immunohistochemical expression in normal skin biopsy showing moderate nuclear immunoreactivity (red circles) and cytoplasmic
reactivity (black arrow) in the epidermis (immunoperoxidase x400 HPF). CCL22, chemokine ligand 22.

positive family history. Regarding the type of vitiligo,
20 (60.6%) patients had nonsegmental vitiligo. Disease
duration ranged from 0.25 to 24 years, with a mean
value of 3.58+5.82 years and median of 1 year. Age of
onset of vitiligo ranged from 14 to 50 years with a mean
value of 31.61x10.8 years and median of 31 years.
Concerning severity of vitiligo in studied patients,
calculated VASI score ranged from 0.9 to 10.8 with
a mean value of 3.77+2.38 and median of 3.6 (T'able 1).

Baseline chemokine ligand 22 immunohistochemical
staining in the studied groups

In controls (Fig. 1), CCL22 expression was positive in all
sections (100%), which was mainly of nuclear
localization (17.85%), and showed mild intensity in
half of evaluated tissues (50%), with patchy
distribution in 16 (80%) sections. Percent of CCL22
immunoreactivity ranged from 10 to 95, and its / score
ranged from 10 to 285. However, in patients with
vitiligo, CCL22 immunohistochemistry  before
phototherapy (Figs 2a and 3a) showed that CCL22
expression was positive in 30 (90.9%) patients, which
was of patchy distribution in most of these sections (24,
80%) and showed mild intensity in nearly half of them
(16, 53.3%). Moreover, its localization was mainly
nucleocytoplasmic and cytoplasmic (11 and 36.7%,
respectively). Percent of CCLL22 immunoreactivity
ranged from 5 to 85, and its A score ranged from 5 to
255. There were no significant differences between
patients with vitiligo and controls regarding all

Figure 2

CCL22 immunohistochemical expression in a patients with vitiligo (a)
before NB-UVB phototherapy showing mild CCL22 membranous
expression and (b) after NB-UVB phototherapy demonstrating in-
tense membranous CCL22 expression in the epidermis (immunoper-
oxidase x400 HPF). CCL22, chemokine ligand 22; NB-UVB, narrow
band ultraviolet B.

studied CCL22 immunohistochemical staining
parameters except its cellular localization, which was

mainly nuclear in controls (85 vs. 20%) (P<0.001)
(Table 2).

Results after phototherapy
CCL22 immunohistochemical expression in patients

with vitiligo showed that after 12 weeks of NB-UVB
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Figure 3
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CCL22 immunohistochemical expression in a patients with vitiligo (a) before NB-UVB phototherapy showing moderate nuclear (red circles) and
cytoplasmic CCL22 expression and (b) after NB-UVB phototherapy demonstrating intense nuclear (red circles) and moderate cytoplasmic
CCL22 immunoreactivity (immunoperoxidase a, b x400 HPF). CCL22, chemokine ligand 22; NB-UVB, narrow band ultraviolet B.

Table 2 Chemokine ligand 22 immunohistochemical staining of patients with vitiligo before and after phototherapy and controls

Immunohistochemical Studied group (N=60) [n (%)] Test of significance P value
staining
Controls Patients before treatment Patients after treatment
(n=20) (n=33) (n=33)
Expression
Positive 20 (100) 30 (90.9) 33 (100) t1=¢?=1.93 P,=0.282
Negative 0 3(9.1) 0 t,=McNemar 4?=3.14 P»=0.250
Localization
Cytoplasmic 0 11 (36.7) 6 (18.2) t;=¢?=21.70 P4=0.001*
Membranous 0 1(3.3) 2 (6.1) t,=McNemar=1.24 P>=0.216
Membrano-cytoplasmic 0 1(3.3) 3(9.1)
Nucleocytoplasmic 3 (15.00) 11 (36.7) 19 (57.6)
Nuclear 17 (85.00) 6 (20.0) 1(3.0)
Nucleomembranous 0 0 2 (6.1)
Intensity
Mild 10 (50.0) 16 (35.3) 5 (15.2) ti=y¢°=1.81 P4=0.405
Moderate 7 (35.0) 6 (20.0) 18 (45.5) t-=McNemar=1.98 P>=0.047*
Strong 3 (15.0) 8 (26.7) 10 (30.0)
Distribution
Patchy 16 (80.0) 24 (80.0) 16 (48.5) t;=¢?=0.00 P4=1.00
Diffuse 4 (20.0) 6 (20.0) 17 (51.5) t.=McNemar y°=1.44  P,=0.115
Percent
Mean+SD 39.50+31.07 31.17+23.22 55.00+26.43 t;=U=0.836 P4=0.403
Range 10.0-95.0 5.0-85.0 10.0-90.0 t,=Wilcoxon signed P>=0.001*
rank=4.71
Median 30.0 22.5 60.0
H score
Mean+SD 86.00+96.53 51.83+64.80 137.58+87.63 t;=U=1.35 P4=0.179
Range 10.0-285.0 5.0-255.0 10.0-270.0 t,=Wilcoxon signed rank  P»=0.001*
=4.62
Median 40.0 30.0 120

MH, marginal homogeneity test; t.: McNemar y; t; and Py: comparison between patients before treatment and controls; t, and Py:
comparison between patients before and after treatment; U, Mann—-Whitney test. *Significant.
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Figure 4

VASI score mean values before and after NB-UVB phototherapy in patients with vitiligo. NB-UVB, narrow band ultraviolet B; VASI, Vitiligo Area

Scoring Index.

phototherapy, CCL22 immunohistochemical staining
(Figs 2b and 3b) showed increased positivity (30, 90.9 vs.
33, 100%) and significant elevation in CCL22 intensity
(P=0.047). Furthermore, CCL22 expression percentage
and H score revealed significant increase in post-
treatment than pretreatment sections (55+26.43 vs.
31.174¢23.22 and 137.58+87.63 wvs. 51.83+64.80,
respectively) (P<0.001 for both) (Table 2).

VASI score in patients with vitiligo showed that after
phototherapy, there was observed clinical improvement
in studied patients with vitiligo and a significant
decrease in their VASI score mean values than
before phototherapy (2.75+2.31 wvs. 3.77+2.38)
(P<0.001) (Fig. 4).

Correlations between the improvement in Vitiligo Area
Scoring Index score and the improvement in
chemokine ligand 22 H score among patients with
vitiligo

There was a nonsignificant negative correlation
between the improvement in VASI score and

CCL22 H score (r=0.086, P=0.653).

Relation between the improvement of chemokine
ligand 22 H score and studied personal and clinical
data of patients with vitiligo

The relationship between the improvement in CCL22

H score and personal and clinical parameters of studied

patients with vitiligo showed insignificant associations
regarding all of these parameters (P>0.05 for all)
(Tables 3 and 4).

Discussion

To best of our knowledge, this study is the first one that
investigates the possible role of CCL22 in NB-UVB-
induced pigmentation in vitiligo through its lesional
immunohistochemical evaluation in patients with
vitiligo before and after UVB phototherapy. From
which, we suggested that CCL22 upregulation after
NB-UVB phototherapy may partially participate in
NB-UVB-induced pigmentation in patients with
vitiligo. Yet, the mechanism of NB-UVB-induced
pigmentation is still not well known, and further
studies are needed

In normal situations, CCL22 was found in all sections
from normal human tissues including skin [15],
Confirming this finding, the present study
demonstrated that CCL22 immunohistochemical
staining of studied control patients had positive
immunoreactivity in all examined sections (100%), in
which CCL22 produced by monocyte-derived
dendritic cell binds to CCR4 receptor inducing
chemoattraction on Th2 lymphocytes with a
preferential effect on CD4+regulatory T lymphocytes
(Tregs) [16]. Thus, CCL22 has a role in controlling
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Table 3 Relation between improvement in chemokine ligand 22 H score and personal and clinical parameters of patients with

vitiligo
Personal and clinical data of vitiligo n (%) Improvement in chemokine ligand 22 H score (mean Test of P
cases +SD) significance value
Sex
Male 15 52.38+31.42 1.73 0.084
(45.5)
Female 18 68.13+30.71
(54.5)
Occupation
Outdoor 14 64.60+30.37 0.440 0.660
(42.5)
Indoor 19 57.86+33
(57.5)
Family history
Positive 2 (6.06) 68.8+38.3 0.665 0.506
Negative 31 60.2+31.8
(93.9)
Skin type
Il 9 (27.3) 55.4+30.1 1.03% 0.599
i 14 67.8+28.9
(42.4)
\ 10 55.5+37.7
(30.3)
Type of vitiligo
Segmental 13 51.9+33.2 1.25° 0.212
(39.4)
Nonsegmental 20 66.7+29.8
(60.6)

3y, Mann-Whitney. °K, Kruskal-Wallis test

Table 4 Correlation between improvement in chemokine
ligand 22 H score and age of patients with vitiligo, age of
onset of the disease, and disease duration among studied
patients with vitiligo

Improvement in
chemokine ligand 22 H

score
r P value
Age of patients with vitiligo 0.138 0.343
Age of onset of vitiligo 0.281 0.133
Duration of the disease 0.031 0.871

the immune response to self- and foreign antigens,
preventing autoimmune diseases [17].

In cutaneous autoimmune disorders, it was suggested
that loss of peripheral tolerance in the skin occurred in
two steps, the induction and effector phases. In
induction phase, the effector-autoreactive T cells
were stimulated and expanded by CD4+T cells.
These cells circulate in the blood but with no
symptoms of autoimmunity, whereas in the effector
phase, the skin microenvironment became favorable for
escaping peripheral tolerance [18].

Herein, as previously reported [6], we observed that
immunohistochemical evaluation of CCL22 showed
downregulation of CCL22 protein in patients with
vitiligo compared with their matched peers regarding

all  immunohistochemical staining parameters.
However, this downregulation could not reach level
of significance except for its cellular localization,
which could be attributed to small sample size in
our study.

In autoimmune microenvironment of vitiligo lesions,
downregulation of CCL22 expression causes reduction
in skin homing by functional Tregs and resulted in
imbalance  between  effector and  regulatory
mechanisms, as an influx of effector T cells in
vitiligo is not accompanied by an influx of Treg. In
fact, resident Treg are reduced in nonlesional and
lesional vitiligo skin. These data suggest that an
ongoing immune response to self-antigens is not
kept in check by the appropriate immune regulatory
mechanisms within the skin [6].

After NB-UVB phototherapy sessions, in agreement
with previous studies [7,11,19], we observed significant
clinical improvement and decrease in VASI score mean
values in our studied vitiligo cases.

Parallel to the clinical improvement, after NB-UVB
phototherapy, CCL22 immunohistochemical staining
showed increased positivity and significant elevation in
CCL22 intensity, percentage, and H score mean values
than pretreatment state.
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Supporting our finding, Taguchi ez al. [20] reported that
UVB may cause CCL22 upregulation through
Interleukin (IL)-4, prostaglandin E2, calcitonin gene-
related peptide, a melanocyte-stimulating hormone, and
platelet activating factor. Additionally, Langerhans
dendritic cells upon exposure to UVB became unable
to sensitize the body against selective antigen owing to
DNA damage, which modifies Langerhans cells to have
immunosuppressive properties. Furthermore, treatment
with NB-UVB was capable of elevating transforming
growth factor (TGF)-levels, which are suggested to be
related to the stability of vitiligo [21].

In same context, we observed negative correlation
between the improvement of VASI and the
improvement of CCL22 H score mean values in
our studied patients with vitiligo; however, this
correlation could not reach level of significance,
which could be a result of small sample size in our
study. Therefore, we hypothesized that CCL22 may
participate partially in vitiligo repigmentation after
NB-UVB phototherapy. Induced overexpression of
CCL22 in the skin will generate a chemokine
gradient that can support Treg recruitment to the
treatment site and provide a therapeutic platform to
treat vitiligo [22]. Moreover, it has been recently
reported that topical CCL22 may be used for the
treatment of vitiligo in the animal models [23]. An
advantage to treating vitiligo is that the target organ is
external and can be directly accessed [22].

Based on the results of the current study and its
discussion, we could not confirm that CCL22 protein
hasan active role in the pathogenesis and development of
vitiligo. However, CCL22 chemokine may take part in
photo-induced melanogenesis. Yet, the mechanism of
NB-UVB-induced pigmentation is still far from being

clarified, and further studies are needed.
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