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Systemic CXCL10 is a predictive biomarker of vitiligo lesional skin
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Abstract

Vitiligo is an acquired pigmentary skin disorder that currently lacks standardized treatment and validated biomarkers to objec-
tively evaluate disease state or therapeutic response. Although prior studies have linked vitiligo autoimmunity with CXCL10/
CXCL9-mediated recruitment of leukocytes to the skin, only limited clinical data are available regarding CXCL10 as vitiligo
biomarker. To evaluate the utility of systemic CXCL10 as a predictor of disease progression and treatment response on a large
cohort of vitiligo patients. CXCL10 levels in lesional, perilesional, and unaffected skin of vitiligo patient (n=30) and in the
serum (n=>51) were measured by quantitative ELISA. CXCL10 expression, recruitment of leukocytes, and inflammatory
infiltrates were evaluated by histochemical (n =32) and immunofluorescence (n=10) staining. Rigorous cross-sectional and
longitudinal biostatistical analysis were employed to correlate CXCL10 levels with disease variables, treatment response,
and outcome. We demonstrated that elevated CXCL10 level (2 pg/mm? and higher) in lesional skin correlates with increased
leukocytic infiltrate, disease duration (<2 year), and its higher level in the serum (50 pg/ml and higher). Changes in CXCL10
serum levels in patients treated with psoralen plus UVA (PUVA) phototherapy, narrowband UVB (NB-UVB) phototherapy,
and systemic steroids (SS) correlated with changes in the intralesional CXCL10 levels in repigmented skin. NB-UVB and
SS regimens provided most consistent CXCL10 mean change, suggesting that these regimens are most effective in harness-
ing CXCR3-mediated inflammatory response. Serum CXCL10 is a useful vitiligo biomarker, which predicts lesional skin
leukocytic infiltration, and vitiligo treatment response and outcome.
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Introduction

Vitiligo is an acquired pigmentary disorder characterized
by depigmented or hypo-pigmented patches of the skin and
mucous membranes [16]. Although not life threatening,
vitiligo often diminishes patients’ quality of life [26]. The
etiopathogenesis of vitiligo involves interplay of multiple
genetic and environmental factors [14, 22] associated with
various molecular mechanisms, including autoimmunity,
that lead to destruction of the melanocytes [14]. Analysis of
the cutaneous tissue in various autoimmune dermatological
afflictions demonstrated an important role of the chemokines
in the induction and maintenance of the immune responses.
We and others recently demonstrated that CXCL12 and
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CCLS5 may play a substantial role in autoimmune vitiligo [3,
28, 29]. One of the chemokines, CXCL10 (interferon-induc-
ible protein 10 (IP-10)) [20] is considered a key mediator of
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the interferon (IFN) response and recruitment of CXCR3"
Th1 lymphocytes to sites of inflammation, which could be
induced by IFN-a, IFN-f, IFN-y, and LPS [18].

CXCLI10 plays a role in different autoimmune diseases
[17]. Elevated CXCL10 levels were associated with vitiligo
progression and maintenance of T cell function in vitiligo
animal models [27]. It was also reported that higher serum
CXCL10 level could be associated with vitiligo activity [2].
However, its role as a reporter of vitiligo progression or as
a predictor of treatment response is not fully elucidated. A
variety of different non-surgical and surgical approaches are
used in clinical practice to stabilize the disease and induce
re-pigmentation [23, 24]. Most commonly used are systemic
steroids (SS), PUVA, and NB-UVB phototherapy. Although
several retrospective and prospective studies have attempted
to identify optimal vitiligo treatment modalities, lack of
objective evaluative markers besides re-pigmentation did not
allow identification of a most effective regimen [4, 7, 36].

In the present study, we conducted cross-sectional and
longitudinal analyses of serum and intracutaneous CXCL10
in non-segmental vitiligo patients to define its prognostic
value in evaluating vitiligo progression and predicting treat-
ment response.

Materials and methods
Study subjects and treatments

The study was conducted on 54 vitiligo patients (10-60 years
old; 24 females, and 31 males) attending the Dermatol-
ogy clinic, Minia University Hospital, Minia, Egypt; and
6 healthy control volunteers (18—45 years old; 3 females,
and 3 males). The study excluded patients with underlying
autoimmunity, as elevated CXCL10 serum levels were iden-
tified in patients with various autoimmune disorders, includ-
ing thyroiditis [9]. To evaluate CXCL10 as a biomarker and
predictor of vitiligo treatment, six patients were treated with
PUVA, eight patients with NB-UVB, and seven with SS,
as described previously [5, 13, 21]. All patients, guardians,
and healthy volunteers received thorough counseling and
provided informed consents. The ethical research committee
of Minia University approved this study.

Evaluation of vitiligo stability.

To evaluate disease stability, we used a six-point scale VIDA
score as follows:

+4: Activity of 6 weeks or less;

+ 3: Activity of 6 weeks to 3 months;
+2: Activity of 3—6 months;

+ 1: Activity of 6-12 months;
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e (: Stable at least for 1 year;
e —1: Stable at least for 1 year with spontaneous re-pig-
mentation.

For all cases, we considered those with scores< +1 as
stable and those with more than+ 1 as active.

Samples collection and preparation

Whole blood (10 ml) from each patient and control was col-
lected and processed to obtain serum according to a standard
protocol [32]. Punch biopsies (3 mm) were obtained from
each patient before and after treatment from the edge of the
depigmented patch (lesional), nearby normal edge (perile-
sional) in sun-protected lesions. Acral biopsies were not col-
lected. Unaffected skin samples were collected from sun-
protected skin (e.g. buttocks). Control skin biopsies (3 mm)
were collected from sun-protected areas. Biopsies were
snap-frozen in liquid nitrogen. Each biopsy was cut in half;
one half was homogenized in PathScan® Sandwich ELISA
Lysis Buffer (Cell Signaling Technology Inc., USA) with
Halt™ Protease and Phosphatase Inhibitors (Thermo Fisher
Scientific Inc., USA); the other was used for histological and
indirect immunofluorescence evaluations.

Enzyme-Linked Immunosorbent Assay (ELISA)

CXCL10 quantitation in skin and serum was done using
human-specific CXCL10 ELISA kit (ab83700; Abcam,
USA) as described by the manufacturer.

Immunofluorescence analysis

Indirect Immunofluorescence was used according to a stand-
ard protocol as described in our prior studies [28]. CXCL10
was detected with CXCL10-specific antibodies (ab9807,
Abcam®, USA). CD45RO was detected with monoclonal
antibodies (Dako, M0742).

Statistical analyses

Collected data were analyzed using SPSS (Version
15.0, SPSS Inc.; Chicago, IL, USA) and summarized as
mean +SD. Analysis was performed using Mann—Whitney
U test, Wilcoxon Signed Ranks test, and one-way analysis
of variance (ANOVA). Statistical significance for all results
was defined as significant when p <0.05 and highly signifi-
cant when p <0.01.

Biostatistical modeling

CXCL10 levels were analyzed using linear mixed effects
(LME) models with random patient effects to allow for
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correlation between repeated measures (before and after
treatment and/or multiple skin locations) from the same
patient. Log transformation of the serum CXCL10 levels
was used to satisfy the normal distribution assumptions of
the model. The initial models included status (before vs.
after treatment), duration (< 2 years vs. > 2 years), sex, age,
and infiltration status (high, medium, low) as predictors with
and without inclusion of serum CXCL10 in the model as a
predictor. The final parsimonious model was obtained using
backward elimination of insignificant predictors.

The receiver operating characteristic (ROC) curve analy-
sis was performed to investigate whether the serum CXCL10
levels can differentiate between the stable and active disease.

Differences between treatment groups (NB-UVB, PUVA,
and SS) were analyzed based on the changes from before to
after treatment in log-transformed serum and skin CXCL10
levels using the ANOVA model and considering duration,
sex, age, and infiltration status as predictors. The data were
analyzed in R (R Core Team [2015]. R: A language and
environment for statistical computing. Vienna, Austria.
http://www.R-project.org).

Results

Cutaneous CXCL10 levels significantly correlated
with the degree of leukocytic infiltrates in vitiligo
lesional skin

Recent studies suggested that blister suction could be used
to evaluate these chemokines and T cell infiltrates in vit-
iliginous skin [30]. To test whether such evaluation could
be done using patient blood samples and to define CXCL10
as a predictor of vitiligo variables and response to treatment,
we conducted cross-sectional and longitudinal studies on a
large cohort of vitiligo patients. First, we assessed dermal
inflammation and CXCL10 levels in biopsies collected from
lesional, perilesional, and unaffected skin of 34 patients.
Independent blind dematopathological evaluation of biopsy
sections collected from lesional, perilesional, and unaffected
skin detected high, medium, or low leukocytic infiltrates in
all three locations in 14%, 20%, and 31% of patients, respec-
tively (Fig. la, Fig. S1). In the remaining 35% of patients,
substantially higher infiltrates were noted in lesional and
perilesional skin as compared to unaffected skin (Fig. 1a).
Samples with higher infiltrates were characterized by a
higher CXCL10 expression at the basal layer of the epider-
mis (Fig. 1b) and a greater number of CD45RO™-activated
T cells (Fig. 1¢). Histological evaluation also consistently
showed a higher degree of inflammation in the skin of early
(<2 years) vitiligo lesions (Fig. 1 d). Based on quantitative
ELISA, the highest CXCL10 levels, ranging between 3.2
and 4.1 ng per % of the 3 mm punch biopsy (1.7 mm?), were

detected in lesional skin with the highest degree of infiltra-
tion. The lowest levels, ranging between 0.5 and 0.9 ng per
1.7 mm?, were in the unaffected skin. The differences in
CXCLI10 levels correlated significantly with the densities
of inflammatory infiltrates and disease duration (<2 years)
(Fig. 2a, b). To evaluate CXCL10 as a predictor, we assessed
association of its levels in different locations with multiple
parameters (duration of the disease, age, sex, and infiltra-
tion status) using LME biostatistical modeling. This mod-
eling confirmed that the mean lesional skin CXCL10 was
higher in vitiligo patients by 2.0 (p <0.001), as compared to
controls. It was associated with high leukocytic infiltration
by 0.98, as compared to medium (p <0.001) and by 1.15
as compared to low infiltration (p <0.001) (Table 1a). For
perilesional skin, the lower CXCL10 was associated with
low infiltration by 0.47 (p =0.023) as compared to medium
infiltration and by 0.49 (95% CI — 0.06, 1.03, p=0.076) as
compared to high infiltration. Association of the intracuta-
neous CXCL10 levels with patients’ age, sex, and disease
duration was not significant (data not shown).

Serum CXCL10 predicts its levels in lesional
and perilesional skin

ELISA-based CXCL10 quantitation in a total of 51 vitiligo
and 6 control samples showed an overall higher level of the
chemokine in the serum of patients (89.2 pg/mL)! than in
controls (35 pg/mL) (»p =0.003) (Fig. 2c) and in patients with
active disease (97.7 pg/mL) than in patients with a stable
disease (49.2 pg/mL). Patients with vitiligo lasting less than
2 years also had higher serum CXCL10 (106.2 pg/mL) than
in patients with vitiligo for more than 2 years (77.2 pg/mL)
(Fig. 2c). Some difference was also observed between male
(75.5 pg/mL) and female (108.7 pg/mL) patients. CXCL10
serum levels in lesional skin were the highest (195 pg/ml)
in patients with high leukocytic infiltrate (Fig. 2¢). Correla-
tion of serum CXCL10 with different disease variables using
LME models validated serum CXCL10 as predictive of the
lesional and perilesional levels of the chemokine (p <0.001)
(Table S2) and the density of the inflammatory infiltrates
(Fig. 2e, Table 1b). Trend lines further demonstrated that
serum CXCL10 is predictive of lesional and perilesional
CXCL10 at 50 pg/ml and higher concentrations (Fig. 2d).
Correlation of serum CXCL10 with vitiligo activity (active
vs. stable) showed that serum CXCL10 levels are lower by
0.45 (p=0.019) in healthy volunteers as compared to patients
with active disease, and are lower by 0.43 (p=0.004) in
patients with stable disease as compared to patients with active
disease (Table 1b). Receiver operating characteristic (ROC)
curve analysis estimated that area under the curve (AUC) was

1" Average concentrations are provided in parentheses.
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Fig.1 Analysis of the intracutaneous CXCL10 and inflammation. a
Histochemical analysis (H&E staining) of the infiltration of the viti-
ligo lesional, perilesional, and remote skin showing presence of high,
medium, and low inflammation in these locations. b Histochemical
and indirect immunofluorescence (IF) analyses show lower CXCL10
levels in skin with lower inflammation and higher lesional and perile-

0.69 (95% CI 0.56, 0.82) (Fig. 2f). A plotted range of serum
CXCL10 showed substantial variations in the level of the
chemokine in patients with active disease (Fig. 2g). No cor-
relations between serum CXCL10 and patient’s sex, age, and
disease duration were identified (data not shown).

Changes in serum CXCL10 reflect changes in lesional
CXCL10 and inflammatory infiltrates and correlate
with response of NB-UVB, PUVA and corticosteroid
treatments

PUVA, NB-UVB, and SS are commonly used to treat
vitiligo and induce re-pigmentation. Here, we evaluated
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sional CXCL10 levels in the skin with higher inflammation. ¢ Indirect
immunofluorescence depicts higher vitiliginous skin infiltration with
CD45RO activated T cells in regions with higher CXCL10 levels. (d)
H&E staining illustrates higher infiltrate in the skin of early (<2 year)
vitiligo. In all IF panels, detected antigens are shown in respective
colors. In a, b, d Scale bar—100 pum, in ¢ 200 um

whether these regimens alter intracutaneous and systemic
CXCL10 levels by treating 21 non-segmental vitiligo
(NSV) patients with PUVA, NB-UVB, and SS (oral pred-
nisolone) as described previously [5, 13, 21]. All regimens
showed clinical improvement after 3 months of therapy as
defined by marginal re-pigmentation, patch circumference
reduction, follicular re-pigmentation, or closure of small
macules (Fig. S2). Immunofluorescence analysis of biop-
sies showed that all treatments led to substantial CXCL10
reduction in lesional and perilesional skin (Fig. 3a, b). No
substantial changes in CXCL10 were observed in unaf-
fected skin (Fig. 3b).
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Fig.2 Quantitative and biostatistical analyses of intracutaneous and
systemic CXCL10. a—c ELISA-based quantitation of the intracu-
taneous (a, b) and systemic (b) CXCL10 shows correlation of the
chemokine levels with (a) lesional, perilesional and remote locations
as well as with inflammatory status (as indicated in the key) and with
(b) disease duration and patient sex. ¢ CXCL10 levels in the systemic
compartment and their correlation with disease activity, duration, sex,
and infiltrate (as indicated in the keys). d The trend lines for regres-
sions of skin CXCL10 levels in three different locations (as indicated

in the key) on serum CXCL10 levels corresponding to the estimates
reported in Table S2. e Box-and-whisker plots illustrate differences in
serum level by infiltration status (high (H), medium (M), low (L)) as
reported in Table 1. f, g illustrate correlation of the CXCL10 serum
levels with vitiligo stability. f ROC shows curve analysis for predic-
tion of stable vs. active disease using the serum CXCL10 level; g
Box-and-whisker plot show that range of serum CXCL10 levels in
stable disease overlap with the range in active disease

Table 1 LME modeling for skin
and serum CXCL10

Comparison Estimate Low 95% CI Upper 95% CI p value
1la. Results from the final LME models for skin CXCL10
Control vs. Vitiligo 2.0 1.3 2.7 <0.001
Lesional skin
Infiltrate High vs. Medium 0.98 1.45 0.51 <0.001
Infiltrate High vs. Low 1.15 1.63 0.67 <0.001
Infiltrate Medium vs. Low 0.17 0.53 —-0.19 0.332
Perilesional skin
Infiltrate Low vs. Medium - 047 —-0.87 - 0.07 0.023
Infiltrate Low vs. High —0.49 —1.03 0.06 0.076
Infiltrate Medium vs. High —0.01 —0.54 0.51 0.956
1b. Results from the final LME models for serum CXCL10
Control vs. Active - 045 -0.82 —0.08 0.019
Stable vs. Active —-043 -0.71 —-0.14 0.004
Infiltrate L vs. H —1.12 —1.42 —-0.82 <0.001
Infiltrate M vs. L 0.55 0.33 0.78 <0.001
Infiltrate M vs. H - 0.57 —0.86 —-0.28 <0.001

LME models were considered for lesional and perilesional skin CXCL10 levels without serum CXCL10
included in the models, but with Status (before vs. after treatment), vitiligo duration (<2 years vs.
2+ years), sex, age, infiltration status (Low, Medium, and High) as predictors
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Fig.3 Analysis of the intracutaneous and serum CXCL10 before and
after treatments. a Immunofluorescence analysis of CXCL10 expres-
sion in lesional, perilesional, and remote skin of vitiligo patients
before and after 3 months of treatment with PUVA, NB-UVB, and SS
(as indicated in the panel). Green — CXCL10; Blue — DAPI nuclear
staining. Scale bar 200 um. b Quantitation of CXCL10-associated flu-
orescence in lesional, perilesional and remote skin after PUVA, NB-
UVB and SS treatments (as indicated). Data are presented as a mean
grey value of five random field measurements +SD. ¢ Column plots

When CXCL10 levels were measured in lysates of 132
skin samples from 21 patients before and after treatment by
quantitative ELISA, with samples from healthy volunteers
as controls, there was no difference between patients’ remote
skin and controls (p > 0.05) (Fig. 3c). All regimens led to a
significant reduction of CXCL10 levels in lesional and per-
ilesional skin (Fig. 3d). No significant differences between
the means of intracutaneous CXCL10 levels were observed
when treatment groups were compared to each other before
and after treatments (Fig. 3c, Table S3); however, changes in
the lesional CXCL10 after treatment correlated with reduc-
tion of serum CXCL10 (Fig. 3d; Table S4). The LME mod-
eling confirmed that higher CXCL10 levels in lesional skin
is associated with “before treatment” status as compared to
“after treatment” (p <0.001), and lower CXCL10 levels in
perilesional skin were associated with “after treatment” sta-
tus as compared to “before treatment” (p <0.001) (Table 2a).
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illustrate ELISA-based quantitation showing reduced intracutaneous
CXCLI10 levels in lesional and perilesional skin after treatments and
no change in CXCL10 levels in the remote skin of vitiligo patients,
as indicated. Statistical significance (p value) is shown above the
columns. d Column plots illustrate decreased CXCL10 levels in the
serum of vitiligo patients after treatments (as indicated). On (b-d),
data are presented as average CXCL10 concentration (pg/ml)+SD.
Statistical significance (p value) and treatments are shown on the
plots. Status (before and after treatment) is depicted on the key

Analysis of differences between treatment groups (NB-UVB,
PUVA, and SS) showed that the highest mean change was
associated with NB-UVB treatment (p=0.032) as compared
to PUVA, whereas SS treatment provided most consistent
negative change in CXCL10 levels in lesional and perile-
sional skin. Other differences between treatment groups
were not significant (Fig. 4a; Table 2b). The higher mean
change in CXCL10 levels in lesional skin was also associ-
ated with change in the inflammatory infiltrates from high
to low (Table 2c¢). Different treatments in perilesional skin
evidenced no significant differences pre-to-post treatment
(Fig. 4a; Table 2b).

Using Pearson correlation, initial biostatistical evalua-
tion of serum and intracutaneous CXCL10 levels points to
a positive association between serum and lesional/perile-
sional skin CXCL10 before and after treatment (Fig. 4b,
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E\T}S ioﬁzf;ﬂft;f;iﬁ t;fdﬁnal Comparison Estimate Low 95% CI Upper 95% CI p value
Serum CXCL10 2a. Analysis of a CXCL10 in lesional and perilesional skin®
Before vs. After; Lesional CXCL10 1.13 0.81 1.45 <0.001
Before vs. After; Perilesional CXCL10 0.94 0.61 1.28 <0.001
2b. Differences in pre-to-post treatment changes in skin CXCL10
Lesional
PUVA vs. NB-UVB 0.75 0.07 1.43 0.032
PUVA vs. SS 0.67 - 0.05 1.40 0.068
SS vs. NB-UVB 0.08 - 0.56 0.71 0.797
Perilesional
PUVA vs. NB-UVB 0.23 - 0.54 1.00 0.537
PUVA vs. SS 0.40 -0.42 1.22 0.318
SS vs. NB-UVB -0.17 - 0.89 0.55 0.622
2c¢. Differences in pre-to-post treatment changes in skin inflammatory infiltrates
Lesional
Infiltrate L vs. H 1.48 0.69 2.27 0.001
Infiltrate M vs. L - 0.36 -0.97 0.24 0.227
Infiltrate M vs. H 1.12 0.34 1.89 0.007
Perilesional
Infiltrate L vs. H 1.00 0.10 1.89 0.030
Infiltrate M vs. L - 0.69 - 1.38 —0.01 0.048
Infiltrate M vs. H 0.30 —-0.57 1.18 0.477
2d. Final LME models for serum CXCL10
Before vs Control 0.45 0.82 0.08 0.019
Before vs. After 0.69 0.51 0.87 <0.001

“LME models were considered for lesional and perilesional skin CXCL10 levels without serum CXCL10
included in the models. Log-transformation of CXCL10 levels was used to satisfy the normal distribution

assumptions of the model

Table S5). The differences between the NB-UVB, PUVA,
and SS treatments were not significant for the changes
in serum CXCL10 levels (log-transformed or not) from
before to after treatment. The ranges of changes in serum
CXCLI10 levels largely overlapped for all treatment groups
(Fig. 4c). Nevertheless, the higher mean change in serum
CXCL10 levels was observed in patients treated with NB-
UVB. Evaluation of skin re-pigmentation in differently
treated patients confirmed that greatest re-pigmentation
was observed in SS-treated patients, whereas the most con-
sistent re-pigmentation was in patients treated with NB-
UVB. PUVA therapy although providing up to 50% of re-
pigmentation in some patient, was less effective (Fig. 4d).
These findings are in agreement with treatment-dependent
changes in serum CXCLI10 levels (Fig. 4c). Collectively,
these analyses demonstrated that all tested regimens
led to re-pigmentation and reduction of the CXCL10 in
lesional skin and serum. Biostatistical evaluation showed
that changes in serum CXCL10 reflect changes in lesional
CXCL10 and inflammatory infiltrates. More importantly,
our data confirmed that serum CXCL10 could be used as
a predictor of treatment response and outcome.

Discussion

To date, an accumulating body of evidence supports the role
of Th1 cell system and chemokines in vitiligo progression.
CXCR3 and its ligands, CXCL9 and CXCL10, were consid-
ered the most relevant chemotactic axes promoting migra-
tion of activated T cells [15, 19]. These chemokines were
linked with progression of depigmentation in vitiligo mouse
model [27, 33]. Using blister suction technique, recent stud-
ies on a small number of patients also showed that accumu-
lation of CXCL9 in blister fluids correlates with CD8 T cell
infiltrates [30].

Our study provides compelling evidence that serum
CXCL10 at 50 pg/ml and higher levels is predictive of
lesional CXCL10 and leukocytic infiltrates. These findings
suggest that measuring blood CXCL10 level by ELISA can
be used instead of blister suction-based evaluation in clini-
cal settings. Although minimally invasive, blister suction
introduces inflammatory response to mechanical damage
and could lead to the recruitment of melanocyte-specific T
cells and autoimmune reaction.

Assessment of vitiligo stability is critical for plan-
ning vitiligo treatment regimens. However, there is no
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Fig.4 Evaluation of changes in intracutaneous and serum CXCL10
after treatment. a Box-and-whisker plots illustrating changes in intra-
cutaneous CXCL10 levels after NB-UVB, PUVA, and SS treatments,
with whiskers indicating variability outside the upper and lower quar-
tiles. Change in lesional, perilesional, and remote skin are evaluated
separately. Dotted line corresponds to no change in CXCL10 levels. b
Dot plot illustrating Pearson correlation between CXCL10 serum and
skin levels in vitiligo patients before and after treatment, as indicated.
Correlation was done separately for lesional, perilesional, and remote

consensus regarding serological, biochemical, and molecu-
lar parameters that define stability. A recent report sug-
gested that systemic CXCL10 levels could distinguish
between active and stable disease [2]. However, our data
showing the intermediate value of the AUC and the over-
lap of the serum CXCL10 range in stable and active dis-
ease (Fig. 2e, f) suggest that the exact cutoff for serum
CXCL10 levels could not be easily identified to differenti-
ate well between stable and active vitiligo. Our findings

@ Springer

skin, as indicated in the key. ¢ Box-and-whisker plots illustrating
changes in serum CXCL10 levels (untransformed or log-transformed,
as indicated) after NB-UVB, PUVA, and SS treatments. Data is pre-
sented as a mean change + SD. Dotted line corresponds to no change
in CXCL10 levels. d Box-and-whisker plots illustrating changes in
re-pigmentation in differently treated patients (as indicated). Data is
presented as an interquartile range (middle 50% of values) with the
highest and lowest observations (whiskers)

agree with another recent study conducted on a very
small cohort of patients [30]. The discrepancy in find-
ings among studies may arise from differences in clinical
evaluation of vitiligo stability and from greater variations
in serum CXCL10 levels in patients with active disease.
Taken together, our data suggest that substantially larger,
multinational studies are required to determine the utility
of serum CXCL10 or other chemokines (e.g. CXCL9) in
defining vitiligo stability.
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To date, vitiligo lacks universal treatment regimens. Of
multiple treatments, PUVA, NB-UVB, and SS are most
commonly used to induce re-pigmentation of the vitiliginous
skin. The molecular mechanisms supporting therapeutic
action of these treatments remain incompletely understood.
Considering the important role of CXCL10 in T cell-medi-
ated cutaneous autoimmunity in lichen sclerosus and vitiligo
[27, 35], we suggest that re-pigmentation of vitiligo lesions
could be associated with down-modulation of CXCL10.
In support of this notion, prior studies showed somewhat
reduced levels of CXCL10 in the serum of vitiligo patients
after intramuscular diprospan/topical tacrolimus treatment
[34]. In our randomized longitudinal study, all three tested
regimens (PUVA, NB-UVB, SS) showed a substantial clini-
cal response after 3 months of therapy and coincided with
significant reduction of lesional and perilesional CXCL10
levels. Of multiple parameters used in LME models, includ-
ing disease duration, sex, age, and infiltration, only status
“before vs. after treatment” and infiltration were signifi-
cantly associated with changes observed in the intracutane-
ous CXCL10. These findings clearly demonstrated that the
therapeutic effect of PUVA, NB-UVB, SS is related to the
reduction of lesional chemokine and that NB-UVB provided
the highest and SS the most consistent change in the intracu-
taneous and systemic CXCL10 levels. Although in several
cases, PUVA therapy effectively reduced lesional CXCL10,
these findings suggest that NB-UVB and SS are more effec-
tive in harnessing detrimental CXCL10 effects.

The exact molecular mechanisms by which PUVA, NB-
UVB, and SS alter CXCL10 levels are not well defined.
CXCLI10 transcription is known to be regulated by IFNYy,
which induces transcription of downstream genes through
activation of STAT-1 and NF-kB transcription factors [1,
25]. In some cells, elevated CXCL10 levels may, in turn,
activate NF-kB and create an autonomous loop [12].
Because SS such as prednisone inhibit inflammation via
inhibition of NF-kB activation [37], SS regimen likely
downregulates intracutaneous CXCL10 via blocking of the
NF-kB-mediated pathway. The mechanisms of PUVA and
NB-UVB-mediated CXCL10 inhibition are less obvious.
As UVB primarily affects epidermis and superficial der-
mis, whereas UVA affects deeper recesses of dermis, it is
likely that different mediators could be involved in CXCL10
regulation. It is plausible that NB-UVB induces intracu-
taneous IL-10 in the upper layers of the skin [31], which
subsequently inhibits NF-kB transcriptional activity [8]
leading to down-modulation of CXCL10. This mechanism
could explain a more consistent decrease of the cutaneous
CXCL10 after NB-UVB as compared to PUVA (Fig. 2).

Prior studies demonstrated that CXCR3 receptor for
CXCL10 is expressed on various leukocytes, including
vitiligo-associated skin resident memory CD8* CTL [6],
circulating CD4* and CD8* T cells [34], and NK cells [10].

Considering these findings, our data suggest that therapeu-
tic efficacy of tested regimens could result from CXCL10-
dependent inhibition of leukocyte recruitment. Divergent
roles of CXCR3 isoforms in non-leukocytic cells such as
melanoma [11] and, possibly, melanocytes also suggest
that PUVA, NB-UVB, and SS could affect other processes
involved in re-pigmentation. Regardless of CXCL10 down-
modulation and re-pigmentation mechanisms, our studies
confirm that serum CXCL10 levels could serve as an objec-
tive tool to assess vitiligo treatment response and even pre-
dict the outcome.

Collectively, our comprehensive analysis and biostatisti-
cal modeling demonstrated that CXCL10 serum levels could
predict CXCL10 levels in vitiligo lesional and perilesional
skin and inflammatory infiltrates in the lesional skin; it fur-
ther demonstrated that ELISA-based assessment of systemic
CXCL10 could be implemented in clinical practice to assess
objectively vitiligo treatment response and outcome.
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