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ABSTRACT

Introduction: Vitiligo is a common acquired depigmentary inflammatory disorder associated with negative psychosocial
impacts in children and their caregivers. C-X-C motif chemokine ligand 10 [CXCL10] is related to the Thl response that
facilitates T cell migration in many autoimmune conditions & augments melanocyte-targeted cytotoxic T lymphocyte
infiltration into the epidermis to assault melanocytes, leading to melanin deficit.

Objective: The aim of this research was to estimate serum CXCL10 concentration in pediatric vitiligo cases as an indicator
of disease activity.

Methods: Serum CXCL10 level was measured in 60 pediatric vitiligo patients [segmental vitiligo [num.=twenty], non-
segmental active vitiligo [num.=22] and non-segmental stable vitiligo [n=18]], & 30 age and sex matched healthy control
using enzyme- linked immunosorbent assay [ELISA]. Vitiligo severity was estimated by vitiligo area scoring index [VASI]
score & vitiligo disease activity [VIDA] score.

Results: Serum CXCL10 level was significantly greater in cases [median=42.5] than control group [median=25.8] with
highest serum level in non-segmental active vitiligo group [median=53.55] followed by segmental vitiligo patients
[median=41.45] then non-segmental stable vitiligo patients [median=32.3]. Statistically significant positive correlations
were found between serum CXCL10 level with VIDA score and VASI score [p=0.001].

Conclusion: Serum CXCL10 increased significantly in pediatric vitiligo patients, with significant positive correlation with
VIDA and VASI scores.
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1. INTRODUCTION

Vitiligo is a persistent, acquired pigmentation condition that is found globally. The occurrence of vitiligo is one percent and
fluctuates between 0.1 percent and over 8.8 percent across various global regions [1].

In vitiligo, there is a targeted & gradual depletion of active melanocytes from the basal layer of the epidermis & hair
follicles, resulting in clinically observable depigmented areas on the skin and mucous membranes [2].

Non-segmental vitiligo, which includes vitiligo vulgaris, vitiligo universalis, and acro-facial vitiligo, segmental vitiligo,
mixed vitiligo, and unclassified vitiligo, which includes focal and mucosal vitiligo, are the clinical classifications that are
used to describe vitiligo. It is also possible to have follicular vitiligo, vitiligo punctata, and hypochromic vitiligo, which
are all additional subtypes. [1].

Pediatric vitiligo (PV) is characterized as vitiligo that commences prior to the age of 12. It is prevalent and may vary from
adult vitiligo regarding epidemiology, clinical manifestation, associated conditions, and therapeutic alternatives [3].
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The etiology of vitiligo includes the interaction of intrinsic and extrinsic melanocyte abnormalities, innate immunological
inflammation, and T cell-induced melanocyte annihilation [4].

The immune system is pivotal in the development of vitiligo via Th17, Thl, cytotoxic & regulatory T cells, as well as
dendritic cells [5]. CXCL 10, Interferon-y, and interleukin-22 are asserted to have a crucial function [6].

The C-X-C motif chemokine receptor 3 [CXCR3] and its ligands, primarily CXCL 10 together with CXCL 11 and CXCL
9, are proposed as a significant chemokine axis that facilitates T-cell migration in many inflammatory and autoimmune
conditions [7].

CXCL 10 is a chemokine synthesized in response to IFN-y. It interacts with its receptor, CXCR-3, resulting in the
recruitment and self-activation of CD8+ T cells, which may contribute to the obliteration of melanocytes in vitiligo-affected
areas [8].

Prior research indicated an increase in serum CXCL 10 levels among non-segmental vitiligo (NSV) cases relative to healthy
controls, especially during the progressive phases [9]. Additional research indicated that CXCL 10 is essential for the
advancement and sustenance of depigmentation in a mouse model of vitiligo. [10].

2. OBJECTIVES
The aim of the current research was estimation of serum CXCL10 as a marker of disease activity in pediatric vitiligo.
3. METHODS

This is a case control research that has been done on 90 Egyptian children divided into 60 vitiligo cases and 30 healthy
individuals as control group. Cases have been divided in to 3 subgroups, segmental vitiligo [n=18], hon-segmental active
vitiligo [num.=22] and non-segmental stable vitiligo [hum.=twenty]. The cases were randomly selected from the
Dermatology outpatient clinic of Al-Zahra University Hospital, through the period from September 2022 to February
2024,

Patients known to have any systemic or dermatological disorders that increase CXCL10 level as: Lupus erythematous,
psoriasis or extensive dermatitis. Patients with other autoimmune diseases as TLDM, alopecia aerate and thyroid disease,
and patients who received systemic or topical treatment for vitiligo one month prior to the study, were excluded from
the research.

All the cases have been subjected to complete history taking involving: sex, name and the age. Onset, site, course,
duration of vitiligo. possible causes, exacerbating factors, previous lines of treatment, previous investigations, concurrent
medical problems, past history and family history of similar condition.

The patients were examined clinically to determine the site, shape, size, number and distribution of the Vitiligo and then
photographed with digital camera for documentation. Wood’s light examination was done in order to give better
information about the extent and activity of vitiligo patches. Also, routine laboratory investigations were done to exclude
unfit patients.

VIDA score as well as, VASI score, were calculated to assess disease activity, the extension of depigmentation and the
percentage of vitiligo involvement.

In relation to the assessment of CXCL-10, two milliliters of venous blood were obtained from all participants under
stringent aseptic conditions utilizing a plastic disposable syringe, thereafter transferred to EDTA-coated anticoagulant
tubes. samples were subsequently subjected to centrifugation for twenty minutes at 2000-3000 RPM. Subsequently, the
supernatant devoid of sediment was gathered into Eppendorf tubes and preserved at -80°C until the assay was conducted.
The plasma levels of CXCL10 were assessed with a CXCL10 ELISA kit. The plate has been pre-treated with Human
CXCL10 antibody. CXCL10 present in the specimen is introduced and attaches to antibodies. Subsequently, biotinylated
Human CXCL10 Antibody is introduced and attaches to CXCL10 present in the sample. Subsequently, Streptavidin-
HRP is added and binds to the Biotinylated CXCL10 antibody. Following incubation, unbound Streptavidin-HRP is
eliminated using a washing procedure. The substrate solution is subsequently introduced, leading to color development
that correlates with the quantity of Human CXCL10. The concentration of CXCL10 has been determined based on the
optical density value of the sample in relation to the standard curve.
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Ethical Considerations:

The research has been conducted with the endorsement of the local Ethics Committee at the Faculty of Medicine, Al-
Azhar University, Cairo, Egypt. Informed written consent has been acquired from all cases. The research has
been performed according to the Helsinki guidelines as updated in 2013.

Statistical methods:

The data processing was done utilizing SPSS [Statistical Package for Social Sciences] version 28.0 for Windows.
Continuous parameter expressed as mean + standard deviation [SD]. Categorical parameters displayed as frequencies and
percentages. The Chi-square test has been utilized to analyze differences across several groups about categorical
parameters. Fisher's Exact or Monte Carlo adjustment tests have been utilized for chi-square analysis when over twenty
percent of the cells had an anticipated count below 5. The F-test [ANOVA] has been utilized to analyze differences among
several groups for quantitative parameters that follow a normal distribution. The Mann Whitney test has been utilized to
compare two study groups for quantitatively variable data that is not regularly distributed. P-values below 0.05 have
been deemed significant.

4. RESULTS

In the patient group, the children age ranged from 4-16 years with a meant SD of 10.58 + 2.81. Whereas the age of
controls ranged from 6-17 years with a mean £ SD of 11.87 + 3.44. There was a female predominance in both groups,
also, most of children had skin phototype Il and IV. With statistically insignificant difference between patient and
control groups according to sex, age and skin photo type [p= 0.155, 0.062 and 0.436], respectively. (Table 1)

As regard clinical presentation of vitiligo among the studied patients in (Table 2), 20 patients [33.3%] had segmental
vitiligo, 18 patients [30.0%] had non-segmental stable vitiligo and 22 patients [36.7%] had non-segmental active vitiligo.
The range of VIDA score was [-1 - 4] with median [IQR]: 2[-1 -3], and the range of VASI score was 0.02-6.25 with
median [IQR]: 0.5 [0.15 — 1.71].

As shown in (Table 3) With reference to estimation of serum level of CXCL10, there was highly statistically significant
rise in serum CXCL-10 concentration in cases when than control group [p= 0.005].

Moreover, Receiver operative characteristic [ROC] data of serum CXCL10 showed that the best cut off point for serum
CXCL10 concentration to distinguish among patient & control group was >25.9 with sensitivity 86.67, specificity 53.33
and AUC 0.682, as shown in (Figure 1).

With reference to relation among serum level of CXCL10 & disease activity, there was greatly statistically significant
variance among cases with non-segmental active vitiligo, segmental vitiligo, non-segmental stable vitiligo and control
group in serum CXCL10 [p= 0.003]. Non segmental active vitiligo patients had the highest serum CXCL10 level with
median [IQR]: 53.55 [42.1 - 102.4] followed by segmental vitiligo with median [IQR]: 41.45[32.7 - 58.2] then non-
segmental stable with median [IQR]: 32.3 [22.9 - 46.6] in comparison to control group with median [IQR]:25.8 [18.7 -
43.7], as shown in (Table 4).

Moreover, ROC data of serum CXCL10 revealed that the best cut off point for serum CXCL10 to differentiate among
non-segmental active and non-segmental stable vitiligo patient was >42 with sensitivity 77.27, specificity 66.67 and
AUC 0.708, as shown in (Figure 2).

With reference to relation among serum level of CXCL10 and disease severity, there was a statistically significant
positive association among VIDA and serum CXCL10 in non-segmental active vitiligo patients [p equal to 0.000]. There
was also statistically significant positive association among VASI score and serum CXCL10 in non-segmental active
vitiligo patients [p= 0.005], as shown in (Table 5).

Table [1]: Demographic data of the studied patients.

Patients group |Control group i
No. = 60 No. = 30 T
Female 37 [61.7%] 23 [76.7%]
Bl Male 23 [38.3%] 7 [23.3%] 0.155
Mean + SD 1058+ 281  |11.87 +3.44
Agelyears]  |pange 416 617 0.062
. Type Il 23[38.3%] 9 [30%]
S PO D | 7200 g 37 [61.7%] 21 [70%] 0.436
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Table [2]: Clinical presentation of vitiligo in patient group.

Patients group
No. = 60
Segmental 20 [33.3%)]
. Non segmental 40 [66.7%]
ATl 72 Stable 18 [30%]
Active 22 [36.7%]
Duration [years] y;ndézn [1QR] (2) 517:27]
Median [IQR] 2[-1-3]
e Range -1-4
Median [IQR] 0.5[0.15-1.71]
WAL Range 0.02-6.25

Table [3]: Comparison between patient and control groups regarding serum level of CXCL10.

Patients group Control group i
Serum CXCL10 [ng/L] No =60 No =30 P-value
Median [IQR] 42.5[31.15 - 63.2] 25.8 [18.7 —43.7] 0.005
IRange 3.74 — 560 1.26 - 211.6 '
Table [4]: Relation between serum CXCL-10 and disease activity.
Serum Segmental Non segmental active [Non segmental stable|Control group
CXCL10 _ _ _ _ P-value
[ng/L] No. =18 No. =22 No. =20 No. =30
Median [IQR] [41.45 [32.7 —58.2] |53.55 [42.1 — 102.4] [32.3[22.9 — 46.6] 25.8 [18.7 —43.7] 0,003
|Range 22.8 - 560 4.98 — 451 3.74 -534.5 1.26-211.6 '
Table [5]: Correlation between serum CXCL10 with VIDA and VASI score.
Serum CXCL10 (ng/L)
All patients Segmental Non segmental active  |Non segmental stable
r P-value |r P-value |r P-value r P-value
VIDA score 0.470** 10.000 [-0.002 (0.992 0.842** 10.000 0.426 0.078
VASI score 0.401** |0.001  |-0.149 (0.530 0.578** 10.005 0.152 0.547
Serum CXCL10 (ng/L)
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Figure [1]: ROC curve for serum CXCL10 to differentiate between patient and control groups.

100

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow

pg. 136



Serum CXCL10 (ng/L)

100

80

Sensitivity
o
o

e
o

LI L L L L L L L B L L L LB L

20

O Il]IIIIIIIIIIIIlIlII
0 20 40 60 80 100

100-Specificity

Figure [2]: ROC curve of CXCL10 to differentiate between non-segmental active vitiligo patients and non-
segmental stable vitiligo patients.

5. DISCUSSION

A prior investigation indicated that both human vitiligo & a murine model of vitiligo exhibits an IFN-y-specific Thl
immune response in the dermis, which includes the IFN-y-dependent chemokines CXCL9, 10, and 11 [11]. Furthermore,
prior research has emphasized the significance of CXCL10 in the immunopathogenesis of vitiligo [11-12]. Consequently,
we have initiated this current investigation to assess serum CXCL10 as a biomarker for disease activity in pediatric vitiligo,
aiming for improved therapy of this condition.

The present investigation involved 60 pediatric cases with vitiligo, contrasted with a control group of 30 subjects matched
for age and sex. A blood specimen has been collected from every participant to assess serum CXCL10 concentration using
the ELISA method. At the conclusion of the research, we detected a markedly significant elevation in serum CXCL-10
concentrations in cases [42.5] relative to the control group [25.8] [p= 0.005]. Additionally, we conducted ROC analysis
and determined that the optimal cutoff for serum CXCL10 concentrations to distinguish between the case and control
groups was above 25.9, with a sensitivity of 86.67, specificity of 53.33, and an AUC of 0.682. The findings indicate that
serum CXCL10 serves as a valuable biomarker for predicting vitiligo.

To the best of our knowledge, the present research is the 1% to assess the serum level of CXCL10 in pediatric vitiligo and
also the first to compare CXCL10 levels in segmental versus non-segmental vitiligo patients. Moreover, the results in the
current study came in agreement with several previous studies of adult vitiligo patients indicating the pivotal role of
CXCL10 in the pathogenesis of vitiligo.

Our finding comes in agreement with a case-control research conducted on 60 Egyptian vitiligo cases [thirty had active
vitiligo & thirty had stable vitiligo] & thirty healthy age and sex matched controls to measure the blood concentrations
of CXCL10 in vitiligo and to relate it with disease activity and degree. Vitiligo extent score [VES] has been calculated.
CXCL10 has been measured in venous blood samples utilizing ELISA. The outcomes of their research shown that
CXCL10 concentrations were significantly greater among vitiligo cases than controls [P below 0.001] [12].

This goes in line with previous study they conducted a case-control research on 30 Egyptian vitiligo cases, and 30 apparent
healthy controls with similar demographics, to examine the possible role of CXCL10 [using ELISA method] in the
pathogenesis of vitiligo. The outcome of the research revealed increased concentrations of CXCL10 in the vitiligo cases
than controls [13].

These findings correspond to a case-control research involving 40 Egyptian cases diagnosed with non-segmental vitiligo
[NSV; comprising 20 cases exhibiting active disease and 20 stable patients] alongside 20 healthy controls matched for age
and sex, aimed at assessing the influence of CXCL10 and CXCL12 thru the ELISA technique in the etiology of vitiligo
and examining their relation to disease activity. At the conclusion of the research, it has been determined that serum
CXCL10 concentrations have been markedly elevated in individuals with vitiligo in comparison to the control group [14].
In alignment with prior findings, a research involving 80 vitiligo cases and 40 controls presents clinical evidence that
supports and elucidates the role of CXCL10 in the recruitment of T-lymphocytes in vitiligo. Serum CXCL10 concentrations
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were markedly greater in cases with vitiligo than the control group. The findings of the present research, in conjunction
with earlier studies, bolster the significance of CXCL10 in the pathogenesis of vitiligo when contrasted with healthy
controls. [15].

In the current research we found a high statistically significant variance among cases with segmental vitiligo, non-
segmental stable vitiligo and non-segmental active vitiligo in serum CXCL10. Non segmental active vitiligo had the
highest serum CXCL10 level [53.55] followed by segmental vitiligo [41.45] then non-segmental stable [32.3] [p= 0.003].
Moreover, we did ROC analysis and we found that the best cut off point for serum CXCL10 concentration to distinguish
among non-segmental active and non-segmental stable vitiligo patient was >42 with sensitivity 77.27, specificity 66.67
and AUC 0.708. Our results suggest that increased serum level of CXCL10 had a positive relationship to active vitiligo,
which can be utilized to monitor disease activity and predict vitiligo treatment response and outcome.

Our results corresponded with prior research indicating that CXCL10 levels in blister fluid samples have been markedly
reduced in stable cases compared to those with active conditions. The researchers conducted ROC analysis and
demonstrated that CXCL10 levels were both sensitive and specific for identifying active vitiligo [15].

Likewise, it was disclosed that serum concentrations of CXCL-10 were elevated in active vitiligo than stable vitiligo, and
the expression of CXCL-10+ cells in tissue was more pronounced in active instances than in stable ones. To establish a
threshold for the specificity and sensitivity of the activity indicators in their research, the authors conducted ROC analysis,
revealing that CXCL-10 was the most specific serum indicator for distinguishing between active and stable cases, with a
ninety-five percent confidence interval of 0.927 [0.823 - 0.980] [sensitivity 83.3%, specificity 96.0%]. These findings
were consistent with ours [8].

Numerous studies corroborate that CXCL10 concentrations in vitiligo cases were markedly elevated in the active cohort
relative to the stable cohort [P below 0.001] [13]. In a separate investigation, cases in the progressive phase exhibited
elevated levels of CXCL10 compared to those in the stable phase, indicating a potential mechanistic function of CXCL10
in vitiligo [14].

This aligns with a cross-sectional research with 54 vitiligo cases , aimed at assessing the efficacy of systemic CXCL10
as an indicator of illness advancement and therapeutic response. The researchers exhibited increased CXCL10
concentrations in affected skin and in the bloodstream. Following intervention with psoralen with narrowband UVB [NB-
UVB] phototherapy, UVA [PUVA] phototherapy, and systemic steroids [SS], a notable reduction in CXCL10
concentrations was seen, indicating that serum CXCL10 could serve as a biomarker for vitiligo [16].

Contrary to our results, CXCL10 does not influence the activity of vitiligo. The researchers sought to evaluate serum
CXCL10 concentrations in cases with active vitiligo versus those with stable vitiligo. A total of 35 individuals with non-
segmental active vitiligo and thirty cases with non-segmental stable vitiligo have been enrolled. The research indicated
that there was no notable relationship between serum CXCL10 levels and disease activity among the cases studied. It is
noteworthy that the authors did not juxtapose serum CXCL10 levels with those of healthy control subjects. Variations in
patient ethnicity, sample dimensions, disease progression, and measurement techniques may elucidate these conflicting
findings [17].

This research revealed a statistically significant positive correlation among serum CXCL10 and both VIDA and VASI
ratings in cases with non-segmental active vitiligo [p equal to 0.000 and 0.005, correspondingly]. These results indicate
that elevated serum levels of CXCL10 correlate positively with disease severity and inform the management of
progressing vitiligo.

Our findings indicate that the serum concentration of CXCL10 in Vitiligo cases exhibited a moderate positive correlation
with the degree of the disease, as measured by the VASI and VIDA scores, implying the prospective value of serum
CXCL10 as a new biomarker for assessing disease activity and a beneficial measure of treatment efficacy in progressive
vitiligo [14].

These results closely resembled a descriptive cross-sectional investigation designed to assess serum CXCL 10
concentrations in 16 blood specimens from cases identified as having vitiligo. At the conclusion of the research, the
authors indicated that serum CXCL 10 concentrations were elevated in individuals exhibiting active vitiligo lesions, and
a strong positive connection was seen between VASI and CXCL 10. [P below 0.05][16]. This aligns with the observation
that blood CXCL10 concentrations correlated with elevated VASI ratings in cases with progressing vitiligo and
diminished following effective therapy. These findings were consistent with ours [15].

Additionally, a statistically significant positive correlation has been seen among CXCL10 concentrations and the VES

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow ng. 138



score [P below 0.003]. This outcome aligned with our findings; although, we utilized the VASI score instead of the VES

Score.

Based on prior research, the CXCL10 indicator could be clinically beneficial for personalized treatment strategies in
pediatric vitiligo cases and for forecasting disease severity and activity in this demographic.

Moreover, serum and plasma concentrations of CXCL10 have been proposed as a prognostic indicator of disease activity
in juvenile dermatomyositis, systemic lupus erythematosus, and type 1 diabetes [18-19]. Consistent with these findings,
an earlier investigation also demonstrated that serum CXCL10 levels were markedly decreased during corticosteroid
therapy in individuals with SLE and Graves’ orbitopathy [20]. CXCL10 demonstrates a robust correlation with
autoimmune conditions [21].

In the present research, we did not see any noteworthy association between serum CXCL10 levels and case demographics
[such as gender, age, skin phototype, and duration of vitiligo].

Numerous investigations similarly shown insignificant correlation among serum CXCL10 levels and case demographics.
[8, 13, 14, 15].

In conclusion, our research revealed that serum CXCL10 concentration is significantly increased in pediatric vitiligo
cases especially in non-segmental active type. Serum CXCL10 level has significant positive association with both VIDA
& VASI scores among non-segmental active vitiligo patients.
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