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ORIGINAL ARTICLE

Increased Circulating CXCL10 in Non-Segmental Vitiligo 
Concomitant with Autoimmune Thyroid Disease and 
Alopecia Areata

Li Zhang*, Xinya Xu*, Shujun Chen, Yuli Kang, Xiuxiu Wang, Chengfeng Zhang, Leihong Xiang

Department of Dermatology, Huashan Hospital, Fudan University, Shanghai, China

Background: Vitiligo is a common acquired pigmentary dis-
ease caused by destruction of epidermal melanocytes in un-
derlying autoimmune response. Few studies have been fo-
cused on the role of chemokines in non-segmental vitiligo 
(NSV) concomitant with autoimmune thyroid disease (AITD) 
and alopecia areata (AA). Objective: The aim of this study 
was to determine the best serum biomarker for predictive 
role in the progression of vitiligo and to evaluate the influ-
ence of AA and/or AITD on vitiligo by using the biomarker. 
Methods: This prospective cohort study recruited 45 NSV pa-
tients: 14 without either AITD or AA, 12 with AITD, 11 with 
AA, and 8 with both AITD and AA. Serum levels of CXCL1, 
CXCL8, CXCL9, CXCL10, CXCL12, CXCL13, and CXCL16 
were analyzed by ELISA. CXCR3 mRNA expression was de-
tected on PBMCs by RT-PCR. Improvement was evaluated 
using repigmentation scales. Results: Serum CXCL10 levels, 
along with the expression of CXCR3 mRNA were higher in 
NSV patients with AITD or AA alone than in those without 

AITD or AA. Moreover, serum CXCL10 levels, along with the 
expression of CXCR3 mRNA were higher in NSV patients 
with both AITD and AA than in those with AITD or AA alone. 
Poorer repigmentation was observed in NSV patients with 
both AA and AITD than in those with AA or AITD alone. 
Conclusion: CXCL10 could be a biomarker to predict the 
progression of NSV. Dermatologists should pay much atten-
tion to those NSV patients concomitant with AITD and/or 
AA, for comorbidity might lead to more active autoimmune 
reaction. (Ann Dermatol 31(4) 393∼402, 2019)

-Keywords-
Alopecia areata, Autoimmunity, Chemokine CXCL10, 
Thyroid diseases, Vitiligo

INTRODUCTION

Vitiligo is an acquired chronic depigmenting disorder af-
fecting 0.5% to 2% of the world’s population1. It is an un-
der-diagnosed, organ-specific, autoimmune disease of the 
skin caused by T cell-mediated cytotoxic attack on epi-
dermal melanocytes2. Chemokines and their receptors are 
vital for the trafficking of T cells in vitiligo and other auto-
immune diseases. Moreover, dysregulation of chemokines 
and their receptors might lead to immune system homeo-
stasis and inflammation3,4. 
Much attention was paid to the biomarker role of chemo-
kines including CXCL1, CXCL8, CXCL9, CXCL10, and 
CXCL135-10 and other biomarkers, including S100B and 
HMGB1. Increased serum level of S100B was demon-
strated in vitiligo patients with active depigmentation com-
pared to vitiligo patients with stable disease11. Moreover, 
greater expression of HMGB1 was observed in vitiliginous 
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skin than that in the uninvolved skin12. In recent years, 
there have been increasing studies focusing on the bio-
marker role of chemokines. In 2017, CXCL12 and CXCL16 
were reported as new biomarkers in vitiligo13,14. However, 
up to date, the clinical studies available were limited by 
short follow up time. Moreover, few studies showed the 
difference of predictive power among CXCL1, CXCL8, 
CXCL9, CXCL10, CXCL12, CXCL13, and CXCL16 in the 
progression of vitiligo. 
A number of clinical studies have reported that the co-
morbidity of other autoimmune diseases in patients with 
vitiligo, such as autoimmune thyroid disease (AITD), alo-
pecia areata (AA), type 1 diabetes, psoriasis, and atopic 
dermatitis15,16. A recent study of meta-analysis showed that 
in patients affected by vitiligo the prevalence of AITD was 
14.3%, while positivity to thyroid-specific antibodies was 
found in 20.8% of them17. Vitiligo and AA share a similar 
pathogenesis, as they are both interferon (IFN)-γ-driven 
and dependent on CD8+ T cells18. However, limited clin-
ical data were available regarding chemokine levels in vi-
tiligo and its associated autoimmune diseases AA and 
AITD. 
Therefore, in this study, we aimed at determining the best 
serum biomarker from CXCL1, CXCL8, CXCL9, CXCL10, 
CXCL12, CXCL13, and CXCL16 for predictive role in the 
progression of vitiligo. Furthermore, in order to evaluate 
the influence of AA and/or AITD on vitiligo, we analyzed 
the progression of vitiligo in presence or absence of AA 
and/ or AITD by using the biomarker. 

MATERIALS AND METHODS
Patients

This prospective study was conducted at Huashan Hospi-
tal, Fudan University, China, from July 2016 to July 2018. 
All the participants signed a written informed consent 
form, in accordance with the standards of the Institutional 
Ethics Committee of Huashan Hospital, Fudan University 
(HIRB 2017M-006). Forty-five patients were recruited who 
had been independently diagnosed with progressive vitili-
go by two dermatologists, and 15 healthy individuals were 
included as controls. All patients were diagnosed as 
non-segmental vitiligo (NSV) with a body surface area in-
volvement over 15%. Progressive vitiligo was defined in 
cases that had a Vitiligo European Task Force spreading 
score of +1 to +519. Among the 45 patients with pro-
gressive NSV, 14 did not have either AA or AITD, 11 had 
AA, 12 had AITD, 8 had both AA and AITD. Patients in ei-
ther group were excluded if they had previously been 
treated using immunosuppressive therapy, such as cortico-
steroids, calcineurin inhibitors, or phototherapy. Data 

were collected regarding sex, age, disease duration, VASI 
score, signs and symptoms of autoimmune thyroid dis-
orders and AA. The diagnostic criterion for AITD was hav-
ing positive thyroid autoantibodies including thyroid-stim-
ulating hormone receptor autoantibodies (TRAb), thyroid 
peroxides autoantibodies (TPOAb), and/or thyroglobulin 
autoantibodies, with either abnormal or normal thyroid 
function, including chronic autoimmune thyroiditis or 
Hashimoto's thyroiditis, painless thyroiditis, atrophic thy-
roiditis or primary hypothyroidism and Graves’ disease20. 
Diagnosis of AA was made by dermatologists, clinically 
from the presence of circumscribed, hairless patches or 
large alopecic areas in otherwise normal-appearing skin 
areas. Totally, 19 patients were diagnosed as AA including 
11 NSV patients with AA alone and 8 NSV patients with 
AA and AITD. In NSV patients with AA alone, the mean 
duration was 5±5.1 months with the bald skin area of 
18.5%±4.8%; while in NSV patients with AA and AITD, 
the mean duration was 5±4.4 months with the bald skin 
area of 16.9%±6.6%. The patients were treated using 
1-ml intramuscular injections of diprospan (containing 2 
mg betamethasone sodium phosphate and 5 mg betame-
thasone dipropionate) once per month until the pro-
gression of vitiligo had been arrested for a maximum of 6 
injections. Topical tacrolimus 0.1% was applied twice dai-
ly to all spreading lesions. Topical dexamethasone was ap-
plied to patients with AA twice daily to the AA lesions. 
Narrowband ultraviolet B phototherapy twice a week for 
NSV since progression was arrested. Oral levothyroxine 
was applied to patients with AITD according to endo-
crinologist’s suggestion. The samples of peripheral blood 
were collected at the first visit to our department, as well 
as at the third month, sixth month, ninth month, and 
twelfth month. 

Enzyme linked immunosorbent assay (ELISA) detection 
of chemokines

Serum levels of CXCL1, CXCL8, CXCL9, CXCL10, CXCL12, 
CXCL13, and CXCL16 levels were assayed using an ELISA 
kit (R&D Systems, USA). 

Real-time polymerase chain reaction detection of CXCR3 
and expression 

Total RNA was extracted from peripheral blood mono-
nuclear cells (PBMCs) using TRIzol (Invitrogen, Carlsbad, 
CA, USA). First-strand cDNA was then synthesized from 
DNAse-treated total RNA using an oligo-dT18 primer and 
RevertAidTM M-MLV reverse transcriptase. Transcripts were 
quantified by real-time quantitative polymerase chain re-
action (PCR) on a 7500 Real-Time PCR System (Applied 
Biosystems, Minneapolis, MN, USA) using SYBR Premix 
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Table 1. The characteristics of patients with NSV

Characteristic Healthy controls
NSV without 
AA and AITD

NSV with AA NSV with AITD
NSV with 

AA and AITD
p-value

Sex (female/total n) 7/8 5/8 5/6 6/6 4/4   0.3063
Age (yr) 34±5.5 33±7.1 33±6.4 32±7.1 32±6.0   0.9856
Duration (mo) / 5±5.9 5±5.1 5±4.9 5±4.4 ＞0.9999
VASI score / 18±9.8 18±10.4 19±12.0 19±3.0   0.9997

NSV: non-segmental vitiligo, AA: alopecia areata, AITD: autoimmune thyroid disease, VASI: vitiligo area severity index. χ2 test was applied.

Ex Taq II (TaKaRa, Ohtsu, Japan) according to the manu-
facturer’s instructions. The primers for CXCR3 were 5’- 
GCCGAGAAAGCAGGGTAGAC-3’ (forward) and GCA 
AGAGCAGCATCCACAT-3’ (reverse), while those for the 
β-actin endogenous control were 5’-CTCCATCCTGGCC 
TCGCTGT-3’ (forward) and 5’-GCTGTCACCTTCACCG 
TTCC-3’ (reverse). The PCRs were cycled 40 times after 
the initial denaturation step of 95oC for 30 seconds, with 
the following parameters: 95oC for 5 seconds and 60oC 
for 34 seconds. The relative fold change of mRNA ex-
pression was calculated using the 2−ΔΔCt method. The 
mRNA levels of the target gene were normalized to the 
levels of β-actin.

Repigmentation measurement

After 12 months treatment, repigmentation (defined as per-
centage reduction in involved skin area) from the baseline 
measurements was quantified by two independent derma-
tologists using the following visual scale: Grade 0, less 
than 1% improvement; Grade 1, 1% to 25% improvement; 
Grade 2, 26% to 50% improvement; Grade 3, 51% to 75% 
improvement; Grade 4, more than 75% improvement.

Statistical analysis

Values were given as mean±standard deviation for nor-
mally distributed variables. Differences in variables were 
analyzed using the ANOVA, Student’s t-, and χ2 tests as 
appropriate, and p-values less than 0.05 were considered 
significant. IBM SPSS ver. 19.0 Statistics software (IBM 
Corp., New York, NY, USA) was used for all analyses.

RESULTS
Description of patients

The clinical characteristics of patients are summarized in 
Table 1. 

Elevated serum levels of CXCL9, CXCL10, CXCL12, 
and CXCL16 in patients with vitiligo

Serum levels of CXCL9 (270.4±29.1 pg/ml in patients with 
vitiligo vs. 99.2±18.3 pg/ml in health controls, p＜0.001), 

CXCL10 (916.9±157.3 pg/ml in patients with vitiligo vs. 
117.1±28.1 pg/ml in health controls, p＜0.001), CXCL12 
(1,797.0±181.8 pg/ml in patients with vitiligo vs. 1,163.0± 
140.0 pg/ml in health controls, p＜0.001) and CXCL16 
(1,718.0±368.6 pg/ml in patients with vitiligo vs. 1,391.0± 
213.1 pg/ml in health controls, p＜0.05) were significantly 
higher in blood collected at baseline from patients with vi-
tiligo than in that collected from healthy controls. How-
ever, serum levels of CXCL1 (182.4±71.5 pg/ml in pati-
ents with vitiligo vs. 145.6±22.4 pg/ml in health controls, 
p＞0.05), CXCL8 (131.8±50.2 pg/ml in patients with viti-
ligo vs. 97.5±29.5 pg/ml in health controls, p＞0.05) and 
CXCL13 (29.8±4.8 pg/ml in patients with vitiligo vs. 
25.7±5.2 pg/ml in health controls, p＞0.05) did not differ 
significantly between patients with vitiligo and healthy 
controls (Fig. 1).

Down-regulation of serum CXCL10 levels in response 
to treatment

To assess the therapy effect of serum CXCL9, CXCL10, 
CXCL12, and CXCL16, serum levels of each were meas-
ured in patients with NSV after twelve months treatment. 
Successful treatment led to a decrease in serum CXCL10 
levels (916.9±157.3 pg/ml in patients before treatment vs. 
543.8±82.3 pg/ml in patients after treatment, p＜0.0001). 
However, there were no significant changes in serum lev-
els of CXCL9 (270.4±29.1 pg/ml in patients before treat-
ment vs. 264.5±35.9 pg/ml in patients after treatment, 
p＞0.05), CXCL12 (1,797.0±181.8 pg/ml in patients be-
fore treatment vs. 1,701.0±175.6 pg/ml in patients after 
treatment, p＞0.05) or CXCL16 (1,718.0±368.6 pg/ml in 
patients before treatment vs. 1,709.0±382.3 pg/ml in pa-
tients after treatment, p＞0.05; Fig. 2).

Increased levels of serum CXCL10 predict progression 
in vitiligo 

To assess the predictive role of serum CXCL9, CXCL10, 
CXCL12, and CXCL16, serum levels of each were meas-
ured patients with NSV in the sixth month during the fol-
low up. Higher serum CXCL10 levels were shown in pa-
tients with progression compared with those without pro-
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Fig. 1. Chemokines in the serum of patients with non-segmental vitiligo (NSV). (A) CXCL1, (B) CXCL8, (C) CXCL9, (D) CXCL10, 
(E) CXCL12, (F) CXCL13, and (G) CXCL16. Student’s t-test was applied. The serum levels of CXCL9, CXCL10, CXCL12, and CXCL16 
were higher in patients with NSV than in healthy controls (HC). However, there was no significant difference in the serum levels 
of CXCL1, CXCL8, or CXCL13 between patients with NSV and healthy controls. NS: no significance. *p＜0.05, ***p＜0.001.

Fig. 2. Decreased chemokine levels after treatment of patients with non-segmental vitiligo (NSV). Student’s t test was applied. Serum 
levels of CXCL10 had decreased significantly after treatment. However, those of CXCL9, CXCL12, and CXCL16 had not (A). Higher 
serum levels of CXCL10 in patients with vitiligo underwent progression in the following up (B). NS: no significance. ***p＜0.001, 
****p＜0.0001.

gression (1,028.0±109.3 pg/ml in patients with progres-
sion vs. 799.4±79.1 pg/ml in patients without progres-
sion, p＜0.0001). However, there were no significant changes 
in serum levels of CXCL9 (271.7±23.2 pg/ml in patients 
with progression vs. 269.2±36.4 pg/ml in patients with-
out progression, p＞0.05), CXCL12 (1,727.0±168.2 pg/ml 
in patients with progression vs. 1,894.0±167.9 pg/ml in 

patients without progression, p＞0.05) or CXCL16 (1,763.0± 
319.2 pg/ml in patients with progression vs. 1,654.0± 
460.5 pg/ml in patients without progression, p＞0.05; Fig. 2) 
in patients with progression compared with those without 
progression.
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Fig. 3. Differences in serum CXCL10 levels in patients who had 
non-segmental vitiligo (NSV) with alopecia areata (AA), and/or 
autoimmune thyroid disease (AITD). ANOVA test was applied. 
The levels of CXCL10 in patients who had NSV with both AA 
and AITD were higher than in those who had NSV with AA 
or AITD alone. The levels of CXCL10 in patients who had NSV 
with either AA or AITD were higher than in those who had NSV 
without AA or AITD. HCs: healthy controls, NS: no significance. 
*p＜0.05, **p＜0.01, ***p＜0.001, ****p＜0.0001.

Fig. 4. The mRNA expression of CXCR3 in circulation. ANOVA 
test was applied. The mRNA expression of CXCR3 was sig-
nificantly higher in patients with NSV than in healthy controls 
(HCs). In addition, it was higher in patients who had non- 
segmental vitiligo (NSV) with either alopecia areata (AA) or 
autoimmune thyroid disease (AITD), and in those who had NSV 
with both AA and AITD than in patients who had NSV without 
AA or AITD. There was no significant difference in CXCR3 
mRNA expression between patients who had NSV with AA and 
those who had NSV with AITD. NS: no significance. *p＜0.05, 
**p＜0.01, ***p＜0.001.

Higher serum levels of CXCL10 in patients who had 
vitiligo with AA and AITD

The serum level of CXCL10 was 732.5±100.7 pg/ml in 
patients who had NSV without AA or AITD, 917.5±113.5 
pg/ml in patients who had NSV with AA, 916.3±61.6 
pg/ml in patients who had NSV with AITD, and 1,094.0± 
109.1 pg/ml in patients who had NSV with AA and AITD. 
The levels of CXCL10 in patients who had NSV with AA 
were higher than those in patients who had NSV without 
AA or AITD (p＜0.05, Fig. 3). Similarly, the levels of CXCL10 
in patients who had NSV with AITD were higher than 
those in patients who had NSV without AA or AITD (p＜ 

0.01, Fig. 3). However, the levels of CXCL10 did not differ 
between patients who had NSV with AA and those who 
had NSV with AITD (p＞0.05, Fig. 3). Moreover, the lev-
els of CXCL10 in patients who had NSV with both AA and 
AITD were higher than those in patients who had NSV 
with AA, NSV with AITD, and NSV without either AA or 
AITD (p＜0.05, p＜0.05, p＜0.001, respectively; Fig. 3). 

Elevated expression of CXCR3 mRNA in the PBMCs of 
patients with vitiligo

Since serum CXCL10 was significantly increased in pa-
tients with NSV, especially in those who also had AA and 

AITD, we hypothesized that CXCR3, the common re-
ceptor for CXCL10, might be up-regulated in the PBMCs 
of patients who had NSV with AA and/or AITD. Indeed, 
RT-PCR demonstrated that CXCR3 mRNA expression was 
higher in the PBMCs of patients who had NSV with both 
AA and AITD than in those who had NSV with either AA 
or AITD alone (12.1±1.2 in vitiligo patients with both AA 
and AITD vs. 7.7±1.4 in vitiligo patients with AA alone; 
p＜0.01 and 12.1±1.2 in vitiligo patients with both AA 
and AITD vs. 7.7±2.2 in vitiligo patients with AITD alone; 
p＜0.05, respectively; Fig. 4). In addition, CXCR3 mRNA 
expression was higher in patients who had NSV with AA 
or AITD alone than in those who had NSV without either 
AA or AITD (7.7±1.4 in vitiligo patients with AA alone 
and 7.7±2.2 in vitiligo patients with AITD alone vs. 4.9± 
0.7 in vitiligo patients without AA or AITD, respectively; p＜ 
0.01 in both cases; Fig. 4).

The presence of AA and AITD in NSV leads to more 
active autoimmune reaction

We next explored the changes of CXCL10 after 3, 6, 9, 
and 12 months of treatment in patients who had NSV with 
AA and/or AITD. The level of CXCL10 in patients who had 
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Fig. 5. Dynamic changes in CXCL10 levels after 0, 3, 6, 9, and 12 months of treatment. ANOVA test was applied. In patients who 
had non-segmental vitiligo (NSV) without alopecia areata (AA) or autoimmune thyroid disease (AITD) (A), the level of CXCL10 initially 
decreased significantly after 3 months treatment, then continuously decreased in month 6, 9, 12. In patients who had NSV with 
AA (B) and those who had NSV with AITD (C), the level of CXCL10 initially decreased significantly after 6 months of treatment, 
then continuously decreased in month 9, 12. In patients who had NSV with both AA and AITD (D), the level of CXCL10 initially 
decreased significantly after 9 months of treatment, then continuously decreased in month 12. NS: no significance. **p＜0.01, ***p＜
0.001, ****p＜0.0001.

NSV without AA or AITD had decreased significantly after 
3 months (p＜0.01, Fig. 5), but no significant difference 
was observed between patients who had NSV with either 
AA or AITD and those who had NSV with both AA and 
AITD (p＞0.05 in both cases, Fig. 5). After 6 months, a sig-
nificant decrease in CXCL10 levels had occurred in pa-
tients those who had NSV with AA or AITD alone (p＜ 

0.001 and p＜0.001, respectively), but no significant dif-
ference was observed in patients who had NSV with both 
AA and AITD (p＞0.05, Fig. 5). After 9 months treatment, 
CXCL10 levels had decreased significantly in patients who 

had NSV with both AA and AITD (p＜0.001, Fig. 5). Lastly, 
after 12 months treatment, the mean level of CXCL10 of 
all the patients is lower than that after 9 months treat-
ment. Moreover, the levels of CXCL10 in patients who 
had NSV with both AA and AITD were higher than in 
those who had NSV with AA or AITD alone in month 3 
and 6. The levels of CXCL10 in patients who had NSV 
with either AA or AITD were higher than in those who 
had NSV without AA or AITD in month 3, 6, 9, and 12 
(Fig. 6). 
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Fig. 6. Different levels of CXCL10 between groups in month 3, month 6, month 9, and month 12. ANOVA test was applied. The 
levels of CXCL10 in patients who had NSV with both alopecia areata (AA) and autoimmune thyroid disease (AITD) were higher 
than in those who had non-segmental vitiligo (NSV) with AA or AITD alone in month 3 (A) and 6 (B). The levels of CXCL10 in 
patients who had NSV with either AA or AITD were higher than in those who had NSV without AA or AITD in month 3 (A), 6 
(B), 9 (C), and 12 (D). NS: no significance. *p＜0.05, **p＜0.01, ***p＜0.001, ****p＜0.0001.

Fig. 7. The repigmentation scale in patients who had non-segmental vitiligo (NSV) with or without alopecia areata (AA) and autoimmune 
thyroid disease (AITD). ANOVA test was applied. Repigmentation was worse in patients who had NSV with both AA and AITD than 
in those who had NSV without either AA or AITD. Repigmentation was worse in patients who had NSV with either AA or AITD 
than in those who had NSV with AA and AITD. NS: no significance. **p＜0.01, ***p＜0.001, ****p＜0.0001.
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Poorer improvement in patients who had vitiligo with 
both AA and AITD 

In our follow-up, the repigmentation scores in patients who 
had NSV with both AA and AITD were lower than those 
in patients who had NSV without AA or AITD (p＜0.0001 
in both cases, Fig. 7). Patients who had NSV with both AA 
and AITD showed poorer repigmentation after 12 months 
than those who had NSV with AA or AITD alone (p＜0.01 
in all cases, Fig. 7). The repigmentation scores in patients 
who had NSV with either AA or AITD were poorer than 
those in patients who had NSV without AA or AITD (p＜ 

0.001 in both cases, Fig. 7). 

DISCUSSION

Vitiligo is an autoimmune disease of the skin and several 
chemokines and other biomarkers were reported to be in-
volved in its progression. Several studies have reported 
circulating markers that are associated with progressive vi-
tiligo including chemokines and others. In the present 
study, the chemokines CXCL1, CXCL8, CXCL9, CXCL10, 
CXCL12, CXCL13, and CXCL16 were investigated in pa-
tients with NSV, and serum levels of CXCL9, CXCL10, 
CXCL12, and CXCL16 were found to be up-regulated in 
vitiligo. In addition, the serum levels of CXCL9, CXCL10, 
CXCL12, and CXCL16 were measured after treatment, and 
only the CXCL10 levels differed significantly after treat-
ment. 
CXCL9 and CXCL10 levels have been reported to be bio-
markers for vitiligo progression. Maouia et al.21 reported 
that increased CXCL9 and CXCL10 levels were detected in 
patients with vitiligo compared with healthy controls, but 
the authors mentioned that difference of CXCL9 was less 
pronounced compared with the one observed for CXCL10. 
However, Rashighi et al.9 found elevated CXCL10 but not 
CLCX9 levels in patients with vitiligo. Richmond et al.22 
showed the expression of both CXCL9 and CXCL10 corre-
lated with disease activity in a mouse model of vitiligo, 
but only CXCL10 correlates with disease severity, which 
was consistent with our result. In addition, the patients 
with higher levels of CXCL10 before treatment still ag-
gravated according to the VASI score after six months 
treatment while those with lower levels of CXCL10 show-
ed no progression, which indicated the initial high level of 
CXCL10 before treatment was associated with the vitiligo 
progression. This part of study suggested serum CXCL10 
could be used as a biomarker in vitiligo.
Vitiligo, AA and AITD are all autoimmune diseases, and 
striking similarities in pathogenesis have been identified at 
the level of both the innate and adaptive immune system. 

Th1 cells produce IFN-γ, inducing the production of 
CXCL10, which can in turn recruit more Th1 cells23. CD8+ 
T cells may attack melanocytes directly during the onset 
and progression of vitiligo24,25. Notably, AITD is consid-
ered as a Th1-mediated disease, and the anti-thyroid anti-
bodies that occur during AITD are more common in pa-
tients with vitiligo than in healthy controls17,26. The con-
currence of depigmentation and hair loss in patients with 
vitiligo and AA implies that the two diseases share similar 
pathogeneses that depend on cytotoxic CD8+ T cells lo-
cated close to melanocytes and hair follicles within the 
skin27,28. Studies in animal models of vitiligo and AA have 
specifically implicated an IFN-γ-related immune response, 
with IFN-γ, IFN-γ-induced chemokines, and cytotoxic 
CD8+ T cells as the main drivers of disease pathogenesis3. 
Epidemiologic study revealed AITD was the most com-
mon comorbidity in patients with vitiligo, with the preva-
lence up to 34%29, with shared heritable susceptibility 
genes30. What’s more, melanocyte-specific antigen ex-
pression in thyroid tissue was reported in patients with 
Hashimoto’s thyroiditis, as well as in healthy individuals31. 
Vitiligo concomitant with AITD is more common among 
female, and the disease tends to have a longer duration 
and to cover a higher body surface area32. Gey et al.32 re-
ported a larger body surface area involvement was asso-
ciated with the presence of AITD in 626 patients with 
vitiligo. Based on the above epidemiologic studies and 
mechanism studies, notice should be taken on the auto-
immune comorbidity of vitiligo, especially AA and AITD. 
In euthyroid chronic AITD, especially in middle-aged fe-
male, the serum levels of CXCL10 are significantly higher 
than in healthy controls33. In the serum of patients with 
AA, CXCL10 levels have been found to be significantly 
higher than in healthy controls21. One study reported high-
er serum CXCL10 levels in patients with NSV and in those 
with NSV plus AITD than in healthy controls34. Based on 
our result of biomarker of CXCL10 and above reports, we 
further explored the association between vitiligo and its 
concomitant AA and AITD. To our knowledge, this is the 
first study to analyze serum CXCL10 levels among patients 
who had NSV with AA and AITD. Serum CXCL10 levels 
were higher in patients who had NSV with both AA and 
AITD than those who had NSV without either AA or AITD 
and those who had NSV with AA or AITD alone. The con-
currence of vitiligo with AA and AITD may contribute to 
more active reaction in immunological mechanism. CXCR3 
is a Gαi protein-coupled receptor in the CXC chemokine 
receptor family. CXCL10 belongs to the CXC subfamily 
chemokine and exerts its function by binding to CXCR3, 
which is highly expressed on CD4+ T cells and effector 
CD8+ T cells35. In the present study, we showed that CXCR3 
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mRNA levels in the PBMCs of patients who had NSV with 
both AA and AITD were higher than those of patients who 
had NSV without AA or AITD, corroborating the findings 
regarding serum CXCL10 levels. This result further con-
firmed the role of CXCL10 in concurrence of AA and 
AITD in patients with NSV. Our previous study have dem-
onstrated serum CXCL10 might be a novel biomarker for 
monitoring disease activity and guiding treatment in pro-
gressive vitiligo10. However, the study did not distinguish 
the difference in vitiligo patients with and without the 
concomitance of AITD and AA. In this long-term pro-
spective cohort study, the time to show a significant de-
crease of CXCL10 was 9 months after treatment in patients 
who had NSV with both AA and AITD, 6 months in pa-
tients who had NSV with AA or AITD alone, and 3 months 
in patients who had NSV without AA or AITD. Further-
more, after 12 months treatment, poorer repigmentation 
was observed in patients who had NSV with both AA and 
AITD than those who had NSV without AA or AITD. 
Collectively, these results further clarified the concurrence 
of vitiligo with AA and AITD might contribute to more ac-
tive reaction in immunological mechanism. 
There are several limitations of our study. The sample size 
is relatively small size, which limits the generalizability of 
the findings. Moreover, it is believed chemokine expres-
sion in vitiligo tissues is more important to evaluate dis-
ease progression in vitiligo. However, we did not collect 
the vitiligo tissues for chemokine expression analysis due 
to the difficulty for biopsy. More and larger clinical trials 
should be performed to further elucidate the serum CXCL10 
as a prognostic marker for NSV concomitant with AITD 
and AA.
In summary, CXCL10 could be used as a biomarker to pre-
dict the future progression in NSV. CXCR3 might play a 
role in the mechanisms of vitiligo and its comorbidity AA 
and AITD. Moreover, considering that patients who had 
NSV with both AA and AITD showed poorer therapy out-
come, dermatologists should take special notice of pa-
tients with NSV for the concomitance of AITD and AA. 
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