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CXCL9 as a key biomarker 
of vitiligo activity and prediction 
of the success of cultured 
melanocyte transplantation
Fuquan Lin, Wenting Hu, Wen Xu, Miaoni Zhou* & Ai‑E. Xu*

This study aimed to investigate the potential biomarkers of vitiligo by evaluating the disease activity 
and curative effect of autologous cultured pure melanocyte transplantation (CMT) on patients. 
Altogether, 36patients with stable vitiligo were treated with CMT. Blister fluid samples were collected 
from patients with stable vitiligo. Patients with active vitiligo were matched with healthy controls. 
The chemokine levels in the serum and blister fluid samples were measured using Luminex. The 
curative effect on patients with stable vitiligo was evaluated 6 months after treatment. Treatment 
responses were defined according to the extent of repigmentation as effective (if 50% or more 
repigmentation was achieved) or ineffective (if less than 50% or worse repigmentation was achieved). 
Patients received re‑transplantation if the initial treatment was ineffective. The levels of C‑X‑C motif 
chemokine ligand (CXCL)9 and CXCL10 in blister fluid samples were significantly lower in stable 
patients than in active participants. Receiver operating characteristic analysis revealed that the 
levels of CXCL9 and CXCL10 were sensitive and specific in diagnosing active vitiligo. Further, 65.6% 
(21/32) of patients who received CMT had effective treatment responses. The high CXCL9 level in the 
blister fluid was a significant predictor of ineffective treatment responses. The treatment response 
was significantly enhanced after treatment. Four patients with ineffective treatment responses 
received anti‑inflammatory treatment and re‑transplantation. The CXCL9 and CXCL10 levels in the 
blister fluid were related to the presence of active vitiligo. Also, the CXCL9 level was a predictor of the 
effectiveness of CMT in treating vitiligo.

Vitiligo is a common pigmentary skin disease that affects 0.1–2% of individuals among various populations, and 
only some patients with vitiligo would respond to diverse medical  treatments1–5. In refractory and stable vitiligo, 
a surgical procedure is required to improve the repigmentation  rate6. In our previous studies, the application of 
autologous cultured pure melanocyte transplantation (CMT) in stable vitiligo achieved favorable  outcomes7–9.

Vitiligo is characterized by the loss of functional melanocytes. It is considered that the pathogenic mecha-
nisms are different between segmental and nonsegmental vitiligo due to their different clinical patterns. How-
ever, recent data indicate the overlapping inflammatory pathogenesis of segmental and nonsegmental vitiligo, 
both of which are closely related to T-cell immunity. Increasing evidence has shown that vitiligo is induced by 
the activated melanocyte antigen-specific  CD8+ T cells that drive cytotoxicity and disease  pathogenesis10–13. 
Recruitment of auto-reactive  CD8+ T cells to melanocytes is mediated by interferon γ (IFN-γ) via IFN-γ-induced 
chemokines, such as C-X-C motif chemokine ligand (CXCL) 9 and  CXCL1014–18.CXCL9 and CXCL10 are the 
Th1 chemokines induced by IFN-γ in various cell types, such as neutrophils, lymphocytes, and endothelial cells 
as well as fibroblasts and other epithelial cells 19,20. BothCXCL10 and CXCL9 can directly bind to the specific 
receptor, chemokine (C-X-C motif) receptor (CXCR)3, to subsequently regulate immune responses by recruit-
ing and activating T cells, monocytes, and also natural killer cells 19,20. These signaling pathways are regulated by 
Janus kinase (JAK) 1 and  221,22. CXCL9 and CXCL10 have been validated as the biomarkers of vitiligo  activity18,23. 
Their levels in the skin and blood of patients with vitiligo are higher than those in healthy controls, and the levels 
in patients with active vitiligo are higher than those in patients with stable  vitiligo14,15,18.

According to a newly published study, a reduction in the serum CXCL10 level predicts better treatment 
outcomes in patients with vitiligo receiving ruxolitinib  treatment24,25. Rashighiet al. showed that CXCL10 was 
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essential for the progression and maintenance of depigmentation in a mouse model of  vitiligo15. Ferrariet al. 
found that the level of circulating CXCL10 increased in nonsegmental vitiligo, regardless of the presence of 
autoimmune  thyroiditis19. These results suggested that Th1 immune response was essential for the immune-
pathogenesis of  vitiligo19.

Thus, it was hypothesized in this study that chemokines CXCL9 and CXCL10might be the potential bio-
markers for predicting treatment response in patients with vitiligo undergoing CMT. A prospective study was 
performed to observe the different chemokine levels in patients with vitiligo treated with CMT (Table 1).

Results
Baseline clinical characteristics of patients. Of all the36 patients with stable vitiligo, 32 (including14 
female and 18male;mean age, 36.7 ± 10.24 years) completed the 6- to 12-month follow-up, while 4 dropped out at 
the 3-month follow-up (Fig. 1); the mean stable time was 19.2 months. The mean (standard deviation) age at the 
onset of active vitiligo was 37.5 ± 9.86 years, and serum and blister fluid samples were collected from 13 of these 
patients, including 6 female and 7 male patients, with the mean age of 35.5 ± 7.89 years. In addition, blister fluid 
samples were collected from 10 control participants with nonlesional stable vitiligo, and serum samples were 
collected from 10 healthy controls. No statistically significant difference in age or sex was found among different 

Table 1.  Demographic and clinical data of stable vitiligo group (treatment group), active vitiligo group, and 
control group.

L-stable vitiligo L-active vitiligo NL-stable vitiligo Health control P value

Name of cases 32 13 10 10 –

Age 36.7 ± 10.2 37.5 ± 9.9 35.5 ± 7.9 28.6 ± 5.7  > 0.05

Gender(male/female) 18/14 7/6 6/4 5/5  > 0.05

Type pf vitiligo (localized/general/segmental) 26/25 8/3/2 – –  > 0.05

Period of stability (month) 19.2 ± 10.0 – – – –

Location head neck/trunk 14/18 0/13 0/10 – –

Figure 1.  Flow chart of the study.
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groups. Stable vitiligo was mainly observed in the face, neck, and trunk, and active vitiligo mainly occurred in 
the trunk. Further, no significant difference was found in the proportion of patients with mixed types of vitiligo 
(localized/general/segmental).

Increased chemokine levels in the serum and blister fluid samples of patients with viti‑
ligo. This study detected the levels of innate chemokines in both serum and blister fluid samples. Together, 
these results in Table 2 showed that the levels of CXCL9and CXCL10 increased in both patients with stable 
vitiligo and patients with active vitiligo (P < 0.01).As shown in Fig. 2, the expression of CXCL9 and CXCL10in 
the blister fluid was significantly higher in patients with active vitiligo than in patients with stable vitiligo and 
controls(P < 0.01).However, no statistically significant differences were found in the serum level of CXCL10 
among the three groups(P > 0.05) after Unpaired t-test. The serum expression level of CXCL9 was significantly 
higher in patients with active vitiligo than in patients with stable vitiligo(P < 0.01), but the difference was not 
significant compared with the control group(P > 0.05), and the level in the control group was higher than that in 
patients with stable vitiligo.

L-SV stands for stable vitiligo group, L-AV represents active vitiligo group, NL-SV indicates non-lesional 
stable vitiligo group, and the control group is the healthy control group. P-value indicates statistical significance 
between L-SV and active vitiligo patients statistical difference.

Later, the cutoff value of the CXCL9level in the blister fluid with respect to the incidence of active vitiligo 
was calculated. Receiver operating characteristic (ROC) analysis showed that the cutoff value of the CXCL9 level 
in the blister fluid was 7570 pg/mL (area under the curve = 0.9375; sensitivity = 92.3%; and specificity = 93.8%). 
Moreover, Fig. 3 shows that the cutoff value of the CXCL10 level in the blister fluid was 3528 pg/mL (area under 
the curve = 0.8438; sensitivity = 100%; and specificity = 65.63%).

Clinical effects. Patients with large-area stable vitiligo received CMT surgical treatment. The mean repig-
mentation rate of CMTwas64.1% (P25, P75:37.5%, 95%).Further, 11 patients showed ineffective treatment 
responses (< 50%) (Fig. 4a). The mean repigmentation rate of ineffective CMT group (16.36%) was much lower 
than effective CMT group (89.09%) after Mann–Whitney U-test (P < 0.01) (Fig. 4b).

Analysis of factors that might affect the therapeutic effects. Multivariate analysis was carried out 
in 11 patients with ineffective treatment responses to CMT. The results showed that the differences in the type, 
location, stabilization time, and duration of vitiligo were not statistically significant, but the CXCL9 level in the 
blister fluid of 6 out of 11 patients was higher than 5000 pg/mL, close to the cutoff value of active vitiligo. The 
univariate analysis revealed that high expression of CXCL9 was a significant independent predictor of the inef-
fective treatment response to CMT in patients with vitiligo. Meanwhile, the cutoff value of the CXCL9 level with 
respect to the ineffective treatment response rate was calculated. The ROC analysis showed that the cutoff value 
of the CXCL9 level in blister fluid samples was 2613 pg/mL (area under the curve = 0.779; sensitivity = 90.9%; 
and specificity = 66.7%) (Fig. 5).

Table 2.  The mean values of blister fluid and serum CXCL9/CXCL10 levels in vitiligo patients and controls.

Level of CXCL9 (pg/ml) Level of CXCL10 (pg/ml)

L-SV L-AV NL-SV Control P value L-SV L-AV NL-SV Control P value

Blisterfluid 3856 ± 3987 19,370 ± 12,230 3388 ± 2828 – 0.000 3659 ± 2828 11,377 ± 9746 2257 ± 1676 – 0.000

Serum 599 ± 532 2080 ± 1683 – 1321 ± 290 0.002 652 ± 290 512 ± 203 – 626 ± 330 0.26

Figure 2.  The mean levels of CXCL9 and CXCL10 in different groups. *P < 0.05, **P < 0.01.
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Figure 3.  (a, c) The levels of CXCL9 and CXCL10 in blister fluid. (b, d) ROC curves plotted to distinguish the 
cut-off values of CXCL9 andCXCL10 among active patients and stable vitiligo patients. *P < 0.05, **P < 0.01.

Figure 4.  (a)There pigmentation rate in stable vitiligo patients (n = 32). (b) Statistics of differences between 
groups of different CMT effects. *P < 0.05, **P < 0.01.

Figure 5.  (a) The CXCL9 levels in blister fluid of patients with different treatment responses.(b) ROC curve 
plotted to distinguish the cut-off value of CXCL9 levels among patients with different treatment responses. 
*P < 0.05, **P < 0.01.
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Expression of chemokines and clinical effects in re‑transplant patients. Of six patients who 
achieved the zero repigmentation rate after CMT, we selected four whose CXCL9 levels were relatively higher 
than those in other patients (5000 pg/mL) to receive diprospan compound betamethasone injection. The CXCL9 
level in the blister fluid at the donor site was detected in 6 months to 1 year after injections. In the re-transplant 
patients, the CXCL9 level in the blister fluid showed a statistically significant difference before and after CMT 
treatment. Also, compared with primary transplantation (Fig. 6b,e), the pigmentation rate of re-transplantation 
increased dramatically (Fig. 6c,f). More than 95% of the area could be cured and recovered after successful CMT 
treatment than before treatment (Fig. 6a,d).

Discussion
Transplantation of autologous cultured pure melanocytes is a well-established procedure used to treat stable 
 vitiligo8,26–29. However, defining the concept of stability in the setting of vitiligo is relatively difficult. Vitiligo has 
an unpredictable clinical course, including the periods of disease stability and disease  flares2,3,5. Establishing a 
definitive diagnosis of active vitiligo or stable vitiligo is challenging, which depends on the clinical manifestation 
of  patients16,17,30. Biomarker analysis maybe useful for subsequent patients over time, which can even predict 
future disease progression to tailor individualized  treatment18.

As suggested by a previous study, both CXCL9 and CXCL10 play functional roles in the mouse model of 
 vitiligo15. Although these two chemokines are expressed in active vitiligo, they are produced by different cell types 
with different kinetics during the progression of vitiligo. Of them, CXCL9 is expressed the earliest in murine 
vitiligo lesions, and may be a more specific marker of disease  activity31.

Our results were consistent with the previous  findings14–16,18. This study found that the levels of CXCL9 and 
CXCL10 in the blister fluid were significantly higher in patients with active vitiligo than in patients with stable 
vitiligo. Similar small-scale studies showed that the CXCL9 protein in the blister fluid achieved greater sensitivity 
and specificity in active vitiligo and might be an effective early marker of treatment  response17. No significant 
difference was found in the serum CXCL9 level between patients with active vitiligo and stable vitiligo. CXCL9 
is presumably more sensitive than CXCL10. CXCL9 and CXCL10 can detect visible differences in serum and 
blister fluid samples, and their levels in the blister fluid may be the best indicators. Of these, CXCL9 achieved 
better accuracy, with no difference compared with CXCL10 alone in detecting serum samples. Typically, the 
accuracy of the blister fluid was only 87% in active vitiligo, while it was less than 50% in vitiligo in the treatment 

Figure 6.  Vitiligo lesion in a 37-year-old patient (a) before and (b) 6 months after the transplantation of CMT. 
A0% repigmentation was achieved in the first transplantation. After treatment, a 98% repigmentation rate was 
achieved (c). Vitiligo lesion in a 22-year-old patient (d) before and (e) 6 months after the transplantation of 
CMT. A 0% repigmentation was achieved in the first transplantation. After treatment, a 95% repigmentation rate 
was attained in the re-transplantation (f).
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group; therefore, CXCL9 might serve as a good marker. Also, CXCL9 expression was found to be related to the 
treatment response, which might also be used to predict the response to CMT treatment in patients with vitiligo. 
In patients treated with CMT, the cutoff level of CXCL9 in the blister fluid was2613 pg/mL. It suggested that the 
high concentration of CXCL9 might indicate disease activity and local inflammation, which might prevent the 
survival of transplanted melanocytes and reduce the treatment effectiveness.

The four patients with ineffective treatment response after the primary transplantation received follow-up 
treatment. Over the 6-month follow-up period, diffuse repigmentation was found in the transplanted areas, 
which disappeared after several months. This phenomenon reflected the progress of the transplanted areas. The 
CXCL9 level in these patients during the primary transplantation was higher than2613pg/mL. We assumed that 
melanocyte destruction was caused byCXCL9 and its receptor CXCR3, which triggered T-cell proliferation and 
adaptive response by  lymphocytes32,33.

After the application of diprospan (compound betamethasone  injection34,35, 1 mL, once a month for 
3 months), the CXCL9 level in the blister fluid was significantly lower than that before, and the curative effect 
was significantly improved. This result indicated that the CXCL9 expression level was directly and negatively 
related to the efficacy of CMT. Thus, we concluded that patients with a high CXCL9levelin the blister fluid might 
not be good candidates for CMT. The relatively small sample size was the limitation of this clinical observation. 
Strassner et al. presented a reliable validation cohort of multiple patients to validate CXCL9/10 as the biomarkers 
of vitiligo disease activity, While this study only followed one patient define the treatment  response17. It is difficult 
to achieve the monitoring and guiding significance of the therapeutic effect. We conducted an ROC analysis of 
32 cases of CMT treatment. The systemic treatment of patients with poor efficacy and a high CXCL9 level could 
significantly stabilize the disease and improve the efficacy.

Skin biopsy is considered too invasive for most patients for biomarker purposes, while negative pressure 
suction is less  invasive36,37. Therefore, monitoring the chemokine levels has a certain clinical value and may 
be used in the clinical diagnosis of stable vitiligo. It can also be used to check whether the lesion is suitable for 
transplantation.

Conclusions
In conclusion, the activity of vitiligo has a positive correlation with the levels of CXCL9 and CXCL10 in the blister 
fluid. Moreover, the CXCL9 level in the blister fluid before treatment may be used as a predictive factor of the 
therapeutic effect of CMT. We propose that managing the CXCL9 level in the blister fluid is the most reliable 
indicator to guide clinical therapy and choose the timing of transplantation for patients with vitiligo.

Methods
Study design and participants. Our study protocol complied with the Declaration of Helsinki, and was 
approved by the Ethics Committee of the Third People’s Hospital of Hangzhou. As shown in Fig. 1, 36 patients 
with stable vitiligo (SV) were treated with CMT at the hospital from January 2016 to July 2018 (Table 1). The 
treated lesions were stable for 6 months or longer. Serum and blister fluid samples were collected from blood 
and the auto-donor site. Patients with recent onset of new lesions, objective clinical signs of activity, especially 
for confetti-like macules or trichrome lesions, and higher vitiligo Area Scoring Index (VASI) scores compared 
with the baseline VASI scores were recruited as the active subgroup. Meanwhile, subjects with stable disease 
or no recent change in lesions and no objective clinical sign of disease activity (see above) were selected based 
on patient self-reports. All patients agreed with the publication of identifying information/images in an online 
open-access publication.

Serum chemokine test by Luminex assay. Peripheral serum samples were collected from 36 patients 
with stable vitiligo, 13 patients with active vitiligo and 10 health controls. Thereafter, the serum levels of CXCL9 
and CXCL10 were examined using the Human Chemokine Panel Kits (Millipore, Bedford, MA, USA) with 
Luminex 200 (Millipore). The minimum detection limits were 5 pg/ml for CXCL10 and 4 pg/ml for CXCL9.

Blister fluid chemokines measured by Luminex assay. Blister fluid samples were collected from the 
lesions of 36 vitiligo patients (L-SV), 13 active vitiligo patients (L-AV), and 10 the non-lesional stable vitiligo 
(NL-SV) controls were collected by negative pressure suction (Fig. 1). First, the lesion was anesthetized with 
5% lidocaine ointment for 2 h. Then, the blister fluid was induced by press suction blister (negative pressure, 
0.05 kPa) and collected via a 1-mL syringe. It took1.5 h to develop the blister, which occasionally had a little 
blood. Finally, the blister fluid was stored in tubes at − 80 °C. The protein levels of CXCL9 and CXCL10 in the 
blister fluid were measured using Luminex 200 (Millipore). The minimum detection limits and approach were 
the same as previously described.

Cell culture and transplantation. The cells were separated from the epidermal sheet under a stereo-
microscope. The cell suspension was centrifuged, resuspended with CHMM1 medium (F12 medium with 30 ng/
mL bFGF, 30 μg/mL IBMX, 30 ng/mLGM-CSF, 100 ng/mLα-MSH ,50 μg/mL gentamicin and 10% fetalbovine 
serum) and seeded into a culture flask. Same as we described earlier, alidocaine cream was applied 2–4 h before 
transplantation. The recipient areas were then cleaned with 70% alcohol and treated with ultra-pulse  CO2 laser 
(pulse rate 30–50 Hz at an energy level of 225 mJ/pulse) to remove the epidermis. The melanocyte suspension 
was applied to the laser-denuded area at the density of 600–1000 cells per  mm2. The transplant area was next 
covered with Vaseline gauze, followed by gauze soaked with F12 medium, and finally secured with gauze and 
surgical tape. Tapes were removed 10 days later.
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Evaluation of results. Repigmentation of the recipient area was evaluated at 6 months after transplanta-
tion, and the repigmentation area was measured. Different treatment responses were categorized according to 
the extent of repigmentation as effective (50% or more repigmentation) and ineffective (< 50% or worse).

Follow‑up treatment of re‑transplant for ineffective patients. After obtaining informed consents, 
4 patients who failed to have effective treatment response to CMT received intramuscular injection of diprospan 
once a month for 3 months. Then, they were treated with CMT again, and serum and blister fluid samples were 
collected again during transplantation. Repigmentation of the recipient area was evaluated again at 6 months 
after re-transplantation.

Statistical analysis. Data were expressed as median and inter quartile range. Perform descriptive statistics 
on all data, calculate the homogeneity of variance and normal distribution between the two groups. Differences 
between groups were analyzed by Unpaired t-test, Mann–Whitney U-test and Kruskal–Wallis test based on 
descriptive statistics. All analyses were performed with SPSS version 20.0 software (IBM, Armonk, NY). P < 0.05 
(two-tailed) was considered statistically significant. descriptive statistics.

Informed consent. Informed consent was obtained from all individual participants included in the study. 
Additional informed consent was obtained from two participants for whom identifying information is included 
in this article.
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