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Vitiligo‑specific soluble biomarkers 
as early indicators of response 
to immune checkpoint inhibitors 
in metastatic melanoma patients
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Immunotherapy with checkpoint inhibitors (CPIs) strongly improved the outcome of metastatic 
melanoma patients. However, not all the patients respond to treatment and identification of 
prognostic biomarkers able to select responding patients is currently of outmost importance. 
Considering that development of vitiligo‑like depigmentation in melanoma patients represents both 
an adverse event of CPIs and a favorable prognostic factor, we analyzed soluble biomarkers of vitiligo 
to validate them as early indicators of response to CPIs. Fifty‑seven metastatic melanoma patients 
receiving CPIs were enrolled and divided according to the best overall response to treatment. Patient 
sera were evaluated at pre‑treatment and after 1 and 3 months of therapy. We found that basal CD25 
serum levels were higher in stable and responding patients and remained higher during the first 
3 months of CPI therapy compared to non‑responders. CXCL9 was absent in non‑responding patients 
before therapy beginning. Moreover, an increase of CXCL9 levels was observed at 1 and 3 months 
of therapy for all patients, although higher CXCL9 amounts were present in stable and responding 
compared to non‑responding patients. Variations in circulating immune cell subsets was also 
analyzed, revealing a reduced number of regulatory T lymphocytes in responding patients. Altogether, 
our data indicate that a pre‑existing and maintained activation of the immune system could be an 
indication of response to CPI treatment in melanoma patients.
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iSD  Stable disease
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iRECIST  Immune response evaluation criteria in solid tumors
iBOR  Best overall response
PFS  Progression-free survival
dNLR  Derived NLR
Th  T helper lymphocytes
Treg  Regulatory T lymphocytes
PBMCs  Peripheral blood mononuclear cells

Identification of biomarkers able to predict response to therapies and monitor disease progression is a rapidly 
growing field of study in cancer research. In the last decade, development of checkpoint inhibitors (CPIs) has 
represented the most significant breakthrough in cancer therapy, generating major clinical benefit in patients 
diagnosed with advanced metastatic  cancer1,2. Despite the positive results obtained in around 40% of  patients3–5, 
therapy with anti-programmed death (PD)-1 antibodies is hampered by a substantial number of unresponsive 
individuals. Therefore, it is now mandatory to identify prognostic biomarkers able to indicate patients who 
would respond to therapy, so to avoid exposure of non-responders to harmful side-effects and delay for them 
the introduction of alternative  therapies6–8. Biomarkers within tumor immune microenvironment and tumor 
cell intrinsic features have already been studied as indicators of response to CPI therapy in metastatic mela-
noma. Among these, intratumor programmed death-ligand (PD-L)1 expression, number of tumor-infiltrating 
lymphocytes, tumor mutational  burden9–12. However, due to intratumor heterogeneity and dynamic changes 
in protein expression associated with the tumor microenvironment, these tissue biomarkers obtained from the 
primary tumor biopsies are not appropriate for monitoring patient response during treatment. Additional bio-
markers from peripheral blood samples have been studied in melanoma, e.g., neutrophil-to-lymphocyte ratio 
(NLR)13,14, serum lactate dehydrogenase (LDH)  levels15,16, cytokines and lymphocyte populations [interleukin 
(IL)-6, cluster of differentiation (CD)73,  CD8+CD73+ T  cells]17–19. Data about these biomarkers could be easier 
obtainable and some of them have been already proposed for prognostic and diagnostic purposes, but none of 
them already entered the clinical practice.

During immunotherapy with CPIs, several immune-related adverse event (irAE) can be developed, especially 
dermatologic toxicity associated with inflammatory and autoimmune  responses20,21. These toxicities include 
vitiligo-like depigmentation or leukoderma and, to a lesser extent, psoriasis, bullous pemphigoid, and lichenoid 
 reactions22–24. Leukoderma development is the only irAE associated with a favorable outcome in melanoma 
patients receiving immunotherapy with  CPIs25–30.

In the past, vitiligo biomarkers characterizing the vitiligo active status early on and in the absence of clini-
cal signs of the pathology, have been  identified31. They include an augmented presence in patient circulation of 
inflammatory molecules such as the chemokine (C-X-C motif) ligand (CXCL)9/MIG32–34, CXCL10/IP-1032,35,36, 
and CXCL11/I-TAC 36,  S100B37,38, IL-17A39,40, soluble forms of CD25/IL-2 receptor alpha (IL-2 Rα)41–43 and 
CD27/TNFRSF743,44. Moreover, some microRNAs (miRNAs), such as miR-16, miR-19b, and miR-25, were highly 
expressed in vitiligo patients, while miR-574 was downregulated, compared with healthy  controls45–47.

Considering that leukoderma development has been described in melanoma patients receiving CPI immuno-
therapy and it has been associated with a positive response to  therapy25–29,48, we hypothesized that immunological 
mechanisms like those activated in vitiligo pathogenesis could be also triggered in melanoma patients respond-
ing to CPI therapy. If this would be the case, the same biomarkers that identify vitiligo active phase could also 
represent biomarkers of patient response to CPI therapy. In this prospective, we analyzed several biomarkers of 
active vitiligo in serum and plasma samples derived from metastatic melanoma patients treated with anti-PD-1 
inhibitors and correlated their expression levels with patient response to therapy.

Results
Patients’ characteristics and responses. Fifty-seven melanoma patients were enrolled in the study. 
Considering the best overall response (iBOR), 28 patients responded positively to CPI therapy with an immune 
complete response (iCR, n = 11) or an immune partial response (iPR, n = 17), 16 patients had no objective 
response (immune stable disease, iSD), and 13 patients developed an immune progressive disease (iPD). The 
median follow-up time for progression-free survival (PFS) was 12.2 months (mean 17.1 month, ranging from 
1.1 to 61.7 months). At 1 year, PFS was 57.7%, with a median PFS of 33.4 months for iCR, 20.7 for iPR, 9.7 for 
iSD, and 2.8 for iPD patients. There were no patients lost to follow-up. Fifteen patients developed leukoderma at 
a mean time of 6.8 months after starting of the CPI therapy (Table 1).

We then analyzed patient characteristics and tumor-associated factors at the beginning of the treatment 
with anti-PD-1 antibodies. As shown in Table 2, 37 patients were males (64.9%) and 20 females (35.1%). Mean 
age at treatment start was 67.3 years. Levels of circulating LDH were high for 13 patients (26.5%) and were not 
assessed for 8 patients. The M staging of the extent of metastatization was stage IIIc–M1b for 21 patients (36.8%), 
and M1c–M1d for 36 patients (63.2%). In particular, stage IIIc for 2 patients, stage M1a for 12 patients (M1a(0) 
for 8, M1a(1) for 3, LDH not assessed for 1), stage M1b for 7 patients (M1b(0) for 5, M1b(1) for 2), stage M1c 
for 33 patients (M1c(0) for 20, M1c(1) for 8, LDH not assessed for 5), stage M1d for 3 patients (M1d(0) for 2, 
LDH not assessed for 1). BRAF gene mutation was detected in 15 patients (26.8%). Thirty-one patients (54.4%) 
were treated with pembrolizumab and 26 patients (45.6%) with nivolumab. First-line treatment was done by 32 
patients (56.1%), and second-to-fourth line by 25 patients (43.9%). Leukoderma was developed by 15 patients 
(26.3%). Of those, n = 6 iCR patients (40.0%), n = 7 iPR patients (46.7%), n = 2 iSD patients (13.3%), none iPD 
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Table 1.  Characteristics and treatment outcomes of enrolled patients. a Staging before starting therapy: nivo, 
nivolumab; pembro, pembrolizumab. b iBOR, best overall response according to the iRECIST criteria: iCR, 
complete response; iPR, partial response; iSD, stable disease; iPD, progressive disease. c Data cut off on 11th 
November 2020. PFS, progression-free survival (months). d Patients who had developed (months) or not (–) 
leukoderma at the cut off data.

Patient Stagea Checkpoint  inhibitora iBORb PFSc Progressionc Leukodermad

1 IIIc Nivo iCR 10.8 No 8.7

2 M1a Nivo iCR 40.7 No 2.1

3 M1a Nivo iCR 13.5 No –

4 M1a Nivo iCR 12.2 No –

5 M1b Pembro iCR 21.9 No 7.6

6 M1c Nivo iCR 33.4 No 4.7

7 M1c Pembro iCR 37.3 No 11.1

8 M1c Pembro iCR 37.3 No 9.7

9 M1c Pembro iCR 48.1 No –

10 M1c Nivo iCR 13.3 No –

11 M1d Pembro iCR 62.6 No –

12 M1a Nivo iPR 40.5 No 13.1

13 M1a Pembro iPR 26.2 No –

14 M1a Pembro iPR 20.7 No 4.3

15 M1a Pembro iPR 19.1 No –

16 M1a Pembro iPR 7.1 Yes –

17 M1a Nivo iPR 11.5 No –

18 M1a Nivo iPR 10.8 No –

19 M1b Pembro iPR 33.6 No 2.1

20 M1b Pembro iPR 9.2 No 6.7

21 M1c Nivo iPR 8.9 Yes –

22 M1c Nivo iPR 42.3 No –

23 M1c Nivo iPR 36.8 No 9.7

24 M1c Pembro iPR 39.1 No –

25 M1c Pembro iPR 38.0 No 7.7

26 M1c Pembro iPR 36.8 No 6.9

27 M1c Nivo iPR 13.9 Yes –

28 M1c Nivo iPR 12.9 No –

29 M1a Pembro iSD 7.7 Yes –

30 M1a Nivo iSD 12.9 No –

31 M1b Nivo iSD 18.2 Yes –

32 M1b Nivo iSD 11.7 Yes –

33 M1c Nivo iSD 5.9 Yes –

34 M1c Nivo iSD 5.3 Yes –

35 M1c Nivo iSD 36.4 No 4.3

36 M1c Nivo iSD 6.8 Yes –

37 M1c Pembro iSD 5.2 Yes –

38 M1c Pembro iSD 4.1 Yes –

39 M1c Pembro iSD 32.5 Yes –

40 M1c Pembro iSD 6.3 Yes –

41 M1c Pembro iSD 26.4 Yes –

42 M1c Pembro iSD 15.8 No –

43 M1d Pembro iSD 4.8 No 2.8

44 M1d Pembro iSD 17.3 No –

45 IIIc Pembro iPD 2.8 Yes –

46 M1a Pembro iPD 2.7 Yes –

47 M1a Pembro iPD 2.7 Yes –

48 M1c Nivo iPD 3.6 Yes –

49 M1c Nivo iPD 3.7 Yes –

50 M1c Nivo iPD 4.1 Yes –

51 M1c Nivo iPD 1.8 Yes –

52 M1c Pembro iPD 2.0 Yes –

53 M1c Pembro iPD 1.1 Yes –

54 M1c Pembro iPD 4.0 Yes –

55 M1c Pembro iPD 3.1 Yes –

56 M1c Pembro iPD 1.4 Yes –

57 M1c Nivo iPD 3.9 Yes –
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patient. Clinical characteristics of the response groups were similar for sex, age, metastasis stage, serum LDH 
amount, BRAF mutation, drug administrated, and line of treatment. As expected, patients who developed leu-
koderma were associated with a good response to CPI therapy (p = 0.003). Out of 15 patients with leukoderma, 
12 (80%) developed it during the first-line treatment.

In a sub-group of 44 patients for whom blood analysis data were available (patients no. 1–5, 7, 10, 14–16, 
18–28, 30–39, 42–44, 46, 47, 49–55, 57 of Table 1), we observed higher neutrophil count at the beginning of the 
therapeutic plan in iPD patients in respect with iCR patients (p = 0.043; Table 3). Moreover, our data indicated 
higher baseline values of NLR and derived NLR (dNLR) in iPD patients rather than in iCR patients, suggesting 
that these higher basal levels could associate with a tendency towards progression disease after treatment with 
CPIs (Table 3).

CD25 and CXCL9 as potential early biomarkers of response to CPI therapy. To search for poten-
tial biomarkers that could predict patient clinical response or that could represent early indicators of response to 
CPI therapy, we chose a targeted approach, selecting biomarkers of the vitiligo active phase and analyzing them 

Table 2.  Patient characteristics, treatments, and leukoderma development. Totals may vary because missing 
values. Data are n (%) unless otherwise stated. iPD progressive disease, iSD stable disease, iPR partial response, 
iCR complete response, SD standard deviation, IQR interquartile range, LDH lactate dehydrogenase. p value 
was calculated using the Fisher’s exact test (a) or Kruskal–Wallis test (b).

Characteristics All (n = 57) iPD (n = 13) iSD (n = 16) iPR (n = 17) iCR (n = 11) p  valuea

Sex

Male 37 (64.9) 9 (69.2) 9 (56.3) 12 (70.6) 7 (63.6)

Female 20 (35.1) 4 (30.8) 7 (43.7) 5 (29.4) 4 (36.4) 0.866

Age, years

Mean (SD) 67.3 (12.8) 62.0 (12.0) 67.1 (13.5) 73.2 (12.2) 64.7 (11.3)

Median (IQR) 67 (59–78) 65 (54–68) 67 (60–79) 76 (67–81) 65 (56–72) 0.084b

≤ 65 22 (38.6) 6 (46.1) 7 (43.7) 4 (23.5) 5 (45.4)

> 65 35 (61.4) 7 (53.9) 9 (56.3) 13 (76.5) 6 (54.6) 0.509

Serum LDH

Normal 36 (73.5) 8 (80.0) 10 (71.4) 11 (68.8) 7 (77.8)

Elevated 13 (26.5) 2 (20.0) 4 (28.6) 5 (31.2) 2 (22.2) 0.970

Stage

IIIc-M1b 21 (36.8) 3 (23.1) 4 (25.0) 9 (52.9) 5 (45.4)

M1c-M1d 36 (63.2) 10 (76.9) 12 (75.0) 8 (47.1) 6 (54.6) 0.263

BRAF status

Mutation 15 (26.8) 5 (38.5) 4 (25.0) 3 (18.7) 3 (27.3)

No mutation 41 (73.2) 8 (61.5) 12 (75.0) 13 (81.3) 8 (72.7) 0.702

Drug

Pembrolizumab 31 (54.4) 5 (38.5) 7 (43.7) 8 (47.1) 6 (54.6)

Nivolumab 26 (45.6) 8 (61.5) 9 (56.3) 9 (52.9) 5 (45.4) 0.907

Line of treatment

1 32 (56.1) 5 (38.5) 7 (43.7) 11 (64.7) 9 (81.8)

2–4 25 (43.9) 8 (61.5) 9 (56.3) 6 (35.3) 2 (18.2) 0.117

Leukoderma

No 42 (73.7) 13 (100.0) 14 (87.5) 10 (58.8) 5 (45.4)

Yes 15 (26.3) – 2 (12.5) 7 (41.2) 6 (54.6) 0.003

Table 3.  Analysis of the relationship between neutrophils and lymphocytes before the start of immunotherapy 
with CPIs. Neutrophil count (µL); NLR neutrophil-to-lymphocyte ratio (neutrophils/lymphocytes), dNLR 
derived neutrophil-to-lymphocyte ratio [neutrophils/(leukocytes-neutrophils)]. Best overall response 
according to iRECIST criteria: iPD, progressive disease (n. 10 patients); iSD, stable disease (n. 13 patients); 
iPR, partial response (n. 14 patients); complete response, iCR (n. 7 patients). Data are expressed as mean 
value ± standard error of the mean (SEM). *p = 0.043 iCR versus iPD, assessed by Mann–Whitney U test.

iPD iSD iPR iCR

Neutrophil count 5519 ± 707 5552 ± 909 4415 ± 402 3554 ± 293*

NLR 3.80 ± 0.89 3.12 ± 0.43 3.67 ± 0.50 2.25 ± 0.18

dNLR 2.44 ± 0.47 2.13 ± 0.28 2.34 ± 0.29 1.53 ± 0.09
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in serum samples from patients before (T0) and after 1 (T1) and 3 months (T2) of treatment. We analyzed cir-
culating levels of CD25, CD27, CXCL9, CXCL10, CXCL11, S100B, and IL-17A. In our patient subset, circulating 
amount of either S100B or IL-17A was below the ELISA detection level (data not shown).

Regarding CD25, iSD and iPR patients had significantly higher levels of CD25 at baseline than iPD patients 
(Fig. 1a,b). A tendency to higher CD25 serum amounts was observed also for iCR patients, but it did not reach 
statistical significance (Fig. 1a,b). Basal CD25 levels (T0) significantly increased at T1 and T2 for iPD patients, 
but values remained lower than for the other patient groups at the same time point.

As far as CD27, iCR patients had less circulating protein amount than other groups at all the time-point 
analyzed. However, statistical significance was observed only at T1 between iCR and iPD patients (Fig. 1c,d).

CXCL9 was undetectable at T0 in the sera of iPD compared to other patients who had higher chemokine 
circulating levels at baseline (significance was achieved at T0 for iSD and iCR versus iPD patients; Fig. 2a,b). 
Moreover, the trend of lower circulating amount of CXCL9 in iPD patients compared to other groups was main-
tained after 1 and 3 months of therapy (significance was achieved at T1 and T2 for iPR versus iPD patients). 
The three groups of patients showed CXCL9 serum basal levels (T0) that significantly increased after 1 month 
of therapy (T1). Interestingly, while for iPR and iCR patients CXCL9 levels continued to significantly growth at 
T2, for iPD and iSD patients the levels of CXCL9 decreased at T2.

CXCL10 amounts significantly increased at T1 compared to T0 for iSD, iPR and iCR patients, and a signifi-
cative increment was also present for iCR patients at T2 (Fig. 2c,d). No significant differences in serum con-
centration among the three response groups of patients were observed. Similarly, CXCL11 concentrations was 
significantly different only at T1 for iCR versus iPD patients (Fig. 2e,f). CXCL11 levels increased between T0 and 
T1 for iPD and iPR patients, and between T0 and T2 for iSD patients (Fig. 2e,f). In iPD patients, the increment 
observed at T1 was followed by a reduction in CXCL11 levels at T2 (Fig. 2e,f).

Since augmented circulating CD25 and CXCL9 levels could both represent early biomarkers of response to 
CPI therapy, we noticed that no correlation was present between the two proteins levels (Spearman’s ρ = 0.03, 
p = 0.821).

Reduced amount of circulating regulatory T lymphocytes (Treg) was present in responding 
patients. With the goal to understand whether the observed differences in serum levels of CD25 and CXCL9 
between responding and not-responding patients could be a direct indication of immune cell activation, we 
measured the frequency of circulating T lymphocytes by cytofluorimetric analyses in 33 patients, for whom 
peripheral blood mononuclear cells (PBMCs) were available. We evaluated if T cell subtypes changed in patients 
before (T0) and after 3 months (T2) of CPI therapy. Patients no. 1, 3–11, 14–17, 20, 24, 27–28, 30, 32–35, 42–47, 

Figure 1.  Serum levels of CD25 and CD27 in melanoma patients treated with CPIs. Protein amounts were 
analyzed by ELISA in serum samples of melanoma patients before (T0) and after 1 month (T1) or 3 months 
(T2) of treatment. Best overall response according to iRECIST criteria: iPD, progressive disease (n. 13 patients); 
iSD, stable disease (n. 16 patients); iPR, partial response (n. 17 patients); complete response, iCR (n. 11 patients). 
(a,b) CD25, (c,d) CD27 amount (pg/ml). Data are expressed as mean value ± standard error of the mean (SEM). 
*p < 0.05, as assessed by Mann–Whitney U test to compare between-group differences; or by Wilcoxon signed-
rank test to evaluate before-after treatment differences.
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50–51, 56–57 of Table 1 were examined (iPD, 7 patients; iSD, 8 patients; iPR, 8 patients; iCR, 10 patients). As 
shown in Fig. 3a and in Supplementary Fig. 1, no relevant differences in the amount of  CD3+,  CD4+,  CD8+, and 
specific T helper cell subtypes was observed in the comparisons between patient groups at T0. T lymphocyte 
frequency did not change at T2, except for T helper 1 lymphocytes whose frequency is significantly lower in iPD 
patients than in other groups after 3 months of CPI therapy. Instead, a higher frequency of Treg was observed 
in iPD compared to iSD, iPR and iCR patients at T0 (Fig. 3b and Supplementary Fig. 1). This difference was 
maintained after 3 months of CPI therapy.

Then, we analyzed if expression of the CD25 receptor changed on  CD3+ T cell membrane during CPI treat-
ment. We observed that iPR and iCR patients compared to iSD and iPD had a lower percentage of circulating 
 CD3+  CD25+ cells at T0 and T2 (Fig. 4a), while no relevant changes were observed in CD25 fluorescence intensity 
(Fig. 4b). Moreover, there was no correlation between soluble CD25 serum levels and the expression of CD25 
membrane receptor in  CD3+ T cells (Fig. 4c,d).

Finally, to analyze T lymphocyte subtypes potentially responding to anti-PD-1 immunotherapy, we analyzed 
PD-1 expression. As shown in Fig. 5, every T cell subset examined expressed PD-1 at T0, and expression was 
reduced during therapy (T2). Interestingly, we observed higher percentage of PD-1+ cells in iPD and iSD com-
pared to iPR and iCR patients before therapy (Fig. 5).

Figure 2.  Serum levels of CXCL9, CXCL10, and CXCL11 in melanoma patients treated with CPIs. Chemokine 
levels were analyzed by ELISA in serum samples of melanoma patients before (T0) and after 1 month (T1) 
and 3 months (T2) of treatment. Best overall response according to iRECIST criteria: iPD, progressive disease 
(n. 13 patients); iSD, stable disease (n. 16 patients); iPR, partial response (n. 17 patients); complete response, 
iCR (n. 11 patients). (a,b) CXCL9, (c,d) CXCL10, (e,f) CXCL11 amount (pg/ml). Data are indicated as mean 
value ± standard error of the mean (SEM). *p < 0.05, as assessed by Mann–Whitney U test to compare between-
group differences; or by Wilcoxon signed-rank test to evaluate before–after treatment differences.
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miR‑19b, miR‑25 and miR‑16 as promising indicators of response to CPIs therapy. For a subset 
of 29 patients, for whom plasma samples were available, circulating miRNAs, previously identified as biomarkers 
of vitiligo, were analyzed. Patients no. 1, 3–5, 9–11, 13–18, 20, 27–30, 32, 40–47, 56, 57 of Table 1 were examined 
(iPD, 5 patients; iSD, 8 patients; and iPR/iCR, 16 patients; iPR and iCR were assembled due to the small number 
of patients analyzed). As shown in Fig. 6 and in Supplementary Table 1, although statistical significance was not 
achieved in the comparisons between patient groups or times of drugs administration, some trends towards 
significance were observed. Higher levels of miR-19b and miR-25 were present at all time points of treatment in 
the plasma of iSD and iPR/iCR patients in respect to iPD individuals. For miR-16, a higher amount was present 
in iSD patients at T1 ant T2 and in iPR/iCR patients at T2 compared to iPD patients at the corresponding time 
points. Furthermore, miR-19b, miR-25, and miR-16 showed an increment at T1 in iSD and iPR/iCR patients, 
but not in iPD patients. No major differences in the amount of miR-574 among the three patient groups and at 
any time of treatment were observed. Interestingly, regarding miR-19b, miR-25 and miR-16, most of the iPR/iCR 

Figure 3.  Frequency of circulating T lymphocytes in melanoma patients treated with CPIs. Frequency of 
circulating T lymphocytes, including (a) CD3, CD4, CD8, Th1, Th1/17, Th17 cells, and (b) Treg cells, were 
analyzed by flow cytometry in PBMCs of melanoma patients before (T0) and after 3 months (T2) of treatment. 
Representative flow cytometry plots of Treg frequency for each condition are reported in Panel (b). Best 
overall response according to iRECIST criteria: iPD, progressive disease (n. 7 patients); iSD, stable disease (n. 
8 patients); iPR, partial response (n. 8 patients); complete response, iCR (n. 10 patients). Frequency data of 
each T cell population was calculated as percentage on total alive lymphocytes cells. Data are indicated as mean 
value ± standard error of the mean (SEM). *p < 0.05, **p < 0.01, ***p < 0.001 as assessed by Mann–Whitney U test 
to compare between-group differences; #p < 0.05 by Wilcoxon signed-rank test to evaluate before–after treatment 
differences.
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outliers that fall outside the distribution of miRNA levels, were the same patients who developed leukoderma 
during CPI therapy (stars in Fig. 6).

Discussion
Due to the observed lack of response to CPI treatment in almost a half of melanoma patients, it is imperative to 
find out non-invasive indicators able to predict melanoma patient primary or secondary resistance to immu-
notherapy. These biomarkers of response to therapy would permit to better address melanoma patients towards 
the most efficacious treatments. In this regard, the intent of our work was the identification of predictive and/or 
early biomarkers of response to anti-PD-1 antibodies, taking advantages of previously identified biomarkers of an 
active vitiligo disease, since vitiligo-like leukoderma represents an irAE that often occurs during CPI therapy in 
melanoma patients and correlates with a positive  outcome48. In fact, we confirmed also in our melanoma patient 
subset the association between development of leukoderma and a favorable clinical response.

Data we obtained examining patient sera suggest that, among the molecules that characterize the active 
phase of vitiligo, CD25 and CXCL9 represent independent predictive biomarkers of response to anti-PD-1 
treatment. In fact, higher levels of these proteins were observed at baseline (T0) in the serum of patients who 
respond positively or stably to CPI therapy compared to patients who advanced towards progressive disease. In 
addition, a constant increment of CXCL9 circulating amounts during the therapeutic period could represent an 
early biomarker of response to anti-PD-1 therapy.

CD25 is the membrane IL-2 Rα that can be shed into a soluble molecule upon cell activation. CD25 plays 
a role in the regulation of T cell function and in the maintenance of immune  tolerance49,50. Blockage of PD-1/
PD-L1 interaction leads to an early activation of T cells, inducing several distinct signal transduction pathways 
involved in IL-2  expression51. When high levels of IL-2 are available, cells that express CD25, i.e. natural killer 
cells and T lymphocytes, will be activated, leading to an important immune response towards the tumor. Indeed, 
treatment with IL-2 was the first immunotherapy approach used in advanced melanoma. However, IL-2 benefits 
were associated with substantial  toxicity52–54. In our study, we showed that stable or responding patients had 
higher levels of soluble CD25 at baseline and in the first months of anti-PD-1 therapy compared with patients 
who did not respond to treatment. Thus, we hypothesize that an increment of serum CD25 in melanoma patients 
who respond to anti-PD-1 therapy could be an indicator of an IL-2-mediated T cell activation, predictive of 

Figure 4.  Percentage and expression of CD25 by CD3 T lymphocytes of melanoma patients treated with CPIs. 
Frequency (a) and median fluorescent intensity (MFI) (b) of CD25 were analyzed by flow cytometry in PBMCs 
within CD3 T cell population of melanoma patients before (T0) and after 3 months (T2) of treatment. Pearson’s 
correlation analysis between serum CD25 levels (pg/ml) and frequency of  CD3+  CD25+ T cells (c), or MFI of 
CD25 within CD3 T cells (d) was shown. Best overall response according to iRECIST criteria: iPD, progressive 
disease (n. 7 patients); iSD, stable disease (n. 8 patients); iPR, partial response (n. 8 patients); complete response, 
iCR (n. 10 patients). (a,b) Data are indicated as mean value ± standard error of the mean (SEM). *p < 0.05 as 
assessed by Mann–Whitney U test to compare between-group differences.
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an effective anti-tumor immune  response51,55. In future studies, it would be interesting to deeply analyze the 
mechanism of action of the CD25/IL-2 pathway and its time schedule in the response to anti-PD-1 treatment, 
and to evaluate possible beneficial effects of a combined therapy of IL-2 together with the anti-PD-1 treatment.

Chemokines play key roles in the recruitment of effector T cells into the  tumor56. In particular, CXCR3, the 
receptor for the interferon-inducible chemokines CXCL9, CXCL10, and CXCL11, is highly expressed on acti-
vated T cells and plays an essential role in T lymphocyte migration into lymphoid and peripheral  tissues57–59. 
A few studies have examined circulating expression of CXCR3 ligands during CPI  therapies6,8,60. An increase 
of circulating CXCL9 and CXCL10 in melanoma patients was already reported during anti-PD-1  therapy61 and 
was correlated with treatment  outcome62. In our study, we observed that, during anti-PD-1 immunotherapy, 
CXCL9 increased in the serum of responding and stable patients compared to non-responders, suggesting that 
this chemokine could be an early indicator of a positive therapeutic response. Moreover, circulating CXCL9 was 
absent in non-responding patients before the beginning of the treatment and increased after anti-PD-1 treatment 
in the sera of responding and stable patients, suggesting that a high amount of CXCL9 is important to mount 
an effective T cell-mediated antitumor immune response. It is worth of note that CXCL9 tissue expression was 
associated with  CD8+ T lymphocyte infiltration in different solid tumors, underlining the importance of such a 
chemokine for an effective anti-tumor immune  response63. It would be interesting to study if patient pretreat-
ment with a compound able to specifically induce CXCL9 expression could be helpful in ameliorating response 
to anti-PD-1 antibodies as already shown in the mouse  model62.

Our data also indicate that CXCL10 significantly increases in stable and responding patients after the first 
month of therapy, suggesting that an initial activation of the immune system would be fundamental for effective 

Figure 5.  Expression of PD-1 in circulating T lymphocytes of melanoma patients treated with CPIs. Frequency 
of PD-1 positive cells gated within CD3, CD4, CD8, Th1, Th1/17, Th17, and Treg cells, was analyzed by flow 
cytometry in PBMCs of melanoma patients before (T0) and after 3 months (T2) of treatment. Best overall 
response according to iRECIST criteria: iPD, progressive disease (n. 7 patients); iSD, stable disease (n. 8 
patients); iPR, partial response (n. 8 patients); complete response, iCR (n. 10 patients). Data are indicated as 
mean value ± standard error of the mean (SEM). *p < 0.05, **p < 0.01, ***p < 0.001 as assessed by Mann–Whitney 
U test to compare between-group differences; #p < 0.05, ##p < 0.01 by Wilcoxon signed-rank test to evaluate 
before–after treatment differences.
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treatment response and tumor clearance. Conversely, elevated CXCL11 levels in blood have been previously 
linked to poorer outcome for CPI-treated melanoma  patients64. CXCL11 has distinct immunoregulatory func-
tions from those of CXCL9 and  CXCL1065. CXCL11 limits T cell effector functions through induction and/or 
recruitment of Treg, and it is capable of binding to CXCR7, commonly associated with tumor cells growth and 
 invasiveness65,66. Indeed, we also observed that CXCL11 significantly increased in non-responding compared to 
responding patients after one month of CPI therapy.

Assessment of circulating T lymphocyte subsets showed that higher frequency of Th1 cells and fewer Treg 
cells were indicators of a positive response to anti-PD-1 therapy. These differences were maintained even after 
the first months of CPI treatment. Actually, Th1 cells have recognized anticancer properties, while Treg cells are 
involved in tumor development and progression by inhibiting antitumor  immunity67,68.

We also showed that PD-1 was present on all the circulating T cell subsets analyzed and that its levels sig-
nificantly decreased during treatment, indicating a generalized cell response to anti-PD-1 therapy. Interestingly, 
we observed lower PD-1 expression in T lymphocytes of responding compared to stable and non-responding 

Figure 6.  Plasma miRNA expression in melanoma patients treated with CPIs. Quantitative RT-PCR analysis of 
(a) miR-19b, (b) miR-25, (c) miR-16, and (d) miR-574 expression in plasma samples obtained from melanoma 
patients, before (T0) and after 1 month (T1) and 3 months (T2) of treatment. Best overall response according 
to iRECIST criteria: iPD, progressive disease (n. 5 patients); iSD, stable disease (n. 8 patients); iPR/iCR, partial 
response/immune complete response (n. 16 patients). The data were normalized to the level of cel-miR-39 in 
each sample and expressed as  2−ΔCt×104 values. Dots represent each patient values; largest bars, arithmetic mean; 
small bars, SEM. Stars indicate patients who had developed leukoderma at the data cut off.
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patients. Therefore, PD-1 expression could be further investigated as a potential predictive biomarker of response 
to CPI treatment in melanoma.

Other potential biomarkers of response to CPIs could be represented by miRNAs. Expression profiles of miR-
NAs are frequently dysregulated during cancer progression, and they are also involved in the modulation of the 
immune  microenvironment69,70. Altered expression of miRNAs frequently correlates with poor prognosis and/or 
inadequate response to treatments in all stages of melanoma  progression71–73. Several circulating miRNAs have 
already been described as potential prognostic biomarkers in  melanoma74–76. In this work, we decided to analyze 
those miRNAs that characterize the autoimmune vitiligo disease. We showed that miR-16, miR-19b, miR-25 
levels had the tendency to increase in stable and responding melanoma patients, but not in non-responder ones. 
Moreover, in agreement to published  data77, we observed that circulating miR-16 levels tended to decrease in 
non-responding melanoma patients after CPI therapy. Lack of statistical association in our study may be due to 
the low number of samples analyzed that will be increased in future investigations.

Despite the presence of literature data on the role of miR-19b and miR-25 in melanoma  cells78–80, their expres-
sion levels have not been previously analyzed in patient plasma. Therefore, for the first time, our data indicate 
that in metastatic melanoma patients the levels of miR-19b and miR-25 increase in stable and responding patients 
after one month of CPI therapy. Most responding patients with high plasma levels of miR-19b, miR-25 and miR-
16 were the same patients who developed leukoderma, further implying existence of a connection between the 
molecular mechanisms that drive the autoimmune responses in vitiligo and the immune-mediated mechanisms 
that lead to an effective response to CPI therapy.

Considering patient characteristics already described as potential biomarkers of response to immunotherapy 
with CPIs, we also confirmed in our patient subset that basal higher neutrophil count, NLR, and dNLR could be 
indicators of disease progression during CPI  treatment13,14.

In conclusion, our data confirm that leukoderma is associated with a favorable outcome in metastatic mela-
noma patients treated with CPIs and indicate that biomarkers of the active phase of vitiligo could represent 
promising indicators of response to CPIs. When validated in a larger cohort, dosage of CD25 and CXCL9 cir-
culating levels before and in the first months of therapy could represent a tool for predicting patient response to 
anti-PD-1 antibodies. Both CD25 and CXCL9 should be further investigated as therapeutic targets to overcome 
resistance to CPI treatment in metastatic melanoma.

Methods
Patients, treatment, and clinical assessment. This study was conducted according to the Good Clini-
cal Practice Guidelines and the Declaration of Helsinki. The study was approved by the Institutional Review 
Boards of Istituto Dermopatico dell’Immacolata (IDI)-IRCCS (510/3, April 2018), and Istituto Nazionale 
Tumori-IRCCS, Fondazione “G. Pascale” (20/14 oss, July 2014). All patients enrolled in the study provided writ-
ten informed consent. This study included fifty-seven patients with unresectable metastatic melanoma, stage 
IIIc or IV based on American Joint Committee on Cancer (AJCC, 8th edition)  staging81, enrolled for treatment 
with CPIs (anti-PD-1) at IDI-IRCCS or Istituto Nazionale Tumori-IRCCS, Fondazione “G. Pascale” since June 
2014. Patient characteristics, blood analysis, clinicopathologic and demographic information were collected. 
Peripheral blood samples have been sequentially collected before therapy onset and up to one-year therapy, 
disease progression or leukoderma appearance. Baseline evaluation included medical history, physical exami-
nation, and radiologic tumor assessment with computed tomography scans. Nivolumab (Opdivo) was given at 
the dose of 240 mg every 2 weeks or 480 mg every 4 weeks, pembrolizumab (Keytruda) at the dose of 200 mg 
every 3 weeks. Patients underwent physical examination and assessment of biochemical parameters monthly, 
whereas investigator-determined objective response was assessed radiologically with computed tomography 
scans approximately every 12 weeks after treatment initiation. Tumor response was classified as iCR, iPR, iSD, or 
iPD, according to the immune response evaluation criteria in solid tumors (iRECIST)82,83. iPD includes both the 
unconfirmed progressive disease, a pseudo progression response to be confirmed in a re-evaluation follow-up 
visit after 4–8 weeks and confirmed progressive  disease83. Therapy efficacy evaluation was based on iBOR and 
PFS. iBOR was determined as best time point response according to iRECIST. PFS was defined as time from the 
anti-PD-1 treatment start until diseases progression or death; if no such an event occurred, the closing date was 
November 11th, 2020.

Serum preparation and molecules quantification by ELISA. Total blood samples were collected into 
vacutainer tubes (cat. no. 366881, BD Biosciences, Plymouth, UK), allowed to clot for 1 h at 37 °C, and centri-
fuged for 15 min at 1700 rcf at 4 °C. Then, serum was aliquoted and stored at − 80 °C until use. Concentrations 
of human CD25/IL-2 Rα (cat. no. DY223, R&D Systems, Minneapolis, USA), CD27/TNFRSF7 (cat. no. DY382-
05, R&D Systems, Minneapolis, USA), IL-17A (cat. no. DY317, R&D Systems, Minneapolis, USA), S100B (cat. 
no. DY1820-05, R&D Systems, Minneapolis, USA), CXCL9/MIG (cat. no. DY392, R&D Systems, Minneapolis, 
USA) and CXCL11/I-TAC (cat. no. DY672, R&D Systems, Minneapolis, USA) were measured using DuoSet 
ELISA kits (R&D Systems, Minneapolis, USA). CXCL10/IP-10 levels were evaluated with a BD Pharmingen kit 
(cat. no. 550926, San Diego, USA). The plates were analyzed in an ELISA iMark Microplate Reader (Bio-Rad, 
California, USA).

PBMCs isolation and flow cytometry analysis. Whole blood samples were collected into vacutainer 
sodium citrate tubes (cat. no. 367704, BD Biosciences, Plymouth, UK) and PBMCs were isolated by Ficoll gradi-
ent centrifugation (GE Healthcare, Little Chalfont, UK). Cryopreserved PBMCs were stained with the following 
antibodies: Panel 1: anti-human CD4 FITC (1:100) (cat. no. 130-114-531, Miltenyi Biotec, Auburn, CA, USA) 
(1:100), anti-human CRTh2-PE (1:150) (cat. no. 130-114-128, Miltenyi Biotec, Auburn, CA, USA), anti-human 
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CD161-PE/Dazzle594 (1:50) (cat. no. 339939, Biolegend, San Diego, CA, USA), anti-human CD3 PercP-Cy5.5 
(1:300) (cat. no. 300327, Beckman Coulter, Brea, CA, USA), anti-human CXCR3-APC Alexa647 (1:40) (cat. 
no. 353711, Biolegend, San Diego, CA, USA), anti-human CD8-APC Alexa700 (1:120) (cat. no. A66332, Beck-
man Coulter, Brea, CA, USA), anti-human CCR6-BV421 (1:30) (cat. no. 353407, Biolegend, San Diego, CA, 
USA), anti-human PD1-BV650 (1:30) (cat. no. 564104, BD Biosciences, Plymouth, UK), and LIVE/DEAD™ 
Fixable Aqua Dead Cell Stain Kit (1:200) (cat. no. l34957, Invitrogen, Waltham, MA, USA). Panel 2: anti-human 
CD4 FITC (1:100) (cat. no. 130-114-531, Miltenyi Biotec, Auburn, CA, USA), anti-human CD3-ECD (1:100) 
(cat. no. IM2705U, Beckman Coulter, Brea, CA, USA), anti-human CD127-APC Alexa700 (1:200) (cat. no. 
351343, Beckman Coulter, Brea, CA, USA), anti-human CD25-BV421 (1:60) (cat. no. 564033, BD Biosciences, 
Plymouth, UK), anti-human PD1-BV650 (1:30) (cat. no. 564104, BD Biosciences, Plymouth, UK), and LIVE/
DEAD™ Fixable Aqua Dead Cell Stain Kit (1:200) (cat. no. l34957, Invitrogen, Waltham, MA, USA). Samples 
were acquired using Cytoflex cytometer (Beckman Coulter, Brea, CA, USA) and analyzed using FlowJo-10 soft-
ware version 10.3.0.

Circulating total RNA extraction and quantitative miRNA real‑time RT‑PCR. Total blood sam-
ples were collected into vacutainer sodium citrate tubes, centrifuged twice for 10 min at 1260 rcf at 4 °C, and 
the plasma was aliquoted and stored at − 80 °C. Total RNA was extracted and purified from 200 μl of plasma 
using a miRNeasy Serum/Plasma kit (QIAGEN, Hilden, Germany), according to manufacturer’s instructions. A 
fixed volume of 2 μl of total RNA was used as input for consecutive reactions including poly(A) tailing, ligation, 
reverse transcription, and miR-Amp reaction with a TaqMan Advanced miRNA cDNA Synthesis kit (Applied 
Biosystems, CA, USA). The miRNA levels were then assessed by TaqMan Advanced miRNA Assay with TaqMan 
Fast Advanced miRNA master mix (Applied Biosystems, CA, USA). Each PCR plate was run in the QuantStu-
dio 5 Real-Time PCR System (Applied Biosystems, CA, USA) according to manufacturer’s recommendations. 
The TaqMan Advanced miRNA probes (5′-phosphorylated) were as follows: hsa-miR-19b-3p (ID 478264_mir), 
hsa-miR-25-3p (ID 477994_mir), hsa-miR-16-5p (ID 477860_mir), hsa-miR-574-3p (ID 478163_mir). For 
quality control and analyses of miRNA expression, cel-miR-39-3p (ID 478293_mir, cat. no. A25576, Applied 
Biosystems, CA, USA) was used as an exogenous spike-in. Expression of miRNAs relative to cel-miR-39-3p 
was determined using the formula  2−ΔCt, where ΔCT =  CTmiRNA −  CTmiR-39, and  CT (i.e., threshold cycle) indicates 
the fractional cycle number at which the amount of amplified target reaches a fixed threshold. To simplify data 
presentation, the relative expression values were multiplied by  104. All determinations were performed at least 
three times, each in duplicate.

Statistical analysis. Groups based on treatment-response were compared using the Fisher’s exact test for 
categorical variables, the non-parametric Mann–Whitney U test or the Kruskal–Wallis test for continuous vari-
ables. The Spearman’s coefficient was used to test correlation between levels of analyzed molecules at baseline. 
To evaluate before–after treatment differences, the Wilcoxon matched-pairs signed-rank test was used. For data 
analysis, the value of 0.01 pg/ml was assigned to samples with values under the lower limit of ELISA detection.

Statistical significance was set at p < 0.05. All statistical analyses were conducted using GraphPad prism 
Software (La Jolla, CA, USA).

Data availability
All data generated or analyzed during this study are available from the corresponding author on reasonable 
request.

Received: 13 August 2021; Accepted: 21 March 2022

References
 1. Pardoll, D. M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer. 12, 252–264 (2012).
 2. Herzberg, B. & Fisher, D. E. Metastatic melanoma and immunotherapy HHS public access. Clin. Immunol. 172, 105–110 (2016).
 3. Larkin, J. et al. Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. N. Engl. J. Med. 373, 23–34 (2015).
 4. Márquez-Rodas, I. et al. Immune checkpoint inhibitors: Therapeutic advances in melanoma. Ann. Transl. Med. 3, 267 (2015).
 5. Wan, M. T. & Ming, M. E. Nivolumab versus ipilimumab in the treatment of advanced melanoma: A critical appraisal. Br. J. Der-

matol. 179, 296–300 (2018).
 6. Buder-Bakhaya, K. & Hassel, J. C. Biomarkers for clinical benefit of immune checkpoint inhibitor treatment—A review from the 

melanoma perspective and beyond. Front. Immunol. 9, 1474 (2018).
 7. Yi, M. et al. Biomarkers for predicting efficacy of PD-1/PD-L1 inhibitors. Mol. Cancer. 17, 1–14 (2018).
 8. Jia, X. H. et al. The biomarkers related to immune related adverse events caused by immune checkpoint inhibitors. J. Exp. Clin. 

Cancer Res. 39, 1–17 (2020).
 9. Madore, J. et al. PD-L1 expression in melanoma shows marked heterogeneity within and between patients: Implications for anti-

PD-1/PD-L1 clinical trials. Pigment Cell Melanoma Res. 28, 245–253 (2015).
 10. Postow, M. A., Friedman, C. F. & Postow, M. A. Emerging tissue and blood-based biomarkers that may predict response to immune 

checkpoint inhibition. Curr. Oncol. Rep. 18, 21 (2016).
 11. Maibach, F., Sadozai, H., Seyed Jafari, S. M., Hunger, R. E. & Schenk, M. Tumor-infiltrating lymphocytes and their prognostic 

value in cutaneous melanoma. Front. Immunol. 11, 1–20 (2020).
 12. Goodman, A. M. et al. Tumor mutational burden as an independent predictor of response to immunotherapy in diverse cancers. 

Mol. Cancer Ther. 16, 2598–2608 (2017).
 13. Capone, M. et al. Baseline neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict overall survival in patients with 

advanced melanoma treated with nivolumab. J. Immunother. Cancer. 6, 1–7 (2018).
 14. Bartlett, E. K. et al. High neutrophil-to-lymphocyte ratio (NLR) is associated with treatment failure and death in patients who 

have melanoma treated with PD-1 inhibitor monotherapy. Cancer 126, 76–85 (2020).



13

Vol.:(0123456789)

Scientific Reports |         (2022) 12:5448  | https://doi.org/10.1038/s41598-022-09373-9

www.nature.com/scientificreports/

 15. Petrelli, F. et al. Prognostic and predictive role of elevated lactate dehydrogenase in patients with melanoma treated with immu-
notherapy and BRAF inhibitors: A systematic review and meta-analysis. Melanoma Res. 29, 1–12 (2019).

 16. Diem, S. et al. Serum lactate dehydrogenase as an early marker for outcome in patients treated with anti-PD-1 therapy in metastatic 
melanoma. Br. J. Cancer. 114, 256–261 (2016).

 17. Laino, A. S. et al. Serum interleukin-6 and C-reactive protein are associated with survival in melanoma patients receiving immune 
checkpoint inhibition. J. Immunother. Cancer. 8, e000842 (2020).

 18. Turiello, R. et al. Serum CD73 is a prognostic factor in patients with metastatic melanoma and is associated with response to anti-
PD-1 therapy. J. Immunother. Cancer. 8, e001689 (2020).

 19. Capone, M. et al. Frequency of circulating CD8+CD73+T cells is associated with survival in nivolumab-treated melanoma patients. 
J. Transl. Med. 18, 1–10 (2020).

 20. Chamoto, K., Hatae, R. & Honjo, T. Current issues and perspectives in PD-1 blockade cancer immunotherapy. Int. J. Clin. Oncol. 
25, 790–800 (2020).

 21. Haanen, J. et al. Autoimmune diseases and immune-checkpoint inhibitors for cancer therapy: Review of the literature and per-
sonalized risk-based prevention strategy. Ann. Oncol. 31, 724–744 (2020).

 22. Simonsen, A. B., Kaae, J., Ellebaek, E., Svane, I. M. & Zachariae, C. Cutaneous adverse reactions to anti-PD-1 treatment—A sys-
tematic review. J. Am. Acad. Dermatol. 83, 1415–1424 (2020).

 23. Rodrigues, M., Ezzedine, K., Hamzavi, I., Pandya, A. G. & Harris, J. E. New discoveries in the pathogenesis and classification of 
vitiligo. J. Am. Acad. Dermatol. 77, 1–13 (2017).

 24. Parsad, D. & Sahni, K. Stability in vitiligo: Is there a perfect way to predict it?. J. Cutan. Aesthet. Surg. 6, 75 (2013).
 25. Byrne, K. T. & Turk, M. J. New perspectives on the role of vitiligo in immune responses to melanoma. Oncotarget 2, 684–694 (2011).
 26. Teulings, H. E. et al. Vitiligo-like depigmentation in patients with stage III–IV melanoma receiving immunotherapy and its asso-

ciation with survival: A systematic review and meta-analysis. J. Clin. Oncol. 33, 773–781 (2015).
 27. Hua, C. et al. Association of vitiligo with tumor response in patients with metastatic melanoma treated with pembrolizumab. 

JAMA Dermatol. 152, 45–51 (2016).
 28. Nakamura, Y. et al. Correlation between vitiligo occurrence and clinical benefit in advanced melanoma patients treated with 

nivolumab: A multi-institutional retrospective study. J. Dermatol. 44, 117–122 (2017).
 29. Babai, S., Voisin, A. L., Bertin, C., Gouverneur, A. & Le-Louet, H. Occurrences and outcomes of immune checkpoint inhibitors-

induced vitiligo in cancer patients: A retrospective cohort study. Drug Saf. 43, 111–117 (2020).
 30. Failla, C. M., Carbone, M. L., Fortes, C., Pagnanelli, G. & D’atri, S. Melanoma and vitiligo: In good company. Int. J. Mol. Sci. 20, 

5731 (2019).
 31. Speeckaert, R., Speeckaert, M., De Schepper, S. & van Geel, N. Biomarkers of disease activity in vitiligo: A systematic review. 

Autoimmun. Rev. 16, 937–945 (2017).
 32. Wang, X. X. et al. Increased expression of CXCR3 and its ligands in patients with vitiligo and CXCL10 as a potential clinical marker 

for vitiligo. Br. J. Dermatol. 174, 1318–1326 (2016).
 33. Maouia, A. et al. Differential expression of CXCL9, CXCL10, and IFN-γ in vitiligo and alopecia areata patients. Pigment Cell 

Melanoma Res. 30, 259–261 (2017).
 34. Elia, G. MIG Th1 chemokine in Vitiligo. Clin Ther. 169, E303–E307 (2018).
 35. Abdallah, M. et al. CXCL-10 and Interleukin-6 are reliable serum markers for vitiligo activity: A multicenter cross-sectional study. 

Pigment Cell Melanoma Res. 31, 330–336 (2018).
 36. Rashighi, M. et al. CXCL10 is critical for the progression and maintenance of depigmentation in a mouse model of vitiligo. Sci. 

Transl. Med. 6, 223ra23 (2014).
 37. Speeckaert, R., Voet, S., Hoste, E. & van Geel, N. S100B is a potential disease activity marker in nonsegmental vitiligo. J. Investig. 

Dermatol. 137, 1445–1453 (2017).
 38. Birlea, S. A. S100B: Correlation with active vitiligo depigmentation. J. Investig. Dermatol. 137, 1408–1410 (2017).
 39. Acharya, P. & Mathur, M. Interleukin-17 level in patients with vitiligo: A systematic review and meta-analysis. Australas J. Dermatol. 

61, 208–212 (2020).
 40. Singh, R. K. et al. The role of IL-17 in vitiligo: A review. Autoimmun. Rev. 15, 397–404 (2016).
 41. Honda, Y., Okubo, Y. & Koga, M. Relationship between levels of soluble interleukin-2 receptors and the types and activity of vitiligo. 

J. Dermatol. 24, 561–563 (1997).
 42. Yeo, U. C. et al. Serum concentration of the soluble interleukin-2 receptor in vitiligo patients. J. Dermatol. Sci. 19, 182–188 (1999).
 43. Speeckaert, R., Lambert, J. & Van Geel, N. Clinical significance of serum soluble CD molecules to assess disease activity in vitiligo. 

JAMA Dermatol. 152, 1194–1200 (2016).
 44. ElGhareeb, M. I., El Mokadem, S., El Sayed, B. & Khalifa, N. Soluble CD27 and MIF as possible serum biomarkers of vitiligo activity 

in Egyptian patients in Sharkia Governorate. Dermatol. Rep. 11, 3–5 (2019).
 45. Yan, S., Shi, J., Sun, D. & Lyu, L. Current insight into the roles of microRNA in vitiligo. Mol. Biol. Rep. 47, 3211–3219 (2020).
 46. Shi, Y. L. et al. MicroRNA expression profiling identifies potential serum biomarkers for non-segmental vitiligo. Pigment Cell 

Melanoma Res. 26, 418–421 (2013).
 47. Shi, Q. et al. Oxidative stress-induced overexpression of miR-25: The mechanism underlying the degeneration of melanocytes in 

vitiligo. Cell Death Differ. 23, 496–508 (2016).
 48. Verkhovskaia, S. et al. Vitiligo-like leukoderma as an indicator of clinical response to immune checkpoint inhibitors in late-stage 

melanoma patients. J. Cancer Res. Clin. Oncol.  (2021).
 49. Malek, T. R. & Castro, I. Interleukin-2 receptor signaling: At the interface between tolerance and immunity. Immunity 33, 153–165 

(2010).
 50. Jiang, T., Zhou, C. & Ren, S. Role of IL-2 in cancer immunotherapy. Oncoimmunology. 5, e1163462 (2016).
 51. Damoiseaux, J. The IL-2–IL-2 receptor pathway in health and disease: The role of the soluble IL-2 receptor. Clin. Immunol. 218, 

108515 (2020).
 52. Atkins, M. B. et al. High-dose recombinant interleukin 2 therapy for patients with metastatic melanoma: Analysis of 270 patients 

treated between 1985 and 1993. J. Clin. Oncol. 17, 2105–2116 (1999).
 53. Li, Y. et al. Regulatory T cells control toxicity in a humanized model of IL-2 therapy. Nat. Commun. 8, 1–12 (2017).
 54. Boyman, O. & Sprent, J. The role of interleukin-2 during homeostasis and activation of the immune system. Nat. Rev. Immunol. 

12, 180–190 (2012).
 55. Brusko, T. M. et al. Influence of membrane CD25 stability on T lymphocyte activity: Implications for immunoregulation. PLoS One. 

4, e7980 (2009).
 56. Kohli, K., Pillarisetty, V. G. & Kim, T. S. Key chemokines direct migration of immune cells in solid tumors. Cancer Gene Ther. 29, 

10–21 (2021).
 57. Groom, J. R. & Luster, A. D. CXCR3 in T cell function. Exp. Cell Res. 317, 620–631 (2011).
 58. Kastenmüller, W. et al. Peripheral prepositioning and local CXCL9 chemokine-mediated guidance orchestrate rapid memory 

CD8+ T cell responses in the lymph node. Immunity 38, 502–513 (2013).
 59. Kuo, P. T., Zeng, Z., Salim, N., Mattarollo, S., Wells, J. W., Leggatt, G. R. The role of CXCR3 and its chemokine ligands in skin 

disease and cancer. Front. Med. (2018).



14

Vol:.(1234567890)

Scientific Reports |         (2022) 12:5448  | https://doi.org/10.1038/s41598-022-09373-9

www.nature.com/scientificreports/

 60. Bridge, J. A., Lee, J. C., Daud, A., Wells, J. W. & Bluestone, J. A. Cytokines, chemokines, and other biomarkers of response for 
checkpoint inhibitor therapy in skin cancer. Front. Med. 5, 351 (2018).

 61. Yamazaki, N. et al. Cytokine biomarkers to predict antitumor responses to nivolumab suggested in a phase 2 study for advanced 
melanoma. Cancer Sci. 108, 1022–1031 (2017).

 62. Chow, M. T. et al. Intratumoral activity of the CXCR3 chemokine system is required for the efficacy of anti-PD-1 therapy. Immunity 
50, 1498–1512 (2019).

 63. Dangaj, D. et al. Cooperation between constitutive and inducible chemokines enables T cell engraftment and immune attack in 
solid tumors. Cancer Cell 35, 885-900.e10 (2019).

 64. Koguchi, Y. et al. Serum immunoregulatory proteins as predictors of overall survival of metastatic melanoma patients treated with 
ipilimumab. Cancer Res. 75, 5084–5092 (2015).

 65. Tokunaga, R. et al. CXCL9, CXCL10, CXCL11/CXCR3 axis for immune activation—A target for novel cancer therapy. Cancer 
Treat. Rev. 63, 40–47 (2018).

 66. Burns, J. M. et al. A novel chemokine receptor for SDF-1 and I-TAC involved in cell survival, cell adhesion, and tumor develop-
ment. J. Exp. Med. 203, 2201–2213 (2006).

 67. Ohue, Y. & Nishikawa, H. Regulatory T (Treg) cells in cancer: Can Treg cells be a new therapeutic target?. Cancer Sci 110, 2080–2089 
(2019).

 68. Li, T., Wu, B., Yang, T., Zhang, L. & Jin, K. The outstanding antitumor capacity of CD4 + T helper lymphocytes. Biochim. Biophys. 
Acta Rev. Cancer. 1874, 188439 (2020).

 69. Croce, C. M. Causes and consequences of microRNA dysregulation in cancer. Nat. Rev. Genet. 10, 704–714 (2009).
 70. Chan, S. H. & Wang, L. H. Regulation of cancer metastasis by microRNAs. J. Biomed. Sci. 22, 1–12 (2015).
 71. Michniewicz, A. G. & Czyz, M. Role of mirnas in melanoma metastasis. Cancers (Basel). 11, 326 (2019).
 72. Motti, M. L., Minopoli, M., Di Carluccio, G., Ascierto, P. A. & Carriero, M. V. Micrornas as key players in melanoma cell resistance 

to mapk and immune checkpoint inhibitors. Int. J. Mol. Sci. 21, 1–16 (2020).
 73. Varrone, F. & Caputo, E. The miRNAs role in melanoma and in its resistance to therapy. Int. J. Mol. Sci. 21, 878 (2020).
 74. Neagu, M., Constantin, C., Cretoiu, S. M. & Zurac, S. miRNAs in the diagnosis and prognosis of skin cancer. Front. Cell Dev. Biol. 

8, 1–17 (2020).
 75. Mirzaei, H. et al. MicroRNAs as potential diagnostic and prognostic biomarkers in melanoma. Eur. J. Cancer. 53, 25–32 (2016).
 76. Lorusso, C., De Summa, S., Pinto, R., Danza, K. & Tommasi, S. miRNAs as key players in the management of cutaneous melanoma. 

Cells 9, 415 (2020).
 77. Guo, S. et al. Serum miR-16: A potential biomarker for predicting melanoma prognosis. J. Investig. Dermatol. 136, 985–993 (2016).
 78. Ohira, T. et al. MiR-19b regulates hTERT mRNA expression through targeting PITX1 mRNA in melanoma cells. Sci. Rep. 5, 1–9 

(2015).
 79. Huo, J. et al. Upregulated microRNA-25 mediates the migration of melanoma cells by targeting DKK3 through the WNT/β-catenin 

pathway. Int. J. Mol. Sci. 17, 1124 (2016).
 80. Jiang, Q.-Q. & Liu, W.-B. miR-25 promotes melanoma progression by regulating RNA binding motif protein 47. Médecine/Sciences. 

34, 59–65 (2018).
 81. Gershenwald, J. E. & Scolyer, R. A. Melanoma staging: American Joint Committee on Cancer (AJCC) 8th edition and beyond. 

Ann. Surg. Oncol. 25, 2105–2110 (2018).
 82. Seymour, L. et al. iRECIST: Guidelines for response criteria for use in trials testing immunotherapeutics. Lancet Oncol. 18, e143–

e152 (2017).
 83. Persigehl, T., Lennartz, S. & Schwartz, L. H. IRECIST: How to do it. Cancer Imaging 20, 1–7 (2020).

Acknowledgements
Authors would like to thank Laura Bonmassar for skillful technical assistance, the nurses of the Department of 
Oncology and Dermatological Oncology IDI-IRCCS and of the Melanoma, Cancer Immunotherapy and Devel-
opment Therapeutics Unit of Istituto Nazionale Tumori IRCCS Fondazione “G. Pascale” for their continuous 
help, and Fondazione Umberto Veronesi for the support of MLC research work.

Author contributions
Conception and design of the study: M.L.C., C.M.F. and G.M. Experiments carried out and acquisition of data: 
M.L.C., A.C., M.B., M.C. and L.L. Analysis and interpretation of data: M.L.C., A.C., E.V., S.D’.A., F.D.G. and 
C.M.F. Statistical analysis: M.L.C., A.C., S.M. and C.F. Drafting of the manuscript: M.L.C. Critical revision of 
the manuscript: C.M.F., G.M., S.M., P.A.A., S.D’.A., E.V., F.D.G. and C.F. All authors have read and agreed to the 
published version of the manuscript.

Funding
This research was supported by grants of the Italian Ministry of Health (IT-MOH) through “Ricerca Cor-
rente” 2018–2020, RC4.1, and “Ricerca Corrente” M2/2. MLC is the recipient of a research fellowship by Fon-
dazione Umberto Veronesi.

Competing interests 
Paolo A. Ascierto has/had a consultant/advisory role for Bristol Myers Squibb, Roche-Genentech, Merck Sharp 
& Dohme, Novartis, Array, Merck Serono, Pierre-Fabre, Incyte, Medimmune, AstraZeneca, Syndax, Sun Pharma, 
Sanofi, Idera, Ultimovacs, Sandoz, Im-munocore, 4SC, Alk-ermes, Italfarmaco, Nektar, Boehringer-Ingelheim, 
Eisai, Regeneron, Daiichi Sankyo, Pfizer, Oncosec, Nouscom, Takis, Lunaphore. He also received research fund-
ing from Bristol Myers Squibb, Roche-Genentech, Array, Sanofi, and travel support from MSD. All outside the 
submitted work. All the other authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 09373-9.

Correspondence and requests for materials should be addressed to M.L.C.

Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1038/s41598-022-09373-9
https://doi.org/10.1038/s41598-022-09373-9
www.nature.com/reprints


15

Vol.:(0123456789)

Scientific Reports |         (2022) 12:5448  | https://doi.org/10.1038/s41598-022-09373-9

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Vitiligo-specific soluble biomarkers as early indicators of response to immune checkpoint inhibitors in metastatic melanoma patients
	Results
	Patients’ characteristics and responses. 
	CD25 and CXCL9 as potential early biomarkers of response to CPI therapy. 
	Reduced amount of circulating regulatory T lymphocytes (Treg) was present in responding patients. 
	miR-19b, miR-25 and miR-16 as promising indicators of response to CPIs therapy. 

	Discussion
	Methods
	Patients, treatment, and clinical assessment. 
	Serum preparation and molecules quantification by ELISA. 
	PBMCs isolation and flow cytometry analysis. 
	Circulating total RNA extraction and quantitative miRNA real-time RT-PCR. 
	Statistical analysis. 

	References
	Acknowledgements


