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Abstract Accumulating studies have indicated that viti-

ligo, especially non-segmental vitiligo (NSV), is one kind

of autoimmune diseases and CD4? T cells play important

roles in the pathogenesis. However, there have been very

limited data on the detailed changes of each of the CD4? T

cell subsets in periphery in active NSV. To clarify this

issue, we collected the peripheral blood mononuclear cells

(PBMCs) from 30 patients with active NSV and 30 age-

and sex-matched healthy controls. The percentages of cir-

culating Th1, Th2, Th17 and Tregs were evaluated using

flow cytometry and the expressions of their specific tran-

scription factors T-bet, GATA3, RORct and FOXP3 at

mRNA level and protein levels were qualified by qPCR

and flow cytometry, respectively. Meanwhile, the expres-

sion levels of IFN-c, IL-4, TGF-b, and IL-17A in serum

were measured. We found that in patients with NSV, the

percentages and absolute numbers of circulating Th1 and

Th17 were both significantly higher than those of healthy

controls, while the percentages of Th2 and Tregs and

absolute numbers showed no significant difference com-

pared to healthy controls. Moreover, the ratios of Th1/

Tregs and Th17/Tregs in circulation were both statistically

elevated in active NSV. Similar results were got in quali-

fication of their corresponding transcription factors at

mRNA level and protein levels. Compared with healthy

controls, the expression level of IL-17A was significantly

increased in serum of patients with NSV, while the pro-

ductions of IFN-c, IL-4, TGF-b had no significant change.

These data suggested that in circulating CD4? T cell

subsets, Th1 and Th17 played the major role in cellular

immunity in the progression of vitiligo. The immune lever

in circulation was inclined to effector CD4? T cells not

suppressor CD4? T cells that may result in the loss of self-

tolerance to melanocytes.

Keywords Non-segmental vitiligo � Autoimmunity �
CD4? T cells

Introduction

Although the pathogenesis of vitiligo is incompletely

deciphered, accumulating clinical and laboratory data have

indicated that autoimmune responses against melanocytes,

especially T cell-based cellular immunity, play important

roles in the loss of functional melanocytes in the skin.

Different from consensus on the role of cytotoxic CD8? T

cells in vitiligo [23, 42], there are more complicated and

even controversial reports on the status of CD4? T cell

subsets, which consist of effector CD4? T cells (i.e., Th1,

Th2 and Th17) and suppressor CD4? T cells (i.e., regula-

tory T cells, Tregs).

The earlier theory of the immune response in vitiligo

was inclined to type 1-like T cell profile [39]. Morpho-

logical studies have confirmed the presence of IFN-c
secreting CD4? T cells (i.e., Th1) and CD8? T cells in

perilesional and lesional skin in vitiligo [36, 41]. Increased

expression of IFN-c mRNA was found both in vitiligo skin

and PBMCs [11, 29]. However, up to now, no direct evi-

dence supports the participation of circulating Th1 in the
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pathogenesis of vitiligo. After the discovery of Th17, a

distinct lineage of effector CD4? T helper cells, it was

found that Th17 also took part in the pathogenesis of

vitiligo with increased IL-17 expression both in lesional

skin and serum [20, 37]. Moreover, Th17-associated

cytokines, such as IL-22 and IL-23 greatly increased in

serum in vitiligo [8, 35]. However, the data of proportion of

peripheral Th17 in patients with vitiligo were still contro-

versial [15, 44]. Although it was reported that IL-4 could

directly inhibit melanogenesis of normal melanocytes

in vitro [6], there were limited studies about Th2 in vitiligo.

Some studies showed significantly increased IL-4 mRNA

and serum IL-4 in vitiligo patients [13, 17], while some

reported low GATA3 expression and IL-4 production in

serum [29]. As the most important inhibitory T cells, Tregs

have been paid more attention in vitiligo. Some groups

found decreased Tregs in skin tissue [1, 19] and one of

them pointed out that decrease of chemokine CCL22 in

perilesional skin reduced Tregs infiltration at skin lesions

[19], while another study found that significant increase of

Foxp3 expression in the skin of vitiligo patients with defect

function [5]. Others reported that either there were signif-

icantly reduced Tregs in CD4? T cells in periphery with

low expression of FOXP3 mRNA [5, 23], or low produc-

tion of TGF-b in serum [3, 24]. The frequency of Tregs in

peripheral blood was also in dispute [23, 27, 43].

In summary, to date, detailed profile of CD4? T cell

subsets in peripheral blood in active vitiligo is still obscure.

In this study, we investigated the frequencies of Th1, Th2,

Th17 and Tregs and the expressions of their corresponding

specific transcription factors in periphery, and their relative

specific cytokine production in serum from patients with

progressive NSV and healthy controls.

Materials and methods

Subjects

Thirty patients with active NSV (15 males and 15 females,

aged 18–45 years) and 30 age- and sex-matched healthy

controls were enrolled in our clinical control study after

written informed consent using protocols approved by the

Hospital’s Protection of Human Subjects Committee (The

First Hospital of Jilin University, Clinical Ethics Com-

mittee). For all included patients, new lesions and/or

enlargement of pre-existing lesions of vitiligo emerged

within last 6 months and no immunosuppressive treatment

was administered in last 2 months. Patients with chronic

inflammatory and autoimmune diseases except vitiligo

were excluded in this study. None of the healthy individ-

uals had any evidence of vitiligo or any other autoimmune

disease.

PBMCs stimulation

PBMCs were isolated from peripheral blood by Ficoll

density gradient centrifugation (Ficoll, Sigma-Aldrich

Company, US) and were resuspended with RPMI 1640

medium containing 10 % FBS. After adjusting the cell

concentration, cells were cultured in 96-well plates as

4 9 105 per well in the medium supplemented with PMA

and ionomycin in the presence of GolgiPlug (Leukocyte

activation cocktail with BD GolgiPlug, BD Pharmingen,

US) for 4 h before FACS analysis.

FACS analysis for cytokine staining and transcript

factor staining

For surface staining, 4 9 105 freshly isolated PBMCs were

directly incubated with FITC, PE, PE-Cy5.5 or APC-con-

jugated mAbs to human CD4, CD25, and CD127 (eBio-

science, US) for 30 min at 4 �C. After surface staining of

CD4, activated PBMCs were fixed and permeabilized with

BD Cytofix/Cytoperm Plus (BD Bioscience, US) according

to the manufacturer’s instructions for cytokine staining.

Cells were incubated with PE-Cy5.5-conjugated anti-hu-

man IFN-c mAb, PE-conjugated anti-human IL-4 mAb,

and APC-conjugated anti-human IL-17A mAb, or control

isotypes (all mAbs were purchased from eBioscience, US).

For transcript factor staining, after surface staining of CD4,

4 9 105 PBMCs were fixed and permeabilized with Foxp3

staining buffer set (eBioscience Bioscience, US) according

to the manufacturer’s instructions. Cells were incubated

with PE-Cy5.5-conjugated anti-human T-bet mAb, PE-

conjugated anti-human RORct mAb, and APC-conjugated

anti-human GATA3 mAb, or control isotypes (all mAbs

were purchased from eBiboscience, US). FACS analysis

was performed with a FACSCalibur flow cytometer (BD

Biosciences, US) using FlowJo software.

Real-time PCR

Total RNA was extracted from freshly isolated PBMCs

(from 15 active NSV patients and 15 healthy controls)

using the TRIzol regent (Invitrogen, US). First-strand

cDNA was synthesized from 1 lg DNAse-treated total

RNA using an oligo-dT18 primer and RevertAidTM

M-MLV reverse transcriptase. Transcripts were quantified

by real-time quantitative PCR on an ABI PRISM 7700

Sequence Detector (Perkin-Elmer Applied Biosystems)

with Applied Biosystems predesigned TaqMan Gene

Expression Assays and reagents according to the manu-

facturer’s instructions. The real-time PCR included an

initial denaturation at 95 �C for 10 min, followed by 40

cycles of 95 �C for 30 s, 55 �C for 1 min, and 72 �C for

1 min, and one cycle of 95 �C for 1 min, 55 �C for 30 s,
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and 95 �C for 30 s. The relative abundance of transcript

was normalized and calculated against that of the b-actin
gene as an endogenous reference using the 2 -DDCT
method. T-bet, GATA3, RORct, FOXP3 and b-actin pri-

mers were purchased (Sangon Biotech, Shanghai, China).

Enzyme-linked immunosorbent assay (ELISA)

Cytokines in serum were measured by human IFN-c, IL-4,
IL-17A, TGF-b1 ELISA Ready-SET-Go! Kits (eBio-

science, US) according to the manufacturer’s instructions.

All samples were in triplicates. Data were analyzed with

ELISA CALC software.

Statistical analysis

A standard two-tailed t test or a t test with Welch’s cor-

rection was used for statistical analysis with Graphpad

Prism 5.0 software. Data were expressed as mean ± SD

and differences at P\ 0.05 or less were considered to be

statistically significant.

Results

Altered distribution of peripheral CD41 T cell

subsets in active NSV

To fully evaluate the status of CD4? T cell subsets in

peripheral blood in progressive NSV, we first analyzed the

frequencies of CD4? CD25? CD127- Tregs, CD4? IFN-

c? Th1, CD4? IL-4? Th2 and CD4? IL-17A? Th17

among total CD4? T cells in 30 active NSV patients

compared to 30 age- and sex-matched healthy controls in

our study.

Part of freshly isolated PBMCs were directly used for

detecting the frequency of CD4? CD25? CD127- Tregs

and others were stimulated with PMA and ionomycin for

4 h and were analyzed for the frequency of CD4? IFN-c?

Th1, CD4? IL-4? Th2, CD4? IL-17A? Th17 by flow

cytometry (Fig. 1). Significantly increased numbers of

circulating Th1 [(8.68 ± 4.54) %, P\ 0.01] and Th17

[(1.96 ± 1.07) %, P\ 0.01] in CD4? T cells were

observed in progressive NSV patients compared with

healthy controls [(5.64 ± 3.83) %; (1.17 ± 0.6) %].

However, the percentages of Th2 [(1.39 ± 0.49) %,

P[ 0.05] and Tregs [(4.46 ± 1.00) %, P[ 0.05] had no

statistical difference compared to the controls

[(1.42 ± 0.68) %; (4.69 ± 0.96) %]. Moreover, we found

that the ratio of Th1/Tregs and Th17/Tregs both signifi-

cantly increased (2.38 ± 1.42 vs 1.32 ± 1.17, P\ 0.01;

0.41 ± 0.22 vs 0.29 ± 0.12, P\ 0.05) compared with

healthy controls (Fig. 1c).

We also investigated the absolute numbers of Th1, Th2,

Th17 and Tregs in circulation. Consistently, the absolute

numbers of Th1 and Th17 were significantly elevated

compared with their counterparts in healthy controls while

no statistical difference was found in Th2 and Tregs

between two groups (Table 1).

Specific transcription factors of different CD41 T

cell subsets in circulation

To solidify the observation by FACS analysis for the

CD4? T cell subsets, we further isolated total RNA from

freshly isolated PBMCs and measured the expression levels

of T-bet, GATA3, RORct and FOXP3, which are the

specific transcription factors for Th1, Th2, Th17 and Tregs,

by qPCR, respectively (Fig. 2). We found that, normalized

and calculated against that of housekeeping gene, mRNA

expression levels of T-bet (1.542-fold, P\ 0.05) and

RORct (1.2-fold, P\ 0.05) were both significantly ele-

vated compared with those of healthy controls, while

GATA3 (1.093-fold, P[ 0.05) and FOXP3 (1.1-fold,

P[ 0.05) had no statistical change compared with

controls.

Except for mRNA level, we further collected PBMCs

from additional 25 active NSV patients and 11 healthy

controls and evaluated the expression of T-bet, GATA3,

ROR-ct and FOXP3 at protein level by intracellular

staining (Fig. 2b). We found that compared with healthy

controls [(4.55 ± 3.04) %; (1.03 ± 0.32) %], the propor-

tions of T-bet? CD4 T cells and RORct? CD4? T cells

were both greatly increased in active NSV patients

[(10.79 ± 7.98) %, P\ 0.001; (2.08 ± 1.21) %,

P\ 0.001], while no significant change was found in the

percentage of Foxp3? CD4? T cells [(2.94 ± 1.29) % vs

(2.91 ± 1.45) %, P[ 0.05] and GATA3? CD4? T cells

[(1.45 ± 0.68) % vs (1.39 ± 0.65) %, P[ 0.05] between

active NSV patients and healthy individuals.

Differential expression of CD41 T subset-associated

cytokine in serum

To compare the function of cytokine production of differ-

ent CD4? T cell subset in patients and controls, we col-

lected sera from active NSV patients and healthy controls

and assessed the levels of IFN-c, IL-4, IL-17A and TGF-

b1, which are hallmarks of Th1, Th2 and Th17 polariza-

tion, respectively (Fig. 3). We found that only the level of

IL-17A [(23.08 ± 5.80) pg/ml, P\ 0.001] was greatly

elevated in sera of patients with active NSV compared with

that of healthy controls [(8.66 ± 1.83) pg/ml]. Although

the level of IFN-c [(34.95 ± 14.94) pg/ml] was increased

in patients, it had no statistic significance compared with
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Fig. 1 Peripheral CD4? T cell subset distribution was altered in

patients with progressive NSV. a PBMCs from active NSV patients

(n = 30) and sex- and age-matched healthy controls (n = 30) were

stained for CD4, CD25 and CD127 for the detection of Tregs. After

4-h stimulation by PMA and ionomycin in the presence of GolgiPlug

in vitro, PBMCs were measured for expression of IFN-c, IL-4 and IL-

17A by intracellular staining. Representative dot plots obtained with

samples from one healthy control and one active NSV patient were

shown as an example. According to SSC and CD4 staining, cells were

gated as CD4? T lymphocytes. The number showed in the graph

represented the mean value (%) of each CD4? T cell subset;

b diagrams showed the statistical results of various CD4? T cell

subsets; c diagrams showed the statistical results of the ratios of

effector CD4? T cells to suppressor CD4? T cells. Data are

expressed as mean ± SD. ns, P[ 0.05; *P\ 0.05; **P\ 0.01

Table 1 Absolute number of each of CD4? T cell subsets in circulation (shown as cell/ll) in active NSV patients (n = 30) and healthy

individuals (n = 30)

Cells/ll Th1 Th2 Th17 Tregs

Healthy controls 77.90 ± 51.96 23.17 ± 12.13 16.98 ± 8.07 73.53 ± 35.08

Active NSV 157.79 ± 133.67 21.50 ± 13.05 25.88 ± 15.71 72.10 ± 31.51

P value \0.01 [0.05 \0.05 [0.05

Data are expressed as mean ± SD
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controls [(29.56 ± 14.76) pg/ml]. Neither the levels of IL-

4 [(0.2911 ± 0.11) pg/ml, P[ 0.05] nor TGF-b1
[(1121 ± 181.7) pg/ml, P[ 0.05] had significant differ-

ence compared to healthy controls [(0.2868 ± 0.07) pg/ml;

(1321 ± 140.8) pg/ml].

Discussion

To our knowledge, our work is the first report that presents

circulating Th1, Th2, Th17 and Tregs along with the status

of their respective transcript factors, at both mRNA and

protein levels, and cytokines in circulation in patients with

active NSV in a single study. Although skin biopsy can

provide direct evidence for local immune responses in skin,

blood samples are more convenient for clinical researchers

and more easily be accepted by patients especially for

patients at progressive stage. Moreover, any change of the

immune cells in circulation reflects the status of

homeostasis of peripheral immune system. In our study, we

found that with no significant change of frequency and

absolute number of CD4? T cells in active NSV (Online

Resource 1), other than Th2 and Tregs, Th1 and Th17

showed significant increase in proportions, absolute num-

bers, specific transcript factors and cytokine production.

Moreover, the significantly elevated ratios of Th1/Tregs

and Th17/Tregs observed in circulation indicate a loss of

balance between effector and suppressor CD4? T cells.

With the advances in CD4? T cell biology research, the

initial Th1/Th2 classification has already been amended by

ongoing discoveries of Tregs, Th17 and follicular T helper

cells (Tfh) [18]. Because Tfh mainly takes parts in B cell

immunity, we did not herein take this kind of CD4? T cell

subset into account. Inconsistent with our result, Ben et al.

reported that the proportion of Tregs significantly

decreased in the peripheral blood of vitiligo [5]. The dif-

ference may due to a slightly different definition of Tregs

between us. They defined Tregs as CD4? CD25? T cells,

Fig. 2 Specific transcription factor’s expression of peripheral

CD4? T cell subsets. a After isolation of total RNA from PBMCs,

the expression of Th1-specific transcription factor T-bet, Th2-specific

transcription factor GATA3, Th17-specific transcription factor RORct
and Treg-specific transcription factor FOXP3 at mRNA level was

measured in active NSV patients (n = 15) and healthy controls

(n = 15). b-actin was used as internal control; b freshly isolated

PBMCs from active NSV patients (n = 25) and sex- and age-matched

healthy controls (n = 11) were stained for T-bet, GATA3, RORct and
FOXP3. Data are expressed as mean ± SD. ns, P[ 0.05; *P\ 0.05;

***P\ 0.001

Fig. 3 Cytokine productions by peripheral CD4? T cell subsets.

ELISA analysis for the cytokine production (pg/ml) of various

CD4? T cell subsets in serum from progressive NSV patients

(n = 30) and healthy controls (n = 30). All samples were performed

in triplicate. ns, P[ 0.05; ***P\ 0.001. All samples were per-

formed in triplicate. ns, P[ 0.05; ***P\ 0.001
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while we defined them as CD4? CD25? CD127- T cells.

Because the expression of CD25 will be upregulated after

CD4? T cells activation, our definition was more stringent.

In addition to the frequencies of CD4? T cell subsets,

their specific transcript factors were observed in our study.

At mRNA level, we found both Th1-specific transcript

factor, T-bet, and Th17-specific transcript factor, RORct,
were statistically increased compared with healthy con-

trols. Although it is reported that RORct could be expres-

sed by a new kind of NK cells in mouse [16], this kind of

cells does not exist in blood. T-bet also can be transiently

expressed by primary B cells only in gut not in circulation

[38]. Because we isolated the total RNA from PBMCs, not

isolated CD4? T cells, to exclude the possibility of con-

tamination of other cells that may express T-bet and

RORct; we further limited the investigation by FACS

analysis for these transcription factors only in CD4? T

cells. Using their corresponding antibodies to these tran-

scription factors, we got similar results at protein level and

further confirmed our previous data.

Interplay between two different CD4? T cell subsets is

very complicated. Tregs are potent suppressor CD4? T

cells, which can strongly inhibit effector CD4? T cell

subsets proliferation and induction to maintain the home-

ostasis of immune system. However, it was reported that

Tregs could convert into Th17 in vitro [31, 33]. On the

other hand, there exists competition among effector T cells

for differentiation. It was reported that IL-4 and GATA3

could inhibit Th1 [25, 30, 40], Th17 [14] and Tregs [26]

polarizations in vitro; Th1 and Th17 could inhibit Th2

polarization vice versa [9, 10, 28]. However, Th1 and Th17

often coexisted in some autoimmune diseases such as type

1 diabetes [22] and multiple sclerosis [7]. It was reported

that IFN-c could enhance Th17 induction in vitro [21].

Meanwhile, Th17 could not only induce Th1 but also

directly transition into Th1 [12]. In our current study, we

found both Th1 and Th17 increased in peripheral blood in

patients with active NSV, which was consistent with oth-

ers’ report on vitiligo skin biopsies [37]. The interaction

between these two kinds of CD4? T cell subsets in vitiligo

and whether the increased Th17 is converted from Tregs

need further investigations. On the basis of Th1 and Th17

profile in peripheral blood, it was not a surprise for us not

finding a significant change of Th2 in our study.

Each CD4? T cell subset secrets its lineage indicating

cytokines such as IFN-c (Th1), IL-4 (Th2), IL-17A (Th17)

and TGF-b1 (Tregs). In vitro studies revealed that these four
cytokines could affect normal functions or even the survival

of melanocytes. It was reported that both IFN-c and IL-17A

could stimulate antimelanogenic cytokine IL-6 production in

melanocytes and IL-4 could directly inhibit melanogenesis

in melanocytes [41]. Both IFN-c [41] and TGF-b1 could

induce apoptosis in melanocytes [2] in vitro and TGF-b1

could inhibit the growth of melanocytes [32]. Thus, it may

be expected that these cytokines may all increase in the sera

of vitiligo patients. However, in our study, only IL-17A,

Th17 mainly produced cytokine, was found significantly

elevated in vitiligo. The change of serum IL-17A was con-

sistent with others’ reports [4, 8, 44]. Although the per-

centage of IFN-c-producing Th1 was significantly increased

in active NSV patients, the level of IFN-c in serum was

higher than healthy controls with no statistical significance.

The total level of IFN-c in serum may be discounted by

another IFN-c-producing cell, i.e., CD8? T cells, as we

found no significant change in the frequency and the number

of circulating CD8? T cells in our study (Online resource1).

Meanwhile, we found no significant change neither in the

level of IL-4 nor TGF-b1 in serum compared with controls,

which corresponded to our previous data of circulating Th2

and Tregs. Similar to IL-4, studies concerned in serum TGF-

b1 indicated its level was either increased [44] or decreased

[34] in patients with vitiligo. We found that TGF-b1
decreased a little in vitiligo; however, it had no statistical

significance. These results further supported Th1 and Th17

polarization rather than Th2 and Tregs in active NSV.

In this study, we found enhanced Th1 and Th17

responses in circulation in active NSV and gave a detailed

prospective in each of CD4? T cell subsets. The correla-

tion between the immunological changes in circulation and

the skin tissue deserves further investigation. Additional

studies for these CD4? T cell subsets along with the status

of their respective cytokines in circulation as well as in skin

may provide better insight into the role of these cells in the

pathogenesis of vitiligo.
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