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Introduction

Systemic sclerosis (SSc), also called scleroderma, 
is a complex immune-mediated rheumatic disease 
that can be defined as a combination of microvas-
cular damage, slow-developing fibrosis, and an 
abnormal immune system.1 Effective treatments for 
SSc are currently not available, and standard of care 
options that target inflammation, immune system 
imbalance, and fibrosis are largely ineffective.2

FK506 (Tacrolimus), which is a macrocyclic lac-
tone, acts as a calcineurin inhibitor, which is over 
100 times more potent than ciclosporin A (CsA) at 
inhibiting T cell proliferation, and its effectiveness 
as an immunosuppressant in transplant patients.3,4 
FK506 down-regulates E-selectin, ICAM-1, and 
VCAM-1 expression.5,6 The endothelial cells (ECs) 

from donors survived the allograft while FK506 
was effective.7,8 Transforming growth factorβ 
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(TGFβ) plays a prominent role in the fibrosis of 
skin and internal organs in SSc patients.9–11 
Importantly, FK506 significantly reduced the 
TGFbeta1-induced expression of type I procollagen 
protein, gained the anti-fibrotic effect by inhibiting 
TGFβ.12–14

In the past, FK506 was often used to treat local-
ized scleroderma in the form of topical oint-
ment,15–20 while recent studies have found that it is 
also effective for systemic sclerosis.4,21 FK506 has 
a prominent effect on the pathogenesis of SSc by 
inhibiting the immune response, protecting the 
vascular endothelium, and inhibiting the develop-
ment of fibrosis. Thus, FK506 is a promising drug 
for the treatment of SSc.

Immunological activity, especially that of T 
lymphocytes, is considered to be a key stimulus in 
promoting the vascular abnormalities and fibrosis 
observed in SSc patients.22,23 The regulatory T 
cell (Treg) is indispensable for the maintenance 
of dominant self-tolerance and immune homeo-
stasis. Most reports have shown that the ratio of 
Treg was elevated in the peripheral blood mono-
nuclear cells (PBMCs) compartment in SSc, while 
others have reported normal or decreased Treg 
levels with or without dysfunction.24–29 Our previ-
ous work and recent report showed that the num-
ber of Treg cells is elevated in SSc patients 
together with dysfunction of the peripheral blood 
mononuclear cell (PBMC) and skin compart-
ment.30,31 CD4+ T cells are also comprised of 
Th17 cells that secrete IL-17A and IL-17F, which 
can induce inflammation.32 Interestingly, both 
Treg and Th17 levels are elevated in SSc patients. 
In fact, immune imbalance between Th17 and 
Treg cells is a well-documented characteristic in 
SSc patients.33–35 Miyara et al.36 and Sakaguchi  
et al.37 defined the subtypes of Treg cells based on 
the expression of FoxP3 and CD45RA, including 
subtypes such as CD4+CD25+FoxP3lowCD45RA+ 
(FrI), CD4+CD25highFoxP3highCD45RA− (FrII), 
and CD4+CD25+FoxP3lowCD45RA− (FrIII). The 
FrII subtype consists of activated Treg (aTreg) 
cells, which have a suppressive function. The FrI 
subtype consists of resting Treg (rTreg) cells, 
which can convert to aTreg cells, while the FrIII 
subtype consists of T cells that are not suppres-
sors, can produce IL-17, and hence have Th17 
potential. Therefore, FoxP3low CD45RA− (FrIII) 
T cells are not the real Treg cells.

We have shown that decreased aTreg (FrII) lev-
els and their functional deficiency together with an 
increase in FoxP3lowCD45RA− T cells are respon-
sible for the increased levels of dysfunctional Tregs 
in SSc patients, which potentially cause the 
immune imbalance between Treg and Th17 cells.31 
In this study, we confirmed that FK506 can reduce 
the level of FoxP3low CD45RA− T cells and aug-
ment aTreg levels by inhibiting FoxP3low CD45RA− 
T cell proliferation, which can modify the abnormal 
Treg levels and immune imbalance between Treg 
and Th17 cells in patients with SSc.

Materials and methods

Study subjects

Five Chinese patients with SSc who fulfilled 2013 
ACR/EULAR (American College of Rheuma-
tology/European League) classification criteria38 
were chosen for this prospecive experimental study. 
All patients in this study had new-onset SSc and 
had not received any previous treatment (Table 1), 
and excluded potentially confounding comorbidi-
ties such psoriasis, spondyloarthritis, inflamma-
tory bowel diseases, etc. The study consisted of 
3 dcSSc and 2 lcSSc patients (two males and three 
females) with an average age of 36.60 ± 15.04 year 

Table 1. Participant demographics and clinical characteristics.

Item SSc (n = 5)

Sex (F/M) 3/2
Mean age in the study, years (±SD) 36.60 ± 15.04
Disease duration, years (±SD)  1.80 ± 1.92
dcSSc/lcSSc 3/2
Median MRSS (range) 13 (2–34)
ANA (%) 5 (100)
Anti-Scl70 (%) 2 (40)
Anti-RNP (%) 2 (40)
ACA (%) 1 (20)
Organ involvement
 Raynaud’s phenomenon (%) 5 (100)
 Arthritis/arthralgia (%) 3 (60)
 Fingertip ulcers (%) 2 (40)
 Myasthenia (%) 3 (60)
 Esophagus involvement (%) 2 (40)
 Pulmonary arterial hypertension (%) 1 (20)
 Effort-dyspnea (%) 2 (40)
 Renal crisis (%) 0 (0)

F: Female; M: Male; dcSSc: diffuse cutaneous SSc; lcSSc: limited cutane-
ous SSc.
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and average disease duration of 1.80 ± 1.92 year. 
Six age- and sex-matched healthy volunteers were 
enrolled as controls. This study was approved by 
the Medical Ethics Committee of Peking Union 
Medical College Hospital and the Ethics Committee 
of EUSTAR. The methods used in this study were 
in accordance with the approved guidelines. All 
patients enrolled in this study provided written 
informed consent for the samples collected for the 
research study protocol.

Antibodies

Anti-human mouse antibodies (conjugated with 
FITC, PE, PerCP, allophycocyanin (APC), Alexa 
Fluor 488, or PE-cyanin 7 (PE-Cy7)) used in this 
study were as follows: CD4-PerCP (OKT4, 
Biolegend), CD25-APC (BC96, eBioscience), 
FoxP3-Alexa Fluor 488, FoxP3-Alexa Fluor647, 
(PCH101, respectively, eBioscience), CD45RA-PE, 
CD45RA-PE-Cy7 (HI100, L48, respectively; BD 
Pharmingen), and IL-17-PE (eBio64DEC17, eBio-
science). A control antibody of the respective IgG 
isotype was included in all experiments.

Flow cytometric cell phenotypic analysis

The peripheral blood from patients and healthy indi-
viduals was collected and PBMCs were prepared 
using Ficoll gradient centrifugation. Cells (5 × 105) 
were incubated with 0, 0.1, 1, or 10 ng/ml FK506 for 
72 h and then washed with PBS containing 2% fetal 
calf serum. The cells were then incubated with anti-
CD4, -CD25, and -CD45RA antibodies in the dark 
at 4°C for 30 min. Subsequently, intracellular FoxP3 
staining was performed after fixation and permeabi-
lization (eBioscience). For the detection of intracel-
lular cytokine production, cells were stimulated 
with 20 ng/mL PMA and 1000 ng/mL ionomycin in 
the presence of Golgi-Stop (BD Biosciences) for 5 h 
and then incubated with anti-CD4, -CD25, 
-CD45RA, -FoxP3, and -IL-17 antibodies after fixa-
tion and permeabilization (eBioscience). Stained 
cell images were acquired using a FACSCalibur 
flow cytometer (Becton Dickinson) and analyzed 
using FlowJo v.7.6.4 software (Tree Star).

Cells sorting and proliferation assay

PBMCs were stained with anti-CD4, -CD25, and 
-CD45RA antibodies in the dark at 4°C for 30 min. 

and then sorted using a FACS AriaII flow cytome-
ter (Becton Dickinson). RPMI 1640 medium sup-
plemented with 10% fetal bovine serum, 100 IU/
mL penicillin, and 100 mg/mL streptomycin was 
used for cell culture. Ten thousand sorted cells 
were labeled with 1 μM CFSE (Invitrogen) from 
patients and control donors. One hundred thousand 
PBMCs from the same healthy donor were incu-
bated with 25 μg/mL mitomycinC (MMC) at 37°C 
for 30 min and then added to the co-cultures as 
feeder cells. Co-cultures were stimulated with 
0.5 μg/mL anti-CD3 (OKT3, BD Pharmingen) and 
1 μg/mL anti-CD28 (CD28.2, BD Pharmingen) 
antibodies in 96-well round-bottom plates supple-
mented with RPMI medium, and then incubated 
with 0, 0.1, 1, and 10 ng/ml FK506 for 72 h, respec-
tively. Proliferation of CFSE-labeled cells was 
then assessed by flow cytometry.

Measurement of cytokine levels in serum and 
culture supernatants

The human Th1/Th2/Th9/Th17/Th22 13plex Flow-
Cytomix Multiplex Kit (Bender MedSystems, eBi-
oscience thermo) was used for high-throughput 
immunoanalysis of cytokines in the sera and super-
natants by using flow cytometry. All assays were 
performed according to protocols specified by the 
manufacturers and with the respective reagents (dil-
uents, calibrators, blocking reagents, and detecting-
antibody mixtures) included with their kits.

Statistical analysis

Data were analyzed with the SPSS v.17.0 statistics 
software (IBM, USA). Variables were summarized 
as counts and percentages or as medians and 
ranges. The independent samples t-test, nonpara-
metric Mann–Whitney U test, and repeated meas-
urement variance analysis were used to compare 
data between the groups. P values less than 0.05 
were considered to be statistically significant.

Results

FK506 decreases the relative number of 
Treg cells and FoxP3low CD45RA− T cells and 
increases the number of aTreg cells

The number of CD4+CD25+FoxP3+ Treg cells  
in PBMC samples obtained from SSc patients 
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decreased after treatment with 1 or 10 ng/ml FK506 
compared to treatment with 0.1 ng/ml (p = 0.018, 
p = 0.004, respectively)and 0 ng/ml (p = 0.046, 
p = 0.029, respectively) FK506, but not between 
0.1 ng/ml with 0 ng/ml FK506 (p = 0.173). The 
repeated measures ANOVA revealed a significant 
effect of FK506 on Treg cells of SSc patients com-
pared to healthy controls (p = 0.022). Lower con-
centrations of FK506 had no effect on the number 
of Treg cells from SSc patients, which suggests 
that FK506 had a greater effect on the Treg cells of 
SSc patients compared to those from healthy con-
trols; however, the lowest concentration of FK506 
tested had no effect (Figure 1a and b).

The number of FrI/CD4+ cells within the sam-
ples obtained from SSc patients was reduced after 
treatment with 10 ng/ml FK506 compared to those 
treated with 0.1 ng/ml FK506 (p = 0.014), but not 
among other concentrations of FK506. Moreover, 
FK506 significantly reduced the FrI/CD4+ cell 

population obtained from SSc patients compared 
to healthy controls (p = 0.001), but the lower con-
centration of FK506 did not have a significant 
effect. However, there was no significant differ-
ence in the effect of FK506 on the FrI/Treg cell 
population between SSc patients and healthy con-
trols (p = 0.375).

FK506 did not induce significant effects on the 
FrII/CD4+ cell population obtained from SSc 
patients compared to healthy controls (p = 0.385). 
However, the number of FrII/Treg cells increased 
after treatment with 10 ng/ml compared to untreated 
cells in samples obtained from SSc patients 
(p = 0.046). Moreover, FK506 tended to increase 
the number of FrII/ Treg cells in samples from SSc 
patients (p = 0.037).

In SSc patients, the number of FrIII/CD4+ cells 
decreased after treatment with 10 ng/ml FK506 
compared to untreated controls (p = 0.040). The 
effect of higher concentrations of FK506 on the 

Figure 1. The effect of FK506 on Treg cell and its subtypes on the SSc patients: (a) a representative flow cytometry analysis of 
CD25+ FoxP3

+ cells of CD4+ gated dot-plot of the indicated conditions in healthy controls (n = 6) and SSc patients (n = 5), (b) 
comparing the percentage of CD4+CD25+FoxP3

+ cells among the CD4+ T cells influenced using various FK506 concentrations, 
(c) a representative flow cytometry analysis of three Treg subsets of CD4+ gated dot-plot of the indicated conditions in healthy 
controls (n = 6) and SSc patients (n = 5), and (d) comparing the percentage of Treg subsets among the CD4+ T cells or Treg cells 
influenced by certain concentration FK506.
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FrIII/CD4+ cell population in samples from SSc 
patients was more significant than healthy controls 
(p = 0.033), but no effect was observed at lower 
concentrations of FK506. In SSc patients, the num-
ber of FrIII/Treg cells decreased after treatment 
with 10 ng/ml FK506 compared to samples treated 
with 0.1 ng/ml (p = 0.045), but no difference was 
observed with 0 ng/ml. There were different trends 
of FrIII/Treg with FK506 concentrations between 
the patients with SSc and health controls (p = 0.042) 
(Figure 1c and d).

The number of Th17 and FoxP3+IL-17+ T cells 
decreases after treatment with FK506

The number of CD+IL-17+ cells in samples obtained 
from healthy controls decreased after treatment with 
10 ng/ml FK506 compared to untreated controls 
(p = 0.025). In addition, treatment of SSc samples 
with 1 or 10 ng/ml significantly decreased the 

number of CD4+IL-17+ cells compared to untreated 
controls (p = 0.021 and p = 0.020, respectively). 
However, repeated measurement variance analysis 
showed that there was no difference in the 
CD4+IL-17+ cell population after treatment with 
FK506 between samples from SSc patients and 
healthy controls (p = 0.685) (Figure 2a and b).

The mean fluorescence intensity (MFI) of 
IL-17A, IL-22, IL-6, and IL-1β were higher in the 
serum of SSc patients than controls (p < 0.05 for 
each). We also measured cytokines in the superna-
tant of PBMCs cultured with different concentra-
tions of FK506. Cells from healthy controls treated 
with 10 ng/ml FK506 exhibited decreased levels of 
IL-17A compared to cells treated with 0.1 ng/ml or 
untreated samples (p = 0.027 and p = 0.036, respec-
tively), but exhibited no difference in IL-22, IL-6, 
and IL-1β levels. Cells from SSc patients treated 
with 10 ng/ml FK506 exhibited decreased levels of 
IL-17A compared to cells treated with 0.1 ng/ml or 

Figure 2. Influence of FK506 on Th17 cells and FoxP3+IL-17+ T cells on the SSc patients: (a) a representative flow cytometry 
analysis of CD4+ IL-17+ cells dot-plot of the indicated conditions in healthy controls (n = 5) and SSc patients (n = 4), (b) comparing 
the percentage of CD4+ IL-17+ cells influenced by certain concentration FK506, (c) the effect of FK506 on cytomix IL-17A, 
IL-22, IL-6, and IL-1β in the presence of the indicated concentrations of FK506, (d) a representative flow cytometry analysis of 
FoxP3

+IL-17+ cells of CD4+ gated dot-plot of the indicated conditions in healthy controls (n = 5) and SSc patients (n = 5), and (e) 
comparing the percentage of FoxP3

+IL-17+ cells among the CD4+ T cells influenced by certain concentration FK506.
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untreated samples (p = 0.027 and p = 0.028, respec-
tively). In addition, IL-1β levels were significantly 
decreased in SSc PBMCs treated with 10 ng/ml 
FK506 compared to untreated controls (p = 0.027), 
but exhibited no difference in IL-6 levels; IL-22 
levels exhibited a downward trend. Moreover, we 
found no significant difference in IL-17A, IL-22, 
IL-6, or IL-1B levels in SSc or normal control cells 
treated with FK506 (p = 0.177, p = 0.561, p = 0.275, 
and p = 0.648, respectively) (Figure 2c).

In healthy control samples, the number of 
FoxP3+IL-17+ cells decreased after treatment with 
FK506 at all doses tested compared to untreated 
controls (p < 0.01 for each, respectively). In addi-
tion, the number of FoxP3+IL-17+ cells in SSc 
samples decreased after treatment with 1 and 10 ng/
ml FK506 compared to untreated controls (p = 0.007 
and p = 0.002, respectively).There were no signifi-
cant differences in the number of FoxP3+IL-17+ 
cells in samples from SSc or normal control sam-
ples after treatment with FK506 (p = 0.395) (Figure 
2d and e).

FK506 inhibits the proliferation of FoxP3low 
CD45RA− T cells

We next assessed the proliferation capacity of T 
cells and its subpopulations from healthy controls 
and SSc patients after treatment with FK506. 
Proliferation of CD4+ cells was reduced in samples 
from SSc patients after treatment with 1 and 10 ng/
ml FK506 compared to 0 ng/ml FK506 (p = 0.040 
and p = 0.014, respectively). However, there was no 
difference in CD4+ proliferation capacity between 
cells from SSc patients and healthy controls treated 
with FK506 (p = 0.274). FK506 had no effect on the 
proliferation of FoxP3+ cells from SSc patients 
(p = 0.258). There was no difference in the effect of 
FK506 on FoxP3+cell proliferation between SSc 
patients and health controls (p = 0.351).

In healthy controls, the proliferation of FoxP3− 
cells treated with 1 and 10 ng/ml FK506 was 
decreased compared to untreated cells (p = 0.043 
and p = 0.034, respectively). The proliferation of 
FoxP3− cells from SSc patients significantly 
decreased after treatment with 10 ng/ml FK506 
(p = 0.047). However, there was no difference in 
the effect of FK506 on FoxP3− cell proliferation 
between SSc patients and healthy controls 
(p = 0.351) (Figure 3a and b). A repeated measures 
ANOVA also showed that the effect of FK506 on 

the proliferation of FoxP3− cells was greater than 
that on FoxP3+ cells for both healthy controls and 
SSc patients (p = 0.047 and p = 0.027, respectively) 
(Figure 3c).

FK506 had no effect on the proliferation of FrI 
cells from SSc patients. In addition, there was no 
difference between SSc patients and healthy con-
trols (p = 0.170). FK506 had no effect on the prolif-
eration of FrII cells from healthy controls or SSc 
patients, and there was no difference between the 
two groups (p = 0.170).

However, the proliferation of FrIII cells from 
SSc patients decreased after treatment with 10 ng/
ml FK506 compared to cells treated with 0.1 ng/ml 
FK506 or untreated (p = 0.003 and p = 0.013, 
respectively). There was no difference in the effect 
of FK506 on FrIII cell proliferation between SSc 
patients and healthy controls (p = 0.866) (Figure 4a 
and b). Taken together, the effect of FK506 on cell 
proliferation was more significant for FrIII cells 
from SSc patients compared to the other two sub-
types (p = 0.047) (Figure 4c).

Discussion

Systemic sclerosis (SSc) is characterized by the 
presence of autoantibodies and progressive tissue 
fibrosis,39 causing excessive extracellular matrix 
(ECM) deposition and vasculopathy. The produc-
tion of ECM responses to Th17 cells.40 And Th17 
cell specifically secrete angiogenic factor, contrib-
ute to angiogenesis.41 Treg and Th17 cells were 
served as hallmark of SSc, act as pro-fibrotic T 
cells.42 And the imbalance of Th17 and Treg 
responses contributes to the pathogenesis of SSc.43 
Depletion or restoration of Treg cells may become 
a viable approach in controlling fibrosis.

Tacrolimus (FK506) is widely used as an immu-
nosuppressive drug for preventing the rejection of 
transplants. The effect of FK506 on Treg cells is 
controversial. Several reports have found that 
FK506 has no effect on Treg cells,44 others suggest 
that FK506 may increase the number of Treg cells 
in organ transplant recipients,45–47 while some oth-
ers have proved that FK506 can reduce the fre-
quency of Treg cells in MuSK-antibody positive 
myasthenia gravis and systemic lupus erythemato-
sus patients,48,49 a finding that is consistent with 
transplantation studies.50 Therefore, the effect of 
FK506 on Treg cells is worthy of in-depth study. In 
this study, we divided Treg cells into three 
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subgroups and made our findings. We found that 
FK506 had no effect on the CD4+CD25+FoxP3+ T 
cells from healthy donors, which was in agreement 
with previous findings.44 Furthermore, we found 
that FK506 could decrease the number of 
CD4+CD25+FoxP3+ T cells from SSc patients. 
These results suggest that FK506 may adjust 
abnormal Treg cells in SSc patients.

Our study had confirmed that Treg levels are 
elevated in patients with SSc; interestingly, these 
Tregs lack normal immune suppression capacities. 
Instead, the main Treg compartment was found to 
be composed of non-suppressive FoxP3

lowCD45RA− 
(FrIII) cells with no suppressive function, which 
indicates that the FoxP3

+IL17+ cells can secrete 
IL-17 to promote differentiation. However, aTreg 
levels (FrII) are decreased and have reduced 

function.31 In this study, we further verified that 
FK506 could decrease the level of non-suppressive 
FoxP3

lowCD45RA− cells, but had no effect on 
aTregs, which suggests that the relative level of 
aTregs was increased.

We also assessed the effects of FK506 on the 
Th17 and FoxP3+IL-17+ cell populations. The lev-
els of Th17 and FoxP3+IL-17+ cells from SSc 
patients and healthy controls decreased after treat-
ment with FK506. In addition, the key cytokines 
secreted by Th17 cells, IL-17A, and IL-22, were 
increased in the serum from SSc patients. The lev-
els of IL-17A and IL-22 on culture supernatants 
were also decreased after treatment with FK506, 
which is consistent with the effects of FK506 on 
the Th17, FoxP3+IL-17+, and FoxP3

lowCD45RA− 
(FrIII) cells populations.

Figure 3. The influence of FK506 on the proliferation of CD4+ T cells and its subsets on the patients of SSc: (a) a representative 
flow cytometry analysis of CD4+ cells, FoxP3+ and FoxP3− cells proliferation of the indicated conditions in healthy controls (n = 5) 
and SSc patients (n = 5), (b) the difference trend of the affection of FK506 on proliferation of CD4+ cells, FoxP3+ and FoxP3− cells 
between the patients of SSc and health control, and (c) the difference trend of the affection of FK506 on proliferation between 
FoxP3+ and FoxP3− cells of the patients of SSc and health control.
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The relationship between Th17 and Treg cells is 
complex, and while they have opposing functions, 
they are related to each other in the process of dif-
ferentiation.51 IL-6 has key effects on T cell differ-
entiation and can work in conjunction with TGF-β 
produced by thymus-derived natural regulatory T 
cells (nTregs) to convert them into Th17 cells.52,53 
IL-6 also controls Th17 immunity by inhibiting the 
conversion of conventional T cells into Foxp3+ 
regulatory T cells.54 We have also confirmed that 
the FoxP3lowCD45RA− cell compartment may rep-
resent a stage in the development of CD4+FoxP3+ 
plasticity. The numbers of Treg cells and IL17+ 
cells are both elevated in SSc patients, and the 
increased number of FoxP3low CD45RA− T cells 
was the reason for the imbalance between Treg and 
Th17 cells. This finding also suggests that Th17 
cells preferentially increase in the imbalance 
between Treg and Th17 cells. Many cytokines can 

affect and control the differentiation of Th17 cells, 
such as IL-6, TGF, IL-1β, IL-27, and IL-32.55–57 
IL-1β production is a critical step for Th17 differ-
entiation and generation of human memory Th17 
cells,58–60 and IL-17 production was shown to be 
initiated by IL-23 and amplified by IL-1β in Th17 
cells.61 We found that the levels of IL-6 and IL-1β 
were increased, which favored Th17 cells in the 
imbalance between Treg and Th17 cells and main-
tained IL-17 secretion during the progress of dif-
ferentiation. FK506 decreased the level of IL-1β in 
the culture supernatant and helped to reduce the 
stability of Th17 cells and the production of IL-17. 
A recent report also showed that tacrolimus signifi-
cantly inhibited IL-17-producing cells and the lev-
els of IL-1β and IL-6.62 A previous report showed 
that FK506 could decrease IL-6 levels in rat adju-
vant-induced arthritis,63 but this study did not 
obtain similar results in SSc patients.

Figure 4. The influence of FK506 on the proliferation of Treg subtypes on the patients of SSc: (a) a representative flow cytometry 
analysis of FrI, FrII, and FrIII cells proliferation of the indicated conditions in healthy controls (n = 5) and SSc patients (n = 5), (b) the 
difference trend of the affection of FK506 on proliferation of FrI, FrII, and FrIII cells between the patients of SSc and health control, 
and (c) the difference trend of the affection of FK506 on proliferation among FrI, FrII, and FrIII cells of the patients of SSc and health 
control.
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FoxP3− cells, including Th1, Th2, and Th17 cells, 
play a role in the induction of autoimmune tissue 
injury and are linked to active disease of SSc. We 
found that FK506 inhibited the proliferation of 
both FoxP3+ and FoxP3− cells, but the impact on 
FoxP3− cells was more significant than that on 
FoxP3+ cells. This result is consistent with previ-
ous studies.45,62 Ren et al.64 also found that tacroli-
mus could inhibit the proliferation of CD4+CD25− T 
cells by modifying tolerogenic dendritic cells 
(tDCs) in collagen-induced arthritic mice. 
FoxP3lowCD45RA− cells can secrete IL-17 with no 
suppressive function, and our results indicate that 
the proliferation capacity of FoxP3lowCD45RA− 
cells is significantly decreased after incubation 
with FK506, but not rTregs and aTregs. These 
results are consistent with the effects of FK506 on 
FoxP3+ and FoxP3− cells. Kogina et al.45 also 
reported that FK506 could not suppress the prolif-
eration of CD4+FoxP3high cells, but rather pro-
moted cell proliferation.

A prior study in SSc patients showed that FK506 
with an average trough concentration of 4.7 ng/ml 
(range 1.75–9.5 ng/ml) could achieve favorable 
clinical outcomes.65 Our study supports that 
medium and high concentrations, especially high 
concentrations of FK506(10ng/ml), have profound 
inhibitory effects on the proliferation capacity of 
FoxP3

lowCD45RA− cells and the levels of 
CD4+CD25+FoxP3+ T cells, Th17 cells in SSc 
patients. This suggests that similar concentration 
target could be used to guide theapy in future stud-
ies of SSc patients.

There were limitations of this study. We focus 
on the effect of different concentration of FK506 
by the present small sample size. In recently, SSc 
were classified into four subsets based on the 
expression profiles of disease-associated genes in 
the involved skin of SSc patients, such as fibropro-
liferative subset, inflammatory subset, normal-like 
subset and limited subset. In general, inflammatory 
subset of SSc patients is highly responsive to 
immunosuppressants.66 In the future, it is essential 
to expand the sample size of each subtype of SSc, 
to identify the response of Treg/Th17 cells to 
FK506 among the four sutsets of SSc.

Conclusions

In conclusion, we found that FK506 could inhibit 
the proliferation of the non-suppressive subtype of 
Treg cells and consequently preserved the level of 

suppressive cells. An increase in FoxP3lowCD45RA− 
T cells secreting IL-17 with no suppressive func-
tion was the reason for the observed elevation in 
the number and dysfunction of Tregs in SSc patient 
samples, which may explain the Treg/Th17 imbal-
ance observed in SSc patients. FK506 decreased 
the level of CD4+CD25+FoxP3+Treg cells by 
inhibiting the proliferation of FoxP3lowCD45RA− 
T cells and improving the imbalance of Treg/Th17 
cells in SSc patients.
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