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Abstract. Behcet's disease is a multi‑system inflammatory 
disorder, and ocular Behcet's disease (OBD) is one of the 
most common causes of uveitis in China. A number of studies 
have indicated that Th17 cells, a subset of interleukin‑17 
(IL‑17)‑producing CD4+ T‑helper cells, serve important roles 
in the pathogenesis of OBD. Berberine (BBR) is an isoquino-
line derivative alkaloid isolated from Chinese herbs, and has 
been used traditionally for the treatment of gastrointestinal 
disorders. The aim of the present study was to investigate the 
effect of BBR on Th17 cell proliferation and cytokine secre-
tion, and the expression and activation of the signal transducer 
and activator of transcription 3 (STAT3) transcription factor 
in OBD in vitro. Blood samples were obtained from healthy 
controls and patients with active ocular Behcet's disease. 
Peripheral blood mononuclear cells (PBMCs) or CD4+ T cells 
were cultured for three days with or without BBR and in 
the presence of anti‑CD3 and anti‑CD28 antibodies. IL‑17 
expression in cell sample supernatants was determined by 
enzyme‑linked immunosorbent assay, and cell viability was 
measured using the Cell Counting kit‑8 assay. The number 
of CD4+IL-17+ cells and the expression level of phosphory-
lated (p)‑STAT3 in CD4+ T cells was determined using flow 
cytometry analysis. The expression of IL‑17 was increased in 
patients with active OBD following the activation of PBMCs 
and CD4+ T cells with anti‑CD3 and anti‑CD28 antibodies 

when compared with healthy controls. However, no significant 
difference in cell viability following exposure to BBR was 
observed in PBMCs derived from healthy controls or patients 
with OBD. Following incubation with BBR, the expression of 
IL‑17 was reduced and the number of CD4+IL-17+ cells was 
decreased in patients with active OBD and healthy controls. 
Furthermore, the expression of p‑STAT3 was significantly 
decreased in the presence of BBR in healthy controls. In 
conclusion, the results of the present study demonstrate that 
BBR may suppress the Th17 response in patients with OBD 
by reducing STAT3 phosphorylation. BBR may be a potential 
therapeutic agent for the treatment of OBD. 

Introduction

Berberine (BBR) is an isoquinoline derivative alkaloid isolated 
from Chinese herbs, such as those from the Berberis and 
Coptis genera (1). Aside from its traditional use as a treatment 
for gastrointestinal disorders, BBR has been demonstrated to 
exhibit inhibitory functions in a number of additional diseases, 
including cancer (2), microbial infection (3), inflammatory 
and autoimmune diseases (such as cardiovascular disease) (4), 
collagen‑induced arthritis (5), experimental type I diabetes 
in mice (6) and experimental autoimmune encephalomyelitis 
(EAE) (7). Numerous reports have demonstrated that BBR 
may suppress the Th17 response in certain autoimmune 
diseases (6-8). However, it remains unclear whether BBR 
exerts this function by suppressing the Th17 response in 
Behcet's disease.

Behcet's disease is a multi‑system inflammatory disorder 
characterized by recurrent uveitis, oral aphthae, genital 
ulcers or skin lesions (9). Ocular Behcet's disease (OBD) is 
one of the most common causes of uveitis in China (9). A 
number of studies have indicated that Th17 cells, a subset 
of interleukin‑17 (IL‑17)‑producing CD4+ T helper cells, 
and their relevant cytokines, serve important roles in the 
pathogenesis of experimental autoimmune uveitis (EAU), 
as well as in clinical uveitis (including OBD) (10-12). IL‑17, 
the characteristic cytokine produced by Th17 cells, has been 
observed to be upregulated in patients with active OBD, and 
neutralization of IL‑17 using a specific antibody or through the 
inhibition of Th17 cells, led to the amelioration of EAU (10,13). 
Corticosteroids and cyclosporin A, which are frequently used 
as effective immunosuppressive drugs to treat clinical uveitis, 
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may significantly downregulate the Th17 cell response in 
patients with OBD (14).

The signal transducer and activator of transcription 3 
(STAT3) serves a critical role in Th17 differentiation and IL‑17 
production (15). STAT3 activation is characterized by STAT3 
phosphorylation, and previous studies have demonstrated that 
patients with active Behcet's disease exhibit elevated levels of 
STAT3 phosphorylation (16,17).

The aim of the present study was to investigate the effect of 
BBR on the Th17 response in OBD. The results demonstrated 
that patients with active OBD exhibited an increased Th17 
response. In vitro experiments revealed that BBR significantly 
downregulated the expression of IL‑17 and the number of 
Th17 cells in patients with active OBD, and BBR could inhibit 
the phosphorylation of STAT3. This suggests that BBR may 
suppress intraocular inflammation in Behcet's disease, likely 
through downregulating the phosphorylation of STAT3, 
thereby inhibiting the Th17 response.

Materials and methods

BBR. BBR was purchased from Sigma‑Aldrich; Merck 
Millipore (Darmstadt, Germany), and was dissolved in 
dimethyl sulfoxide (DMSO) before the stock solution (50 mM) 
was stored at ‑20˚C.

Patients and healthy controls. A total of 16 patients with active 
OBD, who were admitted to The Second Xiangya Hospital of 
Central South University (Changsha, China) from June 2014 
to April 2015 (9 males and 7 females; average age, 34.8 years), 
and 18 healthy controls (HC; 10 males and 8 females; average 
age, 36.4 years) were included in the present study. Behcet's 
disease was diagnosed according to the diagnostic criteria of 
the International Study Group for Behcet's Disease (18). The 
patients presented with active uveitis, as evidenced by the pres-
ence of: i) Intraocular inflammation, which was characterized 
by the presence of floating cells in the anterior chamber or 
vitreous (100%); and ii) retinal vasculitis, which was char-
acterized by fundus fluorescein angiography (100%). The 
extraocular systemic findings included recurrent oral aphthous 
ulcers (100%), recurrent genital ulcers (43.8%), skin lesions 
(56.3%) and arthritis (18.8%). The present study was approved 
by the Ethics Committee of the Second Xiangya Hospital of 
Central South University (Changsha, China). All procedures 
complied with the Declaration of Helsinki (19), and informed 
consent was obtained from all healthy individuals and patients 
with Behcet's disease that were included in the study.

Isolation and culture of cells. Anticoagulated whole blood 
samples were obtained from HCs and patients with active 
OBD. PBMCs were isolated using Ficoll‑Hypaque density 
gradient centrifugation. Blood cells were diluted 1:1 with PBS. 
Ficoll‑Hypaque solution (3‑4 ml) was added into 15‑ml centri-
fuge tubes, and the diluted blood cells (6‑8 ml) were slowly 
layered on top of the Ficoll‑Hypaque solution. The tube was 
centrifuged at 4˚C at 800 x g for 25 min without the break. 
Following centrifugation, the PBMC layer appeared as a white, 
cloudy band between the blood cell and Ficoll‑Hypaque layers, 
and was transferred to a new centrifuge tube and washed in 
PBS three times. Peripheral CD4+ T cells were isolated using 

human CD4 microbeads followed by magnetic‑activated cell 
sorting according to the manufacturer's instructions (Miltenyi 
Biotec, Inc., San Diego, CA, USA). The purity of isolated cells 
identified by flow cytometry was >94%. PBMCs and CD4+ 
T cells were resuspended in RPMI 1640 medium (Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 
L‑glutamine (2 mM), penicillin/streptomycin (100 U/ml), and 
10% fetal calf serum (Gibco; Thermo Fisher Scientific, Inc.), 
to a final concentration of 1x106 cells/ml. Cells were cultured 
for 3 days in the presence of BBR (5 µM) or DMSO and 
anti‑CD3 (catalog no. 130‑093‑387) and anti‑CD28 (catalog 
no. 130‑093‑375) antibodies (0.5 and 0.1 µg/ml, respectively; 
Miltenyi Biotec, Inc.) at 37˚C, 100% humidity and 5% CO2.

Enzyme‑linked immunosorbent assay (ELISA). The levels of 
IL‑17 in PBMCs and CD4+ T cell sample supernatants were 
measured using DuoSet ELISA Development Systems assay 
kits with a detection limit of 15.6 pg/ml according to the 
manufacturer's protocol (catalog no. DY317; R&D Systems, 
Inc., Minneapolis, MN, USA).

Cell viability assay. The PBMC suspension was seeded 
onto a 96‑well plate (1x106 cells/ml), and treated with BBR 
(5 µM) or DMSO, and cultured for 3 days in the presence of 
anti‑CD3 (0.5 µg/ml) and anti‑CD28 (0.1 µg/ml) antibodies. 
Cell viability was measured using the Cell Counting kit‑8 
(Sigma‑Aldrich; Merck Millipore). Absorbance was read at 
450 nm using an ELISA plate reader.

Flow cytometry. CD4+ T cells were cultured in the presence 
of BBR or DMSO, and anti‑CD3 (0.5 µg/ml) and anti‑CD28 
antibodies (0.1 µg/ml). In order to determine the number 
of IL‑17+ cells, CD4+ T cell samples were stimulated with 
phorbol 12‑myristate 13‑acetate (100 ng/ml) and iono-
mycin (1 µg/ml; Sigma‑Aldrich; Merck Millipore) for 5 h. 
During the final 4 h, brefeldin A (10 µg/ml; Sigma‑Aldrich; 
Merck Millipore) was added. Fixation/Permeabilization 
Concentrate (1 part; catalog no. 00‑5123‑43; eBiosci-
ence; Affymetrix, Inc., Santa Clara, CA, USA) was mixed 
with Fixation/Permeabilization Diluent (3 parts; catalog 
no. 00‑5223‑56; eBioscience; Affymetrix, Inc.), and 1 ml 
of this Fixation/Permeabilization solution was added to 
stimulated cells for 30 min at 4˚C. Subsequently, 2 ml 1X 
Permeabilization Buffer (catalog no. 00‑8333; eBioscience; 
Affymetrix, Inc.) was added to wash the cells. Cells were 
resuspended in 100 µl 1X Permeabilization Buffer, and 
stained with a fluorescein isothiocyanate (FITC)‑conjugated 
mouse anti‑human IL‑17 antibody (catalog no. 11‑7179‑41; 
eBioscience; Affymetrix, Inc.) or a FITC‑conjugated mouse 
IgG1 κ isotype control (catalog no. 11‑4714‑41; eBioscience; 
Affymetrix, Inc.). The IL‑17+ cells in the CD4+ T cell popula-
tion were defined as Th17 cells.

Detection of phosphorylated (p)‑STAT3 expression in 
CD4+ T cells was achieved by culturing cells in the presence 
of BBR (5 µM) or DMSO, together with anti‑CD3 (0.5 µg/ml) 
and anti‑CD28 antibodies (0.1 µg/ml) for 30 min. Cells were 
subsequently fixed and permeabilized as described above, 
and stained with a phycoerythrin (PE)‑conjugated mouse 
anti‑human pSTAT3 antibody (catalog no. 558557; BD 
Biosciences, San Jose, CA, USA) or a PE‑conjugated mouse 
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IgG1 isotype control (catalog no. 12‑4714; eBioscience; 
Affymetrix, Inc.).

Flow cytometry analysis was performed using a FACSAria 
cytometer (BD Biosciences) and analyzed using FlowJo soft-
ware (Tree Star, Inc., San Carlos, CA, USA).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. Statistical analysis was performed using SPSS 
(version 13.0; SPSS, Inc., Chicago, IL, USA). Differences 
between sample groups were analyzed using Student's t‑test, 
Mann‑Whitney U‑test and the Wilcoxon signed‑rank test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

BBR inhibited the production of IL‑17 but had no effect on the 
viability of PBMCs. PBMCs obtained from HC and patients 
with active OBD were cultured in the presence of BBR 
(5 µM) or DMSO, together with anti‑CD3 and anti‑CD28 
antibodies for 3 days, in order to investigate the effect of BBR 
on IL‑17 production. Patients with active OBD demonstrated 
a significant increase in IL‑17 expression compared with HC 
(3,251.98±666.02 vs. 561.61±108.37 pg/ml; P=0.002; Fig. 1A). 
As shown in Fig. 1A, BBR significantly inhibited the expres-
sion of IL‑17 in PBMCs from patients with active OBD (from 
3,251.98±666.02 to 2,113.63±815.07 pg/ml; P=0.0001) and HC 
(from 561.61±108.37 to 287.66±23.67 pg/ml; P=0.031). In order 
to investigate whether BBR inhibited IL‑17 production by 
reducing PBMC cell viability, the effect of BBR exposure on 
PBMC cell viability was then examined. As shown in Fig. 1B, 
BBR did not have a significant effect on the viability of PBMC 
cells in HC or OBD groups at a concentration of 5 µM.

BBR inhibited the production of IL‑17 in CD4+ T cells from 
HCs and patients with active OBD. The expression of IL‑17 
in CD4+ T cells was significantly higher upon stimulation with 
anti‑CD3 and anti‑CD28 antibodies in patients with active OBD 

compared with HCs (1,981.73±869.59 vs. 253.31±77.15 pg/ml; 
P=0.002; Fig. 2). Exposure to BBR significantly decreased the 
production of IL‑17 by CD4+ T cells in active OBD patients 
(from 1,981.73±869.59 to 1,410.39±545.41 pg/ml; P=0.031) 
and HCs (from 253.31±77.15 to 185.11±67.80 pg/ml; P=0.001; 
Fig. 2).

BBR inhibited the number of Th17 cells in patients with active 
OBD and healthy controls. As shown in Fig. 3, the number of 
Th17 cells (IL‑17‑producing CD4+ T cells) was significantly 
higher in patients with active OBD compared with HCs 
(5.75±0.88 vs. 39±0.43%; P<0.001). In addition, exposure 
to BBR significantly inhibited the number of Th17 cells in 
patients with active OBD (from 5.75±0.88 to 4.42±0.82%; 

Figure 1. Effect of BBR on PBMC IL‑17 production and cell viability. (A) The expression of IL‑17 in PBMCs derived from HC (n=6) and patients with active 
OBD (n=6) was significantly decreased in the presence of BBR (5 µM) compared with DMSO, as determined by flow cytometry analysis. (B) No significant 
difference in PBMC cell viability was observed between HC (n=6) and OBD (n=6) groups. Data are presented as the mean ± standard deviation. BBR, 
berberine; IL‑17, interleukin 17; PBMC, peripheral blood mononuclear cells; HC, healthy control; OBD, ocular Behcet's disease; DMSO, dimethyl sulfoxide.

Figure 2. Effect of BBR on IL‑17 expression in CD4+ T cells. In the pres-
ence of BBR, the expression of IL‑17 in CD4+ T cells from HCs (n=6) and 
patients with active OBD (n=6) was significantly reduced compared with 
DMSO‑treated cells. Data are presented as the mean ± standard deviation. 
BBR, berberine; IL‑17, interleukin 17; HC, healthy control; OBD, ocular 
Behcet's disease; DMSO, dimethyl sulfoxide.
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P<0.001) and HCs (from 1.39±0.43 to 1.03±0.22%; P=0.012; 
Fig. 3).

BBR inhibited the activation of STAT3. Due to the observation 
that STAT3 activation is an important factor involved in the 
differentiation of Th17 cells and the production of IL‑17 (15), 
the effect of BBR on modulating STAT3 phosphorylation was 
investigated. As shown in Fig. 4A and B, exposure of CD4+ 
T cells, obtained from HCs, to BBR significantly decreased 
the number of p‑STAT3‑positive cells from 96.6±1.24 to 
93.9±0.54% (P=0.0.003). The expression of p‑STAT3 was 
then determined using the mean fluorescence intensity (MFI) 
parameter. The results demonstrated that the MFI value of 
p‑STAT3 expression in BBR‑treated CD4+ T cells was signifi-
cantly lower compared with that of the DMSO‑treated cells 
(506.67±32.75 vs. 396.33±58.49; P<0.001; Fig. 4C).

Discussion

In the present study the potential role of BBR as a potential 
therapeutic agent for OBD was investigated. The results 
demonstrated that BBR suppressed IL‑17 expression and the 
number of Th17 cells in PBMCs obtained from patients with 
active OBD and HCs. In addition, BBR inhibited the activation 
of STAT3. These results suggest that BBR may suppress the 
Th17 response in patients with OBD by downregulating the 
phosphorylation of STAT3, and therefore provides a rationale 
for investigating the potential use of BBR for the treatment of 
patients with OBD in a clinical setting.

BBR is an isoquinoline alkaloid isolated from certain 
Chinese herbs, such as Berberis, Hydrastis canadensis and 
Coptidis rhizoma (1). The role of BBR in the treatment of a 
number of inflammatory and autoimmune disorders has been 
reported previously (4,6,7,20,21). In addition, the role of BBR 
in uveitis has been investigated; in endotoxin‑induced uveitis, 
Berberis aristata, whose primary components include BBR, 
inhibited ocular inflammation (22). Furthermore, BBR demon-
strated an immunoregulatory role in the Vogt‑Koyanagi‑Harada 

ocular autoimmune disease (8). These studies support a role 
for BBR as an anti‑inflammatory agent.

As Th17 cell‑associated inflammatory responses are 
critically involved in the pathogenesis of OBD (23), the present 
study was designed to investigate the effect of BBR on the 
function of Th17 cells in OBD. The effect of BBR on the secre-
tion of IL‑17 by PBMCs was first investigated. Consistent with 
Chi et al (24), a significant increase in the expression of IL‑17 
was observed in patients with active OBD compared with HCs. 
Following exposure to BBR, IL‑17 expression in PBMCs was 
significantly suppressed. Cell viability is an important param-
eter that can influence cytokine production (25). Therefore, 
we investigated whether BBR‑mediated suppression of IL‑17 
expression was due to the suppression of T‑cell viability. The 
results demonstrated that BBR did not influence T cell viability 
when exposed to a concentration of 5 µM. This result is largely 
consistent with a previous report, in which 50 µM BBR did not 
increase the death rate of lymphocytes (26).

The results of the present study indicate a suppressive 
effect of BBR on the secretion of IL‑17 by PBMCs. As Th17 
cells primarily produce IL‑17, CD4+ T cells were purified from 
PBMCs in order to verify the suppressive effect of BBR on 
IL‑17 secretion by Th17 cells. The results revealed that BBR 
may inhibit the secretion of IL‑17 by Th17 cells.

Previous studies have demonstrated that STAT3 activation 
is critical for Th17 differentiation and IL‑17 production (15). 
STAT3 activation is characterized by its phosphorylation, 
which leads to the regulation of downstream target genes 
that mediate intrinsic and extrinsic cellular functions (15). In 
the present study STAT3 phosphorylation was significantly 
inhibited in CD4+ T cells following BBR exposure, which may 
have been responsible for the suppressive effect of BBR on 
the function of Th17 cells. This result is consistent with those 
presented by Qin et al (7), which used a mouse model of EAE, 
and demonstrated that Th17 cell differentiation was markedly 
inhibited by BBR treatment in vivo and in vitro, and that this 
was associated with decreased phosphorylation of STAT3 in 
Th17 cells.

Figure 3. Effect of BBR on the number of Th17 (IL‑17+) cells. (A) The results represent the percentages of IL‑17+ cells among CD4+ T cells obtained from HCs 
and patients with active OBD, following treatment with BBR or DMSO. (B) Representative plots of IL‑17+ cells in a HC and a patient with OBD. The percentage 
of IL‑17+ cells among CD4+ cells is indicated in each plot. Data are presented as the mean ± standard deviation. BBR, berberine; IL‑17, interleukin 17; HC, 
healthy control; OBD, ocular Behcet's disease; DMSO, dimethyl sulfoxide.
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Despite these observations, a number of important ques-
tions for the use of BBR as a potential treatment for OBD 
remain. Namely, the selection of a safe but effective dose of 
BBR for the treatment of OBD. Our results demonstrate that 
BBR is not a cytotoxic or a general immunosuppressive agent 
that affects T cell survival in vitro. In addition, BBR is currently 
used for the treatment of numerous gastrointestinal diseases 
in China, and to the best of our knowledge, no unexpected 
safety concerns have yet been identified. A recent randomized, 
placebo‑controlled, double‑blind trial concerning the effects 
of BBR gelatin on recurrent aphthous stomatitis, has demon-
strated that the use of BBR gelatin is safe and effective (27). 
Although there is no evidence to suggest that increasing the 
dose of BBR may cause severe adverse effects, there have been 
no reports on the safety of BBR treatment in large doses and 
in the long‑term, thus, the appropriate dose of BBR for the 
treatment of OBD in vivo remains a critical factor that requires 
further investigation. In addition, the concentration of BBR in 
the plasma is an important aspect for improving the symptoms 
of autoimmune disease (28). Therefore further studies are 
required to define the optimal plasma BBR concentrations for 
the treatment of OBD in vivo.

Another important consideration for the use of BBR as 
a treatment for OBD, is based on the observation that BBR 
did not completely suppress the Th17 cell response in the 
present study. According to these results, the decreased 
levels of IL‑17 expression and Th17 cell number following 
exposure of PBMCs obtained from OBD patients to BBR, 

were not as low as observed in the HC group. This suggests 
that BBR treatment alone may be insufficient to control the 
disease. Therefore, further studies are required to inves-
tigate whether BBR in combination with other currently 
used immunosuppressive agents may modulate an aberrant 
immune response, and may be a more suitable therapeutic 
approach for the treatment of patients with OBD and addi-
tional autoimmune diseases mediated by an abnormal Th17 
immune response.

In conclusion, the results of the present study indicate that 
BBR exhibits an inhibitory effect on the Th17 cell response. 
BBR‑mediated suppression of STAT3 activation abrogates 
downstream signaling events, and results in the decreased 
expression of IL‑17 and the number of Th17 cells, which is 
one of the potential mechanisms underlying the immunosup-
pressive effects of BBR.
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