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Abstract Follicular helper T (Tfh) cells are increasingly

recognized as participants in various autoimmune diseases,

including Graves’ disease. Although many transcription

factors and cytokines are known to regulate Tfh cells, the

role of noncoding RNA in Tfh cells development and

function is poorly understood. Twenty-three patients with

GD, eleven patients with remitting GD, and twenty-four

healthy controls were enrolled in the current study. The

interaction of miRNA and target gene was predicted

through software analysis and then validated by luciferase

assay and Western blot. The levels of miR-346 in circu-

lating CD4? T cells and plasma were measured by qRT-

PCR. The correlation of miR-346 levels with the

percentages of CD4?CXCR5?T cells and autoantibody

levels were also analyzed. Up-regulation of Bcl-6 and

down-regulation of miR-346 in GD patients were observed,

and miR-346 could inhibit Bcl-6 at both transcriptional and

translational levels. Overexpression of miR-346 led to at-

tenuating CD4?CXCR5? T cells. The abnormal expression

of miR-346 restored in GD patients after treatment. A

negative correlation between levels of miR-346 and per-

centages of CD4?CXCR5? T cells was confirmed in GD

patients. Additionally, negative correlations between the

levels of miR-346 in circulating CD4? T cells and serum

concentrations of TR-Ab, TG-Ab, and TPO-Ab were also

revealed in GD patients. MiR-346 regulates CD4?-

CXCR5? T cells by targeting Bcl-6, a positive regulator of

Tfh cells, and might play an important role in the patho-

genesis of Graves’ disease.

Keywords MicroRNA-346 � CD4?CXCR5? T cells �
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Introduction

Upon antigen stimulation, naive CD4? helper T cells dif-

ferentiate into effector T cells and then participate in the

adaptive immune response. Follicular helper T (Tfh) cells

have been identified as a new subset of effector helper T

cells that are essential in regulating the development of

antigen-specific B cell immunity [1–3]. Tfh cells differ-

entiation is critically regulated by specific transcription

factor Bcl-6, which is characteristically expressed in Tfh

cells but not other effector Th cells [4, 5]. Bcl-6 controls

the Tfh cells development and causes a generalized inhi-

bition of other CD4? T cell differentiation pathways [6, 7].

Although an increasing number of molecular regulators in
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Tfh cells differentiation have been identified, possible

factors that link the generation of Tfh cells to pathological

conditions such as autoimmunity are largely unknown.

As a prototype of organ-specific autoimmune disease,

Graves’ disease (GD) is manifested by diffuse goiter and

positive anti-thyrotropin receptor antibody (TR-Ab). The

disease is clinically diagnosed with elevated free tri-

iodothyronine (FT3), free thyroxine (FT4), and thyroid-s-

timulating hormone (TSH) and is characterized by elevated

production of autoantibodies, such as anti-thyroglobulin

antibody (TG-Ab) and anti-thyroperoxidase antibody

(TPO-Ab) [8–10]. Recently, it is reported that IL-21 in GD

is correlated with these antibodies, which indicates it role

in the pathogenesis in GD [11].

CD4? Th1, Th2, and Th17 cells, characterized by the

production of IFN-c, IL-4, and IL-17, respectively, have

been considered as effector helper T cells that mediate the

pathogenesis of autoimmune thyroid disease [12–15]. Our

recent studies have indicated that Tfh cells are involved in

the pathogenesis of this disease [16]. Tfh cells exhibit a

unique phenotype, expressing high level of CXCR5 [17–

19]. CD4? T cells that express CXCR5 can migrate to the

follicles in response to CXCL13. Tfh cells in the germinal

center participate in regulating both effector and memory B

cell responses as well as antibody production [20]. The

percentages of Tfh cells in peripheral blood from GD pa-

tients were increased and showed a close correlation with

FT3 or FT4. Furthermore, a positive correlation between

the percentages of Tfh cells and the concentration of au-

toantibody was found in GD patients [16]. Despite the lines

of evidence described above, the underlying molecules

regulating the Tfh cells development and function are still

elusive.

MicroRNAs (miRNAs) represent a large family of

endogenous noncoding RNAs that negatively regulate

gene expression post-transcriptionally [21, 22]. It has

been recognized that deregulated miRNAs are critically

involved in multiple human diseases and may potentially

serve as diagnostic markers [23, 24], prognostic markers,

or therapeutic targets [25]. miRNAs also participate in the

development of autoimmunity. For instance, up-regulated

miR-146a expression has been found in peripheral blood

mononuclear cells (PBMCs) from patients with rheuma-

toid arthritis [26]. Moreover, increased miR-21 expression

is closely correlated with human lupus disease activity

[27]. However, it is currently unclear whether and how

miRNAs are involved in pathogenesis of Graves’ disease.

Here, we report that miR-346 plays a critical role in

regulating CD4?CXCR5?T cells and hence contributes to

the pathogenesis of GD. We found that miR-346 regulated

CD4?CXCR5? T cells through translational inhibition of

Bcl-6 (NM_001706), a master regulator of Tfh cells

development. In GD patients, miR-346 expression was

down-regulated, which correlated with increased percentages

of CD4?CXCR5? T cells and disease severity. Collectively,

our results suggest that miR-346 is a CD4?CXCR5? T cells-

associated miRNA which involved in the pathogenesis of

Graves’ disease.

Materials and methods

Subjects and samples

Subjects were patients from the outpatient clinic of the

Affiliated People’s Hospital of Jiangsu University with

clinically defined GD or euthyroid-state GD. GD patients

were diagnosed by clinically and biochemically verified

hyperthyroidism and positive TR-Ab. The clinical

evaluation included the patient’s history, physical ex-

amination, and thyroid ultrasound. The laboratory ex-

amination included serum levels of FT3, FT4, TR-Ab,

thyroperoxidase antibody, and thyroglobulin antibody.

Main clinical data of patients are shown in Table 1. 23

GD patients and 11 euthyroid-state GD were analyzed.

All of the GD patients have a lower level of TSH. Serum

concentrations of TR-Ab, TG-Ab, and TPO-Ab were

measured by chemiluminescent immunoassay

(MAGLUMI 2000 PLUS) according to the manufactur-

er’s protocol. Patients on methimazole therapy received

20–30 mg/day for the first phase, and the dose was re-

duced to 5–15 mg when patients achieved a remission.

Patients treated with propylthiouracil took

300–500 mg/day for the first phase and 25–100 mg for

maintaining remission. Twenty-four age- and sex-mat-

ched healthy subjects were included as controls, includ-

ing 17 females and 7 males, ranging from 28 to 50 years

old. All of the control subjects were healthy and free of

a history of thyroid or autoimmune diseases. Blood

samples were obtained from subjects after informed

consent. All samples were taken in accordance with the

Table 1 Clinical features of GD patients included in the study

GD Remitting GD Range

N 23 11

Gender (M/F) 7/16 5/6

Age (years) 41.52 ± 14.42 44.45 ± 11.71

FT3 (pmol/L) 8.534 ± 9.036 4.983 ± 0.6091 3.1–6

FT4 (pmol/L) 19.64 ± 13.43 12.03 ± 1.900 7.86–17.41

TSH (uIU/mL) 1.928 ± 2.818 1.942 ± 1.392 0.3–5.6

TR-Ab (U/L) 50.57 ± 64.63 53.71 ± 81.82 0–30

TG-Ab (IU/mL) 339.7 ± 611.0 315.4 ± 796.4 0–4

TPO-Ab (IU/mL) 280.7 ± 372.9 89.34 ± 126.0 0–9

Data correspond to the arthmetic mean ± SD
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regulations and approval of the Affiliated People’s

Hospital of Jiangsu University.

Cell isolation and purification

PBMCs were purified from density-gradient centrifugation

over Ficoll–Hypaque solution. CD4? T cells were isolated

from PBMC by biotin-conjugated anti-human CD4

monoclonal Ab (mAb) and anti-biotin microbeads (Mil-

tenyi Biotec GmbH) according to the manufacturer’s in-

structions. Briefly, PBMCs were stained with biotin-

conjugated anti-human CD4 mAb for 10 min, and then

cells were washed with PBS and stained with anti-biotin

microbeads for 15 min. Then, cells were washed, resus-

pended in PBS, and loaded onto the magnetic separation to

isolate the CD4? cells.

Flow cytometry analysis

Cells were collected and stained with relevant mAbs including

phycoerythrin-cy5-conjugated anti-CD3, phycoerythrin (PE)-

conjugated anti-CD4 (eBioscience, San Diego, CA), and

Alexa Fluor 488-conjugated anti-CXCR5 (Becton Dickinson,

San Jose, CA) mAb. Flow cytometry was performed using

FACSCalibur Flow Cytometer (Becton Dickinson, Sparks,

MD), and data were analyzed using WinMDI 2.8 software.

RNA isolation and real-time PCR

Total RNA was extracted with TRIzol reagent (Invitrogen,

Carlsbad, CA) according to the manufacturer’s instructions.

Random primer and M-MLV Reverse Transcriptase (Toyobo,

Osaka, Japan) were used for Bcl-6 reverse transcription. Gene

transcripts were quantified by real-time quantitative PCR per-

formed with the Bio-Rad SYBR green super mix (Bio-Rad,

Hercules, CA). Primer sequences were as follows: Bcl-6, sense,

50-CACACTCGAATTCACTCTG-30; and antisense, 50-TATT

GCACCTTGGTGTTGG-30. The gene was normalized to b-

actin with the following primers: sense, 50-CACGAAAC

TACCTTCAACTCC-30; and antisense, 50-CATACTCCTGCT

TGCTGATC-30. microRNA in plasma was isolated with

NucleoSpin� miRNA Plasma (Macherey–Nagel GmbH &

Co. KG). miRNA qRT-PCR Primer Set (Ribo Life Science

Co. Ltd., China) and M-MLV Reverse Transcriptase

(Takara Biotechnology, China) were used for miR-346 and

U6 reverse transcription. Gene transcripts were quantified

by real-time quantitative PCR performed with the Bio-Rad

SYBR green super mix (Bio-Rad). Data were analyzed by

Bio-Rad CFX Manager software.

Fig. 1 An inverse correlation

between the expression of miR-

346 and Bcl-6 in GD patients.

Quantitative RT-PCR was used

to analyze the expression of

Bcl-6 (a), miR-346 (b), miR-

181d (c), and miR-30b (d) in

circulating CD4? T cells from

GD patients and healthy

controls (n = 10). Each data

point represents an individual

subject; horizontal lines show

the mean. *P\ 0.05; ns no

significant differences
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Transfection

Jurkat cells were transfected with the miR-346 mimics or

negative control oligos at different doses (100, 150, and

200 nM) using the Entranster-R (Engreen Biosystem,

China) according to the manufacturers’ instructions.

Western blot analysis

Proteins extracted from cells were prepared as described

previously [28]. Proteins were separated by sodium-

dodecyl-sulfate–polyacrylamide gel electrophoresis (SDS-

PAGE), transferred onto immobilon PVDF membranes

(Bio-Rad), and probed with Bcl-6 antibody (eBioscience)

and b-actin antibody (Abcam, UK), followed by chemilu-

minescent detection (Champion Chemical).

Luciferase reporter assay

HEK293T cells were maintained in DMEM (Gibco) in

24-well plates and transfected with Lipofectamine 2000

reagent (Invitrogen). A Dual-Luciferase reporter gene

Fig. 2 Bcl-6 is a functional target of miR-346. a Mutations in the

Bcl-6 30 UTR matched the miR-346. b Double-enzyme digestion

production of four recombinant plasmids. M1 k-EcoT14I digest; 1–4

double-enzyme digestion production of recombinant plasmids con-

taining wild-type (UTR1 ? 2), mutated UTR1, mutated UTR2, and

mutated UTR(1 ? 2) fragments, respectively; M2: DL2000 DNA

Marker. c luciferase activity of reporter carrying the mutated (Mut) or

wild-type Bcl-6 30 UTR co-transfected into HEK293T cells with miR-

346 mimics or negative control (NC). d RT-PCR products of Bcl-6 in

Jurkat cells and PBMCs. e Expression of miR-346 (left) and Bcl-6

mRNA (right) in transfected Jurkat cells. f Immunoblot analysis of

Bcl-6 protein in transfected Jurkat cells. Results are representative of

three independent experiments. **P\ 0.01
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construct (200 ng per well) and microRNA mimics or

negative control (50nM) were co-transfected. Cell extracts

were prepared 48 h after transfection, and luciferase ac-

tivity was measured with the Dual-Luciferase Reporter

Assay system (Promega Corporation, Beijing, China).

Wild-type or mutated 30 UTR sequences of Bcl-6 were

cloned into the psiCHECK-2 vector (Promega) as de-

scribed [29].

Statistical analysis

A two-tailed Student’s t test was applied for statistical

comparison of two groups or, where appropriated, a Mann–

Whitney test for nonparametric data (serum miR-346). A P

value of 0.05 or less was considered significant. Correla-

tions between variables were determined by Pearson’s

correlation coefficient. Data were analyzed with GraphPad

Prism 5 software (GraphPad Software).

Results

Up-regulation of Bcl-6 in circulating CD4? T cells

from GD patients

Recent studies showed that the transcriptional factor Bcl-6

is critically involved in regulating Tfh cells differentiation.

Here, we found that the levels of Bcl-6 mRNA in circu-

lating CD4? T cells were significantly increased in GD

patients (Fig. 1a). This result was consistent with our

previous findings that increased percentages of Tfh cells

were found in peripheral blood from GD patients [16].

miR-346 functionally targets to Bcl-6 molecule

We applied the prediction programs PicTar and miRanda to

identify which miRNAs were involved in regulating Bcl-6

expression. Through base-pairing interaction between

miRNA seed sequence and the 30UTR of target genes, we

found that a sequence motif of the 30UTR of Bcl-6 matches

with miR-346, miR-181d, and miR-30b. Next, we exam-

ined the levels of miRNAs expression in circulating CD4?

T cells from GD patients by quantitative RT-PCR analysis.

miR-346 was found to be significantly down-regulated,

while miR-181d was up-regulated in GD patients (Fig. 1b,

c). However, no significant difference in miR-30b expres-

sion was detected between GD patients and control sub-

jects (Fig. 1d). As miRNAs are known to negatively

regulate their target genes, miR-346 was selected for fur-

ther studies.

There were two sites of the 30UTR of Bcl-6, namely

UTR1 and UTR2 (Fig. 2a). To directly prove that Bcl-6 is

the functional target of miR-346, four recombined reporters

were transfected into human 293T cells with miR-346

mimics, respectively (Fig. 2b). We found that miR-346

inhibited the luciferase activity of reporters containing the

wild-type UTR1 or UTR2, but not that of the reporter with

a mutated 30UTR unable to bind miR-346 (Fig. 2c). As

Bcl-6 is expressed in Jurkat cells (Fig. 2d), miR-346 sup-

pressed the expression of Bcl-6 mRNA in a dose-dependent

Fig. 3 Regulatory effect of

miR-346 on CD4?CXCR5? T

cells phenotype. miR-346

mimics or negative control were

transfected into CD4? cells, and

the levels of miR-346 (a) and

Bcl-6 (b) were detected.

c Proportions of CD4?CXCR5?

T cells from different groups

were analyzed by flow

cytometry. Results are

representative of three

independent experiments
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manner (Fig. 2e). Manipulation of miR-346 in Jurkat cells

also regulated the amount of endogenous Bcl-6 protein

level (Fig. 2f). Together, these results indicate that miR-

346 functions at both transcriptional and translational

levels.

miR-346 attenuated CD4?CXCR5? T cells in vitro

Circulating CD4? cells from healthy donor were purified

by magnetic beads separation. Next, we examined the

percentage of CD4?CXCR5? T cells in groups which

transfected with miR-346 mimics or control. Manipulation

of miR-346 in CD4? cells regulated the amount of miR-

346 and endogenous Bcl-6 mRNA (Fig. 3a, b). We found

decreased percentage of CD4?CXCR5? T cells in

miR-346-transfected group than that in the control group

(Fig. 3c).

Down-regulated miR-346 in circulating CD4?T cells

from GD patients

From clinical samples (Table 1), we found that miR-346

expression was significantly lower in circulating CD4?T

cells of GD patients than in those of age-matched controls

or patients after treatment (Fig. 4a). Consistently, a nega-

tive correlation was found between levels of Bcl-6 and

miR-346 transcripts in circulating CD4?T cells of GD

patients (Fig. 4b). There was also a negative correlation

between the levels of miR-346 and the percentages of

CD4?CXCR5? T cells from GD patients (Fig. 4c).

Fig. 4 Down-regulation of

miR-346 in patients with

Graves’ disease. a Quantitative

PCR analysis of miR-346

expression in circulating CD4?

cells from normal controls

(n = 23) and patients with GD

(n = 23) or remitting GD

(n = 11). b The correlation

between the levels of miR-346

and Bcl-6 in circulating CD4?

cells. c correlation of miR-346

in circulating CD4? cells with

percentages of CD4?CXCR5?

T cells was analyzed.

d Quantitative PCR was applied

to analyze miR-346 expression

in plasma from normal controls

and patients with GD or

remitting GD. e the correlation

between the levels of miR-346

in plasma and percentages of

CD4?CXCR5? T cells was

analyzed. Each data point

represents an individual subject;

horizontal lines show the mean.

***P\ 0.001; *P\ 0.05; ns no

significant differences
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Moreover, miR-346 expression was significantly lower in

plasma of patients with GD than in those of age-matched

controls (Fig. 4D). There was a negative but modest cor-

relation between miR-346 levels and CD4?CXCR5? T

cells from patients with GD (Fig. 4E). These results

demonstrate that decreased expression of miR-346 corre-

lates with increased circulating CD4?CXCR5? T cells.

Decreased miR-346 expression correlates with high

levels of autoantibodies in GD patients

In GD patients, TR-Ab is a typical autoantibody which is

known to simulate the TSH binding to TSHR. TG-Ab and

TPO-Ab are also critical antibodies because about 80 % of

GD patients are positive regarding these parameters [9, 30].

Our data showed that miR-346 in circulating CD4? T cells

was negatively correlated with the concentrations of TR-

Ab, TG-Ab, and TPO-Ab in GD patients (Fig. 5).

Discussion

Accumulating evidence suggests that Tfh cells are

critically involved in the pathogenesis of autoimmune

diseases, including Graves’ disease [16]. Regulators of Tfh

cells differentiation are considered to be potentially

essential for clinical diagnosis and treatment of various

autoimmune disorders. Here, we report that miR-346 is

involved in the pathogenesis of Graves’ disease possibly by

targeting Bcl-6 in CD4?CXCR5?T cells. We have shown

that miR-346 expression in circulating CD4?T cells or

plasma correlated with Graves’ disease activity. The level

of miR-346 was substantially down-regulated in GD pa-

tients and restored in post-treatment patients. A negative

correlation was found between the levels of miR-346 in

circulating CD4?T cells and serum autoantibody levels.

Our data suggest that miR-346 is a CD4?CXCR5? T

cells-associated miRNA. Firstly, miR-346 expression in-

versely correlated with the levels of Bcl-6 mRNA and the

percentages of CD4?CXCR5? T cells in patients with

Graves’ disease. Secondly, overexpression of miR-346 in

circulating CD4? T cells from healthy donor caused down-

regulation of Bcl-6 mRNA and reduced the percentage of

CD4?CXCR5? T cells in vitro. Our findings may facilitate

the identification of a new target for manipulating the

generation of CD4?CXCR5? T cells in related diseases.

Further exploration of the function of miR-346, especially

in other cell types of the innate immune system, will be of

great importance for understanding the cell differentiation

network of the immune system.

Generally, miRNAs are believed to function in vivo by

targeting multiple functionally related proteins or a key

protein target [31–33]. In the immune system, miR-155

controls T cells proliferation by down-regulating CTLA-

4 in patients with atopic dermatitis [34] or targeting

GSK3b in cardiac allograft rejection [35]. There is strong

evidence that miR-9 controls B cell survival and differen-

tiation by regulating a key target, PRDM-1 [36, 37]. Our

data suggest that miR-346 regulates CD4?CXCR5? T cells

mainly by targeting Bcl-6. As a functional miR-346 target,

Fig. 5 The correlation between

miR-346 and relevant

autoantibodies. The correlation

of miR-346 in circulating CD4?

T cells with the TR-Ab (a), TG-

Ab (b), and TPO-Ab (c) in

plasma was analyzed (n = 23)
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Bcl-6 represents a distinct regulator of Tfh cells differen-

tiation. Accumulated data have shown that Bcl-6 effec-

tively promotes Tfh cells differentiation by inhibiting other

CD4?T cell differentiation pathways [4, 5]. Our results

have shown that Bcl-6 expression, both at mRNA and

protein levels, was substantially down-regulated by miR-

346 in Jurkat cells. Moreover, miR-346 inhibited the lu-

ciferase activity of a reporter containing the wild-type Bcl-

6 30 UTR, but not that of a reporter with a mutated 30 UTR

unable to bind miR-346. This indicates that miR-346 di-

rectly targets to Bcl-6 molecule.

The antithyroid drugs now approved for the clinical

treatment of Graves’ disease work mainly by suppressing B

cells from secreting antibody and inhibiting synthesis of

thyroid hormones. Drugs that target T cells, however, have

not yet been applied to Graves’ disease therapy. Notably,

our data show that miR-346 is up-regulated in a group of

patients after antithyroid drugs treatment, which indicates

that miR-346 expression correlates with disease severity.

Elucidation of the specific signals that regulate miR-346

expression in disease will enhance the understanding of

how this miRNA-mediated mechanism contributes to the

pathogenesis of Graves’ disease and help to identify new

therapeutic approaches by targeting miR-346 for Graves’

disease treatment.

In summary, we found that miR-346 could regulate

CD4?CXCR5? T cells by targeting Bcl-6. In GD patients,

the expression of miR-346 was down-regulated, which

correlated with increased proportion of CD4?CXCR5? T

cells and disease severity. Collectively, our results may

facilitate the validation of miR-346 as a new therapeutic

target for the treatment of patients with Graves’ disease.
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