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Background. Follicular helper T (Tfh) cells are critical for high-affinity antibody generation and B cell maturation and
differentiation, which play important roles in autoimmune diseases. Graves’ disease (GD) is one prototype of common organ-
specific autoimmune thyroid diseases (AITD) characterized by autoreactive antibodies, suggesting a possible role for Tfh cells in
the pathogenesis of GD. Our objective was to explore the role of circulating Tfh cell subsets and associated plasma cells (PCs) in
patients with GD. Methods. Thirty-six patients with GD and 20 healthy controls (HC) were enrolled in this study. The
frequencies of circulating Tfh cell subsets and PCs were determined by flow cytometry, and plasma cytokines, including
interleukin- (IL-) 21, IL-4, IL-17A, and interferon- (IFN-) γ, were measured using an enzyme-linked immunosorbent assay
(ELISA). The mRNA expression of transcription factors (Bcl-6, T-bet, GATA-3, and RORγt) in peripheral blood mononuclear
cells (PBMCs) was evaluated by real-time quantitative PCR. Results. Compared with HC, the frequencies of circulating
CD4+CXCR5+CD45RA−Tfh (cTfh) cells with ICOS and PD-1 expression, the Tfh2 subset (CXCR3−CCR6−Tfh) cells, and PCs
(CD19+CD27highCD38high) were significantly increased in the GD patients, but the frequencies of Tfh1 (CXCR3+CCR6−Tfh)
and Tfh17 (CXCR3−CCR6+Tfh) subset cells among CD4+T cells were significantly decreased in GD patients. The plasma
concentrations of IL-21, IL-4, and IL-17A were elevated in GD patients. Additionally, a positive correlation was found between
the frequency of PD-1+Tfh cells (Tfh2 or PCs) and plasma IL-21 concentration (or serum TPO-Ab levels). The mRNA levels of
transcription factors (GATA-3 and RORγt) were significantly increased, but T-bet and Bcl-6 mRNA expression was not
obviously varied in PBMCs from GD patients. Interestingly, Tfh cell subsets and PCs from GD patients were partly normalized
by treatment. Conclusion. Circulating Tfh cell subsets and PCs might play an important role in the pathogenesis of GD, which
are potential clues for GD patients’ interventions.

1. Introduction

Graves’ disease (GD) is a typical organ-specific autoimmune
disease that affects the thyroid gland with hyperthyroidism
and diffuse goiter [1–3]. It is well known that multiple factors
such as environmental triggers, genetic susceptibility, and
autoimmune responses are involved in GD [1, 2]. GD, one
of autoimmune thyroid diseases (AITD), is characterized by
autoantibodies targeted to thyroid tissues, including thyro-
globulin antibodies (Tg-Ab), thyroid peroxidase antibodies
(TPO-Ab), and thyroid-stimulating hormone receptor
antibodies (TR-Ab), as well as by lymphocytic infiltration
(T cells and B cells) in thyroid tissue [4, 5]. In thyroid tissues,

the interactions among antigen-presenting cells (APCs) and
autoactivated T cells and B cells contribute to the production
of inflammatory cytokines and autoantibodies that are
involved in thyroid gland damage and thyroid dysfunction,
which play critical roles in the pathogenesis of GD [2, 5, 6].

Numerous studies have suggested that different CD4+T
helper (Th) cells, such as Th1, Th2, Th17, and regulatory T
(Treg) cells, play important roles in the immunopathogenesis
of GD [5, 7–10]. Recently, follicular helper T (Tfh) cells, an
important CD4+T cell subset associated with the develop-
ment of germinal centers (GC), B cell differentiation, and
antibody production, have also been explored in many auto-
immune diseases such as GD, systemic lupus erythematosus
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(SLE), rheumatoid arthritis (RA), Sjögren’s syndrome (SS),
and immune thrombocytopenia (ITP) [11–15]. Tfh cells are
characterized by the surface expression of CXC chemokine
receptor 5 (CXCR5), inducible costimulator (ICOS), and
programmed death-1 (PD-1); the expression of the transcrip-
tion factor B cell lymphoma-6 (Bcl-6); and high-level IL-21
secretion, among other phenotypes [12, 14, 16–18]. More
recently, three phenotypic and functionally distinct subsets
of blood Tfh cells have been reported based on the differential
expression of chemokine receptor 6 (CCR6) and CXC
chemokine receptor 3 (CXCR3): CXCR3+CCR6−Tfh1,
CXCR3−CCR6−Tfh2, and CXCR3−CCR6+Tfh17 [19–21].
The imbalance in these Tfh cells and subsets plays an impor-
tant role in the pathogenesis of autoimmune diseases; how-
ever, the investigation of these effector Tfh cells and subsets
remains not exclusive in GD.

Therefore, we investigated the frequencies of effector-
circulating Tfh (cTfh) and cTfh cell subsets (Tfh1, Tfh2,
and Tfh17), as well as of plasma cells (PCs), in peripheral
blood from patients with GD in this study. We found
increased frequencies of effector cTfh cells and Tfh2 subset,
as well as PCs in GD patients. Moreover, a positive correla-
tion was observed between circulating Tfh2 (or PD-1+Tfh,
PCs) cell and serum TPO-Ab levels in GD patients. These
findings indicated that cTfh cells and their subsets play
crucial roles in the pathogenesis of GD.

2. Materials and Methods

2.1. Patient Demographics. Based on common clinical and
laboratory criteria detailed in previous reports [1], thirty-six
newly diagnosed GD patients, including 9 males and 27
females, were enrolled in this study. Patients with GD were
treated with methimazole (20–30mg/day) for the first phase,
and the dose was reduced by 5–10mg/d to reach the mainte-
nance dose when the patients achieved remission. All of the
patients received more than 6 months of therapy. The main
clinical and laboratory data are presented in Table 1. The
serum levels of triiodothyronine (T3), thyroxine (T4),
thyroid-stimulating hormone (TSH), free T3 (FT3), free

T4 (FT4), Tg-Ab, and TPO-Ab were measured with a
Siemens ADVIA Centaur® XP system (Siemens Healthcare
Diagnostics, Tarrytown, NY, USA). Twenty age- and sex-
matched healthy volunteers were recruited as healthy
controls (HC) who did not have a history of autoimmune
diseases. The levels of serum T3, T4, FT3, FT4, TSH, Tg-
Ab, and TPO-Ab were detected in GD patients and HC.
None of the patients had other autoimmune diseases,
and they had not received any drugs associated with
immunologic diseases. Peripheral blood specimens were
obtained from the patients and HC, and their clinical
and laboratory data are shown in Table 1.

Written informed consent was obtained from all subjects
according to the Declaration of Helsinki (1964), and the
study was approved by the local Medical Ethics Committee
of the First Affiliated Hospital, Zhejiang University School
of Medicine, Zhejiang, China.

2.2. Flow Cytometric Analysis.Human fresh peripheral blood
specimens were obtained from the GD patients, including
36 patients before treatment and 21 patients after treat-
ment, and HC. The peripheral blood mononuclear cells
(PBMCs) were separated immediately by density gradient
separation with Ficoll-Hypaque solution (CL5020, CEDAR-
LANE, Canada). Human PBMCs were washed with
phosphate-buffered saline (PBS) and immunostained with
various antibodies [19]. The following antibodies were
used: V450-mouse-anti-human CD4, FITC-mouse-anti-
human CD45RA, PerCP-CyTM5.5-rat-anti-human CD185
(CXCR5), PE-mouse-anti-human CD278 (ICOS), APC-
mouse-anti-human CD279 (PD-1), APC-mouse-anti-
human CD196 (CCR6), PE-mouse-anti-human CD183
(CXCR3), V450-mouse-anti-human CD19, FITC-mouse-
anti-human CD138, and APC-mouse-anti-human IgD, as
well as isotype-matched antibodies (BD Biosciences, San
Diego, CA, USA). Isotype-matched antibody controls were
used in all procedures. All the staining procedures were
performed according to the manufacturers’ protocols.
The stained cells were washed with PBS and analyzed by
multiparameter flow cytometry (BD FACSVerse™) (Becton

Table 1: Main characteristics of patients with GD included in this study.

BT AT Range

Number 36 21

Gender (M/F) 9/27 4/17

Age (years) 36.33± 14.08 36.83± 14.08
T3 (nmol/L) 3.36± 2.70 2.15± 0.78 1.02-2.96

T4 (nmol/L) 155.43± 91.10 113.99± 26.25 55.47-161.25

FT3 (pmol/L) 11.13± 8.70 4.24± 0.47 2.77-6.31

FT4 (pmol/L) 29.01± 25.56 15.01± 5.23 10.45-24.38

TSH (mIU/L) 0.032± 0.040 1.809± 1.534 0.380-4.340

Tg-Ab (U/mL) 207.49± 242.63 65.46± 48.52 <60
TPO-Ab (IU/mL) 1225.67± 1275.55 711.59± 1237.49 <100
Note: data are presented as mean ± standard deviation. M/F: male/female; BT: before treatment with new diagnosis; AT: after treatment; TSH: thyroid-
stimulating hormone; T3: triiodothyronine; T4: thyroxine; FT3: free T3; FT4: free T4; Tg-Ab: thyroglobulin antibody; TPO-Ab: thyroperoxidase antibody.
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Dickinson, Sparks, MD, USA); data were analyzed with
FlowJo software, version 7.6.5 (Tree Star Inc., San Carlos,
CA, USA). Effector-circulating Tfh cells were defined as
CD4+CXCR5+CD45RA−, and three Tfh subsets were also
defined based on the expression of CXCR3 and CCR6:
CXCR3+CCR6−Tfh1 cells, CXCR3−CCR6−Tfh2 cells, and
CXCR3−CCR6+Tfh17 cells. PCs were defined as
CD19+CD27highCD38high.

2.3. Analysis of Plasma Cytokines. The plasma was separated
from all subject samples, and cytokines (IL-21, IL-4, IL-17A,
and IFN-γ) were measured using an enzyme-linked immu-
nosorbent assay (ELISA) (BioLegend ELISA kit with pre-
coated plates; BioLegend, San Diego, CA, USA) following
the manufacturer’s protocols.

2.4. Real-Time PCR. To detect the mRNA expression levels of
the transcription factors Bcl-6, T-bet, GATA-binding protein
3 (GATA-3), and retinoid-related orphan receptor γt
(RORγt), total RNA from PBMCs was extracted using a QIA-
GEN RNeasy Mini Kit (74104) (QIAGEN GmbH, Hilden,
Germany). Subsequently, cDNA was synthesized using a Pri-
meScript™ II 1st Strand cDNA Synthesis Kit (Takara, Dalian,
China) according to the manufacturer’s protocol. Real-time
PCR was performed utilizing the QuantiFast™ SYBR Green
PCR Kit (QIAGEN GmbH, Hilden, Germany) based on the
ABI 7500 analysis system (Applied Biosystems, Foster City,
CA, USA). The amplification conditions were as follows:
5min at 95°C for denaturation and 40 cycles (95°C for 10 s
and 60°C for 40 s) for PCR amplification. The fluorescence
values were collected at 60°C. The primer sequences were as
follows: Bcl-6: forward, 5′-CATGCAGAGATGTGCCTCC
ACA-3′, reverse, 5′-TCAGAGAAGCGGCAGTCACACT-3′
[15]; T-bet: forward, 5′-CGGGAGAACTTTGAGTCC-3′,
reverse, 5′-ACTGGTTGGGTAGGAGAGGAG-3′ [22];
GATA-3: forward, 5′-AGACCACCACAACCACACT-3′,
reverse, 5′-GATGCCTTCCTTCTTCATAGTCA-3′ [22];
and RORγt: forward, 5′-GAGGAAGTGACTGGCTACC
AGA-3′, reverse, 5′-GCACAATCTGGTCATTCTGGCAG-
3′ [23]. Each gene was corrected for variation in samples by
the expression of the housekeeping gene glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) with the following
primers described in a previous report [15]: forward, 5′
-GTCTCCTCTGACTTCAACAGCG-3′; reverse, 5′-ACCA
CCCTGTTGCTGTAGCCAA-3′. The data were analyzed
with ABI 7500 software, v2.0.5 (Applied Biosystems, Foster
City, CA, USA). The experiments were performed in tripli-
cate in this study.

2.5. Statistical Analysis. All data were analyzed with Graph-
Pad Prism 6 software (GraphPad Software, San Diego, CA,
USA). All continuous variables are expressed as median ±
SD. One-way ANOVA analysis was used to determine the
overall statistical significance of multiple-group compari-
sons. The Mann–Whitney U-test was performed for statisti-
cal comparisons between the two groups. Correlations of two
variables were analyzed by Spearman’s correlation coeffi-
cient. p < 0 05 indicated statistical significance.

3. Results

3.1. Expanded Frequency of Circulating Tfh Cells in Patients
with GD. To investigate the potential role of effector cTfh
cells in peripheral blood from patients with GD, the frequen-
cies of circulating CD4+CXCR5+CD45RA−Tfh (cTfh) cells
were analyzed by flow cytometry (Figure 1(a)). The frequen-
cies of cTfh cells were significantly increased in patients in
the GD before treatment (BT-GD) group compared to those
in HC (Figure 1(b)). Moreover, the frequencies of PD-
1+Tfh cells and ICOS+Tfh cells were notably expanded in
patients with GD (Figures 1(c) and 1(d)). Interestingly,
PD-1+Tfh cells (not ICOS+Tfh cells) were closely corre-
lated with high serum levels of TPO-Ab from the GD
patients (Figure 1(e)). Additionally, there was no correla-
tion between the PD-1+Tfh and ICOS+Tfh cells in patients
with GD (data not shown). The frequency of cTfh cells
from some GD patients partly normalized after treatment
(AT-GD), and there were no differences between AT-GD
and HC groups (Figures 1(b)–1(d)).

3.2. Increased Tfh2 Cells Are the Predominant Tfh Cell Subsets
in GD Patients. Blood Tfh cells can be further classified
into three distinct subsets depending on chemokine
receptors on the cell surface: Tfh1 (CXCR3+CCR6−),
Tfh2 (CXCR3−CCR6−), and Tfh17 (CXCR3−CCR6+)
(Figure 2(a)). Among the cTfh cells, Tfh2 cells were the
majorly increased subset; the frequencies of Tfh17 and
Tfh1 cells were significantly decreased in GD patients
compared with HC, although there were no differences
about Tfh1 or Tfh17 cell frequencies between the BT-GD
and AT-GD groups (Figures 2(b)–2(d)). Additionally,
the proportion of Tfh2 cells was positively correlated with
high levels of TPO-Ab in GD patients without treatment
(Figure 2(e)). The frequency of cTfh cell subsets from
some GD patients partly normalized after treatment, and
there were no differences about Tfh1 or Tfh17 cell
frequencies between the AT-GD and HC groups
(Figures 2(b)–2(d)).

3.3. Frequency of Circulating Plasma Cells Expanded in GD
Patients. The number of circulating PCs (CD19+-

CD27highCD38high) was analyzed by flow cytometry
(Figure 3(a)). The frequencies of circulating PCs were signif-
icantly increased in patients with GD compared with HC
(Figure 3(b)). Interestingly, the frequency of circulating
PCs was positively correlated not only with the frequency
of serum TPO-Ab level but also with Tfh2 cells in GD
patients (Figures 3(c) and 3(d)). In addition, there was a pos-
itive correlation between the proportions of circulating PCs
and frequencies of ICOS+Tfh (or PD-1+Tfh) in GD patients
(Figures 3(e) and 3(f)). The frequency of PCs from some GD
patients was significantly decreased after treatment com-
pared to the BT-GD group, but higher than that from the
HC group (Figure 3(b)).

3.4. Plasma Cytokine Secretion Profile in GD Patients. To
explore the potential value of Tfh cell subsets associated with
plasma cytokines in GD patients, plasma concentrations of
several cytokines (IL-21, IL-4, IL-17A, and IFN-γ) from the
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patients and HC were measured with an ELISA assay. The
plasma concentrations of IL-21, IL-4, and IL-17A were sig-
nificantly elevated in BT-GD patients, the levels of these
cytokines from some GD patients were significantly reduced
in the AT-GD group compared to the BT-GD group, and
there was no significant difference about the IL-4 and IL-
17A cytokines between the AT-GD and HC groups except
the plasma IL-21 level (Figures 4(a)–4(c)). However, the
plasma IFN-γ concentration was not notably changed in
GD patients compared to HC (Figure 4(d)). Additionally, a
positive correlation was observed between the levels of IL-
21 and the frequencies of circulating PD-1+Tfh (or Tfh2 cells,
PCs) in GD patients (Figures 4(e)–4(g)).

3.5. Expression Profiles of mRNA in Peripheral PBMCs from
GD Patients. Next, to further elucidate the role of cTfh cells
and subsets in GD patients, the mRNA expression levels of
several transcription factors (Bcl-6, T-bet, GATA-3, and

RORγt) in PBMCs from the nine patients and eight HC were
detected with a real-time PCR assay. The results indicated
that the levels of Bcl-6, GATA-3, and RORγt mRNA were
significantly increased in GD patients compared with those
in HC (Figures 5(a)–5(c)). However, in comparison with that
in HC, the level of T-bet mRNA was not obviously changed
in GD patients (Figure 5(d)).

4. Discussion

GD is one of the typical organ-specific autoimmune diseases
which is characterized by thyroid autoantibodies and auto-
reactive lymphocytes in thyroid tissues [1, 2, 24]. It is well
known that the cellular and humoral immune mechanisms
are closely correlated with the pathogenesis of autoimmune
disorders such as RA and SLE [5, 25, 26]. Recent evidence
has indicated that the complex mechanisms of the interac-
tions among APCs, especially DCs, T cells, B cells, and
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Figure 1: Flow analysis of circulating Tfh cells in GD patients. Human PBMCs from GD patients (BT: 36; AT: 21) and 20 HC were stained
with anti-CD4, anti-CXCR5, anti-ICOS, anti-CD45RA, and anti-PD-1. (a) The cells were gated initially on lymphocytes and then circulating
Tfh cells were analyzed by flow cytometry; (b) the numbers of circulating CD4+CXCR5+CD45RA−Tfh (cTfh) cells; (c) the numbers of
CD4+CXCR5+CD45RA−ICOS+T cells; (d) CD4+CXCR5+CD45RA−PD-1+Tfh cells; (e) the correlation between PD-1+Tfh cell proportions
and TPO-Ab levels in GD patients. ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001; ns: no significant difference.
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autoantibodies, are involved in GD, although autoantibodies
are very critical for the pathogenesis of GD [2–5, 10]. In this
study, the levels of serum Tg-Ab and TPO-Ab in GD patients
were significantly elevated, and the concentration of TSH in
GD patients was notably decreased compared to that in
HC. These results indicated that antibodies were associated

with the pathogenesis of GD, which corresponded with
previous reports [9, 27].

Recently, Tfh cells that were differentially defined as
CD4+CXCR5+ICOShigh or PD-1highTfh cells or CD4+

CXCR5+CD45RA− or CD4+CXCR5+CD45RA−PD-1+Tfh
cells were all significantly expanded and contributed to the
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Figure 2: Frequency of circulating Tfh cell subsets in GD patients. (a) Representative dot plots demonstrate CXCR3 and CCR6 expression in
cells gated for CD4, CD45RA, and CXCR5; (b) lower proportions of Tfh1 cells in GD patients; (c) overabundance of Tfh2 cells in GD patients;
(d) decreased Tfh17 cells in GD patients; (e) relation of Tfh2 subset proportions with levels of serum TPO-Ab in GD patients. ∗p < 0 05,
∗∗p < 0 01, and ∗∗∗p < 0 001; ns: no significant difference. Tfh1 cells, CXCR3+CCR6−Tfh cells; Tfh17 cells, CXCR3−CCR6+Tfh cells; Tfh2
cells, CXCR3−CCR6−Tfh cells. GD patients (BT: 36, AT: 21) and 20 HC were enrolled in this study.
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production of autoantibodies in autoimmune diseases such
as AITD, RA, SLE, and IgG4-related diseases (IgG4-RD)
[20, 21, 27–30]. Moreover, the levels of CD4+CXCR5+Tfh
cells were significantly elevated in peripheral blood or thy-
roid tissues from GD patients compared with healthy con-
trols [31, 32]. In this study, the percentages of circulating
CD4+CXCR5+CD45RA−Tfh (cTfh), PD-1+Tfh, and ICOS+-

Tfh cells in the peripheral blood were significantly increased
in GD patients compared to those in HC; these results were
consistent with previous reports [21, 27, 31, 32]. Addition-
ally, the proportion of PD-1+Tfh cells (not ICOS+Tfh cells)
had a positive relation with serum TPO-Ab level (or PC fre-
quency) in GD patients, and no relation between PD-1+Tfh

and ICOS+Tfh cells was observed in patients with GD, which
was partly different from a previous report [21]. These dis-
crepancies might be due to the definition of cTfh cells that
affected the data analysis in our study. Together, these find-
ings indicated that cTfh, PD-1+Tfh, and ICOS+Tfh cells likely
contribute to autoantibody production and are involved in
the pathogenesis of GD.

Three distinct subsets of Tfh cells were defined
depending on the expression of CXCR3 and CCR6:
CXCR3+CCR6−Tfh1 cells, CXCR3−CCR6−Tfh2 cells, and
CXCR3−CCR6+Tfh17 cells [20, 21]. Tfh1 cells share simi-
lar characteristics with Th1 cells that express the transcrip-
tion factor T-bet, and they secrete the cytokine IFN-γ;
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Figure 3: Expanded frequency of circulating plasma cells in GD patients. Human PBMCs from GD patients (BT: 36; AT: 21) and 20 HC were
stained with anti-CD19, anti-CD38, and anti-CD27. (a) The cells were gated initially on lymphocytes and then on CD19+B cells; afterwards,
the numbers of CD27highCD38high PCs were analyzed by flow cytometry. (b) Changes in PCs in GD patients. (c) Relation of PC proportions
and serum TPO-Ab levels in GD patients. (d) Relation of Tfh2 subset proportions with PCs in GD patients. (e) The correlation between the
proportions of PCs and ICOS+Tfh cells in GD patients. (f) The correlation between the proportions of PCs and PD-1+Tfh cells in GD patients.
∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001; ns: no significant difference.
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Tfh2 cells express the transcription factor GATA-3 and
exclusively produce the Th2 cytokines IL-4, IL-5, and IL-
13; and Tfh17 cells share similar characteristics with
Th17 cells that express the transcription factor RORγt
and produce the cytokines IL-17A and IL-22 [21, 33,
34]. Recent evidence has shown that human Tfh2 and
Tfh17 cells, not Tfh1 cells, can efficiently help B cells pro-
duce immunoglobulins (Igs) and differentially regulate iso-
type switches in vitro [20, 21]. Accumulating evidence has
indicated that alterations of Tfh1, Tfh2, and Tfh17 cells
are closely related with the pathogenesis of autoimmune
diseases, such as myasthenia gravis, IgG4-RD, and SLE
[35–37]. Our study showed a decreased frequency of
Tfh1 and Tfh2 cells and increased proportions of Tfh2
cells in peripheral blood from GD patients, and Tfh2 cells
were the majority of the three distinct Tfh cell subsets.
Furthermore, the alteration of Tfh2 cells was closely corre-
lated with serum TPO-Ab titers and the increased fre-
quency of blood PCs in GD patients. These findings
indicated that the imbalance of Tfh cell subsets was
involved in the pathogenesis of GD, and Tfh2 cells were
more efficient in inducing B cell differentiation into PCs
that produce high antibodies in GD patients.

Accumulating evidence has shown that Tfh cells are
characterized by the transcription factor Bcl-6 and abundant

IL-21 secretion, and the cytokine IL-21 is involved in the pro-
liferation and differentiation of Tfh cells and PCs and in
antibody responses [33, 38–41]. In our study, the mRNA
expression level of the transcription factor Bcl-6 in blood
PBMC was not notably varied, but the plasma levels of IL-
21 were significantly increased in GD patients compared with
those in HC. Moreover, the plasma concentration of IL-21
had a positive correlation with the frequency of blood
PD-1+Tfh cells (or PCs, Tfh2 cell) in GD patients. These
findings implied that IL-21 contributed to PD-1+Tfh,
Tfh2 cell, and PC generation and differentiation. Tran-
scription factors were possibly associated with memory
Tfh cell in GD patients in our study; these findings were
consistent with previous studies [27, 31, 32, 42].

Additionally, three distinct Tfh cell subset-associated
cytokines/transcription factors were analyzed in our study.
Previous studies have demonstrated the important roles of
Th1, Th2, and Th17 cells and their associated cytokines/tran-
scription factors in GD patients [1, 2, 5, 8–10, 43]. Specific IL-
4-producing Tfh2 cells are important cytokines for Ig
production and class switching [21]. In this study, no corre-
lation between increased plasma IL-4 levels and the percent-
ages of blood Tfh2 cells implied that IL-4 cytokine was not
only from Tfh2 cells but also from other immune cells as
Th2 cells in GD patients. The mRNA expression levels of
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Figure 4: Plasma cytokine levels in GD patients. (a–d) The levels of plasma IL-21, IL-4, IL-17A, and IFN-γ were detected by ELISA in GD
patients (BT: 23; AT: 16) and 20 HC. (e) Relation of PD-1+Tfh with IL-21. (f) Relation of Tfh2 frequency with IL-21 level. (g) Relation of PC
frequency with IL-21 level. ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001; ns: no significant difference.
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the transcription factor GATA-3 in blood PBMCs were sig-
nificantly increased in GD patients compared with HC,
which implied that GATA-3 might be associated with Tfh2
cell generation and differentiation in GD patients. IL-17A
originates from various immune cells, such as Th17, Tfh17,
and CD8+T cells, which contribute to tissue damage in GD
and other autoimmune diseases [9, 10, 21]. Plasma levels of
IL-17A, as well as the mRNA expression of RORγt in
PBMCs, were also increased in GD patients compared with
HC. The IFN-γ cytokine is produced by Th1, Tfh1, CD8+T,
γδT, NK cells, and other immune cells and is associated with
subsequent thyroiditis and thyroid gland destruction [5, 8,
21]. However, plasma levels of cytokine IFN-γ and the
mRNA expression of T-bet in PBMCs were not notably
altered in GD patients compared with those in HC. The
plasma levels of cytokines (IL-21, IL-4, IL-17A, and IFN-γ)
and the mRNA expression of transcription factors (Bcl-6,
T-bet, GATA-3, and RORγt) in blood PBMCs from GD
patients were significantly different from those of HC, which
implied that these cytokines and transcription factors played
important roles in the pathogenesis of GD. Taken together,
these findings indicated that the distinct subsets of blood
cTfh cells and associated cytokines/transcription factors were
involved in the generation of PCs that secrete autoantibodies
and participated in the pathogenesis of GD, which will pro-
vide valuable insights into potential therapeutic strategies
for human autoimmune diseases.

5. Conclusion

In summary, we show that circulating PD-1+Tfh and ICOS+-

Tfh cells are expanded together with Tfh2 cell subsets, associ-
ated cytokines, and transcription factors in peripheral blood
from GD patients. Excessive blood cTfh cells and Tfh subsets
can contribute to PC generation and antibody production in
GD patients. These findings indicate that Tfh cells and sub-
sets play an important role in the pathogenesis of GD and
that they are potential valuable therapeutic targets for human
GD. However, the precise role of these Tfh cells and subsets,
as well as their interactions with B cells and other immune
cells, remains to be further explored in the pathogenesis GD.
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Figure 5: mRNA expression in human CD4+T cells from GD patients. The expression of several transcription factors (Bcl-6, T-bet, GATA-3,
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