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Altered circulating T follicular helper cells in patients
with chronic immune thrombocytopenia
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Abstract. The present study aimed to illuminate the role
of circulating T follicular helper (TFH) cells in patients
diagnosed with chronic immune thrombocytopenia (cITP).
Fifty-four patients with cITP and 30 age-matched healthy
control subjects were enrolled in the present study. TFH
cell frequencies, expression of CD4* TFH cell-associated
cytokines, including interleukin (IL)-2, IL-4, IL-10 and IL-21
and associated regulatory mRNA expression levels including
Bcl-6, c-Maf, Blimp-1 and PD-1 pre- and post-treatment
with intravenous immunoglobulin and corticosteroids, were
detected by flow cytometry, ELISA and reverse transcrip-
tion-quantitative polymerase chain reaction, respectively.
TFH cell frequencies of patients were significantly higher
compared with healthy controls pre-treatment (P<0.05).
Following treatment, significantly decreased percentages
of TFH cells were present in cITP responders (P<0.05).
Correlation analysis revealed that the number of TFH cells
was negatively correlated with the platelet count in the periph-
eral blood. Furthermore, analysis of inflammatory cytokines
indicated significant differences in serum interleukin (IL)-21
and IL-10 between pretreated patients and healthy controls
(P<0.05). Additionally, transcription factor B-cell lymphoma
(Bcl)-6, c-Maf and programmed death-ligand (PD)-1 mRNA
expression levels were significantly different between cITP
patients prior to treatment and the healthy controls (P<0.05).
However, the expression levels of Bcl-6, C-Maf and PD-1
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mRNA were significantly changed post-treatment (P<0.05).
These data demonstrated that circulating TFH cells and CD4*
TFH cell-associated cytokines may serve a role in cITP. The
findings suggest that the overactivation of TFH cells may
contribute to the immunopathogenesis of cITP, thus blocking
the pathway of TFH cells may be reasonable for therapeutic
intervention.

Introduction

Immune thrombocytopenia (ITP) is a common hematologic
disorder characterized by isolated thrombocytopenia, which
causes bleeding in the skin and mucosa. According to the
disease duration, ITP can be classified into three types,
including newly diagnosed, persistent and chronic, and chronic
ITP (cITP) (1). In ~1/3 of ITP cases, the duration of throm-
bocytopenia will extend over 12 months, which is defined as
chronic ITP (2). ITP occurs in children and adults; however,
the disease is typically chronic in adults (3). The incidence
primary ITP accounts for 3.3/100,000 adults per year (3).
Although recent progress on the development of thrombopoi-
etin receptor agonists have changed the management of chronic
disease (4), the detailed underlying mechanisms involved in
the pathophysiology of cITP remain poorly understood.

A dysfunctional proliferation of autoreactive T cells,
including T helper (Th)2, Th17, Th22 and T follicular helper
(TFH) cells, has been suggested to be responsible for the
loss of tolerance to self-platelet antigens in ITP. TFH cells,
a distinct subset of CD4* T cells, specialize in providing
critical assistance to germinal center (GC) B cells (5). TFH
cells contribute to the generation and maintenance of GCs,
support Ig class switching and assist in differentiation of
GCs into memory B cells and long-lived plasma cells (6).
Immune-mediated disease may occur due to the inability of
TFH cells to maintain immune homeostasis (7). Notably, the
role of TFH cells in autoimmune diseases has been studied
in systemic lupus erythematosus (SLE) mouse models (7).
Furthermore, the frequency of TFH cells has been indicated
to be downregulated in the peripheral blood of patients with
SLE (8). Additionally, the frequency of TFH is associated with
the proportion of GC B cells and plasma cells. Antiplatelet
antibodies of IgG, IgA and IgM produced by B cells facilitate
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phagocytosis by macrophages. Of note, platelet destructions
are more severe with IgG compared with other isotypes (9).

Further research on the roles of TFH cells in the devel-
opment of adult cITP are still required. The limited studies
on pre- and post-treatment (intravenous immunoglobulin
and corticosteroids) comparisons of TFH cells and the small
samples sizes of patients assessed may bias the possible role of
TFH cells in ITP. In the present study, the functional change
of circulating TFH cells was investigated using cell counting,
CD4* TFH cell-associated cytokine profiles and expression
determination of transcription factors, including Bcl-6, c-Maf,
Blimp-1 and PD-1 in a cohort of patients with cITP at pre- and
post-treatment time points. The present findings may provide
useful insights on the role of TFH cells in cITP.

Materials and methods

Patients and healthy volunteers. A total of 54 patients diag-
nosed with cITP who received treatment with intravenous
immunoglobulin, corticosteroids or a combination, were
enrolled in the study for blood analyses. There were 32 female
patients (59%) and 22 male patients (41%), aged 28-61 years.
Only patients who fit the international guidelines for ITP (10)
were included in the present study. Cases that refused data
collection or had autoimmune disorders were excluded from
the present study. Based on the efficacy of the treatment, the
patients were divided into responders and non-responders. A
total of 30 healthy controls were recruited at the same time as
patients, there were 16 female (53.3%) and 14 male (46.7%),
aged 24-60 years. A total of 5 ml blood samples were collected
from the patients at the Hematology Outpatient Department
in The First Affiliated Hospital of Soochow University
(Suzhou, China) between January 2016 and July 2017.
Ethylenediaminetetraacetic acid (EDTA)-stabilized venous
blood (5 ml) was obtained from patients and healthy adults.
Whole blood (2 ml) samples were stored at 4°C for flow cyto-
metric analysis. Serum isolated from venous blood samples was
used to investigate the change of CD4* TFH cell-associated
factors by comparing responders (n=30) to non-responders
(n=24). Peripheral blood mononuclear cells (PBMCs) were
isolated from blood samples using gradient centrifugation
(3,000 x g/min for 5 min at room temperature) and stored at
-80°C for further use. Patients who did not achieve a platelet
count >30 G/1 were considered as non-responders. Expression
of serum platelet-associated immunoglobulin G (PAIgG) in
all patients was examined. All participants provided their
informed consent in accordance with the declaration of
Helsinki. The study was approved by the Ethics Committee
of The First Affiliated Hospital of Soochow University
(Suzhou, China).

Flow cytometry. The following antibodies were used
for flow cytometry analysis: Cluster of differentiation
(CD)4-phycoerythrin (PE)-CY5, CD3-PE-CY7 (Beckman
Coulter, Inc., Miami, FL, USA), C-X-C chemokine receptor
type 5 (CXCR5)-fluorescein and inducible costimulatory
molecule (ICOS)-PE (BioLegend, San Diego, CA, USA).
Whole blood (50 u1) was incubated with specific antibodies for
30 min at room temperature. Following incubation, red blood
cells were lysed and washed twice by phosphate-buffered
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saline (PBS) solution. Cells were acquired on Beckman
Coulter FC500 and analyzed with CXP analysis software 2.2
(Beckman Coulter, Inc.). For each tube, at least 10,000 events
were collected in a gate created around the viable lympho-
cyte population. Data were presented as percentage of cells
in the lymphocyte population. Flow cytometric measure-
ment of PAIgG was performed using LEGENDplex Human
Immunoglobulin Isotyping Panel-IgGs (4-plex) with V-bottom
Plate (cat. no. 740715; BioLegend). The platelet-rich plasma
(PRP) was obtained by centrifugation at 180 x g for 15 min.
PRP was washed twice with PBS containing 10 mM EDTA
and 0.5% bovine albumin. Notably, the platelet concentration
was adjusted to 1x10%/ml. The platelet population was gated
with forward scatter light and side scatter light. Quantification
of four human immunoglobulins, including IgGl1, IgG2, IgG3
and IgG4 was performed according to the manufacturer's
protocol.

ELISA detection of cytokines. Serum I1L-2, TL-4, T1L-10
and IL-21 levels were detected using ELISA with a xMark
Microplate Absorbance Spectrophotometer (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) according to manu-
facturer's protocol. All samples were analyzed in duplicate.
The ELISA kits used in the experiment were Human IL-2
ELISA MAX™ Deluxe (cat. no. 431804), Human IL-4 ELISA
MAX™ Deluxe (cat. no. 430304), Human IL-10 ELISA
MAX™ Standard (cat. no. 430601) and Human IL-21
ELISA MAX™ Deluxe (cat. no. 433804), all purchased from
BioLegend.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA from PBMCs was extracted using
an AllPrep RNA/DNA/miRNA Universal kit (Qiagen AB,
Sollentuna, Sweden) according to the manufacturer's instruc-
tions. cDNA was synthesized using an RT-qPCR kit (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). qPCR was
performed on an Applied Biosystems 7500 Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The sequences of the primers used were as follows: Bcl-6,
forward 5'-AGTTTATTAAGGCCAGTGA-3" and reverse
5'-GATAGGCCATGATGTCTT-3"; c-Maf, forward 5'-ACT
GGCAATGAGCAACTCCG-3" and reverse 5-GCTGAT
GATGCGGTCGGTCT-3'; B lymphocyte-induced matura-
tion protein-1 (Blimp-1), forward 5-TCCAGCACTGTG
AGGTTTCA-3' and reverse 5-"TCAAACTCAGCCTCTGTC
CA-3'; and PD-1, forward 5'-GACAACGCCACCTTCACCT-3'
and reverse 5'-GCTTGTCCGTCTGGTTGCT-3'. GAPDH,
forward 5'-AATCCCATCACCATCTTCCA-3' and reverse
5"TGGACTCCACGACGTACTCA-3". qPCR was performed
with SYBR Select Master Mix (Thermo Fisher Scientific
Inc.) and 500 nM forward and reverse primers. Thermal cycle
conditions used were as follows: 50°C for 2 min and 95°C for
10 min, followed by 40 cycles at 95°C for 1 sec and 60°C for
30 sec Gene expression values were calculated by the compar-
ative threshold cycle method (11). Stable expressed GAPDH
served as endogenous control.

Response criteria. Respondents were classified as responders
who were responding to intravenous immunoglobulin and
corticosteroids therapy, and non-responders. Responders
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were defined as a normal platelet count of >30x10%/1, a
doubling of baseline platelet count and no bleeding symptoms.
Non-responders were defined as a platelet count of <30x10%/1
or below twice as much as the pre-treatment platelet count.

Statistical analysis. All statistical analyses were performed
using SPSS for Microsoft Windows (version 13.0; SPSS,
Inc., Chicago, IL, USA) and GraphPad Prism 5 (GraphPad
Software, Inc., La Jolla, CA, USA). Quantitative data are
presented as mean * standard deviation. The unpaired
Student's t-test or one-way analysis of variance with the Tukey
multiple-comparison post hoc test, y* test and the Pearson
correlation coefficient were employed. P<0.05 was considered
to indicate a statistically significant difference.

Results

Circulating TFH cells in the peripheral blood of patients
with cITP and healthy controls. The baseline characteristics
of patients with cITP and healthy controls are indicated in
Table I. There was no significant difference in the distribu-
tion of age, sex and platelet count between the cITP group and
healthy controls. At least 10,000 events were collected in a
gate around the lymphocytes. In order to identify TFH cells,
CD4* lymphocytes were gated on. Subsequently, the percent-
ages of CD4* CXCRS5*ICOS™ cells were gated and determined
by flow cytometry.

As indicated in Fig. 1, the proportion of circulating TFH
cells in all pretreated patients with cITP was significantly
higher compared with healthy controls (8.6+2.4 and 5.2+1.8%,
P<0.05). Compared with pre-treatment, the frequencies of
circulating TFH cells in the responders were significantly
reduced post-treatment (8.8+2.5 and 5.5+1.8%, P<0.05),
whereas no significant difference was identified in the
non-responders (8.5+2.2 and 7.9+2.4%, P>0.05).

Correlation analysis between circulating TFH cell propor-
tions, PAIgG levels and platelet counts in patients with cITP.
Following the observational changes indicated with regards
to the circulating TFH cell ratio in patients with cITP and
respondents, the possible correlation between the proportion
of circulating TFH cells and platelet counts was assessed.
Correlation analysis revealed no correlation between the
circulating TFH cell ratio and PAIgG (r=0.21, P>0.05; data not
shown). Furthermore, the TFH cell percentage was negatively
correlated with the platelet count in peripheral blood (r=-0.84,
P<0.05; Fig. 2). These results suggested that the TFH cell ratio
may be involved in decreasing the platelet count in patients
with cITP.

Serum IL-2, IL-4, IL-10 and IL-21 levels of cITP-associated
cytokines. Following the results regarding the circulating
TFH cell ratio, the level of associated serum cytokines
IL-2, IL-4, IL-10 and IL-21 were evaluated using ELISA.
As indicated in Fig. 3, serum levels of IL-21 in patients
with cITP that were pretreated were significantly higher
compared with healthy controls, whereas the levels were
significantly lower in the pretreated responders compared
with responders post-treatment (P<0.05). Serum levels of
IL-10 in pretreated patients with cITP were significantly
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reduced compared with the healthy controls, while the levels
of IL-10 were significantly elevated following treatment in
the responders (P<0.05). No significance differences in IL-10
and IL-21 expression levels were observed in non-responders
(P>0.05). Furthermore, no significant differences in IL-2
and IL-4 levels were identified between pretreated patients
and healthy controls or responders and non-responders
(P>0.05; Fig. 3).

Transcription factor expression levels in patients with cITP.
To investigate the mRNA expression levels of the possible
involvement of Bcl-6, c-Maf, Blimp-1 and PD-1 transcrip-
tion factors, RT-qPCR was applied. Compared with healthy
controls, the mRNA expression levels of Bcl-6 and c-Maf
in pretreated patients with cITP were significantly elevated,
whereas the expression levels of PD-1 were significantly
decreased (P<0.05; Fig. 4). There was no significant difference
in Blimp-1 mRNA expression between pretreated patients with
cITP and healthy controls (P>0.05). Furthermore, the mRNA
expression levels of Bcl-6 and c-Maf in cITP responders
post-treatment were significantly downregulated while PD-1
in cITP responders post-treatment was significantly increased
compared with pretreated patients with cITP (P<0.05; Fig. 4),
whereas no significant difference was observed in expression
level of Blimp-1 (P>0.05).

Discussion

Increasing evidence has revealed the association of TFH cells
and autoimmune diseases. In the present study, the proportions
of circulating TFH cells in patients with cITP were signifi-
cantly increased in the peripheral blood; however, this was
decreased to control levels following treatment. Additionally,
a negative correlation was indicated between the percentage
of circulating TFH cells and platelet count, demonstrating
circulating TFH cells may serve a role in the pathogenesis of
adult cITP.

IL-2 is an essential factor in preventing autoimmune disease
development and inhibiting TFH differentiation (12). Previous
data has demonstrated TFH cells can express cytokines, such
as TH2-associated cytokine IL-4 (13). However, changes in
IL-4 levels were not observed in cITP and ITP responders in
the present study. In light of these findings, it was suggested
that these two cytokines may be involved in the early stage of
antibody generation, however, their role in patients with cITP
may be minor.

Notably, IL-10 is abundantly produced in healthy
persons (14). Xin et al (15) identified that IL-10-producing
TFH cells have an increased capacity to form stable TFH-B
cell conjugates compared with their IL-10-TFH counter-
parts, suggesting that IL-10*TFH cells may specialize in
providing distress signals to B cells during chronic infec-
tion. Importantly, depletion of IL-10*/IL-21*-coproducing
CD4* T cells or deletion of IL-10, specifically from TFH
cells, resulted in impaired GC B cell responses, lymphocytic
choriomeningitis virus-specific antibody production and
viral control (16). Subsequently, a heterogeneous popula-
tion of TFH cells was determined and a critical role for
TFH-derived IL-10 in promoting humoral immunity during
persistent viral infection was elucidated (17). In agreement
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Table I. Baseline characteristics of patients with chronic immune thrombocytopenia and healthy controls.

Healthy controls, Responders, Non-responders,
Variables n=30 (%) n=30 (%) n=24 (%) P-value
Sex (n, %)
Female 16 (53.3) 18 (60.0) 14 (58.3) NS
Male 14 (46.7) 12 (40.0) 10 (41.7) NS
Age (years, range) 41 (24-60) 45 (25-61) 43 (28-60) NS
Disease duration (months, range) - 28 (13-124) 27 (15-120) NS
Platelet count (10%1, mean + SD) 112.5+10.9 349+14.1 35.3+15.7 0.05
SD, standard deviation; NS, not significant.
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Figure 1. Flow cytometry analysis of proportions of circulating TFH cells in patients with cITP and HCs. (A) CD4* lymphocytes were gated and the CD4*
CXCRS5*ICOS* T subsets were gated using flow cytometry. Plots in the inter box of D** represent circulating TFH cells. (B) Circulating TFH in healthy
controls, (C) circulating TFH in cITP patient responders at pre-treatment, (D) circulating TFH in cITP patient responders at post-treatment, (E) circulating
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quantification of circulating TFH cells in HCs and patients with cITP. (H) Bar graph quantification of circulating TFH cells in patient responders and
non-responders. Normalized values were presented as the mean + standard deviation. "P<0.05 as indicated. TFH, T follicular helper; HCs, healthy controls;
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Figure 2. Correlation analysis between the percentage of circulating TFH
cells and platelet count (10%1). TFH, T follicular helper.

with these findings, the present study revealed a significant
change of IL-10 in cITP and ITP responders. However,
further flow cytometry analysis of IL-10" TFH cells may be
required to confirm its role.

IL-21 is a type I cytokine that signals via a specific receptor
protein, IL-21 receptor (18,19), and the common cytokine
receptor y-chain, yc, which is shared by the receptors for IL-2,
1L-4,1IL-7,IL-9, IL-15 and IL-21 (20). In addition, it has been
recognized that IL-21 may be a master cytokine that promotes
the expression of Bcl-6 in CD4* T cells (21-23). TFH cells
produce high levels of IL-21, a cytokine that is critical for GC
formation and also for the generation of TFH cells (24). In
the present study, IL-21 was significantly increased in cITP
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Figure 4. Expression levels of Bcl-6, c-Maf, Blimp-1 and PD-1 mRNA in patients with cITP and healthy controls were determined by reverse
transcription-quantitative polymerase chain reaction using GAPDH as an endogenous control. Normalized values were presented as the mean + standard
deviation. ‘P<0.05 as indicated. Bcl-6, B-cell lymphoma-6; PD-1, programmed death-ligand-1; Blimp-1, B lymphocyte-induced maturation protein-1; HCs,

healthy controls; cITP, chronic immune thrombocytopenia.

and significantly decreased in ITP responders post-treatment.
These results further confirmed the possible regulatory role of
IL-21 in ITP.

Bcl-6 is a selectively expressed transcription factor in
murine and human TFH cells (25,26). Notably, Bcl-6 was
previously demonstrated to be inhibitory in Th2 responses by
blocking STAT6 from binding to DNA (27). Furthermore, a
previous study revealed that Bcl-6-deficient mice developed
multi-organ inflammatory diseases, exhibited enhanced IgE
production and defective GC reaction (28). Previous results
have suggested that Bcl-6 deficiency in T cells resulted
in impaired TFH cell development in vitro and in vivo and
that Bcl6 expression in B and T cells is required for GC
reactions (29-31). Notably, transcriptional repressor Bcl-6
was considered as the critical gene involved with TFH cell

differentiation (29). It has been suggested that overexpres-
sion of Bcl-6 promotes the mRNA expression of several
TFH cell-associated genes in the absence of exogenous
cytokines. Furthermore, Bcl-6 has been indicated to suppress
the expression of various microRNAs that are considered to
control TFH cell generation, including miR-17-92 (29). These
findings suggest that Bcl-6 regulates TFH cell development
through repression of microRNAs and Thl, Th2 and Th17
lineage-specific transcription factors (32). The present study
revealed significantly decreased levels of Bcl-6 and IL-21 and
increased levels of IL-10 in responders, indicating the Th1 and
Th2 modulating effect of the Bcl-6 gene.

c-Maf is a transcription factor in the AP-1 family with a
basic region/leucine zipper that is highly expressed by mature
TFH cells and is thought to primarily function as a regulator
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of cytokines that can promote B cell proliferation and differ-
entiation (33-35). The present study revealed c-Maf was
significantly elevated in cITP and decreased in ITP responders
post-treatment, suggesting a possible association of TFH cells
in cITP and ITP responders. Furthermore, Sahoo et al (35)
recently reported that c-Maf promotes IL-4 secretion in TFH
cells through direct binding to the CNS2 region in the IL-4
locus and via induction of interferon regulatory factor 4, thus
revealing a distinct role of c-Maf in IL-4 secretion between
Th2 and TFH cell subsets. However, significant changes in
IL-4 levels in cITP and ITP responders were not indicated in
the present study, suggesting an alternative influence of Th2
and TFH cell subsets on IL-4 secretion.

PD-1, an immunoreceptor that belongs to the CD28/CTLA-4
family, has been demonstrated as an important molecule
expressed on TFH cells (36). Typically, PD-1 is a negative
regulatory signaling molecule that results in the inhibition of
effector T cells via their specific ligands (PD-L1 and PD-L2),
which are expressed on target cells (37). Furthermore, PD-1
signaling contributes to induce memory B cell differentiation
and promotes the generation of high-affinity, long-lived plasma
cells (38). Previous studies have indicated an increased
frequency of PD-1* TFH cells in several autoimmune renal
diseases, including Henoch-Schonlein purpura nephritis (39),
IgA nephropathy (40) and diabetic nephropathy (41). A signifi-
cant downregulation of PD-1 expression levels was observed in
patients with cITP in the present study compared with healthy
controls; however, PD-1 levels were significantly increased in
responders post-treatment compared with pre-treatment. Taken
together, these results indicate possible involvement of TFH
cells in ITP.

Bcl-6 and Blimp-1 present vital but opposing influences
in the development of TFH cells, mutual antagonism between
Bcl-6 and Blimp-1 is a primary mechanism for commitment
to the T effector and TFH cell fates (42). Although Blimp-1
was previously indicated to be involved in Th cell differentia-
tion (43), the present results indicate a remarkable change in
the Bcl-6 gene levels and did not demonstrate a significant
change of Blimp-1 levels at transcription level in cITP patients.

In conclusion, the present study demonstrated that the
expansion of circulating TFH cells may serve a role in the
immunopathogenesis of cITP. These data aided to elucidate
that transcription factors such as Bcl-6, c-Maf and PD-1 and
specific cytokine signaling of IL-10 and IL-21 may correlate
with the abnormal activation of TFH cells in cITP. The present
data revealed a novel mechanism in patients with cITP and
provided an understanding of the role of TFH cells in cITP
in offering diagnostic values and potential novel therapeutic
strategies. Further research is required to fully clarify the
clinical outcome of respondent and non-respondent cITP
patients with expanded TFH cells.
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