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Objectives: This study aimed to analyze the distribution of T follicular helper (Tfh) cells
in lupus patients, and the effects of steroids on circulating Tfh cells.

Methods: Circulating Tfh cell subsets were defined by multicolor flow cytometry as
Tfh17, Tfh2 or Tfh1 subpopulations of CXCR5+CD45RA−CD4+ T cells in the peripheral
blood of SLE patients and healthy controls. To test the effects of corticosteroid on
Tfh cells, PBMC harvested from both SLE and healthy controls were cocultured with
dexamethasone, and then analyzed by Flow cytometry.

Results: The proportion of Tfh17 cells in SLE patients was increased significantly
compared with healthy controls. Additionally, patients with an active disease
had reduced Tfh1 subsets than those with an inactive disease and healthy
controls. The frequency of Tfh2 cells was associated with the proportion of
circulating plasmablasts and the amount of anti-dsDNA. Dexamethasone reduced the
percentage of Tfh2 cells while increased the proportion of Tfh17 subset in gated
CXCR5+CD45RA−CD4+ T cells.

Conclusion: Our study investigated the distribution of circulating Tfh subsets in lupus
patients. Corticosteroids treatment not only down-regulated the proportion of circulating
Tfh cells, but also altered the distribution of Tfh subsets in vivo and in vitro.

Keywords: T follicular helper cell, corticosteroid, immunoregulation, immune cells, systemic lupus erythematosus

INTRODUCTION

It has been widely described that the interaction between CD4+ T cell and B cell promotes antibody
production in the germinal centers (GCs) of secondary lymphoid organs, the sites where Ig isotype
switching and affinity maturation occur, subsequently giving rise to memory B cells and long-
lived plasma cells (1). Pathogenic autoantibodies produced by autoreactive memory B cells upon
restimulation undergo class switching and somatic mutation to achieve affinity maturation, and
these features are consistent with GC selection. System lupus erythematosus (SLE) is a prototype
autoimmune disease characterized by the production of multiple autoantibodies, particularly
antinuclear antibodies (2). The involvement of aberrant GC responses in autoantibody production
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finds support by the evidence of exuberant GC activity in
patients with active lupus nephritis, as well as by observations
of spontaneous GC formation in murine lupus (3, 4). These
findings indicate that GC is the site where autoreactive B cell
maturation occurs in SLE.

T follicular helper (Tfh) cells are the primary cells regulating
T cell-dependent B cell maturation in GCs (5). Tfh cells express
the chemokine receptor CXCR5, which enables them to migrate
along the CXCL13 gradient into B cell follicles (6). Additionally,
inducible costimulator (ICOS) and programmed death-1 (PD-
1) are demonstrated to be highly expressed on the surface of
Tfh cells (7, 8). ICOS mediates the development and expansion
of Tfh cells by interacting with dendritic cells or B cells, while
PD-1 signaling limits the number of Tfh cells and enhances
their ability to upregulate the expression of interleukin (IL)-21,
which plays an important role in B cell selection and survival
(9–11). Thus, abnormal Tfh cell responses may contribute to the
pathogenesis of SLE.

Studies regarding the regulatory role of Tfh cells in human
SLE are limited, probably because Tfh cells reside in the GCs
of secondary lymphoid organs, which renders routine sampling
difficult. However, a subset of CXCR5+CD4+ T cells (CD45RA−
or CD45RO+) within the memory cell compartment was shown
to drive in vitro differentiation of naïve B cells and memory B
cells into Ig-secreting PCs (12). Additionally, a PD-1+ subset
of CXCR5+CD4+ T cells in blood was expanded in some
patients with severe SLE, and was positively correlated with
autoantibody titers (13). These findings suggest that circulating
CXCR5+CD4+ memory T cells represent a Tfh cell counterpart,
reflecting the responses of GC. However, the information about
circulating Tfh cells in SLE patients is still limited now. The
relationship between circulating Tfh cells and disease activity
and aberrant B cell responses remains controversial, partially
due to using different immunoregulatory regimens including
steroids. Moreover, based on CCR6 and CXCR3 expression
levels, circulating Tfh cells can be classified into three subclasses,
including Tfh1 (CCR6−CXCR3+), Tfh2 (CCR6−CXCR3−) and
Tfh17 (CCR6+CXCR3−) (14). Since the imbalance between
Tfh subclasses has been reported to contribute to disease
activity, it is necessary to understand whether steroid use
influence this balance.

In this study, we found that the frequency of circulating Tfh
cells in blood from patients with SLE was comparable with that in
healthy donors, but the distribution of circulating Tfh cell subsets
was dramatically different between patients and healthy controls.
Steroid use decreased the number of Tfh cells, but Tfh cell seemed
to be hyporesponsive after prolonged stimulation with steroids.
Meanwhile, steroid use increased the proportion of Tfh17 cells
and decreased the proportion of Tfh2 and Tfh1 cells both in vitro
and in vivo.

MATERIALS AND METHODS

Patients and Healthy Individuals
A total of 27 patients who were newly diagnosed with SLE
and 20 healthy controls were enrolled. Clinical characteristics

of patientsand healthy controls were presented in Table 1. The
diagnosis of patients met the American College of Rheumatology
classification criteria for SLE (15). Disease activity was assessed
by the SLE disease activity index (SLEDAI) (16). Patients
who were treated with biological regimens or cytotoxic drugs
were excluded in our study. Because it was reported that low
dosage of steroids (<20 mg/d) did not have impact on the
frequency of circulating Tfh cells (17), patients who received
more than 20 mg of steroids per day were also excluded. To
evaluate the influence of secondary diseases, patients with a
disease duration longer than half a year were also excluded.
The level of anti-nuclear Abs (ANAs) was determined by
indirect immunofluorescence labeling of Hep-2 cells. Anti-
dsDNAs were detected by ELISA (Bio-Rad Lab. Inc., CA,
United States). Written informed consent was obtained from
each participant in agreement with the Helsinki declaration,
under which the study was reviewed and approved by the Ethics
Committee of Ruijin Hospital, Shanghai Jiao Tong University
School of Medicine.

Flow Cytometry Analysis
We isolated peripheral blood mononuclear cells (PBMCs)
from the blood samples using density-gradient centrifugation
on Ficoll-Paque. Single-cell suspensions were treated with
fixable viability stain 510 (BD Bioscience, 564406) for half an
hour, followed by staining with the following antibodies to
distinguish the Tfh subsets: FITC- conjugated anti-CD45RA
(BioLegend, N418), PE-conjugated anti-CCR6 (BioLegend,
G034E3), PerCP/Cy5.5-conjugated anti-CXCR5 (BioLegend,
J252D4), PE/Cy7-conjugated anti-CXCR3 (BioLegend, G025H7),
APC-conjugated anti-PD-1 (BioLegend, EH12.2H7), and
APC/Cy7- conjugated anti-CD4 (BioLegend, RPA-T4). For the
detection of circulating plasma cells, PBMCs were stained with
FITC-conjugated CD27 (BioLegend, M-T271), PE-conjugated
IgD (BioLegend, W18340F), PerCP/Cy5.5-conjugated anti-
CD19 (BioLegend, HIB19), and APC-conjugated CD38
(BioLegend, HB-7), followed by the treatment with fixable
viability stain 510. Cell acquisition was performed using a
CantoII cytometer (BD Bioscience). Data were analyzed with
Diva (BD) software.

TABLE 1 | Clinical characteristics of patients and healthy controls.

Characteristics SLE patients
(n = 27)

Healthy controls
(n = 20)

Gender Male 2 3

Female 25 17

Age (mean ± SEM) 41 ± 16 37 ± 13

SLEDAI ≤4 14

>4 13

Anti-dsDNA + 17

– 10

A total of 27 patients who were newly diagnosed with SLE and 20 healthy
controls were enrolled.
The diagnosis of patients met the American College of Rheumatology classification
criteria for SLE.
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FIGURE 1 | FACS analysis and circulating Tfh cells in SLE patients. PBMCs were isolated and stained with labeled antibodies specific for CD4, CD45RA, CXCR5,
ICOS, PD-1, CCR6, CXCR3. (A) Circulating Tfh cells were gated in CD4+CD45RA-CXCR5+, CD4+CD45RA-PD-1+ and CD4+CD45RA-ICOS+ respectively. Then
Tfh subsets were determined by CXCR3 and CCR6 expression on gated CD4+CD45RA-CXCR5+ T cells, allowing the identification of Tfh1 (CXCR3+CCR6-), Tfh2
(CXCR3-CCR6-) and Tfh17 (CXCR3-CCR6-) subsets. (B) Frequencies of CD4+CD45RA-CXCR5+, CD4+CD45RA-PD-1+ and CD4+CD45RA- ICOS+ cell subsets
were compared between SLE patients and healthy controls. (C) Frequencies of CD4+CD45RA-CXCR5+, CD4+CD45RA-PD-1+ and CD4+CD45RA- ICOS+ cell
subsets were compared between inactive SLE patients, active SLE patients and healthy controls. All results are presented as mean ± standard error of the mean
(SEM). ns: not significant.

Cell Culture
PBMCs were collected by Ficoll-Paque Plus density gradient
centrifugation and resuspended in RPMI 1640 medium
containing 50 µM 2-mercaptoethanol, 1 mM Sodium Pyruvate,
50 mg/mL streptomycin, 50 U/mL penicillin, and 10% heat

inactivated FCS. Then Cells were seeded into a 24-well plate
(Corning, Tewksbury, MA, United States) at 1.0 × 106 per well,
incubated at 37◦C in a humidified atmosphere with 5% CO2
for 24 h, and were subjected to FACS analysis. To observe the
effect of dexamethasone on Tfh subsets, PBMCs cultured in
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FIGURE 2 | Abnormal distribution of Tfh1 and Tfh17 cells in active SLE patients. (A) Frequencies of Tfh1, Tfh2 and Tfh17 cells were analyzed and compared
between SLE patients and healthy controls. (B) Frequencies of Tfh1, Tfh2 and Tfh17 cells were analyzed and compared between inactive SLE patients, inactive SLE
patients and healthy controls. All results are presented as mean ± standard error of the mean (SEM). n.s., not significant.

RPMI 1640 medium were treated with 10 ng/mL IL-6 (Solarbio,
China) in the presence or absence of dexamethasone (1 mg/mL,
Pfizer manufactory, Belgium, NV, United States). Experiments
were carried out in duplicates with equal cell number among
comparable groups. After 24 and 72 h, cells were harvested and
then stained with antibodies for the detection of Tfh subsets.

Statistical Analysis
All data were presented as mean ± standard error of the mean
(SEM). One-way analysis of variance (ANOVA) and student’s 2-
tailed t-test was used to compare the differences between groups.
Alterations of Tfh subsets before and after dexamethasone
treatment were analyzed by paired t-test. For correlation analyses,
Spearman’s correlation coefficients or Pearson’s correlation
coefficients with a 2-tailed P value were determined. A P value less
than 0.05 was considered significant difference. Statistical analysis
was with Prism software (version 6.0; GraphPad Software).

RESULTS

Circulating CD4+CD45RA−CXCR5+ Cells
in System Lupus Erythematosus Patients
As several studies suggested that circulating Tfh cells were
associated with autoimmunity, we first compared the frequency
of CD4+CD45RA−CXCR5+ cells in total CD4+ T cells in
patients with SLE (14 with a SLEDAI ≤ 4 and 13 with a
SLEDAI > 4) with that in healthy controls (20 age- and
sex-matched). Patients were given different dosage of steroids
(<20 mg/day), and they did not receive any biological or

cytotoxic treatments in this study. The gating strategy was used
to identify circulating Tfh cells by flow cytometry, as represented
in Figure 1A.

The frequency of CXCR5+ cell subset in memory CD4+ T cells
(CD4+CD45RA−) was not substantially different between SLE
patients and healthy controls (Figure 1B). Since PD-1 and ICOS
were typical surface molecule markers of Tfh cells in GCs, we
also analyzed the gated PD-1+- or ICOS+CXCR5+-expressing
CD4+CD45RA− cells (Figure 1A). The results showed that there
was no significant differences between SLE patients and healthy
controls (Figure 1B) (17). Then, we compared the frequency of
circulating Tfh cells between active patients (SLEDAI > 4) and
inactive patients (SLEDAI ≤ 4). It seemed that the frequency of
circulating PD-1+ Tfh cells in active patients was higher than that
in inactive patients, but the difference did not reach statistical
significance (Figure 1C).

Abnormal Distribution of Tfh Subsets in
Active System Lupus Erythematosus
Patients
As described by Morita and colleagues, different expression
combinations of chemokine receptor CXCR3 and CCR6 defined
three major subsets within blood circulating CD4+CXCR5+
T memory cells, including Tfh1 (CXCR3+CCR6−), Tfh2
(CXCR3−CCR6−) and Tfh17 (CXCR3−CCR6+) cells (14). We
analyzed these subsets distribution in our cohort comprising
SLE patients and age- and sex-matched healthy individuals.
As shown in Figure 2, the frequency of Tfh17 cells within
CD4+CD45RA−CXCR5+ cells in SLE patients was significantly
higher than that in healthy individuals, while neither Tfh1 nor
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FIGURE 3 | The frequency of Tfh2 cells is significantly higher in ANA positive SLE patients and positively correlated with plasmablasts. (A) Frequencies of Tfh1, Tfh2
and Tfh17 cells were analyzed and compared between anti-dsDNA negative SLE patients and anti-dsDNA positive SLE patients. (B) The frequency of
CXCR3+CCR6+ subset on gated CD4+CD45RA- T cells was analyzed and compared between SLE patients (including inactive and active SLE patients, anti-dsDNA
negative SLE patients and anti-dsDNA positive SLE patients) and healthy controls. (C) Plasmablasts were gated as CD19+ IgD-CD38++ population, and the
correlations between the amount of plasmablasts and frequencies of each type of Tfh cells and Tfh subsets from SLE patients were analyzed. All results are
presented as mean ± standard error of the mean (SEM). n.s., not significant.

Tfh2 frequency was found to be significantly decreased in SLE
patients (Figure 2A).

To determine whether Tfh cell subsets were associated with
disease activity, we then compared the frequency of each subset
between active and inactive patients. We found that the frequency
of Tfh1 cells in active SLE patients was significantly lower
than that in inactive patients or healthy controls (Figure 2B).
Meanwhile, patients with active disease had a significantly
higher frequency of Tfh17 cells than normal healthy controls
(Figure 2B). However, no significant difference in Tfh2 cell

frequency was found when comparing active and inactive
patients and healthy controls (Figure 2B).

Abnormal Distribution of Circulating Tfh
Subsets Was Associated With Humoral
Responses of System Lupus
Erythematosus
Tfh cells play a critical role in the development of Ag-
specific humoral responses and anti-dsDNA autoantibodies are
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FIGURE 4 | The impact of methylprednisolone on circulating Tfh cells from SLE patients. (A) The frequency and absolute number of Tfh cells before and after
methylprednisolone treatment were analyzed. (B) Frequencies of all Tfh subsets before and after methylprednisolone treatment were analyzed. (C) Absolute number
of all Tfh subsets before and after methylprednisolone treatment was analyzed. All results are presented as mean ± standard error of the mean (SEM).

considered a specific marker for lupus (18, 19). We then
investigated the relationship between anti-dsDNA autoantibodies
and Tfh cell subset distribution in SLE. As shown in Figure 3A,
the frequency of Tfh2 cells in patients harboring anti-dsDNA
autoantibodies was significantly higher than that in patients
without anti-dsDNA antibodies (Figure 3A). However, neither
Tfh1 nor Tfh17 showed a difference between the two groups
(Figure 3A). Besides, it was interesting to see a significantly
reduced proportion of CCR6+CXCR3+ cells in patients having
anti-dsDNA autoantibodies (Figure 3B). We also assessed
whether CD19+IgD−CD38++ plasmablasts (Figure 3C) in SLE
patients were correlated with the proportion of Tfh subsets. The
results indicated that the proportion of circulating Tfh and Tfh2
subsets was positively correlated with the level of plasmablasts,
respectively (Figure 3C).

The Impact of Dexamethasone on
Circulating Tfh Cells in Patients
Receiving Steroid Impulse
Since all included patients in this study were treated with
different doses of steroid (10–20 mg of dexamethasone per

day), we wonderedwhether the corticosteroids had an effect
on circulating Tfh cells. To clarify this point, we randomly
selected 12 patients who were intravenously injected with
high doses of methylprednisolone (100–400 mg per day
for 3–4 days), then compared the frequency of circulating
Tfh cells in these patients before and after steroid impulse.
As shown in Figure 4, there was a significant reduction of
circulating Tfh cells after steroid treatment (Figure 4A). To
exclude the influence of corticosteroids on total lymphocyte
number, the absolute numbers of pre- and post-treatment Tfh
cells were measured. Our data showed that the absolute
number of Tfh cells was also decreased after steroid
treatment (Figure 4A).

We then analyzed the distribution of circulating Tfh cell
subsets upon methylprednisolone impulse. The results showed
that the frequency of Tfh17 was increased while that of
Tfh2 and Tfh1 was decreased (Figure 4B). Additionally,
CXCR3+ and CCR6+ double positive cells were also increased
significantly (Figure 4B). However, as the absolute number of
lymphocytes was decreased after methylprednisolone treatment,
the frequencies of all Tfh subsets were decreased (Figure 4C).
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FIGURE 5 | The effect of methylprednisolone on Tfh cells. (A) The relative frequencies of Tfh cells from both SLE patients and healthy controls were measured 24 h
after treatments with methylprednisolone at different dosages (5 µg/ml, 10 µg/ml, 20 µg/ml, and 40 µg/ml). (B) The relative frequencies of Tfh subsets from both
SLE patients and healthy controls were measured 24 h after treatments with different dosages of methylprednisolone (5 µg/ml, 10 µg/ml, 20 µg/ml, and 40 µg/ml).
All results are presented as mean ± standard error of the mean (SEM). *p < 0.05, **p < 0.01.

Circulating Tfh Cells in System Lupus
Erythematosus Patients Were Resistant
to Methylprednisolone
To further elucidate the role of corticosteroids, PBMCs were
collected from healthy controls (n = 5) and SLE patients (n = 5) in
the presence of methylprednisolone and cultured in vitro. After
24 h, the frequency of Tfh cells and polarization of Tfh subsets
were evaluated. Methylprednisolone treatment dramatically
decreased the percentage of CD4+CD45RA−CXCR5+ cells in
healthy controls, and 5 mg/mL of methylprednisolone was
enough to decrease more than 60% of Tfh cells (Figure 5A).
However, surprisingly, it seemed that circulating Tfh cells
in SLE patients were resistant to methylprednisolone, and
5 mg/mL of methylprednisolone barely down-regulated the
frequency of CD4+CD45RA−CXCR5+PD-1+ cells. When the
concentration of methylprednisolone was increased to 40 mg/mL
(Figure 5A), Tfh cell frequency was reduced by 70–80%, which
was consistent with our finding on patients who received

high-dose methylprednisolone impulse. Tfh subsets also showed
an alteration, the proportion of Tfh1 and Tfh2 cells was
decreased, while that of Tfh17 and CCR6+CXCR3+ cells was
increased (Figure 5B).

Methylprednisolone Transiently
Regulated the Frequency of Circulating
Tfh Cells
The differential responses of PBMCs to corticosteroids between
SLE patients and healthy controls prompted us to further
elucidate the effects of corticosteroids on Tfh cells. Freshly
isolated PBMCs from healthy controls were cultured in
the presence of 20 mg/mL of methylprednisolone for 7
days, and the inhibitory effects of methylprednisolone on
CD4+CD45RA−CXCR5+ cells were found to fluctuate with the
stimulation time. The frequency of CD4+CD45RA−CXCR5+
cells decreased rapidly at day 1, restored at day 4, and eventually
reached a relatively high level at day 7 (Figure 6A). Regarding
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FIGURE 6 | Restoration of Tfh cells after prolonged stimulation with methylprednisolone. (A) Circulating Tfh cells from healthy controls were measured daily for up to
7 days after adding 20 mg/mL of methylprednisolone. (B) Circulating Tfh subsets from healthy controls were measured daily for up to 7 days after adding 20 mg/mL
of methylprednisolone. All results are presented as mean ± standard error of the mean (SEM).

the distribution of Tfh subsets, we found that the frequency of
Tfh1 and Tfh2 cells was continually decreased to the lowest point,
while that of Tfh17 and CCR6+CXCR3+ cells was increased to
the highest point during the course of stimulation (Figure 6B).

Change of Tfh Cells in System Lupus
Erythematosus Patients Receiving
Corticosteroid Therapy
Considering the fluctuation of Tfh cell frequency upon
stimulation with corticosteroids, circulating Tfh cells from 2
patients were evaluated 6–8 weeks following steroid therapy.
These patients had never received steroid therapy in the past
year prior to diagnosis. We found that steroid use rapidly
but transiently reduced the frequency of circulating Tfh cells,
reaching a nadir at 1 week. After that, the frequency rose
and reached a plateau (Figure 7A). We also found that the
proportion of Tfh17 and CCR6+CXCR3+ cells was increased to a
plateau during the stable phase of diseases (Figure 7B), while the
frequencies of Tfh1 and Tfh2 cells were lower than those before

steroid treatment, and remained steady during stable disease
phase (Figure 7B).

DISCUSSION

Tfh cells are crucial immune regulators and their expansion
has been demonstrated in murine lupus, which is linked with
heightened GC responses and end-organ damage (20, 21).
Patients with SLE also have altered GC homeostasis, suggesting
that Tfh cells are likewise aberrantly regulated in human
diseases. However, it remains controversial about the alteration
of peripheral cells bearing a Tfh phenotype. Some research teams
reported higher level of Tfh cells in peripheral blood of SLE
patients compared with healthy controls (13, 17), while others
did not find significant difference in circulating Tfh cells between
SLE patients and healthy people (22). The discrepancy among
papers may be related to the enrollment of different populations
as research subjects and the use of different cell markers to
identify circulating Tfh cells. Additionally, the diverse phenotypes
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FIGURE 7 | Changes of circulating Tfh cells in SLE patients receiving corticosteroid therapy. (A) The level of circulating Tfh cells from 2 newly diagnosed SLE patients
fluctuated with 6–8 week steroid therapy period. (B) The level of circulating Tfh subsets from 2 newly diagnosed SLE patients fluctuated with 6–8 week steroid
therapy period. All results are presented as mean ± standard error of the mean (SEM).

and complex pathogenesis of SLE may also explain inconsistent
findings. Since the results were not consistent across all previous
studies, we aimed to reassess the circulating Tfh cells in SLE
patients in this study.

According to the inclusion criteria, 27 SLE patients and
20 healthy controls were finally selected, and the proportion
of Tfh cells in peripheral blood was compared between
the two groups. The frequency of circulating Tfh cells was
not significantly different between SLE patients and healthy
controls, neither total CD4+CD45RA−CXCR5+ cells nor gated
CD4+CD45RA−CXCR5+ cells expressing PD-1 or ICOS.
Additionally, there were no substantial differences between active
and inactive patients, indicating that the frequency of Tfh cells
was not correlated with disease activity. Our data were consistent
with the findings by Carole et al. (22), but were different from
another publication by Feng and colleagues (17), which also

enrolled Chinese patients as study subjects. They showed that the
mean disease duration of included patients was about 7 years,
with the longest time exceeding 33 years. Long disease duration
of SLE will lead to complex alterations in multiple organs and
tissues, and even induce secondary diseases (23). Concerning
that the changes caused by secondary diseases might cover up
the primary phenotypes of SLE, we only selected patients with a
relatively short disease duration (<6 months) as study subjects.
Concomitantly, the mean age of our patients was also shorter
than that reported in some previous studies.

According to the descriptions by Morita and colleagues, the
differential expressions of chemokine receptors CXCR3 and
CCR6 were analyzed on CD4+CXCR5+CD45RA− circulating
T cells, which were gated to identify specific Tfh subsets
(12). Consistent with the previous report that Tfh17 cells was
correlated with the activity of autoimmune diseases, we found
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that the frequency of Tfh17 cell subset in patients with SLE was
significantly higher than that in healthy controls. Additionally,
the frequency of Tfh1 cell subset was significantly lower in active
SLE patients compared with healthy controls and patients with
inactive diseases. Since CXCR3 was involved in T cell migration
into inflamed organs, we proposed that the decrease in circulating
Tfh1 cell proportion in patients with active SLE was at least
partially caused by the accumulation of CXCR3-bearing cells in
inflamed organs.

It has been widely accepted that the presence of anti-
dsDNA and increased antibody-producing cell population in
peripheral blood are typical lupus-related biological indicators
(24, 25). Patients with an active disease, especially those with
severe SLE, always have a relatively high level of serum anti-
dsDNA (26, 27). Since Tfh2 cells were considered to be closely
related to the production of IgG and IgE antibodies (12), we
explored whether Tfh2 cells were associated with SLE disease
process. Our findings indicated that the proportion of Tfh2
subset was increased in patients with anti-dsDNA antibodies,
and was positively correlated with the frequency of circulating
plasmablasts. However, no significant difference in Tfh2 cell
frequency was found between active and inactive patients and
healthy controls. Since patients enrolled in this study were
treated with low dosage of steroids, we speculated that the
intake of steroids might be able to change the proportion of
Tfh2 cells, but could not continuously ameliorate the clinical
symptoms evaluated by SLEDAI score, leading to the failure
to detect the correlation between Tfh2 cell frequency and the
course of the disease.

Previous studies have reported that the expansion of Tfh cells
in peripheral blood is a normal physiological phenomenon and
not caused by immunosuppressive therapy (28, 29). However, our
data showed that corticosteroid use could decrease the frequency
of circulating Tfh cells in a dose-dependent manner, both in vivo
and ex vivo. Besides, the circulating Tfh cells in SLE patients
were more resistant to methylprednisolone treatment compared
to those in healthy controls. The possible elucidation was that
T cells from SLE patients might be hyporesponsive, as they
were previously exposed to in vivo stimuli. This explanation
was supported by our results that sustained stimulation would
reduce the effect of steroids on Tfh cells, both in patients and
healthy controls.

Although the frequency of circulating Tfh cells fluctuated
upon stimulation with corticosteroids, the Tfh17/Tfh2 ratio
or Tfh1 frequency increased continuously. Both in vivo and

in vitro data demonstrated that the proportion of Tfh2 and Tfh1
cells decreased upon steroid stimulation, while that of Tfh17
and CCR6+CXCR3+ populations increased. To confirm these
findings, two patients without receiving steroid treatment in the
last six months were involved as controls. During 5–7 weeks
of steroid therapy, the changes in Tfh subsets were similar to
our finding in ex vivo experiments. These data comprehensively
demonstrated a modulatory role of steroids on the distribution of
circulating Tfh subsets.

Taken together, in this study, we examined the dynamics
of circulating Tfh cells in Chinese patients with SLE, and
demonstrated that steroids might altered the balance of Tfh cell
subsets in peripheral blood. Although many characteristics of
circulating Tfh cells have been described, their detailed features
and exact roles in SLE development are still unclear. In future
studies, we need to enroll patients more strictly and exclude
potential confounding factors.
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