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Increased frequency of peripheral blood follicular
helper T cells and elevated serum IL-21 levels
in patients with knee osteoarthritis
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Abstract. An aberrant immune response has been implicated
in the pathogenesis of osteoarthritis (OA). However, the role of
peripheral blood follicular helper T (TFH) cells in the patho-
genesis of OA has yet to be elucidated. The purpose of the
present study was to examine the role of TFH cells and serum
interleukin-21 (IL-21) in the pathogenesis of OA. Frequency of
peripheral blood inducible costimulator (ICOS)+, programmed
death 1 (PD-1)+,and IL-21+ CXCR5+CD4+ T cells in 40 patients
with OA and 13 healthy controls (HCs) were examined by
flow cytometry. The disease state in individual patients was
assessed using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC). Concentrations of serum
IL-21, interferon-y (INF-v), IL-4,IL-17A, and C-reactive protein
(CRP) were determined, and the erythrocyte sedimentation
rate (ESR) was measured. The percentages of CXCR5+CD4+
cells, PD-1+CXCR5+CD4+, ICOS+CXCR5+CD4+ and
IL-21+CXCR5+CD4+ T cells in OA patients were significantly
higher than those in the HCs. Furthermore, serum IL-21, IL-17A
and IFN-y levels in OA patients were significantly higher than
those in HCs. Expression of IL-21+TFH cells in OA patients
demonstrated a positive correlation with OA disease activity,
CRP levels and WOMAC. TFH cells and IL-21 appear to serve
an important role in the progression of OA. IL-21+TFH cells
may prove to be a marker of OA disease activity.

Introduction

Osteoarthritis (OA) is a degenerative and inflammatory
disease of joints that affects an estimated 10% of men and
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18% of women >60 years of age. The condition causes severe
symptoms, including impaired mobility, joint deformities, and
disability (1). Pathologically, OA is characterized by carti-
lage degeneration and osteophyte formation at the affected
joints (2). Currently available treatment consists of pain
management and joint replacement in patients with end-stage
disease; however, therapies to control the progression of OA
are in their early stages. In addition to the limited lifespan
of prostheses, arthroplasty for osteoarthritic joints may be
associated with adverse outcomes (3).

The causation of OA is thought to be multifactorial, with
factors including age, body weight, gender, bone density, trauma
and genetic susceptibility hypothesized to be involved (4). The
pathogenesis of OA is not completely understood. Emerging
evidence suggests the involvement of immunological factors
in the development and progression of OA. Shen et al (5)
demonstrated that CD4+T cells may serve a role in inducing
inflammation in the early stages of OA, as well as being
instrumental in causing inflammatory damage to the articular
cartilage in the latter stages. According to Da et al (6), approx-
imately half of all cases of OA manifest mild-to-moderate B
lymphocytic infiltration in the synovial tissues, and the degree
of B cell infiltration is directly correlated with the severity
of local inflammation. Anti-cyclic citrullinated peptide
(anti-CCP) antibodies have also been shown to be involved in
the autoimmune processes of early-stage knee OA (7).

CD4+T cells, particularly T follicular helper (TFH) cells,
are known to regulate B cell activation and functional differ-
entiation (8). Although the identification of TFH cells remains
controversial, a previous study identified that CXCR5+CD4+
T cells shared the functional properties of TFH cells.
Therefore, CXCR5+CD4+ T cells are considered to be TFH
cells (9). Chemokine (C-X-C motif) receptor 5 (CXCRS5),
inducible costimulator (ICOS), programmed death (PD)-1,
CD40 ligand, and the transcription factor, Bcl-6, are known
to be expressed on the surface of TFH cells, and mediate the
TFH cell-mediated activation of B cells within the lymphoid
germinal centers (10,11). Furthermore, interleukin-21 (IL-21),
secreted by TFH cells, is known to modulate B cell differentia-
tion and proliferation. In a previous study, increased levels of
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anti-CCP antibodies were demonstrated to be associated with
a high frequency of TFH cells in patients with new-onset rheu-
matoid arthritis (RA) (12). Dysfunction of TFH cells and IL-21
is also known to be involved in the pathogenesis of systemic
lupus erthymatosus and ankylosing spondylitis (13,14). All
these conditions are characterized essentially as chronic
inflammatory joint diseases. However, the role of TFH cells in
the pathogenesis of OA has yet to be fully elucidated.

The present study examined the frequency of peripheral
blood TFH cells and the concentration of serum IL-21 in
40 patients newly diagnosed with OA and 13 healthy controls.
The study also analyzed the frequency of different TFH cell
subsets in the peripheral blood of patients with different grades
of OA, and assessed the potential association with clinical
characteristics. The present study was aimed at assessing the
immunopathological roles and correlates of TFH cells in OA.

Materials and methods

Patients and controls. A total of 40 newly diagnosed OA patients
were enrolled at the inpatient service of the First Hospital of
Jilin University (Changchun, China) and 13 gender, age, and
ethnicity-matched healthy controls were also recruited. The
diagnosis of OA was made according to the clinical and radio-
graphic criteria of the American College of Rheumatology (15).
Knee radiographs were evaluated according to the Kellgren and
Lawrence (KL) classification criteria (16). OA patients were
defined as having radiographic knee OA of KL grade =2 in at
least one knee, whereas controls were having KL grades of 0.
None of the patients had been administered steroids, nonste-
roidal anti-inflammatory drugs or other immunosuppressants
one month prior to the blood sample collection. The severity
of the disease in individual patients was measured using the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) using a questionnaire containing three
sections: i) Pain assessment (five criteria); ii) stiffness assess-
ment (two criteria); and iii) functional assessment (seventeen
criteria). Patients were rated against each criterion on a 5-point
Likert Scale (0, none; 1, slight; 2, moderate; 3, severe; 4,
extreme) (17). Patients with RA, traumatic arthritis, multiple
sclerosis, type 1 diabetes, immune deficiency, chronic inflam-
matory diseases, and those with recent infection were excluded
from the present study. The demographic and clinical charac-
teristics of the study population are summarized in Table I.
Written informed consent was obtained from all subjects. The
study protocol was approved by the Ethics committee at the
First Hospital of Jilin University (Changchun, China).

Laboratory examinations. Fasting venous blood samples
(10 ml) were obtained from individual subjects, and their
sera were prepared by density-gradient centrifugation using
Ficoll-Paque Plus at 468 x g for 15 min at 37°C (GE Healthcare
Life Sciences, Uppsala, Sweden). The number of white blood
cells (WBCs), erythrocyte sedimentation rate (ESR), and
the concentration of serum C-reactive protein (CRP) were
measured using Siemens special protein analysis instrument
(Siemens AG, Munich, Germany).

Peripheral blood mononuclear cell (PBMC) stimulation.
PBMCs were isolated by density-gradient centrifugation using
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Table I. Demographic and clinical characteristics according to
study group.

Group

Variable Healthy controls OA
Number of subjects (n) 13 40
Age (years) 61 (55-65) 65 (53-73)
Gender female, n (%) 10 (76%) 29 (72%)
KL grade

11 (%) NA 12 (30%)

III (%) NA 15 (37.5%)

IV (%) NA 13 (32.5%)
WBC (10°/1) 5.88(4.2-89) 5.76 (4.5-9.2)
ESR (mm/h) 7 (2-14) 12 (3-22)
CRP (mg/dl) 1.5(1.3-2.7) 2.31(0.79-5.14)*
Fibrae sanguis (mg/ul) 251 (150-378) 265 (211-496)
WOMAC NA 52 (37-69)

Pain NA 12 (8-15)

Stiffness NA 4 (2-6)

Physical function NA 40 (30-48)

Data are expressed as the median (range) or as frequencies. ‘P<0.05
vs. healthy controls. Normal ranges of individual measures are CRP:
0-3 mg/dl; ESR: 0-15 mm/h, fibrae sanguis; 200-400 mg/ul and
WBC: (4-10)x10%1. KL, Kellgren and Lawrence; NA, not applicable;
WBC, white blood cell count; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; OA, osteoarthritis.

Ficoll-Paque Plus at 800 x g for 30 min at 37°C (GE Healthcare
Life Sciences). PBMCs (4x10° cells/ml) were cultured in
RPMI-1640 medium with 10% fetal calf serum (Hyclone™;
GE Healthcare Life Sciences Waltham, MA, USA) in
24-well U-bottom tissue-culture plates (Corning Costar Inc.,
Corning, NY, USA). Cells were stimulated with or without
50 ng/ml phorbol myristate acetate and 2 g/ml ionomycin
(Sigma-Aldrich, St. Louis, MO, USA) at 37°C in a humidified
incubator containing 5% CO, for 1 h. Cells were cultured with
Brefeldin A (10 g/ml; GolgiStop™; BD Biosciences, San Jose,
CA, USA) for 5 h, and subjected to intraplasmic staining and
flow cytometric analyses.

Flow cytometry. Human PBMCs (5x10° cells/tube) were stained
with PerCP/Cy5.5 anti-CXCRS5 (cat. no. 562781), fluorescein
isothiocyanate (FITC) anti-CD4 (cat. no. 555346), phyco-
eryrthrin (PE) anti-CD278 (cat. no. 557802), and Brilliant
Violet 421 (BV421) anti-CD279 (cat. no. 562516) antibodies
(BD Pharmingen, San Diego, CA, USA) at room temperature
in the dark for 30 min. Control staining was performed using
FITC anti-IgGl (cat.no.556649), PE anti-IgGl1 (cat.no. 551436),
PerCP/Cy5.5 anti-IgGl (cat. no. 550795), and BV421 anti-IgGl
(cat. no. 562438) antibodies (BD Pharmingen). Cell gating
was set to isolate CD4+ cells. The number of CXCR5+CD4+
(TFH) cells per sample was analyzed using FlowJo software
version 7.6.2 (TreeStar, Ashland, OR, USA) (18).
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Figure 1. Flow cytometric analysis of the frequency of peripheral blood TFH cells. Peripheral blood mononuclear cells were isolated from individual patients
and HC, and stained with anti-CD4 and anti-CXCRS or isotype controls. Subsequently, the cells were gated on living CD4+ cells, and the percentage of
CXCRS5+CD4+ TFH cells in total CD4+ T cells was determined. (A) Flow cytometric analysis. (B) Quantitative analysis. Data are expressed as the mean
values of individual subjects from two separate experiments and the horizontal lines indicate the median values. OA group, All OA patients (n=40); HC group,
healthy controls group (n=13). TFH, follicular helper T; HC, healthy controls; OA, osteoarthritis; CXCR5, chemokine (C-X-C motif) receptor 5.

Stimulated PBMCs were harvested and stained simulta-
neously with PerCP/Cy5.5 anti-CXCRS5 and FITC anti-CD4
antibodies at room temperature in the dark for 30 min; the
antibodies were diluted with TF Diluent Buffer (1:100; cat.
no. 51-9008101; BD Pharmingen). Subsequently, cells were
fixed, permeabilized, and stained with Alexa Fluor 647
anti-IL-21 antibody (BD Pharmingen). Percentages of
IL-21+TFH cells were determined by flow cytometric analysis.

Cytometric bead array (CBA) analysis of serum cytokines.
The concentrations of serum cytokines [IL-21, IL-4, IL-17A
and interferon-y (INF-y)] were determined using a CBA
kit, according to the manufacturer's protocol (CBATM; BD
Biosciences). Individual samples were quantified in dupli-
cate on a fluorescence-activated cell sorting (FACS) Calibur
cytometer (BD Biosciences), and the data were acquired using
the CellQuestPro software, and subsequently analyzed using
the CBA software (BD Biosciences) (19).

Statistical analysis. Data are expressed as the median and
range, or as individual values. Inter-group differences were
analyzed by the Mann-Whitney U nonparametric test with
IBM SPSS software, version 19.0 (IBM SPSS, Armonk, NY,
USA). The association between variables was evaluated using
the Pearson rank correlation test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patient characteristics. The frequency of TFH cells in the
blood samples obtained from 40 newly diagnosed OA patients
and 13 HCs was assessed. No significant intergroup differ-
ences were observed in the distribution of TFH cells across
age- and gender-matched subgroups.

Significantly higher levels of CRP were observed in OA
patients compared with those in the HCs, and considerable
variability in WOMAC values was observed among OA
patients (Table I).

High frequency of peripheral blood TFH cells in patients with
OA.The frequency of peripheral blood CD4+ cells was assessed
using flow cytometry (Fig. 1A). No significant inter-group
differences were observed in the frequency of CD4+T cells
(data not shown). Percentages of CXCR5+CD4+TFH cells in
OA patients were significantly higher than those in the HC
group (P<0.001, Fig. 1B).

Altered expression of TFH cell subsets in OA patients.
Flow cytometry was also performed for quantitation of
subsets of TFH cells (Fig. 1A). Significantly higher percent-
ages of PD-1+CXCR5+CD4+, ICOS+CXCR5+CD4+ and
IL-21+CXCR5+CD4+ T cells were observed in OA patients
compared with those in HCs (P<0.001, P<0.001, and P<0.001,
respectively; Fig. 2B-D). However, no significant difference
was observed in the frequency of PD-1+ICOS+CXCR5+CD4+
T cells between the two groups (data not shown).

Frequency of different subsets of TFH cell in different
grades of OA. To assess the potential association of different
TFH cell subsets with progression of OA, TFH cell subsets
were analyzed by different KL grades of OA and a higher
frequency of TFH cells, and PD-1+ TFH cells in stage IIT OA
were compared with those in grade II patients (P=0.03 and
P=0.002, respectively; Fig. 3A and B). In addition, no signifi-
cant difference was identified in expression of the TFH cells
and PD-1+ TFH cells between patients with advanced grade
(IIT and IV) OA (P=0.07 and P=0.52, respectively; Fig. 3A and
B). In addition, IL-21+TFH cells were significantly higher in
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Figure 2. Flow cytometry for quantitation of subsets of TFH cells. Fluorescence-activated cell sorting analysis of the numbers of different subsets of TFH cells
in individual subjects. Peripheral blood mononuclear cells were isolated from individual subjects and were stained in duplicate with anti-CD4, anti-CXCR35,
anti-ICOS, anti-PD-1 and intracellular anti-IL-21 or isotype-matched IgG antibodies, respectively. The cells were characterized using flow cytometry with
gating, initially on living lymphocytes, and then on CD4+CXCR5+TFH cells. Subsequently, the frequency of ICOS+, PD-1+ and IL-21+TFH in total TFH was
analyzed, and a minimum of 30,000 events were analyzed for each sample. Data are expressed as the mean values of individual participants from two separate
experiments. (A) Flow cytometry analysis. (B-D) The numbers of (B) CD4+CXCR5+PD-1+, (C) CD4+CXCR5+ICOS+ and (D) CD4+CXCR5+IL-21+TFH
cells. The horizontal lines indicate the median values for each group. OA: All OA patients (n=40), HC: healthy control group (n=13). TFH, follicular helper
T; IL-21, interleukin-21; OA, osteoarthritis; (ICOS)+, inducible costimulator; (PD-1), programmed death 1; CXCRS, chemokine (C-X-C motif) receptor 5.

patients with stage I'V disease compared with that in patients
with stage III (P=0.005; Fig. 3C), in which the percentage of
IL-21+ TFH cells was also significantly higher compared with
that in stage II disease (P=0.004; Fig. 3C). Furthermore, the
frequency of ICOS+TFH cells associated with different grades
of OA were significantly higher compared with that in HCs
(P=0.01; Fig. 3D). However, no significant difference was
observed in the frequency of ICOS+TFH cells between grades
IT and III, and between grades III and IV OA patients. (P=0.96
and P=0.32, respectively; Fig. 3D).

Variability in serum inflammatory cytokine levels in OA.
Serum levels of the inflammatory cytokines, IL-21, IL-4,

IL-17A, and IFN-y were measured by CBA (Fig. 4). No signifi-
cant differences in the levels of serum IL-4 were observed
between OA patients and HCs (P=0.07, Fig. 4A). Furthermore,
the concentrations of serum IL-21 (P<0.001; Fig. 4B), IFN-y
(P<0.001; Fig. 4C) and IL-17A (P<0.001; Fig. 4D) in OA
patients were significantly higher than that in the HCs. Thus,
increased levels of serum IL-21,IL-17A, and IFN-y may serve
a crucial role in the development of OA.

Correlation of peripheral blood IL-21+TFH cells with CRP
level and disease severity. The potential association of the
frequency of TFH cell subsets with clinical parameters and
disease severity in OA patients was assessed using Pearson's
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Figure 3. Quantification of peripheral blood TFH cell subsets disaggregated by OA clinical grade. The frequency of CD4+CXCRS5+, PD-1+CD4+CXCRS5+
IL-21+CD4+CXCRS5+TFH and ICOS+CD4+CXCRS5+ cells for stages II-IV of OA was analyzed. Knee radiographs were evaluated according to the KL clas-
sification criteria. Data are expressed as the mean values of individual participants from two separate experiments. (A-D) The frequency of (A) CD4+CXCRS5+,
(B) PD-1+CD4+CXCR5+, (C) IL-21+CD4+CXCRS5+TFH and (D) ICOS+CD4+CXCRS5+ cells in stage II-IV of OA. The horizontal lines indicate the median
values for each group. OA patients with stage II (n=12), OA patients with stage III (n=15), OA patients with stage IV (n=13), and HC: healthy control group
(n=13). OA, osteoarthritis; KL, Kellgren and Lawrence; IL-21, interleukin-21; PD-1, programmed death 1; TFH, follicular helper T.

correlation analysis. The percentage of IL-21+TFH cells
correlated with CRP levels in OA patients (R=0.47, P=0.002;
Fig. 5A); however, no significant correlation between TFH
cells and the other clinical parameters was observed. The
frequency of peripheral blood IL-21+TFH cells also demon-
strated a positive correlation with WOMAC of OA patients
(R=0.61, P<0.001; Fig. 5B). IL-21+TFH cells may be involved
in the inflammatory state of OA, as they correlated with the
symptoms and functionality score of OA patients.

Discussion

Although the pathophysiology of OA is poorly understood,
immunological factors are widely acknowledged as serving
an important role in the pathogenesis of OA. In the present
study, the frequency of different subsets of circulating TFH
cells was examined, and their association with the clinical
characteristics of OA patients was evaluated. A significantly
higher frequency of peripheral blood CXCR5+CD4+TFH
cells was identified in patients with OA compared with that in
HC. Previous studies have implicated CD4+T cells and B cells
in the pathogenesis of OA (5-7). An imbalance of the immune
response is known to be involved in the development of OA.
TFH cells serve an important role in B cell differentiation,
antibody production, and humoral immunity (8). Based on the
findings of the present study, TFH cells appear to contribute
to the development of an inflammatory environment that is
characteristic of OA.

ICOS and PD-1 molecules are known to be expressed on
the TFH cell surface (10,11). Furthermore, ICOS+TFH cells
are known to have a positive regulatory effect on humoral
responses, whereas PD-1+TFH cells serve as negative regu-
lators of TFH cell activity (20,21). The frequency of the
different subsets of circulating TFH cells was analyzed, and
significantly higher percentages of ICOS+CXCR5+CD4+,
PD-1+CXCR5+CD4+ and IL-21+CXCR5+CD4+T cells
were identified in OA patients compared with those in
HCs. However, no significant difference in the number of
PD-1+ICOS+CXCR5+CD4+T cells was observed between
the two study groups (data not shown). These findings appear
to implicate activated TFH cell subsets in the develop-
ment of OA. The increased frequencies of both PD-1+ and
ICOS+TFH cells in the OA patients appear to be paradoxical,
as these molecules have counter-regulatory effects on TFH
cells. ICOS-mediated co-stimulation is crucial for TFH cell
differentiation. PD-1+TFH cells may serve as negative regu-
lators for the number and functionality of TFH cells, and to
minimize collateral damage effected by the immune response.
Notably, a similar phenomenon is also known to be associated
with RA (22).

OA is characterized by cartilage and disc degeneration,
and osteophyte formation at the joints (2). The morbid state in
OA patients can be approximately categorized into different
grades based on radiographic results according to the KL clas-
sification criteria (16). To characterize the altered dynamics of
TFH cells in different grades of OA, the association of different
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Osteoarthritis Index.

subsets of TFH cells with the clinical grade of OA was studied.
The stage III-IV OA patients were identified to have higher
frequencies of TFH cells and PD-1+TFH cells compared with
those in stage II patients, whereas no significant differences
with respect to TFH cells and PD-1+TFH cells between
stage III and IV patients were identified. Furthermore, no
significant differences in the expression of ICOS+TFH cells
were observed between stage II, IIT and IV OA patients. Thus, it
is possible that the high frequency of TFH cells may be a result

of positive regulation mediated through ICOS in early-stage
OA, and the increased population of PD-1+TFH cells in the
later stages may limit the TFH cell frequency as a negative
regulator. Notably, a sustained increase in the numbers of
IL-21+TFH cells was observed during disease progression,
with high levels detected in the advanced stages of OA.
Similarly, an increase in IL-21 levels was also observed
in OA patients. Previous studies have reported elevated
IL-21 levels and transcription product in the synovial fluid
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of both early- and advanced-stage knee OA (23,24). Thus,
IL-21+TFH cells appear to have an important role to serve in
the progression of OA. The present study also identified higher
levels of INF-y and IL-17 in OA patients. These results are
consistent with those of previous studies, which indicated that
OA was a T-helper cell 1 (Thl)-mediated form of arthritis (25).
Yamada et al (25) and Lurati et al (26) reported elevated levels
of Th17 cells in OA patients, which further illustrated OA as
a disease marked by an imbalance in the immune response
towards a pro-inflammatory state.

Immunological factors serve an important role in OA
pathogenesis (4-7). TFH cells are crucial regulators of B
cells, and IL-21 stimulates T and B cell proliferation (8,10).
IL-21 can increase the number of differentiated osteoclasts
and induce bone marrow cells to differentiate into mature
osteoclasts via upregulation of receptor activator of nuclear
factor-kB ligand (RANKL) expression (27). To study the
association between TFH cells and OA, the correlation
between different TFH cell subsets and WOMAC was
analyzed. A positive correlation between the frequency of
IL-21+TFH cells and WOMAC was observed in OA patients.
Furthermore, a positive correlation was observed between
IL-21+TFH cells and the CRP level, which is an inflam-
matory marker of OA patients. Based on these findings,
IL-21+TFH cells appear to be involved in the inflammatory
state of OA, and IL-21+TFH cells correlate with the symp-
toms and functionality score of OA patients, and therefore
may serve as markers of OA disease activity.

The small sample size is a limitation of the present study,
as is the lack of evaluation of the functional aspects of TFH
cells. Therefore, further studies with larger sample sizes are
required to elucidate the pathogenic mechanism of TFH cells.

In conclusion, a high frequency of CXCR5+CD4+TFH cells
was observed in patients with OA, as compared with that in the
HCs. Furthermore, a correlation between IL-21+TFH cells and
CRP levels was observed. The findings of the current study
indicate an association between IL-21+TFH cells and disease
activity. IL-21+TFH levels may prove to be a useful marker of
disease activity in OA patients. However, the exact mechanism
of OA pathogenesis mediated by IL-21+TFH cells remains
to be elucidated. In addition, further studies are required to
determine whether IL21+TFH cells and IL-21 could be novel
therapeutic targets for OA.
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