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Increased Interleukin 21 (IL-21) and IL-23 Are
Associated with Increased Disease Activity and with
Radiographic Status in Patients with Early Rheumatoid
Arthritis
TUE KRUSE RASMUSSEN, THOMAS ANDERSEN, MALENE HVID, MERETE LUND HETLAND,
KIM HØRSLEV-PETERSEN, KRISTIAN STENGAARD-PEDERSEN, CHRISTIAN KANSTRUP HOLM,
and BENT DELEURAN

ABSTRACT. Objective. To investigate the levels of the T helper (Th)17-related cytokines interleukin 17A
(IL-17A), IL-21, and IL-23 and their association with disease activity in rheumatoid arthritis (RA).
Methods. In a longitudinal sample set from patients with early RA (< 6 months; n = 40), we meas-
ured the plasma cytokine levels of IL-17A, IL-21, and IL-23 and analyzed for correlation with dis-
ease activity in 28 joints (Disease Activity Score 28-joint count; DAS28), C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and total Sharp score (TSS). In a transverse sample set of
patients with chronic RA (> 8 years), using paired peripheral blood mononuclear cells and synovial
fluid mononuclear cells, we investigated the cellular expression of IL-17A, IL-21, and IL-23R.
Results. Patients with early-stage RA had significantly increased plasma levels of IL-21 and IL-23,
but not IL-17A, compared to patients with chronic RA and healthy volunteer controls. Plasma levels
of IL-21 and IL-23 after 12 months of treatment correlated with DAS28 and ESR, but not to TSS.
Changes in IL-23 plasma levels from time of diagnosis to 12 months correlated with change in
DAS28 and with TSS scores at 2 years. The numbers of CD4+ T cells producing IL-21 were signif-
icantly increased in the synovial fluid of patients with chronic RA, with only marginal coexpression
of IL-21 and IL-17A.
Conclusion. Our results show a significant association between plasma levels of IL-21 and IL-23
and disease activity in RA, supporting the hypothesis that IL-21 and IL-23 are important pathogen-
ic factors of this disease. (J Rheumatol First Release August 1 2010; doi:10.3899/jrheum.100259)
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Rheumatoid arthritis (RA) is a chronic autoimmune sys-
temic disorder characterized by inflammatory responses
mainly affecting the joints. Although the etiology is
unknown, CD4+ T cells and their cytokines are believed to
play major parts in the induction and propagation of the
pathogenic inflammatory conditions1,2. The T cell-associat-
ed cytokines interleukin 21 (IL-21) and IL-23 have recent-

ly been proposed as important regulators of this process.
This is supported by the recent discovery that both IL-21
and IL-23, produced by CD4+ T cells and dendritic cells,
respectively, promote the development of the IL-17A-pro-
ducing proinflammatory CD4+ T cell subset T helper
(Th)173,4,5,6,7,8. Further, IL-21R messenger RNA (mRNA)
is reported to be increased in the synovia of patients with
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RA9,10, and the synthesis of tumor necrosis factor-α
(TNF-α), IL-6, and IL-1ß from RA synovial cells is signifi-
cantly reduced if IL-21 is neutralized9. That IL-21 is an
important factor in RA is also supported by studies in ani-
mals in which interference with IL-21 function eliminates or
reverses disease progression in both mouse and rat models
of arthritis11,12.

A limited number of studies have focused on IL-23 in
RA. However, one study shows that increased levels of
IL-23 in plasma of patients with chronic RA are associated
with disease activity13, while another concludes that IL-23
is not abundantly present in late-stage RA14. Most studies of
IL-23 have been carried out in mice, where obstruction of
the IL-23 pathway eliminates the development of auto-
immune inflammatory conditions, including collagen-
induced arthritis15,16. This effect has principally been attrib-
uted to the inability of the mice to expand Th17 populations
in the absence of IL-2315.

In our study, we measured the levels of IL-17A, IL-21,
and IL-23 in the plasma of early RA and investigated for
correlation with disease activity and radiographic progres-
sion. We also examined levels of these 3 cytokines in
patients with chronic RA as well as in healthy volunteer
controls. In addition, we investigated the frequency of
CD4+ T cells with the capacity to produce IL-17A or IL-21
in the peripheral blood (PB) and synovial fluid (SF) from
patients with chronic RA. We further characterized the
CD4+ T cells with regard to surface IL-23R and chemokine
receptor expression.

The data we collected suggest that an IL-21/IL-23 axis is
highly active in RA and that IL-21 and IL-23 are closely
connected to pathogenic mechanisms in this disease.

MATERIALS AND METHODS
Collection of samples. A longitudinal set of plasma samples from patients
with early-stage RA (n = 40) was obtained from the Cyclosporine,
Methotrexate, Steroid in RA (CIMESTRA) study17. The CIMESTRA study
is a multicenter, randomized, double-blinded controlled study. Patients
were newly diagnosed with RA, naive to steroid and disease-modifying
antirheumatic drugs (DMARD), and had had disease symptoms for less
than 6 months. At entry, patients were randomized to conventional
methotrexate treatment combined with an aggressive regime of intraarticu-
lar betamethasone injections, with cyclosporine (n = 20) or without (n =
20)17. However, the 2 treatment groups from the CIMESTRA study were
considered as 1 group in our study. This is because we observed no differ-
ences regarding IL-21, IL-23, or IL-17A plasma levels between the 2 treat-
ment regimes (data not shown). This is in agreement with the original
study, which showed no major differences in clinical measurements
between the 2 treatment groups17.

Plasma samples were collected at the time of diagnosis (pretreatment, 0
month) and after 3 and 12 months of treatment. All samples were collected
at the outpatient clinic at Aarhus University Hospital. The clinical charac-
teristics were collected at the same timepoints as the plasma samples, while
radiographic measurements were at the time of diagnosis and at 1, 2, 3, 4,
and 5 years after diagnosis. Radiographic joint destruction was graded by
the Sharp/van der Heijde scoring method, calculated as the total Sharp
score (TSS). We made use of disease activity in 28 joints (Disease Activity
Score 28-joint count; DAS28), C-reactive protein (CRP), erythrocyte sedi-

mentation rate (ESR), IgM rheumatoid factor (IgM-RF), and anticyclic cit-
rullinated peptide (anti-CCP), all recorded in the CIMESTRA study.

A cross-sectional sample set was collected from patients with chronic
RA (n = 28), including plasma samples and peripheral blood mononuclear
cells (PBMC) paired with SF and SF mononuclear cells (SFMC) from the
outpatient clinic at Aarhus University Hospital. All the patients with chron-
ic RA contacted the clinic because of a joint effusion and none of them
received biological treatment, but all were treated with standard DMARD.
All patients with chronic RA had disease duration > 8 years. All patients
with RA were diagnosed in accord with the American College of
Rheumatology criteria18. Plasma samples were also collected from controls
matched for age and sex with the CIMESTRApatients [n = 29, age 56 years
(range 46–64) vs patients, 58 years (52–69); p > 0.20; 62.1% vs 65%
women, respectively]. All plasma and SF samples were collected in
heparinized tubes and kept at –80°C until used. All samples were obtained
after informed written consent according to the Danish Data Protection
Agency, the local ethics committee (project numbers 20050046 and
20060012), and the Declaration of Helsinki.
ELISA. Quantification of IL-21, IL-23, and IL-17A levels in plasma and SF
was done using ELISA for human IL-21 (eBioscience, San Diego, CA,
USA), human IL-23 (p19/p40; eBioscience), and human IL-17A
(eBioscience). All samples were diluted 1:1 with Sample Diluent supplied
in the kit. All samples were analyzed in duplicates using the average of the
optical density (OD) values to calculate concentrations. The minimum
detection limit (cutoff) was calculated as the average value of the blanks
plus 2 standard deviations, giving a cutoff value of 16 pg/ml for IL-21, 2.5
pg/ml for IL-23, and 2.9 pg/ml for IL-17A. Values below the cutoff were
assigned the same value as the cutoff.
Flow cytometry. PBMC and SFMC from heparinized whole blood and SF
samples were isolated using Ficoll-Paque Plus (GE Healthcare, Waukesha,
WI, USA). The cells were stimulated for 4 h with 50 ng/ml phorbol
12-myristate 13-acetate (Sigma Aldrich, St. Louis, MO, USA) and 1 µg/ml
ionomycin (SigmaAldrich) in the presence of 10 µg/ml BrefeldinA (Sigma
Aldrich). For surface staining, the cells were blocked with 10% heat-inac-
tivated goat serum (Dako). For intracellular staining, cells were fixed and
permeabilized using FACS Lysing solution and FACS Perm2 (BD
Biosciences, San Jose, CA, USA) and then blocked with 10% heat-inacti-
vated mouse serum (in-house production). Surface staining was done using
monoclonal antibodies (mAb) to CD4 (clone MT310; Dako), CD45RO
(clone PN-IM2712U; Beckman Coulter, Fullerton, CA, USA), CCR4
(clone 1G1; BD Biosciences), CCR6 (clone 11A9; BD Biosciences),
CXCR3 (clone 1C6/CXCR3; BD Biosciences), CXCR4 (clone 12G5;
eBioscience), CXCR5 (clone RF8B2; BD Biosciences), and biotinylated
polyclonal goat anti-IL-23R (R&D Systems, Minneapolis, MN, USA) com-
bined with streptavidin FITC (Dako). Intracellular staining was done using
mAb against IL-17A (clone 64DEC17; eBioscience) and IL-21 (clone 3A3-
N2; eBioscience). Viability analysis was done using 7-AADVia-Probe (BD
Biosciences). All gates on IL-21, IL-17A, IL-23R, and chemokine recep-
tors were set using fluorescence minus-one controls. All samples were ana-
lyzed within 24 h using an FC500 with CXP software (Beckman Coulter)
and FlowJo software (Tree Star Inc., Ashland, OR, USA) for analysis.
Statistics. Statistical analyses were performed using GraphPad Prism 5.0
for Mac (GraphPad Software, La Jolla, CA, USA). All data in text are
expressed as medians (interquartile ranges). Grouped analyses were done
by Kruskal-Wallis test with Dunn’s multiple comparison test as a posthoc
analysis. Individual samples were analyzed by Mann-Whitney U test for
nonpaired data and Wilcoxon signed-rank test for paired data. Correlation
of nonparametric paired data was tested using Spearman’s rho. In all tests
the level of significance was a 2-sided p value < 0.05.

RESULTS
IL-21 and IL-23 plasma levels were increased in patients
with early-stage RA compared to controls. IL-21, IL-23, and
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IL-17A have all been connected to the pathological process-
es in RA. We therefore measured the plasma levels of these
3 cytokines in a longitudinal sample set of patients with
early-stage RA (n = 40; Figure 1). At the time of diagnosis
the median DAS28 was 5.2 (range 4.4–6.1), dropping to 2.5
(1.7–3.4) at 3 months and 1.9 (1.5–2.8) at 12 months, indi-
cating a high level of disease activity at the time of diagno-
sis, low disease activity after 3 months, and remission after
1 year.

IL-21 plasma levels were significantly elevated at the
time of diagnosis as well as after 3 and 12 months compared
with controls (all p < 0.01). Similarly, IL-23 plasma levels
were also elevated at the time of diagnosis as well as after 3
and 12 months compared with controls (all p < 0.0001;
Figure 1). In contrast, IL-17A plasma levels were low in all
samples and were not elevated in RA plasma at any time-
point in comparison with controls. Median plasma levels of
IL-17Awere 5.2 pg/ml (range 4.7–6.3), 5.9 pg/ml (5.0–7.2),
and 5.9 pg/ml (5.3–6.8) at 0, 3, and 12 months, respective-
ly, and 5.7 pg/ml (4.7–6.8) for controls.
IL-21 and IL-23 plasma levels were decreased in chronic RA
compared with early RA. Having shown that IL-21 and
IL-23 plasma levels were significantly increased in patients
with early-stage RA, we examined the levels of these
cytokines in a cross-sectional plasma sample set from
patients with chronic RAwho had a minimum disease dura-
tion of 8 years and compared them with patients with
early-stage RA and controls.

IL-21 plasma levels in patients with chronic RAwere sig-
nificantly lower than the levels in patients with early-stage
RA at all timepoints measured (all p < 0.01) and not signif-
icantly increased compared with plasma levels in controls
(Figure 1). IL-23 plasma levels in patients with chronic RA
were also significantly lower than in patients with early-
stage RA at the time of diagnosis and at 12 months (all p <
0.05), but not at 3 months after diagnosis. In contrast to IL-
21, plasma levels of IL-23 in patients with chronic RAwere
significantly increased compared with controls (p < 0.05).
IL-17A plasma levels in patients with chronic RA were not
significantly different in comparison with patients with
early-stage RA at all timepoints as well as with controls
(data not shown). Median plasma levels of IL-17A were 5.8
pg/ml (range 4.8–7.3) for patients with chronic RA.
IL-21 and IL-23 plasma levels are associated with disease
activity, but not with radiographic progression or status.
Since IL-21 and IL-23 plasma levels were increased in the
patients with early-stage RA, we investigated whether IL-21
and IL-23 plasma levels could be associated with disease
activity or radiographic progression. We therefore examined
the correlation between the cytokine plasma levels meas-
ured in patients with early-stage RA with a range of clinical
measurements recorded for these patients.

Plasma levels of both IL-21 and IL-23 measured at 12
months correlated with DAS28 at 12 months (Table 1). No
significant correlations were observed between any of the
observed cytokine levels and DAS28 at time of diagnosis or
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Figure 1. Cytokine levels of IL-21 and IL-23 in plasma from early-stage RA (n = 40), chronic RA (n = 28) with dis-
ease duration > 8 years, and healthy controls (n = 29). Cytokine levels in plasma from patients with early-stage RA
were measured at the time of diagnosis, after 3 months, and after 12 months of treatment. Boxes represent median with
interquartile range and whiskers represent 5th-95th percentile. *p < 0.05. ns: not statistically significant.
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at 3 months after diagnosis (data not shown). IL-21 and
IL-23 plasma levels at 12 months also correlated signifi-
cantly with ESR values, and IL-23 plasma levels at 12
months with CRP levels at 12 months (Table 1).
Interestingly, we also observed strong intercorrelations
between IL-21 and IL-23 plasma levels (IL-21 vs IL-23 at 0
month, r = 0.82, p = 6.7 × 10-11; IL-21 vs IL-23 at 3 months,
r = 0.75, p = 7.0 × 10-8, and IL-21 vs IL-23 at 12 months,
r = 0.82, p = 1.2 × 10-9).

With regard to radiographic status and progression, no
significant correlations were found for any of the observed
cytokines. Neither did the IL-21 and IL-23 correlate with
level or presence of IgM-RF and CCP antibodies. No sig-
nificant correlations were observed for IL-17A compared
with any of these measurements (data not shown).
Changes in IL-23 plasma levels are associated with change
in disease activity and with radiological status. We further
evaluated whether the changes in IL-21, IL-23, and IL-17A
plasma levels were connected to disease activity and radio-
logic status and progression. We investigated for correlation
between the changes in plasma cytokine levels and disease
markers and change in disease activity. The changes were
calculated as the value at 12 months divided by the value at
the time of diagnosis.

We observed that changes in IL-23 plasma levels corre-
lated well with DAS28, CRP, and ESR at 12 months after
start of treatment, change in DAS28, and interestingly, also
with the TSS at 2 years (p < 0.005), and almost with TSS at
3 years (p < 0.06; Table 2). Changes in IL-21 plasma levels
correlated significantly with ESR only at 12 months. No sig-
nificant correlations were observed for changes in IL-17A
plasma levels compared with these measurements (data not
shown).
IL-21-producing CD4+ T cells accumulated in SF of
patients with RA. Having shown that plasma levels of IL-21
and IL-23, but not IL-17A, were significantly increased in
patients with RA, we evaluated the frequency and location
of CD4+ T cells with the capacity to produce either IL-21 or
IL-17A in patients with RA. Since IL-23 is used but not pro-
duced by CD4+ T cells, we also studied expression of sur-
face IL-23R. For this study we used paired SFMC and

PBMC samples from patients with chronic RA (n = 9). As
the vast majority of CD4+ T cells in the SF from patients
with RA are mature CD45RO+ T cells, all flow cytometric
analyses were performed on gated CD4+CD45RO+ T cell
populations.

We found that the frequency of CD4+CD45RO+ T cells
with the capacity to produce IL-21 was significantly
increased in SF versus PB (p < 0.05; Figure 2). We also
observed that the frequency of IL-23R-positive CD4+ T
cells was increased in SF versus PB, but this increase did not
reach a statistically significant level. Similarly, although the
frequency of CD4+ T cells with the capacity to produce
IL-17Awas slightly increased in SF versus PB, this was also
not statistically significant.
IL-21 and IL-17A are only marginally coexpressed in RA.
IL-21 has previously been reported as a member of the Th17
cytokine repertoire. In addition, IL-23R has been reported to
be a marker for Th17 cells. To investigate this further, we
analyzed for coexpression of IL-17A and IL-21 together
with surface expression of IL-23R in both PB and SF
CD4+CD45RO+ T cells.

We observed that the majority of the CD4+CD45RO+ T
cells that produced IL-21 or IL-17Awere single positives in
both PB and SF (Figure 3). With regard to surface expres-
sion of IL-23R by CD4+CD45RO+ T cells, this was
expressed by 22% (IQR 14%–44%) in the PB and by 32%
(25%–47%) in the SF. Coexpression of IL-21 and the
IL-23R was observed on 24% (IQR 20%–37%) of PB and
on 27% (17%–40%) of SF cells that were positive for IL-21.
Similarly, coexpression of IL-17A and the IL-23R was
observed on 22% (IQR 14%–44%) of PB and on 32%
(25%–47%) of SF cells that were positive for IL-17A. None
of the IL-17A, IL-21, and IL23R coexpression combinations
were significantly altered between PB and SF.
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Table 1. Plasma levels of interleukin 21 (IL-21) and IL-23 correlate with
disease activity markers in patients with early rheumatoid arthritis. Levels
were measured 12 months after start of treatment.

Disease Marker IL-21 IL-23
p r p r

DAS28 (12 mo) 0.02* 0.40 0.01* 0.42
CRP (12 mo) 0.10 0.28 0.0050* 0.47
ESR (12 mo) 0.0023* 0.50 0.0056* 0.47

* p < 0.05. P represents a 2-sided p value; r represents correlation coeffi-
cient using Spearman’s rho. DAS28: 28-joint count Disease Activity
Score; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

Table 2. In patients with early rheumatoid arthritis, changes in cytokine
levels from start of treatment to 12 months were calculated as the
12-month level divided by the level at 0 month and examined for correla-
tion with disease markers.

Disease Marker Change in IL-21 Change in IL-2
p r p r

DAS28, 12 mo 0.11 0.27 0.012* 0.42
CRP, 12 mo 0.52 0.11 0.0096* 0.43
ESR, 12 mo 0.015* 0.41 0.0022* 0.50
Change in DAS28 0.051 0.31 0.018* 0.37
TSS 1 yr 0.099 0.28 0.080 0.29
TSS 2 yrs 0.084 0.30 0.0050* 0.47
TSS 3 yrs 0.11 0.28 0.062 0.32
TSS 4 yrs 0.22 0.24 0.11 0.16
TSS 5 yrs 0.20 0.25 0.16 0.27

* p < 0.05. P represents a 2-sided p value; r represents correlation coeffi-
cient using Spearman’s rho. DAS28: 28-joint count Disease Activity
Score; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; TSS:
Total Sharp Score at the indicated time after start of treatment.
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Characterization of IL-21- and IL-17A-producing T cells by
chemokine receptor expression.Measurement of the surface
expression of chemokine receptors has previously been car-
ried out to characterize CD4+ T cell subsets. To investigate
whether the IL-17A- and IL-21-producing CD4+ T cells
from the patients with RA could be similarly characterized,
we analyzed CD4+CD45RO+ T cells from both PB and SF
for expression of a panel of chemokine receptors. The panel
contained receptors that had previously been linked to either
the Th17 subset or to the migration of T cells into inflamed
RA tissue. These included CCR4, CCR6, CXCR3, CXCR4,
and CXCR5.

Although all of these receptors were detectable on both
IL-17A-producing and IL-21-producing subsets, we
observed no significant difference in expression levels
between IL-17A-producing and IL-21-producing CD4+ T
cells (data not shown); nor did we observe a difference in
chemokine receptor expression levels on these cells between
PB and SF (data not shown). Thus we were unable to dis-
tinguish between IL-21-producing or IL-17A-producing
cells by the expression of chemokine receptors that have
previously been used to characterize the Th17 profile.

DISCUSSION
IL-21 and IL-23 have both been proposed as important fac-
tors in the pathogenesis of autoimmune diseases including

RA. Both cytokines have the capacity to promote the devel-
opment of the proinflammatory CD4+ T cell subset Th17
and are thus believed to contribute to inflammatory condi-
tions. Our study showed that levels of both IL-21 and IL-23
were significantly increased in RAwhile IL-17A levels were
unchanged. Plasma levels of IL-21 and IL-23 in early RA
showed strong intercorrelations and both correlated with
disease activity measured by the DAS28 12 months after the
start of treatment. Moreover, changes in IL-23 plasma levels
from the time of diagnosis to 12 months correlated with
changes in DAS28 and the radiographic status at 2 years.
Our data thus advocate that there are pathogenic mecha-
nisms in RA that depend on or give rise to production of
both IL-21 and IL-23.

Our suggestion that increased levels of IL-21 have patho-
genetic relevance in RA is further supported by the
increased expression of IL-21R on cells from the synovial
tissue of patients with RA10 and by the ability of IL-21 to
induce synthesis of TNF-α and IL-6 from synovial T
cells9,19. This should be seen in connection with our obser-
vation that IL-21 and IL-23 levels are strongly intercorrelat-
ed, but only levels of IL-23 are reduced during treatment.
We argue that this supports our view that IL-21 could drive
inflammation from a position upstream of TNF-α, IL-6, and
IL-23, pointing to a key role for this cytokine in RA. The
expression of IL-23R on a relatively large percentage of all
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Figure 2. Expression of IL-21, IL-23R, and IL-17A by CD4+CD45+ T cells in patients with chronic RA. Paired
peripheral blood mononuclear cells (PBMC) and synovial fluid mononuclear cells (SFMC) from patients with
chronic RA were analyzed for surface expression of IL-23R and intracellular expression of IL-17A or IL-21 by
multiparameter flow cytometry. A, B, and C show the percentage of CD4+CD45RO+ T cells that produce IL-17A
or IL-21 or express IL-23R. Lines with boxes and whiskers represent medians with interquartile range (n = 9).
*p < 0.05. ns: not statistically significant.
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CD4+ T cells, including those that produce IL-21, suggests
that IL-23 function is not restricted to the expansion of Th17
cells. These results are complemented in studies by Melis, et
al, who report correlation of plasma levels of IL-23 but not
IL-17A to disease activity in chronic RA13.

We have shown that plasma levels of IL-21 and IL-23
were significantly increased in the early stages of RA, and
to a lesser degree this was also the case for IL-23 in the
chronic stages of RA compared with controls. Our results
thus contribute to a body of evidence that T cells and their
cytokines primarily dominate in early stages of arthritic dis-
eases, only to decrease at later and chronic stages20. This
implies that measurements of IL-21 and IL-23 could prove
to be relevant biomarkers of the inflammatory processes in
early RA and thus possibly guide treatment choice. In con-
trast to IL-21 and IL-23, the plasma levels of IL-17A
remained low in both the early and chronic stages of RA.
Similar observations have been reported in a study by
Yamada, et al, who were unable to detect elevated levels of
Th17 cells in the PB of patients with chronic RA compared
to controls, and instead reported increased levels of interfer-
on-γ (IFN-γ)-producing Th1 cells in the joints compared to
PB21. By contrast, in a study by Raza, et al, IL-17A levels in
the SF were shown to be elevated in early-stage RA but not
in the later stages of RA20. Together, these data suggest that
Th17 cells could be active in the joints of patients with
early-stage RA, although not to a degree where IL-17A is
detectably increased in plasma.

The increase of IL-21-producing CD4+ T cells in SF
compared to PB provides evidence that these cells either
home to or are induced to differentiate in the inflamed joint.
Having shown that patients with early-stage RA have high
plasma levels of IL-21 that correlated with disease activity
and with plasma levels of IL-23, it is reasonable to expect
that these IL-21-producing CD4+ T cells are important fac-
tors in the pathogenic processes in the joints of patients with
RA.

Although IL-21 is reported to be primarily produced by
Th17 cells5,6,7,22, the data in our study suggest that this is
not the case in RA. This is best illustrated by the lack of con-
sistent coexpression of IL-17A and IL-21 in CD4+ T cells.
Moreover, we observed increased numbers of IL-21-pro-
ducing, but not of IL-17A-producing CD4+ T cells in the
inflamed joints and high versus low plasma levels of IL-21
and IL-17A in patients with early-stage RA, respectively. In
support of our data, Suto, et al recently demonstrated in
mice that IL-21 was produced by a CD4+ T cell subset dis-
tinct from the Th17 subset23. Here, IL-21 or IL-6 alone
induced the development of IL-21-producing CD4+ T cells
that did not produce IFN-γ, IL-4, or IL-17A. However, IL-
21 or IL-6 in combination with TGF-ß inhibited the devel-
opment of IL-21-producing CD4+ T cells and instead
induced development of Th17 cells23. Our data, combined
with the data published by Suto, et al, support the idea that
IL-21 is not produced primarily by Th17 cells, but rather by
a distinct CD4+ T cell subset. Our data further suggest that
this subset is important in the pathogenesis of RA.

We have shown that plasma levels of IL-21 and IL-23,
but not IL-17A, were elevated in early-stage RA and corre-
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Figure 3. Expression of IL-17A, IL-21, and IL-23R in peripheral blood
mononuclear cells (PBMC) and synovial fluid mononuclear cells (SFMC).
Paired PBMC and SFMC were analyzed for coexpression of surface
IL-23R and for intracellular contents of IL-17A and IL-21 by multipara-
meter flow cytometry. Expression of IL-17A, IL-21, and IL-23R gated on
CD4+CD45RO+ T cells from SF of a patient with chronic RA is shown.
Tables show median percentages of cells in each of the 3 quadrants (n = 9).
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lated with disease activity. Moreover, changes in levels of
IL-23 correlated with changes in disease activity and with
radiographic status. Finally, CD4+CD45RO+IL-21+ T cells
were increased in the SF compared to PB of patients with
RA, while CD4+CD45RO+IL-17A+ T cells were not. Our
data thus support that IL-21 and IL-23 play important roles
in the pathogenesis of RA.

REFERENCES
1. Brennan FM, McInnes IB. Evidence that cytokines play a role in

rheumatoid arthritis. J Clin Invest 2008;118:3537-45.
2. Klareskog L, Catrina AI, Paget S. Rheumatoid arthritis. Lancet

2009;373:659-72.
3. Acosta-Rodriguez EV, Rivino L, Geginat J, Jarrossay D, Gattorno

M, Lanzavecchia A, et al. Surface phenotype and antigenic
specificity of human interleukin 17-producing T helper memory
cells. Nat Immunol 2007;8:639-46.

4. Manel N, Unutmaz D, Littman DR. The differentiation of human
T(H)-17 cells requires transforming growth factor-beta and
induction of the nuclear receptor ROR-gamma-t. Nat Immunol
2008;9:641-9.

5. Zhou L, Ivanov II, Spolski R, Min R, Shenderov K, Egawa T, et al.
IL-6 programs T(H)-17 cell differentiation by promoting sequential
engagement of the IL-21 and IL-23 pathways. Nat Immunol
2007;8:967-74.

6. Korn T, Bettelli E, Gao W, Awasthi A, Jager A, Strom TB, et al.
IL-21 initiates an alternative pathway to induce proinflammatory
T(H)17 cells. Nature 2007;448:484-7.

7. Nurieva R, Yang XO, Martinez G, Zhang Y, Panopoulos AD, Ma L,
et al. Essential autocrine regulation by IL-21 in the generation of
inflammatory T cells. Nature 2007;448:480-3.

8. Chen Y, Langrish CL, McKenzie B, Joyce-Shaikh B, Stumhofer JS,
McClanahan T, et al. Anti-IL-23 therapy inhibits multiple
inflammatory pathways and ameliorates autoimmune
encephalomyelitis. J Clin Invest 2006;116:1317-26.

9. Andersson AK, Feldmann M, Brennan FM. Neutralizing IL-21 and
IL-15 inhibits pro-inflammatory cytokine production in rheumatoid
arthritis. Scand J Immunol 2008;68:103-11.

10. Jungel A, Distler JH, Kurowska-Stolarska M, Seemayer CA, Seibl
R, Forster A, et al. Expression of interleukin-21 receptor, but not
interleukin-21, in synovial fibroblasts and synovial macrophages of
patients with rheumatoid arthritis. Arthritis Rheum
2004;50:1468-76.

11. Young DA, Hegen M, Ma HL, Whitters MJ, Albert LM, Lowe L, et
al. Blockade of the interleukin-21/interleukin-21 receptor pathway
ameliorates disease in animal models of rheumatoid arthritis.
Arthritis Rheum 2007;56:1152-63.

12. Jang E, Cho SH, Park H, Paik DJ, Kim JM, Youn J. A positive
feedback loop of IL-21 signaling provoked by homeostatic
CD4+CD25- T cell expansion is essential for the development of
arthritis in autoimmune K/BxN mice. J Immunol
2009;182:4649-56.

13. Melis L, Vandooren B, Kruithof E, Jacques P, De Vos M, Mielants
H, et al. Systemic levels of IL-23 are strongly associated with
disease activity in rheumatoid arthritis but not spondyloarthritis.
Ann Rheum Dis 2010;69:618-23.

14. Hillyer P, Larche MJ, Bowman EP, McClanahan TK, de Waal
Malefyt R, Schewitz LP, et al. Investigating the role of the
interleukin-23/-17A axis in rheumatoid arthritis. Rheumatology
2009;48:1581-9.

15. Langrish CL, Chen Y, Blumenschein WM, Mattson J, Basham B,
Sedgwick JD, et al. IL-23 drives a pathogenic T cell population that
induces autoimmune inflammation. J Exp Med 2005;201:233-40.

16. Nakae S, Nambu A, Sudo K, Iwakura Y. Suppression of immune
induction of collagen-induced arthritis in IL-17-deficient mice.
J Immunol 2003;171:6173-7.

17. Hetland ML, Stengaard-Pedersen K, Junker P, Lottenburger T,
Ellingsen T, Andersen LS, et al. Combination treatment with
methotrexate, cyclosporine, and intraarticular betamethasone
compared with methotrexate and intraarticular betamethasone in
early active rheumatoid arthritis: an investigator-initiated,
multicenter, randomized, double-blind, parallel-group,
placebo-controlled study. Arthritis Rheum 2006;54:1401-9.

18. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315-24.

19. Li J, Shen W, Kong K, Liu Z. Interleukin-21 induces T-cell
activation and proinflammatory cytokine secretion in rheumatoid
arthritis. Scand J Immunol 2006;64:515-22.

20. Raza K, Falciani F, Curnow SJ, Ross EJ, Lee CY, Akbar AN, et al.
Early rheumatoid arthritis is characterized by a distinct and
transient synovial fluid cytokine profile of T cell and stromal cell
origin. Arthritis Res Ther 2005;7:R784-95.

21. Yamada H, Nakashima Y, Okazaki K, Mawatari T, Fukushi JI,
Kaibara N, et al. Th1 but not Th17 cells predominate in the joints
of patients with rheumatoid arthritis. Ann Rheum Dis
2008;67:1299-304.

22. Wei L, Laurence A, Elias KM, O’Shea JJ. IL-21 is produced by
Th17 cells and drives IL-17 production in a STAT3-dependent
manner. J Biol Chem 2007;282:34605-10.

23. Suto A, Kashiwakuma D, Kagami S, Hirose K, Watanabe N, Yokote
K, et al. Development and characterization of IL-21-producing
CD4+ T cells. J Exp Med 2008;205:1369-79.

7Rasmussen, et al: IL and early RA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/

