Decrease in serum interleukin 21 levels is associated with disease activity
improvement in patients with recent-onset rheumatoid arthritis
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Summary

Interleukin-21 (IL-21) plays an important role in the pathogenesis of rheumatoid arthritis (RA). The
aim of our study was to assess serum levels of IL-21 in patients with recent-onset RA in relation to
disease activity and response to treatment. We analyzed serum levels of IL-21 in 51 RA patients,
both before and 12 weeks after the initiation of treatment and in 36 healthy individuals. Disease
activity was assessed at baseline and at weeks 12 and 24 using the Disease Activity Score for 28
joints, serum levels of C-reactive protein, and the total swollen joint count. We found that IL-21
levels were not increased in patients with recent-onset RA compared with healthy controls, but they
had significantly decreased from baseline to week 12 during treatment. Baseline levels of IL-21
significantly correlated with measures of disease activity (p < 0.02 for all). Although IL-21 levels
did not predict achievement of remission, decrease in 1L-21 levels correlated with improvement in
disease activity after 12 weeks (p < 0.02) and also after 24 weeks (p < 0.04) of treatment. Our data
suggest that circulating 1L-21 levels may serve as a biomarker of disease activity and better

outcome in early phase of RA.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by formation of
autoantibodies and persistent synovitis as well as systemic inflammation (Scott et al. 2010). The
etiopathogenesis of the disease remains incompletely understood but it is evident that several pro-
inflammatory cytokines are essential in the development of RA via synovial cell activation
(Brennan et al. 2008). Major pro-inflammatory cytokines interleukin-1 (IL)-1, IL-6 and tumour
necrosis factor-a (TNF-a) contribute to cartilage destruction and adjacent bone erosions during the
course of RA and have become important therapeutic targets. Despite new insights into the
pathogenesis of RA, new therapeutic strategies and profound efficacy of biologics in RA, the cause
of the disease and long lasting disease remission remain still elusive (Senolt et al. 2009, Mclnnes et
al. 2010). However, some patients respond well or even achieve remission to early therapeutic
intervention, whereas others do not or lose the response over time (Saleem et al. 2006). Therefore,
there is a need for identification of new biomarkers that would allow regular monitoring of disease
activity and/or individualize prognosis, thus enabling early stratification of RA patients according to
treatment response (Smolen et al. 2010). Furthermore, identification of new biomarkers offers

promise for comprehensive understanding to the pathogenesis of RA.

IL-21 is a recently discovered member of the type-I cytokine family, which is synthesized mainly
by activated CD4+ T cells (Parrish-Novak et al. 2000). It is involved in a variety of immune system
regulating processes, including Thl7 cell differentiation, B cell activation, plasma cell
differentiation, and immunoglobulin production (Monteleone et al. 2009, Niu et al. 2010, Ozaki et
al. 2002). Previous reports have already demonstrated that IL-21 is associated with various
autoimmune and inflammatory diseases (summarized in Monteleone et al. 2009). Up-regulation of
IL-21 and its receptor has been documented in RA synovial tissue (Jiingel et al. 2004, Kwok et al.

2012). It was demonstrated that IL-21 enhances osteoclastogenesis (Kwok et al. 2012) and that



inhibition of IL-21/1L-21 receptor pathway could ameliorate experimental arthritis (Young et al.
2007). In addition, association between plasma levels of IL-21 and disease activity in early RA has

been recently observed (Rasmussen et al. 2010).

The aim of our study was therefore to assess serum levels of IL-21 in patients with recent-onset RA
before and after treatment and to investigate 1L-21 serum levels in relation to disease activity and

response to treatment.



2. Methods
2.1. Patients

A total of 51 patients (37 women and 14 men) with recent-onset RA were included in the study.
Inclusion criteria were as follows: 1) age >18 years, 2) fulfilment of the ACR/EULAR 2010
classification criteria for RA at baseline (Aletaha et al. 2010), 3) symptom duration of <6 months
and 4) no or only symptomatic therapy with nonsteroidal antirheumatic drugs prior to baseline.
Patients were prospectively followed after initiation of treatment with disease-modifying
antirheumatic drugs (DMARDSs) and/or glucocorticoids. The disease activity was assessed using the
28-joint count Disease Activity Score (DAS28-ESR), total swollen joint count (SJC) out of 66, C-
reactive protein levels (CRP) and erythrocyte sedimentation rate (ESR). Control group consisted of
36 healthy individuals. The study was approved by the local ethics committee and informed consent

was obtained from all patients prior to the initiation of the study.

2.2. Laboratory analysis
Fasting blood samples were collected from all patients at baseline and after 12 weeks. The samples
were immediately centrifuged and stored at -20°C. Serum levels of C-reactive protein (CRP) were
determined by immuno-turbidimetric test using a biochemical analyser (Olympus, model AU 400,
Japan). The serum concentration of 1L-21 was measured using commercially available ELISA kit
(Uscn, Wuhan, China) according to the manufacturer’s protocol. The absorbance was measured by
an ELISA reader (SUNRISE; Tecan, Salzburg, Austria) using 450 nm as the primary wavelength.
The detection limit (cut-off) was set to 7.2 pg/ml according to the manufacturer's manual. Values
below the detection limit were assigned the same value as the cut-off. Levels of serum anti-cyclic
citrullinated peptide antibodies (anti-CCP) and IgM rheumatoid factor (IgM-RF) were measured

using standard ELISA assay (Test Line s.r.0., Czech Republic).



2.3. Statistical analysis
The concentration of IL-21 was presented as mean + standard deviation. A Kolmogorov-Smirnov
test of normality was performed for all variables and their changes. Pearson’s product-moment
correlations and Spearman’s rank correlations were used in cases of normal and non-normal
distribution, respectively. Data were adjusted to age and sex. When comparing patients and
controls, the independent samples t-test was used for normal variables and the Mann-Whitney test
was used as a non-parametric alternative. A two-way analysis of variance (ANOVA) with repeated
measures (time x groups) was conducted to determine the differences between groups of patients
sorted by the level of disease activity. A multiple linear regression analysis was performed for
changes of DAS28 and total SJC, and appropriate predictors were chosen using a backward
stepwise elimination method. P values below 0.05 were considered to be statistically significant.

Statistical analyses were performed using SPSS 17 software (SPSS Inc., Chicago, IL, USA).



3. Results
3.1. Patients

Table 1 shows the baseline characteristics of patients and healthy controls included in the study. 29
patients met criteria for highly active disease (DAS28 >5.1), 20 patients had moderate disease
activity (3.2< DAS28 <5.1) and 2 patients had low disease activity (2.6< DAS28 <3.2) at baseline.
Patients included in this study represented extension of our previous work (Andrés Cerezo et al.
2011). DMARDs were administered to 48 patients from baseline. 39 patients were treated with
methotrexate (mean weekly dose at week 12: 15 mg; range: 10-20 mg), seven were receiving
sulphasalazine and one was on leflunomide. 43 patients were receiving glucocorticoids (mean daily
dose at week 12: 5 mg per day; range: 1.25-12.5 mg per day of prednisone or equivalent). Three
patients were initially on glucocorticoids only either due to planned gravidity or elevated liver
enzymes. After 12 weeks of treatment, a significant reduction in disease activity was observed
(DAS28: from 5.4 + 1.4 to 2.7 + 1.4; SJC: from 10.0 = 7.7 to 1.6 + 3.1; CRP: from 19.7 &+ 23.7 to
5.9 + 14.4; p<0.0001 for all comparisons). 46 (90.2%) patients achieved good or moderate
improvement and twenty-six (51%) reached remission according to the European League Against

Rheumatism (EULAR) response criteria (van Gestel et al. 1998) at week 12.

3.2. 1L-21 levels and disease activity at baseline
Although baseline levels of IL-21 in patients with recent-onset RA were comparable to those in
healthy controls (27.98 + 39.79 vs. 27.39 + 36.51 pg/ml; p = 0.888), significant decrease after 12
weeks of treatment (to 8.84 + 6.39 pg/ml, p<0.0001) was observed (Fig. 1). In patients with active
disease (DAS28>5.1), levels of I1L-21 were numerically higher in patients with recent-onset RA
(36.77 £ 48.03 pg/ml) compared to healthy controls (p = 0.380), but the difference did not reach

statistical significance. It needs to be emphasized that levels of IL-21 were bellow detection limit



in 10 (27.8%) healthy control individuals and in 19 (37.3%) patients with recent-onset RA at

baseline, this number increased to 30 (58.8%) patients with recent-onset RA after treatment.

Using univariate analysis, baseline levels of IL-21 correlated positively with DAS28 (r = 0.447,
p =0.001), CRP levels (r = 0.356, p = 0.012) and total SJC (r = 0.346, p = 0.015) (Fig. 2A).
However, after 12 weeks of treatment, the levels of IL-21 did not correlate with any of these
parameters (DAS28: p = 0.946, CRP: p = 0.189, SJC: p = 0.678). The lack of correlation after
treatment could be affected by the fact that IL-21 levels were below the detection limit in more than
half of the patients. There was also no correlation between baseline serum levels of I1L-21 and
clinical markers of disease activity after 12 or 24 weeks of treatment (DAS28, CRP, SJC: p > 0.200
for all). Serum levels of IL-21 were not affected by age, sex or symptom duration and did not
correlate with autoantibody profile. Decrease of IL-21 levels was not affected by type or dose of

administrated drugs (data not shown).

3.3. Decrease of 1L-21 and disease activity improvement

As we found significant decrease of IL-21 after the treatment and positive association between IL-
21 and disease activity at baseline, we were curious whether changes in IL-21 levels could be
associated with disease activity improvement. Interestingly, we found that decrease in IL-21 levels
correlated positively with clinical improvement as assessed by changes in DAS28 (r = 0.336, p =
0.018) and serum levels of CRP (r = 0.355, p = 0.012), but not SJC (r = 0.240, p = 0.099), over the
first 12 weeks (Fig. 2B). Furthermore, changes in IL-21 serum levels over the first 12 weeks were
associated with improvement in DAS28 (r = 0.400, p = 0.008), CRP (r = 0.385, p = 0.010) and also

in total SJC (r = 0.324, p = 0.032) from baseline to week 24 (Fig. 2C).

In addition, levels of IL-21 at baseline were inversely associated with decrease of CRP levels (r = -

0.356, p =0.012) and DAS28 (r = -0.339, p = 0.017), but not of total SJIC (r = -0.262, p = 0.072)



between baseline and 12 weeks, and also with decrease of CRP (r = -0.384, p = 0.010), DAS28 (r =
-0.392, p =0.009) and also of total SJIC (r = -0.332, p =0.028) between baseline and 24 weeks.
However, baseline levels of IL-21 did not predict achievement of remission, since there were no
significant differences in baseline levels of IL-21 between patients who achieved remission and
those with moderate or high disease activity at week 12 (29.22 + 39.37 vs. 28.44 + 40.64 pg/ml, p =

0.95).

Multiple linear regression analysis revealed that improvement in DAS28 over 12 weeks (p = 0.048
vs. p = 0.099) was easier to predict by baseline CRP than IL-21 levels (Table 2), however in
predicting DAS28 improvement over 24 weeks, IL-21 levels (p = 0.166) performed better than

baseline CRP (p = 0.966), although both were found insignificant (Table 3).



4. Discussion

In this study we demonstrated, that although not significantly different from healthy controls, serum
levels of IL-21 correlated with disease activity in patients with recent-onset RA. Furthermore, we
showed that initiation of immunosuppressive treatment contributed to significant decrease of 1L-21

levels after 12 weeks, which was associated with later clinical improvement.

Although our cohort also consisted of treatment naive patients with symptom duration of less than
six months, we found that IL-21 levels were not elevated in RA patients compared to healthy
controls, a finding which is in contrast to the results of other authors (Rasmussen et al. 2010). There
are some possible explanations for this finding. Firstly, significantly more cells with IL-21
producing capacity were demonstrated in synovial fluid compared to peripheral blood (Young et al.
2007). Furthermore, increased expression of IL-21 receptor (Jiingel et al. 2004) and IL-21
concentration (Kwok et al. 2012, Young et al. 2007) at the sites of inflammation support the
hypothesis, that local, rather than systemic, production of IL-21 contributes to the pathogenesis of
RA. It has been recently reported that circulating IL-21 levels were comparable among patients with
very early RA, established RA and healthy controls (Moura et al. 2011, Zivojinovic et al. 2012),
and these findings are in agreement with our results. In addition, we found that IL-21 levels
significantly decreased after the initiation of treatment, which conforms with a recently described
significant decrease of serum IL-21 levels in patients with RA responding to TNF blocking therapy
(Chen et al. 2011). Post-treatment levels of IL-21 in our study were even lower than those in
healthy controls, which may suggest suppression of immune cells producing IL-21. Based on our
data it can be speculated that good therapeutic response is associated with reduced Th1l7 response

leading to a further decrease of immune cells producing IL-21.



We demonstrated significant correlation between circulating 1L-21 and clinical, as well as
laboratory, measures of disease activity in patients with recent-onset RA, which is in agreement
with published data (Rasmussen et al. 2010). Although baseline serum levels of 1L-21 did not
predict achievement of remission or disease activity improvement better than CRP, we were the
first to show that higher levels of IL-21 at baseline and decrease of IL-21 after treatment
significantly associated with disease activity improvement over time. This association between IL-
21 and disease activity provides further evidence to support the role of IL-21 in the pathogenesis of
RA. In line with this, other authors recently found rapid radiographic progression in patients with

RA with detectable levels of 1L-21 (Gottenberg et al. 2012).

In conclusion, our results show that, although serum levels of IL-21 were not elevated in patients
with recent-onset RA compared with healthy controls, baseline levels of IL-21 correlated with
disease activity and significantly decreased after conventional treatment. The decrease of IL-21
concentration correlated with disease activity improvement over time. This data further supports the

role of IL-21 in RA pathology.
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Tables and legend to figures
Table 1: Baseline characteristics of the patients with recent-onset rheumatoid arthritis (RA)

and healthy controls

Recent-onset RA  Healthy controls
Characteristics

(n=51) (n=36)
Gender (F/M) 37/14 24/12
Age (years) 50+ 15 44 £ 15
CRP (mg/l) 19.67 +24.27
ESR (mm/1*) 33.69 + 22.58
SJC out of 66 9.80 +7.81
DAS28 score 535+1.43
RF positivity, n (%) 33 (65)

Anti-CCP positivity, n (%) 31 (61)

Drugs (DMARDs/GC) 48/39

Anti-CCP, anti-cyclic citrullinated peptide antibody; CRP, C-reactive protein; DAS28
score, disease activity score; DMARDs, disease- modifying antirheumatic drugs; RA,
rheumatoid arthritis; ESR, erythrocyte sedimentation rate; F, female; GC, glucocorticoids;
M, male; MTX, methotrexate; RF, rheumatoid factor; SJC, swollen joints count. Data are

expressed as mean (SD).



Table 2 Multiple linear regression model for change (A) in DAS28 between baseline and week 12

Outcome
Explanatory Variable B p t-value Std. Error
A CRP? 0.061 0.000 4,104 0.015
baseline CRP 0.024 0.048 2.031 0.012

Excluded predictor: baseline 1L-21 (p=0.099)
 CRP change between weeks 0 and 12

Table 3 Multiple linear regression model for change (A) in DAS28 between baseline and week 24.

Outcome
Explanatory Variable B p t-value Std. Error
A CRP? 0.049 0.000 5.461 0.009

Excluded predictors: baseline IL-21 (p=0.166) and baseline CRP (p=0.966)
 CRP change between weeks 0 and 12



Fig. 1. Serum levels of baseline IL-21 in healthy controls and patients with recent-onset rheumatoid

arthritis (RA) before and after 12 weeks of treatment. *P<0.05.
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Fig. 2. Association between serum levels of IL-21 and disease activity in patients with recent-onset
rheumatoid arthritis (RA) at baseline (A) and association of changes in IL-21 levels between

baseline and week 12 with disease activity improvement after 12 (B) and 24 (C) weeks of

treatment.

DAS28, disease activity score; CRP, C-reactive protein; SIC, swollen joint count out of 66
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