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Background: Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by the synovial
inflammation of the joints. Various cells and cytokines have been identified that may contribute to RA
pathology. Interleukin (IL)-21 is a proinflammatory cytokine mediating pleiotropic functions through the
IL-21 receptor (IL-21R). Blockade of IL-21R may represent a hopeful therapeutic approach in RA. The aim
of this study was to determine the percentage of IL-21R expressing CD4" cells and IL-21 mRNA
expression in peripheral blood of RA patients.

Methods: Surface expression of IL-21R on CD4" cells in peripheral blood of RA patients (n = 32
compared to healthy control participants (n = 20) was evaluated by flow cytometry. Simultaneously,
mononuclear cells were taken apart from the peripheral blood of individuals on a density gradient. The
expression of IL-21 mRNA was assessed by real-time polymerase chain reaction.

Results: IL-21R-expressing CD4" cells from RA patients showed a significantly higher percentage of IL-
21R compared with healthy controls (p < 0.05). Moreover, real-time polymerase chain reaction showed
that there was no significant difference between patients and healthy controls.

Conclusion: Our results indicate higher expression of IL-21R in RA patients and suggest that targeting of

the IL-21R may be a novel therapeutic idea for the treatment of RA.
Copyright © 2014, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease with
unclear etiology and pathology, characterized by the infiltration of
various inflammatory cells into the joints, inflammation of synovial
tissues, cartilage destruction, and bone erosions.' ® RA prevalence
is about 1% of the population worldwide”® The milieu of secreted
cytokines is critical in the differentiation and expansion of patho-
genic cells.>'Y Hence the inflammatory conditions in RA are
controlled by various cytokines, especially interleukin (IL)-21."" IL-
21 is a newly discovered proinflammatory cytokine contributing
towards autoimmune diseases such as systemic lupus erythema-
tosus, multiple sclerosis, type 1 diabetes, and, especially, in rheu-
matoid arthritis.'”>~'* It enhances the differentiation of Th17 cells
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and intensify IL-17 production.”>'® IL-21 is a member of the IL-2
family of cytokines chiefly produced by activated CD4" T cells,
comprising Th1, Th2, and Th17 cells."'® However, its receptor (IL-
21R) has been observed on various kinds of cells, influencing on
both innate and adaptive immunity systems.'®!° It augments pro-
liferation and differentiation of CD4"/ CD8" T cells and also re-
inforces the activation and propagation of natural Kkiller
cells."?2021 1n addition to regulating the production of antibody,
containing all immunoglobulin G isotypes, IL-21 has a substantial
role in activation, maturation, and clonal expansion of B cells.>?~%*
Heterodimeric receptor of IL-21 contains IL-21 specific receptor
plus common fy-chain receptor which is structurally associated
with IL-2R, IL-4R, and IL-15R."?*?3 The role of IL-21 and IL-21R in
human diseases has not been determined precisely.””> However,
blocking of IL-21 and IL-21R has ameliorated synovitis and articular
cartilage damages in animal models of arthritis, such as collagen-
induced arthritis.'*?*®?” Therefore, this study was designed to
investigate IL-21-expressing CD4 " cells and the expression of IL-21
mRNA in RA patients in comparison to healthy controls. If IL-21R*
cells significantly increase in the peripheral blood of RA patients, it
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may represent a substantial therapeutic target for the treatment of
human RA.

2. Methods
2.1. Patients and sampling

In this study, 32 patients with RA who fulfilled the 1987 revised
criteria of the American College of Rheumatology were totally
included.”® This group consisted of 28 female and 4 male in-
dividuals. The mean + standard deviation age of the patients was
48.5 + 9.85 years. Twenty healthy individuals matched for sex ratio
and mean age (16 females and 4 males, age 45.8 + 6.94 years) were
also included as a control group. Written consent was obtained
from all participating individuals prior to sample collection. At the
time of sample collection, recruited patients had been treated with
disease-modifying antirheumatic drugs and steroids.’® However,
these are not a certain cure for RA; medications conventionally
used can relieve inflammation and inhibit mitigation of the in-
flammatory cells to the tissue resulting in joint damage reduction.>’
The clinical details and medication of patients and healthy controls
who donated whole blood are presented in Table 1. Whole blood
samples were collected from peripheral veins. The protocols of flow
cytometry and RNA extraction were carried out simultaneously and
cDNA was immediately synthesized, and stored at —70°C until it
was used for real-time polymerase chain reaction (PCR).

This study was approved by the Ethics Committee of Shahrekord
University of Medical Sciences, Shahrekord, Iran.

2.2. Real-time PCR

After gathering heparinized whole blood, peripheral blood mono-
nucleated cells were isolated by Ficoll-Hypaque density centrifu-
gation (Sigma-Aldrich, St Louis, MO, USA). Then, total RNA was
isolated from peripheral blood mononucleated cells using RNX-Plus
solution (Sinaclon, Tehran, Iran). Genomic DNA was removed from
total RNA using RNase-free DNase Set (Qiagen, Chartsworth, CA,
USA). Reverse transcription reaction was conducted at 25°C for 5
minutes, 42°C for 60 minutes and 70°C for 5 minutes in a 12 pL
mixture containing 4 pg of total RNA, using Revert Aid First cDNA
synthesis kit (Revert Aid First, Fermentas, Finland). Each real-time
PCR was prepared in a 20 pL reaction mixture containing 10 pL
TagMan Universal PCR Master Mix, 3 uL cDNA, 0.4 pL primers (10pM
each of forward and reverse primers) and 0.2 UL probe (10pM) in
capillary tubes and conducted on a Rotor Gene 3000 (Corbett,
Mortlake, NSW, Australia). Cycling conditions were: initial dena-
turation 5 minutes at 95°C for the activation of polymerase, followed
by 40 cycles of 15 seconds at 95°C, and 60 seconds at 60°C. Results

Table 1 Basic characteristics and medications of RA patients and healthy controls
included in the study

RA patients Healthy controls
Total number 32 20
Men/women 4/28 4/16
Age, y (mean =+ SD) 48.5 + 9.85 45.8 + 6.94
Treatment:
Methotrexate (DMARD) 7/5—15

median dose, mg/wk
Prednisone (steroid) 5-10
median dose, mg/d
Hydroxychloroquine (DMARD)
median dose, mg/d
Sulfasalazine (DMARD) 1-2
median dose, g/d

200—-400

DMARD = disease-modifying anti-rheumatic drug; SD = standard deviation.
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were normalized on the basis of values for -actin cDNA. The primer
and probe sets (5'-FAM-labeled) were purchased from Applied
Biosystems (Foster City, CA, USA). BLAST searches were conducted
on them to ensure gene specification. The sequences of the primer
and probes are summarized in Table 2. All samples of RA patients and
healthy controls were assayed in duplicate. Relative gene expression
was measured by the previously published method.’'*? Negative
controls were also included, containing all the elements of the re-
action mixture other than template DNA.

2.3. Flow cytometry

Antibodies used for flow cytometry were purchased from BD
Pharmingen (San Diego, CA, USA): anti-CD4 conjugated to PE-Cy5
and anti-IL-21R conjugated to allophycocyanin. Briefly, aliquots of
110 pL of the whole blood containing K3EDTA were added and
stained with 20 uL of each monoclonal antibody for 15 minutes at
37°C and 15 minutes at room temperature, then erythrocytes were
lysed by adding 1.1 mL of fluorescence-activated cell sorter lysing
solution (Becton Dickinson, Lincoln Park, NJ, USA). After staining,
the cells were washed three times in phosphate-buffered saline
(PBS) and immediately analyzed using flow cytometry (PARTEC,
Miinster, Germany). Lymphocytes were gated based on the for-
ward- and side-scatter properties and at least 5000 CD4% lym-
phocytes were observed. The flow cytometry results were analyzed
using Flow Jo software version 7.6 (Tree Star, Ashland, OR, USA).

2.4. Statistical analysis

Statistical analyses were performed with SPSS version 15.0 (SPSS
Inc., Chicago, Illinois, USA). Data are expressed as mean = standard
deviation. Differences between the two groups were analyzed with
nonparametric Mann—Whitney test and presented using Prism
software (GraphPad, La Jolla, California). A value of p < 0.05 was
considered statistically significant.

3. Results
3.1. IL-21R expressing CD4™ cells

In order to calculate the percentage of IL-21R expressing CD4" cells,
the collected peripheral blood from RA patients and healthy con-
trols were analyzed using flow cytometry.>> As shown in Figures 1
and 2, peripheral blood CD4" cells of RA patients revealed a
significantly higher percentage of IL-21R (32.47 + 9.19%) compared
with those in healthy controls (21.73 + 7.45%; p < 0.05). On the
basis of this finding, IL-21R may play an important role in the
pathogenesis of RA.

3.2. Expression of IL-21 in total RNA extracts
To understand the potential function of IL-21 in RA, total RNA ex-

tracts derived from peripheral blood of RA patients and also healthy
controls were included in the study. As shown in Figure 3, the

Table 2 Sequences of TagMan primers and probes for the f-actin and interleukin-21
(IL-21) genes

Gene Primer sequences and probes

Probe: 5-CCGCCGCCCGTCCACACCCGCC-3'

Forward: 5-AGCCTCGCCTTTGCCGA-3'

Reverse: 5'-CTGGTGCCTGGGGCG-3'

IL-21 Probe: 5'- TCTGCCAGCTCCAGAAGATGTAGAGACAAA-3'
Forward: 5-TGTGAATGACTTGGTCCCTGAA-3’

Reverse: 5'-AGCAGGAAAAAGCTGACCACTCA-3'

B-actin
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Figure 1 Expression of IL-21R in peripheral blood on a flow cytometric analysis. Whole blood from either RA patients or healthy controls were stained with either mouse anti-
human CD4 or interleukin-21 receptor (IL-21R) monoclonal antibodies for 15 minutes at 37°C followed by 15 minutes at room temperature, then erythrocytes were lysed by
adding 1.1 mL of fluorescence-activated cell sorter lysing solution. After washing three times with phosphate-buffered saline, cells were examined for calculating the percentage of
IL-21R expression on CD4™ cells. (A) Lymphocytes were gated based on the forward and side-scatter properties. (B) At least 5000 CD4* lymphocytes were analyzed. Shows dot plot
quadrant of IL-21R"/CD4" expressing cells of (C) RA patients and (D) healthy controls.

expression of IL-21 in RA patients was 0.31 + 0.58 fold in com- 4. Discussion

parison to healthy controls (1 + 1.4), whereas statistical analyses

demonstrated no significant difference between two mentioned This study was undertaken to evaluate the expression of IL-21R in

groups. the peripheral blood of RA patients. Therefore, we examined IL-21R
Our findings indicate that the medicines taken might affect expression on the surface of CD4" cells. Our results show that the

expression of IL-21 mRNA but did not influence IL-21R expression

in CD4™ cells.
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Figure 2 Expression of IL-21R on CD4" cells. The proportion of interleukin (IL)-21R Figure 3 Level of mRNA for interleukin (IL)-21 was detected by quantitative real-time
expression on CD4" cells from RA patients and healthy controls is indicated. It shows polymerase reaction. Gene expression was normalized to B-actin mRNA levels in each
the 32 patients in comparison with 20 age-matched healthy controls. The p value was sample. The p value was calculated using nonparametric Mann—Whitney test and is

calculated using nonparametric Mann—Whitney test and is significant at <0.05. not significant at p < 0.05.
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expression of IL-21R is significantly increased in RA patients
compared with controls. IL-21 is a pleiotropic cytokine influencing
CD4*, CD8" T, B, and NK cells.?>>*> Phenotypic observations
showed that IL-21R is predominantly expressed in the cell surface
of CD4* cells'® and is not found on nonlymphoid cells in physio-
logic situations.>® It has been shown that IL-21R is highly expressed
in synovial fluid, cartilage, and bone of RA patients.”> Fréhlich
et al’” displayed the over expression of IL-21R in inflamed joints of
RA patients. Also Liu et al*® showed that IL-21R expression was
markedly higher in CD4" cells EAU mice. Other studies have shown
that IL-21R is upregulated on CD4" cells.'>343° In a similar study,
Liu et al>® compared the numbers of IL-21R-expressing cells in in-
flammatory bowel disease patients who took different medicines
(e.g., sulfasalazine and corticosteroids) and found that these med-
icines did not have an impact on IL-21R expression. These obser-
vations suggest that IL-21R may be effectively involved in RA
progression.

We examined the IL-21 expression in RA patients and found
results provided no evidence of significant difference at the mRNA
level using TagMan real-time PCR in RA patients compared to
controls. IL-21 has been observed to be effective in a variety of
disease conditions.*” Niu et al*! showed that IL-21 was produced at
high levels in the synovial fluid and serum of RA patients and found
a possible role of IL-21. In contrast to the study of Jiingel et al,>
Andersson et al*? detected significant higher mRNA level for IL-
21 in RA synovial tissues. Additionally Geri et al*® found a
remarkably increased serum level of IL-21 in peripheral blood from
patients with Behget disease. Their study showed that IL-21 could
increase the number of Th17 cells and could suppress Treg cells by
decreasing FoxP3 expression.*? Jang et al** showed that IL-21 could
produce a positive autocrine feedback regulating homeostasis of
activated CD4" cells; therefore, subsequently it might play an
essential role in the development of autoimmune arthritis. Fantini
et al*® explored high levels of IL-21 expression in inflammatory
bowel disease, inhibiting the induction and expansion of Treg cells.
Because a large quantity of patients respond or display little
response to treatment,*® understanding critical roles of various
proinflammatory cytokines in the pathogenesis of autoimmune
diseases, especially RA, has led to new therapeutic innovations.*’ In
this respect, neutralizing of IL-21 activity with an IL-21R—Fc fusion
protein could prevent interferon-v,’%*® IL-6%> and increase the
expression of FoxP3.%° Carbone et al®® indicated that blockade of
the IL-6R in RA patients with tocilizumab is associated with a
decreased production of IL-21 by memory/activated CD4 T cells. In a
correlated study, the effective amount of the IL-21R—Fc
fusion protein required to induce a significant effect was reported
as 50—100 pg/mL>® In another study, blockade of the IL-21
pathway with IL-21R-Fc regained the balance between TH17 cells
and Treg cells.*> Blockade of the IL-21R could ameliorate disease
severity in animal studies. Therefore, targeting against IL-21R may
be attempted as a potential therapeutic in the management of RA
patients.”6371

In conclusion, this study demonstrated increased proportions of
IL-21R*CD4™" cells in RA patients, which indicates that IL-21R may
play a pivotal role in RA progression and represents a novel target
for innovative therapy. Further investigations are necessary to
confirm and expand the current results.

Acknowledgments

We are indebted to Professor Morteza Hashemzade Chaleshtori and
also the kind personnel of the Molecular and Cellular Research
Center of Shahrekord University, Shahrekord, Iran. This project was
supported by a grant from the research committee of Shahrekord
University of Medical Sciences, Shahrekord, Iran. We are also

F. Seif et al.

thankful to the laboratory of the Imam Ali Clinic, especially Miss
Mahboube Kiani, for help in sample collection.

References

1. Gabriel SE. The epidemiology of rheumatoid arthritis. Rheum Dis Clin North Am
2001;27:269-81.

2. Christodoulou C, Choy EH. Joint inflammation and cytokine inhibition in
rheumatoid arthritis. Clin Exp Med 2006;6:13—9.

3. Li N, Wang ]JC, Liang TH, Zhu MH, Wang JY, Fu XL, Zhou JR, et al. Pathologic
finding of increased expression of interleukin-17 in the synovial tissue of
rheumatoid arthritis patients. Int J Clin Exp Pathol 2013;6:1375—9.

4. Hong YS, Moon SJ, Joo YB, Jeon CH, Cho ML, Ju JH, Oh HJ, et al. Measurement of
interleukin-33 (IL-33) and IL-33 receptors (sST2 and ST2L) in patients with
rheumatoid arthritis. | Korean Med Sci 2011;26:1132—9.

5. Son CN, Bang SY, Kim JH, Choi CB, Kim TH, Jun JB. Caspase-1 level in synovial
fluid is high in patients with spondyloarthropathy but not in patients with
gout. | Korean Med Sci 2013;28:1289—-92.

6. Lee YH, Choi SJ, Kim A, Kim CH, Ji JD, Song GG. Expression of cyclooxygenase-1
and -2 in rheumatoid arthritis synovium. | Korean Med Sci 2000;15:88—92.

7. Sandoo A, Kitas GD, Carroll D, Veldhuijzen van Zanten JJ. The role of inflam-
mation and cardiovascular disease risk on microvascular and macrovascular
endothelial function in patients with rheumatoid arthritis: a cross-sectional
and longitudinal study. Arthritis Res Ther 2012;14. R117.

8. Kiani A, Jahangir S, John P, Bhatti A, Moeez S, Ashraf M, Ali A, et al. A study of
interleukin-15 (IL 15) gene polymorphisms in Pakistani patients with rheu-
matoid arthritis (RA). Int ] Genet 2013;5:139—41.

9. Boissier MC, Assier E, Falgarone G, Bessis N. Shifting the imbalance from Th1/
Th2 to Th17/treg: the changing rheumatoid arthritis paradigm. Joint Bone Spine
2008;75:373—5.

10. Mclnnes IB, Schett G. The pathogenesis of rheumatoid arthritis. N Engl | Med
2011;365:2205—-19.

11. Vieira P, Lebre M, Aarrass S, Newsom-Davis T, Tak P, Screaton G. Expansions of
interleukin 21-secreting CD4 T helper cells in inflammatory arthritides.
Arthritis Rheum 2010;69(Suppl. 2). A68.

12. Parrish-Novak ], Dillon SR, Nelson A, Hammond A, Sprecher C, Gross JA,
Johnston ], et al. Interleukin 21 and its receptor are involved in NK cell
expansion and regulation of lymphocyte function. Nature 2000;408:57—63.

13. Dolff S, Abdulahad WH, Westra ], Doornbos-van der Meer B, Limburg PC,
Kallenberg CG, Bijl M. Increase in IL-21 producing T-cells in patients with
systemic lupus erythematosus. Arthritis Res Ther 2011;13. R157.

14. Van Belle TL, Nierkens S, Arens R, von Herrath MG. Interleukin-21 receptor-
mediated signals control autoreactive T cell infiltration in pancreatic islets.
Immunity 2012;36:1060—72.

15. Korn T, Bettelli E, Gao W, Awasthi A, Jdger A, Strom TB, Oukka M, et al. IL-21
initiates an alternative pathway to induce proinflammatory T(H)17 cells. Na-
ture 2007;448:484—7.

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

17. Spolski R, Leonard WJ. Interleukin-21: basic biology and implications for cancer
and autoimmunity. Annu Rev Immunol 2008;26:57—79.

18. Leonard WJ, Zeng R, Spolski R. Interleukin 21: a cytokine/cytokine receptor
system that has come of age. J Leukoc Biol 2008;84:348—56.

19. Caruso R, Botti E, Sarra M, Esposito M, Stolfi C, Diluvio L, Giustizieri ML, et al.
Involvement of interleukin-21 in the epidermal hyperplasia of psoriasis. Nat
Med 2009;15:1013-5.

20. Brandt K, Singh PB, Bulfone-Paus S, Riickert R. Interleukin-21: a new
modulator of immunity, infection, and cancer. Cytokine Growth Factor Rev
2007;18:223-32.

21. Strengell M, Sareneva T, Foster D, Julkunen I, Matikainen S. IL-21 up-regulates
the expression of genes associated with innate immunity and Th1 response.
J Immunol 2002;169:3600—5.

22. Leonard WJ, Spolski R. Interleukin-21: a modulator of lymphoid proliferation,
apoptosis and differentiation. Nat Rev Immunol 2005;5:688—98.

23. Asao H, Okuyama C, Kumaki S, Ishii N, Tsuchiya S, Foster D, Sugamura K.
Cutting edge: the common gamma-chain is an indispensable subunit of the IL-
21 receptor complex. ] Immunol 2001;167:1—5.

24, Lebre MC, Vieira PL, Aarrass S, Newsom-Davis T, Tak PP, Screaton GR. Specific
overexpression of synovial interleukin-21+ CD4+ T cells co-expressing tumour
necrosis factor in rheumatoid arthritis: role in joint destruction? Ann Rheum
Dis 2013;72(Suppl. 1). A19.

25. Jingel A, Distler JH, Kurowska-Stolarska M, Seemayer CA, Seibl R, Forster A,
Michael BA, 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.

26. Young DA, Hegen M, Ma HL, Whitters M], Albert LM, Lowe L, Senices M, 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.

27. Nurieva RI, Chung Y, Hwang D, Yang XO, Kang HS, Ma L, Wang YH, et al.
Generation of T follicular helper cells is mediated by interleukin-21 but inde-
pendent of T helper 1, 2, or 17 cell lineages. Immunity 2008;29:138—49.


http://refhub.elsevier.com/S1878-3317(14)00022-9/sref1
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref1
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref1
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref2
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref2
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref2
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref3
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref3
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref3
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref3
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref4
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref4
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref4
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref4
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref5
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref5
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref5
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref5
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref6
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref6
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref6
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref7
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref7
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref7
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref7
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref8
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref8
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref8
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref8
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref9
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref9
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref9
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref9
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref10
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref10
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref10
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref11
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref11
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref11
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref12
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref12
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref12
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref12
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref13
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref13
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref13
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref14
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref14
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref14
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref14
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref15
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref15
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref15
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref15
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref16
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref16
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref16
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref16
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref17
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref17
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref17
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref18
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref18
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref18
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref19
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref19
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref19
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref19
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref20
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref20
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref20
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref20
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref21
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref21
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref21
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref21
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref22
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref22
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref22
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref23
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref23
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref23
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref23
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref24
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref24
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref24
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref24
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref24
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref24
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref25
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref25
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref25
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref25
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref25
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref26
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref26
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref26
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref26
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref26
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref27
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref27
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref27
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref27

IL-21R for treatment of rheumatoid arthritis

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

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

Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh AF, Kremer JM, Moreland LW,
et al. 2012 Update of the 2008 American College of Rheumatology recom-
mendations for the use of disease-modifying antirheumatic drugs and biologic
agents in the treatment of rheumatoid arthritis. Arthritis Care Res 2012;64:
625—-39.

Boghozian R, Azizi G, Mirshafiey A. Molecular pattern of angiogenesis phe-
nomenon and inflammatory cytokines in rheumatoid arthritis. Int Trend Immun
2013;1(3):57-62.

Grebowska A, Moran AP, Matusiak A, Bak-Romaniszyn L, Czkwianianc E,
Rechcinski T, Walencka M, et al. Anti-phagocytic activity of Helicobacter pylori
lipopolysaccharide (LPS)—possible modulation of the innate immune response
to these bacteria. Pol | Microbiol 2008;57:185—92.

Bagheri N, Rahimian G, Salimzadeh L, Azadegan F, Rafieian-Kopaei M,
Taghikhani A, Shirzad H. Association of the virulence factors of Helicobacter
pylori and gastric mucosal interleukin-17/23 mRNA expression in dyspeptic
patients. EXCLI Journal 2013;12:5—14.

Bagheri N, Taghikhani A, Rahimian G, Salimzadeh L, Azadegan Dehkordi F,
Zandi F, Chaleshtori MH, et al. Association between virulence factors of Heli-
cobacter pylori and gastric mucosal interleukin-18 mRNA expression in
dyspeptic patients. Microb Pathog 2013;65:7—13.

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.

Monteleone G, Pallone F, Macdonald TT. Interleukin-21 as a new therapeutic
target for immune-mediated diseases. Trends Pharmacol Sci 2009;30:441—7.
Parrish-Novak ], Foster DC, Holly RD, Clegg CH. Interleukin-21 and the IL-21
receptor: novel effectors of NK and T cell responses. | Leukoc Biol 2002;72:
856—63.

Frohlich A, Marsland BJ, Sonderegger I, Kurrer M, Hodge MR, Harris NL, Kopf M.
IL-21 receptor signaling is integral to the development of Th2 effector re-
sponses in vivo. Blood 2007;109:2023—31.

Liu L, Xu Y, Wang J, Li H. Upregulated IL-21 and IL-21 receptor expression is
involved in experimental autoimmune uveitis (EAU). Mol Vis 2009;15:2938—44.
Liu Z, Yang L, Cui Y, Wang X, Guo C, Huang Z, Kan Q, et al. [I-21 enhances NK
cell activation and cytolytic activity and induces Th17 cell differentiation in
inflammatory bowel disease. Inflamm Bowel Dis 2009;15:1133—44.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

51.

61

Monteleone G, Monteleone I, Fina D, Vavassori P, Del Vecchio Blanco G,
Caruso R, Tersigni R, et al. Interleukin-21 enhances T-helper cell type I
signaling and interferon-gamma production in Crohn’s disease. Gastroenter-
ology 2005;128:687—94.

Niu X, He D, Zhang X, Yue T, Li N, Zhang JZ, Dong C, et al. IL-21 regulates Th17
cells in rheumatoid arthritis. Hum Immunol 2010;71:334—41.

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

Geri G, Terrier B, Rosenzwajg M, Wechsler B, Touzot M, Seilhean D, Tran TA,
et al. Critical role of IL-21 in modulating TH17 and regulatory T cells in Behget
disease. | Allergy Clin Immunol 2011;128:655—64.

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. ] Immunol 2009;182:
4649—56.

Fantini MC, Rizzo A, Fina D, Caruso R, Becker C, Neurath MF, MacDonald TT,
et al. IL-21 regulates experimental colitis by modulating the balance between
Treg and Th17 cells. Eur J Immunol 2007;37:3155—63.

Frleta M, King V, Reilly JH, Kerr S, Gilchrist DS, Tornehave D, et al. Expression of
IL-21 receptor in synovial tissue and blood of patients with rheumatoid
arthritis. Ann Rheum Dis 2012;71(Suppl. 1). A83.

Feldmann M, Brennan FM, Paleolog E, Cope A, Taylor P, Williams R, et al. Anti-
TNF alpha therapy of rheumatoid arthritis: what can we learn about chronic
disease? Novartis Found Symp 2004;256:53—69. discussion 69—73, 106—11,
266—-9.

Vollmer TL, Liu R, Price M, Rhodes S, La Cava A, Shi FD. Differential effects of IL-
21 during initiation and progression of autoimmunity against neuroantigen.
J Immunol 2005;174:2696—701.

Terrier B, Geri G, Chaara W, Allenbach Y, Rosenzwajg M, Costedoat-
Chalumeau N, Fouret P, et al. Interleukin-21 modulates Th1 and Th17 re-
sponses in giant cell arteritis. Arthritis Rheum 2012;64:2001—-11.

Carbone G, Wilson A, Diehl SA, Bunn ], Cooper SM, Rincon M. Interleukin-6
receptor blockade selectively reduces IL-21 production by CD4 T cells and 1gG4
autoantibodies in rheumatoid arthritis. Int J Biol Sci 2013;9:279—88.

Herber D, Brown TP, Liang S, Young DA, Collins M, Dunussi-Joannopoulos K. IL-
21 has a pathogenic role in a lupus-prone mouse model and its blockade with
IL-21R.Fc reduces disease progression. | Immunol 2007;178:3822—30.


http://refhub.elsevier.com/S1878-3317(14)00022-9/sref28
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref28
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref28
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref28
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref29
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref29
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref29
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref29
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref29
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref29
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref30
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref30
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref30
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref30
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref31
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref32
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref32
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref32
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref32
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref32
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref33
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref33
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref33
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref33
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref33
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref34
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref34
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref34
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref34
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref35
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref35
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref35
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref36
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref36
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref36
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref36
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref37
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref37
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref37
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref37
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref38
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref38
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref38
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref39
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref39
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref39
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref39
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref40
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref40
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref40
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref40
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref40
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref41
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref41
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref41
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref42
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref42
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref42
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref42
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref43
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref43
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref43
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref43
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref44
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref44
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref44
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref44
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref44
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref44
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref45
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref45
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref45
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref45
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref46
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref46
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref46
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref47
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref48
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref48
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref48
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref48
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref49
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref49
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref49
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref49
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref50
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref50
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref50
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref50
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref51
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref51
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref51
http://refhub.elsevier.com/S1878-3317(14)00022-9/sref51

	Interleukin-21 Receptor Might be a Novel Therapeutic Target for the Treatment of Rheumatoid Arthritis
	1 Introduction
	2 Methods
	2.1 Patients and sampling
	2.2 Real-time PCR
	2.3 Flow cytometry
	2.4 Statistical analysis

	3 Results
	3.1 IL-21R expressing CD4+ cells
	3.2 Expression of IL-21 in total RNA extracts

	4 Discussion
	Acknowledgments
	References


