Folia Medica 65(1):53-59

fOlia 1 DOI: 10.3897/folmed.65.e72448
medica
8 Original Article

Rheumatoid Arthritis and Proinflammatory
Cytokine IL-17

Pavel Selimov!, Rositsa Karalilova!, Ljubinka Damjanovska?, Ginka Delcheva?, Teodora Stankova®,
Katya Stefanova®, Ana Maneva®, Teodor Selimov?, Anastas Batalov!

! Department of Propedeutics of Internal Diseases, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria
2 Rheumatology Clinic, Sts Cyril and Methodius University, Skopje, Republic of North Macedonia

3 Department of Medical Biochemistry, Faculty of Pharmacy, Medical University of Plovdiv, Plovdiv, Bulgaria

# Medical University of Plovdiv, Plovdiv, Bulgaria

Corresponding author: Pavel Selimov, Department of Propedeutics of Internal Diseases, Faculty of Medicine, Medical University of Plovdiv, 15A Vas-
sil Aprilov Blvd., 4002 Plovdiv, Bulgaria; Email: pavel_teo@abv.bg; Tel.: +359 886 887 610

Received: 1 Aug 2021 ¢ Accepted: 4 Oct 2021 ¢ Published: 28 Feb 2023

Citation: Selimov P, Karalilova R, Damjanovska L, Delcheva G, Stankova T, Stefanova K, Maneva A, Selimov T, Batalov A. Rheumatoid
arthritis and the proinflammatory cytokine IL-17. Folia Med (Plovdiv) 2023;65(1):53-59. doi: 10.3897/folmed.65.€72448.

Abstract

Introduction: Rheumatoid arthritis (RA) is the most common inflammatory joint disease. Various proinflammatory cytokines are
involved in the pathogenesis of this chronic disorder. It is characterized by the presence of autoantibodies, such as rheumatoid factor
and antibodies against citrullinated peptides. The present study focuses on investigation of possible association between the proinflam-
matory cytokine interleukin 17 and anti-CCP, anti-MCV, and anti-CarP antibodies seropositivity in RA patients.

Aim: To assess serum levels of interleukin 17 (IL-17) in patients with rheumatoid arthritis and healthy controls (HC) and to investigate
the relationship between IL-17 and anti-cyclic citrullinated protein (anti-CCP) antibodies, anti-mutated citrullinated vimentin (anti-
MCV) antibodies, and anti-carbamylated protein (anti-CarP) antibodies in patients with RA.

Materials and methods: Forty-seven patients diagnosed with rheumatoid arthritis and 44 healthy controls were included in the study.
Serum IL-17 levels were examined in all participants. Anti-CCP, anti-MCV, and anti-CarP antibodies were tested in the group of RA
patients.

Results: The mean serum level of IL-17 in RA patients was higher (12.8 pg/ml) than that in healthy controls (7.9 pg/ml), but the differ-
ence was not statistically significant (p=0.276). No significant correlation was observed between anti-CCP (+/-) and IL-17 (r=0.162,
p=0.380), and between anti-MCV (+/-) and IL-17 (r=0.157, p=0.340). A significant positive correlation of moderate value was reported
between anti-CarP (+/-) and IL-17 (r=0.388, p=0.015).

Conclusions: The present study demonstrated that the IL-17 serum levels in RA patients were increased compared to healthy controls.
No correlation was found between ACPA immunological markers and IL-17 levels in patients with RA. A positive correlation was
found between anti-CarP antibodies and IL-17 in the patients’ group. The increased level of IL-17 is suggestive of its possible role in the
pathogenesis of CarP positive RA patients.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory joint disease with a main clinical manifestation of
symmetrical progressive erosive polyarthritis, leading to
cartilage and bone breakdown, and progressive, irrevers-
ible joint destruction.!-3]

RA is the most common autoimmune inflammatory
joint disease.[**) It affects all races and age groups, with
the prevalence of the disease being estimated to be approx-
imately 0.5%-1% of the population in Europe and North
America.[1:26-8]

The etiology of rheumatoid arthritis is still unknown,
but the polygenic autoimmune disease theory, with patho-
genesis incorporating both genetic and environmental
variables, including infectious agents, is quite relevant.[1]

Presence of autoantibodies is one of the main character-
istics of RA.['J Many of these disease-associated antibod-
ies target products of post-translational modifications of
proteins, such as citrullination, carbamylation, acetylation,
and glycosylation.['!1>] Thus, each patient with RA is char-
acterized by a spectrum of antibodies against post-transla-
tionally modified proteins.!®!

Anticitrullinated peptide antibodies (ACPA) target a
wide range of citrullinated antigens, such as fibrinogen,
vimentin, a-enolase, filagrin, collagen type II, biglican,
keratin and histones, and their polyreactivity against ci-
trullinated residues has been demonstrated.!'"17-1 These
include antibodies against cyclic citrullinated proteins
- anti-CCP antibodies, antibodies against mutated / re-
combinant / modified citrullinated vimentin - anti-MCV,
anti-CarP antibodies - against citrullinated vimentin, an-
tibodies directed against citrullinated areas of fibrinogen,
a-enolase, collagen type I and II, etc.[!l In addition to rheu-
matoid factor, the 2010 ACR / EULAR classification criteria
for RA include the ACPA antibodies.!>20-2]

Carbamylation of proteins leads to loss of their standard
structure and impaired tolerance and ultimately to the for-
mation of autoantibodies against carbamylated proteins —
anti-CarP antibodies.[!]

Cytokines involved in the pathogenesis
of RA

Several inflammatory mediators, including cytokines,
cause mononuclear cell infiltration into the synovium and
cartilage and bone destruction. These cytokines affect the
interaction between cellular, immunological and biochem-
ical mediators of inflammation at many levels.?3] Proin-
flammatory cytokines such as TNF-a, IL-1B, IL-17, and
IFN-y play a critical role in the pathogenesis of RA.[?*]

The involvement of TNF-a and IL-1, which are interre-
lated in regulatory processes through a positive feedback,
is crucial as they cause most of the pathological changes.
These cytokines are the major inducers of fibroblast prolif-
eration in pannus that produce collagenase and other pro-
teolytic enzymes, which in turn cause cartilage destruction.

They also activate osteoclasts for bone demineralization
and stimulate angiogenesis, which cause systemic symp-
toms such as malaise, fatigue, and increased acute phase
reactants in serum. The IL-23/IL-17 axis has been shown
to play an essential role in the pathogenesis of autoimmune
processes, such as experimental autoimmune encephalo-
myelitis, type 1 diabetes mellitus, and uveitis. In RA, IL-
17 is detected in the synovium, and this cytokine has been
shown to synergize with IL-1 to induce production of IL-6
by synovial fibroblasts and enhance the expression of spe-
cific chemokines in connective tissue. IL-17 is produced
by Th17 and other cells?>?); it stimulates the secretion of
TNF-qa, IL-1p, and chemokines by macrophages and oth-
er cell types. Transforming growth factor-p (TGF-B) and
IL-6 induce the differentiation of Th17 cells, while IL-23
secreted by the antigen-presenting cells (APCs) facilitates
the expansion and maintenance of this subset of T cells.!?*!

IL-17 induces many chemokines and cytokines, in part
by activating NF-kB via the classical pathway and exhibits
pronounced synergism with TNF-a. Th1 cells are primarily
responsible for cell-mediated immunity and Th2 cells for
humoral immunity. An additional helper T-cell type called
Th17 has been identified after labeling its cytokine IL-17,
suggesting the involvement of Th17 and IL-17 in the patho-
genesis of RA. The effect of IL-17 is significantly enhanced
by synergism with TNF-a, which is produced by T cells
and activated macrophages. Activated macrophages also
produce IL-6 and IL-1. Interleukin 6, in some cases IL-1,
TNF-qa, and IL-17, in addition to TLR-2 and -4 ligands, di-
rectly or indirectly leads to the expression of RANK ligand
(RANKL) on osteoblast stromal cells and synoviocytes,
and RANKL is the central mediator of osteoclastogene-
sis that is essential for the function of mature osteoclasts.
Th17 cells can directly stimulate this process, as only this
T-helper class preferentially expresses RANKL. In addition,
IL-17 regulates osteoprotegerin, the natural antagonist of
RANKL. The increased ratio of RANKL to osteoprotegerin
ensures the generation of osteoclasts from monocyte pre-
cursors and the continued activation and maintenance of
mature osteoclasts that erode bone and thus participate
in pathological processes in RA IL-1 and TNF-q, also di-
rectly contributing to a differential of osteoclasts and their
activation. Neutrophils activated by IL-17-induced chemo-
kines also further contribute to tissue destruction. Proin-
flammatory cytokines, including TNF-qa, IL-1, and IL-17,
induce the classical NF-kB activation pathway. Th17 cells
produce IL-17A (also known as IL-17), as well as IL-17F,
which is thought to have the same biological activity as IL-
17, although it has a lower affinity for the IL-17 receptor.!?”)
Interleukin 17 has been implicated in the pathogenesis of
numerous autoimmune diseases including RA.

AIM

The aim of the study was to evaluate and compare the se-
rum IL-17 levels of RA patients and healthy controls and
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to investigate the relationship between serum levels of the
inflammatory mediator Il-17 and anti-CCP, anti-MCV, and
anti-CarP antibodies in patients with RA.

Patients

Ninety-one participants were included in the study. The
patient group consisted of 47 patients diagnosed with RA
(22% men and 78% women) with a mean age of 59+12,
hospitalized in the Clinic of Rheumatology of Kaspela
University Hospital and the Rheumatology Department
of COH Hospital. The control group included 44 healthy
subjects (32% men and 68% women) with a mean age of
49+13 years.

Patients with RA were diagnosed according to the
Classification Criteria of ACR/EULAR 2010. The average
duration of the disease was 8 years. Disease activity was
assessed according to the accepted DAS 28 disease activ-
ity scoring system. According to this scale, patients were
assessed with high disease activity (DAS 28>5.1), moder-
ate disease activity (5.1<DAS 28>3.2), low disease activity
(3.2<DAS 28>2.6), and remission (DAS 28<2.6).

The inclusion criteria for the patient group were the fol-
lowing: adult patients (18 - all -19-82, RA 31-82, HC 19-
79 years); diagnosed RA according to ACR/EULAR 2010
criteria; a stable dose of DMARDs for a period of three
months prior to enrollment; lack of other rheumatic dis-
ease. The inclusion criteria for the control group were age
>18 years old, and no evidence of rheumatic disease.

All patients were on stable drug modifying anti-rheumat-
ic drugs (DMARD:s) therapy for at least three months at the
time of blood sampling. All the patients received DMARDs —
conventional synthetic DMARDs (csDMARD:s) (methotrex-
ate, leflunomide) (n=47), biologic agents (b DMARD:s) (n=3),
and combination of csDMARDs with bDMARDs (n=14).

The study was conducted according to the requirements
of Good Clinical Practice and in compliance with the
Declaration of Helsinki. All participants signed informed
consent prior to enrollment in the study. The study was ap-
proved by the Local Ethics Commission.

MATERIALS AND METHODS

Laboratory studies

The immunological tests were performed in the Depart-
ment of Medical Biochemistry, Faculty of Pharmacy, in the

Table 1. IL-17 levels in patients with RA and healthy controls

Rheumatoid Arthritis and Cytokine IL-17

Medical University of Plovdiv. Anti-MCV antibody - an
ELISA Kit from ORGENTEC Diagnostika, Mainz - Ger-
many was used to test IgG class autoantibodies against
mutated citrullinated vimentin (MCV). Anti-CCP anti-
body - anti-CCPhs (high-sensitive) from ORGENTEC
Diagnostika, Mainz - Germany were used to test autoan-
tibodies against cyclic citrullinated peptides (CCP) IgG
class. Human IL-17A A - human IL-17A ELISA kit, Dia-
clone, France, was used to test human IL-17A. Anti-CarP
antibodies - human anti-carbamylated protein antibody
(ACPADb) ELISA Kit from Sincere Biotech, China was used
to test anti-carbamylated antibodies.

Statistical analysis

Data analysis was performed using IBM SPSS, version 24
(2016). The serum levels of IL-17 in the RA patients and
healthy controls were compared using the Mann-Whitney
U test. Associations between serum levels of IL-17 with
anti-CCP, anti-MCV, and anti-CarP were established us-
ing Spearman rank-order correlation. Receiver operating
characteristic (ROC) curve was used to examine the ability
of IL-17 to distinguish between anti-CarP (+/-) cases. The
results were interpreted as statistically significant at p<0.05.

RESULTS

Comparison of IL-17 levels in RA patients
and healthy controls

IL-17 levels were assessed in 47 RA patients and 44 healthy
controls (Table 1). In patients with RA, the median serum
level of IL-17 was higher (7.0 pg/m) than in healthy con-
trols (3.9 pg/m) with no statistically significant difference
(p=0.11).

Relationship between IL-17 levels and
anti-CCP, anti-MCV, and anti-CarP
antibodies in RA patients

Spearman rho correlation analysis was used for this analysis
because association was sought between data encoded on
a dichotomous scale (0-1) — anti-CCP, anti-MCV, and an-
ti-CarP and others measured by continuous scale - (IL-17).
The correlation coeflicients are interpreted in relation to
Cohen reference values (Cohen, 1988) as follows:
« very high / high correlation: + (0.70 - 1)

Group N Mean SD Median IQR Mann-Whitney (U) p

RA 47 12.8 28.6 7.0 9.1

Healthy 678.5 0.11
44 7.9 7.03 3.9 5.1

controls

IRQ: interquartile range
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o large / high correlation:  (0.50 - 0.69)

« medium / moderate correlation: + (0.30 - 0.49)

o weak / low correlation: + (0.10 - 0.29)

« DPositive values indicate a positive linear correlation,
while negative values indicate a negative linear cor-
relation.

The correlation coefficients are presented in Table 2.
No significant correlation was observed between anti-CCP
(+/-) and IL-17 (r=0.162, p=0.380). There was no sig-
nificant correlation between anti-MCV (+/-) and IL-17
(r=0.157, p=0.340). A significant positive correlation of
moderate value was found between anti-CarP (+/-) and
IL-17 (r.=0.388, p=0.015).

The association between anti-CarP and IL-17 serum
levels is illustrated by the ROC curve (Fig. 1), showing a
significant ability of IL-17 to distinguish anti-CarP posi-
tive from negative cases, AUC = 0.748 (95% CI 0.56-0.88,
p=0.005). The optimal criterion IL-17 level was established
as >3.61 pg/ml, with sensitivity of 72% and specificity of
80%.

Table 2. Spearman test results for the relationship between IL-17
levels and anti-CCP, anti-MCV, and anti-CarP antibodies in the
sample of RA patients

Parameters  Statistics IL-17
anti-CCP Spearman correlation coefficient 0.162
(+/-) p-value 0.380
N 47
anti-MCV  Spearman correlation coefficient 0.157
(+/-) p-value 0.340
N 47
anti-CarP Spearman correlation coefficient 0.388
(+/-) p-value 0.0015*
N 47
* significant at p<0.05

Figure 1. Rock curve illustrating the relationship between anti-
CarP +/- and IL-17 levels in patients with RA.

DISCUSSION

Rheumatoid arthritis is a chronic inflammatory disease
characterized by imbalance between pro- and anti-inflam-
matory cytokines.?®) In addition to TNF-a, IL-1B, and
IL-6, other cytokines such as IL-23, IL-17, and interferon
gamma (IFN-y) play crucial roles in the pathogenesis of
RA. Wu et al.?”! found experimentally that IL-17 and IL-
22 could induce RANKL expression in human synovial fi-
broblasts, leading to a loss of RANKL/osteoprotegerin bal-
ance. This process causes enhanced osteoclastogenesis and
bone erosion in autoimmune arthritis. IL-17 may increase
the production of vascular endothelial growth factors in
rheumatoid fibroblasts such as synoviocytes, contributing
to angiogenesis in the rheumatoid synovium. In addition,
IL-17 can stimulate the expression of various proinflam-
matory cytokines, e.g., IL-1B, TNF-qa, IL-6 and enzymes
that degrade the matrix - for example, matrix metallopro-
teinases in all synovial tissue, synovial fibroblasts, and car-
tilage, thus potentiating the inflammation and destruction
of cartilage during the development of RA.?*) Scher et al.
demonstrated a defect in the function of circulating Treg
cells, elevated levels of Th17 cells, and their cytokine IL-17
in both plasma and synovium in RA patients.?’!

A recent meta-analysis reported that IL-17 levels were
significantly higher in RA patients than in the control
groups and that expression of IL-17A rs2275913, IL-17F
rs763780 and IL-17A rs3819024 polymorphisms were sig-
nificantly more expressed in RA patients.?’)

The role of IL-17 is well established in the pathogenesis
of rheumatoid arthritis, as well as in other autoimmune
and inflammatory diseases.>*32l A number of research-
ers have studied the relationship between serum levels of
cytokines and various proteins involved in the pathogen-
esis of RA. Qu et al. investigated serum level of IL-17 in
RA patients and the correlation between IL-17 and 14-3-
3g protein.’!) Medhat et al. found significantly increased
mean serum IL-17 level in RA patients compared with
controls.’?l This finding is consistent with some previ-
ous studies.?*38 In addition, the authors assessed serum
and synovial fluid (SF) level of IL-17 in RA patients and
its correlation with disease activity and severity. Posi-
tive correlations of serum and SF IL-17 levels with power
Doppler ultrasound (PDUS) findings and Larsen score
were reported.

Despite the fact that anti-CCP and anti-MCV have been
established in rheumatoid arthritis, there is growing evi-
dence that these antibodies may be negative in some pa-
tients with certain rheumatoid arthritis. Our study provides
another opportunity to improve the diagnostic process in
patients with RA by examining a new autoantibody.

A number of investigators have found that IL-17 is a key
cytokine in the pathogenesis of RA. However, many clinical
trials investigating the efficacy of monoclonal antibodies
targeting IL-17 have shown that blocking this pathogenetic
axis is not predominant in RA. Knowledge of the pathways
that control and suppress inflammation in RA are essential
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and crucial for understanding the pathophysiology of the
disease and developing new therapeutic strategies in RA.[*"!

The present study focuses on the investigation of serum
IL-17 levels in RA and healthy controls. In addition, we as-
sessed association between serum IL-17 levels and seropos-
itivity in RA group. The patients were tested for anti-CCP,
anti-MCV, and anti-CarP antibodies. We found higher se-
rum level of IL-17 in the patient’s group than in the healthy
controls, but the difference was not statistically significant.
This finding is consistent with most of the data available in
the literature. We found no significant correlation between
ACPA (anti-CCP and anti-MCV) positivity and IL-17. The
mean values of IL-17 in anti-CCP and anti-MCV positive
and negative patients were similar. A moderate positive
correlation was found between anti-CarP antibodies and
IL-17. The mean values of IL-17 showed a significant dif-
ference in anti-CarP positive and negative patients. Carba-
mylation is dependent on myeloperoxidase and correlates
with the inflammatory process. In this regard, an additional
study in a larger group of participants of laboratory inflam-
matory activity compared with the two quantities would
provide additional information. Ridgley et al. reviewed the
predominant cytokines in early rheumatoid arthritis and
considered their implications for future treatment strate-
gies.[*) New roles for cytokines of the IL-23/Th17 axis, type
I interferons, and IL-8 have been suggested in the progres-
sion of ACPA-positive arthralgia.[*]

CONCLUSIONS

The present study found increased serum level of IL-17 in
RA patients compared to healthy controls although these
differences were not statistically significant. The positive
correlation between anti-CarP-antibodies and IL-17 serum
level is highly suggestive of a possible role of this cytokine
in the pathogenesis of RA in CarP positive patients.

Limitations

A limitation of the present study is its cross-sectional de-
sign. This could affect the obtained results. Another lim-
itation is the lack of correlation with disease activity and
radiographic stage of the disease.
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Pe3tome

BBefieHue: Pesmaronznusii aprput (PA) sBisiercs Hanbornee paclpoCTpaHEHHBIM BOCIIA/IMTEIbHBIM 3a00/IeBaHyeM CyCTaBoB. B ma-
TOTeHe3e 3TOr0 XPOHMYECKOT0 3a00/IeBaH sl yIaCTBYIOT pas/IMIHbIe IPOBOCIIA/INTENbHbIE IMTOKMHBL. OH XapaKTepusyeTcs Hau4dmueM
ayTOAHTHUTEI, TAKMX KaK PeBMaTOMHBII (PaKTOP M aHTHTeIA K IMKINIeCKOMY LMTPY/UIMHOBOMY Ientuay. Hacrosiee nccnegoBaHme
COCPeIOTOYEeHO Ha MI3YYeHMM BO3MOXKHOMN CBA3Y MEX/Y IPOBOCIAINTEIbHBIM IIMTOKIHOM MHTEPICNKINHOM 17 M CepOIo3UTHBHO-
cTb10 K aHTU-CCP, antu-MCV n antu-CarP y manuentos ¢ PA.

Lenb: Ouennts cbiBOpoTOYHBIe YpoBHU MHTepeiikyuHa 17 (IL-17) y maumeHTOB ¢ peBMaTOMHBIM apTPUTOM ¥ 3TOPOBBIX JTIOEN
(KT), a Takxe M3YYUTDb B3aMMOCBA3b MeXAy IL-17 1 aHTUTeTaMM K IMKINYECKOMY LIMTPY/UIMHUpOoBaHHOMY nentupy (antu-CCP),
aHTMMYTaHTHBIMYU aHTUTEIAMM. aHTUTeENIA K IUTPY/UIMHOBOMY BUMeHTUHY (aHTU-MCV) 11 aHTHTeNa K KapOaMIIMPOBaHHOMY Oe/Ky
(antu-CarP) y nanmenros ¢ PA.

Matepuanbl 1 meTofbl: B nccnenoBanme 6bU1M BKIIOUEHD! 47 IALIMEHTOB C [UATHO30M PeBMaTOMIHbIN apTPUT U 44 3[0POBBIX YeII0-
Beka. YpoBHM IL-17 B CbIBOPOTKe OBLIM UCCTIENOBAHbI y BCeX yuacTHUKOB. AHTH-CCP, ant-MCV 1 antu-CarP 6b11m nmpoTtecTuposa-
HbI B rpymnie 601bHbIX PA.

3aknoueHue: Hacrosmiee nccnegoBaHue OKas3ano, YT0 ypoBHM IL-17 B CBIBOPOTKe y IAIMEHTOB ¢ PA GBIV IIOBBILIEHEI IIO CpaBHe-
HUIO CO 3[J0POBBIMM TIOAbMI 13 KOHTPONbHON Ipynmsl. Koppenanym mMexxny uMMmyHonorndeckumy Mapkepamu ACPA u ypoBHAMYI
IL-17 y 60npHbIX PA BbIAB/IEHO He 6bUTO. BhIsAB/IeHA MOMOXNUTENbHAA KOppenaLusa Mexy aHTu-CarP-anturenamu u IL-17 B rpymme
607bHBIX. I10BBIIIEHHDIT YPOBeHD IL-17 MO3BOMAET MPEANONOXNTD €r0 BO3SMOXKHYIO poiib B atoreHede CarP-mo3uTUBHBIX MallMeH-
TOB ¢ PA.

KnwoueBble cnosa

auTu-CCP, autu-MCV, antu-CarP, IL-17, peBMaTONAHBI apTPUT
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