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Abstract

Objectives: The significance of T helper 17 (Th17) cells in the pathogenesis of
rheumatoid arthritis (RA) has recently been demonstrated in many studies.
Retinoic acid receptor-related orphan receptor yt (RORyt) is a transcription
factor that is specifically involved in the generation of Th17 cells. Besides, the
chemokine receptor CCR6, the receptor for CCL20, is characteristically
expressed by these cells. Considering the pivotal roles of Th17 cells in RA
pathogenesis, in this study, we assessed the gene expression of CCR6 and
RORyt in the peripheral blood leukocytes of new case RA patients. Also, we
evaluated their association with anticyclic citrullinated peptide (anti-CCP)
antibodies and disease activity.

Methods: Forty-five new case RA patients and 45 healthy persons have been
recruited in this investigation. The gene expression of CCR6 and RORyt was
evaluated by quantitative real-time PCR (qQRT-PCR), and anti-CCP antibodies
plasma levels were measured using the enzyme-linked immunosorbent assay
(ELISA) technique. Disease activity was measured according to the disease
activity score-28 (DAS-28) formula.

Results: The gene expression of CCR6 and RORyt increased remarkably in
new case RA patients compared to healthy controls (p <.05 and p <.01,
respectively). Moreover, there was a positive correlation between RORyt gene
expression and parameters, including gene expression of CCR6 (p =.001,
r = .461), plasma levels of CCL20 (p =.0009, r = .477), ESR (p = .004, r = .419),
DAS-28 (p =.006, r=.402), anti-CCP (p =.019, r=.346), and RF (p =.001,
r=.451). Also, CCR6 gene expression was positively associated with the
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1 | INTRODUCTION

Rheumatoid arthritis (RA) is a complex chronic immune-
mediated inflammatory disease (IMID) that mainly
affects the small joints." RA, as a genetically, pathologi-
cally, and clinically heterogeneous disorder with differ-
ent subtypes, affects almost 1% of the global people.?
Various molecules, including autoantibodies, major
histocompatibility complex (MHC), pro-inflammatory
cytokines, and chemokines, play a crucial role in the
pathogenesis of RA.>® Chemokines and chemokine
receptors have an indispensable role in leukocyte
migration and extravasation in RA.” Chemokine recep-
tors have been classified into two large groups, including
CCR and CXCR groups, according to their amino acid
cysteine.® Multiple chemokines and their receptors,
including cysteine-cysteine motif chemokine ligand 2
(CCL2), CCL3, CCL4, CXCL10, CCR1, CCR2, and CCRS5,
have been implicated in the pathogenesis of RA.”* More
recently, we have reported a highly significant elevation
in the plasma levels of CCL20 in newly diagnosed RA
patients, which was in association with laboratory and
clinical parameters of RA.'® CCL20 mediates its effect by
binding to the CCR6, which is mainly expressed by
T helper 17 (Th17) cells; cells that not only fulfill a crucial
role in protecting the host against fungal and bacterial
infections but also in multiple immune-mediated
inflammatory disorders, comprising RA, inflammatory
bowel disease, uveitis, multiple sclerosis, asthma, and
psoriasis.'*™® A previous study showed that the
CCR6-CCL20 axis has important effects on RA patho-
genesis.'* CCR6 mediates the ingress of Th17 cells into
inflamed synovial tissues in RA.” Furthermore, using a
genome-wide association study (GWAS) of RA, it was
revealed that the polymorphism of the CCR6 gene is
linked with susceptibility to RA." It is worth considering
that the development, differentiation, and function of
Th17 cells depend on the retinoic acid receptor-related
orphan receptor yt (RORyt), which is the Th17 lineage-
specific transcription factor. Also, RORyt, which is
encoded by the RORC gene, enhances the interleukin-17
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DAS-28 (p =.037, r =.310), plasma levels of anti-CCP (p = .037, r =.312), and
ESR (p =.029, r=.327).
Conclusion: Increased gene expression of CCR6 and RORyt in peripheral
blood leukocytes of new case RA patients may contribute to the exacerbation
and pathogenesis of RA.

anti-CCP, CCR6, DAS-28, rheumatoid arthritis, RORyt

(IL-17) generation, and as a result, enhances the immune
cells' attraction and migration to the sites of inflamma-
tion.'®'” Given the existing data about the importance of
CCR6 and RORyt in the pathogenesis of RA, in the
present investigation, we assessed the gene expression of
CCR6 and RORyt in peripheral blood leukocytes of new
case RA patients compared to healthy individuals. To
survey the impact of CCR6 and RORyt gene expression on
RA severity, we analyzed their association with Disease
Activity Score-28 (DAS-28), the well-established criteria of
RA disease activity, and anti-cyclic citrullinated peptide
(anti-CCP), a strong serologic predictor of RA severity.'®

2 | MATERIALS AND METHODS

2.1 | Study population

The current cross-sectional investigation has been performed
on 45 new case RA patients who were referred to Imam
Reza Hospital, Kermanshah University of Medical Sciences
(KUMS), Kermanshah, Iran. Besides, 45 age- and gender-
matched healthy subjects lacking any background of
autoimmune diseases were chosen as the control group.
The study was per the Declaration of Helsinki and was
performed with approval from the Ethics Committee of the
KUMS (Ethical code: IR.KUMS.REC.1400.175). All the
patients and control population signed informed consent.
Meanwhile, all the patients were diagnosed according to the
American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) 2010 classification
criteria for RA' by an expert rheumatologist.

2.2 | RNA isolation and cDNA synthesis
Total RNA was extracted from whole blood specimens
according to the manufacturer’s instructions (RNX plus,
SinaClon). The concentration and purity of the extracted
RNA were measured using a NanoDrop 2000 UV-Vis
Spectrophotometer (Thermo Scientific), and further, its
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purity was evaluated by 1% agarose gel electrophoresis. The
extracted RNA was aliquoted and stored at —70°C until use.
Complementary DNA (cDNA) synthesis was conducted
using the Easy cDNA Synthesis Kit (Parstous Biotechnology)
according to the manufacturer's guidelines.

2.3 | Real-time PCR for CCR6 and
RORyt genes

Primer designing for genes of CCR6, RORyt, and GAPDH, as
an internal control for normalization, was accomplished
using online software, including Oligocalc and Oligoanaly-
zer. The oligonucleotide sequences of the designed primers
and their PCR product length are represented in Table 1. The
accuracy and specificity of the designed primers were
confirmed using the Basic Local Alignment Search Tool on
the US National Center for Biotechnology Information
(NCBI) website (http://www.ncbi.nlm.nih.gov/tools/primer-
blast/). Real-time PCR analysis was accomplished in a final
volume of 15 uL containing 1 uL of cDNA, 0.5 mM of each
forward and reverse primer, 7.5puL of PCR Master Mix
(Parstous Biotechnology), and 5.5uL of ddH,0. The PCR
reactions were carried out on the Light cycler 96 (Roche)
using the thermal cycling parameters (95°C 30 s, 40 cycles of
5s at 95°C, 30s at 60°C, 62°C, and 65°C for GAPDH, CCR6,
and RORyt, respectively; melting curve: 5s at 95°C, 15s at
65°C, 55 at 95°C, and continues melting). All samples were
run in duplicates to diminish the risk of false-positive or
false-negative results owing to technical errors. The relative
quantity of target mRNA in samples was computed and
normalized to the corresponding GAPDH mRNA transcript
level as a housekeeping gene. The relative gene expression
for each sample was determined using the following
formula (ratio:(Etarget)ACt target (control-sample) /(ERef)ACt Ref
(control-sample)y "5 formerly described by Pfaffl.>

24 | Measurement of anti-CCP and
CCL20 plasma levels

The plasma levels of anti-CCP and CCL20 have been
measured using the enzyme-linked immunosorbent
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assay (Medizym and Eastbiopharm, respectively) based
on the manufacturer's recommendations.

2.5 | DAS-28

The disease activity score was evaluated by an expert
rheumatologist according to the formula DAS28 =0.56
(TN +0.28 (S1)”*+0.70 In (ESR)+0.014 GH (TI:
number of tender joints from 28 joints, SI: number of
swollen joints from 28 joints, GH: global health, ESR:
erythrocyte sedimentation rate), as described previously
by Inoue et al.*!

2.6 | Statistical analysis

Statistical analysis was performed with SPSS software
(version 21.0, SSPS Inc.) and the software GraphPad
Prisms® 6.0 (GraphPad Software). The 1-sample
Kolmogorov-Smirnov test (1-sample K-S test) deter-
mined the distribution normality in the groups. The
p value is based on the independent ¢-test or
Mann-Whitney nonparametric test for statistical
comparisons between both RA and control groups.
The correlation between the two variables was
determined by the Spearman rank correlation analy-
sis. The p value is considered statistically significant
at the level of <.05.

3 | RESULTS

3.1 | Studied participants

The current study investigated 45 new case RA patients
and 45 healthy persons. In terms of age and sex, there
was no significant difference between new case RA
patients and controls (p>.05). Moreover, the mean
BMI was significantly greater in the new case RA
patients when compared to the controls (p <.05). The
demographic information and clinical properties of
participants are shown in Table 2.

TABLE 1 Oligonucleotide sequence of the designed primers for qRT-PCR amplification.

Gene name

GAPDH

Forward primer (5'-3")
GAAACCTGCCAAGTATGATG
CCR6 CCACAATGAGCGGGGAATCAATGAA

RORyt CCTGCTGAGAAGGACAG

Reverse primer (5'-3')

PCR product length (bp)

AGGAAATGAGCTTGACAAAG 188
CAAATAGCCTGGAGAACTGCCTGAC 150
GATCCCAGACGACTTGTC 109


http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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The gene expression levels of CCR6

and RORyt in peripheral blood cells of
study groups

The gene expression of CCR6 and RORyt increased
significantly in peripheral blood leukocytes of the new
case RA patients compared to healthy subjects (p =.016
and p =.003, respectively) (Figures 1A,B, in order).

TABLE 2

studied participants.

Variables
Age (years)
Sex (F/M)
BMI (kg/m?)?*

CCL20
plasma
levels
(ng/L)

AntiCCP-IgG
(U/mL)

RF (IU/mL)
ESR (mm/h)
Swollen joint

Tender joint

RA
patients
(N =45)

48.84 +1.68
32/13

26.83 +0.59
305.94 +£17.21

619.84 + 55.35

115.73 +£9.47
26.91 +2.81
2.11+0.22

3.82+0.40

Healthy
controls
(N =45)

48.98 +£1.82
32/13

25.07 £0.57
138.35+6.31

~  ~ ~ ~

Note: All data are expressed as the mean value + SEM.

The demographic and clinical information of the

p Value
957

.027

<.001

Abbreviations: BMI, body mass index; ESR, erythrocyte sedimentation rate;
N, number; RF, rheumatoid factor.

“BMI was calculated for each individual as weight in kilograms divided by

the squared height in meters (kg/m?).
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3.3 | The plasma concentrations of
CCL20 in patients and controls

The mean plasma concentrations of CCL20 were
significantly elevated in the new case RA patients, in

comparison with the healthy controls (p<.0001)
(Figure 2).
3.4 | Correlation of the RORyt gene

expression with the laboratory and clinical
parameters

There was a positive correlation between gene expression
of RORyt and parameters, including CCR6 gene expres-
sion (p =.001, r =.461), CCL20 plasma levels (p =.0009,
r=.477), ESR (p=.004, r=.419), DAS-28 (p=.006,
r=.402), anti-CCP plasma levels (p=.019, r=.346),

400+
P<0.0001

300+

200+

100

CCL20 plasma levels (ng/L)

T
new case RA control

FIGURE 2 Comparing the plasma concentrations of cysteine-
cysteine motif chemokine ligand 20 (CCL20) in the new case
rheumatoid arthritis (RA) patients and healthy controls. The
plasma concentrations of CCL20 in the new case RA patients were
significantly higher than in controls.
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Gene expressions analysis. (A) The expression levels of CCR6 significantly increased in the newly diagnosed rheumatoid
arthritis patients compared to the control group. (B) RORyt gene expression in the new case group was significantly higher than that of
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and rheumatoid factor (RF) (p =.001, r=.451), in the
newly diagnosed RA patients (Figure 3—f, respectively).

3.5 | Correlation of the CCR6 gene
expression with the laboratory and clinical
parameters

The gene expression of CCR6 was positively correlated
with the DAS-28 (p =.037, r=.310), plasma levels of
anti-CCP (p = .037, r=.312), and ESR (p = .029, r = .327)
(Figure 4a-c, in order).

4 | DISCUSSION

There are several studies in which the importance of
Th17 cells has been indicated in RA pathogenesis.”* >’ In
this study, we assessed the gene expression of CCR6, the
chemokine receptor characteristically expressed by the
Th17 cells, and RORyt, the master regulator transcription

factor for these cells, in the peripheral blood cells of new
case RA patients compared to the healthy controls, as
well as their correlation with the anti-CCP and disease
activity.

The gene expression of CCR6 was significantly
elevated in the newly diagnosed RA patients compared
to the controls in our investigation. CCR® is classified in
the CC chemokine receptor group and is mainly
expressed by memory T cells and dendritic cells.?
CCR6 plays a key role in health and disease and also
has an indispensable role in the recruitment of Th17
cells, the herald cells in inflammatory reactions.>”*® In
line with our findings, the previous studies showed that a
polymorphism in CCR6 increases the susceptibility to
RA.M?* Also, CCR6 has been shown to have an
important impact on the pathogenesis of psoriatic
arthritis (PsA), and targeting CCR6 could have a
promising effect in the treatment of PsA.*®

CCL20, the exclusive ligand for CCRS, is produced by
Th17 cells.*® More recently, we reported elevated levels
of CCL20 in the plasma of newly diagnosed RA

(A) P=0.001 (B) P=0.0009 (C) P=0.004
r=0.461 r=0.477 r=0.419
41 41 41
31 3
1 g, £
=) =} =)
=4 & =4
14 14
o
0 T T ] 0 — T T T 1
0 200 400 600 0 20 40 60 80 100
CCL20 (ng/L) ESR (mm/h)
(D) P=0.006 (E) P=0.019 (F) P=0.001
r=0.402 r=0.346 r=0.451
44 44 4-
[ ] [ ] L N ]
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FIGURE 3 Correlation of RORyt with clinical and laboratory parameters in the new case RA patients. (A) RORyt gene expression was

positively correlated with the CCR6 gene expression in the new case RA patients (p =.001, r = .461). (B) There was a positive association
between cysteine-cysteine motif chemokine ligand 20 (CCL20) plasma level and RORyt gene expression in the new case RA patients
(p=.0009, r=.477). (C) The gene expression of RORyt was positively associated with the erythrocyte sedimentation rate in the new case RA
patients (p =.004, r = .419). (D) There was a positive relationship between RORyt gene expression and Disease Activity Score-28 in the new
case RA patients (p =.006, r = .402). (E) RORyt gene expression was positively correlated with the anti-CCP plasma levels in the new case
RA patients (p =.019, r =.346). (F) The shown graph depicts a positive correlation between the RORyt gene expression and rheumatoid
factor in the new case RA patients (p =.001, r = .451).
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FIGURE 4 Correlation of the CCR6 gene expression with the Disease Activity Score-28 (DAS-28) and anti-cyclic citrullinated peptide
(anti-CCP) in the new case RA patients. (A) The gene expression of CCR6 was positively correlated with the DAS-28 in the new case RA
patients (p = .037, r=.310). (B) There was a positive association between anti-CCP plasma level and CCR6 gene expression in the new case
RA patients (p =.037, r=.312). (C) CCR6 gene expression was positively associated with the ESR in the new case RA patients (p =.029,

r=.327).

patients.’® Regarding these findings in the newly diag-
nosed RA patients, it can be concluded that the CCR6-
CCL20 interaction may underpin early pathological
events in RA. The study conducted by Hirota et al.
(2007) confirmed the importance of CCR6-CCL20 in the
pathogenesis of synovitis in animal models.*® In our
study, there was a positive correlation between CCR6
gene expression in peripheral leukocytes and DAS-28.
This finding shows that CCR6 might be associated with
RA disease severity.

In line with this finding, Razavy et al. study recently
showed that the IL23R (GFP)* CD4" T cells that express
CCR6 are present in the inflamed joints in early
arthritis.*® In the following, we found a positive
correlation between the CCR6 gene expression and the
anti-CCP plasma level. A previous study indicated that
anti-CCP is an indicator of RA disease activity.>* This
finding highlights the possible effects of CCR6 gene
expression on RA disease activity in the new case RA
patients. Recently, Kaneko et al. (2018) showed that the
CCR6 expression is considerably higher in Th17 cells
from peripheral blood mononuclear cells (PBMCs) of RA
patients, in comparison to osteoarthritis patients and
healthy controls,*® which this study is in line with our
findings. Altogether, targeting the CCR6-CCL20 axis by
using neutralizing monoclonal antibodies or small-
molecule antagonists might become a promising thera-
peutic approach to control and reduce the severity of
autoimmune reactions in the coming years.**

RORyt, a ligand-dependent transcription factor
belonging to the superfamily of the nuclear hormone
receptor (NHR), is the Th17 cell-specific transcription
factor regulating the transcription of IL-17, an inflamma-
tory cytokine.'®*>*° In the present study, the gene
expression of RORyt was strikingly enhanced in periph-
eral blood cells of new case RA patients when compared

to healthy controls. Consistent with our findings, another
study indicated that the expression of RORyt is signifi-
cantly increased in Thl7 cells from PBMCs of RA
patients relative to osteoarthritis patients and healthy
controls.”® Furthermore, overexpression of RORyt in
T cells has been found to protect against begetting
collagen-induced arthritis, the animal model of auto-
immune arthritis.” Noteworthy, the study of Hirota et al.
(2007) showed that RORyt regulates the expression of
CCR6.*° These findings raise the possibility that
increased gene expression of RORyt induced the en-
hancement of CCR6 gene expression, leading to the
migration and then agglomeration of Th1l7 cells in the
inflamed joints of patients with RA. Additionally, in our
study, the gene expression of RORyt was positively
associated with the parameters, including CCR6 gene
expression, CCL20 plasma levels, ESR, DAS-28, anti-CCP
plasma levels, and RF, in the new case RA patients.

The current study has some limitations: First, the
sample size examined in this study, especially the sample
size of the new case RA patients, was small and may not
be indicative of all patients with RA in Kermanshah
province. Second, we could not access the synovial fluid
specimens of the new case RA patients owing to ethical
considerations. Also, investigating the protein expression
levels of CCR6 and RORyt, as well as characteristic
cytokines secreted from Th17 cells, might be fruitful for
better interpreting our results.

5 | CONCLUSION

In summation, increased expression of CCR6 and RORyt
genes may contribute to the attraction and migration of
Th17 cells to the sites of inflammation occurring in RA,
including the inflamed joints, and also may be associated
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with RA pathogenesis. Furthermore, considering that all
RA patients in our study were newly diagnosed, it can be
concluded that CCR6 and RORyt have a key role in early
pathological events in RA and may contribute to RA
progression and exacerbation. Nonetheless, to confirm
our findings, further detailed studies, including assessing
the protein expression levels of CCR6 and RORyt, as well
as cytokines secreted from Th17 cells, are warranted in
the synovial tissues and the inflamed joints of RA
patients.
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