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Abstract

In rheumatoid arthritis (RA), immune homeostasis is maintained by T regulatory cells (Tregs) that in an inflammatory milieu
can change towards T-helper-like phenotypes (Th-like Tregs). Our aim was to examine the phenotypic and functional char-
acteristics of CD4*CD257CD127'~ Tregs, Th-like Tregs and T effector (Teff) cells in the peripheral blood (PB) and syno-
vial fluid (SF) of treatment-naive early RA, as compared to osteoarthritis (OA) and healthy control (HC) peripheral blood.
Frequencies of Tregs, CXCR3, CCR6 expressing Tregs (Th-like Tregs), and Teff cells were analyzed using flow cytometry
in RA (n=80), OA (n=20), and HC (n=40). Cytokine concentrations of the respective T cell subsets in plasma and SF
were measured using flow cytometric bead array. Tregs sorted from RA and HC PB using magnetic beads were analyzed for
functional capacities by CFSE proliferation assay and FOXP3 gene expression using real-time PCR. We observed that the
frequencies of Th17 cells in PB and SF were significantly higher in RA when compared to HC, whereas Tregs were lower in
PB and high in SF compared to HC and OA respectively. Th1- and Th17-related pro-inflammatory cytokines IL12p70, INF-
¥, TNF-a, and IL-6, and IL-17A were significantly higher in the plasma and SF of RA. Tregs expressing CXCR3 (Th1-like
Tregs) and CCR6 (Th17-like Treg) were significantly higher in PB and SF of RA compared to controls and was positively
associated with seropositivity and disease activity. Treg cells isolated from peripheral blood of RA showed decreased func-
tion and reduced FOXP3 gene expression compared to HC. In our study, we have demonstrated higher frequencies of Thl
and Th17 cells and increased circulatory and SF pro-inflammatory cytokines (IL12P70, INF-y, IL-6, IL-17A, and TNF-«)
in RA. This inflammatory milieu might alter total Tregs frequencies and influence conversion of Tregs into Th-like Tregs.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
order characterized by persistent synovitis and progressive
destruction of the small and large joints accompanied by
functional disability [1]. CD4 4+ T-helper cells are major
players in the initiation and progression of synovitis of RA
[2—4]. The frequencies of T effector (Teff) Thl, and Th17
cells are increased in both the peripheral blood (PB) and
synovial fluid (SF) [5, 6]. Although elevated frequency of
T regulatory cells (Tregs) in RA SF has been reported, the
frequencies of Treg in RA PB are conflicting [7, 8]. This
discrepancy in reports may be due to the heterogeneity in
the RA patients studied as well as markers used to define
Treg subsets.

Classically, Tregs are defined as either CD4*CD25%
or CD4tCD25"FOXP3*, but it has been shown that
conventional T cells (Tconv) also express a low level
of FOXP3 upon TCR stimulation [9]. Liu et al. demon-
strated that CD127 expression inversely correlates with
FOXP3 and suppressive function of human CD4 + Treg
cells; thus, CD127 can be an alternate marker to differenti-
ate Tregs from the activated Tconv cells [10]. Therefore,
CD3*CD47CD25MCD127'~ can be used as a surrogate
Treg phenotypic markers when isolating Tregs for in vitro
culture or transcriptome investigations. In recent years,
it has been observed that Tregs can develop into effec-
tor T-helper-like cells (Th-like Tregs) either Th1-like or
Th17-like Tregs primarily producing interferon-y (IFN-
v) and IL-17 respectively in normal human PB [11, 12]
and in PB and intestinal tissue from Crohn’s disease [13].
Th17-like Tregs expressing CCR6 [14] retain suppressive
function in some studies. For example, Beriou et al. found
that IL-17*/FOXP3* Treg clones in RA retain their sup-
pressive function depending on the stimulus provided by
their ability to either secrete IL-17 or suppress IL-17 [15].
Velmori et al. also demonstrated that suppressive function
of Tregs can be retained or lost depending upon the stimu-
lus given [16]. In contrast to findings of Th17-like Tregs
in RA, the increased percentages of Thl-like Tregs and
their reduced suppressive function in RA have been only
recently demonstrated [17]. Dominguez-Villar et al. have
shown that Tregs from healthy subjects when exposed to
IL-12 acquire Thl-like phenotype with reduced suppres-
sive function [18]. Similarly, McClymont et al. studied
the plasticity of Tregs in patients with type 1 diabetes,
wherein, upon in vitro stimulation of Tregs with IL-12,
the Tregs become IFN gamma—producing cells (surrogate
for Th1). However, there is still paucity of published data
on Thl-like Tregs in RA [19].

There is evidence that in RA, T helper subset frequen-
cies can be affected by disease-modifying anti-rheumatic

drug (DMARD) therapy, disease activity, and duration of
disease [20-22]. But studies on the frequencies of Tregs
expressing CXCR3 and CCR6 and their functional capac-
ity in treatment-naive early RA are limited [20, 21]

So in this study, we evaluated the percentages of Teff
cells, Tregs, and CXCR3- and CCR6-expressing Tregs and
their cytokines in treatment-naive female patients with early
RA and compared them with osteoarthritis (OA) and healthy
controls (HC). We also examined the functional capacities
of peripheral Tregs isolated from RA and HC.

Methodology
Study participants

This was a cross-sectional study carried out in the Depart-
ment of Clinical Immunology, Jawaharlal Institute of
Postgraduate Medical Education and Research (JIPMER),
Puducherry, between March 2016 and December 2019.
Eighty treatment-naive premenopausal female patients with
active RA and a disease duration < 1 year were enrolled.
Patients fulfilled the 2010 American College of Rheuma-
tology (ACR)/European League of Associations for Rheu-
matology (EULAR) classification criteria for RA [23].
Demographic and baseline characteristics including age at
enrolment and disease duration were collected. RA disease
activity was assessed by trained rheumatologists. Tender and
swollen joint count, erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), and the disease activity score 28
joints (DAS28) were documented. Those patients with a
DAS28 score of 3.2 to 5.1 were classified as having moder-
ate disease activity (MDA), whereas high disease activity
(HDA) was patients with DAS28 > 5.2. Forty age- and sex-
matched healthy volunteers and 20 female patients with knee
OA [24] were enrolled as disease controls. Written consent
was obtained from all participants after a full explanation
of the procedures. The study protocol was approved by the
institutional ethics committee (JIPMER Protocol No. JIP/
IEC/2014/10/483).

Sample collection and processing

At the time of enrollment, peripheral venous blood was col-
lected from treatment-naive RA, OA, and HC and processed
immediately. Peripheral blood mononuclear cells (PBMCs)
were isolated by Ficoll density gradient centrifugation
method and used for flow cytometry analysis [25]. Plasma
was separated by centrifugation at 1500 rpm for 15 min. SF
was collected from RA patients with large joint involvement
(knee > wrist > elbow) and patients with knee OA. Plasma
and SF were stored at — 80 °C until used for cytokine analysis
using cytometry bead array (CBA).
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Serological assays

Plasma samples obtained from RA patients were analyzed
by nephelometry (BN ProSpec System, Siemens, Germany)
for rheumatoid factor (RF) and highly sensitive C-reactive
protein (hsCRP). RF values > 15.9 IU/ml were considered
positive, and hsCRP > 3.02 mg/L were considered high
(following manufacturer’s recommendations). Anti-cyclic
citrullinated peptide antibodies (ACPA) were determined
by ELISA (AESKU ELISA CCP kit, AESKU Diagnostics
GmbH & Co. KG, Germany), and values > 25 U/ml were
considered positive.

T-helper subsets (Th1, Th2, Th17, Treg, Th1-like Treg,
and Th17-like Treg) analysis by flow cytometry

Single-cell suspension of cells was prepared from PBMCs
and stained with the following antibodies: CD3-PerCP-
Cy™S5.5 (#340,949), CD4-APC (#340,672), CXCR3-PE
(#557,185), CCR6-BB515 (#564,479), CRTH2-BV421
(#562,992), CD25-BB515 (#564,467), CD127-BV421
(#562,436), FOXP3-PE (#560,046) obtained from Bec-
ton, Dickinson and Company, NJ, USA. Samples were
processed for phenotype and frequency using FACS Aria
III flow cytometer. CD4™ T cells were gated from lym-
phocytes, then Thl, Th2, Th17, and Treg cells were
gated from CD4% cells. Th-like Tregs were gated from
Treg cells. The various subsets were defined as fol-
lowing: Thl cells as CD3*CD4"CXCR3*CCR6~, Th2
cells as CD3*CD4*CXCR3 CCR6 CRTH2*, Thl7
cells as CD3*CD4"CXCR3 " CCR6", Treg cells as
CD3*CD4tCD25"CD127%~ [25]. As CD127 expres-
sion inversely correlates with FOXP3 [10, 26], only a
subset of Treg cells was further assessed for FOXP3
intracellular expression using PE-FOXP3 and Human
FOXP3 Buffer Set (Becton, Dickinson and Company,
NIJ, USA, 560,098) according to the manufacturer’s pro-
tocol. Treg cells were sub-phenotyped as Thl-like Treg:
CD3*CD4*CD25MCD127%~CXCR3"*, Th17-like Treg:
CD3*CD47CD25"CD127"~CCR6* [17] (Supplementary
Fig. 1). Fluorescent minus one (FMO) controls were used
to gate the different subsets (Supplementary Fig. 2). Data
were analyzed using FlowJo v 8.0.2 (Tristar, Palo Alto, CA,
USA) and FCS express v 7 (De Novo Software, Pasadena,
CA) software.

Quantification of cytokines using cytokine bead
array

Cytokines (IL-4, IL-5, IL-6, IL-10, IL12p70, IL-17A, inter-
feron gamma (IFN-vy), and tumor necrosis factor (TNF-a))
were measured in plasma of RA and HC and SF of RA and
OA using a custom-designed CBA array (Becton, Dickinson
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and Company, NJ, USA, 551,811) and analyzed on a FACS
Aria III flow cytometer. Standard curves were determined
for each cytokine from a range of 1-5000 pg/mL. The quan-
tity (pg/mL) of respective cytokine was calculated using
FCAP Array™ Software Version 3.0 (Becton, Dickinson
and Company, NJ, USA). Plasma of HCs and SF of OA was
used as controls for RA plasma and SF respectively.

FOXP3 gene expression by real-time PCR

Total RNA was extracted from MACS (magnetic-activated
cell sorting) sorted Tregs from PBMCs using Qiagen RNe-
asy mini kit (Qiagen, Hilden, Germany) and reverse tran-
scribed using Takara PrimeScript RT Reagent kit (Takara
Bio, Japan). The reaction was carried out at 42 °C for
45 min, followed by denaturation at 95 °C for 10 min and
cooling at 4 °C. A SYBR green intercalation quantitative
PCR (qPCR) was run in ABI StepOnePlus real-time PCR
system (Applied Biosystems, Foster city, CA, USA) using
FOXP3 primer pair (Forward primer: 5-CAGCACATTCCC
AGAGTTCCTC-3'; reverse primer: 5'-GCGTGTGAACCA
GTGGTAGATC-3’). Thirty nanograms of cDNA was ampli-
fied in a 25-pl reaction containing 12.5 pl of 2X SYBR green
master mix and 2 pl of primer mix (2.5 pM). The following
PCR cycling conditions were used: 95 °C for 10 min, 40
cycles at 95 °C for 15 s, followed by 60 °C for 30 s each and
melt curve at 95 °C for 15 s, 60 °C for 20 s, and 95 °C for
15 s. All reactions were run in duplicates. Primers specific
to glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
(forward primer: 5'-AGCCGAGCCACATCGCT-3'; reverse
primer: 5'-CAGCCCTGGTGACCAGGC-3') were used as
an endogenous control, and FOXP3 transcript levels were
normalized to GAPDH levels. Relative gene expression was
calculated using 272¢T and was expressed as fold change
compared to controls.

Assessment of Treg function by CFSE cell
proliferation assay

Functional capacities of Tregs isolated from PB of RA
and HC were measured using carboxyfluorescein succin-
imidyl ester (CFSE) proliferation assay (Becton, Dick-
inson and Company, NJ, USA, 565,082). Briefly, Tregs
(CD4*CD25"CD127'") and Teff cells (CD4*CD257)
were sorted from PBMCs of HC and RA by using EasySep
Human CD4" CD127'° CD25*% Regulatory T Cell Isola-
tion Kit (STEMCELL technologies, USA, no. 18063). The
MACS-sorted Teff cells were resuspended in PBS +0.1%
BSA at concentration of 2-3 x 10° cells/ml and labeled
with CFSE. The CFSE labeled Teff cell concentration was
adjusted to 5x 10° cells/ml with RPMI medium and co-cul-
tured with Treg cells at 1:1 ratio for 72 h. The percentage of
proliferating Teff cells was analyzed by measuring the mean
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intensity of CFSE using BD FACS Aria III flow cytometer,
8.0.2 (Tristar, Palo Alto, CA, USA).

Statistical analysis

Statistical analysis was performed using GraphPad Prism
v8.0.2. Normality of data was tested using Kolmogo-
rov—Smirnov test. Categorical variables were expressed
as n [percentage (%)] and continuous variables with a nor-
mal distribution as mean + SD. From the total number of
CD4 + cells, the percentage of Thl, Th2, Th17, and Treg
cells was estimated. From the total number of Treg cells,
the percentage of CXCR3 and CCR6-expressing Tregs was
calculated. Percentage of different T cell subsets was rep-
resented as mean +SD. The percentage of Thl, Th2, Th17,
Tregs, Th1-like Tregs, and Th17-like Tregs was compared
between RA, OA, and HC using one-way ANOVA (Tukey’s
post hoc test) with 95% confidence interval or Kruskal-Wal-
lis (Dunn’s post hoc test). The difference in ACPA + vs
ACPA — and MDA vs HDA was compared using unpaired ¢
test or Mann Whitney test depending on normality of data.
Correlation between Th like Tregs and their respective
cytokines was tested using Pearson’s correlation analysis;
p <0.05 was considered significant.

Table 1 Baseline characteristics of RA patients and controls

Results

Demographic, biochemical, and clinical
characteristic of study participants

All the RA patients were women with a mean age of
36 years. Other baseline characteristics including disease
activity [22], seropositivity for RF and ACPA, and hsCRP
are summarized in Table 1.

Frequencies of CD4* T cell subsets

CD4* T helper subtype frequencies were analyzed in PB
and SF of RA and OA patients and PB of healthy con-
trols. The frequency (mean + SD) of Thl in RA, OA, and
HC PB was 26.65+5.62, 25.95+7.23, and 24.23 +5.67,
Th2 was 5.10+1.43, 5.137+1.30, and 5.32+1.1; Th17
was 14.05+3.27, 10.87 £2.33, and 10.82 +2.20; Treg was
10.68+2.48, 12.16 +1.99, and 13.23 +2.10 respectively.

In PB, the frequency of Th17 cells was higher in RA
compared to OA and HC. On the other hand, Tregs were
decreased in RA compared to HC and similar to OA. How-
ever, Thl and Th2 frequency was similar across all groups
(Fig. 1a).

Similarly, the frequency of Thl in RA and OA SF was
35.03+1.34, and 26.45+1.87; Th2 was 16.29+1.76 and
1.44+0.10; Th17 was 21.27 +2.09 and 2.43 +0.25; Treg
was 33.64 +2.15 and 33.45+2.56. In RA SF, the frequen-
cies of Thl, Th2, and Th17 cells were higher than in OA SF
(Fig. 1b), whereas the frequency of Treg cell in RA and OA
SF was comparable. The frequency of all T-helper subsets

Demographic details RA (n=280) HC (n=40) OA (n=20)
Female, n (%) 80 (100) 40 (100) 20 (100)
Age in years, mean + SD 36+6.7 32+5.1 57.4+9
Disease duration (months), mean +SD 7.27+4.24 - -
Clinical characteristics
Disease activity (DAS28-ESR) Moderate disease activity (>3.1DAS28 <5.1) (n) 33 - -
High disease activity (DAS28>5.1) (n) 47 - -
Treatment NSAIDs? 80 - 20
Serological characteristics
RF Positive, n (%) 58 - -
ACPA Positive, n (%) 56 - -
Inflammatory markers ESR mm/hr, mean + SD 52.45+14.5 11.7+5.3
hsCRP mg/L, mean+ SD 29.20+£22.99 - -

RA rheumatoid arthritis, HC healthy control, OA osteoarthritis, DAS28 Disease activity score 28, ESR Erythrocyte sedimentation rated at one
hour, NSAIDs nonsteroidal anti-inflammatory drugs, RF rheumatoid factor, ACPA anti-citrullinated peptide antibodies, ~AsCRP highly sensitive

C-reactive protein, SD standard deviation

2All patients were disease-modifying antirheumatic drugs (DMARDs) naive
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Fig. 1 Frequency of Thl, Th2, Thl7, and Treg cells among CD4*
T-helper cells in peripheral blood (PB) and synovial fluid (SF) of
patients with rheumatoid arthritis (RA) and osteoarthritis (OA) and
in peripheral blood of healthy controls (HC). The frequencies of Thl,
Th2, Th17, and Treg subsets among the CD4* T helper cells in a PB
of RA OA and HC, b SF of RA and OA, and ¢ RA PB and SF; d
in PB and e SF of RA based on ACPA status; f in PB and g SF of
RA according to disease activity. The frequencies are represented as
mean+ SD. The difference between RA, OA, and HC was compared
using one-way ANOVA (Tukey’s post hoc test) for normal data or

increased significantly in SF when compared to RA PB
(Fig. 1c). There was no correlation in T helper cell subsets
between RA PB and RA SF.

Furthermore, the frequencies of CD4* T-helper sub-
sets were compared between the RA patient subgroups
based on ACPA status and disease activity. The frequency
of Thl, Th2, Th17, and Treg in PB of ACPA + was
28.32+5.04, 5.01 +1.46, 14.93+2.78, and 10.79 +2.61,
whereas in ACPA — they were 22.75+5.04, 5.11 +1.40,
11.96 +3.43, and 10.43 +2.2. Comparison between
ACPA + and ACPA — RA subgroups showed higher fre-
quencies of Thl and Th17 in ACPA + RA. However,
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Kruskal-Wallis test (Dunn’s post hoc test) for non-normal data. The
difference in ACPA +vs ACPA —and MDA vs HDA was compared
using the unpaired ¢ test or Mann—Whitney test depending on nor-
mality of data. *p <0.05; **p<0.01; ***p<0.001; ****p<0.0001.
RAPB, rheumatoid arthritis peripheral blood (n=80); OAPB, osteo-
arthritis peripheral blood (n=20); HCPB, healthy control peripheral
blood (n=40); RASF, rheumatoid arthritis synovial fluid (n=20);
OASF, osteoarthritis synovial fluid (n=20); ACPA, anti-citrullinated
peptide antibodies; MDA, moderate disease activity; HDA, high dis-
ease activity

there were no significant differences in Th2 and Treg
frequency between ACPA +and ACPA — (Fig. 1d). In
the SF, only Th17 cells were higher in ACPA + group
(Fig. 1e). Similarly, in PB of RA with moderate disease
activity (MDA), the Thl, Th2, Th17, and Treg percent-
ages were 25.35+6.24, 5.06 +1.37, 12.42 +3.09, and
10.08 + 1.9 respectively. In RA with high disease activity
(HDA), they were 27.52+5.05, 5.13 +1.47, 15.27 +2.86,
and 11.10+2.73. Thl and Th17 subset frequencies were
higher in RA with HDA than MDA (Fig. 1f), while Tregs
were not different. In SF, only Th17 cells were higher in
RA with HDA compared to MDA (Fig. 1g).
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Next, the differences in ratios of Th1/Treg and Th17/Treg
were assessed and compared between the groups. Overall,
ratio of Th1/Treg and Th17/Treg was significantly higher in
PB and SF of RA as compared to OA and PB of HC (Sup-
plementary Fig. 3a & b). Upon comparison between RA
ACPA +and ACPA — subgroups, the Th1/Treg and Th17/
Treg ratio was higher in ACPA +RA in PB and SF (Sup-
plementary Fig. 3c & d). Similar comparison between RA
MDA vs. HDA showed that there was increased Th1/Treg
and Th17/Treg ratio in RA patients with HDA in PB, but in
SF, only Th17/Treg ratio was increased in the HDA group
(Supplementary Fig. 3e & f).

Th-like Treg frequencies among Treg in RA, OA,
and HC

Furthermore, we sub-phenotyped Treg cells as CXCR3
expressing Treg (Th1-like Treg) and CCR6 expressing Treg
(Th17- like Treg) (Supplementary Fig. 1). The percentage
of Thl-like Tregs in RA PB and SF was 13.42+1.17 and
39.35+1.75, respectively, in OA PB, OA SF, and PB HC
was 3.29+0.5, 3.79+0.11, and 0.20+0.05, respectively.
Similarly, the Th17-like Tregs in RA PB and SF were
6.77+1.0 and 23.63 + 1.45, respectively, and in OA PB, OA
SF, and PB HC were 0.7+0.11, 0.51 +0.10, and 0.11+0.02,
respectively. In PB and in SF, both Th1-like Treg and Th17-
like Treg percentages were higher in RA compared to OA
(Fig. 2a and b).

We further analyzed the distribution of these Th-like
Tregs among various subgroups of RA patients. In PB of
ACPA +RA, Thl-like Tregs and Th17 —like Tregs were
13.73+0.92 and 7.03+0.81 and in SF were 39.34+1.71
and 23.64 + 1.14. Similarly, in PB of ACPA —RA, Thl-like
Tregs and Th17-like Tregs were 12.70+1.14 and 6.17 +1.01
and in SF were 38.87 +1.70 and 23.62+1.72. Percent-
age of Thl-like Tregs and Th17-like Tregs was higher in
ACPA +RA compared to ACPA —RA in PB but not in SF
(Fig. 2 ¢ and d). In PB of RA with MDA, Thl-like Tregs
and Th17-like Tregs were 12.93 +1.15 and 6.41 +0.89 and
in SF were 39.58 +1.82 and 23.54 +1.45. In PB of HDA
Thl-like Tregs and Th17-like Tregs were 13.74+1.10 and
7.01+1.87 and in SF were 39.01 £1.70 and 23.80+ 1.47.
The percentage of Thl-like Tregs and Th17- like Tregs was
significantly higher in PB of RA with HDA, but the not in
SF (Fig. 2 e and f). The percentage of Thl-like Tregs and
Th17-like Tregs was significantly higher in RA SF compared
to RA PB (Fig. 2g). Next, the relative percentage of Th-like
Tregs among the Tregs was analyzed. The percentages were
as follows: RA PB 20% (Th1-like Treg 13% and Th17-like
Treg 7%) and SF 63% (Thl-like Treg 39% and Th17-like
Treg 24%); patients with OA PB 3.6% (Thl1-like Treg 3.2%
and Th17-like Treg 0.6%) and SF 6.3% (Th1-like Treg 3.8%
and Th17-like Treg 2.5%); HC PB was 0.5% (Th1-like Treg

0.3% and Th17-like Treg 0.2%) (Fig. 2h). Cumulative fre-
quencies of Th-like Tregs are significantly higher in PB and
SF of patients with RA compared to OA and HC (Fig. 2i).

Circulating cytokine levels

We quantified eight different cytokines in plasma of RA and
HC and SF of RA and OA patients. As expected in PB,
the levels of pro-inflammatory cytokines IL-12p70, IL-17A
(Th17), TNF-a (Thl), IFN-y, and IL-6 were significantly
higher in RA whereas anti-inflammatory cytokines 1L-4,
IL-5 (Th2), and IL-10 (Treg) were not different compared to
HC (Fig. 3a). In contrast, all of the cytokines were elevated
in RA SF compared to OA SF (Fig. 3b). Likewise, all the
cytokines were higher in RA SF when compared to their lev-
els corresponding to PB (Fig. 3c). There was no correlation
in the cytokine levels between RA PB and RA SF.

Correlation between Th-like Tregs, Teff,
and inflammatory cytokines

Next, we performed correlation analysis between frequen-
cies of Th-like Tregs and Teff and inflammatory cytokines.
The percentages of Thl-like Tregs and Th17-like Treg in
both PB and SF showed positive correlation with Th1l and
Th17 frequency respectively (Fig. 4 a and b). Similarly, PB
and SF Thl-like Tregs showed a positive correlation with
IL-12p70 and INF-y, and Th17-like Treg showed positive
correlation with IL-6 and IL-17A (Fig. 4c and 4d). Howeyver,
there was no correlation between Th2 and its corresponding
cytokines.

FOXP3 mRNA expression and suppression function
of peripheral Treg cells

We further investigated FOXP3 gene expression and the func-
tion of MACS-sorted CD3*CD4*CD25"CD127'~ Tregs
from PB of RA and HC. Suppression assay was carried out
by co-culturing autologous CFSE-labeled Teff and Treg
cells in vitro. Average data from five separate experiments
were used to calculate the suppression capacity and were
represented as a percentage of suppression. The percent-
age proliferation of autologous Teff cells was higher in RA
compared to HC (33.4% vs 10.4%) in the presence of their
respective Tregs (Fig. 5a). RA Tregs showed a significantly
lower percentage of suppression of autologous Teff cell
proliferation when compared to the HC Treg (56.88% vs
86.33%, p=0.0005) (Fig. 5b). Relative FOXP3 gene expres-
sion was significantly lower in Treg cells isolated from RA
PB compared to Treg from HC PB (p =0.005) (Fig. 5¢).
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Fig.2 Comparison of frequency of Th-like Tregs among Treg cells
in peripheral blood (PB) and synovial fluid (SF) of rheumatoid arthri-
tis (RA) and osteoarthritis (OA) and in PB of healthy controls (HC).
Frequencies of Thl-like and Th17-like Treg among Treg subsets in
a PB of RA, OA, and HC; b SF of RA and OA; and in ¢ PB and
d SF of ACPA-positive and ACPA-negative RA; in e PB and f SF
of RA according to disease activity; g PB and SF of RA; h cumula-
tive frequencies of Th-like Treg populations in PB of HC, RA, and
OA and in SF of RA and OA; i bar diagram showing percentage of
Th-like Treg populations in HCPB, RAPB, RASF, OAPB, and OASF.
The frequencies were represented as mean+SD. The Th1/Treg and
Th17/Treg ratios were represented as median with interquartile range.

Discussion

In this study, we found that the frequencies of Th17 and their
corresponding cytokines were higher in RA PB compared
to HC and OA PB; it was also higher in RA SF compared to
OA SF. The frequencies of Tregs were diminished in RA PB
compared to HC PB but similar in RA SF compared to OA
SF. Nevertheless, all the cell frequencies were higher in RA
SF compared to RA PB. The percentage of Tregs expressing
CXCR3 and CCR6 was significantly high in both the PB and
SF of RA compared to HC PB and OA SF respectively. Also,
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The difference between RA, OA, and HC was compared using one-
way ANOVA (Tukey’s post hoc test) or Kruskal-Wallis test (Dunn’s
post hoc test). The difference in ACPA+vs ACPA —and MDA vs
HDA was compared using unpaired ¢ test or Mann—Whitney test
depending on normality of data *p <0.05; **p <0.01; **¥*p <0.001;
##%%pn <0.0001. RAPB, rheumatoid arthritis peripheral blood
(n=80); OAPB, osteoarthritis peripheral blood (n=20); HCPB,
healthy control peripheral blood (n=40); RASF, rheumatoid arthritis
synovial fluid (n=20); OASF, osteoarthritis synovial fluid (n=20).
ACPA, anti-citrullinated peptide antibodies; MDA, moderate disease
activity; HDA, high disease activity

the ability of Tregs from RA PB to suppress autologous Teff
cell proliferation was reduced as compared to HC PB Tregs.

T cells and fibroblast-like synoviocytes (FLS), two
important cell types in the RA joint, interact either directly
or indirectly to cause irreversible joint damage. In addition,
these cells also interact with other immune as well as non-
immune cells present in the joint to promote damage [27].
Although the frequency of these cells determines the overall
inflammation and joint damage, the molecular mechanisms
underlying their interactions are not known. Data on Treg
cell frequencies in RA is inconclusive with some studies
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Fig.3 Cytokine levels in rheumatoid arthritis (RA) peripheral blood
(PB) plasma and synovial fluid (SF), in osteoarthritis (OA) SF and
healthy control (HC) plasma. IL12p70, IL-17A, TNF-a, IFN-y,
IL-6, IL-4, IL-5, and IL-10 were measured by cytokine bead array in
HCPB (n=20), RAPB (n=20), RASF (n=20), and OASF (n=20).
a Comparison between HCPB and RAPB. b Comparison between
RASF and OASF. ¢ Comparison between RAPB and RASF. Values

reporting increased [28], decreased [20], or similar Treg cell
frequencies [29] in RA. Such dysregulation or a tilt in bal-
ance of Tregs might be either by the loss or hampered sup-
pressive function of Tregs or by the autoantibody-mediated
overwhelming inflammatory processes [30].

We observed higher frequencies of Th17 cells and lower
Tregs compared to HC in the PB. Similarly compared to
OA, Th17 cells were higher, and Tregs were similar in RA
emphasizing the role of Th17 in RA. Our findings appear
similar to van Hamburg et al., who also had reported
increased Th17 cells in PB of treatment-naive early RA,
and these cells when co-cultured with RA synovial fibro-
blasts produced matrix metalloproteinases that are capa-
ble of joint erosion [31]. However, those who have stud-
ied treatment-experienced RA patients have found either
lower frequencies of Th17 [32] or similar frequencies when
compared to inflammatory RA [29]. Penatti et al. reported
lower frequencies of circulating Th17 cells in RA PB when
compared to inflammatory OA patients [25]. More recently,

are expressed as median +interquartile range; the differences between
two groups RAPB vs HCPB, RASF vs OASF, and RAPB vs RASF
were assessed by the Mann—Whitney test; *p<0.05; **p<0.01;
*#%p <0.001; ****p <0.0001 considered as significant. RAPB, rheu-
matoid arthritis peripheral blood (n=20); HCPB, healthy control
peripheral blood (n=20); RASF, rheumatoid arthritis synovial fluid
(n=20); OASEF, osteoarthritis synovial fluid (n=20)

Paradowska-Gorycka et al. observed a similar percentages
of Th17 cells in peripheral blood of RA and OA [33]. These
conflicting results on the frequencies of Th17 cells in RA
might be due to different patient population and different
level of disease activity and treatments used.

With regard to Tregs, Paradowska-Gorycka et al. had
reported lower percentage of Tregs in RA compared to OA,
whereas we observed that Treg (CD4+*CD25MCD127'7)
frequencies between RA and OA were comparable [25, 33].
Similar to our report, Moradi et al. reported comparable
frequencies of Tregs (CD4*CD25¢"CD127'°%~) between
RA and OA in PB [34], and Kawashiri et al. in PB reported
similar frequency of Tregs (CD4*CD25*CD127°%7) in
DMARD-naive RA but a lower frequency in active RA on
treatment compared to controls. But when Kawashiri et al.
gated the Tregs for CD25 high, a lower frequency of Tregs
(CD4*CD25Me"CD127"°%~) was observed in DMARD-
naive RA as well as in active RA on treatment compared
to controls [35]. One of the reasons for this variation might
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Fig.4 Correlation between Th-like Treg and Teff cells and cytokines
in RA peripheral blood (PB) and synovial fluid (SF). Correlation
of Thl with Thl-like Treg and Th17 with Th17-like Treg in a RA
peripheral blood and b RA synovial fluid. Correlation of Thl-like
Treg with and IL-12p70, INF-y, Th17-like Treg with IL-6 and IL-

have been related to markers used to identify Tregs, as
some groups use CD127~ while others use CD127'°" as a
Treg marker highlighting the importance of using homog-
enous cell surface markers to identify a specific Treg cell
population. In our study, we also have taken CD127'"° and
CD127" as one population as has been done by other groups
as it appears to be more specific Tregs [25, 26, 34, 35].
Considering the contradictory results of Th17 and Treg
cells, we evaluated Th17/Treg ratio. In line with the report
by Wang et al., we also found an increased ratio of Th17/
Treg (when compared to HC), thus suggesting that in
treatment-naive active RA, there could be excess of Th17
and reduced Tregs cells in circulation indicating a broken
balance in Th17/Treg [36]. These altered Th17/Tregs in
active RA have been demonstrated previously, and Tregs in
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17A in ¢ RA peripheral blood and d RA synovial fluid. The correla-
tion between the parameters was assessed using Pearson’s correlation
coefficient. p<0.05 is considered as significant. RAPB, rheumatoid
arthritis peripheral blood (n=20); RASF, rheumatoid arthritis syno-
vial fluid (n=20)

an inflammatory environment have been shown to exhibit
Th17-like characteristics and plasticity. In fact, treatment
with TNF inhibitors has been shown to restore Treg function
in RA [21, 29].

Likewise, in the RA-SF, we observed elevated frequen-
cies of all the effector T cell subsets (Th1, Th2, and Th17)
but a similar frequency of Tregs on comparison with OA-SF.
In line with our findings, Moradi et al. also reported that the
Tregs were significantly enriched in SF compared to PB in
RA, and Tregs were found with almost similar frequency
in the synovial compartments of both RA and OA. They
also found that Tregs were higher especially in the synovial
membrane rather than SF, thus postulating that RA patho-
physiology may not relate to only a Treg deficiency per se
[34]. Supporting this hypothesis, Penatti et al. found that
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Fig.5 mRNA expression level of FOXP3 and functional assessment
of Treg cells from peripheral blood of healthy controls (HC) and
rheumatoid arthritis (RA). a Functional capacities of Tregs isolated
from peripheral blood of HC and RA were assessed using CFSE pro-
liferation assay. CFSE-labeled autologous Teff cells were stimulated
with CD3/CD28 beads and cultured with RA or HC Tregs from PB
(pTregs) in a ratio of 1:1 (Teff to Treg) for 72 h. The percentage (%)
proliferation of Teff cells was determined by flow cytometry. b Treg
suppression capacity calculated using averaged data from five inde-

Tregs were significantly increased in RA in both the syno-
vial compartment and the peripheral blood as compared to
inflammatory OA [25].

Tregs are conventionally non-inflammatory (rather they
have suppressive properties), but in an inflammatory milieu,
they may expand into Teff cells and become pro-inflamma-
tory. They can be identified by the expression of CXCR3
(Th1-like Treg) and CCR6 (Th17-like Treg) chemokine
receptors [17, 37, 38]. CXCR3* and CCR6™ Tregs can
actively migrate to synovial joint or can be produced locally
[39—41] to aggravate tissue damage by promoting inflam-
matory cytokine/chemokine production [5, 42]. Data con-
cerning the frequency and the plasticity of Tregs in RA are
controversial partly because of different cell surface markers
used by different groups to characterize Tregs. Besides this,
the patient population studied has also been heterogeneous
in terms of their disease activity and treatments [21, 43].
So, in our study, we attempted to study the frequency of
these CXCR3 (Thl-like) and CCR6 (Th17-like) expressing
Tregs in this homogenous group of treatment-naive, early

405
RA HC
Teff + Treg Teff + Treg
33.4% ) 10.4% |
|
—] A

pendent experiments expressed as % suppression. The % suppres-
sion was calculated as follows: 100—(% of proliferating Teff cells
alone / % of proliferating Teff in the presence of Tregs)x100. ¢
FOXP3 mRNA expression was analyzed in RA and HC pTreg using
the 2.72C" method. Fold change in gene expression was compared
between RA and HC. ***p<0.001; ****p<0.0001 considered as
significant. Treg, T regulatory cells; Teff, T effector cells; RA-pTreg,
Treg cells isolated from RA peripheral blood (n=5); HC-pTreg, Treg
cells isolated from HC peripheral blood (n=5)

RA patients, and we also used widely accepted phenotypic
markers to characterize Treg subsets. What we found was an
increased frequency of these CXCR3 expressing Thl-like
and CCR6-expressing Th17-like cells in both the RA-PB and
RA-SF compared to HC-PB and OA-SF respectively. In RA
PB, Zhang et al. observed increased number and proportion
of both Th1-like and Th17-like Tregs compared to HC PB,
whereas in RA SF, only Thl-like cells were higher com-
pared to both RA and HC PB. Additionally, they explored
the functional capacity of Thl-like Tregs and found lower
suppression capacity of the same. There was also negative
correlation between proportion of Thl-like Tregs (in SF) and
disease activity in RA. Importantly, not all their RA patients
were treatment naive [17].

While quantifying the T cell subset—specific cytokines
in the circulation, we observed elevated levels of only Thl
and Th17 subset cytokines in RA compared to controls, but
all the measured cytokines were elevated in RA synovial
fluid compared to the RA periphery. Our current results
in periphery are different from our earlier findings where
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we reported an elevation in all the T-cell subset—specific
cytokines in RA. This could be due to inclusion of RA
patients with established disease on different treatments in
the previous study [44]. Additionally, this might point that
Thl and Th17 are the predominant cellular subsets in the
periphery in treatment-naive early RA, but as the disease
progresses, all the cellular subsets might be involved in RA
pathogenesis. Although the involvement of all cellular sub-
sets is reflected in this study by their elevated cytokines in
SF, it is not mirrored immediately in the periphery. Raza
et al. reported increased pro-inflammatory cytokines in syn-
ovial fluid of early RA vs OA suggesting that early synovitis
bound to develop into RA has a distinct cytokine profile
[45]. We also noted that cytokines corresponding to all the
T cell subsets were elevated in the synovial compartment
of RA compared to OA suggesting a distinct inflammatory
process in early RA.

A positive correlation observed between Th-like Treg
(CXCR3* Tregs and CCR6* Tregs) proportion and Thl
and Th17 T cell subset—specific cytokines in both PB and
SF suggests an enhanced Treg cell plasticity in the pres-
ence of pro-inflammatory cytokines. The likely implication
of our findings could be an initial selective expansion of
pro-inflammatory T cell subsets and their cytokines in the
circulation which in turn might have facilitated their active
migration and accumulation in the joint contributing to cel-
lular as well as cytokine imbalance in the joint.

In RA presence of RF and ACPA (seropositive RA) is
associated with joint damage and extra-articular mani-
festations [46, 47]. The relationship of Teff subsets with
seropositive status and disease activity status has been
reported variably. For example, Alvandpur et al. found that
that ACPA + patients have an increased frequency of IFN-
y-producing Thl and IL-17A-producing Th17 cells com-
pared to ACPA negative [44]. With respect to disease activ-
ity, Kawashiri et al. found that in the circulation, the lowest
number of Tregs was in those with active RA, while the
number of Tregs of RA who were in remission was equal
to that in controls [35]. Our analysis based on ACPA status
and disease activity showed increased Th1l and Th17 cells
in ACPA positive and highly active disease groups while the
Treg frequencies remained unaffected by ACPA status and
disease activity in the periphery. Our observation on Tregs
contradicts that of Kawashiri et al. and may be attributable
to the treatment or the heterogeneous patient population they
included. However, in the synovial fluid (our study), only the
frequency of Th17 cells was increased in ACPA-positive and
high-disease subgroups. These findings indicate that Th1
and Th17 phenotypes might be selectively amplified in the
periphery by ACPA antibodies and high disease but only
Th17 cells dominate at the site of inflammation reiterating
that periphery does not mirror synovial milieu in early RA.
Likewise, the frequency of Th-like Tregs (CXCR3* Tregs
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and CCR6™ Tregs) was higher in ACPA-positive and high-
disease groups in the peripheral blood but was similar in
SF suggesting that antibody and disease activity—dependent
Treg plasticity could be initiated mainly in the periphery,
and these cells may later be home to SF to exacerbate the
disease.

Previous reports state that during the autoinflammatory
processes, Tregs lose their FOXP3 expression and become
effector T cells affecting their stability and ability to sup-
press effector T cells [43, 48]. Our in vitro experiments
performed to check this revealed that RA Tregs had sig-
nificantly reduced FOXP3 gene expression and inhibitory
function compared to Tregs from HC. The plausible expla-
nation could be that Treg plasticity initiated in periphery
might promote homing of Th-like Tregs to the synovium to
encounter the already overwhelming inflammatory process
there and consequently either tilt the Treg balance by pro-
moting further expansion of Th-like Tregs or by reducing
their inhibitory function.

Further research on contribution of synovial inflamma-
tory milieu on Treg cell conversion to effector T cell types,
loss of function, and associated transcriptional regulation
might shed light on the plasticity of Treg cells in RA.

Limitation of our study is that T-helper subsets and Th-
like Treg cells were defined solely by the expression of
surface markers, while intracellular cytokine production
was not examined. We have also not classified Tregs as
resting Treg (rTreg) cells, activated Treg (aTreg) cells, and
cytokine-secreting unsupported T (non-Treg) cells based
on CD45RA positivity and FOXP3 expression (MFI); as
a result, the Treg fraction could have cytokine-secreting
unsupported T (non-Treg) cells. The function of sorted con-
ventional Treg was examined in the in vitro analysis, but the
functional potential of Thl-like Treg and that of Th17-like
Treg was not evaluated, which would have provided evi-
dence for contribution of these cells to the functional loss
of Tregs. Furthermore, the disease control group was OA
patients who were all older than 50 years. Knowing that T
cell subsets can vary with age, the disease control we used
was less than ideal [49].

Conclusion

To conclude, we observed that in women with treatment-
naive early RA, effector and regulatory T cell frequencies
and their proportions were altered. Both the Tregs and
“Th1-like and Th17-like Tregs” were higher in RA SF irre-
spective of their ACPA status and disease activity. From
these data and previous literature, we think that Th1 and
Th17 cells plus the cytokines have created an inflamma-
tory environment for polarization of Tregs to CXCR3 + and
CCR6+ Tregs (Thl- and Th17-like phenotypes) leading to
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propagation of inflammation in the joint cavity. Though we
have not studied the suppressive function of Th-like Tregs,
we assume that their function is defective as reported by
others [17]. Our study is of a cross-sectional nature in treat-
ment-naive population; we feel that a longitudinal study
would be important to see for T cell dynamics with treat-
ment. Moreover, studies to understand the mechanisms of
functional compromise of Tregs in RA and the possibility
of restoring its function are needed.
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