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When the dose of conventional disease-modifying anti-rheumatic drugs (cDMARDS)
is tapered in rheumatoid arthritis (RA) patients who achieve sustained remission,
biomarkers for predicting disease relapse may be needed. A prospective, unblinded
cohort study was conducted in nine RA patients with remission. Peripheral blood samples
were collected at baseline and at 6, 12, and 24 weeks after cDMARD dose reduction
(dose of combination regimens reduced to 50%) to determine the number of regulatory
Foxp3*T cells (Tregs) and other T cell subpopulations as well as Treg suppressive activity.
Additionally, plasma levels of 14 cytokines at each time-point were measured via flow
cytometry. Univariate and multivariate analyses were performed to identify the factor(s)
associated with RA relapse during the observational period. In univariate analysis, Treg
suppression and DAS28 and VAS scores were associated with RA relapse after cDMARD
dose tapering. However, in multivariate analysis, only Treg suppressive activity (<42%)
was found to be an independent factor associated with RA relapse after cDOMARD dose
reduction to 50%. Of all patients who had >42% Treg suppressive activity during cDMAD
reduction, three-fourth patients remained in the remission stage for 24 weeks. Treg
suppressive activity (<42%) in RA patients with remission could be a potential biomarker
for predicting RA relapse after cDMARD dose reduction, especially over a short-term
period (24 weeks).

Keywords: DMARD reduction, Foxp3* Treg, regulatory T cell, biomarkers, prognostic marker, rheumatoid arthritis

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory form of arthritis that can progress
to joint destruction and can involve organs, such as the eyes and lungs, as well as blood
vessels. Disease-modifying anti-rheumatic drugs (DMARDs) are immunomodulating agents
that can reduce joint inflammation and delay joint damage as part of a treatment plan
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targeting disease remission and/or symptom control in patients
with low disease activity. RA patients require long-term
treatment with DMARDs to maintain disease remission.
Therefore, to avoid adverse effects of treatments in such
cases, DMARD dose reduction has been proposed for RA
patients with sustained remission (1). Many predictors, such
as multi-biomarker disease activities, serological tests and
ultrasound or magnetic resonance imaging have been proposed
as prognostic tools for detecting subclinical synovitis, with
limited success (2-4).

Because RA is an autoimmune disease, immunological
biomarkers may be promising indicators for predicting disease
relapse during DMARD dose tapering. Foxp3™ regulatory T cells
(Tregs), a subpopulation of CD4" T lymphocytes, are mainly
involved in immunosuppression. Alterations in Foxp3™ Treg
numbers have been reported in different stages of RA (5), and
Treg numbers have been found to increase in RA patients with
remission (6). As cellular plasticity of Treg/Th17 can occur at
sites of inflammation, the suppressive function of Tregs, rather
than Treg numbers, may indicate the status of immune tolerance
in RA patients (7, 8). This has been confirmed in a previous study
comparing Treg suppressive activity between healthy patients
and patients with different stages of RA (9).

This study was conducted to evaluate biomarkers that may
help predict RA relapse after conventional DMARD (cDMARD)
50%-dose reduction, such as Treg numbers and functions,
as well as levels of several cytokines in RA patients with
sustained remission.

MATERIALS AND METHODS

Participants and Study Design

Nine patients diagnosed with RA according to the ACR/EULAR
2010 or ACR 1987 classification criteria (10) were enrolled
in this prospective, unblinded cohort study. The study was
conducted at the Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand, and was approved by the Ethics Committees
on Human Rights Related to Research Involving Human Subjects
of Faculty of Medicine, Ramathibodi Hospital, in accordance
with the Declaration of Helsinki (ID: 10-57-37). Inclusion criteria
were RA patients without clinical synovitis and with disease
activity evaluated using DAS28 score of <2.6 (DAS28 remission)
as well as sustained clinical remission for at least 6 months before
enrolment. Exclusion criteria were RA patients with subclinical
synovitis defined by Doppler ultrasound during 6 months prior
to the start of the study, biological DMARD or targeted therapy
use, corticosteroid use, active infection at 2 weeks prior to the
study and a history of cancer or immune deficiency. A DMARD
reduction regimen was adopted from the RETRO study (11) in
which 50% dose reduction of each cDMARD was applied for
patients taking combination cDMARDs. Patients were followed
up for 24 weeks or until disease relapse (defined by arthritis
symptoms and a DAS28 > 2.6). Blood samples were collected
at baseline, prior to cDMARD reduction and at 6, 12, and 24
weeks or until disease relapse. In RA patients with disease relapse,
cDMARDs were restarted at the previous dose before tapering. A
detailed description of cDAMRD reduction is given in Table S1.

Cell Sorting and Co-culture Suppression
Assay

Plasma was prepared from the patients’ fresh whole blood
(16mL) and stored at —80°C until used for cytokine panel
detection via flow cytometry (LEGENDplex; BioLegend, USA).
Peripheral blood mononuclear cells (PBMCs) were isolated
using a commercial isolation kit (CPT tube; Becton Dickinson,
USA), followed by CD8' cell depletion using a magnetic
column method (X-Zell Biotec, TH). CD4* cells were stained
with conjugated anti-CD4PEcy7, -CD25PEcy5, and -CD127PE
murine antibodies (Becton Dickinson, USA) for cell sorting
of Treg (CD4*CD25M8+CD127!°"~) and conventional T cell
or Tconv (CD4TCD25-CD127") sorting using FACSAria III
(Becton Dickinson, USA). Tregs were subjected to short-term
expansion for 4 days at 37°C under a humidified atmosphere
containing 5% CO,, Briefly, 1 x 10° Tregs/well were stimulated
by CD3/CD28 bead (cat 111.31D, Life Technologies, USA).
Culture medium (RPMI-1640 with glutamine, Life Technologies,
USA) for the assay is supplemented with 10% fetal bovine serum,
1% penicillin/streptomycin, 1% HEPES buffer, 1% Sodium
pyruvate, 0.1% 2-mercaptoethanol (Life Technologies, USA),
and 500 IU/mL recombinant human interleukin 2 (rIL-2)
(ImmunoTools, Germany). The final volume for expansion
is 200 pl/well. The subsequent phenotype was confirmed
through intracellular Foxp3 staining. Autologous Tconv were
maintained in parallel in a culture medium supplemented with
500 IU/mL rIL-2 for 4 days as described above. “Rested”
Tconv were labeled with carboxyfluorescein succinimidyl ester
(CFSE) (Life Technologies, USA) prior to co-culturing with
“expanded” Treg at Treg:Tconv ratios of 10:1 and 5:1. The
details of this method validation is given in our previous
study (12). The ratio of 10:1 was used for monitoring Treg
suppressive activity in this study. Furthermore, 500 IU/mL rIL-
2 (ImmunoTools, Germany) and anti-CD3/CD28 beads (Life
Technologies, USA) (at 1:2 bead:cell ratio) were added and co-
cultivation was performed at 37°C under 5% CO, atmosphere for
3 days. The proliferation of CFSE-labeled Tconv was determined
via flow cytometry (Beckman Coulter), and Treg suppressive
activity was calculated as the percentage of suppression using
the following formula: %suppression = 100 - ([% Tconv
proliferation in co-culture]/[%Tconv proliferation in the absence
of Treg]) x 100.

Foxp3*Treg and T Cell Subset

Identification

PBMCs without CD8" depletion were used to study the
number of Foxp3™ Tregs and T cell subsets via flow
cytometry. Intracellular Foxp3 were stained with rat anti-human
conjugated Foxp3eflu660 antibodies (Affymetrix ebioscience,
USA) and the CD4*CD25"Foxp3™' population was defined as
Foxp3™ Treg, whereas CD4*tCD25%, CD4TCD257CD127" and
CD4+CD25M8gh+ D127 populations were defined as T cell
subpopulation types. The numbers of Treg and T cells were
determined via flow cytometry. The gating strategies used have
been reported in our previous study (12).
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TABLE 1 | Baseline characteristics of rheumatoid arthritis patients enrolled in the
studly.

Variables Sustained remission Relapse during P-values
during DMARD dose  DMARD dose
reduction reduction
Percentage of all patients 33.3% 66.7% -
(=29 (h=6)
Age (years), mean + SD 56.0 +14.9 538+ 11.9 1.000
WBC count (cells/mm?), 6.42 £1.49 5.57 £1.79 0.439
mean + SD
Lymphocyte count 29.67 £ 10.97 26.50 £+ 6.09 0.584
(cells/mm®), mean + SD
ESR (mm/h), mean + SD 30.00 £+ 10.00 19.17 £12.15 0.227
Serology positive (%) 33.3% (1/3) 66.7% (4/6) 0.317
(ACPA and/or RF)
VAS, median + IQR 0.00 0.00 + 12.50 0.289
DAS28, mean + SD 2.35+0.24 1.96 + 0.68 0.397
Baseline DMARDs used (%)
2-DMARDs combined - 50% -
3-DMARDs combined 100% 50% 0.317

ACPA, anti-citrullinated protein antibody; DAS28, disease activity score-28; DMARD,
disease-modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; IQR,
interquartile range; RF, rheumatoid factor; VAS, visual analog scale; WBC, white blood cell.

Statistical Analysis

Descriptive results are presented as the mean, median, standard
deviation (SD) and interquartile range (IQR). Treg suppressive
activity, numbers of Tregs and T cell subsets and plasma
cytokine levels were compared between RA patients with relapse
and those with sustained remission at 24 weeks using ¢-test
and Mann-Whitney U-test or Wilcoxon signed-rank test. Time
to relapse was determined using Kaplan-Meier analysis. The
cut-off value of Treg suppressive activity (%) between RA
patients with relapse and those with sustained remission was
calculated using Cox regression analysis. Immunological markers
associated with relapse were analyzed through univariate logistic
regression analysis using the results of sustained remission and
relapse status. Parameters with p-value < 0.05 in univariate
analysis were included in the backward selection for multivariate
logistic regression analysis. P-value < 0.05 was considered to
be significant. All statistical analyses were performed using IBM
SPSS version 16.00 for Windows OS (SPSS Inc., USA).

RESULTS

Patients’ Characteristics

All nine RA patients had established RA with a median disease
duration of 7 years (range, 4-11 years). Eight patients were
treated with ¢cDMARDs in the first year of appearance of
symptoms. The clinical course of the nine patients regarding
symptom onset, disease duration, bone erosion and extra-
articular manifestation is described in the Supplementary Data.
There were no significant differences in sex, average age, baseline
DAS28 score, and others laboratory parameter between RA
patients with sustained remission and relapse (Table 1).

Foxp3*Tregs, T Cell Subpopulations, and
Foxp3*Treg Ratios

T cell subpopulation numbers were reported as a percentage
of total CD4" T cells. Foxp3TTreg numbers at baseline
before cDMARD reduction were significantly higher than
those observed at the relapse visit (Figure 1A); however, no
difference was observed in patients with sustained remission
at 24 weeks (Figure 1B). There was no difference in T cell
subpopulation numbers CD4+tCD25%, CD4tCD257CD127"
and CD4tCD25M8h+CD1271°"~  between patients with
sustained remission and those with relapse during the
observational period (data not shown). In RA patients
with relapse, effector/activated T cell (CD4TCD25" and
CD4TCD257CD127%) subpopulation numbers were slightly
increased at the relapse visit compared with those at baseline
(from 10.02 £ 4.51 to 13.17 £ 7.18% and from 4.23 =+
7.73 to 8.65 =+ 7.80%, respectively), but these numbers
remained unchanged in patients with sustained remission. Both
Foxp3*Treg intracellular (Foxp3*Treg:CD4+tCD25TCDI1277)
and Foxp3*Treg extracellular
(CD4*+CD25Megh+CD127°%—.CD4T CD25TCD1271) ratios
were significantly decreased between baseline and relapse stage
(0.68 4 0.98 to 0.25 £ 0.32% and 0.87 =+ 1.02 to 0.39 % 0.17%,
respectively) (Figures 1C,D).

Treg Suppressive Activity

After Treg expansion, Treg and rested autologous Tconv were
co-cultured at a ratio of 10:1 for 3 days. We observed a 2-fold
decrease in Treg suppressive activity compared with that baseline
in patients with relapse after DMARD dose reduction (45.21
+ 16.72 to 21.19 £ 14.01%; 95% CI: 14.51-33.53; p = 0.001)
(Figure 2A). Conversely, Treg suppressive activity in patients
with sustained remission remained stable when compared with
that at baseline (Figure 2B). When Treg suppressive activity was
compared between patients with relapse and sustained remission
at baseline and at 6 and 12 weeks, it was found that Treg
suppression was 50.32 £ 16.33% at baseline. In three patients
with sustained remission over the course of 24 weeks, Treg
suppressive activity remained at a high level (54.04 £ 20.03%),
whereas this activity in patients with relapse at 6 or 12 weeks
was lower than that at baseline (Figure2D). In RA patients
with relapse, Treg suppressive activity declined, particularly in
comparison with the activity in those with sustained remission
at each time-point of relapse (14.24 £ 4.21 vs. 48.01 &+ 12.33%;
p = 0.011 at 6 weeks and 24.66 + 16.53 vs. 59.14 £ 17.32%
at 12 weeks; p < 0.05) (Figure 2C). Treg suppressive activity
and cDMARD dose reduction regimen in each patient is shown
in Table S1.

Plasma Cytokine Levels

The levels of 14 plasma cytokines were measured via flow
cytometry, including both pro-inflammatory and anti-
inflammatory cytokines (IFN-y, IL-2, IL-4, IL-5, IL-6, IL-9,
IL-10, IL-13, IL-17A, IL-17F IL-21, IL-22, TGF-B, and TNF-a).
In RA patients with relapse, it was observed that IFN-vy, IL-10,
IL-21, and TNF-a levels at disease relapse visits were significantly
higher than those at baseline, before cDMARD dose tapering
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FIGURE 1 | Percent Foxp3*Treg numbers (A,B) and Foxp3*Treg intracellular (C) and extracellular (D) ratios in rheumatoid arthritis patients on a reduced
disease-modifying anti-rheumatic drug regimen. Cells were labeled with appropriate fluorescent-labeled antibodies and analyzed via flow cytometry. (A) Baseline and
relapse percent Foxp3™Treg numbers [median + interquartile range (IQR)] were 3.11 & 1.1 and 2.5 & 1.1, respectively. (B) Baseline and ongoing remission percent
Foxp3*Treg (median =+ IQR) numbers were 2.04 + 0.9 and 3.35 + 1.1, respectively. (C) Baseline and relapse Foxp3* Treg intracellular ratio (Foxp3* Treg:CD4*
CD25+CD1277) (median & IQR) was 0.7 + 1.0 and 0.2 4 0.3, respectively. (D) Baseline and relapse Foxp3+Treg extracellular ratio (CD4 CD25"9"+ CD127'°%=:CD4
CD25% CD127%) (median + IQR) was 0.9 &+ 1.0 and 0.4 + 0.2, respectively. *p < 0.05, Wilcoxon signed-rank test.

(Table 2). In RA patients with sustained remission, there was no
change in the levels of all cytokines measured from baseline to
24 weeks (Table S2). However, IL-17A levels measured at relapse
visits at 12 weeks were higher than those at baseline (p < 0.05).
All significantly altered cytokine levels are summarized in the
line graph in Supplementary Figure 1. Therefore, univariate
logistic regression analysis did not reveal any cytokine as a
predictive factor for disease relapse in this study (Table S3).

Kaplan-Meier Plot and Univariate Logistic
Regression Analysis

Cox regression analysis showed that the cut-off value of Treg
suppressive activity that could predict relapse of disease in RA
patients in this study was 42%. A survival analysis using a
Kaplan-Meier plot demonstrated that 80% of RA patients who
had Treg suppressive activity > 42% at baseline had sustained
disease remission for 24 weeks following cDMARD dose
reduction (95% CI 9.64-14.36; p < 0.05) (Figure 3). Univariate
analysis showed that three parameters including Treg suppressive
activity (>42%), DAS28 score and VAS score (Table §3) could
predict RA relapse after DMARD dose tapering. However,

multivariate analysis (by logistic regression) (Table S4) showed
only Treg suppressive activity (>42%) to be the independent
parameter that could predict RA relapse after cOMARD dose
reduction (odds ratio: 0.843, 95% CI 0.726-0.978; p < 0.05).

DISCUSSION

The study results revealed that Treg suppressive activity may be a
predictive factor of disease relapse in RA patients with sustained
remission. However, the cDMARD dose tapering protocol used
in the study allowed only short-term observation. More than one-
third of patients may experience disease relapse after a 50% dose
reduction of cDMARD:s, particularly in the first 6 months (11).
Increased Treg numbers were reported in RA patients after 4
weeks of treatment with a combination of cDMARDs and an
anti-TNF from among etanercept, infliximab, or adalimumab (6).
Impaired Treg suppressive activity in patients with active RA
may be improved by MTX treatment through the demethylation
of FOXP3, leading to an increased expression of Foxp3 and
cytotoxic T-lymphocyte-associated antigen 4 (13). Nonetheless,
in the small number of patients taking different combinations of
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FIGURE 2 | Treg suppressive activity in rheumatoid arthritis patients on a reduced disease-modifying anti-rheumatic drug regimen. Following co-cultivation of Tregs
and autologous Tconv for 3 days, the proliferation of carboxyfluorescein succinimidyl ester (CFSE)-labeled Tconv was determined via flow cytometry. Treg suppressive
activity, presented as percent suppression (100 — [%Tconv proliferation in co-culture]/[%Tconv proliferation in the absence of Treg] x 100), was determined at the time
of drug regimen initiation (baseline) and at 6, 12, and 24 weeks thereafter. (A) Comparison of suppressive activity at baseline and disease relapse. (B) Suppressive
activity in patients with ongoing remission at baseline and at the final visit at 24 weeks after drug reduction. (C) Comparison of suppressive activity between patients
with ongoing remission and relapse during follow-up visits (6 and 12 weeks). (D) Suppressive activity in each patient (n = 9) at different time-points; boxed area (pink)
indicates suppressive activities in only those patients with relapse who had a suppressive activity of <42%. Treg suppressive activity in all patients at the initiation of
the study (baseline), patients in relapse at week 6 post-initiation (6 weeks), patients in relapse at week 12 post-initiation (12 weeks) and patients with ongoing
remission at week 24 post-initiation (24 weeks). A comparison of suppressive activity at baseline and that after relapse was performed using a paired sample t-test.
The comparison of suppressive activity at four visits and different visits was analyzed using Kruskall-Wallis and Mann-Whitney U-tests, respectively. Significance at

p-value: *p < 0.05 and **p < 0.01.

cDMARDs, we were not able to address the impact of cDMARD
dose tapering on the likelihood of RA relapse.

Several studies have supported the notion that Tregs
influence RA in different stages of the disease. For example,
Kawashiri et al. demonstrated lower numbers of peripheral blood
CD4*CD25"¢"+ CD1271°~ Treg populations in RA patients
with active disease than in RA patients in remission (14). In
addition, Treg suppressive activity in the synovial fluid has been
shown to be impaired in patients with active RA, which could be
influenced by the hyperactivation of protein kinase B, resulting
in T cells becoming resistant to Treg suppression (15). One study
found that the Treg/Th17 ratio increased after the second month
of treatment with an IL-6 receptor inhibitor in RA patients (16).
However, Treg numbers alone may not be sufficient to reflect the
immunosuppressive status due to Treg/Th17 cellular plasticity in
RA. For this reason, measuring Treg suppressive activity might
be useful in clinical practice (17).

In this study, we demonstrated that Treg suppressive activity
in RA patients with relapse significantly decreased at relapse visits
compared with that at baseline after cDMARD dose reduction.
Interestingly, we found that Treg suppressive activity <42% at
baseline could predict disease relapse over a 24 weeks observation
period. In contrast, Treg suppressive activity (>42%) was stable
during the 24 weeks of this study in RA patients with sustained
remission after drug tapering. This may reflect that while drugs
acted in vivo as immunosuppressants, immune tolerance in some
patients also influenced the effect of cDMARDs.

Pro-inflammatory cytokines from autologous effector T cells
inhibit Treg suppressive activity, and this activity was recovered
after anti-TNF therapy (18). In active stages of RA, these
cytokines facilitate T-cell-mediated cellular immunity, monocyte
activation, Treg-plasticity and auto-antibody production, leading
to immune deregulation (19). For example, TNF-a binds to
TNF receptor type II on Tregs, resulting in the downregulation
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FIGURE 3 | Kaplan-Meier plot of a proportion of rheumatoid arthritis patients
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into those with a Treg suppressive activity (Suppression) of <42 and >42%.
Percentage of Treg suppressive activity was determined as described in the
legend to Figure 2. P < 0.05; 95% confidence interval: 9.64-14.36,
Kaplan—-Meier analysis.

TABLE 2 | Cytokine levels in rheumatoid arthritis patients with relapse (n = 6).

Cytokines (pg/mL), median + IQR Baseline Relapsed P-values
IL-2 2+2 2+12 0.180
IL-4 20 + 21 38 + 170 0.075
IL-6 4+4. 8+ 22 0.075
IL-9 2+1 3+9 0.075
IL-10 36 + 23 71714 0.028*
IL-13 <2 3+14 0.109
IL-17A <2 6 + 30 0.068
IL-17F 2+6 3+6 0.080
IL-21 5+10 12+ 43 0.028*
IL-22 28 + 15 34 £22 0.600
IFN-y 8+ 12 15422 0.028*
TNF-a 16 + 29 21 + 84 0.028*
TGF-B (ng/mL), mean + SD 326 £355 348+ 389 0.305

*Significance at p < 0.05. IFN-y, interferon-vy; IL, interfeukin; IQR, interquartile range;
TGF-B, transforming growth factor B; TNF-a, tumor necrosis factor a. IL-5 level was
<1.95 pg/mL at all visits (data not shown).

of FOXP3 expression by inducing protein phosphatase 1 (PP1)
expression (20). IL-10 is a suppressive cytokine produced by
Tregs, and increased IL-10 mRNA expression has been previously
shown in RA patients (21) Increased serum IL-10 levels have
also been found in RA patients compared with those in
healthy controls. However, IL-10 is also produced by synovial
mononuclear cells (MNCs), such as monocytes, macrophages
and Thl cells, as well as some pro-inflammatory cytokines,
including TNFaq, IL-1, and IL-6 (22). This may be the reason why
IL-10 levels were increased, whereas Treg numbers and activity
were impaired in patients with active RA. We also observed that

levels of many inflammatory cytokines, such as IFN-y, IL-10,
IL-17A, IL-21, and TNF-a were elevated in RA patients with
relapse. However, we were not able to demonstrate an association
between these cytokines and disease relapse.

Only one-third of the RA patients in the study remained in
the remission stage for 24 weeks after a 50% dose reduction of
cDMARDs. Treg suppressive activity <42% may be a predictor
of disease relapse. The limitations of this study were its small
sample size and limited study duration. A multivariate analysis
may not be appropriate for interpreting the results of this study.
We found that Treg suppressive activity can be potentially
used as a predictive tool for RA relapse when considering
DMARD dose tapering. This study lays the foundation for further
investigations involving a larger cohort over a longer period in
RA patients.
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