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Abstract

Objective

Seropositive arthralgia patients (SAP) are at high risk of developing rheumatoid arthritis

(RA). This prospective study aimed to determine whether altered peripheral regulatory T-

cells (Tregs) and defined subsets, besides a broadened anti-citrullinated protein antibody

(ACPA) response, may qualify as biomarkers for RA development in SAP.

Methods

Thirty-four consecutive SAP were prospectively assessed every 6 months for minimally 2

years. At inclusion, peripheral Treg (CD4+CD25+FoxP3+) numbers and subsets, defined

as CD45RA+FoxP3low naive Tregs (Fr I), CD45RA-FoxP3high activated Tregs (Fr II) and

CD45RA-FoxP3low non-Tregs (Fr III), were compared to age- and sex-matched healthy con-

trols (HC, n = 16) and treatment-naive RA patients (n = 12). SAP that developed RA were

compared to non-switchers and analyzed for Treg numbers and Treg subsets at inclusion.

Also, Treg numbers and subsets were compared in switched SAP before and at diagnosis.

To assess the ACPA repertoire, IgG and IgA reactivity was measured against citrullinated

peptides from fibrinogen, α-enolase and vimentin.

Results

Treg numbers were similar between HC, SAP and RA patients. Although the bonafide

Treg subsets Fr I and Fr II were comparable between groups, Fr III was increased in SAP
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compared to HC (p = 0.01). Fourteen (41%) SAP developed RA during follow-up. Their

Treg numbers and subsets were comparable to non-switched SAP. At RA diagnosis, Treg

numbers in switched SAP were similar to 6 months before. Switched SAP displayed a more

diverse IgG ACPA repertoire compared to non-switched SAP (p = 0.046) and showed more

IgA reactivity than non-switched SAP reaching significance for Fib1 only (p = 0.047).

Conclusion

Numbers of Total Treg and bonafide Treg subsets are not indicative for RA development in

SAP, opposed to the ACPA repertoire.

Introduction
Rheumatoid arthritis (RA) is an autoimmune disorder characterized by chronic inflammation
of the joints and by a breakdown of self-tolerance [1]. This breakdown is reflected by the induc-
tion of autoantibodies, such as rheumatoid factor (RF), anti-carbamylated protein antibodies
(anti-CarP) and anti-citrullinated protein antibodies (ACPA) directed against self-proteins
which are found in the majority of RA patients [2]. These autoantibodies can be detected in
serum years before disease development [3,4]. Furthermore, levels of several cytokines, cyto-
kine-related factors and chemokines congruent with an activated adaptive immune system are
increased in the pre-clinical phase of RA [5].

In healthy conditions, the immunological equilibrium is maintained by the apoptosis of
immature self-reactive lymphocytes in the thymus and activation-induced cell death of mature
T-cells, as well as suppression of immune responses against self-proteins by regulatory CD4+

T-cells (Tregs) [6]. The function of Tregs is to suppress immune activation by modulating
diverse cellular functions such as T-cell proliferation and cytokine production. Treg cells are
defined by the expression of the nuclear transcription factor forkhead box protein 3 (FoxP3)
and the expression of CD4 and CD25 on the cell-surface [7]. In RA patients, it remains unclear
whether the frequency and/or the functionality of peripheral Treg cells is affected; some studies
show a decrease [8,9], some report normal levels [10–14] whereas one study reports increased
levels and enhanced activity in RA compared to healthy controls [15]. A subdivision of Treg
cells into separate functionally different subpopulations was described by Miyara et al. [16],
with functional subtypes such as CD45RA+FoxP3low naive Treg cells (Fr I) which can convert
to CD45RA-FoxP3high activated Treg cells (Fr II) and non-functional CD45RA-FoxP3low non-
Treg cells (Fr III). Fr III cells, however, have no suppressive function, but are able to secrete
cytokines such as IL-2, IFN-γ and IL-17.

The first aim of this study was to assess whether a change of regulatory T-cells (subsets)
plays a role in the development of RA. We determined the numbers of the three aforemen-
tioned subpopulations of Treg cells in peripheral blood from seropositive arthralgia patients
(SAP). We prospectively followed a group of SAP and assessed whether arthritis development
was associated with changed numbers of regulatory T-cells and/or a shift in Treg subpopula-
tions. By definition, SAP are seropositive for ACPA and/or IgM-RF and have (a history of)
arthralgia but no arthritis. It has been reported that around 35% of these patients develop RA
after a median follow up of 12 months [17]. The second aim of this study was to assess the
extension of both the IgG and IgA ACPA repertoire in SAP. It has been shown that SAP with a
more extended IgG ACPA repertoire have an increased risk of developing RA [18]. The IgA
ACPA repertoire has been studied to a lesser extent than IgG ACPA, but the IgA ACPA
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repertoire might be of importance since mucosal inflammation has been hypothesized to play a
role in the initiation of RA [19] and similar to IgG ACPA, IgA ACPA emerge before the onset
of clinical RA [20].

Materials and Methods

Study subjects
Thirty-four consecutive SAP, seropositive for anti-CCP2 and/or RF (determined as described
below) and having (a history of) arthralgia, but no arthritis were included. Patients were
recruited at the rheumatology outpatient clinic of the University Medical Center Groningen
between February 2012 and October 2013. The development of arthritis was confirmed by a
senior rheumatologist after physical examination of 44 joints during half-yearly follow-up vis-
its. Participants were instructed to contact the rheumatologist when they perceived progression
of their joint complaints. Median follow-up time was 40 months (range 24–43 months). A
group of 16 age and sex-matched healthy controls (HC) who were recruited among employees
at the University Medical Center Groningen and subjects belonging to another healthy control
group were included in the study [21]. Exclusion criteria for HC were inflammation, malig-
nancy or use of immunosuppressive therapy. Furthermore, 12 consecutive treatment-naive
newly diagnosed RA patients, diagnosed at the RA outpatient clinic of the UMCG between
2010–2011, fulfilling the ACR 1987 or 2010 criteria for RA, were included. These patients had
their blood drawn at the moment of diagnosis before start of treatment with disease modifying
anti rheumatic drugs (DMARD). Characteristics of patients and controls are described in
Table 1.

Patients and controls gave their written informed consent at the start of the study, in com-
pliance with the Helsinki Declaration. The study was conducted with the approval of the Medi-
cal Ethics Committee of the University Medical Center Groningen (METc 2009–118, 2011–
306 and 2012–375).

Flow cytometric analysis of regulatory T-cell subsets
Peripheral blood mononuclear cells (PBMCs) were isolated using Lymphoprep (Axis Shield,
Oslo, Norway) centrifugation and stored in liquid nitrogen until further use. Cells were defrozen
and subsequently fixed and permeabilized using the Foxp3 / Transcription Factor Staining
Buffer Set (eBioscience, San Diego, CA, USA) and stained for flow cytometric analysis with anti-
CD3-PerCP (BD Biosciences, San Jose, CA, USA), anti-CD8-APC-eFluor780 (eBioscience),
anti-CD127-Alexa647 (Biolegend, San Diego, CA, USA), anti-CD25-PE (eBioscience), anti-
CD45RO-Alexa700 (Biolegend), anti-CD45RA-Alexa605 (BD Biosciences) and anti-FoxP3-
Alexa488 (eBioscience). Cells were measured on an LSR-II flow cytometer (BD Biosciences) and
the data were analyzed with Kaluza 1.2 Analysis Software (Beckman Coulter, Woerden, The
Netherlands).

Absolute numbers of lymphocytes in EDTA anti-coagulated blood were determined using
the BDMultiTest TruCount method with sixcolor MultiTest reagents detecting CD45, CD3,
CD4, CD8, CD19, CD16 and CD56 (BD Biosciences) according to the manufacturer’s instruc-
tions. Percentages of (functional) Treg subsets were characterized as described before [7,16]
and CD4+ T-cell counts were used to calculate the absolute numbers of these subsets.

Autoantibody measurements
Total Ig RF levels in serum were measured by turbidimetry with modular analyzer (Roche,
Mannheim, Germany) with cut off level for RF-seropositivity �15 IU/ml. IgG anti-CCP2
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levels were measured by fluorescent enzyme immuno assay on the Phadia 250 (Phadia Labo-
ratory Systems, Phadia AB, Uppsala, Sweden) with cut off level for anti-CCP2 seropositivity
�10 U/ml.

Specificity of the ACPA response was determined by testing reactivity against four well-
known citrullinated peptides [18]; two peptides from fibrinogen (Fib1, β-chain amino acids
36–52, NEEGFFSACitGHRPLDKK and Fib2, β-chain amino acids 60–74, CitPAPPPISGG
GYCitACit), one peptide from α-enolase (Eno1, KIHACitEIFDSCitGNPTVE) and one
peptide from vimentin (Vim1, VYATCitSSAVCitLCitSSV). Citrulline-specific IgG and
IgA reactivity was determined separately by measuring the difference in reactivity against the
citrullinated and native form of the peptides, with the cut off defined as the difference in optical
density (ΔOD)>2SD above the mean of 36 healthy controls, previously described [22].

Statistics
Data were analyzed using GraphPad Prism 5 (Graphpad Software, San Diego, CA, USA). For
group comparisons, a Mann–Whitney U test was used for continuous variables and Fisher’s
exact test for categorical variables. A paired t-test was used for paired samples. Significance
level α was 0.05.

Table 1. Clinical and serological characteristics at inclusion.

Healthy controls(n = 16) SAP(n = 34) RA patients(n = 12)

Sex, n (% female) 12 (75) 24 (71) 8 (67)

Age, yr, median (IQR) 53 (50–59) 50 (38–56) 59 (52–70)*

SE status (% pos)a 62.5 69 67

CRP (mg/L), median (range) NA <5 (<5–29) 17 (<5–43)***

ESR (mm/h), median (IQR) NA 11 (9–17) 28 (21–43)**

Anti-CCP2 positive, n (% pos) NA 33 (97) 9 (75)

Anti-CCP2 (U/ml), median (IQR) NA 99 (39–299) 240 (136–340)

RF positive, n (% pos) NA 29 (85) 9 (75)

RF (IU/ml), median (IQR) NA 54 (21–146) 346 (104–535)**

Lymphocyte count (106/ml), median (range)b 1.85 (1.38–3.1) 2.05 (0.9–4.35) 1.90 (1.37–3.01)

CD4+ T-cell count (106/ml), median (range)b 0.88 (0.46–1.57) 1.01 (0.37–2.44) 0.86 (0.64–1.51)

CD8+ T-cell count (106/ml), median (range)b 0.38 (0.26–0.74) 0.36 (0.11–0.94) 0.36 (0.15–1.13)

CD19+ B-cell count (106/ml), median (range)b 0.20 (0.14–0.48) 0.27 (0.05–0.87) 0.23 (0.08–0.42)

CD16+CD56+ NK-cell count (106/ml), median (range)b 0.31 (0.15–0.58)** 0.21 (0.01–0.47) 0.24 (0.10–0.34)

DAS28-ESR, median (IQR) NA NA 5.67 (4.11–6.10)

TJC46, median (IQR) NA NA 8 (4–15)

SJC44, median (IQR) NA NA 7 (2–12)

VASgh, median (IQR) NA NA 60 (30–77)

SE = shared epitope (SE-containing alleles are HLA-DRB1*0401, *0404, *0405, *0408, *0101, *0102 and *1001); CRP = C-reactive protein;

ESR = erythrocyte sedimentation rate; Anti-CCP2 = anti cyclic citrullinated peptides antibodies (positive score defined as > 10 IU/mL); RF = rheumatoid

factor (positive score defined as� 15 IU/mL); DAS28-ESR = disease activity score 28 using the ESR; TJC46 = tender joint count out of a possible 46;

SJC44 = swollen joint count out of a possible 44; VASgh = visible analog scale for global health. NA: not applicable. Groups are compared to SAP

(seropositive arthralgia patients).
a Available for 16/16 HC, 33/34 SAP and 10/12 RA patients.
b Available for 14/16 HC, 34/34 SAP and 10/12 RA patients.

*p<0.05

**p<0.01

***p<0.001.

doi:10.1371/journal.pone.0162101.t001
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Results

Circulating regulatory CD4+ T-cell numbers are not different between
SAP and HC
The frequency of CD4+CD25+FoxP3+ T-cells among PBMCs in HC, SAP at inclusion and RA
was assessed by flow cytometry (Fig 1A). The frequency of CD4+CD25+FoxP3+ T-cells in SAP
was comparable to HC and tended to be decreased in RA patients compared to HC (p = 0.08;
Fig 1B). However, absolute numbers of CD4+CD25+FoxP3+ T-cells were comparable between
HC, SAP and RA. Within total CD4+ Treg populations, the frequencies and numbers of Fr I,
Fr II and Fr III Tregs defined based on the CD45RA and FoxP3 expression were assessed (Fig
1C). No differences between the groups were observed when comparing the two suppressive
subtypes (Fr I and Fr II; Fig 1D), while an increase compared to HC was observed in both per-
centages and absolute numbers of Fr III for SAP (p = 0.01) but not for RA. In RA, absolute
numbers of Fr III even tended to be decreased compared to SAP (p = 0.06).

Peripheral Tregs in switched and non-switched SAP at inclusion
Next, SAP that had not developed RA after a follow-up of at least 2 years were compared to the
group of SAP that did develop RA during this period. Fourteen SAP (41%) developed RA after a
median of 17 months (range 5–35 months). At the time of RA diagnosis, the median disease
activity score 28 (DAS28) was 4.40 (IQR 3.78–5.24). Patient characteristics at inclusion of both
groups and disease characteristics at time of RA diagnosis are given in Table 2. At inclusion, levels
of CRP and ESR were comparable between non-switched and switched SAP. Although total lym-
phocyte counts were not different between non-switched and switched SAP, a trend for a decrease
of CD4 T-cells was noted in the switched patients (p = 0.09). Yet, no significant differences
between non-switched and switched SAP were observed in frequencies and absolute numbers of
CD4+CD25+FoxP3+ Treg cells (Fig 2A). Likewise there were no significant differences between
non-switched and switched SAP in frequencies and absolute numbers of Fr I and Fr II Treg sub-
sets (Fig 2B). Although a tendency towards a decrease in absolute numbers of Fr III in switched
SAP compared to non-switched SAP was observed (p = 0.06). The decrease of CD4 T-cells in
switched SAP was not solely attributed to this decrease of Fr III, since CD4 T-cells levels without
Fr III tended to be decreased too in switched SAP compared to non-switched SAP (p = 0.10).

Treg proportions do not alter shortly before switch to RA
A shift in Treg numbers might occur shortly before the switch to RA and be indicative for RA
development. Therefore, the Treg levels in the eight SAP of whom PBMCs were available, were
compared at the time of RA diagnosis to six months before. Again, frequencies and absolute
numbers of CD4+CD25+FoxP3+ Treg cells (Fig 2C) and Treg subsets (Fig 2D) were not affected
by the switch to RA. However, when compared to inclusion, CRP and ESR levels tended to be
increased six months before RA diagnosis (p = 0.06 and p = 0.09, respectively) and were signifi-
cantly increased at the time of RA diagnosis (p = 0.03 and p = 0.02, respectively).

ACPA repertoire in serum
Anti-CCP2 and RF levels were not significantly increased at the time of diagnosis compared to
six months before diagnosis (S1A and S1B Fig). Since almost all our SAP were anti-CCP2 posi-
tive, it was of interest whether the switched SAP displayed a more widespread ACPA repertoire
compared to non-switched SAP. Therefore, reactivity was measured against 4 different citrulli-
nated peptides. Regarding IgG ACPA, switched SAP recognized significantly (p = 0.046) more
peptides at inclusion (median 3, IQR 2–4) compared to non-switched SAP (median 2, IQR
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0–3). The number of peptides recognized by switched and non-switched SAP remained stable
during follow-up (data not shown). Fr III includes effector T-cell subsets such as Th1 and
Th17, cells which might migrate into inflamed synovia. Anti-CCP2 titers and IgG ACPA reper-
toire did not correlate with absolute numbers of Fr III (S1C and S1D Fig), however. All 4 citrul-
linated peptides were more often recognized by switched SAP compared to non-switched SAP
reaching only significance for Eno1 (p = 0.02, Fig 3A). As expected, IgA reactivity against the

Fig 1. Analysis of Treg subpopulations in healthy controls (HC), seropositive arthralgia patients (SAP) at inclusion and treatment-naive
rheumatoid arthritis patients (RA). (A) Three representative FACS analyses of CD25+FoxP3+ cells gated on CD4+ T-cells in HC, SAP and RA. (B)
Percentages and absolute numbers of CD4+CD25+FOXP3+ cells negative for CD127 among CD4+ T-cells in HC, SAP and RA. (C) Three
representative FACS analyses of Treg subpopulations gated on CD4+ T-cells in HC, SAP and RA. (D) Percentages and absolute numbers of naive
Tregs (Fr I), activated Tregs (Fr II) and non-suppressive Tregs (Fr III) in HC, SAP and RA. MannWhitney U test was used to compare groups.
Horizontal bars indicate the median.

doi:10.1371/journal.pone.0162101.g001
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citrullinated peptides was less often observed in SAP compared to IgG reactivity. However,
switched SAP showed more IgA reactivity than non-switched SAP reaching significance for
Fib1 only (p = 0.047, Fig 3B). Furthermore, IgA ACPA positive patients displayed a broad IgG
ACPA peptide repertoire (median 3 peptides, range 2–4). In switched SAP 43% (n = 6/14) of
the switched patients showed IgA reactivity against at least 1 citrullinated peptide while in
non-switched SAP this was only 20% (4/20).

Discussion
Early diagnosis and treatment of RA is of paramount importance for achieving a better disease
outcome [23]. Therefore, it is necessary to understand which immunological factors play a
role in the progression of a SAP towards RA since this could help to identify individuals who
are at “high risk” of developing RA [24,25]. The current study assessed whether peripheral
CD4+CD25+FoxP3+ Treg numbers are changed in SAP and whether these changes are predic-
tive for RA development. Like other studies in diagnosed RA patients [8,9,26,27], the current
study also pointed towards a decrease in percentages of peripheral regulatory T-cells in RA.

When looking into detail to the Treg subsets of the studied groups, an increase of
CD45RA-FoxP3low non-Treg cells (Fr III) was observed in SAP compared to HC. Fr III does
not exert a suppressive function, but is capable of secreting IL-17 [16]. Thus, the increase in

Table 2. Patient characteristics at inclusion of SAP (seropositive arthralgia patients) subdivided for arthritis development and disease characteris-
tics at RA diagnosis.

Non-switched SAP (n = 20) Switched SAP (n = 14) P

Sex, n (% female) 15 (75) 9 (64) 0.70

Age, yr, median (IQR) 48 (38–53) 55 (37–66) 0.22

SE status (% pos) 63a 79 0.46

CRP (mg/L), median (range) <5 (<5–29) <5 (<5–19) 0.43

ESR (mm/h), median (IQR) 11 (9–16) 11.5 (10–22) 0.34

Anti-CCP2 positive, n (% pos) 19 (95) 14 (100) 1.00

Anti-CCP2 (U/ml), median (IQR) 90 (28–252) 211 (60–340) 0.14

RF positive, n (% pos) 16 (80) 13 (93) 0.38

RF (IU/ml), median (IQR) 39 (21–101) 120 (25–336) 0.10

Lymphocyte count (106/ml), median (range) 2.15 (0.90–4.35) 1.96 (1.11–2.63) 0.28

CD4+ T-cell count (106/ml), median (range) 1.15 (0.37–2.44) 0.98 (0.53–1.24) 0.09

CD8+ T-cell count (106/ml), median (range) 0.36 (0.11–0.94) 0.37 (0.17–0.73) 0.74

CD19+ B-cell count (106/ml), median (range) 0.27 (0.07–0.87) 0.27 (0.05–0.49) 0.89

CD16+CD56+ NK-cell count (106/ml), median (range) 0.20 (0.07–0.46) 0.21 (0.01–0.47) 0.90

Disease characteristics at RA diagnosis after 5–35 months of follow-up

DAS28-ESR, median (IQR) NA 4.40 (3.78–5.24) –

CRP (mg/L), median (range) NA 10 (<5–36) –

ESR (mm/h), median (IQR) NA 19 (13–36) –

TJC46, median (IQR) NA 7 (2–12) –

SJC44, median (IQR) NA 3 (2–8) –

VASgh, median (IQR) NA 70 (30–78.5) –

SE = shared epitope (SE-containing alleles are HLA-DRB1*0401, *0404, *0405, *0408, *0101, *0102 and *1001); CRP = C-reactive protein;

ESR = erythrocyte sedimentation rate; Anti-CCP2 = anti cyclic citrullinated peptides antibodies (positive score defined as > 10 IU/mL); RF = rheumatoid

factor (positive score defined as� 15 IU/mL); DAS28-ESR = disease activity score 28 using the ESR; TJC46 = tender joint count out of a possible 46;

SJC44 = swollen joint count out of a possible 44; VASgh = visible analog scale for global health NA: not applicable.
a Available for 19/20 non-switched SAP.

doi:10.1371/journal.pone.0162101.t002
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Fr III might be attributed to a shift in the Th17/Treg balance as has been reported for
(treated) RA patients [26]. However, in our study, no increase of Fr III in RA patients was
observed. Rather, the Fr III subset tended to decrease in RA patients compared to SAP. The
latter is in line with previous work from our group indicating that peripheral CD4+CD161
+ T cells (Th17 lineage cells) are increased in SAP, but decreased in RA patients at disease
onset with an enrichment of these cells in the joints [28]. The tendency that peripheral Fr III
numbers are lower at inclusion in switched SAP compared to non-switched SAP might indi-
cate that Th17-cells migrate to inflammatory sites in the joints, although an earlier immuno-
histochemical study could not detect an increase of T-cells in synovial biopsies from SAP
who later developed RA compared to HC [29]. Another study in RA patients revealed a
decrease in peripheral CD45RA-FoxP3high activated Treg cells (Fr II) compared to HC [30],
but that study assessed Fr II in (longstanding) RA-patients who were mainly treated with
DMARDs and anti-TNF-α and not treatment-naive RA patients as assessed in our study.

The results of our study showed that there is no change in peripheral Treg and bonafide
Treg subsets in the 6 months prior to arthritis diagnosis. In contrast to a recent study by Hunt
et al. [31] who studied several T-cell subsets in a larger cohort of comparable patients, we do
not confirm an additional value of decreased Treg frequencies for predicting RA development.
A difference in follow-up periods between the studies may underlie this discrepancy. Hunt
et al. [31] assessed SAP every 3 months in the first year after inclusion and only on clinical indi-
cation thereafter. That approach is significantly different from our approach assessing SAP
every 6 months until they switched to RA. Interestingly, Hunt et al. [31] showed that a number

Fig 2. Treg subsets in SAPwho switched or did not switch to RA. (A) Percentages and absolute numbers of CD4+CD25
+FoxP3+ T-cells and (B) Treg subpopulations in non-switched vs switched SAP at inclusion. (C) Percentages and absolute
numbers of CD4+CD25+FoxP3+ T-cells and (D) Treg subpopulations in switched SAP at the time of RA diagnosis and 6
months before. MannWhitney U test was used to compare groups and paired t-test was used to compare paired samples. No
significant differences were observed. Horizontal bars indicate the median.

doi:10.1371/journal.pone.0162101.g002
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Fig 3. Reactivity against citrullinated peptides from fibrinogen (Fib1, Fib2), α-enolase (Eno1) and vimentin (Vim1)
in SAP sera at inclusion. (A) IgG seropositivity (B) IgA seropositivity. Reactivity is shown as percentage within the group
of patients that switched or did not switch to RA. Fisher’s exact test was used to compare groups.

doi:10.1371/journal.pone.0162101.g003
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of SAP who developed arthritis switched from normal frequencies to abnormal decreased
peripheral frequencies of Treg or naive T-cells or increased proportions of inflammation
related T-cells in the period before arthritis development compared to non-switched patients.
Unfortunately, Hunt et al. [31] did not specify how many of the switched patients shifted
towards decreased Treg frequencies and at which time point before arthritis development this
switch had occurred. The omission of these data makes it difficult to appreciate and explain the
discrepancies in results between Hunt et al. [31] and our study.

Our study showed that SAP who later progressed to RA recognized more citrullinated pep-
tides than SAP who did not switch to RA during follow-up. Broader reactivity was observed
for both IgG and IgA ACPA in switched SAP. IgG ACPA epitope spreading has been implicated
in arthritis development of SAP also by others (18), however, to the best of our knowledge,
involvement of IgA ACPA epitope spreading in SAP progression to RA has not been demon-
strated yet. Therefore, it remains of importance to prospectively follow IgA ACPA positive non-
switched SAP for the development of RA in future studies. Comparable to Treg numbers, serum
levels and epitope spreading of autoantibodies remained unchanged at RA development com-
pared to 6 months before as also was reported by others [18]. Apparently, SAP represent a sub-
group of patients in which ACPA epitope spreading happens before the start of joint complaints
but not before RA development, while another study in pre-symptomatic RA patients reports
an expansion of the ACPA repertoire in the year before the development of RA [32].

Tregs are capable to suppress the emergence of long-lived plasma cells that produce autoan-
tibodies in RA [33]. Animal experiments revealed that CD25+ cell-depleted DBA/1 mice had
more severe disease and higher autoantibody levels than control mice with collagen induced
arthritis (CIA) [34]. We did not find a negative correlation between Treg numbers and anti-
CCP2 levels in SAP, however, which makes it difficult to link Treg numbers to autoantibody
levels in our SAP cohort.

The limitation of the present study is a lack of data on the functional capabilities of Tregs in
our cohorts of switched SAP and non-switched SAP. Limitations in blood sampling and cell
quantities required for suppression assays made it unfeasible to assess the functional capabilities
of Tregs in this prospective setting. Several studies reported on defects in Treg function in RA
patients [11,14,35] while other studies could not confirm this observation [9,12,36]. Whether
Treg function is affected in SAP during RA development remains therefore a topic for future
studies. In our study circulating Tregs were assessed. This might be considered another limita-
tion as synovial Tregs are important for suppressing ongoing joint inflammation.

In conclusion, we report similar numbers of peripheral CD4+CD25+FoxP3+ regulatory
T-cells in HC, SAP and RA, although a trend towards reduced percentages of peripheral
CD4+CD25+FoxP3+ regulatory T-cells in RA patients compared to HC was observed. Also,
no differences in bonafide Treg subsets were observed. SAP did not show decreased numbers
of peripheral CD4+CD25+FoxP3+ Tregs but did show an increase of CD45RA-FoxP3low non-
Treg cells (Fr III) compared to HC. When comparing within SAP, we found no significant
differences in Treg frequencies between switched and non-switched SAP at inclusion. In
addition, Treg numbers did not change in the 6 months prior to arthritis diagnosis. Hence,
there is presumably no contribution of altered Treg numbers leading to the loss in suppres-
sion of autoimmunity in RA pathology. A broad IgG and IgA ACPA response in serum is
thus more indicative as a biomarker for RA development in SAP than altered Treg numbers.

Supporting Information
S1 Fig. (A) IgG anti-CCP2 levels (n = 11) and (B) RF levels (n = 10) in switched SAP of whom
data was available at the time of RA diagnosis and 6 months before switch to RA. Paired T-test
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was used to compare groups. No significant differences were observed. (C) Correlation between
IgG anti-CCP2 levels and absolute numbers of Fr III in SAP and (D) correlation between abso-
lute numbers of Fr III and number of peptides recognized (IgG) by SAP. Spearman rank test
was used to assess correlations. No correlations were observed.
(TIF)
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