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Summary

Anti-citrullinated peptide antibodies (ACPA) are highly specific for rheuma-
toid arthritis (RA). However, the predominant B cell epitopes have not yet
been defined. The aim of this study was to examine the reactivity of ACPA
against different peptides derived from citrullinated proteins and to investi-
gate whether or not these antibodies constitute a homogeneous population.
For this purpose, sera from patients with RA (n = 141), systemic lupus
erythematosus (SLE) (n = 60), Sjögren’s syndrome (SS) (n = 54) and healthy
controls (n = 100) were tested for their reactivity against six citrullinated
peptides derived from peptidyl arginine deiminase (PAD), vimentin (vim),
alpha-enolase (enol), fibrin, type II collagen (col-II) and filaggrin, respec-
tively. A non-citrullinated control peptide derived from PAD was used as
control (ctrlPAD621–40). Antibody reactivity against each individual peptide
was evaluated by enzyme-linked immunosorbent assay (ELISA). Specificity
and cross-reactivity of ACPA were tested by using two prototype sera with
homologous and cross-inhibition assays. Specificity of ACPA from two pro-
totype sera was confirmed by purification of anti-peptide antibodies and
homologous-inhibition experiments. We found that sera from patients with
RA reacted diversely with the six citrullinated peptides. More specifically,
PAD211–30 displayed 29·08% sensitivity, vim60–75 29·08%, enol5–21 37·59%,
fibrin617–31 31·21%, col-II358–75 29·97% and filaggrin306–24 28·37%, while control
ctrlPAD621–40 showed no reactivity. All reactive peptides were found to be
highly specific for RA. A notable cross-reaction (>70%) was found mainly
between filaggrin and the majority of anti-citrullinated peptide antibodies.
We concluded that ACPA in RA constitute a heterogeneous population with
limited cross-reactivity and without a predominant epitope.
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Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory
disease of autoimmune origin with significant morbidity
worldwide, accounting for 0·5–1% of the adult population
[1]. The aetiology of RA remains unclear, even though
immunological, genetic and environmental factors have
been reported to be involved in pathogenesis [2–4]. Two
important autoantibodies have been described in RA: rheu-
matoid factor (RF) directed against the Fc fragment of
immunoglobulin (Ig)G [5] and autoantibodies against
citrullinated peptides/proteins (ACPA) [6]. RF is a well-

described autoantibody and is present in approximately
70% of RA patients [7]. RF is also detected in patients with
other autoimmune diseases as well as in chronic infections,
lymphomas and solid tumours with limited specificity [6].
Thus, interest has shifted towards novel autoantibodies to
detect seronegative RA [7] as well as ACPA, which are
directed to antigens that contain arginine converted to
citrulline residues by the calcium-dependent enzyme family
of peptidylarginine deiminases (PAD) [8]. Remarkably,
ACPA are detectable in sera of patients with early
RA several years before disease onset, and have been associ-
ated with a more severe disease outcome [9,10]. Also,
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autoantibodies can be used as biomarkers to direct clinical
judgement towards specific therapeutic approaches, to
monitor disease activity or to assess response to treatment.
Therefore, the presence of any RF isotype or anti-cyclic
citrullinated peptide (CCP) antibodies has been found to
predict clinical benefit from anti-CD20 therapy [11].

Previous studies have revealed that ACPA recognize linear
peptide epitopes containing citrulline residues, generated by
post-translational deimination (citrullination) of arginine
residues derived from various proteins [12–14]. However, it
has been demonstrated previously that B cell epitopes
within the parent proteins vimentin, fibrin, filaggrin [15],
PAD [16] and alpha-enolase [12] are recognized consist-
ently by ACPA. Specifically, the vimentin and fibrinogen
epitopes are the most frequently recognized by sera from
ACPA-positive patients with long-standing RA [17].
Lundberg et al. identified an immunodominant epitope in
citrullinated alpha-enolase, to which antibodies are specific
for RA [18]. Because RA patients recognize diversely dis-
tinct citrullinated epitopes of the same parent protein, an
approach based on citrullinated peptides rather than whole
proteins has been used in an attempt to obtain optimal dis-
crimination ability [19]. Therefore, ACPA represent a prom-
ising tool for the serological diagnosis of RA. However, the
predominant B cell epitopes have not yet been defined.

The present study sought to identify the major targets of
ACPA that could provide further insights into RA patho-
genesis. To this end, we examined in parallel the ACPA reac-
tivity against different peptides derived from citrullinated
proteins and investigate whether or not these antibodies
constitute a homogeneous population. Previous studies
have shown that ACPA recognize a wide spectrum of differ-
ent citrullinated epitopes, implying that this specific
autoantibody population is characterized by heterogeneity
[20–22]. Mechanisms such as epitope spreading and isotype
expansion might be involved in disease pathogenesis con-
tributing to ACPA diversity.

Materials and methods

Serum samples

Serum samples were obtained, after informed consent and
ethical approval, from 141 consecutive patients with RA
who were attending the outpatient Rheumatology Clinic
at Laiko University General Hospital in Athens, Greece.
All patients with RA fulfilled the 1987 American College
of Rheumatology (ACR) classification criteria [23]. The
disease control group consisted of 104 patients with
other autoimmune diseases, including systemic lupus
erythematosus (SLE) (n = 60) and Sjögren’s syndrome (SS)
(n = 54). The SLE and SS patients were classified according
to the 1997 ACR revised criteria and the 2002 American–
European Consensus Group revised criteria, respectively
[24,25]. The control group included 100 sera obtained from

healthy volunteers (blood donors and healthy laboratory
personnel, age- and sex-matched with the RA patients).
Patients with hepatitis B or C virus were excluded. Serum
samples were stored at −20°C until tested.

Synthetic peptides

Linear citrullinated (Cit) peptides derived from the
sequence of human proteins were as follows: PAD211–30

(VCitVFQATCitGKLSSKCSVVLG) derived from PAD,
vim60–75 (VYATCitSSAVCitLCitSSVP) derived from vimen-
tin, enol5–21 (KIHACitEIFDSCitGNPTVE) derived from
alpha-enolase, fibrin617–31 (HSTKCitGHAKSCitPVCitG)
derived from the alpha chain of fibrinogen, col-II358–75

(GACitGLTGCitPGDAGPPGPP) from type II collagen and
fillaggrin306–24 [SHQEST(Cit)G(Cit)SRGRSGRSG] derived
from filaggrin. A non-citrullinated peptide, ctrlPAD621–40

(EPLGLQCTFINDFFTYHIRH) derived from PAD was used
as control. The peptide sequences are listed in Table 1. All
synthetic peptides were synthesized as multiple antigenic
peptides (MAP) and purchased from Biosynthesis
(Lewisville, TX, USA). The peptides were purified by high
performance liquid chromatography (HPLC) and subjected
to amino acid mass analysis and mass spectroscopy (MS) to
confirm their purity and identity.

Enzyme-linked immunosorbent assay (ELISA) protocol

Sensitivity and specificity were determined by evaluating
antibody reactivity against the synthetic peptides in serum
of patients with RA (n = 141), SLE (n = 60), SS (n = 54) and
healthy donors (n = 100) using ELISA assays. Briefly,
96-well high-binding polystyrene microplates (CostarTM

Corning, NY, USA) were coated with each peptide diluted
in 0·05 M carbonate–bicarbonate buffer pH = 9·6, at a con-
centration of 1 or 5 μg/ml; the optimum concentration was
determined after preliminary experiments for each peptide
individually. After a 2-h incubation at room temperature
(RT), wells were washed with phosphate-buffered saline–
0·1% Tween 20 (PBST) and blocked with blocking buffer

Table 1. The peptide sequences used in the direct binding and inhibi-

tion experiments.

Citrullinated

peptide Parent protein Sequence

CtrlPAD621–40 (non-

citrullinated

control)

PAD4 EPLGLQFINDFFTYHIRH

PAD211–30 PAD4 VCitVFQATCitGKLSSKCSVVLG

Vim60–75 Vimentin VYATCitSSAVCitLCitSSVP

Enol5–21 Alpha-enolase KIHACitEIFDSCitGNPTVE

Fibrin617–31 Fibrin HSTKCitGHAKSCitPVCitG

Col-II358–75 Collagen GACitGLTGCitPGDAGPPGPP

Filaggrin306–24 Filaggrin SHQESTCitGCitSRGRSGRSG

Cit: citrulline; PAD: peptidyl arginine deiminase.

Epitopes of citrullinated peptides
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(BB) (BB: 5% bovine serum albumin, 0·1% Tween 20 in
PBS). Sera diluted in BB were incubated in duplicate on the
plates for 2 h at RT; optimal dilutions were selected by pre-
liminary titration for each peptide, ranging from 1:50 to
1:800 in BB. Afterwards, antigen-specific antibodies were
detected by alkaline phosphatase-conjugated, affinity puri-
fied, anti-human IgG (Jackson Immunoresearch, West
Grove, PA, USA) diluted 1:1100 in BB and developed in
p-nitrophenyl phosphatase disodium substrate solution
(pNPP; Sigma, St Louis, MO, USA). The absorbance at
405 nm was recorded by an ELISA reader (Molecular
Devices, Sunnyvale, CA, USA). The cut-off values for each
peptide assay were determined using the mean optical
density (OD) plus 2 standard deviations of the sera from
the 100 healthy controls. RF activity has not been found to
interfere with the ELISA assay after using purified IgMk RFs
from SS patients.

To increase the sensitivity of anti-citrullinated antibodies,
an equamolar mixture, containing all six citrullinated
peptides, was used for coating Costar plates. After 2 h incu-
bation at RT, microplates were washed three times with
PBST and blocked with BB for 1 h at RT. Human sera were
diluted at 1:100 in BB. ELISA was performed with the same
protocol as described above. The in-house method was
compared with the QUANTA Lite CCP3 IgG ELISA kit
(Inova Diagnostics, San Diego, CA, USA) as a gold standard
method. The assay was performed according to the manu-
facturer’s instructions.

Homologous and cross-inhibition experiments

To investigate specificity and cross-reactivity of ACPA,
homologous and cross-inhibition experiments were per-
formed using two highly reactive sera against the QUANTA
Lite CCP3 IgG ELISA kit from RA patients (prototype sera).
The specificity of purified anti-citrullinated peptide anti-
bodies was evaluated by homologous inhibition, using
various concentrations (0–200 μg/ml) of peptides or
control peptide as inhibitor. CtrlPAD621–40 was chosen as a
control, as it exhibited low reactivity during the first series
of experiments. Each of the two prototype sera was pre-
treated in optimum dilution – determined in preliminary
experiments – with increasing concentrations (from 0 to
250 μg/ml) of peptides and control peptide. The mixture
was then incubated for 1 h at 37°C and refrigerated over-
night at 4°C. Subsequently, all dilutions were tested by
ELISA for reactivity against the peptides. Inhibition per-
centages were calculated as [(OD 0 mg/ml)–(OD 200 mg/
ml)]/(OD 0 mg/ml) × 100% for each serum. ELISA assays
were performed as described above.

In order to investigate whether the six peptides could
cross-inhibit one another, a second series of inhibition
assays was performed. The two prototype sera were pre-
treated with each one of the six peptides – in optimum dilu-
tion for each peptide – overnight at 4°C with increasing

concentrations of each peptide separately, as well as with
control peptide (0–200 μg/ml). Subsequently, the ELISA
protocol was applied.

Purification of anti-peptide antibodies of the
prototype sera

IgG purification from total human serum. Purification of
anti-peptide antibodies from the two prototype sera was
also performed to confirm ACPA specificity. Total IgG of
each prototype serum was purified using a Protein
A-Sepharose affinity chromatography column (Sigma-
Aldrich, St Louis, MO, USA). Sepharose beads were swelled
according to the manufacturer’s instructions. Serum
samples were diluted in PBS pH 7·4 and applied to the
column. The latter was washed with PBS and bound immu-
noglobulins were eluted with 0·1 M HCl-glycine pH 2·7.
The pH was fixed immediately to 7·4 using 0·5 M NaOH in
PBS. Immunoglobulins were dialyzed versus PBS O/N at
4°C. The amount of total IgG in each sample was measured
by ultraviolet (UV) absorption at 280 nm on a UV-visible
photometer (Helios Gamma, Spectronic Unicam, Cam-
bridge, UK) and evaluated by ELISA. To investigate further
the presence and specificity of anti-peptide antibodies
of the two prototype sera used for the homologous and
cross-inhibition experiments, purification techniques were
performed.

Isolation of anti-citrullinated peptide antibodies. To isolate
anti-citrullinated peptide antibodies from the total IgG
antibodies of the two prototype sera, each peptide was
coupled covalently to a 96-well plate (Nunc Covalink F8;
Nunc, Roskilde, Denmark) at a concentration of 1 or
5 μg/ml for 1 h at RT. After washing three times with PBST
the wells were blocked with 200 μl of BB and incubated for
1 h at RT. Sera diluted in BB were incubated for 2 h at RT;
optimal dilutions were selected by preliminary titration for
each peptide, ranging from 1:50 to 1:800. Plates were
washed three times with PBST. Finally, antibodies bound to
their specific antigen were eluted using 100 μl/well 5 M
NaSCN (sodium isothiocyanate) for 15 min at RT and
dialyzed with 10 KMWCO dialysis cassettes (Slide-A-Lyzer,
Thermo Fisher Scientific, Waltham, MA, USA) against PBS
at 4°C overnight under gentle shaking. Concentration of
purified antibodies in the eluates was determined by UV
absorption at 280 on a UV-visible photometer (Helios
Gamma) and then concentrated to the desired concentra-
tion using a Visking dialysis tube 25/16 mm (regenerated
cellulose, 12–14 kDa MWCO; Serva Electrophoresis GmbH,
Heidelberg, Germany); antibody reactivity was tested by
ELISA.

Testing of anti-citrullinated peptide binding. The presence of
anti-citrullinated peptide antibodies detected in the eluates
was confirmed by ELISA, using synthetic peptides as
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coating antigens. The concentration of anti-peptide anti-
bodies used for the confirmation ELISA protocol was deter-
mined after a series of preliminary experiments. The
specificity of purified anti-citrullinated peptide antibodies
was then evaluated by homologous inhibitions using
various concentrations (0–200 μg/ml) of each synthetic
peptide or control peptide (ctrlPAD621–40) as inhibitor.

Results

Prevalence of anti-peptide antibodies in RA and other
control diseases

The reactivity against each linear peptide was tested by
ELISA in sera of 141 RA patients, 100 healthy subjects and
114 disease controls. Sera from patients with RA reacted
diversely with the six citrullinated peptides. More specifi-
cally, we showed that 29·08% of sera from patients with RA
reacted with PAD211–30, 29·08% recognized vim60–75, 37·59%
enol5–21, 31·21% fibrin617–31, 29·97% col-II358–75 and 28·37%
filaggrin306–24. The control peptide, ctrlPAD621–40, showed no
reactivity in any of the tested sera. Additionally, all
citrullinated peptides (PAD211–30, vim60–75, enol5–21, fibrin617–31,
col-II358–75 and filaggrin306–24) have been found to be highly
specific for RA (specificity: 91·59, 93·93, 95·79, 91·59, 98·13
and 97·66%, respectively). The percentage of RA patients
with reactivity against 1, 2, 3, 4, 5 or 6 citrullinated peptides
was 61, 45, 31, 24, 17 and 5%, respectively (Fig. 1a). Patients
with RA and various reactivities against one or more
citrullinated peptides did not present any difference in their
clinical picture or in disease severity. The percentage of SLE
and SS patients with reactivity against one to six
citrullinated peptides ranged ranged from 23 to 0% and 22
to 0%, respectively (Fig. 1b and c). No clinical differences
were recorded among SLE and SS patients with and without
reactivity against the citrullinated peptides.

SLE patients were found positive for antibodies against
PAD211–30, vim60–75, enol5–21, fibrin617–31, col-II358–75 and
filaggrin306–24 in 13·33, 6·67, 1·67, 21·67 and 1·67%, respec-
tively and SS patients in 14·81, 12·96, 7·41, 3·70, 5·56
and 1·85%, respectively. Specificity of antibodies against
PAD211–30, vim60–75, enol5–21, fibrin617–31, col-II358–75 and
filaggrin306–24 among SLE patients ranged from 14·58 to
20·68%, respectively, and for SS patients from 6·67 to
22·75%, respectively.

To detect antibodies against an equamolar peptide
mixture (containing all six citrullinated peptides) or anti-
CCP3 antibodies, we tested sera from RA, SLE and SS
patients as well as from healthy subjects. More specifically,
sera from 141 RA, 60 SLE, 54 SS patients and 100 healthy
donors were tested for antibodies against the equamolar
peptide mixture. For the anti-CCP3 commercial kit reactiv-
ity, we used sera from 102 RA, 30 SLE, 30 SS patients
and 42 healthy donors. The estimated sensitivity for anti-
CCP3 and the equamolar mixture was 60·78 and 46·08%,

respectively, while specificity was found to be 94·12 and
82·22%, respectively.

Fine specificity of ACPA antibodies

The percentage of homologous inhibition after incubation
with all the synthetic peptides ranged between 85·67 and
95·29% for prototype serum 1, with the exception of
vim60–75, whereas homologous inhibition dropped to
63·53%. For prototype serum 2, homologous inhibition
ranged between 86·41 and 95·15%. Cross-inhibition for
anti-PAD211–30 antibodies ranged from 11·96 to 79·91% for
serum 1 and 11·05 to 85·29% for serum 2. For anti-vim60–75

antibodies, cross-inhibition ranged from 28·47 to 81·94%
for serum 1 and 9·45 to 74·30% for serum 2. For anti-
enol5–21 antibodies, cross-inhibition ranged from 4·36 to
65·01% for serum 1 and 3·03 to 65·19% for serum 2. For
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Fig. 1. Histograms showing the percentage of (a) rheumatoid arthritis

(RA), (b) systemic lupus erythematosus (SLE) and (c) Sjögren’s

syndrome (SS) patients with the number of peptide reactivities against

the six citrullinated peptides.
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anti-fibrin617–31 antibodies, cross-inhibition ranged from
7·13 to 82·15% for serum 1 and 10·43 to 78·99% for serum
2. For anti-col-II358–75 antibodies, cross-inhibition ranged
from 29·11 to 89·73% for serum 1 and 20·01 to 75·94% for
serum 2. For anti-filaggrin306–24 antibodies, cross-inhibition
ranged from 4·97 to 49·03% serum 1 and 3·47 to 28·04% for
serum 2. The percentage of inhibition and cross-inhibition
for prototype serum 1 and 2 are illustrated in Figs 2 and 3,
respectively. A significant cross-reaction (>70%) was
recorded between filaggrin and antibodies against peptides
derived from PAD, vimentin, fibrin and type II collagen,
between fibrin and antibodies against peptides from
vimentin and anti-type II collagen and between PAD and
antibodies against peptide from type II collagen for proto-
type serum 1. For prototype serum 2, notable cross-
inhibition (>70%) was found between filaggrin and
antibodies for peptides from PAD, vimentin, fibrin and
between PAD and antibodies for type II collagen.

Inhibition assays with purified anti-peptide antibodies

The percentages of inhibition of purified anti-peptide anti-
bodies of the two prototype sera after incubation with the
homologous peptides were 83·09% for PAD211–30, 62·60%
for vim60–75, 87·15% for enol5–21, 87·96% for fibrin617–31,
84·53% for col-II358–75, 92·64% for filaggrin306–24 for serum 1
and 84·09% for PAD211–30, 78·67% for vim60–75, 55·02% for

enol5–21, 92·80% for fibrin617–31, 83·65% for col-II358–75 and
90·12% for fillaggrin306–24, respectively, for serum 2.

Discussion

Given that no predominant B cell epitope has been identi-
fied as yet, in the present study we aimed to evaluate simul-
taneously the reactivity of ACPA against different peptides
derived from citrullinated proteins in RA and to investigate
whether or not these antibodies constitute a homogeneous
population [26,27]. Anti-citrullinated protein-antibodies
and anti-CCPs are considered a hallmark of RA, and they
are both detected in the serum of RA patients with high
specificity [20,22]. Despite this association, it is not
expected that the antibodies recognizing citrullinated
peptides would be the same with those recognizing CCP
peptides. However, previous studies have shown that anti-
CCPs are a collection of ACPA also directed against
citrullinated peptides, with overlapping and non-
overlapping reactivities [20,22]. Thus, anti-CCP positivity
reflects ACPA positivity, although the CCP sequence
remains unknown, underlying the use of anti-CCPs as a
biomarker of ACPA reactivity [28]. To extend the spectrum
of ACPA reactivity, we used six specific synthetic peptides
representing citrullinated epitopes derived from parent pro-
teins that have been used in other studies [12–16]. Among
the most frequently recognized epitopes are those derived
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from vimentin and fibrinogen [29,30], while all these parent
proteins have been recognized as citrullinated antigens in
serum and/or joint fluid of patients with RA. Recently, Van
Beers et al. have shown limited serum reactivity against spe-
cific citrullinated epitopes compared to the extended reper-
toire of citrullinated polypeptides contained in synovial
fluid of RA patients, including vimentin and fibrinogen,
implying that the formation of in-situ immune complexes
might contribute to disease onset [31]. Interestingly, we also
included citrullinated PAD-4 peptide, as anti-PAD4 anti-
bodies have been detected in the serum of RA patients
before disease onset and have been implicated in disease
pathogenesis [16]. An approach based on citrullinated
epitopes rather than whole proteins has been selected to
achieve optimal reactivity.

Specificity for all citrullinated peptide was more than
90% while sensitivity was approximately 30% in the RA
population, with the exception of alpha-enolase, which
reached almost 38%. These sensitivity values, although not
very different, are lower compared to other studies. These
differences could be attributed to genetic and environmen-
tal factors characterizing the different RA populations [32]
as well as to various experimental and methodological
parameters [8,16–18,33]. In a recent study, almost the same
citrullinated epitopes have been used to develop a multiplex
immunofluorescence-based assay that proved to be compa-
rable with the ELISA assays, and the recorded serum
reactivities were found similar to those observed in our
study. However, the citrullinated collagen epitope was
slightly different and reactivity reached only 19% [34]. Con-
versely, both specificity and sensitivity for all six
citrullinated peptides were low among SLE and SS patients
and among healthy controls. The above data indicate that
reactivity against these citrullinated peptides is highly spe-
cific for RA patients, suggesting that citrullination of
various autoantigens might be an important – if not unique
– and unifying mechanism of peripheral breakdown of
immune tolerance in RA.

The fact that patients with established RA exhibit an
expansion of the isotype repertoire, including IgM and IgA
anti-CCPs, should be taken into consideration [21,35].
However, IgM and IgA isotypes of anti-CCPs can be
detected in RA and patients with undifferentiated arthritis
but in lower frequencies compared to IgG [35]. In addition,
it has been shown that IgG ACPA in RA patients might also
recognize citrullinated peptides [21]. After performing the
assay by using the equamolar mixture, we found that both
sensitivity and specificity were lower compared to anti-
CCP3 reactivity for this particular population of RA
patients. This finding supports the hypothesis that CCP3
peptides contain more specific epitopes with broader diver-
sity not necessarily derived from different parent proteins,
compared to the aforementioned equamolar mixture.

By choosing two prototype sera highly positive for anti-
CCP3 antibodies from RA patients, we investigated the

specificity of ACPA by performing homologous and cross-
inhibition experiments. For both sera, preincubation with
increasing concentrations of the homologous citrullinated
peptide resulted in inhibition of more than 85% for
almost all the peptides. In addition, cross-reactivity was
found to be minimal in both sera, while a significant
(>70%) cross-reaction was observed mainly between
filaggrin and the majority of anti-citrullinated peptide
antibodies. Conversely, anti-filaggrin and anti-alpha-
enolase antibodies showed the least cross-reactivity, as they
have been found to react only with the citrullinated
peptide derived from filaggrin and alpha-enolase, respec-
tively (homologous derivative peptides), and therefore they
might be considered the most specific for these two proto-
type sera. Consistent with the above data, other groups
have also supported that serum from anti-CCP-positive
RA patients might react against one or more citrullinated
epitopes with limited or even no cross-reactivity [20,22].
However, it is noteworthy that the repertoire of
citrullinated peptides recognized by the ACPA seems to
have been already developed before disease onset, while
recognition of citrullinated peptides does not change as
disease evolves [36]. Furthermore, this expansion of ACPA
response has been correlated closely with an elevation of
specific inflammatory cytokines such as tumour necrosis
factor (TNF)-α and interferon (IFN)-γ that precedes the
appearance of arthritis [37]. Thus, the breakdown of
peripheral immune tolerance is centred probably in the
preclinical phase of the disease, when citrullination is
taking place and citrullinated autoantigens are being pre-
sented and recognized by the immune system, eliciting an
autoimmune response [38]. Various contributors could
interfere with these processes and therefore affect the
diversity of ACPA specificity, including genetic features
[39,40] and environmental factors [41]. Epitope spreading
is another mechanism that could expand the diversity of
ACPA responses against different citrullinated epitopes of
the same parent protein among individuals or RA popula-
tions with different ethnicities and genetic background.
The importance of intra/interparticle epitope spreading
has been well defined in other systemic autoimmune dis-
eases such as SLE and SS, affecting the diversification of
autoimmune responses against Ro/SSA, La/SSB and
U1-RNP autoantigens [42,43]. As a result, distinct ACPA-
antibody-producing B cells could arise in the blood of RA,
contributing to disease pathogenesis. Finally, immunologi-
cal parameters such as T cell immunity [44] and affinity
maturation affecting the detection of ACPA antibodies by
ELISA, should be taken into account when interpreting
data concerning ACPA specificity. From a technical view-
point, the idiotype/anti-idiotype network is another issue
in autoimmunity [45]. Healthy children of anti-Ro-/anti-
La-positive women might exhibit no apparent reactivity
because of the blockade of anti-idiotype antibodies which,
at the same time, offer protection to the fetus [46]. Simi-
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larly, it is possible that ACPA reactivity might be masked
because of the presence of anti-idiotype antibodies.

In summary, ACPA is a population of antibodies that
exhibit diversity and heterogeneity to a variety of
citrullinated epitopes and peptides. Extended studies from
different cohorts are required to investigate the relevant
ACPA spectrum of B cell immunity in RA and identify, if
possible, the most frequent or dominant epitopes. To this
end, it is necessary to examine new citrullinated epitope
mixtures derived from the same and/or other parent pro-
teins. T cell immunity against citrullinated peptides should
also be evaluated as the cellular component of the immune
system, in combination with the underlying genetic back-
ground, might affect ACPA responses.
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