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Abstract

The most specific autoimmunity known for rheumatoid arthritis (Ra) is reflected by generation  
of anti-citrullinated protein antibodies (acPa). Presence of acPa in established Ra is associated with 
disease severity, while generation of acPa at early developmental phases of Ra can have a strong 
predictive value for progressing to the full-blown disease. Hence, development of acPa may be  
of crucial importance to the pathogenesis of Ra. Therefore, a lot of effort has been put recently to in-
vestigate the feature of acPa at early developmental stages of Ra (before disease onset) and functional 
activities of these autoantibodies. Results of these studies enlarged the knowledge about the nature of 
acPa, which is essential for planning the therapeutic or preventive strategies interfering with their 
development and pathogenic functions. in this review we describe recent evidence for a role of acPa 
in the etiopathogenesis of Ra and indicate key unresolved issues regarding acPa biology that need to 
be clarified in the future.
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Introduction
Rheumatoid arthritis (RA) is the most common auto-

immune joint disease. The principal sites of pathology in 
RA are joint tissues affected by chronic synovial inflam-
mation, synovial hyperplasia and joint cartilage, and bone 
destruction. Numerous extra-articular disease manifesta-
tions also occur frequently, among which cardiovascular 
complications are associated with an increased mortality 
rate in RA patients. Despite the significant improvement in 
therapeutic management by using biologic disease-modi-
fying drugs, the true long-term remission rarely occurs and 
the disease progresses leading ultimately to joint dysfunc-
tion and disability. It was recently shown that application 
of aggressive inflammation-targeted therapy within the first 
months from the onset of symptoms is very beneficial to the 
patients through slowing the rate of long-term structural 
damage [1, 2]. These results indicate the existence of the 
therapeutic window of opportunity – the short period of 
time for initiation of efficacious therapeutic intervention, 
very early in the course of RA. Therefore, recent research 
interests in rheumatology focused on characterisation of 
pathogenic events occurring over the early period of RA, 
prior to its onset. To facilitate studies regarding this issue, 

the hypothetical phases of disease (from its putative ini-
tiating events to full-blown clinical manifestation) were 
distinguished (Fig. 1, left panel) [3]. 

Accordingly, in prospective studies individuals at phases 
A and B have genetic predisposition and are exposed to en-
vironmental determinants associated with RA, respectively. 
The greatest genetic risk of RA constitutes the HLA-DRB1 
alleles of the major histocompatibility complex molecules 
(MHC). These alleles contain a conserved sequence of ami-
no acids in the hypervariable region of the β chains, termed 
“shared epitope”. Regarding environmental factors, smoking 
and infections are currently considered to play an important 
role. The third phase (C) is the last one where individuals 
are still asymptomatic in clinical terms but present systemic 
autoimmunity, reflected by the appearance of RA-associat-
ed autoantibodies in their sera. Next phases are associated 
with signs and symptoms of joint-centered inflammation. 
At phase D, non-specific manifestations such as joint pain 
(arthralgia) and morning stiffness can appear and subclinical 
inflammation of synovium and bone marrow can be detect-
ed. The last two phases are already associated with the signs 
and symptoms of an illness (arthritis) defined as undiffer-
entiated arthritis – UA (patients not yet fulfilling diagnos-
tic criteria for RA) – phase E, and finally RA, diagnosed 
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according to ACR criteria of 1987 or 2010 – phase F. This 
concept of RA development indicates that appearance of 
systemic autoimmunity is the first detectable immunologi-
cal disturbance (phase C) that may reflect the initial patho-
logic processes leading ultimately to full-blown disease.

To date, the most specific autoimmunity known for RA 
has been expressed by generation of anti-citrullinated pro-
tein antibodies (ACPA).

Systemic ACPA appearance as an early 
hallmark of RA

The unquestioned success of the last years in an aspect 
of RA diagnosis was characterisation of ACPA. ACPA are 
a collection of autoantibodies with different isotypes usage 
(i.e.: IgG, IgA, IgM) that recognize the nonessential amino 
acid – citrulline in proteins. Citrulline is formed as a result 
of posttranslational modification (citrullination/deamination) 
of arginine, which is catalysed by intracellular enzymes – 
peptidylarginine deiminases (PADs). Importantly, citrul-
lination may alter the properties of self-peptides leading 
to their immunogenicity [4]. Detection of ACPA in body 
fluids rely on their immunoreactivity with several cyclic 
citrullinated peptide (CCP) fragments of natural human 
proteins (the composition of peptides is unknown as pat-
ent-protected), which is assessed by the enzyme-linked im-
munosorbent assay (ELISA). Using commercially available 
ELISAs, anti-CCP antibodies could be detected in the sera 
of 60-80% of RA patients with a specificity of 85-99% [5]. 

The results of comparative studies suggest that ACPA as-
says have an advantage over the rheumatoid factor – RF 
(including analyses of RF high titre and combined RF 
isotypes levels) in terms of specificity [5]. It was also re-
vealed that the presence of ACPA is associated with RA 
irrespective of RF status, while the association of RF with 
disease rely on its interaction with ACPA [6]. Recently, 
the high diagnostic accuracy of ACPA for RA was also 
demonstrated in the general population [7]. Thus, ACPA 
alone appear to have enough predictive power to effective-
ly distinguish high-risk individuals from the background 
population. Importantly, adding ACPA results to the 1987 
criteria increased sensitivity for early RA (≥ 6 months’ 
disease duration) diagnosis from 25 to 44% and have ex-
cellent discriminative ability to assess progression from 
UA to RA [8].

Studies regarding humoral anti-citrulline response in the 
pre-clinical period of RA were realisable by testing stored 
blood serum samples derived from blood donors, who sub-
sequently developed RA. Analysis of these serum samples 
showed that systemic appearance of RF and anti-CCP  
antibodies predate the onset of RA by years (in the case of 
anti-CCP antibodies, even up to two decades) [9-12] with 
gradually increasing prevalence up to disease onset and in-
creased sensitivity and specificity for RA, in comparison 
with RF [9, 10, 13, 14]. Some studies revealed that ACPA 
appear significantly earlier than RF and their presence has 
the highest predictive value for development of RA [9, 15]. 
However, the concomitant presence of RF could increase 
the risk of development of RA [9, 13, 16]. A strong asso-

Phase A: 
Genetic background

Phase B: 
Environmental exposure

Phase C: 
Systemic autoimmunity

Phase D: 
Symptoms without arthritis

Phase E: 
Undifferentiated arthritis

Phase F: 
Rheumatoid arthritis

Fig. 1. Phases of development of RA. Left panel: In prospective studies individuals are described as having genetic risk factors for 
RA (Phase A), environmental risk factors for RA (Phase B), systemic autoimmunity associated with RA (Phase C), non-specific 
symptoms such as arthralgia and morning stiffness without clinical arthritis (Phase D), undifferentiated arthritis – UA (Phase E) 
and, ultimately RA (Phase F). The term “arthritis” describes clinically apparent soft tissue swelling or fluid. The term “pre-clinical 
RA” indicates any phase up to phase D when the arthritis cannot be detected on physical examination. Time of systemic ACPA 
appearance is depicted. The qualitative and quantitative changes of ACPA over the period from their systemic appearance up to 
RA onset are listed
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ciation between anti-CCP antibody-positivity status and 
development of arthritis was further confirmed in different 
patients being at phases C-E of disease development (Fig. 1, 
left panel), who subsequently progressed to RA, i.e. patients 
with UA [17], patients with arthralgia [16] or patients with 
non-specific musculoskeletal symptoms (tenderness, early 
morning stiffness) [18].

Thus, the generation of ACPA is a highly specific phe-
nomenon for RA and starts even years before disease on-
set, and their presence has a high positive predictive value 
for future development of RA.

ACPA evolution before RA onset
A high predictive value of ACPA for development of 

RA prompted the researchers to study the autoimmune 
humoral response development before RA onset. First 
findings concerned the fine specificity of ACPA. The re-
activity of ACPA to CCPs is commonly used in commer-
cial diagnostic assays. However, the naturally occurring 
epitopes recognised by these autoantibodies are not pre-
cisely characterised. Several studies aimed to profile the 
fine specificity of ACPA in patients with established RA. 
Intriguingly, sera from RA patients were shown to react 
with various different citrullinated epitopes of endoge-
nous proteins (including fibrin, fibrinogen, vimentin, type 
II collagen, α-enolase, histones, immunoglobulin binding 
protein-BIP, tenascin-C), as well as microbial components 
(VCP1 and VCP2 derived from Epstein-Barr virus nuclear 
antigen 1 and α-enolase from Porphyromonas gingivalis) 
[6, 19-22]. In addition, ACPA are very heterogeneous in 
terms of fine specificity in an individual patient and also 
among different patients [23, 24]. This broad reactivity of 
ACPA could not be entirely explained by overlapping re-
activities as Li et al. revealed recently that > 66% of ACPA 
derived from plasmablasts from RA patients are cross-re-
active with different tested epitopes, while 33% were mon-
oreactive with citrullinated fibrinogen, citrullinated eno-
lase or citrullinated vimentin [25]. This immune response 
to such a broad range of citrullinated proteins was found 
to evolve dynamically before RA could be diagnosed, and 
is associated with disease development. Van der Woude 
et al., using a panel of 5 citrullinated ACPA targets, ob-
served an increase in the number of epitopes recognised by 
ACPA in sera of blood donors over the period preceding 
RA onset. Moreover, at the time of disease manifestation, 
antibodies of patients with UA who later developed RA 
recognised significantly more citrullinated peptides than 
UA patients who did not progress to RA [26]. Similarly, 
among ACPA-positive arthralgia patients, recognition of 
higher numbers of citrullinated peptides increased the risk 
of developing arthritis [27]. These observations suggest 
that a more expanded immune response better reflects fur-
ther progression towards clinical disease. In fact, the fine 
specificity of the ACPA response was found to be different 

in health and disease as ACPA-positive unaffected first-de-
gree relatives (FDR) of RA patients have different [6] and 
a limited repertoire of ACPA specificities [28]. Extensive 
ACPA diversification may be related to epitope spreading. 
This term describes the situation when the autoimmune re-
sponse against one epitope of particular molecule evolves 
and may become extended to recognise other epitopes of 
the same molecule (intermolecular spreading) or epitopes 
of other molecules (intramolecular spreading). In clinical 
practice, the gradual accumulation of ACPA number and 
reactivities over time as individuals approach the devel-
opment of clinical RA appears as a raise in frequency and 
titre of anti-CCP antibodies [11].

Moreover, diversification of ACPA fine specificity 
over the preclinical period of RA is paralleled by an in-
crease in ACPA avidity. Accordingly, ACPA derived from 
sera of yet asymptomatic individuals are characterised by 
lower avidity than ACPA from sera of individuals affected 
by joint symptoms [29].

Another aspect of ACPA heterogeneity is related to 
isotype usage. Various isotypes of ACPA were detected in 
RA (i.e. IgG, IgA and IgM), as well as in their FDR. How-
ever, the relative distribution of IgA and IgM was higher 
than IgG in FDR, whereas the IgG isotype dominated in 
patients with RA [30]. Moreover, the frequencies and con-
centrations of all isotypes of anti-CCP antibodies increased 
up to the onset of RA symptoms with an earlier and higher 
increase in IgG and IgA compared with IgM [13, 30].

The unique feature of ACPA (beside they specificity to 
citrullinated peptides), is also associated with a decreased 
galactosylation and sialylation profile and increased core 
fucosylation of their constant fragment (Fc fragment), in 
comparison to the pool of serum antibodies [31-33]. More-
over, extensive glycosylation of ACPA-IgG variable do-
mains of Fab fragments was recently revealed [34]. Such 
modification of ACPA can influence functional activities of 
these antibodies. It was demonstrated that sialylation levels 
control the arthritogenicity of anti-type II collagen antibod-
ies, including ACPA [33], and the presence of N-glycans in 
their variable domains modulate binding avidity of ACPA 
to citrullinated antigens [33, 34]. Intriguingly, modifications 
of Fc fragment (decrease in galactosylation and increase 
in core fucosylation) of serum ACPA IgG1, were detect-
ed shortly before the onset of RA and preceded by months 
comparable changes in total serum IgG1 [22].

Although during the early phases of RA, the humor-
al immune response to citrullinated antigens expands, it 
is relatively stable after the disease onset in regard to the 
number of recognised peptides, frequencies of different 
isotypes usage and anti-CCP antibodies positivity [11, 13, 
26, 27, 29, 35]. Possible explanation for this is the influ-
ence of medication applied to the patients once the diagno-
sis of RA has been established. The effect of anti-inflam-
matory treatment may be related to the reduction in the 
citrullination level [36].
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Intriguingly, both the inflammatory markers and ACPA 
often appear in serum years before the first symptoms of 
RA and these phenomena seem to be closely connected in 
time. Nielen et al. found that concentrations of anti-CCP 
antibodies and IgM-RF are significantly associated with 
concentrations of secretory phospholipase A2, C-reactive 
protein, and combination of both these acute response 
markers at the same time point in the pre-clinical period 
of RA [10]. Also cytokines and cytokine-related mark-
ers (IL-1α, IL-1β, IL-1 receptor antagonist, IL-4, IL-10, 
TNF-α and soluble TNF receptor I) could be detected in 
serum during the 5-year interval immediately before the 
diagnosis of RA [12]. However, presence of anti-CCP an-
tibodies as well as IgM-RF and IgA-RF can be generated 
earlier over the period of RA development. In some sera, 
anti-CCP antibodies could be found from up to 18 years 
before disease onset [12]. Thus, it seems that generation 
of ACPA precedes the signs of subclinical inflammation 
in RA. Further it was revealed that rise in serum cyto-
kines (TNF-α, IL-6, IL-12p70, and IFN-γ) correlates with 
ACPA diversification in the pre-clinical period of RA. 
This phenomenon can be of particular relevance to RA, 
because it predicts the imminent onset of clinical arthritis 
[11]. Interestingly, an increase in systemic inflammation 
markers before RA onset, coincide also with changes of 
ACPA structure (Fc galactosylation and core fucosylation) 
that can enhance pathogenic activities of antibodies [32]. 
Recently other immunologic perturbations detected before 
RA onset were found to be associated with presence of 
ACPA. They involve the dysregulation of T-cell subsets 
in ACPA-positive individuals with non-specific musculo-
skeletal symptoms, which predicts the risk and faster pro-
gression to arthritis [37].

Collectively, accumulating evidence indicates the 
evolution of anti-citrullinated humoral immune response 
over the pre-clinical period of RA, up to the disease onset. 
This is reflected by qualitative and quantitative changes of 
ACPA associated with diversification of specificity, ex-
pansion of isotypes usage, enhancement of avidity and ac-
quisition of specific agalactosylation and core fucosylation 
profiles (Fig. 1, right panel). All these changes can affect 
the pathogenicity of ACPA (see section “Pathogenic func-
tions of ACPA”) and coincide with systemic appearance of 
inflammatory markers.

Pathogenic functions of ACPA
The presence of ACPA is associated with more severe 

RA and structural destruction [38, 39]. This suggests the 
involvement of ACPA in the pathogenesis of RA. Results 
from animal studies demonstrated arthritogenicity of some 
types of ACPA. Anti-citrullinated fibrinogen antibodies and 
anti-citrullinated collagen antibodies bound targets within 
the inflamed synovium and enhance tissue injury in murine 
experimental arthritis [40, 41]. in vitro studies revealed that 

ACPA exert their biological functions by binding to the Fc 
receptors, expressed particularly by immune cells of the 
myeloid lineage, and activating the complement system via 
the classical and alternative pathways [42, 43]. Sokolove 
et al. demonstrated that complexes consisted of citrullinat-
ed fibrinogen and ACPA (CitFibr-ACPA) present in RA 
synovium can stimulate macrophages (the important pro-
ducers of inflammatory mediators in rheumatoid joint) via 
dual engagement of TLR-4 and FcγR. Such stimulation led 
to induction of TNF-α production by human macrophages 
[42]. Induction of TNF-α could be further amplified by 
IgM-RF and extended to the secretion of other proinflam-
matory cytokines (IL-1β, IL-6 and IL-8) that activate RA 
synoviocytes [44]. Observed synergistic effects of ACPA 
and RF can, at least partially, explain the link between con-
comitance of these autoantibodies and more severe RA. In 
addition, it was reported that presence of IgM-RF or IgA-
RF increased the capacity of CitFibr-ACPA to activate the 
complement cascade [45]. Furthermore, it is speculated that 
ACPA (due to the agalactosylated profile of Fc) help in the 
generation of RF with high affinity for agalactosylated IgG, 
that is repeatedly identified in RA patients and is associated 
with disease pathogenesis [31]. Hypothetically, the lack of 
galactose residues leads to a conformational change in IgG 
Fc structure, which could favour high-affinity RF binding 
and even reveal novel epitopes that promote the generation 
of high-affinity RF.

Recently another ACPA-mediated mechanism of 
TNF-α induction that may operate in RA has been de-
scribed. Through binding to surface, over-expressed citrul-
linated glucose-regulated protein 78 on RA peripheral blood 
mononuclear cells, ACPAs selectively activate ERK1/2 and 
JNK signalling pathways to enhance IKK-α phosphoryla-
tion, which leads to the activation of NF-κB and the pro-
duction of TNF-α [46].

Pathogenic activity of ACPA in RA is also associat-
ed with induction of NETosis, a specific type of cellular 
death that consists in the extrusion of the intracellular ma-
terial (DNA, histones, granular proteins and cytoplasmic 
proteins) resulting in creation of neutrophil cellular trap 
– NET by neutrophils. Anti-citrullinated vimentin antibod-
ies were shown to potently induce NET formation [47]. 
Presence of NET augments further the activities of syno-
vial fibroblasts, which secrete proinflammatory cytokines, 
chemokines and upregulate adhesion molecules. Proin-
flammatory cytokines are in turn the stimulus for NET 
formation. Furthermore, accelerated NETosis in RA is 
a source of citrullinated autoantigens (including vimentin 
and histones), and PAD enzymes that when released from 
intracellular compartment can citrullinate extracellular pro-
teins [47, 48], further fuelling ACPA production. Hence, 
stimulation of NET formation by ACPA may perpetuate 
the inflammation and autoimmunization processes in RA.

in vitro and in vivo studies showed also that ACPA 
contribute to bone destruction. ACPA with specificity to 
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mutated citrullinated vimentin purified from sera of RA 
patients bound to the surface of osteoclasts and osteoclast 
precursor cells and induced their differentiation as well as 
activated bone-resorptive activity [49]. These effects of 
ACPA were dependent on active citrullination in osteoclast 
precursor cells. Transfer of ACPA derived from RA pa-
tients into mice, caused arthralgia and systemic bone loss 
before signs of joint inflammation appeared [49-51]. Stim-
ulation of osteclastogenesis by ACPA relied on inducible 
autocrine secretion of proinflammatory cytokines (TNF-α, 
IL-8) by osteoclast precursor cells.

Biological activities of ACPA include the stimulation 
of proinflammatory cytokines production, induction of 
osteoclastogenesis and promotion of autoantigens release 
from neutrophils (Fig. 2). All these ACPA-mediated pro-
cesses can be involved in the development and/or perpet-
uation of RA.

Directions for future investigation
A lot of data regarding ACPA biology has been gath-

ered. They are of crucial importance to understanding the 

pathogenesis of RA and planning the future treatment/pre-
ventive strategies for this disease. However, many issues 
regarding ACPA development and functional activities still 
remain to be explained. They concern the following:

1. What protein/epitope is the primary trigger of an-
ti-citrullinated protein response? The existence of such pri-
mary antigen is supported by signs of active selection of 
ACPA-producing B cells and T cells in RA patients. This 
is reflected by the increased mutation ratios of the immu-
noglobulin genes encoding ACPA in plasmablasts [25], 
introduced by somatic hypermutation N-glycosylation sites 
in ACPA variable domains of Fab fragment [34], and spe-
cifically restricted repertoire of T cells in ACPA-positive 
RA patients [52]. A proper genetic background may be of 
importance to this phenomenon. Especially the presence 
of HLA-DRB1 alleles containing the shared epitope asso-
ciates strongly with appearance of ACPA with reactivities 
to selected citrullinated proteins [53, 54] (see paragraph 4). 
Unfortunately, because of marked differences in spec-
ificities, avidity and isotypes usage of ACPAs among 
RA patients, no triggering citrullinated antigen described 
so far is common to all patients with RA. Furthermore, 

Fig. 2. Evidence for pathogenic effects of ACPA gathering during in vitro and in vivo studies. The in vivo studies concern 
the investigation of animal models of RA as well as clinical observations of humans developing RA. A detailed descrip-
tion is given in the text. NET – neutrophil intracellular trap
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no dominant epitope spreading hierarchy could also be 
identified [21]. In addition, recent works indicate that the 
ACPA profile in patients with recent-onset arthritis did 
not reveal associations with disease activity and progres-
sion scores [23]. These results argue against the concept 
of significance of ACPA specificity for development of 
RA. However, it should be pointed out that experimental 
settings and commercial anti-CCP antibody assays used so 
far allow for detection of limited ACPA specificities, and 
thus may not precisely reflect the situation in vivo. Hence, 
other ACPA reactivities (to autoantigens that may be more 
relevant to RA), could be missed. In fact, accumulation of 
ACPA specificities targeting citrullinated histones, fibrin-
ogen, biglycan, and clusterin preceded anti-CCP reactivity 
in a subset of patients at pre-clinical phases of RA [11]. 
Therefore, further prospective studies to assess the speci-
ficity of anti-citrullinated response using a broader panel of 
ACPA targets, especially in early pre-clinical phases of RA 
(even in phase A and/or B, Fig. 1, left panel), may bring us 
closer to characterise factors responsible for triggering the 
anti-citrullinated protein response in RA.

2. Do ACPA have a role in transition from the asymp-
tomatic autoimmune state to clinically apparent arthritis? 
Because ACPA can be present in asymptomatic individu-
als over the years before the onset of arthritis, it suggests 
the existence of a time point over the pre-clinical period 
of RA, which is critical for this transition. The quantita-
tive and qualitative changes of ACPA occurring before 
RA onset, may be of essential importance to this process. 
In fact, it was recently revealed that by enhancing the si-
alylation levels of ACPA it is possible to attenuate their 
arthritogenic activity. Such modification of ACPA resulted 
in suppression of development of experimentally-induced 
arthritis in the antibody-infused mice [33]. Acquisition of 
particular RA-associated fine specificity and/or exceeding 
the ACPA titre threshold may also contribute to emergence 
of subclinical inflammation and further RA development.

3. Which tissue location/organ is the initiation site of 
anti-citrullinated humoral response in RA? The presence of 
ACPA is well detected before any clinical imaging or his-
tological signs of joint pathology could be demonstrated. 
Hence, the source of these autoantibodies may be tissues 
other than joints. The plausible candidates are lungs and 
periodontium. These two locations are directly exposed 
to tobacco smoke and/or oral pathogenic bacteria such as 
Porphyromonas gingivalis causing protein citrullination 
in affected tissues [55, 56]. Both of these environmental 
factors are suspected to induce ACPA generation in lungs 
and periodontal tissue that may be associated with future 
development of arthritis [57].

4. Why citrullinated antigens are immunogenic in RA? 
Citrullination of proteins is an inflammation-associated pro-
cess detected in inflammatory tissues in RA as well as in 
other diseases [58], but the induction of humoral response 
to citrullinated antigens is characteristic for RA. Induction 

of ACPA in RA may be facilitated by the increased binding 
of some RA-associated citrullinated antigens to HLA-DRB1 
alleles containing the shared epitope and their effective pre-
sentation to T cells [59-61]. However, the ability of these 
alleles to present citrullinated antigens is not restricted to RA 
patients as it was also noted in ACPA-negative RA patients 
and ACPA-negative healthy individuals [62]. It suggests 
the involvement of an additional factor that can promote/
augment the anti-citrullinated protein autoimmunity in RA. 
Infection with P. gingivalis may have a role in this process. 
This bacterium produces its own citrullinated enolase that 
resembles in terms of amino acid sequence and overlapping 
citrullination sites, the human enolase [25]. Therefore, an 
original immune response to P. gingivalis may redirect the 
immune response to human citrullinated proteins (as a con-
sequence of molecular mimicry) and help the selection of 
ACPA-producing B cells [25].

5. Why development of anti-citrullinated protein re-
sponse is associated with joint-centered pathology? Re-
cently published data indicate that the primary target of 
ACPA in the pre-clinical period of RA is osteoclasts and 
osteoclast precursor cells residing in bone marrow [50]. 
Furthermore, ACPA-mediated osteoclastogenesis is de-
pendent on TNF-α and IL-8 production by differentiating 
osteoclast precursor cells. Based on these observations it 
was hypothesised that in the pre-clinical period of disease 
(before signs of joint inflammation), ACPA can initiate 
bone destruction via induction of proinflammatory cyto-
kines that spread subsequently to the adjacent joint and 
cause synovial inflammation. This supports the view that 
bone marrow is an important compartment in RA [63-65] 
and changes in bone marrow are not a secondary phenom-
enon to joint inflammation, and may reflect the initiation 
of inflammation and bone destruction in RA. Intriguingly, 
anti-citrullinated vimentin antibodies appear early over the 
pre-clinical period of RA, and their presence is associated 
with development of disease as the reactivity to citrullinat-
ed vimentin could be detected in sera from RA patients, 
while not from unaffected relatives of RA patients [6]. The 
ACPA expansion and systemic appearance of inflamma-
tory markers, coordinated in time, at early phases of RA 
also supports this concept. Importantly, the above scenar-
io might explain why ACPA specifically contribute to the 
development of the inflammatory process in the joint. In 
clinical terms, the direct effect of ACPA on osteoclasts 
differentiation and bone destruction could be associated 
with the progression of radiological damage in ACPA-pos-
itive patients despite achieving clinical remission [66]. It 
might also explain the evidence of structural bone damage 
in APCA-positive healthy individuals [67].

Conclusions
The majority of RA patients generate ACPA. Thus, 

early in the natural history of RA initial break in toler-
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ance to citrullinated antigens is followed by expansion 
of anti-citrullinated humoral response that is strongly 
linked with the development of inflammation and ulti-
mately arthritis. Exceeding the threshold of ACPA titre or/
and achieving the pathogenic properties by ACPA in the 
pre-clinical period of RA, would promote the transition 
from asymptomatic autoimmunity to clinically apparent 
arthritis and full-blown RA. ACPA-mediated processes 
described here lead to RA-associated production of proin-
flammatory cytokines and differentiation of osteoclasts. 
Intriguingly, recent findings have indicated that in the pre-
clinical period of RA ACPA can target osteoclasts residing 
in bone marrow. This observation underlines the role of 
bone marrow in early phases of RA development.

Although the recent studies of ACPA biology provided 
substantial knowledge about the early phases of RA devel-
opment, there are still fundamental questions that need to 
be answered. This is of particular importance for the iden-
tification of “at risk” individuals, who should benefit from 
early proper clinical care, as well as for the development of 
new treatment and preventive strategies for RA.
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