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Rheumatoid arthritis (RA) is not a homogeneous dis-
ease including various clinical phenotypes correlated to 
different genotypes. Therefore, effective treatment of RA 
has been impeded by a paucity of accurate diagnostic and 
prognostic tests. 
Since the identification of rheumatoid factors (RFs) in 

December 1937, RFs have been used for 50 years as 
bio-markers for RA. However, their sensitivity and specif-
icity remain around 70% and the titer of RF is not corre-
lated with disease activity [1]. Therefore, novel bio-mark-
ers should be developed not only for higher sensitivity 
and specificity in the early diagnosis, but also for assess-
ment and prediction of disease severity, selection of ther-
apy, and monitoring of response to therapy. 
Post-translational modifications (PTMs) are alternative 

ways to use for fulfilling the unmet need. A key example 
of this phenomenon is the conversion of arginine into its 
polar analogue citrulline by peptidyl arginine deiminase 
enzymes. Citrullination has been shown to greatly en-
hance immune recognition of joint-associated proteins, 
which are selectively targeted by autoreactive T and B 
cells in patients with RA. Citrullination can increase pro-
tein antigenicity by eliciting changes in the tertiary struc-
tures of proteins which, in turn, can alter antigen process-
ing, antigen presentation and immune recognition. In co-
hort studies of patients with early RA, the presence of an-
ti-citrullinated protein antibodies (ACPAs) is associated 
with higher clinical disease activity and greater pro-
gression of structural changes [2-4]. 
The mechanisms of PTM is solving the puzzle of the 

pathogenesis of RA in which human leukocyte antigen 
(HLA)-DR4 is associated with RA developing into the 
shared epitope (SE) hypothesis based on the observation 
that the RA is associated with DRB1 alleles [5,6]. Several 
works of genius have found that arginine is essentially in-
capable of anchoring within the first binding pocket of all 
HLA DR proteins but this residue is also poorly accom-
modated elsewhere because of its charge and relatively 
large size [7]. Recently, considering crystal structures of 
citrullinated self-peptides within the binding cleft of 
HLA-DR0401 (all of which adopt similar conformations), 
citrulline is more flexible and so is better accommodated 
than the unmodified arginine residue [8]. 
Antiperinuclear factor (APF) is the first ACPA described 

in 1964, which targets a citrullinated variant of filaggrin 
[9,10], and superseded RFs once the first enzyme-linked 
immunosorbent assay was developed [11]. After that, an-
ti-cyclic citrullinated peptide (anti-CCP) antibody was 
developed and is widely used in practice due to its high 
specificity. The identification of additional citrullinated 
proteins as potential autoantibody targets has suggested 
new pathophysiological hypotheses and prompted stud-
ies of potential associations with disease severity or spe-
cific disease patterns. One of these is anti-citrullinated fi-
brinogen (ACF) antibodies.
Antibodies against carbamylated protein have been re-

cently studied. Carbamylation is a non-enzymatic PTM 
that produces homocitrullines, against which newly iden-
tified autoantibodies developed. Researchers have fo-
cused on the diagnostic performance of anti-carbamy-
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lated protein (anti-CarP) and previous studies have 
shown that anti-CarP was found in over 15% of patients 
with RA which is lower than anti-CCP [12,13]. 
In the previous issue, Lee evaluated the diagnostic per-

formance of anti-CarP and ACF in RA by conducting 
meta-analyses with analyzing data from 12 studies in-
cluding 7 studies for anti-CarP antibody and 5 for ACF an-
tibody [14]. The pooled sensitivity of ACF antibody was 
higher than that of anti-CarP antibody, and the specificity 
of both antibodies was as high as that of anti-CCP. ACF 
and anti-CCP showed comparable diagnostic accuracy, 
however, anti-CarP antibody showed low sensitivity in di-
agnosing RA. This study has several limitations such as 
between-study heterogeneity, the cut-off values affecting 
diagnostic accuracy of anti-CarP and ACF antibodies, and 
no comparison of diagnostic values between early and 
long-standing RA. Further research is required to exam-
ine the diagnostic accuracy of these antibodies in patients 
with long disease duration. In addition, several environ-
mental factors should be considered in the analysis of da-
ta such as smoking [15], coal particle exposure [16], and 
periodontal disease [17,18]. 
The sensitivity and specificity of these new antibodies is 

not higher than those of anti-CCP that we are using now. 
However, this study is still worth taking note due to their 
additive effect in which one of these 2 antibodies has 
shown positivity in RA patients who were sero-negative 
on anti-CCP, RF, and the other new antibody. There are 
more antibodies being developed including antibodies to 
oxidized type II collagen which reflects immunization 
against collagen modified by oxidation in relation to in-
traarticular oxidative stress. We expect these novel auto-
antibodies to be more sensitive and specific so that those 
would serve as early disease markers and as useful tools 
for therapeutic monitoring [19]. 
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