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Nowadays, rheumatologists and immunol-
ogists have to be absorptive like a sponge
—from a breathtaking progress in the basic
research field to emerging approaches in
diagnosis and treatment of complex disor-
ders like rheumatoid arthritis (RA), there is
always exciting and sometimes unexpected
news to digest.

For those who are particularly inter-
ested in the autoimmune response in RA,
we have to realise that we are engaged
with a true chameleon. Since the discov-
ery more than 15 years ago of humoral
autoimmune reactivities to epitopes con-
taining the unusual amino acid citrulline,1

many new autoimmune targets have been
discovered and, even more important,
also different post-translational modifica-
tions to push their antigenic properties.
Meanwhile the best understood process
represents enzymatic deimination of
peptide—or protein-bound arginine to
citrulline. In genetically prone individuals,
this activity creates highly specific recogni-
tion motives for auto-antibodies
(anti-citrullinated protein/peptide anti-
bodies, ACPAs), which serve as excellent
diagnostic markers, especially in the early
phases of disease. Since citrullination, as a
physiological process, is also triggered by
smoking, it is tempting to assume that
there might be a connection. In fact, car-
riers of distinct HLA alleles coding for the
so called shared epitope (particularly
HLA-DR*0401) have the highest risk for
the development of ACPA, and subse-
quently RA, especially when they are
smokers. But is this the whole story how
smoking contributes to the risk for RA?

With regard to smoking and post-
translational modification of proteins,
another process, named carbamylation,
could also be of interest. In contrast to
citrullination, which is performed enzy-
matically by peptidylarginine deiminases
(PAD), carbamylation is another

non-enzymatic form of protein modifica-
tion inducible by urea, among others, but
also by compounds contained in tobacco
smoke, namely cyanides. Basically, a hom-
ologous citrulline structure (homo-
citrulline) is created from lysine by exten-
sion of a single carbon residue. The
burning question is of course, is this
somehow linked to the development of
arthritis?
First, strong evidence that this could be

the case in an animal model has been pub-
lished; immunisation of mice with
homocitrulline-containing peptides induced
chemotaxis, T cell activation and antibody
production.2 Of note, intra-articular injec-
tion of peptides containing homocitrulline
or citrulline caused erosive arthritis in mice
which had been immunised with
homocitrulline-containing peptides. The
most pronounced form of arthritis was
observed in mice that had received
intra-articular citrullinated peptides, sug-
gesting a potential cross-reactivity between
both antigens. Importantly, the occurrence
of autoantibodies against carbamylated
antigens was recently shown in patients
with established RA, and subsequently even
in individuals prior to diagnosis of RA.
Although these studies demonstrated a con-
siderable but not complete overlap between
the different antibody specificities against
either citrulline or homocitrulline contain-
ing antigens, this was only partly due to
cross-reactivity.3 4 These findings suggest
that carbamylation in addition to citrullina-
tion could represent another crucial process
in the pathogenesis of RA. Now what about
smoking?
In the article by Jiang et al,5 this rela-

tionship was investigated in two represen-
tative cohorts of patients with RA for
whom genetic background information
was available. First, the results provided
further evidence that the antibody
responses against carbamylated antigens
(anti-CarP) are distinct from the forma-
tion of ACPA (in this case determined by
the anti-CCP assay which detects most
ACPA subspecificities). In fact, a consider-
able proportion (approx. 35–45%) of RA
patients expressed antibodies against car-
bamylated antigens including carbamy-
lated fibrinogen, of whom only very few
(4–7%) were ACPA negative. In agree-
ment with this observation, it was even

more remarkable that the genetic back-
ground and smoking behaviour were dif-
ferent between patients with ACPA
compared to anti-CarP reactivities.
Although, as expected, the known risk
factors for ACPA development were con-
firmed, patients with singular antibody
reactivity against carbamylated antigens
showed a different genetic background
(ie, no association with the shared
epitope), and even more surprisingly, no
strong association with smoking status. As
the authors acknowledged, the study was
clearly limited by the fact that the remain-
ing group of ACPA−/CarP+ patients was
rather small, which does of course influ-
ence the statistical analysis. Furthermore,
it cannot be fully excluded that the
anti-CarP immune memory is less stable
compared to ACPA and that the shared
epitope perpetuates the formation of
ACPA, especially in smokers. Further
studies are therefore required to character-
ise these immune responses in more
detail. The relevant targets still need to be
identified because the data generated so
far mainly rely on an assay employing car-
bamylated fetal calf serum, even though
in the current study carbamylated fibrino-
gen was used as additional antigen. In par-
ticular, it needs to be clarified whether
antibodies against other defined antigens
potentially modified by carbamylation,
such as vimentin or α-enolase, are detect-
able in patients with RA, and whether
these antibodies are differently induced
during certain stages of disease and/or are
characteristic markers for a specific subset
of RA.
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