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ABSTRACT

In recent years there is a shift in the paradigm in treatment of rheumatoid arthritis (RA). Early and aggressive use of
disease modifying drugs is advocated. Biological therapy has brought a revolution in the treatment of this chronic and
disabling disease. The strategy at the present is to diagnose RA early in its course. More specific autoantibodies than
rheumatoid factors are available now. One of them, the antibodies to CCP, has proven to be nearly 100% specific for
diagnosing RA. This has immense potential in the management of RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic crippling disease that
causes significant morbidity and even mortality. The etiology is
not known and hence the diagnosis is based on the typical clinical
picture of inflammatory symmetrical polyarthritis supported by
imaging and serological investigations. Among the serological
investigations, rheumatoid factor (RF) is the most widely used.
Rheumatoid factor (RF) is an IgM/IgG/IgA autoantibody
directed against the Fc portion of human IgG. Commonly it
is the IgM RF that is assayed either by latex agglutination or
nephelometry. Even though it is present in 60 to 80% of patients
with RA, its diagnostic role is limited because of low specificity.
It is present in several diseases including autoimmune connective
tissue diseases such as primary Sjogren’s syndrome (SS), systemic
lupus erythematosus (SLE), essential mixed cryoglobulinemia
(EMC), infectious diseases like tuberculosis, leprosy and in
elderly healthy individuals.!

In recent years, there has been a shift in the paradigm of
treatment of RA. The traditional ‘go slow’ approach has given
way to more aggressive use of disease modifying anti-rheumatic
drugs (DMARD) and biological agents early in the course of
the disease. ‘Early RA’ refers to disease duration of less than two
years. There has been an emphasis of diagnosing earlier than
two years and categorizing the disease as Early or Very Early
Rheumatoid Arthritis (VERA). Unfortunately, with less than
one year of disease documenting joint damage by radiology is not
rewarding. Use of MRI or ultrasound has been widely employed
to pick up erosions. A serological marker that would be specific
for RA should be useful for clinician to define treatment strategy
that would achieve remission and prevent joint damage.
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AUTOANTIBODIES OTHER THAN
RHEUMATOID FACTOR IN RA

Search for autoantibodies besides RF has led to description of a
number of autoantibodies such as antiperinuclear factor, anti-
keratin antibodies, antibodies to cyclic citrullinated peptide
(CCP), antibodies to Sa, p68 and calpastatin. Of these, anti-CCP
antibodies stand out as the most useful clinically, especially in
defining RA in early arthritis. We herein describe the important
aspects of some of these autoantibodies.

ANTIPERINUCLEAR ANTIBODIES

Nienhuis and Mandema described the antiperinuclear factor
(APF) in 1964 as a specific serological marker for RA.? The
antigens are located in the keratohyaline granules of the
cytoplasm of buccal mucosal cells.’ The prevalence of APF varied
widely between 46-86% of patients with RA.%> The sensitivity of
APF in RA was 81%.¢ Like RF it was not specific for RA and has
been found in patients with SLE (21%), systemic sclerosis (26%)
and SS (29%), lung cancer and EBV infections.*® Further,
it was revealed that these autoantibodies to perinuclear factor
and profilaggrin were present in the keratohyaline granules.®
However, the exact specificities were different as no competitive
inhibition was evident between each other. Thus APF and AFA
reacted to different epitopes of profilaggrin.

ANTIKERATIN ANTIBODIES (AKA)

Unlike APF, antibodies to keratin (AKA) have a higher diagnostic
specificity for RA. Antibodies to keratin were identified by indirect
immunofluoroscence (IIF), using cornified epithelium of rat
esophagus as substrate. These were so named because keratin was
the major protein component of the cornified epithelium. These



were of IgG class and also reacted with the stratum corneum
of human epidermis.”!" It was later shown that the binding of
these antibodies was not inhibited by preincubating the sera with
rabbit epidermal cytokeratins antisera, therefore the antigenic
components of antikeratin antibodies was not clear. Simon, et al
described that the antigenic moiety resides in a protein called the
filaggrin. The antigen was a40 KD isoform of filaggrin involved in
the AKA binding of human epidermal cells."? Filaggrin isa 37 KD
histidine-rich protein involved in cytokeratin aggregation during
terminal differentiation in mammalian epidermis. Antifilagrin
antibodies (AFA) were reported in 75 % of RA patients compared
to only 7 % of controls.”? Filaggrin is synthesized in the granular
layer of the epidermis as profilagggrin (pF) and undergoes
proteolytic cleavage during cell differentiation. The 40 KD
isoform probably forms due to destruction of the synovial cells.
The highly polymorphic pF gene is located at 1q21. pF repeats
are flanked by truncated units fused to non-filaggrin proteins.’?
As already mentioned, AKA are detected by IIF on rat esophagus
epithelium/human epidermis. They can also be demonstrated on
rat lip, rabbit and monkey esophagus.'

The overall diagnostic sensitivity of AKA is 40-55% and the
specificity is 95-99%.' The negative predictive value of AKA is
low. There is no relation to age, gender or duration of disease.”
AKA predate the appearance of RA.'® There presence has been
considered a marker of severe disease as well as for the presence
of extra-articular manifestations.” Moreover high titre AKA has
been demonstrated in more than 30% of patients with no RF.*
Hence RF and AKA can be used to identify different subsets of

RA patients.

ANTIBODIES TO CYCLIC CITRULLINATED
PEPTIDE (ANTI-CCP)

In spite of the encouraging results obtained with APF and AKA,
it was not widely used as a routine diagnostic test for RA. There
were problems in availability of buccal smear donors. The indirect
immunofluorescent (IIF) technique involved was also very
laborious and difficult to standardize. Although immunoblotting
technique was developed for APF assay, the results were not
uniformly encouraging.'® Hence, the search for an antigenic
peptide component resulted in the discovery of citrulline.

Citrulline residues were identified as essential components of
the antigenic determinants recognized by autoantibodies in
RA.? Citrulline is formed during cell differentiation (fig.1) from
arginine by the action of peptidyl arginine deiminase (PAD)
enzyme and at least five PAD enzymes have been identified so
far.”! Deimination of arginine leads to a change in molecular
mass of one dalton and loss of one positive charge. Citrullination
is a potent mechanism involved in post-translational modification
of proteins. This is a postulated model for pathogenesis of the
humoral response in RA. PAD enzymes are influenced by
estrogenic stimulation and this is a possible explanation for the
higher prevalence of autoimmune diseases in females.**

Citrullination has also been found to occur during apoptosis
and vimentin is a potent target for the same.” During apoptosis,
cellular fragments are formed which are normally cleared very
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Fig. 1: Peptidyl arginine deiminase (PAD) converts arginine to citrulline

fast. However, in conditions where there is modification of the
cellular components, antigen translocation to the membrane
surface can lead to loss of intercellular interaction and clearance
is affected. These antigens on the surface can act as autoantigens
due to sustained exposure. Citrullination of vimentin leads to
depolymerization and disruption of the cytoskeletal network.
Citrullination also occurs in filaggrin polypeptides and might be
involved in the genesis of AKA.'®

The initial ELISA kits developed with synthetic short linear
citrulline peptides as antigens failed to give reproducible results.
This was ascribed to difficulty in adsorption of the linear peptides
to polystyrene plates and loss of the original configuration of the
epitope within the solution leading to reduced antigen-antibody
affinity. A B-turn conformation is adopted by peptides during
antigen-antibody reaction.?® It was demonstrated previously that
cyclization of citrulline with cysteine residues led to formation
of the B-turn configuration.”” Schellekens GA, et al modified
the peptide by converting it into a cyclic form and substituting
the serine residues of the original peptide with cysteine.?® The
peptides were covalently linked to polystyrene. This improved
the antigen-antibody affinity as well as the stability. They used
this novel cyclic peptide in 149 RA patients and 337 controls
from an early arthritis clinic and reported a sensitivity and
specificity of 48% and 96% respectively for anti-CCP ELISA
(cut-off 92 units) while those for IgM RF ELISA (cut-off 5 units)
were 54% and 91% respectively. When either of the two was
considered, the sensitivity rose to 63% and the specificity was
88%. If both were present the specificity was 98%. The positive
predictive value if both were present was 91%. Interestingly, they
also found an increase in sensitivity of anti-CCP ELISA to 53%
while that of IgM RF dropped to 49% over one year follow-
up. However, with respect to predictive capability of erosions at
two years, both fared equally. Kroot, et al also reported similar
findings in a cohort of 273 patients followed up for 6 years.”

In a study on 404 patients followed up for 2 years, there was
significant association of APF with erosive disease and activity.?®
In their set of experiments they did both IIF for APF and
Anti-CCP ELISA. Anti-CCP ELISA positivity was considered
an indicator of APF presence as they recognize a subset of
APF determinants. Hence the results obtained for APF was a
combination of both tests. There was discordance in the results
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of the two tests only in 17% of patients and the majority of them
had positive IIF and negative ELISA. They demonstrated more
erosions in patients with RF+/APF+ status compared to those
with RF+/APF-, RF-/APF+ and RF-/APF- patients. Hence APF
was useful as a predictor or erosions within RF+ patients. They
also showed that median joint counts were significantly higher
in APF+ patients compared to those without the corresponding
antibodies. There was no such co-relation with RF. It is clear that
anti-CCP ELISA is the closest we have reached as far as a specific
antibody for RA is concerned. It is also more sensitive than RF
in early RA.

OTHER SEROLOGICAL MARKERS IN RA

The other serological markers identified in RA are antibodies to
RA 33, Sa, p68, calpastatin, and GPI. A 68k antigen is the target
of both T and B cell responses in patients with RA. The p68
antibody assay has a sensitivity of 66% and specificity of 99%.%
This 68k antigen has been demonstrated in almost all tissues
assayed with immunoblotting. The reason why such a ubiquitous
molecule gives rise to a highly specific immune response in Ra
is unresorted. The epitope has been identified by alkaline 3
elimination to be a glycoepitope. It is considered that immune
dysregulation involving IL 10 and TGF B might be responsible
for the development of antigenicity. The exact nature of the
antigen needs to be characterized.

The role of anti-GPI antibodies were first recognized when they
were found in high titers in the KRN T cell receptor-transgenic
mouse models with severe arthritis. van Gaalen, et al found a
significant association of these antibodies in patients with ExRA.
In their study on 131 RA patients, they found the presence of
anti-GPI antibodies in 5% of uncomplicated RA patients and
4% of controls. Anti-GPI antibodies were present in 92% of
patients with Felty’s syndrome, 45% of patients with vasculitis
and 18% of patients with rheumatoid nodules. GPI is a cytosolic
enzyme involved in glycolysis and gluconeogenesis. It has been
identified on the surface of blood vessels in RA synovium. It
is hypothesized that the anti-GPI antibodies are the result of
excessive neutrophil destruction or they may be targeting the
vessel wall forming immune complexes in situ. In summary, anti-
GPI antibodies can be used for the identification of RA patients
with complicated disease especially the Felty’s syndrome.

CONCLUSION

A specific biological surrogate marker, antibodies to CCP, is now
available that is nearly 100% specific for RA. This has paved
the way to diagnose RA very early. This can help in instituting
DMARD:s and cytokine inhibitors to induce remission eatly to
minimize joint failure.
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