
Immunoglobulin G Subclass Profile of Anticitrullinated
Peptide Antibodies Specific for Epstein Barr Virus-derived
and Histone-derived Citrullinated Peptides
To the Editor:
Studies have shown that the anticitrullinated peptide antibodies (ACPA)
response is highly polyclonal, in terms of epitope specificity, V genes, and
isotype usage1,2. Longitudinal studies of patients with rheumatoid arthritis
(RA) have documented epitope spreading, and ACPA, specific for distinct
citrullinated epitopes, have been described. By using different citrullinated
antigens, ACPA from immunoglobulin (Ig)G, IgA, and IgM isotype have
been detected3. ACPA are polyclonal in the usage of different IgG
subclasses, but in this case the pattern is more heterogeneous. So far the
studies conducted indicate the dominance of IgG1 and IgG4, while IgG3
have been detected with cyclic citrullinated peptide (CCP) and vimentin,
but not with fibrinogen4,5.

The production of specific IgG subclasses might help in deciphering
the mechanisms eliciting B cell expansion in response to different antigens.
Thus, it is of interest to explore the profile of IgG subclasses of antibodies
reactive with novel citrullinated substrates, already known to be tools for
ACPA detection.

Ninety-three patients with RA, 25 with psoriatic arthritis, 15 with
ankylosing spondylitis, and 48 healthy controls were recruited and ACPA
were detected by using an ELISA with 4 synthetic peptides derived from
viral proteins6 (viral citrullinated peptide; VCP) or from histones7 (histone
citrullinated peptide; HCP). Peptides containing arginine were used as the
control. Anti-IgG alkaline phosphatase-coupled antibodies and biotin
labeled isotype-specific monoclonal antibodies were used.

Results were expressed as percentage of an internal positive control
and levels higher than the 97.5th percentile of normal sera were considered
positive. Clinical evaluation was performed at the same time as blood
sampling in 51 out of 93 patients.

IgG ACPA were detected in 66%, 67%, 57%, and 63% of the sera by
VCP1, VCP2, HCP1, and HCP2, respectively. IgG1, IgG3, and IgG4
ACPA were found in variable percentages of RA sera, while the number of
sera containing IgG2 was negligible. In fact, IgG1 ACPA were detected in
35%, 40%, 30%, and 43% of the sera; IgG2 in 8%, 1%, 1%, and 11%; IgG3
in 52%, 58%, 23%, and 61%; and IgG4 in 45%, 55%, 18%, and 40% by
VCP1, VCP2, HCP1, and HCP2, respectively. Disease control sera did not
contain ACPA of any isotype (data not shown). RA sera and normal
controls have also been tested on peptides containing arginine. Antibodies
of IgG3 and IgG4 isotype were not detected; only IgG1 antibodies specific
for arginine containing VCP2 were found, but they were present in similar
amounts in both normal and RA sera (data not shown).

The presence of antibodies in at least 1 subclass was comparable with
HCP2, VCP1, and VCP2 (71%, 76%, and 80%, respectively), but lower
with HCP1 (49%).  Analyzing the relationship between the levels of IgG1,
IgG3, and IgG4, we detected a strong correlation between IgG3 and IgG4
antibodies with all of the peptides (p < 0.00001). IgG1 and IgG3 levels
were also highly correlated (HCP2 and VCP1: p < 0.00001; VCP2: p <
0.0002; and HCP1: p < 0.02). The correlation was less significant or absent
when IgG1 and IgG4 were compared (HCP1: p < 0.05; HCP2: not signifi -
cant; VCP1: p < 0.02; and VCP2: p < 0.04).

When the coexpression of different subclasses was analyzed (Figure 1),
most sera were characterized by the contemporary presence of 2 or 3
subclasses when tested on any peptide except HCP1, which often detected
a single IgG subclass.

These results indicate that the subclass distribution of ACPA in RA sera
is skewed and not representative of the serum amounts of immunoglob-
ulins in the different subclasses. Using citrullinated peptides derived from
viral proteins or histones as probes, only low levels of ACPA IgG2 were
detected, even if IgG2 was the most abundant serum IgG after IgG1. Very
low levels of IgG2 ACPA, as previously reported with CCP, vimentin, and
fibrinogen, seem to be a general feature of the ACPA response.
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Figure 1. Distribution of antihistone citrullinated peptide 1 (HCP1), HCP2, antiviral citrullinated peptide 1 (VCP1), and VCP2
immunoglobulin G (IgG) subclasses in patients with rheumatoid arthritis.
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Similarly, high amounts of IgG4 are found with all the antigens used to
measure ACPA. IgG4 are considered noninflammatory antibodies
produced after prolonged immune stimulation. However, pathogenic IgG4
have been described in bullous diseases8 and bispecific antibodies bearing
both rheumatoid factor and ACPA activity have been detected in RA9. The
lack of correlation between IgG4 and IgG1 suggests further that a different
mechanism of induction exists in the 2 antibody subclasses, IgG4 being
considered Th2-dependent and IgG1 Th1-dependent. As far as IgG3 are
concerned, histones and Epstein Barr virus-derived peptides seem to detect
ACPA in this subclass in a higher percentage of sera, when compared with
CCP, vimentin, and especially fibrinogen. A different inciting antigen
might explain this difference, or alternatively, a more “inflammatory”
environment in the patients we studied. In fact, it has been reported that the
production of anti-H1N1 IgG3 is correlated with levels of proinflammatory
cytokines in subjects vaccinated with influenza antigens10. However, in the
population we studied, the presence of IgG3 ACPA (or the expression or
coexpression of ACPA in a given subclass) was not associated with disease
severity or with extraarticular manifestations of the disease.

Thus, in undifferentiated arthritis the detection of ACPA subclasses
may help in depicting how the immune response to citrullinated antigens is
built. Conversely, in established RA, the current data may imply that
subclass detection offers no additional tools for disease subtyping.

FILOMENA PANZA, MSc; FEDERICO PRATESI, PhD, Department of
Clinical and Experimental Medicine, University of Pisa, Pisa; DANIELE
VALORIANI, MSc, Toscana Biomarkers SpA, Siena; and PAOLA
MIGLIORINI, MD, Department of Clinical and Experimental Medicine,
University of Pisa, and Toscana Biomarkers SpA, Siena, Italy. Address
correspondence to Professor P. Migliorini, Department of Clinical and
Experimental Medicine, University of Pisa, Via Roma 67, 56126 – Pisa,
Italy. E-mail: paola.migliorini@med.unipi.it

REFERENCES
   1.    Willemze A, Trouw LA, Toes RE, Huizinga TW. The influence of

ACPA status and characteristics on the course of RA. Nat Rev
Rheumatol 2012;8:144-52.

   2.    Amara K, Steen J, Murray F, Morbach H, Fernandez-Rodriguez
BM, Joshua V, et al. Monoclonal IgG antibodies generated from
joint-derived B cells of RA patients have a strong bias toward
citrullinated autoantigen recognition. J Exp Med 2013;210:445-55.

   3.    Anzilotti C, Riente L, Pratesi F, Chimenti D, Delle Sedie A,
Bombardieri S, et al. IgG, IgA, IgM antibodies to a viral 
citrullinated peptide in patients affected by rheumatoid arthritis,
chronic arthritides and connective tissue disorders. Rheumatology
2007;46:1579-82.

   4.    Chapuy-Regaud S, Nogueira L, Clavel C, Sebbag M, Vincent C,
Serre G. IgG subclass distribution of the rheumatoid 
arthritis-specific autoantibodies to citrullinated fibrin. Clin Exp
Immunol 2005;139:542-50.

   5.    Engelmann R, Brandt J, Eggert M, Karberg K, Krause A, Neeck G,
et al. IgG1 and IgG4 are the predominant subclasses among 
auto-antibodies against two citrullinated antigens in RA.
Rheumatology 2008;47:1489-92.

   6.    Pratesi F, Tommasi C, Anzilotti C, Puxeddu I, Sardano E, Di Colo
G, et al. Antibodies to a new viral citrullinated peptide, VCP2: fine
specificity and correlation with anti-cyclic citrullinated peptide
(CCP) and anti-VCP1 antibodies. Clin Exp Immunol
2011;164:337-45.

   7.    Pratesi F, Dioni I, Tommasi C, Alcaro MC, Paolini I, Barbetti F, et
al. Antibodies from patients with rheumatoid arthritis target 
citrullinated histone 4 contained in neutrophil extracellular traps.
Ann Rheum Dis 2013 Jun 1 (E-pub ahead of print).

   8.    Mihai S, Chiriac MT, Herrero-Gonzalez JE, Goodall M, Jefferis R,
Savage CO, et al. IgG4 autoantibodies induce dermal-epidermal
separation. J Cell Mol Med 2007;11:1117-28.

   9.    Wang W, Li J. Identification of natural bispecific antibodies against
cyclic citrullinated peptide and immunoglobulin G in rheumatoid
arthritis. PLoS One 2011;6:e16527.

 10.    Frasca D, Diaz A, Romero M, Mendez NV, Landin AM, Blomberg
BB. Effects of age on H1N1-specific serum IgG1 and IgG3 levels
evaluated during the 2011-2012 influenza vaccine season. Immun
Ageing 2013;10:14.

J Rheumatol 2014;41:2; doi:10.3899/jrheum.130795

408 The Journal of Rheumatology 2014; 41:2

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/

