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Association of anti-citrullinated protein or peptide
antibodies with left ventricular structure and
function in rheumatoid arthritis
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Abstract

Objective. High levels of ACPAs in RA are associated with more severe arthritis and worse prognosis.
However, the role of ACPAs in mediating the increased risk of heart failure in RA remains undefined. We
examined whether specific ACPAs were associated with subclinical left ventricular (LV) phenotypes that
presage heart failure.

Methods. Sera from RA patients without clinical cardiovascular disease were assayed for specific ACPAs
using a custom Bio-Plex bead assay, and their cross-sectional associations with cardiac magnetic res-
onance-derived LV measures were evaluated. High ACPA level was defined as > 75th percentile. Findings
were assessed in a second independent RA cohort with an expanded panel of ACPAs and LV measures
assessed by 3D-echocardiography.

Results. In cohort 1 (n=76), higher levels of anti-citrullinated fibrinogenss_¢p and anti-citrullinated
vimentin antibodies were associated with a 10 and 6% higher adjusted mean LV mass index (LVMI),
respectively, compared with lower antibody levels (P <0.05). In contrast, higher levels of anti-
citrullinated biglycan,s7_06s Were associated with a 13% lower adjusted mean LVMI compared
with lower levels (P <0.001). In cohort 2 (n=74), the association between ACPAs targeting citrullinated
fibrinogen and citrullinated vimentin peptides or protein and LVMI was confirmed: higher anti-
citrullinated fibrinogensss_s75 and anti-citrullinated vimentinsg_;7 antibody levels were associated with a
higher adjusted mean LVMI (19 and 15%, respectively; P <0.05), but no association with biglycan was
found.

Conclusion. Higher levels of antibodies targeting citrullinated fibrinogen and vimentin peptides or protein
were associated with a higher mean LVMI in both RA cohorts, potentially implicating autoimmune target-
ing of citrullinated proteins in myocardial remodelling in RA.
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Rheumatology key messages

o Higher levels of ACPAs targeting citrullinated fibrinogen and citrullinated vimentin peptides or protein were
associated with higher left ventricular mass index.
o Seroreactivity towards citrullinated proteins may play a role in myocardial remodelling in RA.
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ACPA association with LV structure and function in RA

Introduction

Cardiovascular disease (CVD) represents the leading
cause of mortality in RA [1]. RA patients have double the
risk for developing heart failure compared with controls [1]
even after adjusting for traditional CV risk factors and
ischaemic heart disease, suggesting that RA is an inde-
pendent risk factor for heart failure. Although the excess in
myocardial dysfunction in RA remains unexplained, aut-
opsy studies show myocarditis in some patients [2].
Differences in symptoms, myocardial phenotypes, and
higher heart failure-related mortality rates in RA vs
non-RA patients [3] suggest different mechanisms for
myocardial dysfunction in RA vs controls.

ACPAs are a key feature of, and relatively specific for,
RA, appearing in the pre-clinical phase of the disease [4].
Whether the citrullinated autoantigens identified from
synovium and recognized by RA sera [5-7] are found in
the myocardium and contribute to myocardial dysfunction
in RA remains unexplored. In RA necropsied myocardia,
we reported higher citrullination levels relative to autoim-
mune and non-autoimmune disease controls, and con-
firmed myocardial expression of the citrullinating
enzyme, peptidyl arginine deiminase [8]. However, the
identity of the citrullinated myocardial proteins was not
established. Some of the citrullinated autoantigens dis-
covered in RA synovium (vimentin, biglycan, fibronectin)
[9] are expressed in their native state in myocardial tissue,
raising the possibility that ACPAs against their citrullinated
myocardial counterparts may be generated in RA and
induce myocardial remodelling.

Using an array of RA-associated autoantigens, we
investigated the association of ACPAs with parameters
of left ventricular (LV) structure and function in two RA
cohorts without clinical CVD. We hypothesized that pa-
tients with high ACPA levels would have different myocar-
dial phenotypes from patients with lower antibody levels.

Methods

Patients

Cohort 1 included 76 patients in the Evaluation of
Subclinical CArdiovascular disease and Predictors of
Events in RA (ESCAPE-RA) study, randomly selected to
undergo cardiac MRI [10] in addition to cardiovascular
phenotyping. Participants were 45-84 years old, met
1987 ACR RA criteria [11], had RA for >6 months, and
had no clinical CVD (defined as coronary artery disease,
myocardial infarction, heart failure, stroke). Cohort 2
included the first 74 enrollees in RHeumatoid arthritis
studY of THe Myocardium (RHYTHM), an ongoing study
of subclinical myocardial phenotypes in RA patients with-
out CVD in which all participants underwent 3D-echocar-
diography. RHYTHM inclusion/exclusion criteria were
identical to ESCAPE-RA except for an age >18 years.
Studies were approved by the Johns Hopkins Medical
Institutions (ESCAPE-RA) and Columbia University
(RHYTHM) Institutional Review Boards, which included
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approval for this study. Informed consent was obtained
for both the ESCAPE-RA and RHYTHM studies.

Outcome measures

Cardiac MRI

Cardiac MRI (CMR) in ESCAPE-RA was performed using a
1.5-T magnet CV/i (GE Healthcare, Piscataway, NJ, USA).
Ejection fraction, stroke volume and body surface area
(BSA)-indexed end-diastolic and end-systolic volumes,
and left ventricular mass (LVM) were analysed as previ-
ously described [10].

3D echocardiography

RHYTHM participants underwent transthoracic 3D-echo-
cardiography using the Philips iE 33 system. 3D-LV vol-
umes and mass were measured using the Philips QLAB
Advanced Quantification software 8.1; LV end-diastolic
and end-systolic volumes were indexed by BSA. LVM
was calculated as the difference between the epicardial
and endocardial volumes multiplied by the specific myo-
cardial tissue mass and indexed by BSA. The LV mass-to-
end-diastolic volume (M/V) ratio was used as a parameter
of LV geometry.

Laboratory assays

Phlebotomy was performed at the same visit as the CMR
or 3D-echocardiography. Serum and plasma were centri-
fuged and stored at —70°C.

Anti-CCP assays

Anti-CCP-antibodies were assessed by ELISA (CCP2 kit,
for ESCAPE-RA, and CCP3 kit for RHYTHM; Inova
Diagnostics, Woburn, MA, USA), with positivity defined
as >60 U.

ACPA assays

A multiplex platform, utilizing a custom Bio-Plex bead-
based autoantibody assay, was used for the analysis of
autoantibodies targeting specific RA-associated citrulli-
nated and native (non-citrullinated) protein or peptides,
as previously described [5]. A high ACPA level was
defined as >75th percentile. For ESCAPE-RA, the array
consisted of 17 citrullinated and three native proteins or
peptides [6]. For RHYTHM, 30 citrullinated and five native
proteins or peptides were measured [7]. Intra-assay and
interassay coefficients of variance ranged from 0.4 to
5.5% and 0.9 to 10%, respectively.

Additional assays

High-sensitivity CRP, IL-6 and lipid levels were measured
as previously described [10, 12]. RF was assessed by
ELISA, with positivity defined as >40 U.

Clinical covariates

Demographics, smoking and CVD family history were col-
lected from identical questionnaires for both cohorts.
Hypertension, diabetes, BMI, BSA, medication use and
RA disease duration and activity were ascertained as pre-
viously described [10, 12].
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Statistical methods

Summary statistics were examined; comparisons were
made using Student’s t test and Wilcoxon’s rank-sum
test for normally and non-normally distributed continuous
variables, respectively. Counts and percentages were
calculated for categorical variables, compared using the
chi-square or Fisher’s exact test. Multivariable linear re-
gression was used to model the association of LV struc-
ture and function measures with the panel of
seroreactivities towards citrullinated and non-citrullinated
autoantigens. Tolerance was calculated to avoid como-
delling collinear variables. Confounders were defined as
variables associated with both the outcome (cardiac
structure and function measures) and predictors (ACPA
levels). Statistical calculations were performed using
SAS 9.4 (SAS Institute, Cary, NC, USA). A two-tailed «o
of 0.05 was defined as the level of statistical significance.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. In
ESCAPE-RA, the mean age was 59 years with 51% fe-
males and 85% self-identified as white. RHYTHM partici-
pants had a mean age of 54 years, 85% females and 36%
whites. In both studies, the median disease duration
was 7 years, two-thirds were anti-CCP antibody positive
and mean RA disease activity was moderate.
Hypertension and diabetes were more frequent in
RHYTHM patients.

With anti-CCP-antibody level dichotomized at the 75th
percentile, in ESCAPE-RA a lower BMI and higher per-
centage of smokers were noted in the high anti-CCP
group. In RHYTHM, more patients with RF >40 U and a
trend towards higher prednisone use were observed in the
high anti-CCP group. ESCAPE-RA patients in the high
anti-CCP group had a lower stroke volume and a lower
mean LVMI, as previously published, although not reach-
ing statistical significance in this analysis (due to analysing
anti-CCP as a categorical rather than continuous vari-
able). In RHYTHM, LVMI was not different between anti-
CCP groups, although a trend towards a higher LVMI in
the high anti-CCP-antibody group was seen. Given this
discrepancy, specific ACPAs were examined.

Association of ACPAs with LV parameters

The citrullinated and non-citrullinated proteins or peptides
that comprised the autoantigen microarrays are listed in
Table 2.

ESCAPE-RA

Higher anti-citrullinated (cit) fibrinogens1_go and anti-cit-
vimentin antibody levels were associated with a higher
mean LVMI compared with lower antibody levels. In con-
trast, high anti-cit-biglycan,s7 o6 antibody levels were
associated with a lower mean LVMI compared with
lower antibody levels. After adjusting for confounders,
these associations remained significant.
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RHYTHM

Higher anti-cit-fibrinogenssg_s7s5, anti-cit-vimentinsg_77 and
anti-cit-fibronectinqgog_1042 antibody levels were asso-
ciated with a higher mean LVMI compared with lower anti-
body levels in unadjusted and adjusted analyses. Higher
anti-citrullinated biglycan,s7_066 levels were not asso-
ciated with LVMI in this cohort.

In both cohorts, LV M/V ratios were normal (suggesting
an eccentric LV geometry) with no differences noted per
anti-CCP or ACPA strata (P > 0.05). Other measured car-
diac parameters were not associated with specific ACPA
reactivities in either cohort (data not shown). No associ-
ation was seen between LVMI and levels of seroreactivity
to the non-citrullinated protein controls in either cohort.

Discussion

This is the first investigation of the association of specific
ACPAs with LV structure, function and geometric param-
eters in RA patients. We found in two independent RA
cohorts, despite different demographics and imaging
methodologies, that high levels of ACPAs targeting cit-
vimentin and cit-fibrinogen protein or peptides were asso-
ciated with higher mean LVMI. While only evaluated in the
RHYTHM participants, a similar association was found for
ACPAs targeting cit-fibronectin peptides. The specificity
of these responses was confirmed by lack of association
of LVMI with antibody levels against non-citrullinated
homologue proteins.

Increased LVM is the most common form of adverse LV
remodelling, considered a subclinical phenotype in the
pathway to heart failure development [13]. In the
Framingham Study, for every 50g increase in LVM, CVD
increased by 1.49- and 1.57-fold for men and women,
respectively, with higher relative risks for cardiovascular
death of 1.73 and 2.12, respectively [14]. In our studies,
although the higher LVMI noted in the RA patients with
high-ACPA levels fell within the normal range, a progres-
sive increase in LVM is a heart failure precursor in the
general population, and strong sudden cardiac death
predictor, even in subsets with normal ejection fraction
[13, 14]. A recent meta-analysis of cross-sectional studies
in RA patients without clinical heart failure revealed no
consensus on LVMI differences between RA and controls,
as higher LVMls, lower LVMIs and no difference in LVMI
have all been reported [10, 15]. This could be due to vari-
ability in time of assessment along the continuum of the
RA disease process. Unfortunately, longitudinal measure-
ments of LVMI in RA patients transitioning from pre-clin-
ical to clinical heart failure are lacking.

Correlation of specific ACPAs with myocardial pheno-
types in RA may deepen the understanding of disease
pathogenesis through identification of potentially relevant
autoantigens in LV impairment. Commercially available
anti-CCP assays result in mass-averaging of the ACPA
response and do not provide information about the auto-
antibody response sub-specificities. Indeed, our studies
using two different commercial anti-CCP assays showed
no consistent relationship between anti-CCP titres and
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LVMI across the two cohorts, in contrast to the consist-
ency observed in the association of high levels of ACPAs
targeting cit-fibrinogen and cit-vimentin peptides or pro-
tein and the LVMI. Importantly, all autoantigens identified
here are known myocardial constituents and/or are asso-
ciated with a risk for sudden cardiac death [16-18]. It is
therefore possible that citrullination of these proteins
might occur in RA hearts and serve as targets for RA-
associated ACPAs leading to tissue damage.

Whether citrullination plays a role in myocardial disease
in general, or in RA myocardial disease in particular, is a
topic of interest. Citrullination is a ubiquitous finding in
inflamed tissues [8]. Indeed, although higher in RA
hearts, we previously reported citrullination in necropsied
hearts of patients with other autoimmune diseases and
non-autoimmune myocarditis as well [8]. Recently, in
myocardial tissues from non-RA patients with heart fail-
ure, we identified a myocardial citrullinated proteome that
included citrullinated vimentin and key myofilament struc-
tural proteins including citrullinated myosin and tropomy-
osin [19]. Citrullination of vimentin, a mesenchymal cell
intermediate filament component, results in collapse of
the filament network, while citrullination of myosin and
tropomyosin alters their assembly and contractility pat-
terns [19]. However, the consequences of ACPAs against
putative citrullinated myocardial proteins are not known.
Given the specificity of ACPA generation as a feature of
RA, it is tempting to speculate that these autoantibodies
contribute to the excess risk of heart failure in RA vs non-
RA controls.

Although a concentric geometry (increased LV M/V
ratio) has been previously described in RA-associated
increased LVM, in our study the LVM increase in high-
level ACPA groups was associated with eccentric geom-
etry (normal LV M/V ratio), which is commonly seen in
primary myocardial injury. It is possible that the increase
in LVM associated with higher ACPA levels reflects ACPA-
mediated myocardial injury but this remains unknown.

Strengths of our study include the consistency of the
association of ACPAs targeting the same protein or pep-
tides within the protein with the same myocardial pheno-
type across two RA cohorts despite ethnic differences
and two different but well validated and sensitive methods
for LV structure and function measuring, adding to the
robustness of the findings. Additional strengths include
extensive cardiovascular and RA characteristic phenotyp-
ing, and nearly identical inclusion/exclusion criteria of the
two cohorts; and the utilization of a broad array of anti-
gens, both citrullinated and native, with potential rele-
vance to myocardial disease.

Limitations of our study include its cross-sectional
nature and testing of multiple comparisons that precludes
establishment of causation. Also, LVMI was measured by
different techniques in the two cohorts; however, a high
correlation between these modalities has been estab-
lished [20]. Finally, the RA microarrays utilized here in-
clude a set of synovium-identified autoantigens; thus,
potential additional autoantigens of greater myocardial
relevance were possibly missed. However, current studies
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are in progress to identify citrullinated myocardial proteins
recognized by RA sera.

In conclusion, higher levels of ACPAs targeting citrulli-
nated vimentin and fibrinogen protein or peptides were
associated with a higher LVMI compared with lower anti-
body levels in two RA cohorts without clinical CVD. This
association suggests a pathophysiological link between
autoimmunity and myocardial remodelling.
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