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Objectives: To evaluate levels of anti-carbamylated
protein (anti-CarP) antibodies in rheumatoid arthritis
(RA) patients and to determine their association with

serological parameters and disease activity.

Methods: A cross-sectional  study involving 105
multiethnic RA patients (48 rheumatoid factor [RF]-
positive and 57 RF-negative patients) was conducted
at Hospital Universiti Sains Malaysia, Kelantan,
Malaysia, from January 2015 to February 2016. Fifty
healthy controls (HCs) were included. C-reactive
protein (CRP), RE anti-cyclic citrullinated peptide
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(anti-CCP) and anti-CarP antibodies were measured.
A health assessment questionnaire (HAQ) was
administered to the study participants and 28-joint
Disease Activity Score (DAS28) were obtained.

Results: The level of anti-CarP antibodies was
significantly increased in the RA patients compared with
HCs (p=0.042). The presence of anti-CarP antibodies
was significantly associated with RF (p=0.019) and the
HAQ (p=0.010). A significant association between the
presence of anti-CarP antibodies and the DAS28 was not
found (p=0.632).

Conclusion: Our study provides further evidence that
the level of anti-CarP antibodies is significantly elevated
in RA patients.
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heumatoid arthritis (RA) is a chronic systemic

utoimmune disease characterised by progressive
joint destruction and affects 0.5-1.0% of adult
populations annually.! The exact cause of RA is not
yet known, although both genetic and environmental
factors have been implicated as having a role in disease
development.” Of 291 conditions, RA was ranked as
the 42" highest contributor to global disability in the
Global Burden of Disease 2010 study.” Rheumatoid
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arthritis can be classified using the 2010 American
College of Rheumatology (ACR)/European League
Against Rheumatism (EULAR) RA classification
criteria.* The scores of the classification system are
calculated from the number and site of involved joints,
abnormal serology, acute-phase reactants and symptom
duration. Determination of the presence of rheumatoid
factor (RF) and anti-citrullinated protein antibodies
(ACPAs) is commonly used to diagnose RA.* Different
combinations of markers are employed to improve RA
diagnostic ability.” The RF and anti-cyclic citrullinated
peptide (anti-CCP) can be detected in the serum of
healthy individuals years before they develop RA.®” RF
positivity has been associated with aggressive and poorer
outcomes.® Likewise, ACPAs have been associated
with disease severity, disability and radiological
progression of the disease.''' Anti-carbamylated protein
(anti-CarP) antibodies have been extensively described
in RA patients'? and their presence is associated with
radiological damage."

Antibodies to carbamylated proteins (anti-CarP
antibodies) have been detected in the serum of 36-45%
of RA patients.'*!> However, risk factors that have been
proposed to influence the production of anti-CarP
antibodies remain unsubstantiated.'® Carbamylation
is a post-translational modification as a result of the
conversion of amino acid lysine into homocitrulline,
which the presence of cyanate is required.'”'® It has been
shown that homocitrulline is present in the joints."” In
addition, elevated carbamylation have been reported in
other conditions, including renal failure and chronic
inflammation.”* Anti-CarP antibodies have been
shown to be associated with the development of RA in
patients with arthralgia® and more severe radiographical
progression in the total and ACPA-negative RA
population."*?>  Furthermore, anti-CarP antibodies
are also present in inflammatory arthritis, indicating
that they potentially contribute to the development
of chronic disease.”” The objectives of this study were
to determine the levels of anti-CarP antibodies in RA
patients and to establish whether or not there was an
association with disease activity in relation to RF status.

Methods. Patient population. A cross-sectional
study was performed on a cohort of 105 patients (48
RF-positive and 57 RF-negative patients) attending
the rheumatology clinic at Hospital Universiti Sains

Disclosure. Authors have no conflict of interest, and the
work was not supported or funded by any drug company.

Malaysia (HUSM), Kubang Kerian, Malaysia, between
January 2015 and February 2016 and 50 healthy
controls (comprising staff and students at USM). All
patients met the 2010 ACR/EULAR classification
criteria for RA.* The RA patients and healthy controls
who fulfilled the inclusion and exclusion criteria were
enrolled in the study. Subjects who had been diagnosed
with infectious mononucleosis, sarcoidosis, systemic
lupus erythematosus and Sjogrens syndrome were
excluded. The study protocol and written consent were
approved by the ethics committee of USM according to
the Declaration of Helsinki.

Laboratory tests. The presence of C-reactive protein
(CRP) and RF were determined by latex agglutination
using commercial latex test kits (CRP® Direct Latex
and RF® Direct Latex, Veda Lab, Cerisé, France). The
tests were considered positive when agglutination was
observed. The level of anti-CCP antibodies in the serum
of RA patients and healthy controls was quantified
by enzyme-linked immunosorbent assay (ELISA)
(Aeskulisa CCP®, Aesku Diagnostics, Wendelsheim,
Germany). The cut-off value for a positive reaction
was established as>18 U/ml, as suggested by the
manufacturer.

The levels of anti-CarP antibodies in the serum of RA
patients and healthy controls were determined using the
OxiSelect™ Protein Carbamylation Sandwich ELISA
kit (Cell Biolabs, Inc. San Diego, USA). Undiluted
serum samples from the patients, together with the
carbamyl-lysine (CBL)-bovine serum albumin (BSA) as
the standard (using two-fold dilution), were coated on
the anti-CBL antibody plate overnight (100 pl/well).
After being washed, the wells were incubated with 100
pl anti-CBL antibody (1:1000 dilution), washed again,
and then incubated with 100 pl horseradish peroxidase
(HRP)-conjugated ~ secondary  antibody  (1:1000
dilution). The wells were then incubated with substrate
solution to catalyse the enzymatic activity of the HRP
(100 pl/well). The enzymatic reaction was terminated
by adding a stop solution (H,SO,, 0.5N) to each well.
The absorbance of both the anti-CCP and anti-CarP
antibodies was measured as 450 nm using an ELISA
microplate reader (Tecan Sunrise, Salzburg, Austria)
and Magellan™ Data Analysis software (version 7.2).

Outcome measures. Disease activity was evaluated
using the Disease Activity Score 28 (DAS28).* Patients
rated their pain from 0 (indicating no pain) to 100
(indicative of the worst pain). The counts for tender and
swollen joints and the erythrocyte sedimentation rates
were recorded. According to the DAS28 scores, disease
activity in the RA patients was categorised as low to
moderate, with a cut-off value of 3.2.% A self-assessment
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questionnaire (HAQ) was administered to the 105 RA
patients, who were asked about their ability to perform
daily living activities. The disability index scores were
determined through responses to questions within the
eight categories that covered dressing and grooming,
getting up, eating, walking, hygiene, reaching, grip
strength and outside activity.?® According to the HAQ
results, the RA patients in the study were categorised
as having mild to moderate disability, with the cut-off
value of >1.

Statistical analysis. The Youden index was used to
establish the cut-off point for anti-CarP positivity in
RA patients and the healthy controls. It was calculated
using receiver operating characteristics (ROC) as
described in a previous study.”” Youden index represents
a biomarker’s maximum potential effectiveness when
equal weight is given to both sensitivity and specificity
derived from ROC curve.” A ? analysis was performed
to determine any association between the serological and
clinical parameters for the RA patients. A comparison
was conducted on the anti-CarP and anti-CCP antibody
levels in the RA patients and healthy controls, assessed
using the Mann-Whitney U test. Data entry and
statistical analysis were performed using The Statistical
Package for the Social Sciences (IBM Corp., Armonk,
NY, USA) version 22.

Results. Demographic data. Serum samples were
collected from 105 patients with RA (89 women and 16
men; a mean age of 55.0+14.0 years and a median age of
57.0 years) and 50 healthy controls (30 women and 20
men; a mean age of 37.0+12.2 years and a median age
of 32.5 years). Most of the RA patients (87.6%) were
Malays (n=92/105), 9.5% were Chinese (n=10/105),

. p <0.001
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1.9% were Indians (n=2/105) and the remainder (1%)
was of another race (n=1/105). The RA patients were
classified as either RF positive or negative, as shown in
Table 1.

The association between anti-carbamylated protein
antibody level and rheumatoid arthritis patients.
Increased levels of anti-CCP antibodies (p<0.001), in
addition to significantly higher levels of circulating
anti-CarP antibodies (p=0.042), were observed in the
RA patients in comparison with those in the healthy
controls following a Mann-Whitney U test (Figure 1).

The correlation between anti-CarP and anti-CCP
antibodies in rheumatoid arthritis patients. The levels
of anti-CCP antibodies were not significantly correlated
with levels of anti-CarP antibodies in our cohort of 105
RA patients (r=0.065; p=0.509) (Figure 2).

In order to compare the proportion of RA patients who

Table 1 - Demographic data of rtheumatoid arthritis patients and
healthy controls.

RA patients
Variables HCs
RF-positive ~ RF-negative
n=48 n=57 n=50
Gender, n (%)
Male 10 (20.8) 6 (10.5) 20 (40.0)
Female 38 (79.2) 51 (89.5) 30 (60.0)
Age, years
Mean + SD 57.3+12.7 53.0+ 14.7 37.0 £12.2
Median 58.5 56.0 32.5
Ethnicity, n (%)
Malay 43 (89.6) 49 (85.9) 43 (86.0)
Chinese 4(8.3) 6 (10.5) 7 (14.0)
Indian 1(2.1) 1(1.8) -
Others - 1(1.8) -

HCs - healthy controls, RA - theumatoid arthritis

p = 0.042
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Figure 1 - The levels (OD 450nm) of anti-CCP antibodies A) and anti-CarP antibodies B) in RA patients and healthy controls, RA - rheumatoid

arthritis.
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were positive for anti-CarP autoantibodies with that of
the healthy controls (namely, the categorical variables
for both were compared), a ROC curve was generated
to calculate the Youden index to establish the optimal
cut-off value for anti-CarP antibody positivity. The
group was classified according to positivity or negativity
for anti-CarP antibodies following the determination
of the highest Youden index value [the optical density
(OD) cut-off value reflective of the most optimal or
balanced sensitivity and specificity]. The optimal cut-off
value for anti-CarP antibodies was set at OD*°: 0.3380;

Table 2= Youden Index for anti-CarP antibodies.

Anti-CarP

(absorbance value at 450nm)

Positive if greater than

or equal to* Sensitivity ~ Specificity  Youden Index
0.3380 0.4200 0.7800 0.1990
0.5455 0.2800 0.9200 0.1962
0.3465 0.4100 0.7800 0.1895
0.2955 0.4500 0.7400 0.1876
0.5855 0.2500 0.9400 0.1876
0.5605 0.2700 0.9200 0.1867
0.4590 0.3000 0.8800 0.1848
0.4295 0.3400 0.8400 0.1829
0.3550 0.4000 0.7800 0.1800
0.3270 0.4200 0.7600 0.1790

*Absorbance value for anti-CarP antibodies at 450nm, anti-Carp -
Antibodies to carbamylated proteins.

Table 3 - Association of anti-CarP with rheumatoid factor, anti-
CCP and C-reactive protein.

Variables Presence of Anti-CarP P-value
No Yes
n (%)
Rheumatoid factor
Negative 39 (68.4) 18 (31.6) 0.019
Positive 22(458) 26 (542 L7
Anti-CCP
Negative 27 (61.4) 17 (38.6)
L. »=0.564
Positive 34 (55.7) 27 (44.3)
C-reactive protein
Negative 30 (68.2) 14 (31.8) B
Positive 31(50.8)  30(49.2) 27007

anti-Carp - Antibodies to carbamylated proteins, Anti-CCp -
anti-cyclic citrullinated peptide

with sensitivity of 42.0% and specificity of 78.0% when
the Youden index was at its highest (Table 2). Based on
the cut-off value, a higher number of RA patients in
our cohort were positive for anti-CarP antibodies than
that in the healthy control group (p=0.016). Anti-CarP
antibodies were associated with RF (p=0.019). A
significant association was not found between anti-CarP
and anti-CCP antibodies. A pattern of significance
was observed in relation to anti-CarP positivity and a
positive CRP status (p=0.075) (Table 3).

A significant association was not observed between
the HAQ results and CRP (p=0.825), RF (p=0.264)
and anti-CCP »=0.102. However, the presence of
anti-CarP was significantly associated with the HAQ
results (p=0.010). A significant association was not
found between a low (< 2.6 to 3.2) or moderate (>3.2
to >5.1) DAS28 and antibodies of RF (p=0.763),
anti-CCP (p=0.479) and anti-CarP (p=0.632) (Table 4).
However, such an association was observed between the

DAS28 and CRP status (p=0.039).

Discussion. Anti-CarP  antibodies  were
demonstrated to be present in RA patients in our study,
consistent with the findings of a previous study'* in
which it was reported that anti-CarP immunoglobulin
(Ig)G (45%) and IgA antibodies (43%) were present in
the serum of RA patients.” Elsewhere, the percentage of
individuals who were positive for anti-CarP antibodies
was reported to be 44.9% for RA patients and 2.3% for
the controls.' Elevated anti-CarP antibodies levels were
observed (46.1%) in a recent study® on seropositive
patients with established RA (n=167), consistent with
the findings of yet another study,® in which 40-55%
anti-CarP antibody positivity was seen in RA patients.
In other study, 36 of 120 RA patients (30%) were
positive for anti-CarP antibodies.’’ Similarly, of the
105 RA patients in our study, only 44 (41.9%) RA
patients were positive for anti-CarP antibodies, with a
corresponding figure of 11 (22%) for the control group.
It has been reported that anti-CarP antibodies can be
present in healthy individuals several years before the
development of clinical RA symptoms.*** A significant
increased incidence of anti-CarP antibodies positivity
in RA patients was found in our study, when compared
with that for the healthy controls (p=0.016). This
is consistent with the findings of a previous study,'
in which significantly elevated levels of anti-CarP
antibodies in RA patients were reported, in comparison
with those for the control group (p<0.001). Increased
levels of anti-CarP antibodies were demonstrated in RA
patients, when compared with the healthy controls, in
our study. This finding is similar to that in the study
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performed by Verheul et al** in which significantly
varied anti-CarP levels were observed in a Japanese RA
cohort (p<0.001). A significant difference in anti-CarP
antibodies between the healthy controls and RA patients
was also reported elsewhere (p<0.001).'%%

In our study, we demonstrated that patients with
anti-CarP-positive were more disabled than those with
anti-CarP-negative. This is at least partially explained by
the significant positive association between anti-CarP
antibodies and the HAQ results. This is similar
to the findings of another study,® in which it was

demonstrated that anti-CarP antibodies were associated
with increased disability and higher disease activity in
patients with inflammatory polyarthritis (n=1995).
This indicates that anti-CarP antibodies might be
predictive of a more severe disease course and could
contribute to the pathogenesis of RA.* The presence
of anti-CarP antibodies was not significantly associated
with the DAS28 results. This supports the findings of
the study by Yee et al’' who reported that no individual
marker (anti-CCP2, anti-CCP3, ACPA1-3, RF and
anti-CarP) correlated with disease activity (as measured

Table 4 - Association of HAQ and DAS28 with serological parameters.

HAQ DAS28
Variables Mild Moderate  P-value Low Moderate P-value
n (%)

CRP

Negative 34 (77.3) 10 (22.7) 27 (61.4) 17 (38.6)

Positive 46 (75.4) 15 (24.6) 0.825 25 (41.0) 35(59.0) 0.039
RF

Negative 41 (71.9) 16 (28.1) 29 (51.0) 28 (49.0)

Positive 39 (81.3) 9 (18.7) 0.264 23 (47.9) 25(52.1) 0.763
Anti-CCP

Negative 30 (68.2) 14 (31.8) 20 (45.5) 24 (54.5)

Positive 50 (82.0) 11 (18.0) 0.102 32(52.5) 29 (47.5) 0.479
Anti-CarP

Negative 52 (85.2) 9 (14.8) 29 (47.5)  32(52.5)

Positive 28 (63.6) 16 (36.4) 0.010 23 (52.3) 21(47.7) 0.632

CRP - C-reactive protein, RF - rheumatoid factor, HAQ - health-assessment
questionnaire, DAS28 - Disease activity score 28, nti-Carp - Antibodies to carbamylated
proteins, Anti-CCp - anti-cyclic citrullinated peptide

Anti-CCP (OD 450nm)

r =0.065, p = 0.509

2

3
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Figure 2 - The levels of anti-CarP and anti-CCP antibodies in 105
RA patients, (r=0.065; »=0.509), nti-Carp - Antibodies to
carbamylated proteins, Anti-CCp - anti-cyclic citrullinated
peptide
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by the DAS28) but a significant correlation was found
when ACPA1 and anti-CarP antibodies positivity were
present (p=0.026). In addition, it was demonstrated
in the study by Humphreys et al*® that the DAS28
score at baseline differed between anti-CarP-positive
and negative patients with inflammatory polyarthritis
(p<0.001).

Elsewhere, an association was not observed between
the presence of anti-CarP antibodies and disease
activity.® Although RF is considered to be the main
serum marker to use to diagnose RA, it was shown in
one study that it did not correlate with disease activity.”
Anti-CarP status was not independently associated
with remission® and the lack of association between
DAS remission and ACPA status has been previously
reported.” More studies are needed to determine the
utility of anti-CarP antibodies with regard to any
correlation with disease activity.

CRP has been used for 280 years as measure of
inflammation in diseases such as RA during clinical
disease activity evaluations.*> A significant association
was not observed between CRP and disease activity,
based on the DAS28 scores (p=0.084), in our cohort
of RA patients. However, Yildirim et al* demonstrated
a significant association between CRP and the DAS28
score (p<0.001) in RA patients (n=47). The authors
also showed that of the various acute phase reactant
tests investigated, CRP had the closest relationship
with disease activity in their cohort of RA patients.”
In contrast, a significant association was not observed
between the presence of CRP and the HAQ results
(p=0.825) in our cohort of RA patients, suggesting that
different geographical populations of RA patients might
respond differently to a HAQ evaluation or underlying
genetic differences that influence CRP levels.

The participants in the control group in our study
were much younger in age compared with the RA
patients. This owes to the baseline screening of the
health condition of the controls in order to exclude
individuals with chronic illnesses such as diabetes
mellitus, hypertension, acute viral infection and
inflammatory conditions.

Of the 3 main ethnic groups (Malays, Chinese and
Indians), RA patients in our study were mainly from
Kelantan, Malaysia (located in the northeast region of
Peninsular Malaysia) and were predominantly Malays
(87.6%). A small proportion of other ethnic groups
participated including Chinese (9.5%) and Indian RA
patients (1.9%). It was demonstrated in a study by
Gomez et al* that positivity to any of the RF isotypes
and anti-CCP2 in a series of 147 RA patients was
almost similar across the 3 ethnic groups in Malaysia.

However, IgG and IgM RF contributed to severe RA
in Chinese patients, compared with that in Indian and
Malay patients.®

Smoking was found to be associated with multiple
autoantibody positivity (RF, anti-CCP2, and anti-CarP
antibodies) in a previous multicentre cohort study
(Netherlands, n=678; United Kingdom, n=761 and
Sweden, n=795).% In addition, Too et al* found
that smoking was associated with an increased risk
of developing ACPA-positive RA in a multiethnic
population in Malaysia. In contrast, African-
Americans with early-onset RA did not report an
association between smoking and ACPA-positive RA.*

It has been reported that anti-CarP antibodies
were associated with more severe radiological damage,
measured using the Sharp-van der Heijde method,
when X-rays of the hands and feet of RA patients were
taken.'* The authors also showed that the presence of
anti-CarP antibodies was associated with more severe
joint damage in the anti-CCP2-negative subgroup. The
presence of anti-CarP antibodies correlated with joint
erosion scores (p=0.033), whereas a correlation was
not observed between the ACPA and the joint erosion
scores in the RA patients (n=40).!

In conclusion, anti-CarP antibodies were found to
be significantly elevated in RA patients and significantly
associated with the HAQ results in our study, which
provides further evidence that anti-CarP antibodies
could be a potential biomarker for the diagnosis of RA in
patients. However, additional studies are required using
a larger, multi-institutional cohort or meta-analysis
to definitively measure differences between anti-CarP
levels in RA patients and those in the healthy controls,
as well as any correlation with disease activity.
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