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Abstract—The objective of this study was to assess the level of antibodies to carbamylated proteins and analyze
the clinical and immunological associations in patients with ACPA-negative and ACPA-positive variants of
rheumatoid arthritis.

Materials and methods. The study involved 150 patients with a reliable diagnosis of rheumatoid arthritis and
25 patients as healthy controls. Depending on ACPA values, two groups of patients were recruited: ACPA-
positive (n = 75) and ACPA-negative (n = 75). RA activity was assessed by the DAS28 index. Determination
of antibodies to carbamylated proteins was performed by enzyme-linked immunosorbent assay (BlueGene
Biotech, China). Quantitative determination of ACPA in serum was performed by enzyme immunoassay
using a commercial reagent kit (AxisShield, UK; upper limit of normal 5.0 U/mL; Orgentec, Germany;
upper limit of normal 20.0 U/mL).

Results and discussion. Median anti-CarP in patients with RA was 126.2 [100.83; 157.41] ng/mL and was sta-
tistically significantly higher (p < 0.001) than in healthy controls (88.89 [70.53; 107.75] ng/mL). Among all
patients with RA, 50 (33.3%) were anti-Carp-positive (22 (29.3%) in the ACPA(+) group and 28 (37.3%) in
the ACPA(—) group), and one (2%) volunteer from healthy controls was anti-CarP(+) (p = 0.002). In ROC
analysis performed to assess the diagnostic significance of anti-CarP for RA for all patients with RA, the area
under the curve was 0.783 & 0.047 with 95% CI: 0.691—0.874 (p < 0.001), with a cut-off point of 143 ng/mL,
specificity 96%, sensitivity 36.7%.

In the ACPA(+) RA group, the erosion count was statistically significantly higher (p = 0.044) in anti-
CarP(+) patients than in anti-CarP(—) patients. A weak direct correlation between anti-CarP and DAS28 was
found in the ACPA(—) RA group.

Conclusions. We studied the predictive value of anti-CarP as an auxiliary biomarker in ACPA(+) and
ACPA(—) subtypes of RA. ACPA(+) anti-CarP(+) patients have a more “erosive” subtype of the disease than
ACPA(+) anti-CarP(—) patients. In ACPA(—) patients, anti-CarP helps to identify a more erosive subtype of
the disease, and among ACPA(—) patients it helps to reduce the proportion of seronegative patients. Further
studies are required to determine the optimal standards for the laboratory diagnosis of anti-CarP and to clar-
ify the diagnostic potential of these ABs as part of the differential diagnosis of arthritis in other rheumatic dis-
eases.
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INTRODUCTION

Rheumatoid arthritis (RA) is the most common
immunoinflammatory (autoimmune) rheumatic dis-
ease (IRD), which manifests itself by chronic erosive
arthritis and systemic damage to internal organs [1]. In
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the diagnosis of rheumatoid arthritis, the determina-
tion of specific biomarkers—rheumatoid factor (RF)
IgM, anti-citrullinated protein antibodies (ACPA),
and anti-mutated citrullinated vimentin antibodies
(anti-MCV)—is of great importance. RF and ACPA
are included in the ACR/EULAR 2010 criteria and,
depending on their presence, seropositive and sero-
negative variants of RA are distinguished. Over the last
decade, data on new highly sensitive and specific bio-
markers of RA have been accumulated [2]. Antibodies
to carbamylated proteins (anti-CarP) are currently
recognized as one of the promising new biomarkers.

Carbamylation is a nonenzymatic posttranslational
modification of a protein in which the reaction of cya-
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Table 1. Characteristics of patients with RA

DIBROV et al.

All patients n = 150

Gender: female/male, n (%)

Age, years, Me [25th; 75th percentiles]

Duration of disease, months, Me [25th; 75th percentiles]
C-reactive protein (mg/L), Me [25th; 75th percentiles]
ESR (mm/h), Me [25th; 75th percentiles]
DAS28-ESR, M t ¢

DAS28-CRP,M t ¢

Extra-articular manifestations, n (%)

IgM RF-positive, n (%)

Radiographic stage, I/11/111/1V, n (%)

Erosion score, Me [25th; 75th percentiles]

Joint space narrowing score, M = G

Total Sharp score, Me [25th; 75th percentiles]

128(85.3%),/22(14.7%)
54 [41; 62]
58 [24; 117]
9.7[1.9; 31]
22[11; 40]
5.04 +1.37
474+ 1.23
51 (34%)

72 (48%)
25(18.8%),/60(45.1%)/25(18.8%)/23(17.3%)
310; 18]

79 + 34
88 [56; 122]

ACPA—anti-citrullinated protein antibody, ESR—erythrocyte sedimentation rate, RF—rheumatoid factor.

nate with the e-amino group of the lysine side chain
results in the formation of homocitrulline [3]. It was
established that, during inflammation, the production
of myeloperoxidase by neutrophils stimulates carbam-
ylation due to the oxidation of thiocyanate with hydro-
gen peroxide [4]. According to experimental studies,
the development of an immune response to carbamy-
lated proteins was accompanied by the synthesis
of interferon-y (IFN-vy), interleukin-10 (IL-10), and
IL-17, as well as chemotaxis and proliferation of
CD4+ T-lymphocytes associated with the develop-
ment of erosive arthritis [5]. O’Neil et al. [6] found a
correlation between the level of carbamylated histones
in neutrophil extracellular traps (NETs) and osteo-
clastogenesis.

According to a meta-analysis [7], when comparing
patients with RA and healthy controls, the sensitivity
of anti-CarP determination was 42% and the specific-
ity was 96%. Kuznetsova et al. [8] showed that anti-
bodies to carbamylated vimentin were found in
patients with RA more often than classical serological
markers of RF and ACPA. It is known that anti-CarP-
positive patients can be negative for RF and ACPA [3,
8—13]. Anti-CarP can be detected before the onset of
RA and are considered as a predictor of disease devel-
opment [9, 14]. The combination of anti-CarP with
RF and ACPA increases the specificity of diagnosing
RA relative to healthy controls [15].

There are data of the features of the anti-CarP-
positive subtype of RA. Anti-CarP positive patients
have more erosive arthritis according to radiography
data, and this is more typical for the ACPA-negative
patients [3, 9, 11, 12, 16—18]. Interstitial lung disease
as a systemic manifestation of RA is also associated
with an increase in anti-CarP [19, 20]. In a Spanish
cohort of patients, it was shown that, among patients

DOKLADY BIOCHEMISTRY AND BIOPHYSICS

with anti-CarP, mortality was higher, mainly due to
damage to the respiratory system [21].

The purpose of the study was to assess the level of
antibodies to carbamylated proteins and analyze clini-
cal and immunological associations in patients with
ACPA-negative and ACPA-positive variants of rheu-
matoid arthritis.

MATERIALS AND METHODS

Patients with a reliable diagnosis of RA according
to the 2010 ACR/EULAR criteria were recruited on
the basis of the Nasonova Research Institute of Rheu-
matology. The study involved 150 patients after
excluding diseases from the group of spondyloarthri-
tis, microcrystalline arthritis, systemic lupus erythe-
matosus, etc., and 25 healthy donors. Patients with
psoriasis were not included in the study.

The majority of patients 128 (85.3%) were female,
middle-aged, with a long course of the disease (Table 1).
To assess RA activity, the DAS28 index was used,
determined using ESR and CRP [22].

ESR was determined using the standard interna-
tional Westergren method (norm <30 mm/h). Serum
concentrations of CRP and RF IgM were measured
using the immunonephelometric method on a BN
ProSpec analyzer (Siemens, Germany). The upper
limit of the norm for serum CRP was 5.0 mg/L.
According to the manufacturer’s instructions, a con-
centration equal to 15.0 IU/mL was taken as the upper
limit of the norm for RF IgM. Quantitative determina-
tion of ACPA in blood serum was performed by
ELISA using commercial reagent kits (AxisShield,
UK, upper limit of the norm 5.0 U/mL and Orgentec,
Germany, upper limit of norm 20.0 U/mL). Antibod-
ies to carbamylated proteins were determined by
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Table 2. Characterization of patients of ACPA(+) and ACPA(—) RA groups
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ACPA(+)n=75 ACPA(—)n=175 )4
Gender: female/male, n (%) 64 (85.3%)/11(14.7%) | 64(85.3%)/11(14.7%) 1
Age, years, Me [25th; 75th percentiles] 53 [39; 63] 54 [44; 62] 0.497
Duration of disease, months, 59 [24; 135] 55[24; 102] 0.789
Me [25th; 75th percentiles]
C-reactive protein (mg/L), 16.9 [4.5; 38.75] 6.48 [1.4; 25.75] 0.016*
Me [25th; 75th percentiles]
ESR (mm/h), Me [25; 75 percentiles] 29 [13.5; 56.5] 18.5[11; 32.5] 0.061
DAS28-ESR, M t ¢ 5.18 = 1.44 4.89 + 1.29 0.196
DAS28-CRP,M t ¢ 4.96 £ 1.24 455+ 1.2 0.052
Extra-articular manifestations, 7 (%) 36 (48%) 15 (20%) <0.001*
ILD, n (%) 2 (2.67%) 2 (2.67%) 1
IgM RF-positive, n (%) 63 (84%) 9 (12%) <0.001*
Anti-CarP-positive, 7 (%) 22 (29.3%) 28 (37.3%) 0.299
Radiographic stage, I/11/111/1V, n (%) 2(3%)/33(49.3%)/ |23(34.8%)/27(40.9%)/ <0.001*

20(29.9%)/12(17.9%) | 5(7.6%)/11(16.7%)

Erosion score, Me [25th; 75th percentiles] 511, 20] 2 10; 8] 0.008*
Joint space narrowing score, M + ¢ 83t33 73 + 33 0.108
Total Sharp score, Me [25th; 75th percentiles] 92 [72; 124] 78 [51; 118] 0.055

*Differences are statistically significant (p < 0.05), anti-CarP—anti-carbamylated protein antibodies, ACPA—anti-citrullinated protein
antibody, ILD—interstitial lung disease, ESR—erythrocyte sedimentation rate, RF—rheumatoid factor.

ELISA (BlueGene Biotech, China). Assessment of
radiological changes in the joints of the hands and feet
was carried out using the Sharp method as modified by
van der Heijde.

The results were statistically processed using the
IBM SPSS Statistics 26 software package, including
the generally accepted methods of parametric and
nonparametric analysis. When statistically processing
data, quantitative variables were described using the
arithmetic mean (M), standard deviation (), median
(Me), and 25th and 75th percentiles. Qualitative vari-
ables were described by absolute and relative frequen-
cies (percentages). For quantitative variables, a test for
normality of distribution was performed. The results
were evaluated using Pearson’s y2 test (analysis of
contingency tables) and unpaired Student’s 7 test. If
the distribution differed from normal, the Mann—
Whitney U test was used; when comparing three or
more groups, the Kruskal—Wallis test was used. Cor-
relation analysis was carried out using the Spearman
method. ROC curves were constructed to describe the
diagnostic characteristics of anti-CarP. Differences
were considered statistically significant at p < 0.05.

RESULTS

Depending on the ACPA values, the patients were
divided into two groups—ACPA-positive and ACPA-
negative (Table 2). The ACPA(+) group included
patients (n = 75) with ACPA values > 2 norms, and the
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ACPA(—) group included patients (# = 75) with values
below the upper limit of the norm. There were no sta-
tistically significant differences in age, duration of the
disease, and therapy with basic antiinflammatory
genetically engineered biological and targeted syn-
thetic drugs between the groups, so they were consid-
ered comparable in these parameters. In ACPA(+)
patients, C-reactive protein values were higher, extra-
articular manifestations were more common, and a
higher number of erosions and radiological stages of
RA were noted.

Median anti-CarP in patients with RA was 126.2
[100.83; 157.41] ng/mL and was statistically signifi-
cantly higher (p < 0.001) than in healthy controls
(88.89 [70.53; 107.75] ng/mL) (Fig. 1). Median anti-
CarP was 110.81 [85.63; 150.54] in ACPA(+) RA,
128.34 [111.25; 165.08] in ACPA(—) RA, and 88.89
[71.37; 101.2] in the control; the differences were sta-
tistically significant (p < 0.001). The upper limit of the
norm for anti-CarP was set at the 95th percentile of
healthy control values and was 143.46 ng/mL. Among
all patients with RA, 50 (33.3%) were anti-CarP-pos-
itive. In the ACPA(+) group, 22 (29.3%) patients were
anti-CarP(+), in the ACPA(—) group, 28 (37.3%)
patients were anti-CarP(+), and in the healthy con-
trol, one (2%) volunteer was anti-CarP(+).

When performing ROC analysis to assess the diag-
nostic significance of anti-CarP for the general popu-
lation of patients with RA, the area under the curve
was 0.783 £ 0.047 with a 95% CI of 0.691—0.874. This
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Fig. 1. Comparison of anti-CarP values taking into account immunologic RA subtypes.

model was statistically significant (p < 0.001), with a
cut-off point of 143.46 ng/mL; the specificity of the
test was 96%, and the sensitivity was 36.7% (Fig. 2).

The predictive value of a positive result was 98%,
the likelihood ratio of a positive result was 9.16, the test
accuracy was 42.3%, and the Youden index was 0.33.

Sensitivity
1.0

0.8

0.6

0.4

0.2

0 0.2 0.4 0.6

0.8 1.0
1-Specificity

Fig. 2. ROC-curve for anti-CarP in all RA patients.
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The odds of having RA in the anti-CarP(+) patients
were 12 times higher than in the anti-CarP(—)patients
(95% CI of 1.58—91.58); the differences were statisti-
cally significant (p < 0.05).

When performing ROC analysis to assess the diag-
nostic significance of anti-CarP for RA among the
ACPA(+) patients, the area under the curve was 0.706 +
0.055 with a 95% CI of 0.598—0.813 (p = 0.002), with
a cut-off point of 143.46 ng/mL, specificity 96%, sen-
sitivity 32% (Fig. 3). This model was statistically sig-
nificant (p < 0.001).

The predictive value of a positive result was
95.65%, the likelihood ratio of a positive result was 8,
the test accuracy was 46%, and the Youden index was
0.28. The odds of having RA in the anti-CarP(+)
patients were 9.96 times higher than in the anti-
CarP(—) patients (95% CI of 1.27—78.26); the differ-
ences were statistically significant (p < 0.05).

When performing ROC analysis to assess the diag-
nostic significance of anti-CarP for RA among the
ACPA(—) patients, the area under the curve was
0.860 = 0.047 with a 95% CI of 0.768—0.951 (p <
0.001), with a cut-off point of 143.46 ng/mL, specific-
ity 96%, and sensitivity 37.3% (Fig. 4). This model was
statistically significant (p < 0.001).

The predictive value of a positive result was
96.55%, the likelihood ratio of a positive result was
9.33, the accuracy of the test was 52%, the Youden
index was 0.33. The odds of having RA in the anti-
CarP(+) patients were 14.3 times higher than in the
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Fig. 3. ROC-curve for anti-CarP in ACPA(+) RA patients.

anti-CarP(—) patients (95% CI of 1.83—111.55); the
differences were statistically significant (p < 0.05) .

Then, the characteristics of anti-CarP(+) and anti-
CarP(—) patients were assessed within the subtypes
established by ACPA values. In the ACPA(+) RA
group, the parameter “erosion count” in the anti-
CarP(+) patients was statistically significantly higher
(p = 0.044) than in the anti-CarP(—) patients and
amounted to 12 [4; 26] and 3 [0; 16], respectively.

In the ACPA(—) RA group, the anti-CarP(+)
patients showed a trend toward a lower total Sharpe
score (56 [46; 96] versus 83 [55; 127] (p = 0.077)),
probably mainly due to the narrowing of the interartic-
ular spaces (55 [46; 82] versus 80 [55; 107] (p =
0.083)). A weak direct correlation between anti-CarP
and DAS28soe was found (p = 0.239, p = 0.043).

For the ACPA(+) and ACPA(—) groups, no statis-
tically significant differences were found in DAS28
values, CRP and ESR levels, as well as in the fre-
quency of RF IgM seropositivity and in the extra-
articular manifestations of the disease depending on
the presence of anti-CarP.

DISCUSSION

According to our data, anti-CarP were detected in
ACPA(+) and ACPA(—) patients with RA. In general,
the diagnostic characteristics of anti-CarP for RA in
our study are consistent with the data of other authors
[7]. However, in our groups of patients, there were no
statistically significant differences in the relative num-
ber of anti-CarP(+) patients depending on the ACPA
subtype. This can probably be explained by the fact
that the ACPA(—) patients were recruited taking into
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Fig. 4. ROC-curve for anti-CarP in ACPA(—) RA patients.

account their comparability with ACPA(+) in terms of
age, duration of the disease, and therapy.

At the anti-Carb values selected by us as a cut-off
point, they are inferior to ACPA in diagnostic sensitiv-
ity but have a comparable specificity. Due to this fact,
they can serve as a promising auxiliary biomarker of
RA to confirm the diagnosis, especially for the
ACPA(—) subtype of the disease. The main difficulty
in determining these autoantibodies is the lack of stan-
dard reference values and testing procedures. Studies
typically use kits manufactured at research centers to
perform specific research tasks, which may cause dis-
crepancies in data and is a barrier to the introduction
of anti-CarP in real clinical practice. It is also import-
ant to take into account that increased anti-CarP val-
ues were reported in patients with systemic lupus ery-
thematosus (8.3—16.8%), Sjogren's disease (27—31%),
and systemic scleroderma (5.8%) [23—26]. The detec-
tion of anti-CarP in other rheumatic diseases was
associated with the presence of arthritis. This requires
further research to clarify the specificity of these anti-
bodies in the group of rheumatic diseases and analyze
their prognostic and clinical significance.

Recruitment of patients taking into account the
immunological subtypes of RA and subsequent deter-
mination of anti-CarP made it possible to assess the
information brought by these autoantibodies to the
already formed classification. For example, the
ACPA(+) subtype is considered more “erosive”
according to radiographic data in comparison with the
ACPA(—) subtype, and in anti-CarP(+) patients, even
within this group, a statistically significantly greater
number of erosions was determined. Therefore, the
combined seropositivity for ACPA, RF, and anti-CarP
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can be considered as a predictor of a more “aggres-
sive” course of the disease and serve as a basis for early
prescription of biologics.

In the group of ACPA(—) anti-CarP(+) patients, a
correlation between anti-CarP and DAS28 was noted.
Currently, RA is considered as a phenotypically het-
erogeneous syndrome, one of the components of the
diagnosis of which is the determination of a limited
range of autoantibodies (RF IgM and ACPA) and a set
of relatively nonspecific clinical manifestations and
laboratory abnormalities, reflecting the prevalence
and severity of joint inflammation [27]. In the Swed-
ish population-based EIRA study [28], among 554
ACPA- and RF-negative patients, in a more in-depth
analysis, 43% proved to be seropositive when tests for
additional ACPA, RF, and anti-CarP subtypes were
combined. Thus, the use of anti-CarP analysis helps to
delineate subtypes of the disease according to the
immunological mechanisms of arthritis develop-
ment and reduce the frequency of diagnosis of sero-
negative RA.

CONCLUSIONS

In this study, we investigated the predictive value of
anti-CarP as an auxiliary biomarker in ACPA(+) and
ACPA(—) subtypes of RA. In the ACPA(+) patients,
anti-CarP helps to identify a more “erosive” subtype
of the disease, and in the ACPA(—) patients it helps to
reduce the relative number of seronegative ones. Fur-
ther research is required to determine the optimal
standards for laboratory diagnosis of anti-CarP and to
clarify the diagnostic capabilities of these antibodies in
the differential diagnosis of arthritis in other rheu-
matic diseases.
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