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Abstract

Objective: Antibodies against carbamylated proteins/peptide (CarP) have been as-
sociated with severity in rheumatoid arthritis (RA) patients. However, their role in
risk groups, specific targets and relation with periodontal disease (PD) is uncertain
yet. The aim of this study was evaluated the association between the levels of anti-
CarP with clinical manifestation, human leukocyte antigen (HLA) alleles, periodontal
activity markers, PD diagnosis, PD severity, and presence of Porphyromonas gingivalis
(P gingivalis) in relatives of patients with RA.

Methods: One hundred and twenty-four individuals with a family history of RA in
first-degree relatives (FDR) and 124 healthy individuals gender- and age-matched, RA
activity was assessed. Antibodies against carbamylated protein anti-FCS-Carp and 2
carbamylated peptides of fibrinogen were selected (anti-Ca-Fib2, anti-Ca-Fib3).
Results: Anti-FCS-Carp-positive, anti-Ca-Fib2 and anti-Ca-Fib3 were more frequent
in FDR than controls (25.0% vs 14.5%, 34.7% vs 15.3% and 33.1% vs 11.3%, respec-
tively). Anti-FCS-CarP were associated with the HLA-DRB1-SE* 1402 allele (P = .035)
and highly sensitive C-reactive protein levels (P = .016), the anti-Ca-Fib2 antibodies
were associated with the HLA-DRB1-SE* 1501 allele (P = .03), with non-SE* 0901
allele (P = .01), the anti-Ca-Fib3 was associated with positive rheumatoid factor
(P = .0012). The FDR condition was associated with the presence of anti-Ca-Fib3
(odds ratio [OR] =4.7; 95% Cl = 1.8-11.7; P = .001) and painful joints (OR = 2.2; 95%
Cl = 1.01-4.68; P = .045); we also detected an important trend toward the presence
of P gingivalis (OR = 1.9; 95% Cl = 0.9-3.7; P = .062).

Conclusion: The presence of anti-FCS-Carp, anti-Ca-Fib3 and anti-Ca-Fib2 antibod-
ies may have a role for these antibodies as early biomarkers in the development of
RA, probably including additional mechanisms related with other non-SE alleles; the
anti-peptide antibodies proposed in the present study may represent a simpler way

to identify antibodies directed to a specific target.
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1 | INTRODUCTION

Rheumatoid arthritis (RA) is a chronic and systemic disease that
leads to the inflammation of the joints.? The etiology of RA remains
uncertain.® However, the following conditions associated with the
disease have been reported: environmental factors (eg, smoking),
periodontal disease (PD)*° and genetics (eg, alleles of the major his-
tocompatibility complex of class Il and others).®”

The stages prior to RA diagnosis generally refer to individuals
presenting with clinical symptoms and/or environmental, hormonal
or genetic risk factors without meeting the RA classification crite-
ria.’%12 Recently, a study of risk factors for RA was implemented
by the European League Against Rheumatism (EULAR) to facilitate
research in the pre-clinical and early phases of RA through the iden-
tification of a risk group of individuals with a family history of RA
(FDR).

Many studies have focused on these early stages of the dis-
ease and aimed to describe autoantibodies, such as rheumatoid
factor (RF) and the anti-cyclic citrullinated peptide (anti-CCP).*%14
Recently, in an attempt to identify additional biomarkers that have
a potential to be useful to identify the progression of early stages in
high-risk individuals, antibodies directed against proteins that have
undergone post-translational modification (PTM) by carbamylation
were identified. Carbamylation is a non-enzymatic PTM in which
cyanate reacts with the primary amino or thiol (N-carbamylation or
S-carbamylation, respectively). The amino acids lysine and arginine
contain side chains that can react with cyanate,® thus creating a
homologous citrulline structure that extends over a single carbon
residue and is also known as homocitrulline.*¢

Currently, very few studies report the presence of anti-CarP
(anti-carbamylated proteins/peptides) in FDR.'® Several previ-
ous studies that focused on patients with established RA proposed
these antibodies as a possible biomarker of the early stages of this

141920 hreceding the onset of symptoms and diagnosis.?*

disease,
Moreover, those studies did not identify specifically the target of
anti-CarP. Previous work has mainly focused on fibrinogen or the
mixture of proteins from carbamylated fetal bovine serum (FBS) and,
more recently, antibodies against vimentin and a-enolase.?%2
Therefore, the aim of this study was to evaluate the association
between the levels of anti-CarP antibodies and variables associated

with rheumatologic and PD activity in the FDR.

2 | MATERIALS AND METHODS

A cross-sectional study was conducted in individuals at FDR (with
blood relatives with RA) >18 years of age. Two group of subjects
were included in this study: 124 with FDR (subjects with first de-
gree of consanguinity of patients with RA) selected according to the
2012 EULAR recommendations® and 124 healthy individuals gen-
der- and age-matched. This study was approved by an ethics com-
mittee (Hospital Militar Central, Bogota, Colombia 2015-047) and all

individuals signed an informed consent for their participation.

2.1 | Exclusion criteria

Individuals with ongoing infectious process, diagnosis of neoplasia,
autoimmune disease, type Il diabetes mellitus or who were undergo-
ing antibiotic treatment in the last 3 months, periodontal therapy in
the last 6 months, had orthodontic appliances, were breastfeeding
or pregnant were excluded.

The FDR had the EULAR criteria being part of the risk group of
individuals with a family history of RA and the controls had no family
history of RA.

Blood samples were collected for evaluation of RF, highly
sensitive C-reactive protein (hs-CRP), and anti-CCP antibodies.
Erythrocyte sedimentation rate was measured by photometry and
human leukocyte antigen (HLA)-DRB1 allele typing (Appendix S1).

2.2 | Prediction and selection of the beta chain
peptides of carbamylated fibrinogen

In brief, 3 peptides of the fibrinogen beta chain were synthesized,
the first was a native peptide and the 2 remaining peptides exhibited
a modified structure with homocitrulline residues in different posi-

tions. A more detailed description is in Appendix S1.

2.3 | Detection and quantification of antibodies
against CarP

In brief, immunoglobulin G (IgG) antibodies against serum CarP were
measured quantitatively using a modified in-house indirect enzyme-
linked immunosorbent assay (ELISA) system based on the protocol
established by Shi et al*’ Similarly, detection and quantification of
antibodies against CarP (Anti-FCS-Carp) were assessed by ELISA. A

more detailed description is in Appendix S1.

2.4 | Periodontal examination

All patients were evaluated by 2 calibrated periodontist, who performed
the periodontal examination. A full-mouth examination including the
selected sites on each permanent tooth was performed, excluding third
molars. All patients were classified for periodontitis according to the
Centers for Disease Control and Prevention (CDC) criteria.2*

2.5 | Detection of P gingivalis and quantification of
antibodies against it

The presence of the periodontopathogenic bacterium P gingivalis
(ATCC 33 277) was assessed by quantitative polymerase chain reac-
tion (qPCR). 1gG1 and IgG2 antibodies against P gingivalis were as-
sessed by indirect in-house ELISA.* A more detailed description of
the ELISA is in Appendix S1.
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2.6 | Environmental factors

We considered the epidemiological and environmental factors asso-
ciated with RA: age, smoking status, body mass index (BMI), educa-
tion and comorbidities.

2.7 | Evaluation of joint status in FDR

For the group of relatives of FDR, painful and inflamed joint counting

was performed for all individuals by a rheumatologist.?>2¢

2.8 | Statistical analysis

The sample size of the FDR and healthy groups was calculated
based on a design of pairs using the software TM® with statisti-
cal power of 80%, an alpha error of 0.05 in a 1:1 ratio and 30%
discordant pairs (according to a pilot study conducted in the
first phase of this study) adjusting to 110 cases and 110 paired
controls.

The comparisons of the periodontal and rheumatologic vari-
ables between the individuals in the FDR group vs those in the
paired control group were performed using the McNemar test and
the Wilcoxon sign test. The Chi-squared and Fisher's exact tests
were used for the analysis of categorical variables, such as de-
mographic, rheumatologic and periodontal data. The associations
were evaluated by the Mann-Whitney U test or t test. Conditional
logistic regressions were performed to adjust for possible con-
founding variables (age and cigarette consumption), to establish
the real association between anti-FSC-Carp or anti-Fib-Carp and
the FDR condition. A link test model was used to validate the
models.

Three subgroups were analyzed: the first was positive subjects for
anti-FCS-Carp and anti-citrullinated peptide antibody (ACPA) (n = 7)
compared with 21 subjects who did not meet the condition randomly
in a 3:1 ratio; the second was positive subjects for anti-Ca-Fib2 an-
tibodies and ACPA (n = 8) compared with 24 subjects who did not
meet the condition randomly in a 3:1 ratio; and the third was positive
subjects for anti-Ca-Fib3 antibodies and ACPA (n = 9) compared with
27 subjects who did not meet the condition randomly in a 3:1 ratio.

All analyses were performed by SPSS V24 and STATA for
Windows. Significance was set at P < .05.

3 | RESULTS

3.1 | FDR and control group demographics

The FDR group had a mean age of 39.2 + 12.2 years and a higher
proportion of women (71.8%). The frequency of comorbidities

was 41.1%: 4.8% of participants reported current smoking habits,

26.6% had a history of smoking and 14.5% were passive smokers;
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36.3% of them were overweight and 4.8% were obese. The control
group had comorbidities at a frequency of 32.3%, the most com-
mon being hypertension and hypothyroidism without significant
differences between the 2 groups (P = .147). Overweight was ob-
served in 27.4% of the control individuals and obesity was found
in 4.8% of these individuals. In addition, a trend toward a lower
current habit of smoking was observed in the FDR group compared
with the healthy subjects; however, this difference was not signifi-
cant (P =.073).

3.2 | Serological and articular variables in the
FDR and control groups

A higher frequency of anti-CCP antibodies was observed in the FDR
(19.3%) vs the control (6.4%) group, showing an association between
the risk of having these antibodies and FDR (odds ratio [OR] =3.6,
95% Cl = 21.4-11.0; P = .002). Similarly, the FDR group had a higher
number of painful joints (37.9%) compared with the control group
(22.58%; OR =2.2,95% Cl = 1.1-4.2; P = .007) and a higher number
of swollen joints (15.3% vs 4.0%; OR = 5.6, 95% Cl = 1.6-30.1; P =
.002). These findings indicate a risk association between presenting
painful and swollen joints and FDR that was 2 and 5 times greater
(Table 1).

3.3 | Description of periodontal variables in the
FDR and control groups

The frequency of PD in the FDR group was similar to that of the
control group (60.5% vs 59%, respectively). The presence of P
gingivalis was more frequent in the FDR (62.1%) vs the control
(42.7%) group (OR = 2.1, 95% CI = 1.2-3.7; P = .003). Inversely,
anti-P gingivalis 1gG1 and IgG2 antibodies were more frequent in
controls than they were in the FDR group (P = .003 and P = .001,
respectively). Variables such as gingival inflammation and sites
with pocket depths > 4 mm were more frequent in the FDR vs the
control group. Gingival inflammation had a median value of 0.26
(interquartile range [IQR], 0.13-0.47) in FDR vs 0.44 in the control
(IQR, 0.26-0.68; P = .001), and sites with pocket depths > 4 mm
exhibited a median value of 1.72 in the FDR (IQR, 0.00-6.90) vs
2.38 in the control (IQR, 0.68-9.48), with a statistically significant
difference (P = .034).

3.4 | Distribution of HLA-DRB1 SE alleles in FDR
individuals

The analysis of the genetic heritability related to RA revealed the
presence of HLA-DRp1 alleles, which were considered shared
epitopes (SE), in 53.2% of FDR individuals. The most frequent al-
leles were HLA-DRp1 *0405 (26.3%), *0404 (19.7%), *0101 (17.1%)
and *1402 (15.8%). Among the individuals who were positive for SE,
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TABLE 1 Serological variables and joint involvement in first-
degree relative (FDR) compared with control individuals

Control FDR
N % N % P
ESR
Negative 103 83.06% 107  86.29% 492
Positive 21 16.94% 17 13.71%
hsCRP
Negative 84 67.74% 75 60.48% 711
Positive 28  22.58% 33  26.61%
High 12 9.68% 16  12.90%
positive
RF
Negative 121 97.58% 119  95.97% 479
Positive 2 1.61% 4 3.23%
High 1 0.81% 1 0.81%
positive
ACPA?
Negative 116  93.55% 100  80.65% .002
Positive 8 6.45% 24 19.35%
Painful joints®
Any 96  77.42% 77 62.10% .007
At least 1 28  22.58% 47  37.90%
Swollen joints?
Any 119 95.97% 105 84.68% .002
At least 1 5 4.03% 19  15.32%

Abbreviations: ESR, erythrocyte sedimentation rate; hsCRP, highly
sensitive C-reactive protein; RF, rheumatoid factor.

2and boldface indicate significance at P < .01, as assessed using the
McNemar test.

45.2% had at least 1 and 8.1% expressed 2 HLA-DRB1 SE alleles
(Figure S1).

3.5 | Presence of anti-carbamylated protein and
anti-carbamylated peptide antibodies

The presence of antibodies directed against carbamylated anti-
FCS-Carp-positive proteins was more frequent in the FDR group
compared with the control group (25.0% vs 14.5%; OR = 2.6; 95%
Cl = 1.1-6.8; P = .015). The analysis of the anti-carbamylated pep-
tide antibodies revealed that anti-Ca-Fib2 antibodies were more
frequent in the FDR group compared with the control group (34.7%
vs 15.3%; OR = 4.0; 95% Cl = 1.8-10.0; P = .001), as were the anti-
Ca-Fib3 antibodies (33.1% vs 11.3%; OR = 4.8; 95% Cl = 2.1-12.9; P
=.001). These findings suggest that the FDR group had a higher risk
of having anti-carbamylated peptide antibodies than did individuals
who were not related to patients with RA (Figure 1).

The presence of antibodies directed against a fibrinogen peptide

without modifications was also measured, to assess the autoimmune

response in this group of individuals. We did not find differences in
the frequency of anti-fibrinogen antibodies between the FDR and
control groups (P = .878).

3.6 | Association between anti-carbamylated
protein antibodies and anti-carbamylated peptide
antibodies with HLA-DRB1 alleles and joint
parameters in FDR

The anti-FCS-Carp antibodies were associated with the presence of
the SE *1402 allele (P = .035; Figure S2). In addition, an association
was detected between the presence of these antibodies and the
serum hsCRP levels (P = .016; Figure 2), as well as a weak correlation
with RF (r = 0.26, P = .0034) and the presence of painful joints (r
= 0.18, P = .0425). There was no association with any of the peri-
odontal variables.

The anti-Ca-Fib2 antibodies were associated with the presence
of the HLA-DRB1 SE *1501 allele (P =.03) and with the non-SE *0901
allele (P = .01; Figure 3). We also found an association between the
anti-Ca-Fib3 antibody and a positive RF (P = .0012). Moreover, we
observed a trend toward the presence of the EC *0405 allele (P =
.061). However, these antibodies were not associated with any of the
periodontal variables (Table S1).

To assess the association between the presence of anti-car-
bamylated protein or peptide antibodies and variables associated
with the FDR condition, 2 conditional logistic regression models
were developed: one of them adjusted for age and current smoking
exposure and the second adjusted for age and previous smoking
exposure.

In the first regression, we chose the model that included anti-
Ca-Fib3, the presence of painful joints, titers of 1gG2 antibodies
against P gingivalis 2 1:100 and the presence of P gingivalis adjusted
to age and previous exposure to smoking, based on the values of the
BIC validation (described above). We found that the FDR condition
was associated with the presence of anti-Ca-Fib3 (OR = 4.7; 95%
Cl =1.8-11.7; P =.001) and painful joints (OR = 2.2; 95% Cl = 1.01-
4.68); P = .045); we also detected an important trend toward the
presence of P gingivalis (OR = 1.9; 95% Cl = 0.9-3.7; P = .062). A mul-
tivariate regression including ACPA with age and current smoking
exposure as a confounding variable was performed and is described
(Table S2) showing that even so the model holds similar results as
described above.

In the second regression model, anti-Ca-Fib2 anti-Ca-Fib3 an-
tibodies, the presence of painful joints, titers of IgG1 and 1gG2 an-
tibodies against P gingivalis = 1:100 and the presence of P gingivalis
were included as variables of interest. We observed results that
were similar to those of the first model. The FDR condition was as-
sociated with the presence of anti-Ca-Fib3 antibodies (OR = 3.0;
95% Cl = 1.0-8.1; P = .034) and with the presence of painful joints
(OR = 2.3; 95% Cl = 1.0-4.9; P = .038). No association was found
between FDR and the presence of IgG1 and IgG2 antibodies against
P gingivalis (Tables 2 and 3).
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FIGURE 1 Frequency of anti-carbamylated protein antibodies (anti-FCS-Carp) and anti-carbamylated peptide antibodies in the first-
degree relatives (FDR) compared with the control (CTRL) groups. Each bar represents the percentage of positivity of the respective
antibodies. *Significant at P < .05 and **P < .01, as assessed by the McNemar test

3.7 | Association between positive groups of anti-
carbamylated protein antibodies, anti-carbamylated
peptide antibodies and ACPA with joint and
serological parameters in FDR

In the first positive group for anti-FCS-Carp-positive and ACPA
simultaneously, a significant statistical association was found be-
tween the presence of these 2 conditions with positive CRP values;
57.1% present CRP values greater than 9 mg/dL (P = .019) compared
to 9.5% of those without any of the conditions mentioned above.
Also, it was found that 57.1% of anti-FCS-Carp + and ACPA + pre-
sent more swollen joints than those negative for these 2 variables
9.5% (P =.021).

In the positive group for anti-Ca-Fib2 antibodies and ACPA, no
statistically significant association was found, and in the third group
a significant statistical association was found between the presence
of CRP values greater than 9 mg/dL compared with those without
any of the conditions mentioned above (33.3% vs 3.7% P = .04).

None were associated with periodontal or genetic variables.

4 | DISCUSSION

Recently, many research efforts have focused on the understand-

ing of the “risk” phases of RA before the development of the

100 A
= 80 -
)
FIGURE 2 Association between anti- =
carbamylated protein antibodies (anti- 7\7 60 1
FCS-Carp) antibodies and inflammatory E 40
variables in first-degree relatives (FDR). &)
Each bar represents a level of C-reactive N 20 4
protein (CRP) greater than 3 mg/L in the
groups of individuals who were positive 0

and negative for antibodies against
carbamylated proteins. *Significant at
P < .05 as assessed by Fisher's test

clinical signs of joint inflammation. Some epidemiological studies
have shown that having a family history of RA increases the risk of
RA by approximately 3 to 5 times, which defines the FDR group as
a population that has a high risk of RA because of the genetic and
environmental factors that are shared with patients with RA. This
is also explained by the high percentage of heritability of RA, which
can reach 60% compared with healthy individuals with no family his-
tory of the disease.!81%27-34

The findings in the literature are that smoking is an important
and potentially modifiable risk factor during the pre-clinical tran-
sition phases of RA pathogenesis. In our study we only observed
26.6% of smokers and only 14.5% had smoking history; this is cor-
roborated by Sparks et al?’ with a 12.0% current smoking habit and

Simons et al®®

reporting that only a small proportion of FDRs were
current smokers, which makes us think that relatives are becoming
increasingly aware of the risk that smoking gives to the development
of inflammatory joint signs and are employing changes in lifestyle to
modify risk.2%3334

Similar to citrullination, carbamylation is a kind of PTM of pro-
teins, which provides a source of new epitopes that can be rec-
ognized as non—self—antigens,35 the presence of these modified
sequences of amino acids may provoke specific autoantibody pro-
duction in RA. Anti-CarP seems associated with erosive disease;
Montes et al described in an animal model, it was shown that car-

bamylated proteins can trigger primary immune responses inducing

* p=0.016

anti-FCS-Carp
negative

anti-FCS-Carp
positive
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Presence of Anti-Ca-Fib2 in HLA-DRB1 #1501
positive individuals
*p=0.03

L
100+ 100+
80 80+
w L
?30 60+ ?gn 60
§ g
5 404 £ 401
A~ ~
204 204
Anti-Ca-Fib2 Anti-Ca-Fib2 )
negative positive negative
Adjusted model
OR 95% ClI P
Age 0.840 0.450-1.568 .584
Current cigarette 0.618 0.169-2.264 468
exposure
Anti-Ca-Fib3 4716 1.892-11.750 .001
antibodies’
Presence of painful 2.184 1.016-4.689 .045
joints’
1gG2 antibodies for 0.107 0.035-0.324 .010
Phorphyromonas
gingivalis‘
Presence of P gingivalis 1.903 0.967-3.742 .062

*Significant at P < .05.

TABLE 3 Conditional logistic regression model for indicators
associated with the first-degree relative condition, adjusted for age
and previous cigarette exposure

Adjusted model
OR 95% ClI P
Age 0.770 0.402-1.473 43
Previous exposure to 0.919 0.397-2.124 .843
cigarettes
Anti-Ca-fib2 antibodies 2.800 0.931-8.411 .067
Anti-Ca-fib3 antibodies’ 2.976 1.084-8.166 .034
Presence of painful joints 2.282 1.047-4.971 .038
1gG2 antibodies for 0.118 0.038-1.365 .010
Phorphyromonas
gingivalis*
IgG1 antibodies for 0.457 0.193-1.076 .073
P gingivalis”
Presence of P gingivalis 1.778 0.876-3.604 111

*Significant at P < .05.

chemotaxis, T cell activation, antibody synthesis, and production of
interferon-y, interleukin (IL)-10, and IL-17, promoting inflammation.%®
Also authors such as Truchetet et al, identified the presence of an-

ti-CarP antibodies in a cohort of early RA patients in approximately

Presence of Anti-Ca-Fib2 in HLA-DRB1 *0901
positive individuals

} *p=0.01 I

FIGURE 3 Association between
anti-Ca-Fib2 antibodies and the human
leukocyte antigen (HLA)-DRB1 *1501

and *0901 alleles in first-degree relatives
(FDR). Each bar represents the percentage
of positivity for anti-carbamylated peptide
antibodies in the group of individuals who
were positive for the respective allele.
*Significant at P < .05 and **P < .01, as
assessed by Chi-squared or Fisher's tests

Anti-Ca-Fib2 Anti-Ca-Fib2

positive

TABLE 2 Conditional logistic
regression model for indicators associated
with the first-degree relative condition,
adjusted for age and current cigarette
exposure

one-third of patients (32.6%) and in another study in which the ob-
jective was to analyze the presence of anti-FCS-Carp and its associa-
tion with juxta-articular or systemic bone loss in a cohort of patients
with arthritis.*’

To our knowledge, this is one of the first studies describing the
frequency of anti-carbamylated peptide antibodies in FDR individu-
als. The literature reports only the evaluation of anti-carbamylated
antibodies using carbamylated FBS as an antigen. Alessandri and
co-workers were the first to analyze the prevalence of anti-carba-
mylated protein antibodies without including anti-carbamylated
peptide antibodies in FDR and RA compared with healthy subjects.
Those authors found that these antibodies were significantly in-
creased in FDR vs healthy subjects (9.2% vs 6.3%), thus confirming
that anti-FCS-Carp occurs in family members.*® Koppejan analyzed
patients with RA, FDR individuals and Native-American controls and
reported that anti-FCS-Carp antibodies were more frequent in FDR
vs control subjects (18.3% vs 4.7%; OR = 4.5; 95% Cl = 1.4-13.8; P
= .008).” These results suggest that these antibodies may play a
role in the onset of autoimmunity in these risk populations.’” The
comparison of the 2 studies described above with our study revealed
that the frequencies reported previously in FDR individuals were
lower than those found in our FDR population; however, the results
of our study are consistent, as we reported a higher frequency of
anti-FCS-Carp in the FDR vs control individuals and showed that the
FDR population has a high risk of carrying these autoantibodies.
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The findings discussed above support and confirm the hypothe-
sis that FDR constitutes a sub-group of healthy individuals who are
at high risk of having autoantibodies associated with RA. In addition,
these findings may provide new insights into the evolution of auto-
immunity that may be occurring in the pre-clinical phases in such
individuals. Therefore, follow-up studies in this sub-group of individ-
uals are important.

As mentioned previously, it should be noted that there are no
studies describing the frequency of anti-carbamylated peptide an-
tibodies. Our study reports important evidence pertaining to this
group of genetically related individuals, suggesting that anti-carba-
mylated autoantibodies generated in FDR individuals are also mainly
directed against joint proteins, such as fibrinogen, that undergo PTM
in the early stages of disease development. Importantly, this new
modification associated with RA is occurring in individuals with a
high risk of developing RA. The presence of anti-Ca-Fib2 and anti-
Ca-Fib3 antibodies and their association with joint parameters may
indicate that, in these pre-clinical stages, the production of these
autoantibodies against modified sequences may mark the beginning
of joint inflammation. This result is important because we did not
find antibodies against the fibrinogen peptide without any modifica-
tion, suggesting that the peptides described above are possible early
indicators of the development of RA.

The association between the anti-FCS-Carp antibodies, as well
as the anti-Ca-Fib2 and anti-Ca-Fib3 antibodies, and the rheumato-
logic variables and the FDR condition reflects the manner in which
the anti-FCS-Carp antibodies are associated with the presence of
high levels of hsCRP and weakly correlated with high levels of RF
and the presence of painful joints. The findings may confirm that
this group exhibits many risk factors associated with RA and that the
presence of autoantibodies in high-risk subjects, such as the FDR
population, is involved in important initial inflammatory processes.
Ultimately, this may indicate that these antibodies play an important
role in the development of RA compared with healthy individuals
without any genetic link.

We found relevant results regarding the distribution of autoan-
tibodies related to the development of RA in this population of indi-
viduals. The presence of anti-CCP antibodies was detected in a high
proportion of FDR individuals (19.3%) vs controls (6.45%), as was the
presence of painful joints (37.9% vs 22.6%) and the number of swol-
len joints (15.3% vs 4.0%). This is interesting because both groups
are healthy individuals, and FDR only stands apart by having genetic
relationship with patients with RA, which renders it a sub-group with
a higher risk of developing RA.}*8 The integration of these findings
with the presence of anti-CarP, anti-Ca-Fib2 and anti-Ca-Fib3 anti-
bodies in the FDR group may confirm the contention that anti-CCP
antibodies are not the only autoantibodies that precede and gener-
ate a risk of developing RA. In addition, in this group of individuals,
some subjects already have symptoms that involve inflammation and
pain in the joints, together with the presence of anti-CarP antibod-
ies. This may indicate that autoantibodies contribute to the break-
down of tolerance at the joint level, generating further autoimmune

processes.
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Genetic predisposition is associated with the breakdown of tol-
erance. Considering the high frequency of the HLA-DRB1 SE allele
observed in this FDR risk group and the hypothesis that the primary
anchor pockets of HLA-DRB1 SE selectively binds arthritogenic
peptides for the presentation to CD4 + helper T cells, several works
have focused on the binding of proteins containing citrulline,384°
thus leading to studies of other PTMs. This may reflect the impor-
tance of research aimed at additional potential targets, to under-
stand the pathogenesis of RA, especially in the pre-clinical phases.

Kolfenbach describes genetic and environmental factors in
American individuals, reporting that HLA-DRB1 SE alleles are
present in 55% of the FDR population‘28 Similarly, Sparks reported
a frequency of 54.9% for HLA-DR4 SE alleles in parents, children
or siblings of patients with RA.?? These previous data are similar
to those reported here, as we recorded a frequency greater than
50% in the FDR group. These findings support the notion that this
sub-group of individuals are genetically susceptible to having some
characteristics and risk factors that can lead to RA development. In
contrast, Radstake reported a higher frequency of -DRB1 SE alleles
in 79% of Dutch FDR cases, possibly because of the ethnic charac-
teristics of the population.**

Regarding the presence of anti-FCS-Carp antibodies with HLA-
DRB1 alleles in FDR, we found an association between these an-
tibodies and the presence of the HLA-DRB1 SE *1402 allele and
of anti-Ca-Fib2 antibodies, as well as an association with the pres-
ence of the HLA-DRB1 non-SE *1501 and *0901 alleles. These data
compared with those reported by the Koppejan study, which re-
ported on anti-FCS-Carp antibodies, showed that they were more
frequent in SE-positive subjects (OR = 3.1; P = .03). However, this
association between SE positivity and anti-CarP positivity is not
supported in multivariate models.r” Therefore, future studies using
a greater number of FDR samples would allow the confirmation of
this association.

The presence of PD must be analyzed as an environmental event
associated with RA.*2 Both are chronic and inflammatory conditions
which produce bone damage.‘”'42 In the study reported by Unriza
et al, the authors found that 79% of the FDR individuals had a diag-
nosis of periodontitis compared with 56% in the control group.5 In
our study, we observed a similar trend of a higher frequency of PD
in FDR; there was a significantly higher involvement of periodontal
clinical variables in this group compared with the controls, which re-
flects the importance of the link between periodontal inflammation
and the pre-clinical phase of the disease in these individuals, as re-
ported previously in early RA.#

Although the presence of P gingivalis is not a marker for PD, in-
fection with this bacterium is involved in the development of po-
tential RA triggers.*>*® The discovery and characterization of the
peptidylarginine deiminase enzyme (PPAD) expressed by this patho-
gen, has shown a close relationship with citrullination and further
development of RA-related autoantibodies. This enzyme is able to
citrullinate both bacterial and mammalian proteins, leading to the
hypothesis that describes the citrullination of PPAD-mediated pro-

teins at inflamed periodontal sites as a trigger of several cascades of
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events that culminate in the production of anti-citrullinated protein
antibodies.***> P gingivalis was present in 62.1% of FDR compared
with 42.7% of the controls, similar to the previous study of Bello
etal

Although most carbamylation in tissues is believed to take place
during inflammation when myeloperoxidase (MPO) is released from
neutrophil, PD (both gingivitis and periodontitis) is a classic inflam-
matory condition inextricably linked with neutrophil recruitment
and function suggesting that carbamylation occurring in inflamed
periodontal tissues is high.*¢*® However, no association was found
in the FDR group with anti-Carp antibodies and the presence of an-
tibodies against P gingivalis or the presence of the bacteria in this
study.

All the joint inflammatory signs and the differences in rheumatic
indices shown in this study indicate that follow-up studies could be
carried out on these subjects with genetic risk in the development
of RA in the future.

5 | CONCLUSION

The presence of anti-FCS-Carp, anti-Ca-Fib3 and anti-Ca-Fib2 anti-
bodies may have an important prognostic value because of the re-
lationship with joint inflammatory manifestations. These data may
suggest a role for these antibodies as early biomarkers of the de-
velopment of RA, probably including additional mechanisms related
with other non-SE alleles, especially in high-risk individuals. Finally,
the anti-peptide antibodies proposed in the present study may rep-
resent a simpler way to identify antibodies directed to a specific

target.

ACKNOWLEDGEMENTS

This study was supported by Hospital Militar Central (2015-047),
the Government Institute of Science, Technology, and Innovation,
Francisco Jose de Caldas—COLCIENCIAS (Grant No. 130865740792)
and Universidad El Bosque.

We want to thank the institutions Hospital Militar Central,
the Government Institute of Science, Technology, and Innovation,
Francisco Jose de Caldas—COLCIENCIAS, Universidad El Bosque,
Instituto de Reumatologia Fernando Chalem and Investigacion y
Biomedicina de Chihuahua and to thank Dra. Gloria Ines Lafaurie
(DDS MSc statistics) for her assistance with statistical analysis and
the Unit of Oral Basic Investigation, School of Dentistry, Universidad
El Bosque, for their laboratory support, and in addition to INOVA
Diagnosis for the technical support provided in the measurement of

antibodies against carbamylated proteins.

CONFLICT OF INTEREST
The authors declare no conflict of interests.

ORCID
Consuelo Romero-Sdnchez
org/0000-0002-6973-7639

https://orcid.

REFERENCES

1. Firestein GS. Evolving concepts of rheumatoid arthritis. Nature.
2003;423(6937):356-361.

2. Mclnnes IB, Schett G. The pathogenesis of rheumatoid arthritis. N
Engl J Med. 2011;365(23):2205-2219.

3. de Vries R. Genetics of rheumatoid arthritis: time for a change!. Curr
Opin Rheumatol. 2011;23(3):227-232.

4. Bello-Gualtero JM, Lafaurie Gl, Hoyos LX, et al. Periodontal dis-
ease in individuals with a genetic risk of developing arthritis and
early rheumatoid arthritis: a cross-sectional study. J Periodontol.
2016;87(4):346-356.

5. Unriza-Puin S, Bautista-Molano W, Lafaurie Gl, et al. Are obesity,
ACPAs and periodontitis conditions that influence the risk of devel-
oping rheumatoid arthritis in first-degree relatives? Clin Rheumatol.
2017;36(4):799-806.

6. MacGregor AJ, Snieder H, Rigby AS, et al. Characterizing the quan-
titative genetic contribution to rheumatoid arthritis using data from
twins. Arthritis Rheum. 2000;43(1):30-37.

7. Mourad J, Monem F. HLA-DRB1 allele association with rheuma-
toid arthritis susceptibility and severity in Syria. Rev Bras Reumatol
(English Ed. 2013;53(1):47-56.

8. van der Helm-van Mil AHM, Wesoly JZ, Huizinga TWJ.
Understanding the genetic contribution to rheumatoid arthritis.
Curr Opin Rheumatol. 2005;17(3):299-304.

9. Kurké J, Besenyei T, Laki J, Glant TT, Mikecz K, Szekanecz Z.
Genetics of rheumatoid arthritis — a comprehensive review. Clin
Rev Allergy Immunol. 2013;45(2):170-179.

10. Silman AJ, Pearson JE. Epidemiology and genetics of rheumatoid
arthritis. Arthritis Res. 2002;4(Suppl 3):5265-5272.

11. Gerlag DM, Raza K, van Baarsen LGM, et al. EULAR recommen-
dations for terminology and research in individuals at risk of rheu-
matoid arthritis: report from the Study Group for Risk Factors for
Rheumatoid Arthritis. Ann Rheum Dis. 2012;71(5):638-641.

12. Berglin E, Padyukov L, Sundin U, et al. A combination of autoan-
tibodies to cyclic citrullinated peptide (CCP) and HLA-DRB1 locus
antigens is strongly associated with future onset of rheumatoid ar-
thritis. Arthritis Res Ther. 2004;6(4):R303-R308.

13. Jorgensen KT, Wiik A, Pedersen M, et al. Cytokines, autoan-
tibodies and viral antibodies in premorbid and postdiagnostic
sera from patients with rheumatoid arthritis: case-control study
nested in a cohort of Norwegian blood donors. Ann Rheum Dis.
2008;67(6):860-866.

14. ShiJ, van de Stadt LA, Levarht EWN, et al. Anti-carbamylated pro-
tein (anti-CarP) antibodies precede the onset of rheumatoid arthri-
tis. Ann Rheum Dis. 2014;73(4):780-783.

15. Gross M-L, Piecha G, Bierhaus A, et al. Glycated and carbam-
ylated albumin are more &quot;nephrotoxic&quot; than un-
modified albumin in the amphibian kidney. J Physiol Ren Physiol.
2011;301:476-485.

16. Schreier SM, Steinkellner H, Jirovetz L, et al. S-Carbamoylation
impairs the oxidant scavenging activity of cysteine: Its possi-
ble impact on increased LDL modification in uraemia. Biochimie.
2011;93(4):.772-777.

17. Koppejan H, Trouw LA, Sokolove J, et al. Role of anti-carbamylated
protein antibodies compared to anti-citrullinated protein antibod-
ies in indigenous north americans with rheumatoid arthritis, their
first-degree relatives, and healthy controls. Arthritis Rheumatol.
2016;68(9):2090-2098.

18. Alessandri C, Bartosiewicz |, Pendolino M, et al. Anti-carbamylated
protein antibodies in unaffected first-degree relatives of rheuma-
toid arthritis patients: lack of correlation with anti-cyclic citrulli-
nated protein antibodies and rheumatoid factor. Clin Exp Rheumatol.
33(6):824-830.

19. Shi J, Van De Stadt LA, Levarht EWN, et al. Anti-carbamylated
protein antibodies are present in arthralgia patients and


https://orcid.org/0000-0002-6973-7639
https://orcid.org/0000-0002-6973-7639
https://orcid.org/0000-0002-6973-7639

CHILA-MORENO T AL.

International Journal of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

predict the development of rheumatoid arthritis. Arthritis Rheum.
2013;65(4):911-915.

Shi J, van Steenbergen HW, van Nies JAB, et al. The specificity of
anti-carbamylated protein antibodies for rheumatoid arthritis in a
setting of early arthritis. Arthritis Res Ther. 2015;17(1):339.

Gan RW, Trouw LA, Shi J, et al. Anti-carbamylated protein antibod-
ies are present prior to rheumatoid arthritis and are associated with
its future diagnosis. J Rheumatol. 2015;42(4):572-579.

Reed E, Jiang X, Kharlamova N, et al. Antibodies to carbamylated
a-enolase epitopes in rheumatoid arthritis also bind citrullinated
epitopes and are largely indistinct from anti-citrullinated protein
antibodies. Arthritis Res Ther. 2016;18(1):96.

Ospelt C, Bang H, Feist E, et al. Carbamylation of vimentin is in-
ducible by smoking and represents an independent autoantigen in
rheumatoid arthritis. Ann Rheum Dis. 2017;76(7):1176-1183.

Eke PI, Page RC, Wei L, Thornton-Evans G, Genco RJ. Update of the
case definitions for population-based surveillance of periodontitis.
J Periodontol. 2012;83(12):1449-1454.

van der Heijde DM, van't Hof MA, van Riel PL, van Leeuwen MA,
van Rijswijk MH, van de Putte LB. Validity of single variables and
composite indices for measuring disease activity in rheumatoid ar-
thritis. Ann Rheum Dis. 1992;51(2):177-181.

Prevoo MLL, Van'T Hof MA, Kuper HH, Van Leeuwen MA, Van De
Putte LBA, Van Riel P. Modified disease activity scores that include
twenty-eight-joint counts development and validation in a pro-
spective longitudinal study of patients with rheumatoid arthritis.
Arthritis Rheum. 1995;38(1):44-48.

Frisell T, Holmqvist M, Kaéllberg H, Klareskog L, Alfredsson L,
Askling J. Familial risks and heritability of rheumatoid arthritis: role
of rheumatoid factor/anti-citrullinated protein antibody status,
number and type of affected relatives, sex, and age. Arthritis Rheum.
2013;65(11):2773-2782.

Kolfenbach JR, Deane KD, Derber LA, et al. A prospective approach
to investigating the natural history of preclinical rheumatoid arthri-
tis (RA) using first-degree relatives of probands with RA. Arthritis
Rheum. 2009;61(12):1735-1742.

Sparks JA, Chang S-C, Deane KD, et al. Associations of smoking and
age with inflammatory joint signs among unaffected first-degree
relatives of rheumatoid arthritis patients: results from studies of
the etiology of rheumatoid arthritis. Arthritis Rheumatol (Hoboken,
NJ). 2016;68(8):1828-1838.

AbuHilal M, Walsh S, Shear N. The role of IL-17 in the pathogene-
sis of psoriasis and update on IL-17 inhibitors for the treatment of
plaque psoriasis. J Cutan Med Surg. 2016;20(6):509-516.

Frisell T, Saevarsdottir S, Askling J. Family history of rheumatoid ar-
thritis: an old concept with new developments. Nat Rev Rheumatol.
2016;12(6):335-343.

Leech MT, Bartold PM. The association between rheuma-
toid arthritis and periodontitis. Best Pract Res Clin Rheumatol.
2015;29(2):189-201.

Simons G, Stack RJ, Stoffer-Marx M, et al. Perceptions of first-de-
gree relatives of patients with rheumatoid arthritis about lifestyle
modifications and pharmacological interventions to reduce the risk
of rheumatoid arthritis development: a qualitative interview study.
BMC Rheumatol. 2018;2(1):31.

Munro S, Spooner L, Milbers K, Hudson M, Koehn C, Harrison M.
Perspectives of patients, first-degree relatives and rheumatologists
on preventive treatments for rheumatoid arthritis: a qualitative
analysis. BMC Rheumatol. 2018;2(1):18.

Trouw LA, Rispens T, Toes REM. Beyond citrullination: other
post-translational protein modifications in rheumatoid arthritis.
Nature Rev Rheumatol. 2017;13(6):331-339.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Rheumatic Diseases

Montes A, Regueiro C, Perez-Pampin E, Boveda MD, Gomez-Reino
JJ, Gonzalez A. Anti-carbamylated protein antibodies as a repro-
ducible independent type of rheumatoid arthritis autoantibodies.
PLoS One. 2016;11(8):e0161141.

Truchetet M-E, Dublanc S, Barnetche T, et al. Association of the
presence of anti-carbamylated protein antibodies in early arthritis
with a poorer clinical and radiologic outcome: data from the French
ESPOIR cohort. Arthritis Rheumatol. 2017;69(12):2292-2302.

Hill JA, Southwood S, Sette A, Jevnikar AM, Bell DA, Cairns E.
Cutting Edge: the conversion of arginine to citrulline allows for a
high-affinity peptide interaction with the rheumatoid arthritis-as-
sociated HLA-DRB1*0401 MHC Class Il Molecule. J Immunol.
2003;171(2):538-541.

Kampstra ASB, van Heemst J, Moustakas AK, Papadopoulos GK,
Huizinga TWJ, Toes REM. The increased ability to present citrulli-
nated peptides is not unique to HLA-SE molecules: arginine-to-ci-
trulline conversion also enhances peptide affinity for HLA-DQ
molecules. Arthritis Res Ther. 2016;18(1):254.

Scally SW, Petersen J, Law SC, et al. A molecular basis for the asso-
ciation of the HLA-DRB1 locus, citrullination, and rheumatoid arthri-
tis. J Exp Med. 2013;210(12):2569-2582.

Smolen JS, Aletaha D, Barton A, et al. Rheumatoid arthritis. Nat Rev
Dis Prim. 2018;4:18001.

Lamont RJ, Hajishengallis G. Polymicrobial synergy and dysbiosis in
inflammatory disease. Trends Mol Med. 2015;21(3):172-183.
Farquharson D, Butcher JP, Culshaw S. Periodontitis,
Porphyromonas, and the pathogenesis of rheumatoid arthritis.
Mucosal Immunol. 2012;5(2):112-120.

Marchant C, Smith MD, Proudman S, Haynes DR, Bartold PM.
Effect of Porphyromonas gingivalis on citrullination of proteins by
macrophages in vitro. J Periodontol. 2013;84(9):1272-1280.
Potempa J, Mydel P, Koziel J. The case for periodontitis in
the pathogenesis of rheumatoid arthritis. Nat Rev Rheumatol.
2017;13(10):606-620.

Maresz KJ, Hellvard A, Sroka A, et al. Porphyromonas gingivalis fa-
cilitates the development and progression of destructive arthritis
through its unique bacterial peptidylarginine deiminase (PAD). PLoS
Pathog. 2013;9(9):e1003627.

Bright R, Proudman SM, Rosenstein ED, Bartold PM. Is there a link
between carbamylation and citrullination in periodontal disease
and rheumatoid arthritis? Med Hypotheses. 2015;84(6):570-576.
Lee YH, Baharuddin NA, Chan SW, et al. Localisation of citrullinated
and carbamylated proteins in inflamed gingival tissues from rheu-
matoid arthritis patients. Clin Oral Investig. 2020;1-10.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Chila-Moreno L, Rodriguez L-S,
Bautista-Molano W, Bello-Gualtero J-M, Ramos-Casallas A,
Romero-Sanchez C. Anti-carbamylated protein and peptide
antibodies as potential inflammatory joint biomarkers in the
relatives of rheumatoid arthritis patients. Int. J. Rheum.
Dis.2020;00:1-9. https://doi.org/10.1111/1756-185X.13977



https://doi.org/10.1111/1756-185X.13977

