
Clinical and Experimental Rheumatology 2015; 33: 824-830.

Anti-carbamylated protein antibodies in unaffected 
first-degree relatives of rheumatoid arthritis patients: 

lack of correlation with anti-cyclic citrullinated protein 
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Abstract 
Objective

To investigate the prevalence of anti-carbamylated protein antibodies (anti-CarP) in the healthy first-degree relatives 
(HFDRs) of patients with rheumatoid arthritis (RA).

Methods
We enrolled 141 HFDRs of 63 patients with RA diagnosed accordingly to the 2010 ACR/EULAR criteria. Fifty-six normal 

healthy subjects (NHS), sex- and age-matched, served as controls. Anti-CarP IgG, anti-cyclic citrullinated peptide antibody 
(anti-CCP) IgG and rheumatoid factors (RF) isotypes (IgG, IgA, IgM) were assessed by solid-phase ELISA.

Results
Anti-CarP were detectable in 13 HFDRs (9.2%), anti-CCP in 9 (6.3%), IgG-RF in 10 (7%), IgA-RF in 17 (12%), and 
IgM-RF in 13 (9.2%) HFDRs. Twenty-nine (46%) RA patients were positive for anti-CarP, 31 (49.2%) for anti-CCP, 

and 34 (53.9%) for RF. One NHS (1.7%) resulted positive for anti-CarP, none for anti-CCP and RF. Anti-CarP showed 
significantly higher serum levels in RA and HFDRs than in NHS (p<0.0001 and p=0.0012, respectively). 

A significant correlation between anti-CCP and RF were found among RA patients (p=0.0002), whereas no correlations 
were reported between autoantibodies tested in the HFDRs.

Conclusion
Anti-CarP can be found in the sera of HFDRs of RA patients and their prevalence is significantly higher than in NHS. 

No correlation of anti-CarP with anti-CCP and RF antibodies in RA HFDRs was found. 
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Introduction
Rheumatoid arthritis (RA) is the most 
commonly diagnosed autoimmune dis-
ease. It affects approximately 0.5–1% 
of the world’s population, causing per-
sistent pain, synovitis, joint destruction, 
and functional disability (1). The dis-
ease is diagnosed primarily on the basis 
of clinical manifestations and labora-
tory tests. The latter are usually restrict-
ed to the determination of rheumatoid 
factor (RF) (2) and antibodies directed 
against anti-citrullinated protein/pep-
tide (ACPA), mainly anti-cyclic citrul-
linated peptide antibodies (anti-CCP), 
which are currently considered the most 
specific and sensitive serological mark-
ers for RA (3). These autoantibodies are 
detectable in the early stages of the dis-
ease, as well as several years before the 
onset of clinical symptoms (4, 5).
Recently, a new group of autoantibodies 
directed against carbamylated proteins 
(anti-carbamylated protein antibodies, 
anti-CarP) have been discovered in RA 
patients (6). Carbamylation is a post-
translational process in which lysines 
are converted into homocitrullines un-
der the influence of cyanate, which is 
in equilibrium with urea. Increased urea 
concentrations, smoking, and inflam-
mation are able to shift this equilibrium 
toward cyanate and, hence, enhanced 
carbamylation process (7). Homocitrul-
line-containing proteins are present in 
the arthritic joint, thus possibly affect-
ing T-cell triggering and autoantibody 
production in rodents (8, 9). Anti-CarP 
have been detected in both ACPA-pos-
itive and ACPA-negative RA patients 
and seem to be a prognostic factor for 
a higher likelihood of joint destruction 
independently of ACPA status. Moreo-
ver, anti-CarP have been found in pa-
tients with arthralgia and demonstrated 
to predict the development of  RA, in-
dependently of ACPA (10). 
A number of autoantibodies can be de-
tected in the sera of healthy individuals. 
Such findings may represent an immu-
nological abnormality that will never 
be associated with symptoms or a very 
early serological manifestation of a spe-
cific disease that will have clinical evi-
dence months or even years later (11). 
Healthy first-degree relatives (HFDRs) 
of patients suffering from autoimmune 

diseases have been reported to have 
autoantibodies in their sera. Indeed, au-
toimmune diseases cluster within fami-
lies because of a shared genetic basis 
and, possibly, environmental factors, 
thus HFDRs could represent a good 
model to study the preclinical phases of 
autoimmune diseases. During the last 
years HFDRs have been investigated in 
order to better understand predisposing 
factors and discover new reliable mark-
ers for disease developing. Of note, a 
genetic predisposition has been seen 
also for autoantibodies production (12-
15). Recently, the presence of ACPA 
in HFDRs has been revealed as well: a 
rate of 48% in HFDRs of RA patients 
with a high prevalence of the shared 
epitope and smoking habit has been 
demonstrated (16). In addition, increas-
ing ACPA in HFDRs may be associated 
with signs of joint inflammation (17). 
No data are currently available on the 
presence of anti-CarP in RA HFDRs. 
Thus, given the familiar clustering of 
RA and the genetic predisposition for 
autoantibody production, the aim of 
this study was to investigate the preva-
lence of anti-CarP and their correlation 
with anti-CCP and RF in the HFDRs of 
RA patients.

Methods
Patients and relatives
Patients with RA (probands) were con-
secutively recruited from the Rheuma-
tology Outpatient Clinic of the Diparti-
mento di Medicina Interna e Specialità 
Mediche, Sapienza Università di Roma. 
All patients were diagnosed according 
to the 2010 ACR/EULAR criteria (1).
Each patient was asked to put us in 
touch with HFDRs of theirs who were 
willing to participate in the study. The 
probands’ relatives who signed an in-
formed consent underwent a complete 
rheumatologic evaluation, including 
both clinical and serological measure-
ments. Their healthy status was assessed 
by two different rheumatologists; in the 
cases of suspected synovitis, ultrasound 
evaluation was performed to rule out 
this possibility. A questionnaire about 
their smoking habits was also adminis-
tered. Fifty-six normal healthy subjects 
(NHS), mean age 45 years (range 22–
65), 25 (44.6 %) female, served as con-
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trols. RA probands, HFDRs and NHS 
live in the same geographical area. The 
study protocol was approved by the lo-
cal ethics committee.

Anti-CarP antibody assays
In RA, HFDRs and NHS anti-CarP 
were detected by ELISA using carba-
mylated foetal calf serum (Ca-FCS) 
and non modified FCS as antigens, ac-
cording to Shi J et al. with some modi-
fications. (6) In brief, Nunc Maxisorp 
plates (Thermo Scientific) were coated 
overnight at + 4°C with non-modified 
FCS and Ca-FCS (10 ug/ml in   carbon-
ate bicarbonate buffer). After washing 
plates were blocked with phosphate 
buffered saline (PBS) 1% bovine se-
rum albumin (BSA) (Sigma) for 6 h 
at + 4°C. Subsequently, the wells were 
incubated with patients serum diluted 
1/50 in PBS/0.05% tween/BSA 1% 
overnight at + 4°C. After four washes, 
plates were incubated for 2 h at room 
temperature (RT) with goat polyclonal 
antihuman IgG alkaline phosphatase 
conjugated antibodies (Sigma) diluted 
at 1:1000 in PBS/0.05% tween/BSA 
1%. After four washes, a solution of 
paranitrophenyl phosphate tablets in 
ethanolamine was used for the enzyme 
reaction and the plates were read at a 
405 nm wavelength after 30 minutes at 
RT. All assays were performed in dupli-
cate and the absorbance of control wells 
(non modified FCS) was subtracted to 
account for non-specific binding. 
Intraassay variations were determined 
by assaying two RA samples 16 times 
(i.e. each of these two sera sample in 16 
different wells of the same microplate). 
For the interassay, the same two RA 
samples were tested in quadruplicate 
(i.e. each of these two sera sample in 4 
different wells of the same microplate), 
repeating this test for nine consecutive 
times. The coefficients of intraassay 
and interassay variation of the two RA 
samples assayed were 4%, 5.2% and 
11.3%, 12.8%, respectively.
A titration curve of two positive refer-
ence sera with medium–high ELISA 
immunoreactivity for anti-Ca-FCS was 
performed to show the performance of 
the tests and to transform the absorb-
ance of Ca-FCS to arbitrary units per 
milliliter (aU/mL). The cut-off was 

established as the mean OD + 3 SD of 
fifty-six age- and sex-matched healthy 
subjects (blood donors) and then the 
obtained value was converted into aU/
mL (corresponding to 501 aU/mL), ac-
cordingly to Shi et al. (6).

Anti-CCP and RF antibody assays
All autoantibody assays were carried 
out in duplicate, commercial ELISA kits 
were used and the results were evalu-
ated according to the manufacturers’ 
instructions. 
The autoantibody status of the probands 
was obtained from the outpatient medi-
cal records: anti-CCP titers were deter-
mined using the ImmunoCAP instru-
ment (ELiA CCP2 assay, Phadia, Milan, 
Italy), whereas immunonephelometry 
(Behering, Marburg, Germany) was 
performed for RF, as routinely used in 
clinical practice.
In HFDRs and NHS, anti-CCP2 IgG 
antibodies were assessed with com-
mercial ELISA kits (Immunoscan CCP 
Euro-Diagnostica, Malmo, Sweden). 
According to manufactures anti-CCP2 
IgG levels exceeding 25 U/mL were 
considered positive. A solid-phase ELI-
SA kit was performed in order to deter-
mine IgG, IgA, and IgM isotypes of RF 
(Diamedix, Miami, USA).

Statistical analysis
The statistical analysis was performed 
using Statistical Package for Social Sci-
ences 13.0 (SPSS, Chicago, IL, USA) 
and GraphPad 5.0 (La Jolla, CA, USA). 
Qualitative differences between sub-
groups were analysed by the chi-square 
test or Fisher’s exact test when appropri-
ate. Differences between groups were 
analysed by Mann-Whitney U-test. The 
Spearman test was performed for the 
correlation analysis between serum titer 
antibodies. Probability (p) values of 0.05 
were considered statistically significant.   

Results
Sixty-three probands with RA were en-
rolled in the study. RA mean age was 
41 years (range 19-70), mean dura-
tion of symptoms was 8 years (range 
2–18.5), 36 (57.1%) were female, and 
38 (60.3%) were smokers. A total of 
204 HFDRs were identified analysing 
63 probands, 141 (69.1%) of whom 

agreed to participate in the study. 
HFDRs mean age was 42 years (range 
7–75), 77 (54.6%) were female, and 39 
(27.6%) were smokers. Seventy-three 
were descendants of the probands, 36 
were collaterals, and 27 were ascend-
ants. The highest number of HFDRs per 
single family participating in the study 
was 8 (including the proband). At time 
of the enrollment, we found that thirty 
percent of HFDRs subjects complained 
arthralgias, however ultrasound of the 
joints were performed and nobody had 
synovitis. None of the controls experi-
enced arthralgias and/or synovitis.

Anti-CarP, anti-CCP and RF 
in RA patients
The overall prevalence of anti-CarP, 
RF, and anti-CCP in RA patients is 
showed in Figure 1. Twenty-nine of the 
63 RA patients (46%) resulted positive 
for anti-CarP. Thirty-one of the 63 RA 
patients (49.2%) were anti-CCP-posi-
tive. Thirty-four of the 63 RA patients 
(53.9%) resulted RF-positive. 
The percentage of anti-CCP and RF 
positive in the RA probands is low 
compared to prior studies with estab-
lished disease, probably because casu-
ally the percentage of patients with an 
erosive disease included in the study is 
lower than in other studies.
Of interest, 12 of the 63 RA patients 
(19%) resulted negative for all three 
assays, whereas 12 (19%) were posi-
tive for all the three. Anti-CarP identi-
fied 10 (15.8%) of RA patients negative 
for anti-CCP and RF, while the single 
anti-CCP positivity was depicted in 1 
(1.5%) of RA subjects (Fig. 1). A sig-
nificant correlation between anti-CCP 
and RF, but no between these antibod-
ies and anti-CarP, were found among 
RA patients (p=0.0002). 

Anti-CarP, anti-CCP and RF 
in HFDRs and NHS
The overall prevalence of anti-CarP, RF, 
and anti-CCP in HFDRs of RA patients 
is showed in Figure 2. Thirteen of the 
141 HFDRs (9.2%) resulted positive 
for anti-CarP antibodies, whereas only 
one of the 56 NHS (1.7%) was positive. 
Nine of the 141 HFDRs (6.3%) were 
anti-CCP-positive. Thirty of the 141 
HFDRs (21.2%) resulted RF-positive: 
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13 (9.2%) were positive for IgM-RF, 
17 (12%) were positive for IgA-RF, and 
10 (7%) were positive for IgG-RF. Si-
multaneous positivity for more than one 
RF isotype was observed in 8 HFDRs 
(5.6%); two (1.4%) were positive for all 
three RF isotypes. No correlation was 
found between autoantibodies tested. 
None NHS was positive for aCCP and 
RF. Of interest, 99 of the 141 HFDRs 
(70.2%) of patients resulted negative 
for all three assays. Anti-CarP identified 
6 (4.2%) of HFDRs negative for anti-
CCP and RF, while the single anti-CCP 
positivity was detectable in 4 (2.8%) of 
HFDRs.
The prevalence of antibodies was un-
related to the autoantibody status of 
the proband. Further, the autoantibody 
positivity rates and concentrations in 
HFDRs were not significantly related 
to the nature of their kinship with the 
proband (ascendants, collaterals, de-
scendants). 
Anti-CarP serum levels in RA, HFDRs 
and controls are shown in Figure 3. 
As expected serum levels of anti-CarP 
were significantly higher in RA patients 
than in NHS (p<0.0001). Notably, se-
rum levels of anti-CarP were also sig-
nificantly higher in HFDRs than in 
NHS (p=0.0012).
Grouping HFDRs according to their 
smoking status we found no differences 
between anti-CarP and anti-CCP serum 
levels (Table I). Interestingly, only one 
of the 13 HFDRs who were positive 
for anti-CarP was a smoker whereas 4 
of the 9 HFDRs positive for anti-CCP 
positive were smokers. The lack of 
association between anti-CCP in RA 
probands and smoking probably is due 
to the sample size.

HFDRs follow-up using 
ultrasonography
After a follow-up of 3 years, all the 
HFDRs were invited to perform ultra-
sonographic assessment at articular 
level. Sixteen of them accepted and 
the evaluation of bilateral radiocarpal, 
metacarpophalangeal (MCP), proxi-
mal interphalangeal (PIP), metatar-
sophalangeal (MTP) and knee joints 
was performed, in order to identify the 
presence of synovial hypertrophy (SH), 
power Doppler (pD) and bone erosions. 

SH was identified in at least one joint 
in 6 of 16 subjects (37.5%). In particu-
lar, SH was identified at level of MCP 
joints (2 subjects), knee (1 subject), 
MTP joints (3 subjects). No subjects 
showed the presence of pD signal or 
bone erosions. In Table II, we reported 
the autoantibody profile of 16 HFDRs. 
Five out of subjects with SH showed 
the positivity for at least one autoanti-
body and  experienced arthralgias.

Due to the small size of this group, we 
did not perform a statistical analysis. 
Nonetheless, we identified a trend of 
association between the presence of 
SH and positivity for RF-IgM: indeed, 
the frequency of RF-IgM was higher in 
subjects with SH comparing with sub-
jects without (50% vs. 0).

Discussion
Several studies have investigated bio-

Fig. 1. Overall prevalence of anti-CarP, RF, and anti-CCP in 63 RA patients. The absolute numbers of 
single-positive, double-positive, triple-positive are listed.

Fig. 2. Overall prevalence of anti-CarP, RF, and anti-CCP in 141 HFDRs of RA patients. The absolute 
numbers of single-positive, double-positive, triple-positive are listed.
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markers predictive of development of 
RA among the relatives of RA patients 
(15, 16, 20, 21, 24, 25). Indeed, study-
ing HFDRs of RA patients could be 
considered one way to investigate the 
preclinical phases of RA, since pa-
tients and relatives could share some 
of the genetic and environmental risks 
for RA. In particular, it is tempting to 
speculate over that phase of pre-RA 
in which the systemic autoimmune 
response is present without any other 
clinical manifestations. Exploring this 
preclinical phase with highly accurate 
tests at the individual level would mean 
to become able to state the possibility 
that a person might ever progress to 
develop RA or not. The development 
of such risk stratification is essential 
for designing preventive clinical trials 
and would provide further informa-
tion on the pathogenesis of the disease 
(18). Aiming to this item, a number of 
studies investigating markers of this 
specific preclinical phase of RA has 
been conducted in the HFDRs of RA 
patients. Of note, most of the markers 
studied are the autoantibodies typically 
present in RA such as RF and anti-CCP. 
In our study we first demonstrated de-
tectable levels of anti-CarP antibodies 
uncorrelated to anti-CCP and RF in 
HFDRs of RA patients.
Recently, a study conducted by Kim 
and coworkers has shown that in fami-
lies with multiple cases of RA, be-
yond the increased prevalence of RF-
positivity (15), the association with 
anti-CCP antibody seropositivity is 
present (19). Nonetheless, it has been 

documented that the fine specificity of 
ACPAs in patients with RA is at least 
partially different from that observed 
in their healthy relatives. Indeed, Barra 
and coworkers reported IgA ACPA in 
HFDRs and IgG ACPA in RA patients 
(16). Moreover, Ioan-Facsinay et al. 
have displayed the reactivity to citrul-
linated fibrinogen and citrullinated vi-
mentin/Sa in over half of the patients 
examined but almost none of their 
healthy relatives (20). 
A study conducted over the unaffected 
relatives of RA patients in Southern 
Brazil reported an overall prevalence 
of RF of 8%, which was not signifi-
cantly different from that found in the 
general population of the same area 
(6%) (21); on the contrary, the preva-
lence of anti-CCP positivity (5.5%) 
was significantly higher than that found 
in the general population (1%). A Ca-
nadian study showed frequencies of 

IgM and IgA RF isotypes of 7.8% and 
11.6%, in the indigenous populations 
of central Canada (Cree and Ojibway), 
whereas anti-CCP positivity was mark-
edly higher (19%) than that observed 
in the general Canadian population 
(8.8%) (20). This discrepancy can be 
explained by the fact that native North 
American populations have a higher 
prevalence of shared epitope (SE) al-
leles (59%) (22), and ACPA positivity 
is known to be linked to the presence 
of SE alleles (23). It means that ACPA 
positivity has to be interpreted in ac-
cordance to the prevalence in the gen-
eral population of the SE; on the other 
hand, pointing only on ACPA positiv-
ity would miss those cases persistently 
negative for anti-CCP who would de-
velop a seronegative-RA in the future. 
More recently, a new system of autoan-
tibodies directed against carbamylated 
peptides, the anti-CarP, has been found 

Fig. 3. Serum levels of anti-CarP in RA, HFDRs 
and controls. Plot of anti-CarP antibodies detect-
ed by means of an ELISA in HFDRs (n=141), 
NHS (n=56) and RA patients (n=63). Median val-
ues are shown. Dotted line represents cut-off. RA 
vs. NHS: p<0.0001; HFDRs vs. NHS: p=0.0012; 
RA vs. HFDRs: not significant. Differences be-
tween groups were analysed by Mann-Whitney 
U-test.

Table II. Ultrasonographic assessment and autoantibody profile of 16 HFDRs after a follow-
up of 3 years.

Pt anti-CCP RF-IgG RF-IgM RF-IgA anti-CarP SH*

1 0 0 0 1 0 0
2 1 0 0 0 0 0
3 0 0 1 1 0 1
4 0 0 0 0 0 0
5 0 1 0 0 0 0
6 0 0 0 1 0 0
7 0 0 0 1 0 0
8 0 0 0 0 0 0
9 1 0 1 1 0 1
10 0 0 1 0 1 1
11 0 0 0 0 0 0
12 1 0 0 0 0 0
13 1 0 0 0 0 1
14 0 0 0 0 0 1
15 1 0 0 0 0 0
16 0 1 0 0 0 1
      
 SH: synovial hypertrophy;  *In at least one joint. 0: negative; 1: positive.

Table I. Anti-CarP, anti-CCP anf RF in HFDRs grouped according to smoker status.
 
 Smokers (39) Non Smokers (102)

Anti-CarP (aU/mL; median, range) 178, 91-655 187, 94-632
N positive (%) 1 (2.5) 12 (11.7)

Anti-CCP (U/mL; median, range) 12, 9-110 11, 8-93
N positive (%) 4 (10.2) 5 (4.9)

IgM RF (U/mL; median, range) 9.7, 3-118 9.7, 2-159
N positive (%) 5 (12.8) 8 (7.8)

IgG RF (U/mL; median, range) 14, 6-45 14, 4-326
N positive (%) 3 (7.6) 7 (6.8)

IgA RF (U/mL; median, range) 8, 2-104 8, 1-225
N positive (%) 6 (15.3) 11 (10.7)
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in RA patients. Previous studies have 
demonstrated that anti-CarP antibod-
ies present in patients with arthralgia 
years before the onset (26) are associ-
ated with a higher risk of developing 
RA independently from the ACPA and 
RF status (10). Indeed, although anti-
CarP antibodies might recognise differ-
ent specificities from ACPA (8, 9, 27), 
anti-CarP response seems to be, at least 
in part, not cross-reactive with citrulli-
nated proteins (28). In the other hand,  
in a study conducted in Hcit-immunised 
mice, Mydel et al. showed that carba-
mylated peptides active T and B cells 
and induce autoantibody production in 
mice that developed erosive arthritis 
(8). This might suggest that Hcit-mod-
ification could change immunologi-
cally inert peptides into autoantigens 
and enable the production of ACPA;  
thus, these authors supposed that car-
bamylation could be the missing link 
in the chain of pathogenesis of autoim-
mune arthritis. Taken together, these 
data would suggest that anti-CCP and 
anti-CarP antibodies are not necessarily 
cross-reactive.
These findings prompted us to study 
the prevalence of anti-CarP in a cohort 
of HFDRs of RA patients. For the first 
time we have demonstrated the pres-
ence of anti-CarP in the HFDRs of RA 
patients with a prevalence significantly 
higher than in the healthy controls. Our 
findings confirm the conclusions of pre-
vious studies which demonstrated that 
anti-CarP, and anti-CCP are distinct an-
tibody systems (6). Indeed, in our study 
no obvious correlations were found 
between anti-CarP and anti-CCP, or be-
tween anti-CarP and RF, strengthening 
the statement that this new class of an-
tibodies might be unrelated to the other 
ones. Nonetheless, the lack of correla-
tion between anti-CarP and anti-CCP 
can also be the result of lack of power. 
HFDRs and RA probands live in the 
same geographical area. Unfortunately, 
given the small number of the group, the 
genetic testing for HLA-DR4 contain-
ing the SE alleles was not performed. 
This is a limit of the study.
Almost all of the ACPA-positive 
HFDRs of our cohort were smokers. 
This finding corroborates a possible 
correlation between the use of tobacco 

and the presence of ACPA, which might 
be related to an increased expression of 
citrullinated antigens in smokers lungs 
(29). Besides citrullination, smoke can 
also induce carbamylation (30), thus, 
we have also investigated the presence 
of a correlation between anti-CarP an-
tibodies and smoke, but no correlation 
was found in our cohort of HFDRs. 
This, probably due to the small size of 
our HFDRs cohort, too underpowered 
to detect an association between anti-
CarP and smoking.
Finally, HFDRs performed an ultra-
sonographic evaluation in order to iden-
tify the presence of subclinical synovi-
tis: at baseline, no pathological features 
were identified. After 36 months, the 
presence of mild SH was identified in 6 
out of 16 HFDRs accepting to perform 
a re-evaluation. Interestingly, we did 
not identify any sign of active synovitis 
and/or erosions.   
In conclusion, the results of this study 
demonstrate for the first time that de-
tectable levels of anti-CarP antibodies 
can be found in HFDRs of RA patients. 
However, positivity for both anti-CarP 
and anti-CCP in HFDRs is much less 
common than RF and shows no relation 
to the probands’ autoantibody status. 
Anti-CCP positivity  in HFDRs seems 
to be correlated with smoking, confirm-
ing the important role of this environ-
mental factor in anti-CCP antibodies 
production in predisposed subjects; on 
the contrary, we did not report any cor-
relation between smoke and anti-CarP 
antibodies production in HFDRs, al-
though it has been demonstrated that 
smoke can induce carbamylation. No 
correlation among anti-CarP, anti-CCP, 
and RF has been found. This, in agree-
ment with the view that these are dis-
tinct antibodies systems, could give ad-
vantages for interpreting and intercept-
ing ACPA-seronegative RA. However, 
since this study neither tests anti-CarP 
as a biomarker for predicting disease 
onset nor does it explore any poten-
tial mechanistic processes, it is an ex-
ploratory, hypothesis-driving study. No 
doubt, further studies over larger cohort 
of patients and in vitro experiments are 
necessary to better define the role of an-
ti-CarP antibodies in the pathogenesis 
of the disease. 
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