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Introduction 
Rheumatoid arthritis (RA) is an autoimmune rheumatic disease characterized by the presence of 
autoantibodies resulting from an immune response triggered by proteins that have undergone post-
translational modifications (PTMs) [1]. Citrullination (deimination of arginine), is the best-studied 
PTM in rheumatology, and for a long time, anti-citrullinated protein/peptide antibodies (ACPAs) have 
been used for RA diagnosis and considered the most relevant serological markers. More recently, other 
PTMs have been described in the context of RA including homocitrullination (carbamylation) and 
acetylation, which take place in lysine (Figure 1). Different autoantibodies against these novel 
modifications (antibodies against modified proteins/peptides, AMPAs) have been linked with 
interstitial lung disease (ILD), an extra-articular manifestation of RA that entails a high mortality [2,3]. 

Results and Discussion 

Previous studies in our group defined a chimeric citrullinated peptide containing α-fibrin and filaggrin 
domains (CFFCP1, Figure 2) that yielded better results in terms of sensitivity/specificity balance and 
identified RA patients with poor radiographic outcomes as an antigen compared to the gold standard 
commercial test [4]. Based on the primary structure of this peptide, a panel of several peptide antigens 
that resulted from the substitution of lysine for homocitrulline and/or acetyl-lysine were designed 
(Figure 2), synthesized by solid-phase and tested in a RA population (n=37 RA-ILD vs n=141 RA 
non-ILD) to study their role as biomarkers linked to the presence of ILD.  

The analysis of fine specificities with these novel chimeric peptide antigens demonstrated that 
IgG was the predominant isotype in the main RA population. IgG and IgA isotypes were more frequent 
when the antigen was doubly modified (citrullinated/homocitrullinated) compared to anti-ACPA 
specificities. In addition, all anti-AMPA fine specificities were more frequent in the RA-ILD group. 
Regarding the IgA isotype, the peptide containing two or three PTMs was able to detect a percentage 
close to 20% of RA-ILD sera that were negative when analyzed with the peptide bearing a single PTM. 
Particularly, the mean titers of autoantibodies against the peptide antigen bearing three PTMs, 
citrullinated/homocitrullinated/acetylated chimeric peptide (CFFCHAP) were statistically significant 
for IgA and IgM isotypes, but also for IgG (p< 0.05) (Figure 3), a finding not observed with the ones 
against doubly PTM-modified antigens. 

Fig. 1. Chemical structures of relevant PTMs in RA. Citrulline results of the conversion from arginine 
while homocitrulline and acetyl-lysine come from the conversion of lysine residues. 
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When analyzing patients according to the presence of erosive disease assessed by radiographs of hands 
and feet (Larsen score), a higher prevalence of autoantibodies was found in patients with more severe 
joint damage (Larsen ≥ 18) in comparison to those with mild joint destruction (Larsen < 18). The 
differences were statistically significant in almost all specificities, and especially for IgA and IgM 
isotypes. Interestingly, only the frequency of antibodies of the IgG isotype against the triple PTM 
peptide (anti-CFFCHAP-IgG-positive) was higher in patients with severe joint damage, with statistical 
significance. 

For the first time, we described a novel peptide-based antigen bearing citrulline, homocitrulline and 
acetyl-lysine into the same peptide sequence to consistently detect severe phenotypes in CFFCHAP 
positive RA patients. We demonstrated an association between the presence and levels of AMPA titers 
and severe manifestations of RA such as joint destruction and ILD [5].  

Acknowledgments 
Financial support from the MINECO and the European Region Development Fund (Grants No. RTI2018-094120-
B-I00 and PID2021-122216OB-I00) is gratefully acknowledged.

References 
1. Scherer, H.U., et al. J. Autoimmun. 110, 102400 (2020), http://dx.doi.org/10.1016/j.jaut.2019.102400
2. Hyldgaard, C., et al. Ann. Rheum. Dis. 76, 1700-1706 (2017), http://dx.doi.org/10.1136/annrheumdis-2017-211138 
3. Castellanos-Moreira, R., et al. Ann. Rheum. Dis. 79, 587-594 (2020), http://dx.doi.org/10.1136/annrheumdis-

2019-216709
4. Sanmarti, R., et al. Arthritis Res. Ther. 11, R135 (2009), http://dx.doi.org/10.1186/ar2802
5. García-Moreno, C., et al. Int. J. Mol. Sci. 22, 13290 (2021), https://doi.org/10.3390/ijms222413290

p≤ 0.008

RA-ILD RA-Non-ILD
0

1000

2000

3000

4000

an
ti-

CF
FC

HA
P 

tit
er

 (A
U/

m
L)

RA-ILD RA-Non-ILD
0

1000

2000

3000

4000
p≤ 0.01

an
ti-

CF
FC

HA
P 

tit
er

 (A
U/

m
L)

RA-ILD RA-Non-ILD
0

1000

2000

3000

4000
p≤ 0.02

an
ti-

CF
FC

HA
P 

tit
er

 (A
U/

m
L)

A CB

Fig. 3. Comparison of anti-CFFCHAP titers (AU/mL) for RA-ILD vs RA-non-ILD patients. A) IgG; 
B) IgA and C) IgM isotypes. Horizontal lines depict mean titers. Statistical significances were
established as two-tailed p-values < 0.05 after analyzing the continuous variables using the Mann–
Whitney U test.

Fig. 2. Primary structure of synthetic cyclic fibrin-filaggrin chimeric peptides bearing citrulline, 
homocitrulline and acetyl-lysine at specific positions of the α-fibrin (617-631) and cyclic filaggrin 
(304-324) domains. 
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