High Levels of Anti-Cyclic Citrullinated Peptide
Autoantibodies Are Associated with Co-occurrence of
Pulmonary Diseases with Rheumatoid Arthritis
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ABSTRACT. Objective. To investigate whether levels of anti-cyclic citrullinated peptide antibodies (anti-CCP2)
in patients with rheumatoid arthritis (RA) are associated with the co-occurrence of lung diseases.
Methods. A total of 252 RA patients were included in a cross-sectional study. Pulmonary disease was
confirmed by high-resolution chest computed tomography scan. Circulating anti-CCP2 were quan-
tified using ELISA. Multivariate logistic regression was conducted to identify independent risk fac-

tors for lung disease.

Results. Male sex (OR 3.29, 95% CI 1.59-6.80) and high anti-CCP2 levels (OR 1.49, 95% CI
1.25-1.78) were identified as independent risk factors for lung disease in the RA population.
Conclusion. High anti-CCP2 levels are associated with lung disease in the RA population.
(First Release March 1 2011; J Rheumatol 2011;38:979-82; doi:10.3899/jrheum.101261)
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Rheumatoid arthritis (RA) is a complex disease driven by a
combination of genetic risk factors and environmental
events. It is well established that the risk conferred by
HLA-DRB1 shared-epitope alleles (HLA-DRBI1*SE) is
restricted to individuals with RA who are positive for anti-
bodies to citrullinated peptides (ACPA)'. The association
between tobacco smoking and ACPA-positive RA is well
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recognized (reviewed by Klareskog, et al'). The fact that
IgA ACPA appears early during the immune response sug-
gests that immunity triggered from mucosal surfaces may be
involved in the inception of anticitrullinated protein immu-
nity2. Following the observation of citrullinated proteins in
the lungs of smokers?, it was proposed that smoking, in the
presence of HLA-DRB1*SE, may trigger immunity to cit-
rullinated proteins and lead to the development of RA!. This
challenging concept should not be limited to smoking. It
could be hypothesized that lung inflammation may lead to
the development of anticitrullinated peptide immunity. We
hypothesized that the presence of a lung disease with RA
could influence the ACPA production; our aim in this study
was to examine the link between anti-CCP2 levels and pres-
ence of lung disease in a population with RA.

MATERIALS AND METHODS

Study population and design. We conducted a cross-sectional study among
252 patients with RA fulfilling the American Rheumatism Association
1987 criteria for RA*. Clinical and radiological data were obtained from
medical records. Patients’ characteristics including disease duration, ciga-
rette smoking habit, co-occurrence of Sjogren’s syndrome according to the
revised European criteria®, history of lung disease, respiratory symptoms,
and chest radiographs were assessed.

When suspected, lung disease was confirmed by a chest high-resolution
computed tomography (HRCT) scan. A chest physician blinded to clinical
and immunological data reviewed chest HRCT results and classified the
lung disease according to the predominant abnormality as follows: intersti-
tial lung disease, bronchiectasis, or rheumatoid nodules.

Autoantibody analysis. Anti-cyclic citrullinated peptide antibodies

(anti-CCP2) and rheumatoid factor (RF) were identified and quantified
with the Immunoscan-CCPlus ELISA test (Eurodiagnostica, Malmo,
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Sweden) and nephelometry (BNII, Siemens, Marburg, Germany), respec-
tively. Levels above 25 U/ml and 30 Ul/ml, respectively, were regarded as
positive.

Statistical analysis. Categorical variables were described with numbers and
percentages, and continuous variables with median and interquartile range.
Comparisons between patients with and those without lung disease were
performed using the chi-square or Fisher exact test when appropriate for
categorical variables, and with the Wilcoxon rank-sum test for continuous
variables. We constructed a multivariate logistic regression model with
stepwise selection variables to identify risk factors for lung disease. The
variables having a p value < 0.20 in univariate analysis and those that were
clinically relevant [i.e., presence of Sjogren’s syndrome, tobacco smoking,
use of methotrexate and anti-tumor necrosis factor-o. (TNF-o), and disease
duration] were included in the multivariate models. SAS 9.1 software (SAS
Inc., Cary, NC, USA) was used for all statistical analyses.

RESULTS

RA population. Among the 252 RA patients studied, 23.4%
had a lung disease established clinically and confirmed by
HRCT. The lung disease pattern was heterogeneous, includ-
ing interstitial lung disease (ILD; 38.9%), bronchiectasis
(33.8%), and nodules (32.2%). All the characteristics of
patients with RA are summarized in Table 1.

Univariate analysis. An increased frequency of anti-CCP2
positivity was observed in the subset of patients with RA
with lung disease compared to the patients without lung dis-
ease: 96.6% versus 86.0%, respectively (p = 0.0256). In
agreement with our hypothesis, the median level of
anti-CCP2 was found to be strongly increased in the indi-
viduals with lung disease compared to those without lung
disease: 2157 U (range 1207-3320 U) versus 176 U (range
57-1103 U), respectively (p < 0.0001; Table 1). This associ-
ation was not restricted to a specific lung disease pattern and
remained after exclusion of individuals having lung nodules
(p = 0.0008; data not shown).

Similarly, both the frequency of RF positivity and levels
of RF were increased in the RA group with lung disease

(Table 1). Male gender was found to be associated with the
co-occurrence of lung disease in our RA population: 44.1%
of patients with lung disease were male compared to 24.4%
of individuals with RA without lung disease (p = 0.0035;
Table 1). No association was detected between levels of
anti-CCP2 and tobacco smoking, presence of Sjogren’s syn-
drome, methotrexate and anti-TNF-o therapy, and RA dis-
ease duration, regardless of the pattern of lung disease that
was investigated.

Multivariate analysis. Multivariate analysis with stepwise
logistic regression identified both male gender (OR 3.29,95%
CI 1.59-6.80, p = 0.0013) and increased level of anti-CCP2
(OR 149, 95% CI 1.25-1.78, for a 1000 U/ml increase of
anti-CCP2; p < 0.0001) as independent risk factors for
lung disease in our RA population (Table 2, Figure 1).

DISCUSSION

This cross-sectional study demonstrated that anti-CCP level
and male gender are independent predictive factors of active
lung disease in patients with RA. An advantage of our
methodological approach is the avoidance of confounding
factors such as the co-occurrence of Sjogren’s syndrome,
tobacco smoking, and methotrexate or anti-TNF-o. therapy,
which are well known risk factors for ILD®. We found that
23.4% of the RA patients had a symptomatic lung disease
with an abnormal HRCT scan. This prevalence is in good
agreement with the estimated frequency of RA-related lung
disease’®. Nonetheless, the “true” prevalence of lung
disease during RA would not be identified, as most of the
lung disease detected by a systematic HRCT scan is
asymptomatic®.

We identified male gender as an independent risk factor
for RA-related lung disease, consistent with previous find-
ings®1%. Regarding anti-CCP2 positivity and RA-related
lung disease, the conflicting results could be explained by a

Table 1. Characteristics and comparison of RA subgroups with and without lung disease detected by high resolution computed tomography.

RA, RA without Lung Disease, RA with Lung Disease, p

Variable n=252 n=193 n=>59

Male, % 29.0 244 44.1 0.0035
Median disease duration, yrs (IQR) 8 (3-16) 8 (3-18.5) 9 (4-16) 0.93
Bone erosion, % 68.1 66.3 72.8 0.87
RF-positive, % 723 69.6 82.0 0.08
Median RF levels, Ul/ml (IQR) 68 (0-238) 64 (0-221) 123 (32-402) 0.0476
Anti-CCP2-positive. % 88.5 86.0 96.6 0.0256
Median anti-CCP2 levels, U/ml (IQR) 231 (84-1978) 176 (57-1103) 2157 (1206-3320) < 0.0001
Cigarette smoking, ever, % 335 339 33.2% 0.81
Median tobacco smoking, pack-yrs (IQR) 0 (0-2) 0 (0-2) 0 (0-15) 0.87
Sjogren’s syndrome, % 25.0 23.8 28.8 0.44
Methotrexate use, % 60.0 62.2 542 0.27
TNF-a inhibitor use, % 310 30.1 339 0.58

“Chi-square test or Fisher exact test when appropriate for categorical variables; Wilcoxon rank-sum test for continuous variables. T Regarding the following
lung disease patterns, nodules, bronchiectasis, and interstitial lung disease: 26.3%, 66.7%, and 43.7%, respectively, were smokers. Anti-CCP2: anti-cyclic cit-
rullinated protein/peptide 2 antibodies: TNF-ou: tumor necrosis factor-o; IQR: interquartile range.
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Table 2. Factors independently associated with the presence of pulmonary
disease with RA in multivariate analyses. Multivariate logistic regression
analysis adjusted for the presence of Sjogren’s syndrome, tobacco smoking,
use of methotrexate, and the disease duration.

Variable p OR (95% CI)

Anti-CCP2 levels (for a 1000 U/ml increase) < 0.0001 1.49 (1.25-1.78)
Gender

Female — 1 (ref)
Male 0.0013  3.29 (1.59-6.80)
Tobacco smoking
Never — 1 (ref)
Ever 0.83 0.93 (0.43-1.96)
Sjogren’s syndrome
No — 1 (ref)
Yes 0.71 1.16 (0.53-2.55)
Methotrexate intake
No — 1 (ref)
Yes 0.09  0.55(0.27-1.11)
Disease duration (for a 1-year duration) 0.68 1.01 (0.97-1.05)
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Figure 1. The intensity of anti-CCP2 production is associated with the
co-occurrence of lung disease with RA. A comparison of anti-CCP2 levels
(U/ml) between RA patients with lung disease (n = 59) and without lung
disease (n = 193). Anti-CCP2 production was independently associated
with the co-occurrence of lung disease: OR = 1.49 for a 1000 U/ml
increase (95% CI 1.25-1.78); p < 0.0001.

restricted qualitative analysis!!"!2, whereas our study

focused on quantitative analysis, and it corroborates a previ-
ously reported correlation between high serum anti-CCP2
and lung disease'3. These findings suggest that mucosal sur-
faces such as the lung may be involved in triggering anti-cit-
rulline immunity. Interestingly, local ACPA production has

been observed in inductible bronchus-associated lymphoid
tissue (iBALT) of RA patients'#; and exposure to cigarette
smoke was previously linked to induction of iBALT!3, sup-
porting the link between ACPA production and RA-related
lung disease.

Identification of markers of RA-related lung disease
could be relevant. Indeed, the contribution of ILD to mor-

tality in patients with RA was found to be similar to that of

cardiovascular disease’.

Our study identified both an increase of anti-CCP2 pro-
duction and male gender as independent risk factors for
co-occurrence of lung disease in RA. A prospective study
focusing on ILD with systematic chest HCRT scans would
be required to assess the link between RA-related ILD and
the production of ACPA.

REFERENCES

1. Klareskog L, Ronnelid J, Lundberg K, Padyukov L, Alfredsson L.
Immunity to citrullinated proteins in rheumatoid arthritis. Annu Rev
Immunol 2008;26:651-75.

2. Verpoort KN, Jol-van der Zijde CM, Papendrecht-van der Voort
EA, lIoan-Facsinay A, Drijfthout JW, van Tol MJ, et al. Isotype
distribution of anti-cyclic citrullinated peptide antibodies in
undifferentiated arthritis and rheumatoid arthritis reflects an
ongoing immune response. Arthritis Rheum 2006;54:3799-808.

3. Klareskog L, Stolt P, Lundberg K, Kallberg H, Bengtsson C,
Grunewald J, et al. A new model for an etiology of rheumatoid
arthritis: smoking may trigger HLA-DR (shared epitope)-restricted
immune reactions to autoantigens modified by citrullination.
Arthritis Rheum 2006;54:38-46.

4. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988:31:315-24.

5. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander
EL, Carsons SE, et al. Classification criteria for Sjogren’s
syndrome: a revised version of the European criteria proposed by
the American-European Consensus Group. Ann Rheum Dis
2002;61:554-8.

6. Nannini C, Ryu JH, Matteson EL. Lung disease in rheumatoid
arthritis. Curr Opin Rheumatol 2008;20:340-6.

7. Tanaka N, Kim JS, Newell JD, Brown KK, Cool CD, Meehan R, et
al. Rheumatoid arthritis-related lung diseases: CT findings.
Radiology 2004;232:81-91.

8. Turesson C, O’Fallon WM, Crowson CS, Gabriel SE, Matteson EL.
Extra-articular disease manifestations in rheumatoid arthritis:
incidence trends and risk factors over 46 years. Ann Rheum Dis
2003;62:722-7.

9. Bongartz T, Nannini C, Medina-Velasquez YF, Achenbach SJ,
Crowson CS, Ryu JH, et al. Incidence and mortality of interstitial
lung disease in rheumatoid arthritis: a population-based study.
Arthritis Rheum 2010;62:1583-91.

10. Saag KG, Kolluri S, Koehnke RK, Georgou TA, Rachow JW,
Hunninghake GW, et al. Rheumatoid arthritis lung disease.
Determinants of radiographic and physiologic abnormalities.
Arthritis Rheum 1996;39:1711-9.

11. Korkmaz C, Us T, Kasifoglu T, Akgun Y. Anti-cyclic citrullinated
peptide (CCP) antibodies in patients with long-standing rheumatoid
arthritis and their relationship with extra-articular manifestations.
Clin Biochem 2006;39:961-5.

12. Inui N, Enomoto N, Suda T, Kageyama Y, Watanabe H, Chida K.
Anti-cyclic citrullinated peptide antibodies in lung diseases

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved. |—

Aubart, et al: ACPA and RA pulmonary disease

981

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

associated with rheumatoid arthritis. Clin Biochem 2008;41:1074-7. (iBALT) in patients with pulmonary complications of rheumatoid

13. Alexiou I, Germenis A, Koutroumpas A, Kontogianni A, arthritis. J Clin Invest 2006;116:3183-94.
Theodoridou K, Sakkas LI. Anti-cyclic citrullinated peptide-2 15. Richmond I, Pritchard GE, Ashcroft T, Avery A, Corris PA, Walters
(CCP2) autoantibodies and extra-articular manifestations in Greek EH. Bronchus associated lymphoid tissue (BALT) in human lung:
patients with rheumatoid arthritis. Clin Rheumatol 2008;27:511-3. its distribution in smokers and non-smokers. Thorax 1993:48:

14. Rangel-Moreno J, Hartson L, Navarro C, Gaxiola M, Selman M, 1130-4.

Randall TD. Inducible bronchus-associated lymphoid tissue

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved. |—
982 The Journal of Rheumatology 2011; 38:6; doi:10.3899/jrheum.101261

Downloaded on April 9, 2024 from www.jrheum.org


http://www.jrheum.org/

