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Secretory anti-citrullinated protein antibodies in
serum associate with lung involvement in early
rheumatoid arthritis
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Abstract

Objective. A ‘mucosal connection’ in RA presently attracts increasing attention. We recently described the occurrence
of secretory antibodies to citrullinated protein (SC-ACPA) in sera from patients with recent-onset RA. The current study
was performed to evaluate possible associations between serum levels of secretory ACPA and signs of lung involvement
in patients with early, untreated RA.

Methods. One hundred and forty-two RA patients were included as part of the ‘LUng Investigation in newly diagnosed
RA’ study. One hundred and six patients were examined with high-resolution CT (HRCT) and 20 patients underwent
bronchoscopy, where bronchial biopsies and bronchoalveolar lavage fluid (BALF) samples were obtained. SC-ACPA in
serum and BALF were detected by an enzyme-linked immunoassay. Antibody levels were related to smoking history,
pulmonary function, HRCT, BALF cell counts and findings in bronchial biopsies.

Results. SC-ACPA occurred in 16% of the serum samples and in 35% of the BALF samples. SC-ACPA levels in serum
correlated with SC-ACPA levels in BALF (c = 0.50, P = 0.027) and were higher among patients with HRCT parenchymal
lung abnormalities (P = 0.022) or bronchiectasis (P = 0.042). Also, ever smoking was more frequent among serum SC-
ACPA-positive patients (91% vs 67%, P = 0.023), and the SC-ACPA levels correlated with the number of pack-years
(0=0.20, P = 0.020).

Conclusion. In early, untreated RA, serum levels of SC-ACPA reflect lung involvement in terms of local ACPA levels,
smoking and lung abnormalities on HRCT. These findings strengthen the link between mucosal ACPA responses and the
lungs in RA.

Key words: rheumatoid arthritis (RA), anti-cyclic citrullinated peptide antibodies (ACPA), mucosal immunity,
secretory antibodies

Rheumatology key messages

o Secretory ACPA was detected in 35% of RA bronchoalveolar lavage fluid samples.
o Secretory ACPA levels in serum associated with radiographic lung abnormalities and smoking.
o These findings strengthen the link between smoking, mucosal ACPAs and the lungs in RA.

Introduction
RA development [1] implies extra-articular locations

Understanding the initiating and triggering steps of RA is
crucial for the elaboration of future prevention strategies
during the preclinical stages of the disease. The pres-
ence of anti-citrullinated peptide/protein antibodies
(ACPA) many years before onset of joint symptoms in
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rather than synovial joints as initial sites of immunization
in RA. In recent years, mucosal surfaces have emerged
as possible sites for early ‘immunologic hits’ in RA de-
velopment, particularly in the subgroup of patients with
ACPA [2].
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Secretory ACPA and lung involvement in early RA

Antibody production at mucosal surfaces mainly in-
volves secretory IgA (SIgA) produced by submucosal
plasma cells. SIgA is a dimeric form of IgA which becomes
attached to ‘secretory component’ (SC), during the active
process of trans-epithelial antibody transport to the
mucosae. Following release into the luminal compart-
ment, SC stabilizes the antibody and protects it from en-
zymatic degradation [3]. Although SIgA is mainly found in
external secretions (e.g. tears, saliva, respiratory lining
fluid and gastrointestinal fluid), small amounts can also
be detected in human serum [4], including antigen-spe-
cific SIgA following mucosal immunization [5]. In addition
to IgA, SC may also attach to IgM antibodies, forming
secretory IgM. We previously reported the presence of
circulating secretory ACPA in RA patients, with a preva-
lence of 17% in recent-onset disease [6]. Recently, it was
reported that circulating secretory ACPA is mainly of IgM
class [7]. Thus, we onwards use the term secretory anti-
bodies to citrullinated protein (SC-ACPA) to describe SC-
containing ACPAs, regardless of isotype and site from
which the sample was obtained. Circulating secretory
autoantibodies may also be found in other rheumatic dis-
eases; for instance, in ANCA- associated vasculitis, where
circulating secretory anti-proteinase 3 (PR3) antibodies
were detected in 36% of the patients [8].

Mucosal immunization to citrullinated proteins in RA pa-
tients has been demonstrated not only by the presence of
circulating secretory ACPA, but also by ACPA occurrence
in saliva [9], sputum [10], bronchoalveolar lavage fluid
(BALF) [11] and faeces [12]. Kinslow et al. found increased
proportions of circulating IgA plasmablasts among sero-
positive individuals without apparent joint disease, sug-
gesting that mucosal immune processes are of
importance in early stages of disease development [13].
However, the contribution of each mucosal compartment
in the initiation and/or propagation of systemic ACPA re-
sponses and RA development remains incompletely
understood. A number of observations suggest that the
mucosal surfaces of the lungs are of particular importance
in ACPA- and RA development. The most well-known fact
is the epidemiological link between airway irritants (e.g.
smoking and silica dust) and ACPA-positive RA [14, 15].
In fact, smoking appears to associate predominately with
IgA class ACPA [16]. Another interesting finding in RA is
the increased prevalence of inducible bronchus-asso-
ciated lymphoid tissue containing autoantibody producing
plasma cells [17]. Furthermore, identical autoantigens,
derived from citrullinated vimentin, were recently identified
in bronchial and synovial biopsies from RA patients [18],
and lung abnormalities visible on high-resolution CT
(HRCT) were found to be overrepresented among sero-
positive individuals, regardless of arthritis and smoking
status [11, 19].

Serum analysis of secretory autoantibodies may pro-
vide a feasible option to study mucosal immunity in auto-
immune diseases. This study aimed to relate SC-ACPA
levels in serum to SC-ACPA levels in BALF, and to signs
of lung involvement in a cohort of well-characterized pa-
tients with early, untreated RA.

https://academic.oup.com/rheumatology

Methods

Patients and controls

Patients referred from primary care centres because
of self-reported joint problems (symptom duration
2-16 months), were asked to participate in the LUng in-
vestigation in newly diagnosed RA study at Karolinska
University Hospital in Stockholm. The study protocol
was approved by the ethics review board in Stockholm,
and all patients and controls gave their written consent to
participation. The patients had not been treated with
glucocorticoids, conventional DMARDs or biologic
drugs. The cohort has been described in detail previously
[11]. Out of 142 eligible patients, 106 patients underwent
HRCT, pulmonary function test and measurement of dif-
fusion capacity for carbon monoxide (DLso). BALF sam-
ples and bronchial biopsies were obtained from 20
patients, of which 16 (80%) were ever smokers, and 16
(80%) tested positive for IgG-ACPA in serum. The control
group to the BALF ACPA analysis comprised 10 patients
with sarcoidosis and three healthy controls described pre-
viously [20]. Among the BALF controls, eight (62%) were
ever smokers and none tested positive for IgG-ACPA in
serum (Table 1).

High-resolution computed tomography

Within one week after diagnosis, HRCT was performed
using a Siemens Sensation CT with 0.625 mm collimator,
0.5s rotation time and pitch 1.120kV at both full inspir-
ation and expiration. An experienced thoracic radiologist
and a pulmonologist reviewed all images in random order,
blinded to identity and medical history. Inter observer
error was assessed and diverging interpretations were
solved thorough consensus. Findings on HRCT were
categorized binomial as parenchymal abnormalities (nod-
ules larger than 3 mm, ground-glass opacities, opacities,
fibrosis and emphysema) and airway abnormalities (bron-
chiectasis, air trapping and bronchial wall thickening).
Criteria included in the International Classification of
HRCT for occupational and environmental respiratory dis-
eases were used to define HRCT abnormalities [21].

BALF and biopsy retrieval

Sampling procedures have been described in detail
previously [11, 22]. In brief, bronchial mucosal biopsy spe-
cimens were taken from the left lung’s segmental and
sub-segmental septa, whereas BALF was obtained by in-
stillation of five portions of 50 ml of PBS in a middle lobe
bronchus. All of the BALF was immediately, gently suc-
tioned back, pooled and no BALF was discarded. Biopsy
material and BALF were frozen at -80°C until analysis.
Total number of BALF cells were counted, cell differen-
tials were scored on cytospins stained with May Grunwald
Giemsa as previously described [22]. Biopsy specimens
were stained with haematoxylin and eosin (H&E) stain
for standard histology and biopsies from RA patients
were also evaluated by immunohistochemistry regarding
activation-induced cytidine deaminase, T cells (CD3), B
cells (CD19), dendritic cells, plasma cells (CD138),
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TasLE 1 Baseline characteristics of study participants

All patients Patients with available BALF controls

Baseline characteristics BALF (n=20) ((ERE)]
Women, n (%) 94/142 (66 8/20 (40) 6/13 (46)
Age (mean years, range) 55.0 (20-84) 56.0 (28-76) 41.2 (28-63)
RF positive, n (%) 98/141 (70 16/20 (80) —
Serum SC-ACPA positive, n (%) 23/142 (16 6/20 (30) -
Serum IgA-ACPA positive, n (%) 58/142 (41 13/20 (65) -
Serum IgG-ACPA positive, n (%) 94/142 ( 16/20 (80) 0/13 (0)
BALF SC-ACPA positive, n (%) 7/20 (3 7/20 (35) 0/13 (0)
Ever smoker, n (%) 101/142 (7 16/20 (80) 8/13 (62)
Current smoker, n (%) 42/142 (3 9/20 (45) -
Airway abnormality on HRCT, n (%) 68/106 (6 9/19 (47) -
Parenchymal abnormality on HRCT, n (%) 58/106 (5 12/19 (63) -

ACPA: anti-citrullinated peptide antibodies; BALF: bronchoalveolar lavage fluid; HRCT: high-resolution CT; SC: secretory

component.

macrophages (CD68), peptidyl arginine deaminases (PAD)
2 and 4, as well as immune cell activation markers (HLA-
DR and HLA-DQ). Immunohistochemistry was evaluated
on a four-point scale by blinded semi-quantitative evalu-
ation, where 0 represents absence of staining, 1 low
amount of staining, 2 intermediate amount of staining
and 3 represents a high amount of specific staining.
Results are reported as the median value of two inde-
pendent observations.

Antibody analyses

SC-ACPA in serum and BALF were analysed using a
modified second generation anti-cyclic citrullinated
peptide (CCP2) as antigen (Immunoscan CCPlus,
EuroDiagnostica, Malmo, Sweden) [6]. Serum samples
were diluted 1 : 25 in kit buffer, whereas BALF samples
were analysed undiluted. The detection antibody was a
horseradish peroxidase-conjugated polyclonal goat anti-
body directed to human secretory component (GAHuU/SC/
PO, Nordic BioSite, Sweden) diluted in kit buffer, 1 : 2000
for serum and 1 : 500 for BALF. Incubation and washing
were performed according to instructions by the manufac-
turer. A standard curve was obtained from a serum with a
high level of SC-ACPA diluted in a series from
1:12.5-1:800. Absorbance was read by spectrophotom-
etry at 450 nm (TECAN Sunrise, software: Magellan V7.1;
Tecan Nordic AB, MéIndal, Sweden) and optical densities
were recalculated into arbitrary units (AU) by relating to
the standard curve. All samples were analysed in dupli-
cate and presented as mean values. Inter-assay coeffi-
cient of variation was 8% and intra-assay coefficient of
variation was 5%. IgA-ACPA was analysed by a fluoro-
enzyme immunoassay with CCP2 as antigen on a
PhaDia 250 instrument (EliA, ThermoFisher AB, Uppsala,
Sweden) [16]. IgG-ACPA was analysed with a commercial
anti-cyclic citrullinated peptide 2 (anti-CCP2) kit
(Immunoscan CCPlus, EuroDiagnostica, Malmo, Sweden).

Cut-off limits for serum SC- and IgA-ACPA were set to
the 99th percentile of 101 blood donors (SC-ACPA
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153 AU/ml and IgA-ACPA 2 ug/l) as previously described
[6, 16]. The cut-off limit for BALF SC-ACPA was set to
138 AU/ml, based on three standard deviations among
the 13 control BALF samples.

Statistics

Mann-Whitney U test was used to compare SC-ACPA-
positive and negative patients regarding levels of other
antibody isotypes, inflammation markers, immunohisto-
chemistry scores, BALF cell counts, pulmonary function
test results, HRCT findings and cigarette pack years.
Categorical data were tested by Fisher’s exact test.
Correlations to different ACPA isotypes and inflammatory
markers, as well as number of swollen/tender joints were
analysed by using Spearman’s correlation. Linear regres-
sion analysis was used to evaluate the association be-
tween SC-ACPA and number of pack years adjusted for
age. Multivariable logistic regression analysis was per-
formed to evaluate associations between lung changes
visible on HRCT and SC-ACPA adjusted for age, sex
and smoking status. Logarithmic values of SC-ACPA
were used in the regression analysis. Two-sided P-
values <0.05 were considered statistically significant.
Statistical analyses were performed with SPSS v.23.

Results

ACPA isotypes in serum and BALF

Baseline characteristics are shown in Table 1. SC-ACPA
tests were positive in 23 of 142 serum samples (16%), 58
(41%) tested positive for IgA-ACPA, and 94 (66%) for IgG-
ACPA. All patients positive for serum SC-ACPA also had
positive serum IgG-ACPA tests, while serum IgA-ACPA
co-occurred in 91%. The BALF SC-ACPA test was posi-
tive in 7 out of 20 patients (35%). Among these, four pa-
tients (57%) also tested positive for serum SC-ACPA, and
all tested positive regarding serum IgA- and IgG-ACPA.
As shown in Table 2, BALF SC-ACPA levels were sig-
nificantly correlated to IgA-ACPA and IgG-ACPA in both

https://academic.oup.com/rheumatology
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TaBLE 2 Spearman’s correlation coefficients (o) between antibody levels and disease activity measures

BALF SC-ACPA (n=20)

Serum SC-ACPA (n=142)
Correlations

p-value

Serum SC-ACPA 0.50 0.027 — -
Serum IgA-ACPA 0.75 <0.001 0.70 <0.001
Serum IgG-ACPA 0.55 0.012 0.78 <0.001
BALF SC-ACPA - - 0.50 0.027
BALF IgA-ACPA 0.85 <0.001 0.67 0.003
BALF IgG-ACPA 0.70 0.001 0.73 0.001
ESR 0.01 n.s. 0.17 0.047
CRP 0.45 0.047 0.12 n.s.
SJC 0.10 n.s. -0.11 n.s.
TJC -0.10 n.s. -0.06 n.s.
DAS28 -0.09 n.s. 0.07 n.s.

ACPA: anti-citrullinated peptide antibodies; BALF: bronchoalveolar lavage fluid; DAS28: 28-joint disease activity score;
n.s.: not significant; SC: secretory component; SJC: swollen joint count; TJC: tender joint count.

BALF and serum. Serum SC-ACPA correlated significantly
with ACPA levels in serum and BALF regarding all tested
ACPA isotypes (Table 2).

SC-ACPA and disease activity

BALF SC-ACPA correlated significantly with CRP (6=0.45,
P = 0.047) but not with any other marker of disease activ-
ity. Serum levels of SC-ACPA correlated significantly with
ESR (6=0.17, P = 0.047), but not with any other marker of
disease activity (Table 2). BALF SC-ACPA-positive pa-
tients had significantly higher levels of CRP (median 14
vs 4.0mg/l, P = 0.034) at inclusion in the cohort.

SC-ACPA and smoking

In the whole RA cohort, 101 (71%) participants were ever
smokers and 42 (30%) were current smokers. The corres-
ponding numbers in the subgroup of patients undergoing
bronchoscopy and BALF sampling (n=20) were 16 (80%)
and 9 (45%) respectively. Ever smoking was more fre-
quent among serum SC-ACPA-positive patients (91% vs
67%, P = 0.023) (Fig. 1a), which was also reflected by a
greater number of cigarette pack-years among serum SC-
ACPA-positive patients compared with serum SC-ACPA-
negative patients (median 16 vs 7.8 pack-years, P =
0.035). Serum levels of SC-ACPA correlated significantly
with the number of pack-years (c=0.20, P = 0.02) and
remained associated after adjustment for age (P = 0.03).
Levels of SC- and IgA-ACPA in serum were higher among
ever smokers compared with never smokers (median 20
vs 7.9 AU/ml, P =0.015; and 1.6 vs 0.8 pg/l, P = 0.034), but
not for IgG-ACPA (P = 0.44) (Fig. 1b). The same results
were seen regarding current smokers, who had higher
levels of SC- and IgA-ACPA in serum compared with
former smokers (median 53 vs 7.9 AU/ml, P = 0.002 and
median 2.7 vs 1.1 png/l, P = 0.002). Levels or status regard-
ing SC-ACPA in BALF did not significantly differ according
to smoking status (median level 110 vs 26 AU/ml, P = 0.24;

https://academic.oup.com/rheumatology

proportion ever smokers in BALF SC-ACPA positive 86%
vs negative 77%, P = 1).

SC-ACPA in relation to lung function, histology and
radiographic appearance

Airway abnormalities were detected in 68 of 106 pa-
tients (64%) and parenchymal abnormalities in 58 of 106
(55%). Distribution of airway and parenchymal abnormal-
ities according to serum SC-ACPA and IgA-ACPA
positivity is given in Supplementary Table S1, available
at Rheumatology online. No significant association be-
tween antibody status and HRCT abnormalities were
observed (Supplementary Table S1, available at
Rheumatology online.). However, serum levels of SC-
ACPA were significantly higher among patients with any
parenchymal HRCT abnormality compared with those
without (median 35 vs 7.9AU/ml, P = 0.022) (Fig. 2a).
This remained significant also after adjustments for age,
sex and smoking (odds ratio (OR) 1.4, 95% CI 1.03-1.93,
P = 0.034). No statistically significant differences were
observed when individual parenchymal abnormalities
were analysed separately (emphysema P = 0.11, fibrosis
P = 0.19, ground-glass opacities P = 0.65, opacities P =
0.16 and nodules >3 mm P = 0.67; Fig. 2a). Similar to SC-
ACPA, serum IgA-ACPA levels were raised among pa-
tients with any parenchymal abnormalities (median 1.9
vs 1.0ug/l, P = 0.04), while no significant difference was
seen regarding IgG-ACPA (P = 0.088). Patients with bron-
chiectasis on HRCT had higher levels of SC-ACPA in
serum compared with those without bronchiectasis
(median 44 vs 7.9 AU/ml, P = 0.042), while no significant
difference was detected regarding IgA- or IgG-ACPA
levels. The association between SC-ACPA and bronchiec-
tasis remained significant after adjustment for age, sex
and smoking (OR 1.6, 95% CI 1.06-2.39, P = 0.026). No
significant difference was observed regarding presence of
wall thickening (P = 0.45), air trapping (P = 0.62), or airway
abnormalities grouped together (P = 0.15) (Fig. 2b). BALF
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Levels of serum secretory component-containing anti-citrullinated protein antibodies (SC-ACPA) in relation to paren-
chymal (a) and airway (b) findings on HRCT, and levels of BALF SC-ACPA in relation to parenchymal (c) and airway (d)
HRCT findings. *=P < 0.05. HRCT: high-resolution CT; BALF: bronchoalveolar lavage fluid.

SC-ACPA was not significantly associated with HRCT carbon monoxide diffusing capacity (DLco) (77% vs 79%,
abnormalities (Fig. 2c and d). P = 0.14), forced expiratory volume in 1s (FEV4) (97% vs

Comparing serum SC-ACPA negative and positive pa- 100%, P = 0.39), or FEV,/forced vital capacity (FEV+/FVC)
tients did not reveal any significant differences regarding (76% vs 73%, P = 0.065). No significant differences in
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pulmonary function tests were found regarding BALF SC-
ACPA or serum IgA-ACPA (data not shown).

BALF cell concentrations, both relative and quantitative,
of macrophages, lymphocytes, neutrophils, eosinophils
and basophils, did not significantly differ according to
serum or BALF SC-ACPA or serum IgA-ACPA status
(Supplementary Table S2, available at Rheumatology
online.).

In bronchial mucosal biopsies, patients with SC-ACPA
in BALF had higher expression of immune activation
marker HLA-DQ compared with patients testing negative
(median 3.0 (range 2-3) vs 1.5 (range 0-3), P = 0.021)
(Supplementary Fig. S1, available at Rheumatology
online). In contrast, patients with serum SC-ACPA had sig-
nificantly lower scores regarding PAD4 (median 1.0 (range
0-2) vs 2.0 (range 1-3), P = 0.033) and macrophages
(CD68) (median 0.0 (range 0-1) vs 1.0 (range 0-3), P =
0.022) compared with serum SC-ACPA-negative patients
(Supplementary Fig. S1, available at Rheumatology online).
The other markers did not show significant differences
(Supplementary Fig. S2, available at Rheumatology online).

Lymphocyte infiltrates were visible in 57% of the BALF
SC-ACPA-positive patients as compared with 38%
among BALF SC-ACPA-negative patients (P = 0.64).
Regarding serum SC-ACPA status, the corresponding
numbers were 33% vs 50% (P = 0.64).

Discussion

In this study of early untreated RA patients, we found that
levels of circulating secretory ACPA associated with
ACPA levels of all isotypes in BALF, with smoking and
lung parenchymal abnormalities and/or airway changes
on HRCT. Previous studies have shown that circulating
IgA- and SC-ACPA are both associated with smoking,
while IgG-ACPA is not [6, 16]. The current study extends
these previous findings by linking circulating IgA- and SC-
ACPAs not only to smoking, but also to mucosal IgA- and
SC-ACPA levels in the lungs, and to HRCT findings. Also,
the mere presence of SC-ACPA in BALF strengthens the
hypothesis of local ACPA production in the lungs, as se-
cretory antibodies assemble during active trans-epithelial
transport. The moderate correlation between serum and
BALF levels implies that circulating SC-ACPA may origin-
ate from other mucosal compartments as well, and the
oral cavity and gastrointestinal tract should be addressed
in this context. Although SC-ACPA in serum has the pos-
sible advantage of reflecting several mucosal surfaces in
one sample, the contribution of each mucosal compart-
ment needs to be elucidated.

The prevalence of SC-ACPA in serum in the present
study (16%) was very similar to previous findings [6].
The BALF SC-ACPA frequency (35%) is reported here
for the first time. It is higher in the BALF as compared
with serum, as expected [4], but lower compared with
serum IgG-ACPA (66%). This could be explained by pa-
tient-specific involvement of other mucosal sites than the
lungs and the mucosal imprinting fading away as systemic
autoimmunity and disease develop. Also, modest but sig-
nificant correlations between SC-ACPA and inflammatory

https://academic.oup.com/rheumatology

markers were replicated in the current study, revealing a
correlation between serum SC-ACPA and ESR, and
higher levels of CRP in BALF SC-ACPA-positive patients.
As swollen and tender joint counts do not correlate with
SC-ACPA, it remains a possibility that the positive correl-
ation between SC-ACPA and inflammatory markers in-
stead reflects mucosal inflammation and/or possibly an
attempt to down-regulate systemic inflammation.

Smoking is a well-known risk factor for developing RA,
and patients who continue to smoke after diagnosis have
a more active disease [23]. In this study, we found robust
associations between smoking, both in terms of status
and pack-years, and serum SC- and IgA-ACPA. The con-
nection between smoking and mucosa-related ACPAs
may have several explanations; for instance, by increased
local peptidyl arginine expression and citrullination [14,
24]. It is also conceivable that chronic irritation and non-
specific local inflammation induced by smoking could dis-
rupt the mucosal lining and thereby facilitate translocation
of secretory ACPA to the systemic circulation. Among pa-
tients with chronic obstructive pulmonary disease, more
citrullination was observed in lung tissue samples as com-
pared with non-chronic obstructive pulmonary disease
patients and, importantly, this was more related to inflam-
mation than to smoking [25, 26]. Thus, both cigarette
smoking and inflammatory states not caused by smoking
may initiate citrullination and ACPA formation in predis-
posed individuals.

Upon histological examination of bronchial biopsies, it
was previously reported that IgG-ACPA-positive RA pa-
tients had more lymphocyte infiltration compared with
ACPA-negative patients [22]. In the current study, i.e.
within the same patient cohort, we found that this was
not the case for patients testing positive for serum SC-
or IgA-ACPA. On the other hand, we found that patients
with SC-ACPA in BALF displayed increased expression of
HLA-DQ indicating a more pronounced local immune ac-
tivation. Rather surprisingly, serum SC-ACPA was asso-
ciated with lower macrophage content and PAD4
expression in bronchial biopsies. Macrophages are
potent PAD4 producers [27], and therefore, the lower ex-
pression of PAD4 could be related to the lower macro-
phage count. We could not detect any differences
regarding macrophage content in BALF.

We have previously reported an enrichment of HRCT
abnormalities in early RA as compared with age, sex
and smoking-matched controls that correlates with pres-
ence of IgG-ACPA [11]. In line with this, ACPA-positive
patients who do not experience any symptoms of joint
inflammation may have visible signs of bronchial wall
thickening, bronchiectasis, centrilobular opacities and air
trapping [19]. In the present study, patients with paren-
chymal abnormalities on HRCT had higher levels of serum
SC- and IgA-ACPA compared with patients with normal
HRCTs. Similar findings were made regarding bronchiec-
tasis. Perry and co-workers showed that in established
RA, bronchiectasis associated not only with a more
severe rheumatic disease, but also with higher levels of
IgG-ACPA and RF [28]. Also, interstitial lung disease in RA
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(RA-ILD) associated with higher ACPA levels and a
broader ACPA repertoire, compared with patients not suf-
fering from RA-ILD, while antibodies to non-citrullinated
proteins were similar [29]. Given these findings, we find
it less likely that the association between serum SC-ACPA
levels and HRCT abnormalities merely reflects an
increased ability for secretory antibodies to relocate
from the lung to the circulation among patients with
such pathological changes of the lung tissue. Instead, it
may indicate that mucosa-associated antibody formation
and development of structural lung changes may share
underlying pathological processes.

Strengths of the current study include the extensive pul-
monary characterization of patients, the short duration of
symptoms/disease, and the absence of interfering anti-
rheumatic therapy. A limitation is the rather small
number of RA patients with available biopsies and BALF
samples.

In conclusion, SC-ACPA can be detected in BALF and
correlates with ACPA levels in the circulation. SC-ACPA
levels in serum associate with cigarette smoking and par-
enchymal abnormalities and/or airway changes on HRCT.
Taken together, these findings strengthen the link be-
tween smoking, mucosal ACPA responses and lung in-
volvement in RA.
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