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rheumatoid arthritis (RA) and prognostic of poor outcome. Serum IgA anti-CCP occurs in a subset of 
IgG-positive cases and relates to still more aggressive disease. Mucosal IgA-class antibodies, however, 
are generally associated with anti-inflammatory actions and systemic tolerance induction. In the 
present study, unstimulated salivary samples from 63 patients with established RA and 20 healthy 
persons were analysed by enzyme-linked immunoassay for the presence of IgA anti-CCP antibodies. To 
ensure antigen specificity, IgA-reactivity with the corresponding uncitrullinated antigen, cyclic 
arginine peptide (CAP), was analysed and anti-CCP/anti-CAP ratios calculated. Retrospective data 
regarding disease activity and radiological outcome were achieved via medical records. Salivary IgA 
anti-CCP was found in 14/63 (22%) patients and one (5%) control (positive test = anti-CCP/anti-CAP 
ratio >1.5). Salivary IgA reactivity was dose-dependently inhibited by pre-incubation with soluble CCP 
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ABSTRACT 

 

Circulating IgG anti-cyclic citrullinated peptide antibodies (CCP) are highly specific for 

rheumatoid arthritis (RA) and prognostic of poor outcome. Serum IgA anti-CCP 

occurs in a subset of IgG-positive cases and relates to still more aggressive disease. 

Mucosal IgA-class antibodies, however, are generally associated with anti-

inflammatory actions and systemic tolerance induction. In the present study, 

unstimulated salivary samples from 63 patients with established RA and 20 healthy 

persons were analysed by enzyme-linked immunoassay for the presence of IgA anti-

CCP antibodies. To ensure antigen specificity, IgA-reactivity with the corresponding 

uncitrullinated antigen, cyclic arginine peptide (CAP), was analysed and anti-

CCP/anti-CAP ratios calculated. Retrospective data regarding disease activity and 

radiological outcome were achieved via medical records. Salivary IgA anti-CCP was 

found in 14/63 (22%) patients and one (5%) control (positive test = anti-CCP/anti-

CAP ratio >1.5). Salivary IgA reactivity was dose-dependently inhibited by pre-

incubation with soluble CCP to a degree strongly correlating with anti-CCP/anti-CAP 

ratio. In salivary IgA anti-CCP positive patients, joint erosions within 6 years of 

diagnosis was significantly lower (p=0.043), and at the time for diagnosis there was a 

trend towards lower erythrocyte sedimentation rate (p=0.071) and C-reactive protein 

(p=0.085). Contrasting to circulating IgG and IgA anti-CCP, our results imply that 

salivary IgA antibodies may be associated with a less severe outcome of RA. 

Hypothetically, this relates to an anti-inflammatory and protective immunomodulating 

role of secretory IgA-class autoantibodies against citrullinated antigens presented at 

mucosal surfaces. 
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INTRODUCTION 

The presence of circulating IgG class antibodies to citrullinated peptides (IgG-ACPA) 

is highly specific for rheumatoid arthritis (RA) and is associated with a more severe 

disease course and outcome (Forslind et al. 2004; Kastbom et al. 2004; van Gaalen 

et al. 2004; Huizinga et al. 2005; van der Woude et al. 2010). Thus, testing for IgG-

ACPA has rapidly become routine in clinical investigation of patients with early 

arthritis. So far, the best documented ACPA test for clinical routine is IgG antibodies 

against the ‘second generation’ of cyclic citrullinated peptides (CCP). In a subset of 

IgG-ACPA positive patients circulating IgA-ACPA have been described, but the low 

sensitivity limits its diagnostic value (Verpoort et al. 2006; Verpoort et al. 2007; Svärd 

et al. 2008; Svärd et al. 2010). The prognostic value of serum IgA-ACPA has not 

been firmly established, but similar to rheumatoid factor (RF) of IgA-class (Houssien 

et al. 1997; Lindqvist et al. 2005; Berglin et al. 2006), a more severe disease has 

been described in IgA-ACPA positive patients (Verpoort et al. 2006; Verpoort et al. 

2007; Svärd et al. 2008; Svärd et al. 2010).  

 

Contrasting to IgG-class antibodies, secretory IgA (sIgA) antibodies are non-

opsonising, non-complement activating and resistant to proteolytic degradation 

(Mestecky et al. 2007; Brandtzaeg 2010). At mucosal surfaces, sIgA antibodies 

thereby play an important role for immune exclusion, i.e. an anti-inflammatory 

process whereby sIgA-complexing of antigens, prevents their entry across the 

mucous membrane and promotes their silent excretion from the body (Stokes et al. 

1975). T-cell dependent B cells (B2 cells) are responsible for high-affinity sIgA 

antibody production leading to immune exclusion of pathogenic microbes and soluble 

potentially harmful antigens. Animal studies also implicate that CD5+ B1 cells in the 
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gut can produce T-cell independent sIgA antibodies, which are non-excluding and of 

low affinity. Such ‘natural’ sIgA antibodies are believed to be of importance for 

symbiosis with commensal bacteria on mucous membranes in mouse and most likely 

also in man (Brandtzaeg 2010; Suzuki et al. 2010; Baumgarth 2011; Cerutti et al. 

2011). Although transfer of macromolecular antigen across the gut to the systemic 

circulation is exceedingly small even in the absence of mucosal antibodies (Skogh 

1982), passage of small antigenic degradation fragments may well occur, but also 

this is efficiently prevented by sIgA antibodies (Skogh et al. 1983). Even in the case 

of antigen penetrance of mucous membranes, sIgA may act anti-inflammatory, e.g. 

by preventing complement activation. Secretory IgA-antibody responses at mucosal 

surfaces are stimulated by transforming growth factor beta and take part in a Th3 

type regulatory T-cell mediated immune response, promoting systemic tolerance in 

parallel with the mucosal anti-inflammatory antigen-targeting response (Weiner et al. 

2011). It has long been known that such mucosal immunisation may induce systemic 

tolerance against delayed type of hypersensitivity reactions, whereas already 

established T-cell mediated inflammation is difficult to deviate by mucosal antigen 

challenge (Chase 1946; Mestecky et al. 2007). Mucosal immunisation to induce 

systemic tolerance and thereby prevent development of autoimmune diseases has 

been successfully demonstrated in several experimental animal models, including 

collagen-II (CII) induced arthritis (CIA).  

 

This study was performed to determine if IgA-ACPA occurs in saliva of patients with 

an established clinical diagnosis of RA as a reflection of mucosal immunisation and, if 

so, to relate salivary IgA-ACPA to disease activity at the time for diagnosis and to 

erosive joint disease at follow-up. 
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MATERIALS AND METHODS 

Patients  

In conjunction with planned visits to the rheumatology outpatient clinic in Falun, 

patients with a clinical diagnosis of RA were asked to participate in the study. 63 

patients were enrolled during 2009 and 2010; 43 women and 20 men (median 

age=64, range 30-84 years). Fulfilment of the 1987 ACR and/or 2010 Euro-American 

classification criteria (Arnett et al. 1988; Aletaha et al. 2010) was assessed from data 

registered in the medical records; Among the 49 patients where such data were 

available, 96% of the cases could be classified as having RA; 80% according to 

ACR-87 and further 16 % according the 2010 criteria). Two of the 49 patients (4 %) 

did not fulfil any of the above mentioned criteria. For the remaining 14 patients 

included in the study, the RA diagnosis had been made before 1990 or the patients 

had moved to the Falun region with an RA diagnosis established elsewhere, and 

sufficient data was lacking to allow classification according to the RA classification 

criteria. With no exception, however, the clinical diagnosis of RA had been settled by 

an experienced rheumatologist. The majority of the cases (83%) were selected on 

the basis of a previous positive serum test for IgG anti-CCP, as we presumed that 

this would enhance the chance of finding salivary IgA anti-CCP ACPA. The patient 

characteristics at inclusion are summarised in Table 1. 

 

Healthy controls were recruited among employees at the rheumatology unit (n=20, 16 

women and 4 men; median age=51, range 28-63 years). 

 

Autoantibody analyses 

Saliva was collected by ’passive drooling’, with the donor leaning forward allowing 

saliva to drip via a funnel into a test tube placed on ice. Participants were asked to 

refrain from eating, drinking or smoking one hour before sampling. The samples were 

immediately centrifuged for 10 minutes at 5000 x g to remove non-soluble material 

and the saliva was transferred to new test tubes and stored at -80°C until analysis. 

 



Salivary IgA ACPA in RA 

 6 

Salivary IgA anti-CCP was analysed using a modification of an anti-CCP2 kit 

(CCPlus®, Euro-Diagnostica AB, Malmö, Sweden). After thawing, the saliva samples 

were centrifuged for 10 min at 15000 x g to remove non-soluble material. The 

remainder of each centrifuged sample was diluted 1:20 using the kit diluent. As 

secondary antibody we used polyclonal rabbit IgG anti-human α-chain antibodies 

conjugated with horse-radish peroxidase (HRP; DakoCytomation, Glostrup, 

Denmark) diluted 1:200 with the kit diluent. To evaluate the specificity of anti-CCP 

reactivity, plates coated with cyclic arginine peptide (CAP, Euro-Diagnostica) were 

used as control, following the same protocol.   

 

Serum samples were analysed regarding IgG and IgA anti-CCP antibodies. IgG 

antibodies against the second generation CCP (CCPlus®, Euro-Diagnostica) were 

analysed as part of clinical routine and IgA anti-CCP antibodies were analysed 

using a modification of this assay as described previously (Svärd et al. 2008). A 

serum dilution of 1:100 was used, and as secondary antibody horse-radish 

peroxidase-conjugated polyclonal rabbit anti-human α-chain antibody (same as 

above) diluted 1:2000 was utilised. Salivary samples from patients positive for IgG 

anti-CCP in serum were also tested for salivary IgG anti-CCP, but due to insufficient 

amounts of saliva, only 27 out of 42 samples were available for IgG anti-CCP 

analysis. The cut-off limit for serum IgG anti-CCP was 25 U/mL and for serum IgA, 25 

AU/mL (corresponding to anti-CCP levels above the 99th percentile among healthy 

blood donors).  
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Inhibition assays 

Inhibition assays were performed on 9 saliva samples with CCP/CAP ratio > 1.5 and 

8 samples with CCP/CAP ratio < 1.5. Centrifuged saliva samples (10 minutes at 

15000 x g) were diluted with kit buffer with added soluble peptides (CCP and CAP 

respectively, Euro-Diagnostica) at final concentrations of 0-800 g/mL. After 30 

minutes' incubation at room temperature the samples were analysed for IgA anti-

CCP as described above. 

 

Disease activity and outcome data 

Data regarding serum C-reactive protein (CRP), 28-joint count disease activity score 

(DAS28) based on erythrocyte sedimentation rate (ESR), swollen and tender joints 

and the patient’s global assessment of average disease activity during the last week 

(Prevoo et al. 1995), the Swedish version of ‘health-assessment questionnaire’ 

(HAQ)(Ekdahl et al. 1988), and latex particle agglutinating rheumatoid factor (RF) 

were retrospectively obtained from the patients’ medical records. Radiographic 

assessments were based on the written reports from an experienced radiologist, 

evaluating the presence or absence of erosions within 6 years of diagnosis. 

 

Statistical analyses 

Statistical analyses were performed using SPSS statistical software (version 15.0; 

SPSS, Chicago, IL, USA). Spearman’s rho correlation coefficient was used to 

evaluate the correlation between IgA anti-CCP levels in serum and IgA anti-CCP/anti-

CAP in saliva, and also the correlation between the degree of inhibition achieved with 

soluble CCP and the anti-CCP/anti-CAP ratio. Fisher’s exact test was used to 

compare the prevalence of positive IgA anti-CCP tests in the RA population to a 
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positive test in the control population, to analyse occurrence of erosions in relation to 

anti-CCP/anti-CAP status and to test for differences in occurrence of circulating IgG 

anti-CCP, IgA anti-CCP and RF between patient groups positive vs negative for IgA 

anti-CCP in saliva. The Mann-Whitney U-test was used to test for differences in 

circulating levels of IgA anti-CCP, IgG anti-CCP, RF and disease activity variables 

comparing patients positive vs negative regarding salivary IgA anti-CCP. 

 



Salivary IgA ACPA in RA 

 9 

RESULTS 

Salivary IgA anti-CCP antibodies  

Analysis of salivary IgA anti-CCP antibodies by ELISA consistently gave high 

background optical density (OD) values in RA patients as well as in healthy controls 

(Mean OD 1.17 vs 1.16, p=0.96). To evaluate the antigen specificity, OD values 

achieved by IgA anti-CCP ELISA were divided with the corresponding values for IgA 

anti-CAP. An IgA anti-CCP/anti-CAP ratio of >1.5 was considered positive and 

corresponded to the 95th percentile cut-off value among the 20 healthy subjects (one 

positive at an anti-CCP/anti-CAP ratio of 1.62). By this definition, 14 out of 63 RA 

patients (22%) tested positive for salivary IgA anti-CCP, as compared to one positive 

(5%) among the 20 controls. IgG anti-CCP antibodies in serum were found in all 

patients testing positive for salivary IgA anti-CCP, compared to 80% in the salivary 

IgA anti-CCP negative group (statistically non-significant, ns). The corresponding 

figures regarding positive serum tests for IgA anti-CCP were 50% in the salivary IgA 

anti-CCP positive group and 28% in the salivary IgA anti-CCP negative group (ns) 

and for RF 92% in the salivary IgA anti-CCP positive group, compared to 73% in the 

salivary IgA anti-CCP negative group (ns). Among the 26 patients analysed for 

salivary IgG anti-CCP, all tested positive for serum IgG anti-CCP (range 40-2000 

U/mL, median 450 U/mL), but only one tested positive for salivary IgG anti-CCP at a 

borderline value of 30 U/mL (serum level 2000 U/mL). The background OD levels 

regarding IgG anti-CCP in saliva were consistently low (mean OD 0.011).   

As illustrated in Figure 1a, pre-incubation of the patient saliva samples with 

increasing amounts of soluble CCP assured the occurrence of CCP-specific 

reactions at anti-CCP/CAP ratios >1.5. Pre-incubation with CAP gave no inhibition 

whatsoever (Figure 1a). Saliva samples with ratios <1.5 were not inhibited by the 
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CCP peptides (Figure 1b). There was a dose-dependent correlation (Rho=0.81, 

p<0.001) between maximal CCP-mediated inhibition and anti-CCP/CAP ratio (Figure 

2)  

 

In 56 (89%) of the patients X-ray examination of hands and feet had been 

undertaken within 6 years of established diagnosis. The last X-ray within 6 years was 

on average performed at 1.7 years (salivary IgA-positive, n=12) and 2.1 years 

(salivary IgA-negative, n=44) after diagnosis, with no statistical significance between 

the groups (p=0.33). Twelve of the 56 patients (21%) had salivary IgA anti-CCP 

antibodies (ratio >1.5), but only one of these (8%) had bony joint erosions visible on 

X-ray. This can be compared with erosive disease occurring in 18/44 (41%) of the 

patients lacking salivary IgA antibodies (p=0.043) (Figure 3a). Similar, but non-

significant,  trends were seen regarding baseline levels of ESR and CRP, which were 

lower at the time for diagnosis among patients who tested positive regarding salivary 

IgA anti-CCP (mean ESR 18 vs 33 mm/h; p=0.071 and mean CRP 7 vs 13 mg/L; 

p=0.085) (Figure 3b). Differences regarding HAQ and DAS28 were not statistically 

significant (0.13 vs 0.88, p=0.24 and 3.61 vs 5.20; p=0.341). 
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DISCUSSION 

Reports on mucosal autoantibodies in RA are scarce, but secretory IgA-RF has been 

described (Dunne et al. 1979; Elkon KB 1983; Chu et al. 1986; Otten et al. 1992). To 

our knowledge, this study is the first to report mucosal antibodies against citrullinated 

peptides in RA. Although we did not explicitly determine whether the salivary IgA anti-

CCP antibodies were di- or polymeric molecules containing joining chain and 

secretory component, it is known that the two dominating immunoglobulins in saliva 

are secretory IgA produced locally by salivary glands and IgG derived from the 

circulation (Brandtzaeg 2007). Further, transfer of anti-CCP antibodies from the 

circulation to saliva was unlikely in the present study as no IgG anti-CCP reactivity 

was recorded in saliva, apart from one case with a high serum level (2000 IU/mL) 

and a borderline positive salivary test. In addition, the presence of salivary IgA anti-

CCP was not significantly different between serum IgA-CCP positive and negative 

patients, thus strongly arguing against the possibility that salivary IgA-class 

antibodies merely reflected the systemic compartment.   

 

From studies on experimental autoimmune diseases, including collagen type II (CII) 

induced arthritis (CIA), systemic tolerance after mucosal immunisation with 

autoantigen is well-known (Weiner et al. 2011). CIA in mice, including ‘humanised’ 

animals transgenic for HLA-DRB1/shared epitope (SE) (Bäcklund et al. 2003), are 

still prevailing experimental models for RA. Based upon such experimental settings, it 

was long suspected that systemic immunisation against CII is crucial also for the 

development of RA in man. In support of this, as well as of the possibility to down-

regulate an established systemic immune response against CII, a study from 1991 

reported that oral treatment with chicken CII was efficient in RA (Trentham et al. 
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1993). However, the initial high expectations on oral CII as a tolerogenic agent for RA 

have not been met (Toussirot 2002). In retrospect, the lack of success regarding oral 

tolerance induction with CII in RA is not surprising, since autoimmunity to CII does 

not seem to be the clue to RA aetiopathogenesis. Anti-CII antibodies have low 

diagnostic specificity for RA and occur in a minority of RA patients, which are 

predominantly ACPA-negative and have a favourable prognosis (Mullazehi et al. 

2007; Raza et al. 2008). Yet, systemic immunisation against citrullinated CII may be 

relevant in relation to RA pathogenesis (Lundberg et al. 2005; Uysal et al. 2009). 

There are several lines of evidence that ACPA seropositive and ACPA seronegative 

RA have distinct aetiopathogenetic features. For instance, it is well established that a 

combination of cigarette smoking and genetic carriage of HLA-DRB1/SE is a strong 

risk of developing IgG-ACPA positive, but not IgG-ACPA negative, RA (Morgan et al. 

2009; Padyukov et al. 2011). Although derived from studies of much smaller format, 

there are indications of serum IgA-ACPA being even more strongly related to 

smoking but not to SE (Verpoort et al. 2007; Svärd et al. 2010) and Kokkonen et al 

showed that smoking pre-RA patients developed circulating IgA-CCP earlier than did 

their non-smoking counterparts (Kokkonen et al. 2011).  

 

The possible connection between periodontal disease and RA has recently gained 

renewed interest. The fact that Porphyromonas gingivalis (Pg) has enzymatic 

peptide-citrullinating capacity has led to the hypothesis that, in susceptible 

individuals, this oral pathogen may evoke a systemic immune response leading to RA 

(McGraw et al. 1999; Rosenstein et al. 2004; Mikuls et al. 2009; Hitchon et al. 2010; 

Lundberg et al. 2010). In the present study, information on oral health status and 

anti-Pg antibodies was not available. Future prospective clinical studies, preferably in 
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pre-RA patients, should aim at investigating circulating as well as mucosal antibodies 

to native Pg antigens and to citrullinated antigens in relation to smoking, genetic risk 

alleles, and RA development.  

 

Although demonstration of salivary sIgA antibodies does not necessarily reflect 

immunisation at other mucosal compartments, and despite the many obstacles 

regarding salivary antibody analysis (Brandtzaeg 2007), saliva is a convenient and 

relevant possibility to evaluate mucosal immunisation. Our indications of a less 

severe disease in patients with salivary IgA-ACPA, point at citrullinated antigens as a 

more rational means than oral CII to induce systemic tolerance for RA primary 

prevention and/or, possibly, immunodeviation of an established systemic immune 

response against citrullinated antigen. The prevalence rate of salivary IgA anti-CCP 

antibodies (22% of RA patients) shown in this study, must be interpreted 

precautiously, since the cases were largely selected on the basis of positive serum 

IgG anti-CCP tests. Once the occurrence of mucosal IgA anti-CCP antibodies now 

has been demonstrated in this pilot study, we advocate that future studies should be 

performed on larger patient and reference populations without bias from previous 

serological results and with structured follow-up data regarding disease course and 

radiological outcome. 

 

Based on our findings in the present study we hypothesise that primary mucosal 

immunisation against citrullinated peptides may have a systemic tolerance-inducing 

ability and that mucosal immunisation with formation of secretory IgA-ACPA in 

patients with established IgG-ACPA positive arthritis may possibly have an immune-

deviating/disease-modifying effect. Whether or not mucosal immunisation against 
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citrullinated antigens occurs in healthy individuals is an important issue calling for 

future studies. If this is the case, identification of natural sources of tolerogenic 

citrullinated peptides (autoantigens? dietary? microbial?) is another subject of 

interest. Furthermore, development of therapeutic oral citrullinated antigens is 

challenging and perhaps a more fruitful approach than mucosal immunisation with 

native type II collagen. 

  

From previous studies we know that the presence of circulating IgA-ACPA relates to 

a more aggressive disease (Verpoort et al. 2006; Svärd et al. 2008; Svärd et al. 

2010). However, a systemic IgA-response could reflect a means to competitively 

inhibit excessive pro-inflammatory IgG-mediated effects via activating Fc receptors 

on synovial macrophages and/or classical complement activation. Apart from anti-

inflammatory beneficial immune responses, the concept of pro-

inflammatory/dysregulated immune responses against antigens on mucosal surfaces 

is an old and frequently revitalised hypothesis as regards cross-talk with joints and 

pathogenesis of arthritis (Olhagen et al. 1968; Doube et al. 1988; Trollmo et al. 1994; 

Scheinecker et al. 2011). In the present study, we found no correlation between the 

occurrence of salivary and circulating IgA anti-CCP antibodies, supporting the notion 

that salivary IgA is essentially derived from salivary gland plasma cells (Brandtzaeg 

2007) and that circulating monomeric IgA-class antibodies, i.e, the bulk of circulating 

IgA, are produced independently of mucosal sIgA antibodies (Russell et al. 2010). 

 

To conclude, IgA anti-CCP can be detected in saliva from a proportion of RA patients 

and may be associated with a milder disease course and outcome.  
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Figure legends  
 
Figure 1 
Examples of two representative inhibition experiments with soluble citrullinated 
peptide (CCP) and cyclic arginine peptide (CAP). In salivary samples with an anti-
CCP/anti-CAP ratio of >1.5, soluble CCP (but not soluble CAP) inhibited the 
autoantibody enzyme immunoassay in a dose-dependent manner (A). No inhibition 
was seen in samples with anti-CCP/anti-CAP ratios ≤1.5 (B). 
 
Figure 2 
Illustration showing how pre-incubation with soluble cyclic citrullinated peptide (CCP) 

at a concentration of 800 g/mL inhibits salivary IgA anti-CCP reactivity depending 
on the level of salivary antibodies. A positive IgA anti-CCP test is defined as a ratio 
>1.5 achieved by dividing the results of an anti-CCP enzyme immunoassay (EIA) 
with the results obtained with an EIA using the control peptide ‘cyclic arginine 
peptide’ (CAP) as antigen. 
 
Figure 3 
Diagram to illustrate disease activity reflected by median levels of erythrocyte 
sedimentation rate (ESR) and serum C-reactive protein (CRP) at diagnosis of 
rheumatoid arthritis, and radiologic outcome in hands and feet within 6 years in 
relation to the occurrence of salivary IgA antibodies against cyclic citrullinated 
peptides (CCP). Antibodies against cyclic arginine peptide (CAP) served as control. A 
positive anti-CCP test is defined as an anti-CCP/anti-CAP ratio >1.5. 
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Table 1. Characteristics of rheumatoid arthritis patients at inclusion. 

 sIgA
1
 anti-CCP+

2
  

(n=14) P 
sIgA anti-CCP- 

(n=49) 

Median age (range) 66 (39-75)  ns3 62 (30-84) 

Proportion women 64 % ns 69 % 

Methotrexate treatment   79 % ns 71 

DMARD4 combination with or without biologics   50 % ns 35 

Serum RF (proportion positive) 

Serum RF (IU/mL), median among RF5-positive cases 

92 %  

200 (n=12) 

ns 

ns 

73 % 

100 (n=33) 

Serum IgG anti-CCP (proportion positive) 

Serum IgG anti-CCP (U/mL), median among positive cases 

100 % 

800 (n=9) 

ns 

ns 

80 % 

500 (n=33) 

Serum IgA anti-CCP (proportion positive) 50 % ns 28 % 

Serum IgA anti-CCP (AU/mL), median among positive cases   55 (n=4) ns 53 (n=10) 

1. secretory (salivary) immunoglobulin A       2. CCP = cyclic citrullinated peptide        3. ns = not significant   

4. DMARD = disease-modifying anti-rheumatic drug            5. RF = particle-agglutinating rheumatoid factor 
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