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ABSTRACT

Objective: This study was conducted to evaluate the frequency of 

anti-Saccharomyces cerevisiae antibodies  (ASCA) in patients with 

rheumatoid arthritis (RA).

Methods: Eighty-three RA patients with positive anti-cyclic citrullinated 

antibodies (anti-CCP) and 160 healthy blood donors were included in 

this study. ASCA IgG and IgA were assessed with enzyme-linked im-

munosorbent assay.

Results: The frequency of ASCA was significantly higher in RA patients 

than in healthy subjects (22.9% vs 3.7%, P < 10−3). Both ASCA IgG 

and ASCA IgA were significantly more frequent in RA patients than 

in the control group (20.5% vs 3.1%, P < 10−3  and 9.6% vs 0.6%, 

P = .002, respectively). ASCA IgG and ASCA IgA levels were signifi-

cantly higher in RA patients than in healthy subjects (7.8 ± 8.4 U/mL 

vs 2.3 ± 2.8 U/mL, P < 10−6 and 6.2 ± 10.9 U/mL vs 3.4 ± 1.7 U/mL, 

P = .002, respectively).

Conclusion: A high frequency of ASCA IgG and ASCA IgA has been 

found in RA patients.

Rheumatoid arthritis (RA) is an autoimmune disease characterized by 
persistent synovial inflammation leading potentially to cartilage and 
bone damage and disability.1 The etiology of RA is unknown; how-
ever, genetic, epigenetic, and environmental factors including gut 
dysbiosis might be involved in RA.2,3 In fact, a gut-joint axis has been 
incriminated in RA and suggested to contribute to arthritis.4 In this 
context, 2 pathways have been described: intestinal inflammation, 
which could be responsible for the generation of autoantibodies, and 
the migration of proinflammatory immune cells, present in the intes-
tine, to the joints.4

Anti-Saccharomyces cerevisiae (ASCA) are directed against the 
phosphopeptidomannan (PPM), part of the cell wall of S  cerevisiae. 
ASCA have been previously considered as a serological marker of 
Crohn’s disease.5 Interestingly, ASCA also have been described in rheu-
matic diseases such as Behçet’s disease,6 ankylosing spondylitis,7 pso-
riatic arthritis,8 and spondyloarthritis.9 Furthermore, ASCA have been 
described as a valuable test in evaluating patients with RA.10 Addition-
ally, the frequency of ASCA IgA but not of ASCA IgG was found to be 
significantly higher in RA patients than in a healthy population in one 
study,11 whereas other studies failed to show an association between 
ASCA and RA.8,12

The pathogenic role of ASCA remains unknown, and one of the 
hypotheses of their synthesis is molecular mimicry with self-antigens.13 
The β2 glycoprotein I (β2GPI), a phospholipid-binding glycoprotein, is 
normally present in plasma at the concentration of 50 µg/mL to 500 µg/
mL and is a member of the complement control family.14 Interest-
ingly, a structural similarity between the PPM of the yeast and β2GPI 
has been reported.15 Anti-β2GPI (aβ2GPI) antibodies have been found 
in antiphospholipid syndrome but also in other autoimmune diseases 
(AID).16 We have previously described aβ2GPI in patients with RA17; in 
the present study, our aim was to determine whether ASCA are also fre-
quent in RA.

Materials and Methods

Study Population
We included 83 RA patients (51 females and 32 males). The mean age 
of our study population was 52 ± 15  years (range, 17–84  years). Sera 
samples were collected between 2017 and 2018 from 4 hospitals in the 
center of Tunisia. All patients fulfilled the American College of Rheuma-
tology/European League Against Rheumatism18 criteria for RA. Patients 
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with RA and Crohn’s disease were excluded from our study. The inclusion 
criterion of our study was anti-cyclic citrullinated peptide antibodies 
(anti-CCP) positive.

Sera from 160 healthy blood donors (HBD) (128 females and 32 
males) were included as control group (mean age, 21 ± 4 years; range, 
17–45 years). Samples of 4 mL venous blood were received in our labora-
tory for anti-CCP and rheumatoid factors (RF) assay. Sera were collected 
by centrifugation at 3000 rpm for 15 minutes and an enzyme-linked im-
munosorbent assay (ELISA) was carried out for anti-CCP and RF. A total 
of 400 μL positive anti-CCP sera was aliquoted and stored at −80°C until 
use for analysis. The ethics committee of Farhat Hached Hospital gave 
approval for this study.

ASCA Assays
ASCA IgG and IgA were assessed by ELISA (Orgentec Diagnostika). 
Highly purified mannan from S cerevisiae was bound to microwells and 
served as an antigen. Sera of patients were diluted at 1:100 before the 
assay and 100 µL was added to the reaction wells. Specific antibodies 
in the patient sample bound to the antigen. After incubation, a wash-
ing step was performed and subsequently added enzyme conjugate 
bound to the immobilized antibody-antigen  complexes. After incu-
bation, a second washing step removed unbound enzyme conjugate. 
After the addition of substrate solution, the bound enzyme conjugate 
hydrolyzed the substrate, forming a blue product. Addition of an acid 
stopped the reaction, generating a yellow end product. The intensity 
of the yellow color correlates with the concentration of the antibody-
antigen  complex and can be measured photometrically at 450  nm. 
Results were expressed as arbitrary units with a cutoff for positivity 
of 10 U/mL.

RF and Anti-CCP Assays
Serum samples were evaluated for IgG, IgA, and IgM RF by using 
an ELISA (Orgentec Diagnostika) according to the manufacturer’s 
instructions. Anti-CCP were detected by using an available second gen-
eration ELISA (Euroimmun). Optimal cutoff values were determined 
by plotting sensitivity against 1 − specificity to receiver operating char-
acteristic curve as we have described in our previous studies.19,20

Statistical Analysis
The comparison of frequencies of ASCA was performed using χ 2 or 
Fisher exact test. The variables were tested for normality using the 
Kolmogorov-Smirnov test with Lilliefors adjustment. To compare mean 
levels of ASCA, we used the parametric Student t-test. Correlation was 
assessed using the Spearman test. A P value less than .05 was considered 
statistically significant. SPSS software, version 22, was used for statis-
tical analysis.

Results
TABLE 1 shows patients and HBD characteristics.

Frequency of ASCA in RA Patients and the Control Group
Out of 83 RA patients, 19 (22.9%) had ASCA (IgG or IgA). The fre-
quency of ASCA was significantly higher in RA patients than in 
healthy subjects (22.9% vs 3.7%, P < 10−3). Both ASCA IgG and ASCA 
IgA were significantly more frequent in RA patients than in the con-
trol group (20.5% vs 3.1%, P < 10−3; 9.6% vs 0.6%, P = .002, respec-
tively) (TABLE 2).

Frequency of ASCA According to Gender
Among the 19 patients who had ASCA (IgG or IgA), 15 were females. 
ASCA (IgG or IgA) was more frequent in females (15/51, 29.4%) than in 
males (4/32, 12.5%), but the difference was not statistically significant. 
In RA patients, the frequencies of ASCA IgG and ASCA IgA were not sta-
tistically different between males and females (TABLE 2).

Comparison between ASCA IgG and ASCA IgA
The frequency of ASCA IgG was higher than that of ASCA IgA in RA 
patients but the difference was of borderline significance (20.5% vs 
9.6%, P = .05) (TABLE 2).

ASCA IgG and ASCA IgA levels were significantly higher in RA 
patients than in healthy subjects (7.8 ± 8.4U/mL vs 2.3 ± 2.8 U/mL, 
P < 10−6 and 6.2 ± 10.9 U/mL vs 3.4 ± 1.7 U/mL, P = .002, respectively) 
(FIGURE 1). In RA patients, no difference was detected between the 
mean levels of ASCA IgG and ASCA IgA.

TABLE 1.  Characteristics of RA Patients and the Control 
Group

 
RA Patients 

(n = 83)
Control Group 

(n = 160)
P 

Sex ratio (F/M) 1.6 (51/32) 4 (128/32) .002

Mean age (y) ± SD 52 ± 15 21 ± 4 <10-6

Age range (y) 17-84 17-45 —

Positive anti-CCP, No. (%) 83 (100) — —

Positive IgG-RF, No. (%) 65 (78.3) — —

Positive IgA-RF, No. (%) 64 (77.1) — —

Positive IgM-RF, No. (%) 71 (85.5) — —

anti-CCP, cyclic citrullinated peptide antibodies; RA, rheumatoid arthritis; RF, rheumatoid 
factors.

TABLE 2.  Comparison of the Frequency of ASCA between Female and Male Patients and between RA Patients and the Control 
Groupa

 RA  Females  (n = 51) RA Males (n = 32) P Value RA Patients (n = 83) Control Group  (n = 160) P Value  

ASCA IgG or IgA 15 (29.4) 4 (12.5) .07 19 (22.9) 6 (3.7) <10-3

ASCA IgG and IgA 3 (5.9) 3 (9.4) .85 6 (7.2) 0 .003

ASCA IgG 3 (25.5) 4 (12.5) .51 17 (20.5)b 5 (3.1) <10-3

ASCA IgA 5 (9.8) 3 (9.4) .99 8 (9.6)b 1 (0.6) .002

ASCA, anti-Saccharomyces cerevisiae antibodies; RA, rheumatoid arthritis.
aData are given as No. (%).
bComparison between ASCA IgG and ASCA IgA (P = .05).
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Geometric mean titer of ASCA IgG was 5.5 U/mL in RA patients 
and 1.5 U/mL in the control group. Geometric mean titer of ASCA 
IgA was 4.1 U/mL and 3.2 U/mL in patients and controls, respec-
tively. TABLE 3 shows titers of ASCA in patients with positive 
results.

Association between ASCA and anti-CCP
There was no correlation between ASCA IgG or ASCA IgA levels and anti-
CCP levels in patients with RA (r = 0.212, = 0.055; r = 0.082, P = .465 
respectively) (FIGURE 2).

Contribution of ASCA in Patients without RF
In 19 RA patients with ASCA, 2 (10.5%), 4 (21%), and 3 (15.8%) did 
not have RF-IgG, RF-IgA and RF-IgM, respectively. Two patients among 
these 19 (10.5%) did not have any of the 3 isotypes of RF.

Discussion
In this study, we assessed the frequency of ASCA IgG and IgA in a series 
of 83 patients with RA. We found a significantly higher frequency of 
both ASCA IgG and ASCA IgA in RA patients than in the control group 
(20.5% vs 3.1%, P = .001; 9.6% vs 0.6%, P = .002, respectively). In stud-
ies by Hoffman et  al12 and Riente et  al,8 the frequency of ASCA IgG 
and ASCA IgA was not significantly different between RA patients and 
healthy subjects. Another study showed a significant difference for ASCA 
IgA and not IgG in RA patients compared to controls.11 The frequency of 
ASCA IgG that we found in this study was similar to that of Dai et al11 
(20.5% and 20%, respectively); however, the frequency of ASCA IgA is 
lower than that found in Dai et al11 (9.6% and 40%, respectively). In the 
Dai et al11 study, IgA was the predominant isotype of ASCA but in our 
study, IgG was predominant. In fact, in all our previous studies on ASCA 
in AID,21–26 ASCA IgA frequencies were significantly lower than those of 
ASCA IgG. The frequency of ASCA (IgG or IgA) in our series was lower 
than that of Lichtenstein et al (22.9% vs 65.6%, respectively).10 This dif-
ference seems to be due to the inclusion criteria selected for the 2 stud-
ies. We included only patients who were positive for anti-CCP, whereas 
52% of patients in the study of Lichtenstein et al were negative for anti-
CCP. Moreover, in their series, 29% of patients with ASCA had neither 
anti-CCP nor RF.10 Consequently, it is possible that if we included se-
ronegative patients for anti-CCP, the ASCA frequency could be higher. 
Interestingly, 10.5% of patients with ASCA in our series had no RF. Thus, 
when we combine ASCA with the known serological markers of RA (anti-
CCP and RF), we increase RA diagnostic sensitivity.

Why are ASCA produced during RA? In RA, an altered intestinal bar-
rier function seems to be secondary to the upregulation of zonulin, an 
intestinal peptide responsible for the regulation of the integrity of tight 
junctions.4 The increased production of zonulin has been associated 
with gluten consumption27 and gut microbiota dysbiosis.4 Furthermore, 
it has been demonstrated that treatment with a zonulin antagonist 
specifically increases intestinal barrier integrity and reduces arthritis  

FIGURE 1. Comparison of ASCA IgG (A) and ASCA IgA (B) levels in RA patients and control group. ASCA, anti-Saccharomyces 
cerevisiae antibodies; RA, rheumatoid arthritis.

TABLE 3.  Titers of ASCA in Patients with Positive Results

Patients ASCA IgG Titer (U/mL) ASCA IgA Titer (U/mL) 

1 24.1 3.5

2 25.8 4.2

3 19 4

4 13.6 13.2

5 31.4 19.1

6 13.3 3.2

7 11.5 3.1

8 29.9 11.3

9 15.5 11.1

10 9.8 11

11 36.1 100

12 11 3.6

13 19.8 4.7

14 20.3 3.1

15 13.6 4.9

16 11.2 1.6

17 14.8 1.6

18 47.8 12

19 7.3 59.2

ASCA, anti-Saccharomyces cerevisiae antibodies.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/53/6/585/6608079 by U
niversity of Liverpool user on 22 N

ovem
ber 2022



2022;53;585–589  |  https://doi.org/10.1093/labmed/lmac054588 Laboratory Medicine

onset.28 In RA, the resulting leaky intestinal wall allows passage of en-
vironmental antigens and exposes further S cerevisiae to the mucosal 
immune system, explaining the high frequency of ASCA. Moreover, 
we have previously found a significantly higher frequency of ASCA in 
patients with other AID in comparison to healthy subjects21–26 and in all 
these AID, gut microbiota dysbiosis and altered intestinal permeability 
have been described.29,30

The high frequency of ASCA in our RA patients could also be 
explained by a possible cross-reactivity between the mannan of 
S cerevisiae and the mannan of mannose binding lectine (MBL). Inter-
estingly, increased MBL levels have been reported in RA, suggesting 
that MBL could play a differential role in the pathogenesis of RA.31,32 
In addition, the innate immune complement protein MBLs and their 
MBL2 genetic variants have been shown to be associated with many 
AID such as RA.33,34 Remarkably, plasma levels of MBL are also ele-
vated in AID in which we have previously detected ASCA and in par-
ticular type 1 diabetes, celiac disease, primary biliary cholangitis and 
Graves disease.25

Could ASCA be implicated in the pathogenesis of RA? We have previ-
ously demonstrated a high frequency of aβ2GPI in RA patients.17 Inter-
estingly, Krause et al15 demonstrated that a subpopulation of aβ2GPI is 
specific to the glycosylated site of the β2GPI molecule that cross-reacts 
with the PPM, part of the cell wall of S  cerevisiae. In fact, a similarity 
in molecular structures (39%) was found between the mannan of the 
yeast S cerevisiae and the β2GPI.13 Therefore, could we hypothesize that 
ASCA detected in our RA patients are aβ2GPI cross-reactive antibodies? 
Interestingly, the frequency of ASCA IgG (20.5%) in the present study 
is similar to that of aβ2GPI-IgA (26.7%) in our previous study on RA.17 
Moreover, because β2GPI is a ubiquitous glycoprotein and is present 
even in the joint,35 ASCA could bind to β2GPI in the joint and induce 
complement activation and inflammation. On the other hand, Rinaldi 
et al13 found that some autoantigens of RA share sequences with mannan 
expressed by the cell wall of S cerevisiae. So, could we imagine that ASCA 
synthesized during RA could bind to citrullinated peptides in the joint? 
The binding of those antibodies to citrullinated peptides will result in 
immune complex formation, complement activation, and a release of 
proinflammatory cytokines promoting chronic joint inflammation that 

is typical for RA.36 Moreover, because S cerevisiae could migrate from the 
gut to the joint because of a leaky gut, so ASCA could bind to S cerevisiae 
in the joint and induce the inflammatory process described above.

In conclusion, in this retrospective study, we found a high frequency 
of ASCA in patients with RA. This suggests that PPM, a component of 
the S cerevisiae cell wall, might induce chronic arthritis, and ASCA could 
improve the immunological diagnosis of RA.
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