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ABSTRACT. Primary Sjögren’s syndrome (pSS) is a chronic 
systemic autoimmune disease characterized by lymphocytic 
infiltration of exocrine glands. Soluble Fas receptor (sFas) has been 
suggested as a Fas-mediated apoptosis blocker that could impair 
clonal deletion in infiltrated autoreactive cells. The FAS -670A>G 
promoter polymorphism has been studied in pSS. However, a 
relationship between FAS -670A>G promoter polymorphism and 
sFas levels in pSS had not been found. We examined this relationship 
in 77 Mexican pSS patients and 84 healthy subjects were included. 
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Genotypes were identified by PCR-RFLP, and Fas soluble levels 
were quantified by ELISA. No significant differences between allele 
and genotype frequencies were found between these two groups. 
The sFas levels in the serum of pSS patients were significantly 
higher than in controls (9961 vs 8840 pg/mL, respectively). In 
addition, AA genotype carriers had significantly higher levels of 
sFas than GG carriers (pSS: 10,763 and 9422 pg/mL; controls: 
9712 and 8305 pg/mL, respectively). An additive model analysis 
between genotypes (AG+GG vs AA) in both groups, demonstrated 
a significant association between carriers of the A allele and high 
sFas levels. In conclusion, carrying the double dose of A allele of 
FAS -670A>G polymorphism is associated with high levels of sFas 
in pSS, but it is not a susceptibility marker for pSS.
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INTRODUCTION

Primary Sjögren’s syndrome (pSS) is a chronic systemic autoimmune disease 
characterized by lymphocytic infiltration of the exocrine glands, diminished secretory 
function and several extraglandular manifestations. Autoantibodies to Ro/SSA and La/
SSB are the most frequent autoantibodies in pSS patients. The disease affects 9 times as 
many middle-aged women as men (Mavragani and Moutsopoulos, 2010).

Apoptosis of glandular epithelial cells has been postulated as an initial event of 
primary Sjögren’s syndrome. High expressions of Fas receptor (CD95) and FasL (CD95L) 
have been found in minor salivary gland biopsies of pSS patients. In addition, autoanti-
gens expressed on the surface of apoptotic bodies, lead to persistent exposure to anti-
gen-presenting cells (Ohlsson et al., 2002; Bolstad et al., 2003). However, a decrease or 
blockage of apoptotic mechanisms has also been proposed (Ohlsson et al., 2001). These 
mechanisms could impair clonal deletion and activation-induced cell death of autoreac-
tive cells, thus causing chronic infiltration of the exocrine glands in pSS patients (Hon-
dowicz et al., 2008). 

The soluble form of Fas receptor (sFas), a product of alternatively spliced Fas 
mRNA, has been suggested as a Fas-mediated apoptosis blocker (Cheng et al., 1994). High 
levels of sFas have been previously reported in the serum of patients with autoimmune 
diseases (Ates et al., 2004; Hao et al., 2006; Arasteh et al., 2010). The mechanisms 
underlying the increase in sFas remain unknown. Polymorphisms in the Fas receptor 
gene may affect its expression and that of the soluble form (Kanemitsu et al., 2002). The 
FAS gene is located on 10q24.1 and is highly polymorphic (Niemela et al., 2006). The 
-670A>G (rs1800682) polymorphism is found in the consensus sequence of the gamma 
interferon activation site, which binds the cytokine response factor STAT1. The A allele 
leads to enhanced binding STAT1 and therefore is associated with a tendency of higher 
transcriptional activity than the G allele (Kanemitsu et al., 2002). The AA genotype is 
associated with the highest sFas levels in comparison to the other genotypes in a healthy 
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Tunisian population (Mahfoudh et al., 2007). The FAS -670A allele was associated with 
susceptibility to systemic lupus erythematosus (SLE) in a Japanese population (Kanemitsu 
et al., 2002). However, contradictory results between populations have been found in 
several autoimmune diseases (Kanemitsu et al., 2002; Niino et al., 2002; van Veen et 
al., 2002; Hiraide et al., 2005; Agarwal et al., 2007; Arasteh et al., 2010). A study in 
Caucasians found no association of the polymorphism with pSS susceptibility; however, 
the authors did not assess the possible influence of the FAS -670A>G polymorphism on 
sFas levels (Mullighan et al., 2004). The aim of this study was to evaluate the association 
between FAS -670A>G and sFas levels in pSS, a relationship that has not previously been 
addressed.

MATERIAL AND METHODS

Study population

Seventy-seven Mexican pSS patients who fulfilled the 2002 American-European 
classification criteria (Vitali et al., 2002) and 84 unrelated ethnically matched healthy subjects 
(HS) were included in the study. Patients were recruited from the Rheumatology Department 
at Hospital General de Occidente in Zapopan, Jalisco, Mexico.

Ethical considerations

The study was performed in accordance with the ethical standards provided in the 
Declaration of Helsinki. This study was approved by the Committee of Ethics at Hospital 
General de Occidente, Zapopan, Jalisco, Mexico (Approval No. 210-10).

Laboratory assessment

Peripheral blood was obtained from patients and healthy subjects. Blood cell count 
was obtained using an automatic cell counter (Cell-dyn 1700 Abbott Diagnostics, Lake For-
est, IL, USA). Erythrocyte sedimentation rate (ESR) was assayed by the Wintrobe method; 
serum levels of rheumatoid factor (RF) and C-reactive protein (CRP) were measured by latex 
turbidimetric immunoassay (A25-Autoanalyzer; Biosystems S.A., Spain). Anti-Ro/SSA and 
anti-La/SSB autoantibodies were identified separately by indirect ELISA (Bindazyme SSA/
Ro or SSB/La, The Binding Site, UK).

Genotyping

DNA was isolated from peripheral blood mononuclear cells (PBMCs) according 
to the Miller method (Miller et al., 1988). The -670A>G polymorphism in the FAS gene 
was identified by polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) analysis. Briefly, a 193-bp fragment containing the promoter polymorphism 
was amplified in a thermal cycler (Techne TC-312, UK) using the following primers: 
5'-ATAGCTGGGGCTATGCGATT-3' (forward) and 5'-CATTTGACTGGGCTGTCCAT-3' 
(reverse). Cycling conditions were previously described (Sun et al., 2004). The amplified 
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fragments were digested with 4 U ScrFI (New England Biolabs, UK), for 3 h at 37°C. 
The AA genotype is indicated by an uncut 193-bp fragment; fragments of 136 and 57 
bp represent the GG genotype. Heterozygosity was indicated by the presence of 193-, 
136- and 57-bp fragments. The amplified and digested products were observed on 3% 
agarose gels (Sigma-Aldrich, UK) stained with ethidium bromide and visualized with UV 
light on the Kodak Electrophoresis Documentation and Analysis System (Kodak EDAS 
290, USA). The allele distributions for the FAS -670A>G polymorphism were in Hardy-
Weinberg equilibrium.

Soluble Fas levels

Serum samples were obtained from patients and healthy subjects and sFas levels were 
quantified by a sandwich ELISA according to manufacturer protocol (Quantikine Human 
sFas/TNFRSF6 Immunoassay, R&D Systems, USA); the sensitivity of the assay was 20 pg/
mL. The sample concentrations were calculated using a calibration curve prepared by sequen-
tial dilutions of a reconstituted sFas standard.

Statistical analysis

Allele and genotype frequencies in pSS patients and healthy subjects were 
compared by the chi-square test (c2). The Student t-test and the Mann-Whitney U-test 
(2-tailed) were used to compare groups; data are reported as means ± SD. P values <0.05 
were considered to be statistically significant. Data were analyzed using statistical soft-
ware packages (Epi-Info 3.5.1 version for Windows, CDC, and SPSS Statics 17.0 version 
for Windows, USA).

RESULTS

The genotype frequencies in pSS were 26 (AA), 41.5 (AG), and 32.5% (GG), and 23.8 
(AA), 50 (AG), and 26.2% (GG) in HS. Heterozygotes were the most frequent in both groups. 
There were no significant differences in allele and genotype frequencies (P = 0.0538 and P = 
0.712, respectively).

sFas levels were higher in pSS patients than in HS (9961 vs 8940 pg/mL, P = 0.006) 
(Figure 1A). In order to investigate the association of FAS -670A>G with soluble protein, sFas 
levels were compared across genotypes in both groups. The AA genotype was associated with 
higher levels of sFas than the GG genotype in pSS (10,763 vs 9422 pg/mL, P = 0.026) and HS 
(9712 vs 8305 pg/mL, P = 0.045) (Figure 1B).

Additive model analyses were performed to determine the allele influence on sFas 
levels. In both groups, carriers of the A allele exhibited higher levels of sFas than non-carriers 
(pSS: 10,226 vs 9422 pg/mL; HS: 9187 vs 8305 pg/mL), although the differences were not 
statistically significant. In addition, pSS patients with the AA genotype had higher levels of 
sFas in comparison to G allele carriers in the pSS (10,763 vs 9679 pg/mL, P = 0.045) and HS 
groups (9712 vs 8652 pg/mL) (Figure 2).
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Figure 1. Soluble Fas levels in primary Sjögren syndrome patients and healthy subjects. A. By group. B. By FAS 
-670A>G genotype. Data are shown as means ± SD. HS = healthy subjects; pSS = primary Sjögren’s syndrome; 
sFas = soluble Fas.
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Figure 2. Soluble Fas levels in primary Sjögren syndrome patients and healthy subjects, according to the additive 
model. Data are shown as means ± SD. HS = healthy subjects; pSS = primary Sjögren’s syndrome; sFas = soluble Fas.

DISCUSSION

Apoptosis is a regulated cell death that occurs normally in multicellular organisms. 
The Fas-Fas ligand pathway is the most important mechanism of extrinsic apoptosis. Through 
this process, autoreactive cells are eliminated to maintain self-tolerance. However, aberrations 
in apoptosis lead to development and maintenance of autoimmune processes. It has been 
proposed that polymorphisms in the promoter region of the FAS gene modulate receptor 
expression and thus apoptosis in autoimmune and non-autoimmune diseases.

The FAS -670A>G polymorphism has been linked to susceptibility to autoimmune 
diseases such as SLE and multiple sclerosis (Kanemitsu et al., 2002; van Veen et al., 2002; 
Agarwal et al., 2007). However, another group of studies in different populations found no 
such association (Niino et al., 2002; Arasteh et al., 2010). The difference in these association 
studies may be due to differences in genotype distributions between populations. A previous 
study of the FAS -670A>G polymorphism found no differences in allele or genotype frequen-
cies between pSS patients and HS in a Caucasian population (Mullighan et al., 2004). We also 
found no association between the polymorphism and pSS susceptibility in our tested popula-
tion. Although genetic background is one of the predisposing factors for the development of 
autoimmunity, the FAS -670A>G polymorphism likely has no significant effect on susceptibil-
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ity to pSS. However, it has been reported the -670A>G polymorphism is in linkage disequi-
librium with other variations in the FAS gene (Hiraide et al., 2005). Therefore, further studies 
are needed to determine whether susceptibility to pSS could be due to a specific haplotype.

High levels of sFas have been reported in autoimmune diseases such as SLE, rheuma-
toid arthritis, and systemic sclerosis (Ates et al., 2004; Hao et al., 2006; Arasteh et al., 2010). 
The role of sFas has not been clarified, but it may inhibit Fas-mediated apoptosis by competing 
with the receptor for FasL binding (Cheng et al., 1994). An increase of sFas could lead to apop-
totic resistance in infiltrating lymphocytes in the salivary glands of pSS patients. Consistent 
with this hypothesis, we found high levels of sFas in pSS patients in comparison to HS. 

Whether elevated levels of sFas are a cause or a reflection of autoimmune disease 
remains unknown. The A allele of the -670A>G polymorphism provides high binding activity 
for the STAT1 transcription factor (Kanemitsu et al., 2002). The A allele could increase FAS 
gene expression and elicit an increase in sFas levels. Consistent with this, we found high sFas 
levels in AA genotype carriers of both groups (pSS: P = 0.026; HS: P = 0.045, vs GG genotype 
carriers). In addition, heterozygous carriers tended to express higher sFas levels than GG 
carriers. Our results are similar to those reported in a healthy Tunisian population in which 
sFas levels increased in an A allele dose-dependent manner (Mahfoudh et al., 2007). 

Although the additive model analysis showed that A allele carriers tend to exhibit 
higher levels of sFas, this increase is not statistically significant. When the additive model for 
the G allele was performed, we found higher levels of sFas in AA genotype carriers than in G 
allele carriers. Our results suggest that the A allele of FAS -670A>G increases transcription, 
but only increases sFas levels in A homozygotes.

Fas-induced apoptosis may be blocked in pSS, which would explain the prolonged 
survival of infiltrating lymphocytes in the salivary glands (Ohlsson et al., 2001). High levels of 
sFas due to allele homozygosity could block apoptosis of autoreactive lymphocytes and lead 
to their accumulation. It is possible that increased pSS severity is associated with sFas levels. 
However, further studies are needed to confirm this hypothesis, since it is unknown whether 
the FAS -670A>G polymorphism modulates membrane expression of the Fas receptor. 

In conclusion, our findings suggest that a double dose of the FAS -670 A allele is 
associated with high levels of sFas in pSS but is not a susceptibility marker in pSS.
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