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Fas and microRNAs Variations as a Possible Risk for
Behçet Disease

Guven Yenmis, PhD,* Tugba Soydas, MSc,† Cumhur Gokhan Ekmekci, PhD,*‡
Ayse Canan Yazici Guvercin, PhD,§ Ozlem Su Kucuk, MD,|| and Gonul Kanigur Sultuybek, PhD†

Background: Behçet disease (BD) belongs to a disease family that has a
transparent borderline between autoinflammatory and autoimmune disor-
ders. Fas and some miRNAs have revealed to display remarkable roles in
both autoimmune and autoinflammatory processes, and they can play im-
portant roles in defective apoptosis in BD. We investigated the association
of the susceptibility of BD with Fas, miRNAvariations, and their both sin-
gle and combined presence in a Turkish population as a case-control study.
Methods: The distributions of FAS-670 A>G rs1800682, mir146a
rs2910164, and mir196a rs11614913 polymorphisms are analyzed with
the polymerase chain reaction–restriction fragment length polymorphism
method in 115 BD patients and 220 controls in 6-month period.
Results: Statistical analysis indicates that in the case of Fas-670 A/G
rs1800682, AA genotype and A allele have a protective role in BD
(p = 0.0004 and p = 0.0009, respectively). The dominant model (AA + AG/
GG) also displays a protective effect on BD unlike the recessive model
(p = 0.03). In addition, both homozygous genotype (CC) of rs2910164 of
mir-146a (p = 0.04) and the dominant model (CC + CG vs. GG) have protec-
tive effects on BD unlike the recessive model (p < 0.0001). Both mir-196a2
rs1800682 polymorphism and combined genotype analysis of rs1800682-
rs2910164 and rs1800682-rs11614913 gave no statistically significant differ-
ences within the groups for genotypes and either of the alleles (p > 0.05).
Conclusions: These findings indicate that both Fas rs1800682 and mir-
146a rs2910164 variants might be important factors participating in the
protection against BD in the Turkish population.

Key Words: autoimmunity, Behçet disease, FAS, microRNAs,
single-nucleotide polymorphism

(J Clin Rheumatol 2020;00: 00–00)

B ehçet disease (BD), characterized dominantly by oral and gen-
ital ulcers, plus anterior uveitis1 and although still being clas-

sified among the autoinflammatory diseases by some researchers,
is accepted to be a multisystem–triple-complex disease by the
2012 Revised International Chapel Hill Consensus Conference
Nomenclature of Vasculitides.2 The disorder is distinguished by
autoantibody production due to activated immune cells' mal-
formed apoptosis in the presence of intracellular antigens and
tissue injury.3

FAS, a member of both FAS/FASL system and the tumor ne-
crosis factor receptor family, initiates the extrinsic apoptotic path-
way interacting with its natural ligand FASLG and is essential
especially in cell proliferation regulation.4–6 A functional pro-
moter region single-nucleotide polymorphism (SNP) of the FAS
gene, FAS 670A/G (rs1800682) reduces the binding capability
to STAT1-a GAS-binding protein via removing the binding site
of nuclear transcription element GAS,7 thus minimizing both
FAS-gene expression and the promoter activity.8 In addition, this
polymorphism functionally affects STAT1 and Sp1 transcription
factor–binding sites, resulting in minimized FAS expression,
which displays a crucial role in apoptotic cell death regulation.9–11

In principle, rs1800682 serves susceptibility to multiple sclerosis,12

systemic lupus erythematosus (SLE),13 and autoimmune hepatitis14

and Guillain-Barré syndrome.15 Therefore, this FAS SNP seems to
be functional and might be correlated with BD disease.

So far, miRNA dysregulation has been described in various
autoimmune and inflammatory diseases. miRNAs are a kind of
noncoding RNA molecules assumed to have vital roles in the reg-
ulation of approximately 25% of all human genes' expression,
having strategic roles in cell proliferation, differentiation, and ap-
optosis organization; immune response; and pathogenesis of
many human diseases.16–18 Mir-146a is the most widely known
innate and adaptive response-modulating miRNA that specifically
coordinates inflammation, apoptosis, and immune response,13 as
observed in SLE, rheumatoid arthritis (RA), and Sjögren syn-
drome.19 Surveys such as those conducted by Jazdzewski et al.20

and Luo et al.21 showed that numerous SNPs of mir-146a have
functional significance and can regulate the expression level of
its mature form. The SNP rs2910164 (G/C) in miRNA-146a re-
duces the total amount of mature miRNA following the alteration
of the target genes' transcription such as FAS and the pathogenesis
of many autoimmune diseases.19,22

Similarly, mir-196a2 rs11614913 variation is available in the
nonseed region ofmaturemiRNA23 and thus canmodulate the tar-
get binding of the respective miRNAs participating in survival, ap-
optosis, and cell cycle regulation,24 and also associated with
autoimmune diseases such as ulcerative colitis (UC).25 Hoffman
et al.26 demonstrated that, in addition to having a biofunctional
impact on target gene product, rs11614913 also alters the mature
miR-196a's transcription level.

Individual susceptibility acts an inevitable role in BD develop-
ment. Polymorphisms/mutations of genes responsible for BD may
have required for individual genetic susceptibility. Consequently,
the association between the risk of BD and SNPof genes has turned
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into a research focus in the scientific community for a long time.
Starting from this point of view, we designed our study to determine
whether these 3 SNPs (rs1800682, rs1161913, and rs2910164) are
related to BD in a Turkish population.

METHODS

Subjects
One hundred fifteen BD patients (33.4 ± 5.2 years; 59/115

females) guided by the International Criteria for BD27 were in-
volved in the study. Patients with BD were recruited from the
Department of Dermato-Venereology of Bezmialem Vakif Uni-
versity Hospital, during the period from February 2018 to
October 2018. Two hundred twenty age- and sex-matched con-
trols (34.8 ± 3.4 years; 128/220 females) were selected randomly
from healthy candidates, free from any known autoimmune dis-
eases. All procedures performedwere in accordancewith the ethical
standards of the Institutional Ethics Committee of Acibadem

Mehmet Aydınlar University Research Committee (ethics committee
decision no. 2018-2/22) and with the 1964 Helsinki Declaration eth-
ical standards. Both patients and healthy groups have given signed
consent prior to the study.

Genotyping
Genomic DNA samples for genotyping were isolated from

venous blood collected from all participants using QIAamp
DNA Mini Kit (cat. no.: 51304; Qiagen, Hilden, Germany) and
the concentration and purity of the DNA were detected using a
Nanospectrophotometer (Implen GmbH, Munich, Germany) prior to
its storage at −20°C until future use. All Fas rs1800682 (−670A>G),
pre-mir 146 rs2910164G>C, and hsa-miR-196a-2 rs11614913 C>T
polymorphisms were examined with the polymerase chain reaction–
restriction fragment length polymorphism (PCR-RFLP) method. For
PCR, forward primer 5′-CCTAAGAGCTATCTACCGTTC-3′ and reverse
primer 5′-GGCTGTCCATGTTGTGGCTGC-3′ for Fas rs1800682;
forward primer 5′-ATGGGTTGTGTCAGTGTCAGAGCT-3′

FIGURE 1. Restriction fragment length polymorphism digestion patterns. A, FAS rs1800682 polymorphism profiles. Lane 1, M50 DNA
ladder; lane 2, rs1800682AA; lane 3, rs1800682GA; and lane 4, rs180068GG. B, hsa-miR-196a-2 rs11614913 polymorphism profiles. Lane
1, M100 DNA ladder; lane 2 and lane 4, rs11614913TT; lane 3, rs11614913CT; and lane 4, rs11614913CC. Color online-figure is available at
http://www.jclinrheum.com.

FIGURE 2. Sanger sequencing patterns of 3 different profiles of each polymorphisms. (1) FAS rs1800682 polymorphism. (2) pre-mir 146a
rs2910164 polymorphism. (3) hsa-miR-196a-2 rs11614913 polymorphism. Color online-figure is available at http://www.jclinrheum.com.
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and reverse primer 5′-TGCCTTCTGTCTCCAGTCTTCCAA-3′
for rs2910164(mir-146a) , and forward primer 5 ′-
CCCCTTCCCTTCTCCTCCAGATA-3 ′ and reverse
pr imer 5 ′ -CGAAAACCGACTGATGTAACTCCG-3 ′
for rs11614913(miR-196a2) were used.

Thermal cycler conditions for PCRs were as follows: 95°C
for 2 minutes as initial denaturation, followed by 35 cycles at
94°C for 30 seconds for denaturation, 56°C for 30 seconds for an-
nealing, 72°C for the extension, and a final extension at 72°C for
3minutes for rs1800682. For rs2910164 and rs11614913, the con-
ditions were the same except the annealing temperatures, 58°C for
rs2910164 and 63°C for rs11614913. GoTaq Polymerase (cat.
no.:M3001; Promega, Madison, WI) was used for PCRs.

The primers for rs1800682, rs2910164, and rs11614913 gen-
erated 329-, 147-, and 149-bp fragments containing the polymorphic
sites, respectively; 329 bp of FAS amplicon was then digested for
15 minutes at 37°C with 1 unit of MvaI/BstNI restriction enzyme
(cat. no.: R0168S; NEB, Ipswich, MA) and run on electrophoresis
for 40 minutes at 75 Vusing a 3.5% agarose gel. Three polymorphic
alleles, FAS-670AA (232 + 99 bp), FAS-670GG (182 + 99 + 44 bp),
and FAS-670A/G (232 + 182 + 99 + 44 bp) could be easily distin-
guished; 147 bp of mir146a amplicon was digested for 15 minutes
at 37°C with 1 unit of SacI restriction enzyme (cat. no.: R0156S;
NEB, Ipswich, MA) and run on electrophoresis for 40 minutes
at 75 V using a 3.5% agarose gel. Three polymorphic alleles,
rs2910164CC (122 + 25 bp), rs2910164CG (147 + 122 + 25 bp), and
rs2910164GG (147 bp), were determined; 149 bp of mir196a2
amplicon was digested for 15 minutes at 37°C with 1 unit ofMspI
restriction enzyme (cat. no.: R0106S; NEB, Ipswich, MA) and run
on electrophoresis for 40 minutes at 75 V using a 3% agarose gel.
Three polymorphic alleles, rs11614913CC (125 + 24 bp),
rs11614913CT (149 + 125 + 24 bp), and rs11614913TT (149 bp)
were determined (Fig. 1). Polymerase chain reaction–RFLP profiles
were confirmed via Sanger sequencing using GenomeLab DTCS-
QuickstartKit (cat. no.: 608120;Beckman,Brea,CA) andGenomeLab
GeXP Sequencer (Beckman Coulter) (Fig. 2).

Data Analysis
SPSS (version 18) software (IBM Corporation, Armonk, NY)

and GraphPad Prism 5 program (GraphPad Software, San Diego, CA)

were utilized for statistical evaluation. χ2 Analysis was preferred
for genotype-allele frequency comparison and Hardy-Weinberg
equilibrium (HWE). A 2-sided p = 0.05 was considered statisti-
cally significant. The presence of polymorphism associations
was identified via logistic regression analysis.

RESULTS

Distributions of Polymorphisms of Fas rs1800682,
mir146a rs2910164, and mir196a2 rs11614913
in BD

A total of 115 BD patients and 220 control subjects were ex-
amined for rs1800682, rs2910164, and rs11614913. All alleles

TABLE 1. Allele Frequencies and HWE Values

Patient, n (%) Control, n (%) Total, n (%)

FAS
AA 38 (32.5) 98 (44.6) 136 (40.4)
GA 54 (46.1) 105 (47.7) 159 (47.2)
GG 25 (21.4) 17 (7.7) 42 (12.4)
HWE p value 0.404 0.139 0.680

mir196-a2
CC 46 (40) 86 (39.1) 132 (39.4)
CT 53 (46.1) 102 (46.4) 155 (46.3)
TT 16 (13.9) 32 (14.5) 48 (14.3)
HWE p value 1.003 0.04 0.02

mir146-a
CC 2 (1.7) 11 (5) 13 (3.9)
CG 38 (32.5) 120 (54.5) 158 (46.9)
GG 77 (65.8) 89 (40.5) 166 (49.2)
HWE p value 0.281 0.0001 0.0007

HWE indicates Hardy-Weinberg Equilibrium.

TABLE 2. The Distribution of Genotype and Allele Frequencies
of rs1800682, rs11614913, and rs2910164 Polymorphisms in
Patients and Control Subjects

Fas rs1800682
Patient,
n (%)

Control
n(%)

OR
(95% CI) p value

AA 38 (32.5) 98 (44.6) Ref
AG 54 (46.1) 105 (47.7) 0.7540

(0.458–1.241)
0.2658

GG

Dominant

Recessive

25 (21.4) 17 (7.7) 0.2637
(0.128–0.542)

0.5988
(0.374–0.957)

0.3082
(0.158–0.598)

0.0004

0.0316

0.0006

A allele 130 (55.6) 301 (68.4) Ref
G allele 104 (44.4) 139 (31.6) 0.5772

(0.416–0.801)
0.0009

mir196-a2
rs11614913

CC 46 (40) 86 (39.1) Ref
CT 53 (46.1) 102 (46.4) 1.029

(0.631–1.677)
0.9074

TT

Dominant

Recessive

16 (13.9) 32 (14.5) 1.070
(0.531–2.152)

1.009
(0.637–1.589)

1.001
(0.529–1.892)

0.9906

0.9678

0.8741

C allele 145 (63) 274 (62.3) Ref
T allele 85 (37) 166 (37.7) 1.033

(0.743–1.438)
0.8448

mir-146a
rs2910164

CC 2 (1.7) 11 (5) Ref
CG 38 (32.5) 120 (54.5) 0.5742

(0.121–2.707)
0.7350

GG

Dominant

Recessive

77 (65.8) 89 (40.5) 0.2102
(0.0451–0.977)

0.3529
(0.221–0.563)

0.3304
(0.072–1.517)

0.0407

<0.0001

0.2328

C allele 42 (17.9) 142 (32.3) Ref
G allele 192 (82.1) 298 (67.7) 0.4591

(0.311–0.677)
<0.0001

Statistically significant values (p < 0.05) are marked in bold.
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and genotypes except rs2910164 controls werewithin the range of
HWE (Table 1). Distributions of genotype and allele frequencies of
all SNPs studied are summarized in Table 2. Regarding the Fas
rs1800682,AAgenotype has a protective role inBD (p=0.0002, odds
ratio [OR], 0.2351; 95% confidence interval [CI], 0.113–0.501). In
comparison with the allele frequencies, A allele of Fas rs1800682 also
has a protective function in BD. Unlike the recessive model, the
dominant model (AA + AG/GG) displays a protective function on
BD patients (p = 0.0316; OR, 0.5988; 95% CI, 0.374–0.957).

According to Table 2, both G allele and the GG genotype of
rs2910164 have a protective function in BD (p = 0.04; OR, 0.210;
95% CI, 0.0451–0.977; and p = 0.0001; OR, 0.4591; 95% CI,
0.311–0.677, respectively). Like the dominant model of rs1800682,
the dominant model (CC + CG vs. GG) of rs2910164 displays a
protective function on BD patients (p = 0.0001; OR, 0.352;
95% CI, 0.221–0.563). No significant differences were observed
within the groups in case of either of the alleles and genotypes
of rs1800682 polymorphism (p > 0.05).

Combined Genotype Profiles of Fas
rs1800682-mir146a rs2910164 and Fas
rs1800682-mir196a2 rs11614913 Polymorphisms
in BD by Logistic Regression Analysis

Tables 3 and 4 present the association studies of the overall
risk for BD in case of the combined genotypes of the 2 SNPs.
Both rs1800682-rs2910164 and rs1800682-rs11614913 com-
bined genotypes of controls and the BD patients showed no statis-
tical significance (p > 0.05).

DISCUSSION
Immune dysregulation and genetic predisposition are

thought to be crucial in the pathogenesis of BD28; however,
a specifically accepted BD's etiology is still inconclusive. In
the present study, we examined the impacts of genetic varia-
tions of miRNAs, namely, mir-196a2 andmir-146a, and Fas to de-
termine their associations, if any, with the susceptibility to BD in a
Turkish population.

An A-to-G substitution in the promoter region of the FAS
gene, rs1800682 (−670A>G), is suggested to alter FAS gene ex-
pression, thus reducing FAS-mediated apoptosis of tumor cells
and be associated with autoimmunity.7–9 In vitro studies have re-
ported increased STAT1 binding activity and the transcriptional
activity of the FAS promoter in case of A allele. Indeed, if compared
with A allele, G allele was shown to minimize FAS transcriptional
activity.8,29 Our results match those observed in earlier studies that

found individuals carrying GG genotypes or a single G allele pres-
ent statistically significant protection in case of BD (p = 0.04 and
p = 0.0001, respectively).

In another report, the forced overexpression of mir-146a in
mice mimicked human autoimmune lymphoproliferative syn-
drome, thus confirming the modulatory role of this miRNA on
Fas inhibition.30 It seems that hypoexpression of a miRNA, mir-
146a, can promote Fas expression.31 Previous studies draw our at-
tention to a mir-146a polymorphism, namely, rs2910164, a G/C
change that results in an alteration of the amino acid sequence that
leads to a mismatch in the stem-loop of miRNA, which was deter-
mined to modify mature mir-146a's expression level and therefore
is associated with the susceptibility to various autoimmune disor-
ders such as RA32 and BD.33 Our findings are in line with previ-
ous reports in the literature that found the wild type of rs2910164
has a protective function in BD. rs1800682-rs2910164 combined
analysis, instead, has no statistical significance between the con-
trols and the BD patients.

On the other hand, a genetic variation mir-196a2 rs11614913,
including a C/T nucleotide change, can modify both mir-196a2's
function and expression. Hu et al.34 in his cancer tissues and bind-
ing research reported the elevatedmature of hsa-miR-196a2 expres-
sion levels in the presence of rs11614913-CC genotype, implying
that the rs11614913 might modulate the binding of mature hsa-
miR-196a2 to its target mRNA. In the case of UC, patients with
CC genotype have higher mir-196a2 expression than patients with
mutant TT genotype.25 Hoffman et al.,26 instead, suggested that
rs11614913 had a biological impact on the target gene product in
addition to modifying the transcription level of mature miR-196a.
In a Chinese Han population, Qi at al.35 reported a remarkable asso-
ciation of miR-196a2/rs11614913 with BD; however, we could not
find any.

Combined genotype analysis of both rs1800682-rs2910164
and rs1800682-rs11614913 also gave no association results. Our
findings are consistent with those of other studies such as Toraih
et al.,36 in RA patients of an Egypt population; Alemán-Ávila
et al.,37 in SLE and Graves disease patients of a Mexican popula-
tion; and Ranjha et al.,23 in UC patients of an Indian population,
which reported no association of rs11614913 genotypes with the
investigated diseases.

CONCLUSIONS
Our data support that the rs1800682 in FAS and rs2910164

in mir146a but not rs11614913 in miR-196a2 more likely contrib-
ute to BD. Further studies with a larger population of BD are re-
quired to elucidate whether the association between these
polymorphisms and the pathogenesis of BD can be generalized
as the sample size is relatively small. In addition, confirmation

TABLE 3. Determination of the Genetic Effects of rs1800682
and rs11614913 Polymorphisms on BD

FAS/mir196-a2 B Wald p value OR (95% CI)

AA + CC 13.203 0.105
AA + CT −0.100 0.048 0.827 2.216 (0.370 – 2.216)
AA + TT −0.445 0.583 0.445 0.641 (0.205 – 2.007)
GA + CC −0.222 0.261 0.609 0.801 (0.343 – 1.873)
GA + CT −0.379 0.792 0.374 0.684 (0.297 – 1.578)
GA + TT 0.500 0.586 0.444 1.648 (0.458 – 5.928)
GG + CC 0.905 2.209 0.137 2.473 (0.749 – 8.157)
GG + CT 1.106 3.488 0.062 3.022 (0.947 – 9.646)
GG + TT 0.248 0.065 0.799 1.282 (0.190 – 8.663)

(AA + CC) is wild-type combined genotype.

TABLE 4. Determination of the Genetic Effects of rs1800682
and rs2910164 Polymorphisms on BD

FAS/mir146-a B Wald p value OR (95% CI)

AA + CC 20.457 0.005
AA + GC 0.288 0.032 0.858 1.333 (0.057 – 31.121)
AA + GG 1.179 0.597 0.440 3.250 (0.163 – 64.614)
GA + GC −1.649 1.214 0.270 0.192 (0.010 – 3.610)
GA + GG 0.128 0.008 0.929 1.136 (0.067 – 19.264)
GG + GC −0.916 0.311 0.577 0.400 (0.016 – 10.017)

(AA + CC) is wild type combined genotype. GA + CC, GG + CC, and
GG + GG combined genotypes were excluded in the table as none ob-
served in the subjects or the size was not enough for the statistical analysis.
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of the current association in a larger population and further re-
searches on other polymorphic genes are compulsory to a better
understanding of the genetic intervene in which such FAS and
miRNA SNPs alters the impacts of genetic control of the disease
process and the susceptibility to BD.
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