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ABSTRACT

Objective. The manifestations of BD
are considered to have developed as a
result of immunological dysfunction,
which is suggested to be induced by
microbial pathogens. The Toll-like re-
ceptor (TLR) genes were known to be
associated with a variety of infectious
diseases due to their central role in
both innate and adaptive immunity. In
this report, we investigated the possible
association between BD patients and
genetic variations within the TLR 2, 4
and 9 genes in a Tunisian population.
Patients and methods. /35 Tunisian
BD patients and 159 healthy blood do-
nors from the same geographical area
were genotyped by polymerase chain
reaction for the TLR polymorphisms.
Results. Among the TLR polymor-
phisms, only the distribution of TLR9
1486 T/C genotype (p=0.07; %*=3.30;
OR=1.54; 95% CI1=0.94-2.51) and al-
lele (p=0.08; x*=2.91;, OR=1.34; 95%
CI1=0.94-1.92) frequencies was differ-
ent between BD patients and healthy
controls, but did not reach statistical
significance. For the TLR9 1237 T/C,
the distribution of genotypes and al-
leles were not significantly different
comparing total patients with controls.
There were no associations between the
studied polymorphisms and the main
clinical manifestations of BD.

The G, T and A allele of the TLR4 1896
A/G, TLR4 11196 C/T and TLR2 12408
G/A polymorphisms were uncommon
and absent in the Tunisian population.
Conclusion. Our results showed that
SNPs in the TLR2, 4 and 9 genes were
not significantly associated with sus-
ceptibility to BD.

Introduction

Behget’s disease (BD) is a multisystem-
ic inflammatory disorder characterized
by oral and genital ulcers and cutane-
ous, ocular, arthritis, vascular, central
nervous system and gastrointestinal
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involvement (1, 2). The disease is most
common along the ancient Silk Road
extending from Eastern Asia to the
Mediterranean basin. The typical age of
onset is in the 30s, and the male to fe-
male ratio varies with ethnic origin (2).

BD possibly involves complex interac-
tions of genetic and environmental fac-
tors. HLA-B51 is the genetic marker
most strongly associated with BD in
different populations, with relative risk
ranging from 1.38 to 20.70 (3, 4).

The manifestations of BD are consid-
ered to have developed as a result of
immunological dysfunction, which is
suggested to be induced by microbial
pathogens in genetically susceptible
individuals, includes hyperactivity of
neutrophils, overexpression of sev-
eral proinflammatory and Thl-type
cytokines, several phenotypic and func-
tional lymphocyte abnormalities (5, 6).

Herpes simplex virus (HSV) is cur-
rently the only virus possibly associated
with BD (1, 2). Streptococcus sanguis
has been suggested as a causative agent,
because the bacteria and antibodies
against the bacteria are frequently found
in the oral flora and serum, respectively,
of patients with the disease (7).

Pattern recognition receptors (PRRs),
including Toll-like receptors (TLRs), are
essential components of the innate im-
mune system as recognition of microbial
antigens occurs via PRRs that are ex-
pressed by innate effector cells. Micro-
bial recognition results in a rapid and ef-
ficient immune response against invad-
ing microorganisms (8). The TLRs are
members of an evolutionary conserved
interleukin-1 super-family of transmem-
brane receptors that recognize pathogen
associated molecular patterns (9). Rec-
ognition of pathogen-derived ligands
such as peptidoglycans, lipopolysaccha-
ride (LPS) and bacterial CpG-DNA by
Toll-like receptor 2 (TLR2), TLR4 and
TLRO, respectively, has recently been
discovered (10, 11).



Due to the role of the innate immune
genes, such as TLRs, at the interface
between host and environment, genetic
variations within these genes could
have a major impact on host defence
or inflammatory disease pathogenesis.
Common TLR polymorphisms are as-
sociated with reduced responsiveness
to various pathogens and with gram-
negative infection, sepsis, and asthma,
among other conditions (12).

We speculate that genetic variation in
the innate immune genes, like TLR,
may play a role in determining suscep-
tibility, not only to infectious diseases
but also to chronic inflammatory hu-
man diseases such as BD.

For the TLR2 gene, two single nucle-
otide polymorphisms Arg677Trp and
Arg753GlIn have been identified. TLR2
recognizes lipoproteins of the cell mem-
brane of Gram-positive bacteria, Gram-
negative bacteria, mycobacteria, myco-
plasma and other organisms. TLR2 gene
mediated a response to bacterial cell wall
components (13). Any abnormalities af-
fecting the function of TLR2 could ex-
plain the aberrant immune response that
causes the symptoms of BD.

Regarding TLR-4, an A to G conversion
at position 12874 replaces Asp 299 by
a Gly residue and results in a loss of
function, whereas a C to T conversion
at position 13174 replaces Thr 399 by
an Ile residue results in an intermediate
phenotype (14). TLR4 forms a com-
plex with CD14 and other cofactors on
the surface of immune cells to activate
intracellular signalling.
Polymorphisms 1237T/C and 1486T/C
within the TLR9 promoter have been
recently identified. There imply that ge-
netic variation in 7LR9 could play a role
in human diseases potentially associated
with altered innate immune responses.
Any abnormalities affecting the func-
tion of TLR can play an important role
in the development of BD, and could ex-
plain the aberrant immune response that
causes the symptoms. As patients with
BD were rather susceptible to infectious
agents, such as streptococci and myco-
plasma, both of which are recognized by
TLRs, it seemed reasonable to suppose
there would be an association between
TLR polymorphisms and BD. The cur-
rent study compared the distribution of

TLR polymorphisms in Behcet’s disease / I. Ben Dhifallah et al.

the genotype and allele frequencies of
TLR2, TLR4 and TLRY genes among
Behget’s patients and healthy controls.
The aim was to investigate the possible
association between these polymor-
phisms and susceptibility to Behget’s
disease in Tunisian patients.

Patients and methods

We studied 135 native Tunisian pa-
tients (93 male and 42 female) with
BD, recruited from Rabta Hospital, be-
tween September 2005 and May 2007.
All patients were diagnosed according
to the diagnostic criteria proposed by
the international study group for BD
(15). The mean (SD) ages of the BD
group and controls were 39.5+13 and
41.3£9 years, respectively. The clini-
cal features of the patients are summa-
rized in Table 1. A control group of 159
unrelated, healthy Tunisian age- and
sex-matched individuals who had no
known medical problems on a health-
screening questionnaire were enrolled.
The study was approved by our Nation-
al Ethics Committee and was conduct-
ed in accordance with the guidelines in
the Declaration of Helsinki. Informed
consent was obtained from all patients
with Behcet’s disease and controls par-
ticipating in this study.

Genotyping

DNA from all study subjects was ob-
tained from peripheral blood and ex-
tracted using the salting out procedure
as described (16). The samples of the
286 (135 BD patients and 159 healthy
controls) subjects were genotyped for
the TLR4 (1896 A/G rs 4986790 and
11196 C/Trs4986791), TLR9 (21237 T/
C rs5743836 and 21486 T/C rs187084)
and finally for the TLR2 (12408 G/A
1s5743708) polymorphisms.

A polymerase chain reaction restriction
fragment length polymorphism (PCR-
RFLP) method was used to genotype
patients and controls for the target
polymorphisms. The total volume of
the PCR was 25 ml containing 100 ng
of genomic DNA, 1xPCR buffer (Fer-
mentas International, Ontario, Canada),
5 mM of a ANTP-Mix Fermentas), 0.5
units of Tag DNA polymerase (Fermen-
tas) and 3 pmol of each primer. The fi-
nal MgCI2 concentrations are given in
Table II. The PCR comprised an initial
denaturation step (95°C for 15 min), 35
cycles (94°C for 30 s), primer anneal-
ing temperature as given in Table II for
30s, 72°C for 30 s and a final extension
step (72°C for 10 min). The volume of
the restriction assays was 15 ml con-
taining the appropriate buffer, water

Table I. Clinical characteristics of patients with Behcet’s disease and demographic features

of healthy control group.

No. of patients (%) No. of controls (%)

n=135 n=159
Age (mean + SD, years) 39.5+13 413 +9
Sex (Male) 93 (68.8) 114 (72.6)
Duration of the disease (mean + SD, years) 8.60 + 4 _
Familial antecedent 14 (10.3) _
HLA-B51 31 (22.9) _
Frequencies of clinical manifestations
Oral ulceration 135 (100) _
Genital ulceration 109 (80.7) _
Skin lesions
Erythema nodosum 16 (11.8) _
Folliculitis/acne 65 (48.1) _
Skin pathergy response 29 (21.5) _
Ocular inflammtion
Uveitis 62 (45.9) _
Retinal vasculitis 21 (15.5) _
Vascular involvement
Vascular involvement 28 (20.7) _
Phlebitis 19 (14.0) _
Neurologic involvement 28 (20.7) _
Arthritis 26 (19.2) _

HLA: human leukocyte antigen.
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Table II. Annealing temperature (°C), primers, Taq, DNTP and MgCl2 concentrations used

for PCR.
Gene  Polymorphism Primers Taq (U)  Number of DNTP MgCl, Annealing
(uM) cycles (mM) (mM) temp (°C)

TLR9 T-1237C 0.8 0.7 38 0.16 22 61°C
T-1486C 0.5 0.7 36 0.16 1.5 60°C

TLR4  Asp299Gly 0.4 0.5 31 0.12 3 61°C
Thr3991le 0.4 0.5 31 0.12 2.5

TLR2 Arg753GIn 0.4 0.7 35 0.2 3 65°C

TLR: Toll-like receptor.

Table III. Primer sequences used in RFLP analyses of TLRs polymorphism.

Genes  Polymorphisms Primers
TLR9 1237 T/C TLR9-Forward 5’-ATGGGAGCAGAGACATAATGGA-3’
TLR9-reverse 5’-CTGCTTGCAGTTGACTGTGT-3"
1486T/C TLR9-Forward 5’-TCCCAGCAGCAACAATTCATTA-3’
TLRY-reverse 5’-CTGCTTGCAGTTGACTGTGT-3’
TLR4  Asp299Gly F:5’-GATTAGCATACTTAGACTACTACCTCCATG-3’
R: 5 ° -GATCAACTTCTGAAAAAGCATTCCCAC-3*
Thr3991le F:5’-GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA-3’
R:5’-ACCTGAAGACTGGAGAGTGAGTTAAATGCT- 3’
TLR2  Arg753GIn F: 5" -CATTCCCCAGCGCTTCTGCAAGCTCC-3’

R: 5’-GGAACCTAGGACTTTATCGCAGCTC-3’

Table IV. Restriction enzymes and length of the restriction fragments.

Gene polymorphism Restriction  Length of the restriction fragments
enzyme

TLR4 Asp299Gly Nco I Wild type (allele A): 188 bp
Asp299Gily (allele G): 168 bp + 20 bp

TLR4 Thr3991le Hinf I Wild type (allele C): 124 bp
Thr3991le (allele T): 98 bp + 26 bp

TLR2 Arg753GIn Msp I Wild type (allele G): 104 bp + 25 bp
Arg753Trp (allele A): 129 bp

TLR9 T-1237C BstNI Wild type (allele C) 108pb + 27pb
T-1237C (allele T) 60pb+ 48pb + 27pb

TLR9 T-1486C AflIT Wild type (allele C) 327pb +172pb

T-1486C (allele T) 499pb

TLR: Toll-like receptor.

and restriction enzyme (Fermentas) and
10 ml of the PCR product. It was incu-
bated overnight at 37°C and analyzed
by electrophoresis on a 4% agarose gel.
Additionally all primer sequences are
given in Table III and restriction en-
zymes used are given in Table IV.

Statistical analysis

The 7* test was used to compare the
distribution of the different mutations
between the Behget’s affected individuals
and the representative control group.

Differences in alleles and genotypes
frequencies between patients and
healthy controls were compared using
the standard Chi squared test (Epistat
statistical package). When the expected
cell number was less than 5, Fisher’s
exact test was used. Probability values
of 0.05 or less were regarded as statisti-
cally significant. The strength of a gene
association is indicated by the odds ra-
tio (OR). The odds ratio and the 95%
confidence intervals (CI) were calcu-
lated whenever applicable.
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The subjects used in this study were
justified by the Hardy-Weinberg’s exact
test, and no genetic bias was observed
for each SNP (p>0.06 for all analyses).

Results

The distribution of genotypes and alleles
frequencies was compared between Tu-
nisian BD patients and healthy controls.
G, T and A allele of the TLR4 1896 A/
G, TLR4 11196 C/T and TLR2 12408
G/A polymorphisms were uncommon
(allele frequencies are 0% for each
polymorphism).

The distribution of the TLRY 1237
T/C and 1486 T/C by study group is
shown in table V. TLR9 1486 T/C al-
lele (p=0.08; %’=2.91; OR=1.34; 95%
CI=0.94-1.92) and genotype (p=0.07;
%x*=3.30; OR=1.54; 95% CI=0.94-2.51)
were different between BD patients and
healthy controls but did not reach statisti-
cal significance. The frequency of the C
allele was 32% in BD patients and 39%
in controls.

For the TLR9 1237 T/C, the distribu-
tion of alleles and genotypes were not
significantly different comparing total
patients with controls. The frequency
of the C allele was 10% in BD patients
compared to 8.8% in the control group.
There were no associations between the
studied polymorphisms and the main
clinical manifestations of BD (skin le-
sions, ocular inflammation, vascular
involvement, neurologic involvement,
arthritis, disease severity).

Also, when analyses were carried out
between the TLR polymorphisms and
BD patients with HLA-B*51 and those
without these characteristics no signifi-
cant difference was found according to
the presence of HLA-BS5I1.

Discussion

The genotype frequencies of the TLR2
and TLR4 polymorphisms were not sig-
nificantly different between Behget’s pa-
tients and controls. The G, T and A allele
of the TLR4 1896 A/G, TLR4 11196 C/
T and TLR2 12408 G/A polymorphisms
were uncommon (allele frequencies are
0% for each polymorphism).

For TLRY polymorphism, a difference
was found in the distribution of 1486T/
C allele (p=0.08; %?>=2.91; OR=1.34;
95% CI=0.94-1.92) and genotype
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Table V. Comparison of TLR9 T-1237C and T-1486C polymorphisms between Tunisian

BD patients and healthy controls.

SNP Genotype frequency x’ Allele frequency x’
(%) (p-value) (%) (p-value)

1237T/C T/T T/C C/C T C

Patients 111 (82.2) 21 (15.6) 322 0.22 243 (90) 27 (10) 0.25

Controls 134 (84.3) 22 (13.8) 3 (1.9) 0.89 290 (91.1) 28 (8.8) 0.61

1486T/C T/T T/C C/IC T C

Patients 66 (48.9) 51 (37.8) 18 (13.3) 3.30 183 (67.8) 87 (32.2) 4.06

Controls 61 (38.4) 72 (453) 26 (16.3) 0.07 194 (61%) 124 (39%) 0.08

p=0.07 for genotype frequencies; p-value was obtained when comparing TT genotype to (TC+CC)

genotype. p=0.08 for allele frequencies.

TLR: Toll-like receptor; BD: Behget’s disease; SNP: single nucleotide polymorphism.

(p=0.07; %*>=3.30; OR=1.54; 95%
CI=0.94-2.51) frequencies between
BD patients and healthy controls but
did not reach statistical significance.
TLR2 12408G/A polymorphism was
uncommon in our Tunisian population,
and like a previous study (17) we did
not find any of its variants in the control
group. A recent study found that TLR2
variants were completely absent in Cau-
casians and Asians (18). Also, our results
were in comparison with other autoim-
mune diseases. In a Turkish study they
found that none of the patients from the
rheumatoid arthritis (RA) groups had
the A allele or A/G genotype and that
the TLR2 Arg753GIn polymorphism
does not play a role in BD (19). In the
Basque population no association was
found between TLR2 and TLR4 poly-
morphisms and Type I diabetes mellitus
(20). A very low frequency of the TLR2
Arg753GIn was in systemic lupus ery-
thematous (SLE) patients (21).

For the TLR4, the data of previous
studies revealed carriage rates for
the Asp299Gly mutation of TLR4
gene ranging from 7% to 12% among
healthy Caucasian subjects (22). The
rate of TLR4 polymorphism is low, but
in our study TLR4 are compromised by
the absence of the allele frequency.
There was no suggestion of any associa-
tion between these polymorphisms and
Behcet disease risk. In Tunisian popula-
tion TLR2 and TLR4 are compromised
by the absence of the allele frequency
and lack of power. In this study we did
not have enough power to detect genet-
ic effects of TLR2 and TLR4 polymor-
phisms on Behget’s disease.

At present, the impact of the TLR9
1237T/C and 1486T/C polymorphisms
on the expression of TLR9 remains un-
known but a dysfunction in bacterial
recognition or a lack of an adequate im-
mune response to bacterial can not be
excluded. In knockout mice, TLR9 has
been shown to be responsible for medi-
ating the maturation of dendritic cells
and the production of proinflammatory
cytokines including tumor necrosis fac-
tor, interleukin-6, and interleukin-12
by macrophages following exposure to
unmethylated CpG-rich bacterial DNA
(11). To our knowledge, no study has
reported an association between TLR9
1237T/C and/or 1486T/C polymor-
phisms and BD.

Our study showed that there was no
relationship between 1237T/C poly-
morphism and BD. This result was in
concordance with those found in Turk-
ish population (19). When studies were
done in other autoimmune diseases, the
1237T/C polymorphism was associated
with susceptibility to asthma in Euro-
pean Americans, but not in Hispanic or
African Americans (23) and recently,
has been associated with Crohn’s dis-
ease (24). There may be different dis-
ease associations reflecting different
immunopathogenetic mechanisms.
Differences have been reported in the
distribution of 1486T/C allele and geno-
type frequencies between BD patients
and healthy controls, but did not reach
statistical significance. Ito et al. showed
that SNPs in the TLR9 gene were not
significantly associated with suscepti-
bility to BD in a recent Japanese study
(25). This was in concordance with
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results found in our study but sample
size cannot provide enough statistical
power to give a significant result and it
is necessary to increase the sample size
before a conclusion can be reached.
When clinical manifestations were taken
account, there were no associations be-
tween 1237T/C and 1486T/C polymor-
phisms and the main clinical manifesta-
tions of BD (skin lesions, ocular inflam-
mation, vascular involvement, neurologic
involvement, arthritis, disease severity).
In our study, the number of subjects
was not large enough to conclude the
contribution of this polymorphism on
Tunisian BD patients.

Polymorphisms in the TLR9 gene might
influence the functional capability of
TLRO to elicit effective defense mecha-
nism against microbial pathogens. It
has been shown that the TLR9/MyD88
pathway mediates antiviral cytokine
responses by Dentritic cells (DC), and
possibly other cell types, which are co-
ordinated to promote effective NK cell
function (26).

Despite the same role of important me-
diators for many autoimmune diseases,
conflicting results were shown in Be-
hcet’s disease. Touma et al. found that
CTLA-4 gene variants are not associ-
ated with Behget’s disease or its clini-
cal manifestations (27), but CTLA4-
A/G polymorphism was found to be
associated with Behget’s disease in the
Tunisian population (28). Recently, an-
other important receptor in mediating
various immune effector functions was
found to have clinical implications in
Behget’s disease (29).

Our study should be investigated in
other ethnic groups using large samples
to investigate the mechanism of TLR
polymorphisms in BD. This should
contribute to better understanding the
role of these polymorphisms in BD.
The lack of data regarding TLR9 poly-
morphisms indicate the need for larger
studies to clarify the role of these poly-
morphisms in infectious and/or autoim-
mune diseases.

This study has suffered from a lack of
power and it is necessary to increase the
sample size before a conclusion can be
obtained. The present work should be
regarded as a hypothesis-testing study
with its limitations.
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