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Abstract Although it has been reported that the MHC
class I molecule, HLA-B51, is a risk factor for Behget’s
disease (BD), contribution of the tumor necrosis factor
(TNF) genes, which are located in the vicinity of the
HLA-B locus, to the genetic susceptibility for BD has yet
to be elucidated. The purpose of this study was to ana-
lyze the effect of TNF-a promoter polymorphisms at
positions —308, —238 and —376 on the susceptibility,
severity and clinical features of BD. The TNF-a gene
sequences from 107 patients with BD and 102 healthy
subjects were amplified by the polymerase chain reac-
tion. Sequence analysis of the TNF-o gene locus, which
contains promoter polymorphisms at positions —376,
—308, and —238, was performed with a DNA sequenc-
ing kit on automated sequencer. The patients were
classified according to disease severity and clinical fea-
tures. Serum TNF-o level in the study groups was
measured by sandwich enzyme immunoassay. In pa-
tients with BD the frequencies of TNF-o —308 (19.4% vs
18.4%), —238 (3.7% vs 5.9%), and —376 (0.9% vs
2.9%) gene polymorphisms were not found to be sig-
nificantly different from those in healthy subjects. The
TNF-a gene polymorphisms did not show any associa-
tion with disease severity or clinical features. Serum
TNF-o level was significantly higher in patients with BD
than in healthy controls (3.10+£1.45 pg/ml vs
243+1.94 pg/ml, P < 0.01). Serum TNF-u« level was
not found to be significantly associated with disease se-
verity, activity, clinical findings and TNF-o genotypes.
The results of this study suggest that the TNF-o gene
polymorphisms are unlikely to play an important role in
the pathogenesis and severity of BD.
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Introduction

Behget’s disease (BD) is a multi-systemic inflammatory
disorder classified among the vasculitidies. It was first
described as a triad of recurrent oral and genital ulcers
and uveitis with hypopion. Various other ophthalmic
and cutaneous lesions, as well as musculoskeletal, vas-
cular, gastrointestinal, neurological, pulmonary, and
cardiac involvement, are other well-known features of
BD.

The etiopathogenesis of BD is not clearly established.
However, immune dysfunction, characterized by acti-
vation in neutrophils and T cells and release of Thl-type
proinflammatory cytokines such as tumor necrosis fac-
tor-alpha (TNF-«), has been considered as the major
pathogenetic factor of the disease [1-6]. The TNF-«
produced by activated macrophages and T lymphocytes
is a cytokine showing a potent immunomodulator
activity [7]. TNF-a expression is induced by bacterial
lipopolysaccharide, mitogens, and viruses, and it is reg-
ulated both transcriptionally and post-transcriptionally
[8, 9]. It has been demonstrated that peripheral blood
mononuclear cells from patients with BD have increased
TNF-o gene expression and synthesis [4-6]). When one
considers the arranging effects of TNF-a on acute phase
response, vascular adhesion, progenitor differentiation
in bone marrow, and apoptosis [10], this cytokine may
play a role in the pathogenesis of BD. It is also suggested
that TNF-o may be directly responsible from activation
of T cells and neutrophils, main pathogenetic changes in
BD [2, 3].

Genetic factors can assist in the development of BD
with effecting response of inflammatory cells to antigenic
stimuli, inflammatory cell functions and release of vari-
ous cytokines [1-3]. Contribution of the MHC class I



molecule HLA-B51 to the genetic susceptibility for BD
is well documented [11]; however, it is still unknown
whether HLA-BS51 directly participates in the patho-
genesis of BD or is only associated with it because of
linkage disequilibrium with another predisposition gene
[12]. Therefore, investigation of other polymorphic loci
of the MHC region in BD patients is of interest.

The TNF genes, which are located centromeric to
HLA-B in the class III region [13], encode closely related
cytokines, which play an important role in the regulation
of the immune response as part of the cytokine network
[14]. In view of the localization of the TNF genes and the
biological properties of these cytokines, it has been
postulated that polymorphic TNF genes might play a
role in the various HLA-associated diseases [15].
Accordingly, polymorphisms, a G — A substitution at
position —308, a G — A substitution at position —238,
and a G — A substitution at position —376, have been
described in the proximal promoter of the TNF-a gene
[16-20]. While there is evidence for transcriptional reg-
ulation of TNF-a gene expression [8, 9], these poly-
morphisms may be important for TNF-a gene
expression and protein production. Previous studies
have demonstrated a role of TNF gene polymorphisms
in MHC-associated diseases such as systemic lupus
erythematosus, rheumatoid arthritis, and ankylosing
spondylitis [16, 21-23]. Recently, TNF genes attracted
research as possible candidates for BD susceptibility.
The results of previous studies of the association of the
TNF gene polymorphisms with BD are contradictory
[24-28]. Therefore, we investigate the association of
TNF-a promoter polymorphisms at positions —308,
—238 and —376 with susceptibility to BD and clinical
features of BD.

Patients and methods

One hundred-seven patients, 65 male and 42 female,
fulfilling the International Study Group Criteria for the
diagnosis of BD [29], were included in the study. Our
patients were adults of Turkish origin living in Turkey.
Mean age was 35.0+9.5 years, and median disease
duration was 60 months (range 1-276 months) in the
patients’ group. One hundred-two healthy blood donors
of the same ethnic origin, 61 male and 41 female, were
examined as the healthy control group. Mean age was
33.7+8.8 years in control group. The study was ap-
proved by the Committee on Medical Ethics of the
Ankara University Faculty of Medicine, and written
informed consent was obtained from all subjects after an
explanation of the purpose of the study.

The detailed clinical characteristics were recorded for
each patient. Behget’s disease with vascular involvement
described patients with venous and arterial thromboses
and/or aneurysm. The diagnosis of vascular involvement
was made on clinical grounds, color Doppler ultraso-
nography and/or angiography using computed tomo-
graphic techniques where appropriate. The patients were
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classified according to disease severity as mild, moderate
or severe [30]. Patients with BD, who had two or more
active clinical features related to BD at the time of the
study, were considered to have active BD, and patients
who had had no symptoms apart from recurrent oral
ulcers for at least 1 month prior to the study were con-
sidered to have inactive BD.

DNA preparation

Genomic DNA was extracted from EDTA anti-coagu-
lated blood by a conventional salting-out procedure of
the cellular proteins, followed by dehydration and pre-
cipitation of the DNA by a saturated sodium chloride
solution [31]. The DNA was dissolved in water by
mixing overnight and stored at —20°C until required.

Polymerase chain reaction

TNF-a gene sequences from all individuals included in
this study were amplified by the polymerase chain
reaction (PCR). PCR was performed in 50 pl reactions
containing 2.5 ul purified genomic DNA, 50 pmol of
each primer and 1 U of Taq DNA polymerase. The
temperature cycles were 0.5 min at 94°C and 1 min at
56°C for 30 cycles in a thermal cycler (MJR PTC200,
USA). An elongation time of 7 min at 68°C was used in
the final cycle. Primers used in the PCR reaction were as
follows: primer (forward), 5-TGCCAACAACTG-
CCTTTA-3" and primer (reverse), 5-GAGTCTCCG-
GGTCAGAATGA-3’ [17]. PCR products, 10 ul, were
electrophorized on a 1.5% agarose gel and visualized
after ethidium bromide and orange G gel staining under
ultraviolet  transillumination. The band-amplified
671 bp was searched for and then analyzed. The results
were photographed under a red filter with Polaroid film
or image editor. Sequence analysis of the TNF-a gene
locus that contained promoter polymorphisms at
positions —376, —308, and —238 was performed with the
7-Deaza-dGTP Cy5/5.5 Dye Primer Cycle DNA
sequencing kit (Visible Genetics, Canada) on a Visible
Genetics automated sequencer [22].

Serum TNF-a level was measured by sandwich
enzyme immunoassay (QuantikineHS, R&D Systems,
Wiesbaden, Germany), sensitive from 0.06 pg/ml to
32 pg/ml.

Statistical analysis

Continuous data are expressed as mean + SD, and
categorical data are expressed as percentages. Compar-
ison of percentages was made with the chi-squared test
with Yates’ correction or Fisher’s exact test, as appro-
priate. A Bonferroni correction was applied for multiple
comparisons with all novel associations, with a correc-
tion factor derived from the number of alleles tested. Pc
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indicates where the Bonferroni correction was applied.
The associations between TNF-a gene polymorphisms
and BD or disease severity indicators are expressed as
odds ratio (OR) with 95% confidence intervals (CI).
Comparison of means was carried out with the unpaired
Student’s z-test. A P<0.05 was considered statistically
significant.

Results

The cumulative clinical characteristics of patients with
BD are shown in Table 1. Thirty-three patients had
vascular involvement. According to the index of Krause
et al. 41 patients were classified as having mild disease,
36 patients as moderate, and 30 patients as having severe
disease. The disease was active in 57 patients and inac-
tive in 50 patients during the study.

The TNF-a —308, —238, and —376 genotype and
allele frequencies in patients with BD and healthy sub-
jects are shown in Table 2. TNF-a —308 G/A hetero-
zygous polymorphism was detected in 21 BD patients
(19.6%) and in 16 healthy subjects (15.7%). Two sub-
jects in the control group demonstrated —308 A/A
genotype, while no homozygous mutation was observed
in patients with BD. The TNF-¢ —238 G/A polymor-
phism was present in four patients with BD (3.7%) and
in six healthy controls (5.9%). The frequency of TNF-«
—376 G/A polymorphism was 0.9% in the patients’
group and 2.9% in the control group. In patients with
BD the frequencies of TNF-o —308, —238 and —376
polymorphisms were not found to be significantly dif-
ferent from those in healthy subjects (P >0.05).

The associations between the frequencies of TNF-a
—308 and 238 G/A genotypes and clinical findings of
BD are shown in Table 3. The TNF-o —308 polymor-
phism did not show any association with clinical find-
ings. Although the frequency of TNF-a —238 G/A
genotype in patients with vascular involvement (9.1%)
was higher than that in the patients without vascular
involvement (1.4%), the difference was not found to be

Table 1 The cumulative clinical characteristics of patients with
Behget’s disease

Clinical characteristic Number Percentage
Oral ulcers 107 100.0
Genital ulcers 100 93.7
Papulopustular eruption 73 68.2
Erythema nodosum 60 56.1
Positive pathergy test® 54 60.0
Ocular involvement 42 39.3
Arthritis 33 30.8
Thrombophlebitis 26 243
Deep vein thrombosis 24 22.4
Caval vein thrombosis 7 6.5
Arterial involvement 9 8.4
Neurological involvement 7 6.5

“Pathergy test was done in 90 patients

Table 2 TNF-a —308, —238 and —376 genotype and allele fre-
quencies in the study groups

Parameter

Patients’
group n (%)

Control
group n (%)

TNF-o —308

G/G genotype
G/A genotype
A/A genotype

G allele
A allele
OR (95% CI)
TNF-o —238

G/G genotype
G/A genotype
A/A genotype
G allele

A allele

OR (95% CI)
TNF-o —376
G/G genotype
G/A genotype
A/A genotype
G allele

A allele

OR (95% CI)

86 (80.4%)

21 (19.6%)

0

193 (90.2%)

21 (9.8%)

1.14 (0.57-2.29)

103 (96.3%)

4 (3.7%)

0

210 (98.1%)
4(1.9%)

0.62 (0.17-2.27)

106 (99.1%)
1(0.9%)
0

213 (99.5%)
1(0.5%)
0.31 (0.03-3.04)

84 (82.4%)
16 (15.7%)
2 (2.0%)
184 (90.2%)
20 (9.8%)

96 (94.1)
6 (5.9%)

0

198 (97.1%)
6 (2.9%)

99 (97.1%)
3 (2.9%)

0

201 (98.5%)
3 (1.5%)

statistically significant (OR =7.30; 95% CI=0.73-73.0;

P>0.05).

The distribution of TNF-o —308 and -238 G/A

genotypes in BD patients according to disease severity
are shown in Table 4. Although, in patients with severe
disease, the frequency of TNF-o —308 G/A genotype
was lower, and the frequency of TNF-au —238 G/A

Table 3 The relationships between TNF-o —308 G/A and —238
G/A positivity and clinical findings in patients with Behget’s

disease. P> 0.05 for all comparisons

Parameter Number —308 G/A —238 G/A
positivity n (%) positivity n (%)
Genital ulcers
Positive 100 21 (21.0%) 4 (4.0%)
Negative 7 0 0
Papulopustular eruption
Positive 73 16 (21.9%) 4 (5.5%)
Negative 34 5 (14.7%) 0

Erythema nodosum

Positive 60 11 (18.3%) 2 (3.3%)

Negative 47 10 (21.3%) 2 (4.3%)
Pathergy test

Positive 54 12 (22.2%) 1 (1.9%)

Negative 36 7 (19.4%) 2 (5.6%)
Ocular involvement

Positive 42 5(11.9%) 1 (2.4%)

Negative 65 16 (24.6%) 3 (4.6%)
Arthritis

Positive 33 7 (21.2%) 0

Negative 77 14 (18.9%) 4 (4.2%)
Vascular involvement

Positive 33 7 (21.2%)

Negative 74
Neurological involvement

Positive 7

Negative 100

14 (18.9%)

1 (14.3%)
20 (20.0%)

3(9.1%)
1 (1.4%)

0
4 (4.0%)




Table 4 The frequencies of TNF-« —308 G/A and —238 G/A
genotypes according to disease severity

Parameter —-308 G/A —238 G/A
positivity n (%) positivity n (%)
Mild BD 11 (26.8%) 1 (2.4%)
Moderate BD 7 (19.4%) 1(2.8%)
Severe BD 3 (10.0%) 2 (6.7%)

OR (95% CI)* 0.36 (0.10-1.34) 2.68 (0.36-19.9)

#Severe BD vs mild or moderate BD

genotype was higher, than those of the patients with
mild or moderate disease, differences did not reach sta-
tistically significant levels (P> 0.05).

Serum TNF-o level was significantly higher in pa-
tients with BD than in the control group (3.10+1.45 pg/
ml vs 2.43+£1.94 pg/ml, respectively; P<0.01). Mean
serum TNF-o levels were not significantly different
among the patients with mild (3.13 £ 1.55 pg/ml), mod-
erate (3.21£1.70 pg/ml), or severe (2.92+0.91 pg/ml)
disease (P >0.05). Serum TNF-« level was also found to
be similar between the patients with active or inactive
disease (3.09+1.37 pg/ml vs 3.11+0.55 pg/ml, respec-
tively; P>0.05). There was no significant difference
in serum TNF-a level between the patients with or
without vascular involvement (3.07+1.49 pg/ml vs
3.11+1.44 pg/ml, respectively; P>0.05). Serum TNF-o
level was not found to be significantly associated with
TNF-o genotypes in either patients or control groups
(Table 5).

Discussion

Although familial aggregation of BD patients [32] and
association of HLA-B51 with BD [11] strongly support
the contribution of genetic factors to the pathogenesis of
BD, a disease-susceptible gene has not yet been deter-
mined. It has long been investigated whether HLA-B51
has a direct role in the pathogenesis, or whether this
association reflects linkage disequilibrium with a puta-
tive susceptibility gene for BD located close to the HLA-
B locus. TNF is encoded in the class III region of the
HLA complex, adjacent to HLA-B, implicating it as
both a functional and positional candidate gene in the
pathogenesis of BD. A number of polymorphisms in the
TNF promoter have been identified. However, the role
of TNF gene polymorphisms in the pathogenesis of BD
has not been researched enough.

In the present study no significant difference was
observed in the TNF-o —308 G/A heterozygous poly-
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morphism between BD patients and healthy controls.
In other studies in the Turkish population the —308
gene polymorphism was also not found to be signifi-
cantly associated with BD [25, 26]. Similarly, Verity
et al. [24], Ahmad et al. [27] and Lee et al. [28] did
not find a significant difference in the TNF-« —308A
allele frequency between the BD patients and healthy
controls. In the studies examining the association be-
tween TNF-f gene polymorphisms and BD [24, 28,
33], the TNF-f1 and f2 allele frequencies in BD pa-
tients were not found to be different from the control
group, except for the BD patients with ocular
involvement [24].

We have not found significant associations between
the TNF-o —308 polymorphism and disease severity and
clinical parameters, including the vascular and ocular
involvement in BD patients. The —308 polymorphism
was also not found to be significantly associated with the
manifestations or severity of BD in the studies of Duy-
maz-Tozkir et al. [26] and Lee et al. [28]. These findings
suggest that TNF-a —308 gene polymorphism does not
have a significant effect on the development and clinical
status of BD.

In our study, TNF-o —238 gene heterozygous poly-
morphism was observed in only four patients with BD
(3.7%), and frequency of this polymorphism was not
different from that in healthy subjects. Thus, this poly-
morphism appears to be not responsible for the devel-
opment of BD in our patient population. Ahmad et al.
[27] studied 133 UK white Caucasoid patients with BD
and 354 healthy controls, and they found that the fre-
quencies of TNF-a -1031C and —238A alleles were sig-
nificantly higher in BD patients than in controls. In this
study, 18.0% of BD patients had the —238A allele. The
reason(s) for the difference in the frequency of —238
gene polymorphism between the present study and the
study of Ahmad et al. is not clear; however, the ethnic
variability might be responsible for these discordant
results. In our study, the frequency of —238 G/A geno-
type in patients with vascular involvement was higher
than that in the patients without vascular involvement;
however, the difference did not reach a statistically sig-
nificant level. Further studies are required to reach a
certain conclusion about the association between —238
polymorphism and vascular involvement in BD patients.

The TNF-o0 —376 polymorphism in BD patients has
also been examined in our study, and heterozygous
mutation was observed in only one patient. Duymaz-
Tozkir et al. [26] also reported that three of 99 patients
with BD had a heterozygous mutation on TNF-a gene at
position —376.

Table 5 Serum TNF-« levels

Control group

G/A Genotype P G/G Genotype  G/A Genotype P

according to TNF-o0 —308 and ~ Parameter Patient group

—238 genotypes (pg/ml) (NS

not significant) G/G Genotype
—308 3.16+1.54
—238 3.03+1.31

2.84+1.02
4.80+3.48

NS
NS

2.33+1.90
2.38+1.78

2.854+2.12
3.16£3.85

NS
NS
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It has been shown that TNF-« levels are increased in
both the peripheral blood mononuclear cell culture su-
pernatants and serum samples from the patients with
BD [4-6, 34). We also found a higher serum TNF-« level
in BD patients than in healthy subjects. However, serum
TNF-o level was not associated with disease activity,
severity or clinical features. Our findings suggest that
serum TNF-a level may not be a useful marker of dis-
ease activity and severity. The reason why a relationship
between the serum TNF-« level and disease activity and
severity could not be established could be that the serum
level of this cytokine does not sufficiently reflect its local
tissue concentration. Previous studies have shown an
increase in TNF-o gene expression in the peripheral
blood mononuclear cells of the patients with active BD
[35]. Moreover, clinical remission is achieved following
the TNF-o« monoclonal antibody therapy in BD patients
[36]. As a result, cellular TNF-« synthesis may have key
role in the disease pathogenesis and its activity.

TNF-a production displays significant inter-individ-
ual variations. These differences can be related to the
polymorphisms in the TNF-« gene [17-19]. However,
the results regarding the functional role of TNF-a —308
and —238 polymorphisms are contradictory. In vitro
studies have shown that the —308 A allele is a more
powerful transcriptional activator than the —308G allele
[37-39]. Louis et al. [38] and Brinkman et al. [39] found
that the peripheral blood mononuclear cells of the
individuals having —308 A/A genotype synthesized more
TNF-o than the individuals having G/G genotype.
However, no significant effect of 308 G/A genotype on
TNF-o gene transcription has been observed [39-41].
Allen [42] suggested that TNF-a gene transcription and
synthesis are increased in the individuals carrying —308A
allele as homozygous. No significant effect of —238
polymorphism on TNF-a gene transcription and syn-
thesis has been observed in previous studies [40, 43].

We did not observe a significant difference in serum
TNF-a levels between the individuals having —308 G/A
and G/G genotypes in either the patient group or the
controls. The serum levels of the cytokines do not suf-
ficiently reflect the synthesis rates and their local con-
centrations in the tissues. Thus, an increase in cellular
TNF-o synthesis caused by the heterozygous —308 G/A
polymorphism, which is a less powerful transcriptional
activator than that of A/A genotype, would not be re-
flect the serum TNF-a level. This opinion is supported
by the study of Hamzaoui et al. [34], in which they have
shown a greater in vitro TNF-o synthesis in the
peripheral blood mononuclear cells obtained from the
patients with BD than in that of healthy subjects, despite
both groups having the same serum TNF-« levels. In our
study, serum TNF-« levels were higher in subjects hav-
ing —238 G/A genotype than in those having 238 G/G
genotype, in both the patients and control groups, but
the differences were not found to be statistically signifi-
cant. As the number of the individuals having this
mutation is very low, however, it is not possible to make
a definite comment.

This study has several limitations. First, its low sta-
tistical power can make it difficult to determine small
differences between genotype frequencies. Second, we
demonstrated that the TNF-o —238A and —376A alleles
are rare in the Turkish population, which prevented
meaningful analysis with a sample size of 107. Third, we
investigated three single nucleotide polymorphic sites.
TNF-o has three other promoter polymorphisms
(—1031, —863 and —857). Therefore, it will be possible
for us to find a difference in genetic polymorphisms at
other genetic loci as well as Ahmad et al. [27].

In conclusion, the etiopathogenesis of BD remains
unknown. Although the previous studies had provided
the role of TNF-o polymorphisms in HLA-accompany-
ing diseases, we did not find any associations between the
polymorphisms on the TNF-« gene at —308, —238 and
—376 positions and susceptibility to BD and its clinical
course in Turkish patients. Considering the pathogenic
role of TNF-o cytokine, we suggest that the role of TNF
gene polymorphism in the etiopathogenesis of BD is not
determined, but it can be functionally explained. How-
ever, in order to reach a definite conclusion on this
subject, we need to wait for the results of further studies.
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