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ABSTRACT. Background. HLA-B27 is an MHC class I molecule that is strongly associated with ankylosing
spondylitis (AS). TNF-α, as an important cytokine in inflammatory joint disease, might have a role in the pro-
cess of AS. This study was performed to determine HLA-B27 subtypes among Iranian patients with AS, and to
investigate TNF-α gene polymorphisms in the patient groups. Methods. Ninety seven AS patients (74 HLA-
B27-positive and 23 HLA-B27-negative) and 137 healthy normal subjects (2 HLA-B27-positive) were enrolled
in this study. HLA-B27 positive patients were screened using the polymerase chain reaction, with sequence spe-
cific primers (PCR-SSP), for B*27 subtyping. All patients and the controls were also investigated for determina-
tion of TNF-α polymorphisms using the same method. Results. Just two subtypes were detected in our patients,
namely B*2705 (63.4%) and B*2702 (36.6%). The study of TNF-α polymorphisms at position -238 showed that
the A allele and AA genotype were significantly over-represented in all patient groups in comparison with the
control group (p < 0.001). At position -308, while the A allele and AA genotype were significantly over-
represented in the whole patient group (p = 0.01), there was no significant difference between the AS groups
and the control group. Conclusion. It could be suggested that a polymorphism within the TNF-α gene at -238
play an important role in AS, although this polymorphism was not related to HLA-B27 subtypes.
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The human leukocyte antigen B*27 is known to be a class
I antigen of the major histocompatibility complex (MHC)
system that is strongly associated with ankylosing spon-
dylitis (AS) [1-3]. AS is the prototype of the seronegative
spondyloarthropathies, and is characterized by axial and
peripheral arthritis. There is a strong association between
the HLA-B27 and AS, which makes this MHC molecule
an important genetic marker of the disease [1, 4].
Although the exact pathophysiology of the disease is
still unknown, it seems to be a multifactorial disease
with environmental and genetic factor involvement [5].
Thirty one HLA-B27 subtypes, with considerable geo-
graphic and ethnic differences, have already been
reported [1, 5, 6]. A limited number of amino acid resi-
dues, occupying defined positions in the peptide-binding
groove, differentiates one from another [3]. There are
various distributions of the HLA-B27 alleles in different
populations [3]. While HLA-B*2701, *2702, *2705,
*2708 and *2709 have been reported in Caucasians,

HLA-B *2704, *2706, and *2707 have been reported
only in Asians [1, 2, 7, 8]. A number of studies have
investigated the preferential association of certain sub-
types with AS, and found a predisposition to the disease
associated with the HAL-B*2705, *2702, *2704, and
*2707 subtypes, among the first ten (HAL-B*2701 to
*2710) subtypes [1, 2, 7, 8].
Tumor necrosis factor alpha (TNF-α), as a proinflamma-
tory cytokine that plays an important role in the regula-
tion of the immune response, could be implicated in the
inflammation of the synovium, and erosion of the carti-
lage in rheumatological diseases [9, 10]. As erosion of
the sacroiliac joints is the prominent feature of AS,
TNF might have a role in this disease. The gene encoding
TNF-α is considered a risk factor in AS [9, 11, 12]. This
gene is located within the MHC class III region, close to
the HLA-B locus [13]. Given that certain MHC class II
alleles are associated with variations in levels of produc-
tion of TNF [14], a role for polymorphisms of the TNF
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gene in MHC-associated autoimmune diseases such as
AS is suggested. TNF production could be affected by
a range of polymorphisms at position -308 and -238,
the regulatory region of the TNF gene [15, 16].
This study was performed to determine HLA-B27 sub-
types in Iranian patients with AS, and to evaluate the rela-
tionship with polymorphisms of the TNF-α promoter
region; TNF and the HLA system are located on same
chromosome and these genes are inherited as a haplotype.

METHODS AND DONORS

Patients and control

Ninety seven AS patients (89 males and eight females)
were selected randomly from the “Iranian AS Associa-
tion”, which includes a mixed population, from all Iranian
ethnic groups, during 2005-2006 (table 1). The diagnosis
of AS in these patients was made according to the Modi-
fied New York Criteria (MNYC) [17]. One hundred and
thirty seven Iranians, who had never suffered from any
rheumatological diseases, were also randomly selected
from blood donors at Iranian blood transfusion organiza-
tions for determination of TNF-α polymorphisms.

HLA typing

DNA from subjects’ peripheral blood leukocytes was
extracted by a modified “salting-out” method [18].
Genetic amplification was performed using the polymer-
ase chain reaction (PCR). Screening of HLA-B27 was
accomplished by primers of E2 and E3, which are used
to amplify exon 2 and exon 3 of B27 to cover all known
B27 subtypes. A primer pair amplifying the third intron of
HLA-DRB1 (796bp) was used as an internal control [19].

Allele typing

Allele typing was performed using the PCR-sequence spe-
cific primer (PCR-SSP) method with the “Olerup SSPTM

HLA-B*27 Kit” (Olerup SSP AB, Sweden). PCR was
performed on a Corbett Thermal cycle, model: CG1-96.
PCR products were visualized in 2% agarose gel under
UV illumination, following ethidium bromide staining,
and were documented by photography [18].

Determination of TNF-α

Cytokine typing was performed by polymerase chain
reaction with sequence-specific primers (PCR-SSP assay
kit; Heidelberg University, Heidelberg, Germany) [24].
Briefly, amplification was carried out using a thermal
cycler Techne Flexigene apparatus (Rosche, Cambridge,

UK). The polymerase chain reaction products were visu-
alized by 2% agarose gel electrophoresis. After electro-
phoresis, the gel was placed on an ultraviolet transillumi-
nator, and a picture was taken for interpretation and
documentation. Each of the primer mixes contained a
control primer pair that amplified either a part of the β-
globin gene or a part of the C-reactive protein gene. The
β-globin control primers produce an 89-base pair (bp)
fragment, while the primer pairs amplifying the CRP
gene produced a 440-bp amplicon.

Statistical analysis

Data were analyzed using the chi-square X2 test. The
odds ratio and P value were calculated for each allele in
the patient and control groups using SPSS statistical soft-
ware, version 14 (SPSS Inc, Chicago, IL, USA). A P-
value of less than 0.05 was considered significant. For
multiple testing corrections, the Bonferroni correction
was performed and the resulting p-value of less than
0.008 was considered significant for TNF-α genotypes
at position -238.

RESULTS

Of the 97 patients with AS, 74 were HLA-B27 positive
(76.3%), while only two of 137 controls were HLA-B27
positive (p < 0.001). Two HLA-B27 subtypes were
detected in our study, including B*2705, the most fre-
quent subtype (66.2%), and B*2702 (37.8%).
Allele and genotype frequencies for the TNF-α gene in
positions -238 and -308 (promoter region) in the control
and patient groups, are shown in the tables 2,3, respec-
tively. The frequencies of the TNF-α -238 A and G
alleles, and also the AG and GG genotypes differ signifi-
cantly between the patient group and the control group
(p < 0.0001). The frequencies of the TNF-α -238 A allele
and the AA genotype were also significantly over-
represented in all patient groups (all HLA-B27 subtypes
and HLA-B27 negative) in comparison with the control
group (table 2).
The A and G allele frequencies (p = 0.016) and also the
AG and GG genotypes (p < 0.01) of TNF-α-308 differ
significantly between the patient and control groups
(table 3).
There was no significant difference in the TNF-α
genotypes between the two groups of HLA-B*2702 and
HLA-B*2705. Although the AG genotype -238 in the
patient groups was only detected in patients with
HLA-B*2705 (three cases), this was not significantly
different to other patient groups (p = 0.54). The AA
genotype at position -308 was also more common in the

Table 1
Characteristics of of patients with ankylosing spondylitis

Age (years) Number (total = 97) Percentage (%) Male (n = 89) Female (n = 8)

12-22 47 48.45 43 4

23-32 38 39.18 34 4

33-42 9 9.28 9 0

43-52 3 3.09 3 0
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HLA-B*2702 group, but the difference compared to the
HLA-B*2705 group was not significant (92% versus
84%, p = 0.48).

DISCUSSION

The association between HLA-B27 and AS has been
known about for more than three decades, and is one of
the strongest HLA-disease associations [2]. Although
HLA-B27 might have a role in antigen presentation, the
exact mechanism that allows HLA-B27 to confer suscep-
tibility to AS remains unknown [2, 3].
The frequency of HLA-B27 positive cases in AS patients
varies between different countries. In our study, three
quarters of the AS patients were HLA-B27 positive,
which is similar to the estimated frequency (about 70%)
in Iran [20]. It seems that the genetic basis for the patho-
genesis is heterogeneous, which could be due to diverse
subtypes of the disease in different regions. These epide-
miological data might support the hypothesis that genetic
factors, in association with environmental factors, could
influence the disease [2].
TNF promoter polymorphisms seem to be a predisposing
factors for AS. In this context, we determined the distri-
bution of the TNF promoter polymorphisms at positions -
238 and -308 in HLA-B27 AS patients and healthy con-
trols. A significant decrease in the frequency of the TNF-
238A allele in patients with AS was found, when com-
pared to healthy individuals. Association analysis showed
that the TNF-238G allele is in linkage disequilibrium
with the HLA-B27 allele. The decreased frequency of the
TNF-238A allele in AS patients is therefore likely to be

secondary to the HLA-B27 association. In contrast to our
results, no difference in the distribution of the TNF-238
allele was reported between AS patients and healthy con-
trols in the Spanish population [21]. Moreover, in these
population studies, no evidence for linkage disequilib-
rium between HLA-B27 and the TNF-238G allele was
observed. The discrepancy between the two studies
could be explained by the absence of linkage disequilib-
rium between the TNF-238G allele and HLA-B27 in the
Spanish population. This difference could reflect the eth-
nic differences between the populations studied [9].
The -308 G to A transition seems to be associated with the
HLA -A1- B8 -DR3 haplotype, which predispose indivi-
duals to autoimmune diseases [22]. In our study, the
A allele and the AA genotype of TNF-α (-308) have a
significant association with AS, which is in contrast
with previous studies [5, 21]. While this difference
between HLA-B2702 and HLA-B2705 is not significant,
we cannot confirm the hypothesis that the TNF-308A
allele and TNF-308A/G genotype will be inherited with
just HLA-B2702 as a haplotype. However, overrepresen-
tation of the A allele and the AA genotype could be asso-
ciated with a higher production of TNF-α [23], confirming
the role of elevated TNF-α levels in inflammation [24].
Although there is not enough evidence to support a role
for TNF alleles in AS, associations between TNF alleles
and infectious and autoimmune diseases have been
described [5, 25]. Since polymorphic genes within the
MHC could display a high degree of linkage disequilib-
rium, associations with class I or II alleles could be a
consequence of linkage with a nearby, disease-causing
TNF gene.

Table 2
Comparisons of allele and genotype frequencies of TNF-α -238 between AS patient groups and controls

Allele/
Genotype

Control
(n = 137)
N (%)

Patients Odds ratio (OR) and P-value (P)

Total
patients
(n = 97)
N (%)

HLA-B27-
(n = 23)
N (%)

HLA-
B2702
(n = 25)
N (%)

HLA-
B2705
(n = 49)
N (%)

Controls versus
patients

Controls versus
HLA-B27-

Controls versus
HLA-B2702

Controls vs.
HLA-B2705

OR P OR P OR P OR P

A 215 (78.5) 191 (98.46) 46 (100.0) 50 (100.0) 95 (96.94) 17.47 < 0.0001 13.06 0.002 14.17 0.001 8.69 0.00005

G 59 (21.5) 3 (1.55) 0 (0.00) 0 (0.00) 3 (3.07) 0.06 < 0.0001 0.08 0.002 0.07 0.001 0.128 0.00005

AA 79 (57.7) 94 (96.91) 23 (100.0) 25 (100.0) 46 (93.88) 17.52 < 0.0001* 17.70 0.0006* 19.17 0.0003* 8.67 0.00001*

AG 57 (41.6) 3 (3.10) 0 (0.00) 0 (0.00) 3 (6.13) 0.06 < 0.0001* 0.06 0.0007* 0.05 0.0004* 0.12 0.00002*

GG 1 (0.7) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0.69 0.77 2.85 0.94 2.63 0.98 1.37 0.69

* Significant at 5% level, adjusted for the Bonferroni multiple testing correction.

Table 3
Comparisons of allele and genotype frequencies of TNF-α -308 between AS patient groups and controls

Allele/
Genotype

Control
(n = 137)
N (%)

Patients Odds ratio (OR) and P-value (P)

Total
patients
(n = 97)
N (%)

HLA-B27-
(n = 23)
N (%)

HLA-
B2702
(n = 25)
N (%)

HLA-
B2705
(n = 49)
N (%)

Controls
versus patients

Controls
versus
HLA-B27-

Controls
versus
HLA-B2702

Controls
versus
HLA-B2705

OR P OR P OR P OR P

A 235 (85.8) 181 (91.42) 43 (93.47) 48 (96.00) 90 (91.84) 0.43 0.016 0.42 0.23 0.25 0.07 1.87 0.17

G 39 (14.2) 13 (6.57) 3 (6.52) 2 (4.00) 8 (8.17) 2.31 0.016 2.38 0.23 3.98 0.07 0.54 0.17

AA 98 (71.5) 84 (84.85) 20 (86.96) 23 (92.00) 41 (83.68) 2.57 0.01 2.65 0.19 4.58 0.05 2.04 0.14

AG 39 (28.5) 13 (13.14) 3 (3.04) 2 (8.00) 8 (16.33) 0.39 0.01 0.38 0.19 0.22 0.05 0.49 0.14
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While the role of TNF single nucleotide polymorphisms
has previously been reported in some disorders, this
study suggests a role for this cytokine polymorphism in
AS [26-29]. Although the G to A transition polymor-
phism at position -238 seems to be associated with a
number of autoimmune diseases, independent of HLA-
association, the TNF-238 polymorphism has been
reported in several studies, to be associated with severity
rather than susceptibility in autoimmune diseases. There-
fore, such factors could be of significance in determining
disease outcome [5, 30]. However, in order to determine
whether a relationship between certain TNF alleles and
disease outcome exists in AS, further studies are needed
to expand the analyses of TNF polymorphisms in a group
of AS patients stratified for disease activity.
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