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Abstract: Rheumatoid arthritis (RA) is a complex, multifactorial, inflammatory disease that affects more than 1.5 million
adults. The current study aimed to investigate whether there is an association between either -376 G/A or -238 G/A
polymorphisms of TNF-a promoter and the risk of RA in Egyptian patients, and investigate whether these polymorphisms are
linked to TNF-a expression. DNA from 54 clinically confirmed RA patients and 24 apparently healthy individuals was
genotyped by RFLP technique. Some samples were selected for semi-quantitative measurement of TNF-oo mRNA expression.
For the -376 polymorphism, no polymorphism was recorded in this site neither in RA patients nor in the apparently healthy
individuals. This indicated the wide distribution of the wild type GG genotype among Egyptians. For the -238 G/A
polymorphism, data indicated that 77.8% of RA patients were of the genotype GG and 22.2% were heterozygous (GA), while
91.7% of the apparently healthy individuals were of the genotype GG and 8.3% were heterozygous (GA). The homozygous
genotype AA was not recorded in any RA or healthy subject. There was no statistically significant difference in the genotype
distribution between RA patients and the apparently healthy individuals. Also, there was no statistically significant difference
in either the G or A allele distribution between the RA group and the group of healthy subjects. Semi-quantitative PCR on
some samples revealed a statistically significant increase in the relative expression of TNF-o mRNA in RA patients compared
to healthy subjects. Based on these data, we conclude that -238 G/A and -376 G/A polymorphisms can not be considered as
risk factors for RA among Egyptians and the increased expression of TNF-a in Egyptian RA patients is not linked to these
polymorphisms. Therefore, Egyptian RA patients may have different genetic or environmental factors contributing to the
pathogenesis of RA and further studies are necessary to search for other genetic polymorphisms and/or genes that contribute
to the increased expression of TNF-a and hence the pathogenesis of RA in Egyptian patients.
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proinflammatory cytokines, T cells and B cells plays key
roles in the pathophysiology of RA [6, 7]. Among the
cytokines involved is the tumor necrosis factor-o (TNF-a)
that plays an important role in the inflammatory and immune
responses in several diseases, including RA [8]. TNF-a has
been implicated in the stimulation of T cell immune
response,  upregulation of  proteolytic  enzymes,
prostaglandins and chemokines, and over expression of

1. Introduction

Rheumatoid arthritis (RA) is a chronic, progressive,
inflammatory autoimmune disease that is associated with
articular, extra-articular and systemic effects [1]. RA is
estimated to affect 1.5 million adults [2] and its sufferers are
typically young (20 to 30 years age). RA incidence peaks at

35 to 50 years of age [2, 3] and is higher in women [2] with a X - )
higher lifetime risk (3.6%) compared to men (1.7%) [4]. adhesion, or HLA class II molecules in the pathogenesis of
RA [9]. TNF-a production shows a wide variation, with

high- and low-producer phenotypes present in humans [10],
pointing to the influence of genetic variation on the
regulation of TNF-a circulating levels. The promoter area of

Genetic and environmental factors are thought to contribute
to susceptibility to RA initiation as well as severity of
disease course [5]. The orchestrated interaction of
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the TNF-a gene contains some single nucleotide
polymorphisms (SNPs) which control the activity of the
promoter and the resulting mRNA and protein levels [11].
Some studies in many parts of the world have addressed the
issue of TNF-a gene promoter SNPs and RA outcome. The
published data indicates the possible existence of TNF-a
gene promoter variants that act as markers for disease
severity and response to treatment in RA [12-14]. Out of the
known polymorphisms in TNF-a gene promoter, only -308
G/A polymorphism has been addressed in Egyptian RA
patients by Mosaad et al. [15]. The current study aimed to
investigate (1) whether there is an association between either
the -376 G/A or -238 G/A polymorphisms of TNF-a
promoter and RA in Egyptian patients and (2) whether these
polymorphisms are linked to the expression level of TNF-a.

2. Materials and Methods
2.1. Blood Sampling and DNA Extraction

Peripheral blood samples were collected in EDTA-rinsed
vacuotainer tubes by venipuncture from the arm vein of 54
clinically confirmed-RA subjects and 24 apparently healthy
individuals in Mansoura University Hospital after providing
informed consent. Genomic DNA was extracted from all
blood samples by Gene JET™ Genomic DNA Purification
Kit (#K0722) according to the manufacturer’s instructions
and the purified DNA was either immediately used in
downstream applications or stored at -20°C.

2.2. Restriction Fragment Length Polymorphism (RFLP)

All DNA samples extracted from RA patients and healthy
controls were subjected to PCR to amplify 2 different
regions of the TNF-a gene promoter. To investigate -376
G/A  polymorphism, we wused the forward primer
5’-AGTTCTATCTTTTTCCTGCATCCTGTCTGGAT-3’an
d the reverse primer 5'-ATCCTCCCTGCTCCGATTCC-3'
and to investigate -238 G/A polymorphism, the forward
primer 5’-AGAAGACCCCCCTCGGAACC-3’ and the
reverse primer 5’-ATCTGGAGGAAGCGGTAGTG-3 were
used. All PCR reactions were performed and visualized as
previously described [16]. PCR products of all subjects were
restricted with Fokl enzyme (#FD2144) for investigating
-376 G/A polymorphism and with Mspl enzyme (#ER0542)
for investigating -238 G/A polymorphism. Both restriction
reactions were performed in a 30 pl scale reaction as
described before [16] with the exception of 15 min.
digestion time in case of Fast digest Fokl. Restriction
reactions were run side by side with an equivalent amount of
undigested PCR reaction mixture in 5% agarose gels for 50
min in TBE buffer and the gels were stained and
photographed.

2.3. Semi-Quantitative Measurement of TNF-a Gene
Expression

RNA was extracted from the white blood cells of 14 RA
patients and 7 healthy subjects by the use of Gene JET™
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RNA extraction kit (#K0731, Fermentas) according to the
manufacturer’s instructions. Purified RNA preparations
were converted into first strand cDNA by the use of
RevertAid™ First Strand cDNA Synthesis Kit (#K1631,
Fermentas). Synthesized cDNA was diluted and amplified
by Maxima Hot start Master mix (Fermentas) for 30 cycles
using newly designed TNF-a specific primers (forward:
5’-CTTCTCCTTCCTGATCGTGG-3’ and reverse:
5’-CCCTGGGGAACTCTTCCCTCT-3") and the GAPDH

specific primers (Forward:
5’-CAAGGTCATCCATGACAACTTTG-3" and reverse:
5’-GTCCACCACCCTGTTGCTGTAG-3’). TNF-a and

GAPDH amplification products of the same sample were
loaded together in the same well of the gel. TNF-a
amplicons were quantitated relative to GAPDH amplicons
using Image J software.

3. Results

3.1. Genotype Frequencies

To investigate the association of TNF-o gene
polymorphisms with the risk of RA, DNA was extracted
from the blood of 54 clinically confirmed RA patients and 24
apparently healthy subjects; and RFLP technique was used
to study the G to A transition at the two sites -376 and -238.

For studying -376 G/A polymorphism, the region
spanning the nucleotides -588 to -405 of the TNF-a gene
promoter region was amplified by PCR which resulted in a
184 bp product as expected (Fig. 1A, lanes P). The amplified
PCR products from RA patients and healthy individuals
were digested with the restriction enzyme Fokl and the
restriction reactions were run parallel to the undigested PCR
products on the same gels (Fig. 1A, lanes R). In all the
samples of both RA and healthy subjects, a single band of
approximately 146 bp resulted from Fokl restriction
digestion. This digestion pattern is reminiscent of the
complete digestion of PCR products and the expected small
38 bp band could not be resolved on the gel. These results
indicate that both clinically confirmed RA patients and
apparently healthy individuals were all of the wild type GG
genotype (Fig. 1 A).

To investigate the -238 G/A polymorphism, the region
spanning the nucleotides -438 to -287 of the TNF-a gene
promoter region was amplified by PCR which resulted in a
152 bp product as expected (Fig. 1B, lanes P). The amplified
PCR products from all subjects were digested with the
restriction enzyme Mspl and the restriction reactions were
run parallel to the undigested PCR products on the same gels
(Fig. 1B, lanes R). In 12 samples from RA patients, two
fragments of approximately 152 bp and 132 bp resulted from
Mspl digestion. In the remaining 42 RA samples, a single
band of about 132 bp resulted from Mspl digestion. This
digestion pattern is reminiscent of the genotype GA of the 12
RA patients and the GG genotype of the remaining 42 RA
patients and the expected small 20 bp band could not be
resolved on the gel. Mspl restriction pattern of the 24
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apparently healthy individuals indicated that 2 healthy
subjects were of the GA genotype while the other 22 subjects
were of the GG genotype.

Thus, the homozygous GG genotype was detected in 77.8%
(42 out of 54) of RA subjects and in 91.7% (22 out of 24) of
the apparently healthy individuals. Heterozygous genotype
GA was detected in 22.2% (12 out of 54) of RA patients and
8.3% (2 out of 24) of healthy individuals. Distribution of the
GA and GG genotypes between RA patients and healthy
individuals was not statistically significant (Table 1).

3.2. Frequencies of Allele Carriage

For the frequency of A allele carriage, i.e. the proportion
of subjects in the two groups carrying at least one A allele,
22.2% of RA patients carried the A allele compared to 8.3%
of healthy individuals and the difference seemed to be
statistically non-significant with Chi square test (p=0.14).

3.3. Semi-Quantitative Measurement of TNF-a Gene
Expression

To compare the expression of TNF-a mRNA in Egyptian
RA patients and the apparently healthy individuals, 14
samples from RA patients and 7 samples from healthy
subjects  were selected for investigation  with
semi-quantitative PCR. A primer pair was designed
specifically to amplify the TNF-oo ¢cDNA and used to
compare TNF-o mRNA expression relative to GAPDH
mRNA expression. In the majority of samples, relative
expression of TNF-a mRNA in RA patients was higher than
its relative expression in healthy subjects (Fig.2). The mean
value of relative TNF-o. mRNA expression in the 14 RA
patients was 84% compared to 76% in the 7 healthy subjects.
This difference was statistically significant by T- test
(p=0.0001).
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Table 1. Distribution of the different -238 G/A genotypes in RA patients and
healthy subjects. X’ indicates Chi Square value.

RA Patients Healthy subjects @

Genotype oo™ o N=24 % Sig.
GG 42 778% 22 91.7% 2.18  0.14
GA 12 22% 2 83% 218 0.4
AA 0 00% 0 0.0% - ;

4. Discussion

There is a great deal of evidence that points to the
contribution of TNF-o gene as a common genetic factor in
the pathogenesis of diseases caused by inflammatory and/or
autoimmune etiologies [17]. Production of TNF-a is thought
to be controlled by genetic polymorphisms in the genes
regulating its production and effect [15]. Also,
single-nucleotide polymorphisms (SNPs) in the TNF-o gene
itself have a functional significant role in the regulation of'its
production as there are many SNPs within the TNF-a gene
promoter [18]. Genetically controlled production of TNF-a
leads to differences in its synthesis; which in turn could
imply the influence of TNF-o polymorphism on RA
susceptibility or severity [9]. In the current study, no
polymorphism was recorded in the site -376 neither in RA
patients nor in the apparently healthy individuals. This
indicates the wide distribution of the wild type GG genotype
among Egyptians. These data are in agreement with that of
Barton et al. [19] who found no difference in either allele or
genotype frequencies at the position -376 between RA
patients developing erosions and those remaining non
erosive at 5 years. Several TNF-a polymorphism (-857, -376,
-308, and -238) as well as the +489 exonic SNP have been
studied to investigate its association with susceptibility to, or
severity of RA and some of these studies [20-26] revealed no
association but the association was approved in some others
[27,28].

C21
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Figure 1. Representative gels showing the restriction digestion pattern with Fokl and Mspl. Row A shows restriction pattern with Fokl for investigating -376
G/A polymorphism. Row B shows restriction pattern with Mspl for investigating -238 G/A polymorphism. Left gels show RA samples 13-18 and right gels
show samples 19-24 from healthy individuals. Lanes “P” refer to undigested PCR products while lanes “R” refer to digested PCR products. * indicates the

genotype GA.

For the -238 G/A polymorphism, our data indicated that,
77.8% of RA patients were of the genotype GG and 22.2%

were heterozygous (GA). But for the apparently healthy
individuals, 91.7% were of the genotype GG and 8.3% were
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heterozygous (GA). In both types of subjects, the
homozygous genotype AA was not recorded at all.

There are several inconsistent data about this
polymorphism. The study of Ozen et al. [29] on Turkish RA
subjects approved that the distributions of allele frequencies
of -238 G/A and -308 G/A polymorphisms were not
significantly different from those of controls. The same
study also showed that -238 G/A and -308 G/A
polymorphisms in the promoter region of TNF-o were not
different from those of control which is in agreement with
our results. The authors concluded that these two
polymorphisms were not a defining factor for the
development of RA disease.

Tsunemi et al. [30] and Epplen et al. [31] observed no
association between TNF-o -238 polymorphism and
psoriasis, while the association between this polymorphism
and psoriatic arthritis in several populations has been
reported in several studies [32-40].

On the other hand, some studies have shown an
association of the -238 GG genotype with worse RA
prognosis [21, 23, 41, 42]. The TNF -238 GA genotype is
thought to correlate with less severe disease in multiple
sclerosis [43].

For allele distribution, this study did not record any
significance in either the G or A allele distribution between
the RA group and the group of healthy subjects. The G allele
was recorded in 100% of both groups, while the A allele was
recorded in 22% of the RA patients and in 8.3% of healthy
individuals and this difference was statistically
non-significant (p=0.14). Brinkman et al. [23] recorded a
slight over representation of the -308 G and -238 G alleles in
RA, but this increase was not significantly different from its
distribution in healthy individuals. Some other reports have
associated both the -238 A and -238 G allelic forms to high
TNF-a production but with clearly contrasting results [43,
44].

-238 G/A TNF-a polymorphism has been reported to be
associated with other diseases. In systemic lupus
erythematosus, the TNF-a -238 AA genotype was found to
be a marker of a particular clinical subtype [45]. This
polymorphism was also associated with the occurrence of
scarring thrachoma [46] and susceptibility to alcoholic
steatohepatitis [47]. According to Jang et al. [48], -238 G/A
polymorphism had an apparently protective role against a
range of tumors. This polymorphism was also associated
with clinical characteristics of chronic hepatitis C according
to Hohler et al. [49] and Dai et al. [50].

In the current study, no association was detected between
either -376 G/A or -238 G/A polymorphisms and RA in
Egyptian patients. It has been reported that in the promoter
area linkage disequilibrium is strong and that it may be
difficult to study the role of SNPs in isolation [9]. Knight et
al. [51] indicated that the -376 A allele is in allelic
association with the -308 G and -238 A alleles in Caucasian
population. Therefore, further studies on the -308 G/A
polymorphism could confirm or negate this finding in
Egyptian patients. It is noteworthy to mention that Mosaad
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et al. [15] demonstrated an association of the TNF-o -308 G
allele and GG homozygous genotype with susceptibility to
RA and the presence of the A allele with erosion in the
patients.

Semi-quantitative PCR on some RA samples in this study
revealed a significant increase in the relative expression of
TNF-a mRNA in RA patients compared to healthy subjects.
This is in agreement with the study of Nemec et al. [9] which
indicated high concentrations of TNF-a in serum and
synovial fluid of RA patients and indicated a correlation
between the TNF-a blood concentration and disease activity.

Thus, the current data implement the absence of an
association between the -376 G/A or -238 G/A
polymorphisms and the increased expression of TNF-a in
RA patients. Kaijzel et al. [42] hypothesized that the -238 G
to A transition might influence TNF-o mRNA expression
and as a result facilitates deregulation of the cytokine
network, thereby influencing the disease process. However,
the results of the current study are supported by in vitro
transfection assays which indicated that TNF -238 A by
itself or in combination with TNF -376 A is not likely to be
of direct functional relevance for transcriptional activation.
Therefore, these polymorphisms were thought to serve as
markers for additional polymorphisms in the TNF/LT locus
or neighboring genes that may influence disease severity
[42]. It is still possible that the high expression of TNF-a in
RA patients could be controlled by other polymorphisms in
its promoter (e.g. -308 G/A) or the genetic polymorphisms
in the genes regulating its production [15].

Study of TNF-o polymorphisms among Egyptians is
limited with only a single study by Mosaad et al. [15] on
-308 G/A polymorphism. Up to the best of our knowledge
and based on the published literature, this is the first study to
address the association between RA and -376 G/A and -238
G/A polymorphisms of TNF-a in Egyptian patients.

Based on the results of the current study it can be
concluded that Egyptian RA patients may have different
genetic or environmental factors contributing to the
pathogenesis of RA. Further studies are necessary to search
for other genetic polymorphisms and/or genes that
contribute to the increased expression of TNF-a and hence
the pathogenesis of RA in Egyptian patients.

1.00

0.20 17

0.10 17|

23 24 25 27 32 33 34 42 43 44 45 47 48 51 57 58 59 60 61 64 66

Sample No.

Figure 2. Relative expression of TNF-a in 14 rheumatoid arthritis patients
(23-51) and 7 healthy individuals (57-66).
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