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ABSTRACT
Introduction: With 170million chronic hepatitis C virus (HCV) cases worldwide, HCV is considered
a major life-threatening pathogen. HCV is a crucial causative of liver cirrhosis and hepatocellular
carcinoma. Tumor necrosis factor-α (TNF-α ) is thought to be a mediator in the development of
viral hepatitis. Because HCV is epidemic in Egypt, this study aimed to characterize the distribution
of TNF-α gene promoter polymorphisms and their relation to TNF-α expression in HCV patients.
Methods: Four promoter polymorphisms; −1031T/C, −863C/A, −857C/T, and −308G/A, were stud-
ied by restriction fragment length polymorphism in a population of Egyptian HCV patients. Re-
sults: Compared to healthy subjects, none of these polymorphisms were associated with HCV
infection. The wild-type −1031T, −863A, −857C, and −308G alleles were highly prevalent in the
studied population. Sequencing the promoter region spanning the four studied polymorphisms
in some subjects did not reveal any difference in the nucleotide variance pattern, compared with
the TNF-α reference sequence. Relative TNF-α mRNA expressions in HCV patients and healthy
subjects were statistically indifferent. Conclusion: Since previous studies confirmed an increase in
TNF-α level in case of viral infections, this study focuses onmechanisms of post-transcriptional and
posttranslational modifications of TNF-α gene in HCV patients, which decode the genetic factors
linked to HCV infection and severity.
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INTRODUCTION
The Hepatitis C virus (HCV) is the major cause of
liver cirrhosis and hepatocellular carcinoma (HCC),
which is the most common causative of liver trans-
plantation in several countries1. Globally, about 170
million people are chronically infected with HCV2.
Chronic liver inflammation develops by the aid of var-
iousmediators, whichmay act as cofactors in carcino-
genesis3. Among thesemediators, the tumor necrosis
factor-α (TNF-α) is a critical pathogenic mediator in
the development of viral hepatitis. TNF-α is required
for the propagation of liver cells in case of liver dam-
age. It also mediates hepatotoxicity 4.
Various types of cells produce TNF-α . To become
biologically active, it binds to two target cell recep-
tors: TNFR1 and TNFR2 5. TNF-α-encoding gene
is located on chromosome 6 in the class III region
of the major histocompatibility complex. Its pro-
moter region contains several polymorphisms, the
most common of which are −1031T/C, −863C/A,
−857C/A,−376G/A,−308G/A, and−238G/A. Some
of these genetic polymorphisms (1031T/C,−376G/A,

−308G/A, and −238G/A) were found to affect TNF-
α expression levels6.
TNF-α −308G/A polymorphism was linked to the
pathogenesis and advancement of chronic hepatitis C
(CHC)7,8. Dogra et al.9 reported a significant asso-
ciation between TNF-α −308GG genotype and HCV
infection in patients when compared with healthy
individuals. Dai et al.10 reported that detecting of
TNF-α −308A allele before administering combina-
tion therapy might be useful for predicting the treat-
ment response, especially in difficult-to-treat HCV
patients.
TNF-α was reported as a carcinogenesis cofactor3

with a potential role in cancer pathogenesis11, and its
level elevated in HCC patients12. According to Yang
et al.11 meta-analysis, TNF-α −308G/A polymor-
phism was assumed to confer a higher risk of HCC,
especially in the Asian population. Xiao et al. 13 meta-
analysis revealed that increased HBV-HCC risk was
associatedwithTNF-α −308AAandTNF-α −238AA,
and with TNF-α −863CA genotypes. In some Chi-
nese populations, TNF-α −308G/A polymorphism
was associated with HCC susceptibility 14.
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In Egypt, HCV is an epidemic with a prevalence of
14.7%15. Approximately 75-85% of HCV-infected
persons will progress to chronic infection and risk
developing HCC 1. This study aims to evaluate the
distribution of TNF-α gene polymorphisms in HCV-
infected patients in the Egyptian population and ex-
plore whether any of these polymorphisms are linked
to HCV-infection and TNF-α expression.

SUBJECTS - METHODS
Subjects
Blood samples were collected from 100 subjects (50
HCV RNA-positive patients and 50 healthy subjects).
The study was ethically authorized by our institute’s
board (No. 5/2/2/1 and 5/2/2/8), and all subjects gave
their written consent before samples were collected.
All HCV-positive patients were Hepatitis B virus
(HBV)-negative and rheumatoid factor-negative, and
the healthy subjects were negative for both of HCV,
HBV, and rheumatoid factors.

Genotyping
Genomic DNA was extracted from blood sam-
ples by Gene JETT M Genomic DNA Purification
Kit (#K0722, Thermo Scientific, Waltham MA,
USA), according to the manufacturer’s instruc-
tions. All extracted DNA samples were genotyped
by polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) to detect
−1031T/C (rs1799964), −863C/A (rs1800630),
−857C/T (rs1799724), and −308 G/A (rs1800629)
polymorphisms in the promoter of TNF-α gene
according to Skoog et al.16. Genotyping of the
−1031T/C polymorphism was performed by am-
plifying a DNA fragment with the forward primer
5′-TATGTGATGGACTCACCAGGT-3′ and the re-
verse primer 5′-CCTCTACATGGCCCTGTCTT-3′.
The amplified fragment was cut with the restriction
enzyme BbsI (#ER1011, Thermo Scientific, Waltham
MA, USA). Genotyping for the −863C/A and
−857C/T polymorphisms were performed by ampli-
fying fragments with the common forward primer 5′-
GGCTCTGAGGAATGGGTTAC-3′ and the reverse
primer 5′-CTACATGGCCCTGTCTTCGTTACG-
3′ for −863C/A, and the reverse primer 5′-
CCTCTACATGGCCCTGTCTAC-3′ for −857C/T.
The two types of amplified fragments were digested
with the restriction enzyme TaiI (#ER1141, Thermo
Scientific, Waltham MA, USA). Genotyping of the
−308G/A polymorphism was performed by ampli-
fying a DNA fragment with the forward primer 5′-
GAGGCAATAGGTTTTGAGGGCCAT-3′ and the

reverse primer 5′-GGGACACACAAGCATCAAG-
3′. The amplified fragment was digested with
the restriction enzyme NcoI (#ER0571, Thermo
Scientific, Waltham MA, USA).
Each PCR was a 25 μL reaction mixture, containing
25 ng of gDNA, ten pmoles of each primer, 12.5 μL
of Hot Start PCR master mix (#K1051, Thermo Sci-
entific, Waltham MA, USA). PCRs were conducted
using a thermocycler (Multigene, Labnet, Edison NJ,
USA) under the following conditions: 95◦C× 10min,
(95◦C × 30 sec, 60◦C × 30 sec, 72◦C × 30 sec) × 35
cycles, and 72◦C × 5 min.
Digestion reactions were done in 30 μL reaction mix-
tures according to the enzymemanufacturer’s instruc-
tions at the recommended temperature for 16 hrs. Di-
gested products were run side by side with equivalent
amounts of undigested PCR products on 5% agarose
gels for 1 hr in TBE buffer, except for −1031T/C poly-
morphism where the products were run on 3% gels.
Gels were stained with ethidium eromide and docu-
mented in the Photo Doc-IT Imaging System (UVP,
Upland CA, USA).

Quantitation of TNF-α mRNA expression

Total RNA was isolated from all samples by Gene
JETTM RNA extraction kit (#K0731, Thermo Scien-
tific, Waltham MA, USA) according to the manufac-
turer’s instructions. cDNA was produced from pure
RNA preparations by means of RevertAidTM First
Strand cDNA Synthesis Kit (#K1631, Thermo Scien-
tific, Waltham MA, USA), according to the recom-
mended instructions. cDNA preparations were used
immediately or stored at −20◦C when necessary.
Quantitative Real Time PCR for TNF-α was
performed by Maxima SYBR Green PCR Master
Mix (#K0251, Thermo Scientific, Waltham MA,
USA) in 20 μL reaction mixtures, following the
recommended instructions. TNF-α expression
was quantitated using the forward primer 5′-
CTTCTCCTTCCTGATCGTGG-3′ and the reverse
primer 5′-CCCTGGGGAACTCTTCCCTCT-
3′ 17. β -actin was quantitated as a house-
keeping gene, using the forward primer 5′-
CCTTCTACAAATGAGCTGCGT-3′ and the
reverse primer 5′-CCTGGATAGCAACGTACATG-
3′. Reactions were cycled in CFX96 Real Time PCR
detection system (Bio-Rad, CA, USA) as follows:
95◦C× 10 min, (95◦C× 15 sec, 60◦C× 20 sec, 72◦C
× 30 sec)× 40 cycles. Data were analyzed by the ∆Ct
method.
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DNA sequencing
DNA isolated from 10 subjects was amplified by
PCR as mentioned above using the forward primer
5′-TATGTGATGGACTCACCAGGT-3′ and the re-
verse primer 5′-ATCTGGAGGAAGCGGTAGTG-3′.
PCR products were purified by The MEGAquick-
spin Plus Total Fragment DNA Purification Kit
(#MQP17289, Intron, Seol, South Korea) according
to the manufacturer’s instructions and sequenced by
the standard Sanger method at Macrogen sequenc-
ing facility (Macrogen, Seol, South Korea). Chro-
matograms were checked, and the sequences were
aligned to the TNF-α gene reference sequence (Gen-
Bank: NG_007462).

Statistical analysis
Results were statistically evaluated using the SPSS
package version 22 (IBM Inc., New York, USA). TNF-
α expression was statistically assessed by Student’s t-
test, and P value 0.05 was considered statistically sig-
nificant. Genotype and allele distributionswere tested
by the Chi-squared test. The distribution of TNF-α
promoter genotypes in each group was checked for
deviations from Hardy–Weinberg equilibrium using
a web-based tool18.

RESULTS
Genotype frequencies
To investigate whether there is an association between
TNF-α gene polymorphisms and the risk of infec-
tion with HCV, DNA was extracted from the blood of
50 HCV RNA positive-patients and 50 healthy sub-
jects, and TNF-α gene promoter was investigated
by RFLP technique for the presence of 4 different
polymorphisms; −1031T/C, −863C/A, −857C/T, and
−308G/A.
For −1031T/C polymorphism, the homozygous wild
TT genotypewas detected in 50% of theHCVpatients
and 60% of the healthy subjects, while the heterozy-
gous TC genotype was detected in 44% of HCV pa-
tients and 34% of healthy subjects. The homozygous
CC genotypewas detected in 6%ofHCVpatients and,
also, 60% of healthy subjects (Figure 1A&B).
For −863C/A polymorphism, the homozygous wild
CC genotype was detected in 68% of HCV patients
and 66% of the healthy subjects, while the heterozy-
gous genotype was detected in 32% of HCV patients
and 34% of the healthy subjects. The homozygous AA
genotype was not detected in either HCV patients or
the healthy subjects (Figure 1C&D).
With respect to −857C/T polymorphism, the ho-
mozygous wild CC genotype was detected in 74% of

HCV patients and 76% of the healthy subjects, while
the heterozygous genotype was detected in 24% of
both HCV patients and the healthy subjects. The ho-
mozygous TT genotype was detected in 2% of HCV
patients and was not detected in any of the healthy
subjects (Figure 1E&F).
Regarding −308G/A polymorphism, the homozygous
wild GG genotype was detected in 88% of HCV pa-
tients and 84% of the healthy subjects, while the het-
erozygous GA genotype was detected in 12% of HCV
patients and 16% of the healthy subjects. The ho-
mozygous AA genotype was not detected in both the
HCV patients and healthy subjects (Figure 1G&H).
There were no significant differences in the observed
frequency of any genotype betweenHCVpatients and
the healthy subjects (Table 1 ). The distributions of
all genotypes among these two groups were both in
Hardy–Weinberg equilibrium (Table 2).

Frequencies of allele carriage
Rates of allele carriage in HCV patients or healthy
subjects were calculated (Table 2). The −1031T allele
was carried by 94% of either HCV patients or healthy
subjects, and the −1031C allele was carried by 50%
of HCV patients and 40% of healthy subjects, respec-
tively. The −863C allele was carried by 100% of either
HCV patients or healthy subjects, and the −863A al-
lele was carried by 32% of HCV patients and 34% of
healthy subjects. The −857C allele was carried by 98%
of HCV patients and 100% of the healthy subjects; the
−857T allele was carried by 26% of HCV patients and
24% of the healthy subjects. The −308G allele was car-
ried by 100% of both HCV patients and the healthy
subjects, and the −308A allele was carried by 12% of
HCV patients and 16% of the healthy subjects. The
differences in these allele frequencies were statistically
insignificant (Table 3).
Frequencies of allele carriage in the studied Egyp-
tian population (HCV patients plus healthy subjects)
were summarized in Table 4. The wild-type −1031T,
−863C, −857C, and −308G alleles were highly dis-
tributed (p=0.00) in the Egyptian population than the
non-wild alleles.

Partial sequencingof TNF-α genepromoter

To confirm the PCR-RFLP genotyping results and
compare the sequence of the TNF-α gene promoter
in Egyptians with the reference TNF-α gene sequence
(GenBank: NG_007462), the promoter region (−1063
to −230), spanning the four studied polymorphisms
were sequenced. Sequence results confirmed the
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Table 1: Distribution of different genotypes in HCV patients and apparently healthy subjects

Polymorphism Genotype HCV patients Healthy subjects χ2 p-value

N=50 % N=50 %

TT 25 50 30 60 1.01 0.42

−1031 T/C TC 22 44 17 34 1.05 0.41

CC 3 6 3 6 0.00 1.00

CC 34 68 33 66 0.45 1.00

−863 C/A CA 16 32 17 34 0.45 1.00

AA 0 0 0 0 - -

CC 37 74 38 76 0.05 1.00

−857 C/T CT 12 24 12 24 0.00 1.00

TT 1 2 0 0 1.01 1.00

GG 44 88 42 84 0.33 0.77

−308 G/A GA 6 12 8 16 0.33 0.77

AA 0 0 0 0 - -

Table 2: Chi-squared test for the deviation of genotypes fromHardy-Weinberg equilibrium

Locus Genotype HCV patients Healthy subjects

Frequency HWE χ2 Frequency HWE χ2

−1031 TT, TC, CC 25, 22, 3 0.42 3, 17, 30 0.08

−863 CC, CA, AA 34, 16, 0 1.81 0, 17, 33 2.10

−857 CC, CT, TT 37, 12, 1 0.00 38, 12, 0 0.93

−308 GG, GA, AA 44, 6, 0 0.20 42, 8, 0 0.38

*If the calculated χ2 value is 3.84, it is considered significant (p=0.05)

Table 3: Frequencies of different alleles in HCV patients and apparently healthy subjects

Allele HCV patients Healthy subjects χ2 p-value

N=50 % N=50 %

−1031 T 47 94 47 94 0.00 1.00

−1031 C 25 50 20 40 0.72 0.50

−863 C 50 100 50 100 0.00 1.00

−863 A 16 32 17 34 0.03 1.00

−857 C 49 98 50 100 0.02 1.00

−857 T 13 26 12 24 0.04 1.00

−308 G 50 100 50 100 0.00 1.00

−308 A 6 12 8 16 0.30 0.78
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Figure 1: Representative results of PCR-RFLP performed on TNF-α gene in HCV patients and apparently
healthy subjects. 10 representative restriction digestion reactions on HCV patients (Left panels) and 10 repre-
sentative reactions on healthy subjects (Right panels) are shown. Rows A, B, C and D show restriction patterns
obtained with BbsI digestion (−1031 T/C polymorphism), with TaiI digestion (−863 C/A polymorphism), with TaiI
digestion (−857 C/T polymorphism) andwith NcoI digestion (−308 G/A polymorphism), respectively. “M” denotes
50 bp DNA ladder. “P” denotes lanes containing undigested PCR products while “R” denotes lanes containing
digested PCR products. “*” denotes heterozygous genotypes and “**” denotes homozygous genotypes.

Table 4: Frequencies ofdifferent alleles in the studied Egyptian population

Allele Population (N=100) % χ2 p-value

−1031 T 94 26.47 0.00
−1031 C 45

−863 C 100 50.00 0.00
−863 A 33

−857 C 99 64.00 0.00
−857 T 25

−308 G 100 90.73 0.00
−308 A 14
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polymorphic patterns drawn from the PCR-RFLP re-
sults. Additionally, the nucleotide variance in this
promoter region of 10 studied subjects (5 healthy
subjects and 5 HCV patients) was identical to the
reference sequence, except for the known polymor-
phisms −1031T/C, −863C/A, −857C/A, −376G/A,
−308G/A, and −238G/A (Table 5).

Quantitation of TNF-α mRNA expression
Expression of TNF-α mRNA inHCVpatients and the
healthy subjects was evaluated by real-time PCR. The
relative TNF-α mRNA expression in HCV patients
and the healthy subjects was statistically indifferent
(p=0.21) (Figure 2).

DISCUSSION
TNF-α has been considered the fundamental
pathogenic mediator in various liver conditions, in-
cluding hepatic fibrogenesis and fibrosis progression
in chronic liver disease 19. It has been shown that
TNF-α aids in activating hepatic stellate cells and
transforming them into an activated myofibroblast-
like phenotype, which leads to accumulation of
extracellular matrix and fibrosis development20.
Besides, TNF-α is thought to prompt the production
of other fibrogenic factors, such as tumor growth
factor-β , IL-1, and IL-621.
TNF-α levels increase in patients with HBV infec-
tion22, and TNF-α production has been linked to
the polymorphisms in its promoter region23. Some
polymorphisms in TNF-α promoter were correlated
with the severity of liver disease in HBV patients and
thought to influence the susceptibility to chronicity,
which outcomes as cirrhosis, or HCC 24.
This study investigated the polymorphisms in 4 con-
secutive loci in the TNF-α promoter; −1031T/C,
−863C/A, −857C/T, and −308G/A, in a population of
HCV infected Egyptian patients. Compared to the
healthy subjects, the observed frequency of all geno-
types and alleles in HCV patients and the healthy
subjects were statistically indifferent. The distribu-
tions of all genotypes among HCV patients and the
healthy subjects were both in the Hardy–Weinberg
equilibrium. None of the four studied polymorphisms
were associated with HCV infection. Additionally,
the wild-type −1031T, −863A, −857C, and −308G al-
leles were highly common among the studied Egyp-
tian population. The sequence of the promoter region,
spanning the four studied polymorphisms did not
reveal any nucleotide difference from the GenBank
TNF-α reference sequence, except for the known
polymorphisms.

Studies correlating susceptibility to HCV infection
with certain TNF-α promoter polymorphisms are
limited and conflicting. A significant association be-
tween TNF-α −308GG genotype and HCV infections
in Indian patients compared with healthy individu-
als was reported 9. Talaat et al.25 reported a signifi-
cantly higher TNF-α −308G allele frequency inHCV-
infected Egyptian patients, compared with healthy
controls, and a higher frequency of TNF-α −308A al-
lele in healthy control individuals. In contrast to this,
TNF-α −308A allele was significantly associated with
HCV infection among Egyptian patients26. Except
for −308G/A, no other TNF-α polymorphisms were
investigated in Egyptian HCV patients.
Several studies correlated TNF-α polymorphisms
with the chronicity of HCV infection, the suscep-
tibility to HCC development and response to ther-
apy. TNF-α −308G/A polymorphism was involved
in the pathogenesis and advancement of CHC in
Caucasian patients7,8. Both TNF-α −308G/A and
−857C/T polymorphisms were significantly associ-
ated with acute viral hepatitis in Indians27. These re-
sults are inconsistent with several studies which did
not notice any association between TNF-α −308G/A
polymorphisms and severity of fibrosis in CHC Cau-
casian Spanish patients28, Tunisian patients29, and
Indian patients9. The severity of CHC infection
was not associated with TNF-α −308G/A polymor-
phisms in Caucasian patients and Irish patients30,31.
TNF-α −308A allele was associated with increased
susceptibility to severe HCV recurrence after trans-
plant7 and with a 3.2-fold increased risk of cirrho-
sis for Caucasian patients, having chronic HCV in-
fection8. However, no association was recorded be-
tween TNF-α −308G/A polymorphisms and suscep-
tibility to chronic HCV infection, or viral persistence
in Taiwanese patients32. Similarly, meta-analysis
studies33,34 stated the absence of such an association.
Besides, no association between −308G/A polymor-
phisms and liver cirrhosis risk was noticed in both
Caucasian and Asian patients35. In HCV-infected
Pakistani patients, sustained virological response was
not affected by TNF-α −308G/A polymorphism36.
Generally, data of the studies on TNF-α genetic poly-
morphisms have been reported to vary fromone study
to another, and such variation was related to the dif-
ferences in the ethnic origins or the number of the
individuals involved in the study6. Additionally, the
difference in applied techniques, as well as the data in-
terpretation, could contribute to the aforementioned
discrepancy.
A lack of association between the four studied poly-
morphisms and HCV infection in the current study
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Table 5: Nucleotide variance in the region -1063 to -230 of TNF-α promoter in 5 HCV patients and 5 healthy
subjects

Reference
sequence

Healthy
#1

Healthy
#2

Healthy
#3

Healthy
#4

Healthy
#5

HCV
#1

HCV
#2

HCV
#3

HCV
#4

HCV
#5

Total

-1,031 T C C C C C C 6

-863 C M A A 3

-857 C T 1

-376 G A A R 3

-308 G R R A A 4

-238 G R A A R A R A 7

Total
differences

2 1 3 4 4 2 4 2 2 24

R (A/G), M( A/C)

Figure 2: Relative expression of TNF-α in HCV patients and apparently healthy subjects. The mRNA expres-
sion of TNF-a was calculated relativeto β -actin expression in HCV patients and healthy subjects using the △Ct
method.
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has prompted determining TNF-α expression in
HCV patients. Results did not show any significant
difference in the relative TNF-α mRNA expression
between HCV patients and the healthy subjects, thus
supporting the lack of association between the studied
genotypes/alleles and HCV infection.
It is documented that genetic polymorphisms, certain
promoter sequences, and allelic variants are associ-
atedwith low or high cytokine production in vitro and
in vivo23,37. Polymorphisms at the positions −1031,
−863, −857, −308, and -238 of TNF-α gene promoter
were differentially associated with TNF-α production
in different populations38.
Individuals with the genotypes −308AA or AG were
reported to have higher levels of serum TNF-α and,
in contrast to this, individuals with the genotypes
−863AA or CA were noted to have lower TNF-α
level39. Although the allele −308A is commonly as-
sociated with increased production of TNF-α 23,40,
some other studies41,42 demonstrated that −308G/A
polymorphism does not have a significant effect on
TNF expression. In Chinese populations, the geno-
types −308GA andAAwere correlatedwith decreased
serum TNF-α level43.
TNF-α −863C/A polymorphism was reported to im-
pact binding of nuclear proteins to the promoter re-
gion of the TNF-α gene, causing variation in the
serum TNF-α level. Specifically, the −863A allele had
significantly less serum TNF-α quantity16. In the
current study, the genotypes −308AA or AG were less
frequent in both HCV patients and healthy subjects;
however, the −863A allele showed a 100% occurrence
frequency in both groups.
Previous studies indicated that both of the −857T and
−857C alleles caused high levels of transcriptional ac-
tivity of TNF-α mRNAand proteinwith a stronger ef-
fect for −857T allele44. The −857T allele caused a 1.7-
fold higher level of transcription activity, compared
to the −857C allele45. In the current study, the allele
−857T was highly frequent in both HCV patients and
healthy subjects.
Studies on the effect of −1031T/C polymorphism on
TNF-α expression are very limited. In Chinese pop-
ulations, the genotype −1031TC and CC was corre-
lated with decreased serum TNF-α level. Chinese
−308G/A, −857C/T, and −1031T/C combination car-
riers had lower serum TNF-α level than the carriers
of the corresponding wild type43.
TNF-α promoter polymorphisms do affect TNF-α
expression level, but the activation and abundance
of other molecules that directly or indirectly interact
with certain promoter sequences must affect the ex-
pression of TNF-α 6.

Identification of the genetic factors associated with
HCV susceptibility and severity is fundamental for
understanding the mechanism, provoking the devel-
opment of chronic hepatitis into cirrhosis and HCC.
Such Identification also facilitates implementing suit-
able treatment strategies. Due to the absence of abso-
lute quantitation of TNF-α level in this study, it is un-
certain whether TNF-α level was high or low in both
HCV patients and the healthy subjects of the studied
Egyptian population. Although, most of the previous
studies that discussed the role of TNF-α support the
notion of an increase in TNF-α level in case of viral
infections. The similarity in TNF-α mRNA expres-
sion in both HCV patients and the healthy subjects in
the Egyptian population rises several essential ques-
tions. Firstly, whether the mechanisms of the post-
transcriptional and posttranslational modifications of
the TNF-α gene in HCV patients, compared to the
healthy subjects are the same? Secondly, whether the
ethnic nature predisposes the Egyptian population to
some TNF-α-related diseases like viral infections, au-
toimmune diseases, and cancers if this cytokine is left
uncontrolled? Additional studies on TNF-α expres-
sion in a large population of Egyptians may provide
certain answers.

CONCLUSION
This study investigated the distribution of 4 TNF-α
gene promoter polymorphisms (−1031T/C, −863C/A,
−857C/T, and −308G/A) and their relation to TNF-α
expression in HCV-infected Egyptian patients. None
of these polymorphisms were associated with HCV
infection. The promoter region spanning these poly-
morphisms in some subjectswas similar to theTNF-α
GenBank reference sequence. No significant differ-
ence was detected in the relative TNF-α mRNA ex-
pression between HCV patients and healthy subjects.
Further studies are needed to determine whether the
post-transcriptional and posttranslational modifica-
tions of TNF-α in HCV patients and healthy subjects
are different.

ABBREVIATIONS
CHC: chronic hepatitis C
HBV: hepatitis B virus
HCC: hepatocellular carcinoma
HCV: hepatitis C virus
PCR-RFLP: polymerase chain reaction-restriction
fragment length polymorphism
TNF-α : Tumor necrosis factor-α
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