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ASSOCIATION OF HEME OXYGENASE-1 HMOX-1 GENE
POLYMORPHISM WITH SICKLE CELL DISEASE IN EGYPTIAN
PATIENTS

Riham El Sayed*, Sherif M. M. Ekladious*, Gehan H. Shaheen*, Doaa M El Demerdash**,
Rania Elsayed Hussein*** and Sherif M.Yousry*
ABSTRACT
Background: Sickle Cell Disease (SCD) is a monogenic disorder characterized by a diversity of phenotypic presentations
that could be attributed to genetic variations. Heme Oxygenase-1 (HO-1) enzyme acts as a cytoprotective enzyme in the human body; thus, it is viewed as the rate-limiting enzyme responsible for the catabolism of heme and the release of metabolites which have antioxidant and anti-inﬂammatory effects. Accordingly, we hypothesized that Heme Oxygenase-1 (HMOX-1)
geneA>Tpromoter polymorphism (rs2071746) may inﬂuence the clinical and laboratory features of SCD and may as well have
an association with the variable severity of the disease itself. Subjects and Methods:A cohort of 100 patient with Sickle cell
disease and 100 healthy controls were enrolled in this case control study.Genotyping of HMOX-1 gene A>T promoter polymorphism (rs2071746) was performed using taqman Real-Time polymerase chain reaction assay. Results: A signiﬁcant association
between the HMOX-1 gene homozygous TT genotype and pulmonary dysfunction in studied patients with SCD was found.
Conclusion: Our observations suggest that the HMOX-1 gene A>T promoter polymorphism and a subsequent deﬁcient HO-1
response may play a role in exposing SCD patients to the damaging effects of excess heme released by high rates of chronic
red blood cell sickling and lysis. Moreover, variable HO-1 response may be associated with the diverse severity of some SCD
complications, such as pulmonary dysfunction including Acute Chest Syndrome (ACS) and Pulmonary Hypertension (PHT).
Key words: HO-1, HMOX-1, SCD, Real-Time PCR.

INTRODUCTION
Sickle Cell Disease (SCD) is a common hemolytic disorder that affects 1/400 individuals of
African descent, as well as people of Arab, Indian and Hispanic descents, and it eventually lead
to a chronic inﬂammatory state(1). Although SCD
is a monogenic disorder caused by a single base
pair mutation in the hemoglobin chain gene, it
behaves clinically in a polygenic manner. Sickle
cell disease has several genotypes that include
sickle cell anaemia, HbSC disease (compound
heterozygosity for HbS and HbC genes) and
HbS-β-thalassaemia (compound heterozygosity
for HbS and β-thalassaemia genes)(27).
Consequently, patients who suffer from SCD
have variable phenotypes and can experience
various complications of different levels of severity. Such complications include hemolytic anemia and vaso-occlusive episodes that can result
in Acute Chest Syndrome (ACS), pain, stroke,
Pulmonary Hypertension (PHT), bacteremia, leg
ulcers, growth failure, priapism and damage to
the spleen, kidneys, liver and bones(21). In view
of this, several studies were conducted to link

gene polymorphisms to complications of SCD.
Sharan et al., stated that an increased susceptibility to ACS in females suffering from SCD was
associated with a T-786C SNP in the endothelial
NO synthase gene(25). Other studies suggested
that TGFβ/BMP pathway, KL and ANXA2
genes were associated with several vaso-occlusive phenotypes of sickle cell anaemia(16, 24).
It is well known that sickle erythrocytes have
high rates of lysis which release large amounts of
hemoglobin into the plasma. Free heme released
from hemoglobin, in turn, induces vascular inﬂammation and is a major source of oxidative
stress among persons with SCD(22).
Hemeoxygenase enzyme is the rate-limiting
enzyme responsible for the catabolism of heme
into carbon monoxide, biliverdin, and iron. In
humans, two isoforms of Heme Oxygenase enzyme, HO-1 and HO-2, have been described. The
inducible isoform, Heme Oxygenase-1 (HO-1,
32 kDa; also referred to as HSP-32) is expressed
in various tissues, including those of the liver,
spleen, lung, brain, and endothelium(12). It is upregulated by various exogenous stimuli, such as
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oxidative stress, hypoxia, or its own substrate
heme(18). Biliverdin is subsequently converted
to bilirubin, and iron is sequestered by ferritin.
These metabolites of heme catabolism have antioxidant, anti-apoptotic, anti-proliferative, and
anti-inﬂammatory effects; therefore, HO-1 is
considered an important cytoprotective enzyme
in the human body(15).
Heme Oxygenase-1 is encoded by Heme Oxygenase-1 gene (HMOX-1) located on chromosome 22q13.1. It was found that genetic differences in HMOX-1 gene between individuals can
elicit different HO-1 responses(23,6). Several studies suggested the association of HMOX-1 polymorphisms with a variety of diseases, including
ischemic heart disease(14), Parkinson’s disease(19),
renal transplantation(17), ARDS(26) and rheumatic
arthritis(23).
Regarding the association of HMOX-1gene
promoter polymorphism (rs2071746) with SCD,
very few studies investigated this condition, and
to the best of our knowledge, no studies were
conducted investigating the disease among the
Egyptian population before. Hence, we aimed
to assess the HMOX-1 gene promoter polymorphism in a cohort of Egyptian patients with
SCD comparing them with a group of unrelated
healthy controls to clarify its association with
the variable clinical and laboratory features in
the Egyptian patients with SCD.
PATIENTS AND METHODS
Clinical and hematologic analysis
The study is a case control study, including
100 Egyptian SCD patients and 100 Egyptian
controls of similar age that were healthy and
without signiﬁcant medical history. The study
protocol was in accordance with the local hospital research guidelines and written informed
consent was obtained from all patients. Patients
were diagnosed and followed up in the Clinical
Hematology Unit of the KasrAlainy Teaching
Hospital. Clinical as well as demographic data
were obtained from medical records and interviews with the patients.
Controls that were enrolled had normal complete blood counts, normal hemoglobin electrophoresis and normal echocardiography. They

had no history of previous blood transfusion,
bony pains or chest pains.
Diagnosis of sickle cell disease was based
on hemoglobin electrophoresis and high performance liquid chromatography (HPLC Bio Rad,
USA) was used to measure several hemoglobin
species (Hb F, Hb A1, Hb A2 and Hb S).All SCD
patients were subjected to full history taking,
thorough clinical examination, and laboratory
investigations which included complete blood
count (CBC), erythrocyte sedimentation rate
(ESR), complete urine analysis, kidney function
tests, Albumin/creatinine ratio and hemoglobin
variants by high performance liquid chromatography (HPLC Bio Rad, USA).
Detailed follow up was conducted between
June 2012 and December 2014 to evaluate the
frequency of complications of SCD. The number of vaso-occlusive crises (VOC) attacks was
assessed by pain in the extremities, back and abdomen without any other explanation)(28). ACS
(A new inﬁltrate on chest radiograph associated with one or more symptoms, such as fever,
cough, hypoxia, tachypnea, dyspnea(11), renal
injury (early renal injury assessed by using albumin/creatinine ratio (A/C ratio as microalbuminuria has been described as a preclinical indicator
of glomerular damage in SCD patients(10) and
pulmonary hypertension (It was evaluated using
echocardiography; and was deﬁned as tricuspid
regurgitant jet velocity (TRV) > 2.5 m/sec)(2).
Molecular Analysis
Genomic DNA of both patients and healthy
controls was extracted from 2 mL anti-coagulated whole blood on EDTA using QIAamp
DNA blood Mini kit (Qiagen, Germany), according to the manufacturer’s protocol. DNA
concentration was measured by Nanodrop ND1000 (NanoDrop Technologies, Inc, Thermo
Fisher Scientiﬁc, DE) and samples were diluted
to 10 ng/uL using nuclease free water (Primers,
probes and TaqMan universal PCR Master Mix
were obtained from Applied Biosystems, Foster
City, CA). Genotyping for rs2071746 was performed using TaqMan single-nucleotide polymorphism (SNP) Genotyping Assays. DNA was
ampliﬁed in a total volume of 20 μl containing
10 μlTaqman Universal Master Mix (2x), 1 uL

HMOX-1 Gene Polymorphism and SCD

of TaqMan Genotyping Assay mix (20x), 20
ng template DNA and nuclease free water was
added to complete the total volume to 20 uL.
Also, PCR was performed on Step One RealTime PCR (Applied Biosystems, Foster City,
CA) using the following protocol: pre-PCR read
at 60˚C for 30 seconds, holding stage at 95˚C for
10 minutes, 50 cycles of denaturing at 92˚C for
15 seconds, 50 cycles of annealing 60˚C for 90
seconds and post-PCR read at 60˚C for 30 seconds. After PCR ampliﬁcation, Allelic discrimination was performed on Step One Real-Time
PCR System (Applied Biosystems, Foster City,
CA). The ﬂuorescent yield for the two different
dyes was measured and presented in a two-dimensional graph.
Statistical analysis
Data was transferred to the Statistical Package for the Social Sciences (SPSS) Software
program, version 21 to be statistically analyzed.
Data were summarized using range, mean, and
standard deviation and median for continuous
variables and frequency and percentage for discrete ones. Comparison of continuous variables
was performed using either independent sample
t-tests or Mann Whitney tests, while the comparison of discrete variables was conducted through
Chi square. P values less than 0.05 were considered statistically signiﬁcant, and less than 0.01
were considered highly signiﬁcant.
RESULTS
One hundred SCD patients were included in
our study, their age ranged between 2 – 29 years
with a median age of 12 years (mean age 11.9
± 6.1 years); forty one were females (41%) and
ﬁfty nine were males (59%).The healthy control group was comprised of thirty ﬁve females
(35%) and Sixty ﬁve males (65%), and their age
ranged between 5 – 22 years with a median age
of 13 years (mean age 13.2 ± 5.1 years).
The Hb% range in the SCD patients was (3.911.8 gm/dl), while their Hb S levels ranged from
21.2-98%, and Hb F ranged from 0-42.4%. The
TLC range was (2.4-21.2 x 103/mm3), PLT range
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was (31-983 x10 /mm ) and ferritin range was
(30-8679 gm/dl). Packed red blood cells transfusion frequency in SCD patients range was (1-12
units/year), the mean was (3.3±2.7 units/year)
and the median was 3 units/year.
3

3

Out of the 100 SCD patients examined, 48
patients had VOC (48%), 30 patients had PHT
(30%), 18 patients had ACS (18%), also 5 patients had TIAs (5%), 5 patients had CVS (5%),
40 patients had acute kidney injury (40%), and 8
patients had avascular necrosis (8%) during the
studied period.
The frequency of distribution of HMOX-1
gene A>T promoter polymorphism in the SCD
patients group revealed that 27 patients had the
wild A/A genotype (27%), 30 patients had the
homozygous variant T/T genotype (30%) and 43
patients had heterozygous A/T genotype (43%).
On the other hand, The frequency of distribution
of HMOX1 gene polymorphism among the controls group revealed that 27 had wild A/A genotype (27%), 16 had homozygous T/T genotype
(16%) and 57 had heterozygous A/T genotype
(57%). The comparison between the patients and
the healthy control group regarding the genotyping pattern of HMOX1 gene revealed a signiﬁcant difference in the homozygous variant T/T
genotype (p value 0.03), as shown in table (1).
Concerning the association between patient’s
genotype and different clinical and laboratory parameters of the studied SCD patients, we found
a statistically signiﬁcant association between
the homozygous T/T genotype and each of the
platelet count (P value 0.026) and ferritin level
(P value 0.004). Additionally, the study revealed
a signiﬁcant association between HMOX-1 Allele (T allele) and pulmonary dysfunction including ACS and PHT (p value 0.03) as shown
in table(2).
The association between other clinical and
laboratory parameters in our studied SCD patients were insigniﬁcant as shown in table (3).
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Table ( 3 ) : Comparison of HMOX-1 Polymorphism with non- parametric variables among studied SCD cases
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DISCUSSION
Sickle cell disease (SCD) is an autosomal recessive multisystem disorder(20) that results in a
wide range of phenotypes including anemia, cell
adhesion, vaso-occlusion, severe pain, stroke
and organ failure(13). In SCD, the state of chronic
hemolysis places overwhelming demand on the
anti-inﬂammatory, antioxidant properties of the
HO-1 response to protect from the damaging effects of excess heme released by high rates of
chronic red blood cell sickling and lysis(9).
A number of studies have examined DNA
polymorphisms in the HMOX-1 gene that might
inﬂuence the level of hemeoxygenase response.
To date, 2 promoter variants in the HMOX-1
gene (A > T single-base change and a (GT)n microsatellite polymorphism) have been suggested
to have functional roles in modulating hemeoxygenase levels(4).
HO-1 activity has been implicated as an a
modiﬁer of different features of SCD, studies in
mouse models of SCD have demonstrated that
increases in levels of HO-1 and products of heme
degradation can ameliorate and prevent vascular
inﬂammation and vaso-occlusion(5). Moreover,
other studies suggested that protein-free heme
triggers acute lung injury in transgenic SCD mice
among persons with low levels of free heme in
their vasculature, induction of HO-1expression
and activity serves to return the vasculature to a
balanced steady state after an insult(3).
In the current study, we tried to shed some
light on the association between HMOX-1 gene
A>T promoter polymorphism (rs2071746) and
different clinical presentations in the SCD patients. We postulated that the efﬁcacy of the HO1 response among SCD patients could be determined primarily by genetic variation, namely,
HMOX-1 gene and that deﬁcient HO-1 response
is responsible for the diverse severity of SCD
manifestation since the HMOX-1 gene has been
evaluated for its role in a number of clinical outcomes, including cardiovascular and pulmonary
diseases, but rarely studied in SCD(18).
Not only this, but there were some controversial ﬁndings in some studies regarding HMOX-1
gene A>T promoter polymorphism. For exam-

ple, Ono et al. studied the same polymorphism in
597 subjects with ischemic heart disease (IHD)
and found that The AA genotype of HMOX-1 reduced the incidence of ischemic heart disease(17).
On the other hand, Lüblinghoff et al. who studied again the same polymorphism in 2526 cases
with IHD and they strongly argued against a relevant role of the HMOX-1 gene A>T promoterpolymorphism in IHD cases(14).
In the present study, we assessed the association between the HMOX-1 gene A>T promoter
polymorphism and the SCD clinical/laboratory
features of a cohort of Egyptian patients comparing them with a group of unrelated healthy controls. We found a signiﬁcant difference between
the studied SCD cases and the healthy control
group with regards to the homozygous TT variant (p value 0.03). Furthermore, there was a statistically signiﬁcant association between the TT
genotype and each of the platelet count (P value
0.026) and Ferritin level (P value 0.004) in the
SCD patients.
The number of studies that assessed HMOX1 gene A>T promoter polymorphism in SCD
cases are very few. It was tested by Gil et al.
by direct sequencing in 107 SCD Brazilian patients and showed a signiﬁcant difference between SCD cases and the control group (p value
0.0131). This goes in agreement with our results
and supports our ﬁnding that HMOX-1 TT genotype may have a key role in the pathogenesis of
SCD(8).
Pulmonary Hypertension is a serious complication of SCD that is considered a major issue leading to early mortality. In our study, we
found a signiﬁcant association between HMOX1 (T) allele and pulmonary dysfunction including ACS and PHT (p value 0.03). These ﬁndings
support the fact that HMOX-1 homozygous variant T/T could be associated with deﬁcient HO-1
response in SCD patients who lost the protective
anti-inﬂammatory and antioxidant function of
HO-1 enzyme and are more liable to vaso-occlusive episodes and vascular events especially.
On the other hand, we couldn’t ﬁnd any association linking this variant to pain, strokes and other
SCD complications.

HMOX-1 Gene Polymorphism and SCD

Gil et al , also studied the same polymorphism in 107 Brazilian SCD patients, and they
found that the TT genotype of this polymorphism
was associated with increased levels of Hb F in
SCD but they didn’t study association of that
polymorphism with other clinical and laboratory
features of SCD patients. They concluded that
HMOX-1 gene A>T promoter polymorphism
could be a new marker related to increased Hb F
levels in sickle cell anemia patients(8); however,
this ﬁnding did not match our results since we
did not ﬁnd any association between this polymorphism and Hemoglobin types especially Hb
F. The difference between our results and that of
Gil et al might be attributed to racial differences
between the two studied groups. However, This
ﬁnding may go with our suggestion that HMOX1 variant T/T genotype could be associated with
deﬁcient HO-1 and loss of the antioxidant protective role.
(8)

In another study by Bean et al(4), HMOX-1
gene A>T promoter polymorphism was studied
in 942 children with SCD and found no association between this SNP and any clinical outcome
tested, including rates of hospitalization for pain
or ACS. In addition to this polymorphism, they
also studied the association between HMOX-1
promoter (GT)n dinucleotide repeat polymorphism (rs3074372) and the incidence of ACS episodes. They reported that children homozygous
for short (GT)n repeat alleles had a signiﬁcantly
lower rate of hospitalization per patient year for
ACS and they concluded that those children with
short (GT)n repeat alleles may have a stronger
inducible heme-oxygenase response and the
heme-oxygenase-heme axis may implicate a role
in the etiology of ACS .
Our observations suggest that the HMOX-1
gene A>T promoter polymorphism and a subsequent deﬁcient HO-1 response may play a role
in exposing SCD patients to the damaging effects of excess heme released by high rates of
chronic red blood cell sickling and lysis and that
variable HO-1 response may be associated with
the diverse severity of some SCD complications
like pulmonary dysfunction including ACS and
PHT.

7
A limitation of this study was that no measurements of plasma HO-1 activity could be performed in our participants to assess directly the
association between enzyme activity and risk of
clinical outcomes and therefore, the study may
be repeated with measurements of HO-1 activity
in the near future.
The discrepancies in the inﬂuence of HMOX1 promoter polymorphism on the clinical and
laboratory features of SCD between our ﬁndings
and other studies could be due to ethnicity-speciﬁc factors. Overall, this may be the ﬁrst study
that investigated the association of HMOX1
genetic polymorphisms with manifestations of
SCD in the Egyptian population. However, our
ﬁnding only suggested their connection as well
as possibility. The related scientiﬁc proof for
the underlying mechanisms is still warranted.
Further larger and population-based studies are
warranted to conﬁrm these ﬁndings. The greater
understanding of the role of the HMOX-1 gene
polymorphism and its effect on HO-1 response
in the setting of an exacerbation of chronic hemolysis may elucidate targeted strategies to prevent or attenuate life-threatening ACS and vasoocclusive episodes.
Conclusion
Genetic association studies are indeed very
important in diseases having several phenotypes
such as SCD. Linking the genetic makeup of the
affected with the phenotype might provide predictors for the disease severity, the likelihood
of some complications and even different treatment approaches. Additionally, it can lead to a
better understanding of the variable interactions
between clinical and laboratory abnormalities.
Further studies are needed to elucidate the role
of different genetic factors responsible for the
clinical diversity of SCD and the Pathophysiology of its complications.
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ﺍﺭﺗﺒﺎﻁ ﺗﻌﺪﺩ ﺍﻷﺷﻜﺎﻝ ﺍﻟﻮﺭﺍﺛﻴﻪ ﻟﺠﻴﻦ ﻫﻴﻢ ﺃﻭﻛﺴﻴﺠﻴﻨﻴﺰ) ( HMOX-Iﺑﺎﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﻨﺠﻠﻴﻪ ﻓﻲ ﺍﻟﻤﺮﺿﻲ
ﺍﻟﻤﺺﺭﻳﻴﻦ
ﺭﻳﻬﺎﻡ ﺍﻟﺴﻴﺪ  -ﺷﺮﻳﻒ ﻣﻔﻴﺪ ﺍﻳﻘﻼﺩﻳﻮﺱ  -ﺟﻴﻬﺎﻥ ﺣﺎﻣﺪ ﺷﺎﻫﻴﻦ  -ﺩﻋﺎء ﺍﻟﺪﻣﺮﺩﺍﺵ  -ﺭﺍﻧﻴﺎ ﺍﻟﺴﻴﺪ ﺣﺴﻴﻦ -
ﺷﺮﻳﻒ ﻣﺤﻤﺪ ﻳﺴﺮﻱ
ﺑﻌﺪ ﻣﺮﺽ ﺃﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﻨﺠﻠﻴﻪ ﺍﺿﻄﺮﺍﺏ ﺃﺣﺎﺩﻱ ﺍﻟﻤﻨﺸﺄ ﻳﺘﻤﻴﺰ ﺑﺘﻨﻮﻉ ﻓﻲ ﺍﻻﻋﺮﺍﺽ ﺍﻟﻈﺎﻫﺮﻳﻪ ﻭﻳﻨﺴﺐ ﺫﻟﻚ ﻟﻼﺧﺘﻼﻓﺎﺕ
ﺍﻟﺠﻴﻨﻴﻪ  .ﺍﻥ ﺍﻧﺰﻳﻢ ﺍﻟﻬﻴﺪﺭﻭﺃﻭﻛﺴﻴﺠﻴﻨﻴﺰ ) (HO-Iﻣﺴﺌﻮﻝ ﻋﻦ ﺣﻤﺎﻳﻪ ﺧﻼﻳﺎ ﺍﻟﺠﺴﻢ ﺍﻟﺒﺸﺮﻱ ﻭﻳﻌﺘﺒﺮ ﻗﺎﺩﺭﺍ ﻋﻠﻲ ﺣﺪ ﻣﻌﺪﻝ
ﺍﻻﻧﺘﻘﺎﺽ ﻟﻠﻬﻴﻢ ﻭﺍﻓﺮﺍﺯ ﺍﻻﻳﻀﺎﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻼﻛﺴﺪﻩ ﻭﺍﻻﻟﺘﻬﺎﺏ ﻭﺑﺎﻟﺘﺎﻟﻲ ﻓﺎﻧﻨﺎ ﺍﻓﺘﺮﺿﻨﺎ ﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﺃﻥ ﺗﻌﺪﺩ ﺃﺷﻜﺎﻝ
ﺟﻴﻦ ﺍﻧﺰﻳﻢ ﺍﻟﻬﻴﻢ ﺃﻭﻛﺴﻴﺠﻴﻨﻴﺰ ) ( ( HMOX-Iﻟﻪ ﺗﺄﺛﻴﺮ ﻋﻠﻲ ﺍﻟﻤﻼﻣﺢ ﺍﻻﻛﻠﻴﻨﻴﻜﻴﻪ ﻭﺍﻟﻤﻌﻤﻠﻴﻪ ﻟﻤﺮﺽ ﺃﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ
ﺍﻟﻤﻨﺠﻠﻴﻪ ﻭﻗﺪ ﻳﻜﻮﻥ ﻣﺮﺗﺒﻂ ﺑﺘﻨﻮﻉ ﺃﻋﺮﺍﺽ ﺍﻟﻤﺮﺽ ﻭﺷﺪﺗﻪ ﺗﻢ ﻋﻤﻞ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﻋﻠﻲ ﻣﺎﺋﻪ ﻣﺮﻳﺾ ﻳﻌﺎﻧﻮﻥ ﻣﻦ ﻣﺮﺽ
ﺃﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﻨﺠﻠﻴﻪ ﻭﻣﺎﺋﻪ ﻛﻤﺠﻤﻮﻋﻪ ﺿﺎﺑﻄﻪ ﺍﻟﺘﻌﺮﻑ ﻋﻠﻲ ﺗﻌﺪﺩ ﺍﻻﺷﻜﺎﻝ ﻟﺠﻴﻦ ﺍﻟﻬﻴﻢ ﺃﻭﻛﺴﻴﺠﻴﻨﻴﺰ)( HMOX-I
ﺗﻢ ﻋﻦ ﻃﺮﻳﻖ ﺗﻘﻨﺒﻪ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﻩ ﺍﻟﻤﺘﺴﻠﺴﻞ ﺑﺎﻟﺘﺰﺍﻣﻦ ﺍﻟﺤﻘﻴﻘﻲ ﻭﻗﺪ ﻭﺟﺪﻧﺎ ﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﺍﺭﺗﺒﺎﻁ ﺫﻭ ﺩﻻﻟﻪ ﺍﺣﺼﺎﺋﻴﻪ
ﺑﻴﻦ ﻗﺼﻮﺭ ﻭﻇﺎﺋﻒ ﺍﻟﺮﺋﻪ ﻓﻲ ﻣﺮﺽ ﺃﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﻨﺠﻠﻴﻪ ﻭﺍﻟﻄﺮﺍﺯ ﺍﻟﺠﻴﻨﻲ ﺍﻟﻤﺘﻤﺎﺛﻞ ) (TTﻭﺗﻔﺘﺮﺡ ﻣﻼﺣﻈﺎﺗﻨﺎ ﺃﻥ
ﺗﻌﺪﺩ ﺃﺷﻜﺎﻝ ﺟﻴﻦ ﺍﻟﻬﻴﻢ ﺃﻭﻛﺴﻴﺠﻴﻨﻴﺰ ) ( HMOX-Iﻭﻣﺎﻳﺘﺮﺗﺐ ﻋﻠﻴﻪ ﻣﻦ ﺭﺩ ﻓﻌﻞ ﻏﻴﺮ ﻛﺎﻑ ﻻﻧﺰﻳﻢ ) (HO-Iﻗﺪ ﻳﻠﻌﺐ
ﺩﻭﺭﺍ ﻣﻬﻤﺎ ﻓﻲ ﺗﻌﺮﺽ ﻣﺮﺿﻲ ﺃﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﻨﺠﻠﻴﻪ ﻟﻼﺛﺎﺭ ﺍﻟﻤﻀﺮﻩ ﺍﻟﻨﺎﺗﺠﻪ ﻋﻦ ﺯﻳﺎﺩﻩ ﺍﻟﻬﻴﻢ ﺍﻟﻨﺎﺗﺞ ﻣﻦ ﺯﻳﺎﺩﻩ ﻣﻌﺪﻻﺕ
ﺍﻟﺘﻜﺴﻴﺮ ﺍﻟﻤﺰﻣﻦ ﻟﻜﺮﺍﺕ ﺍﻟﺪﻡ ﺍﻟﺤﻤﺮﺍء ﺍﻟﻤﻨﺠﻠﻴﻪ ﻭﺑﺎﻟﺘﺎﻟﻲ ﻓﺎﻥ ﺭﺩ ﺍﻟﻔﻌﻞ ﺍﻟﻤﺘﺒﺎﻳﻦ ﻟﻼﻧﺰﻳﻢ ) (HO-Iﻗﺪ ﻳﻜﻮﻥ ﻟﻪ ﻟﺮﺗﺒﺎﻁ ﻣﻊ
ﻗﺪ ﻳﻜﻮﻥ ﻟﻪ ﺍﺭﺗﺒﺎﻁ ﻣﻊ ﺍﻻﻋﺮﺍﺽ ﺍﻟﺠﺎﻧﺒﻴﻪ ﺍﻟﺸﺪﻳﺪﻩ ﻭﺍﻟﻤﺘﻨﻮﻋﻪ ﻷﻧﻴﻤﻴﺎ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﻨﺠﻠﻴﻪ ﻛﺎﻟﻘﺼﻮﺭ ﻓﻲ ﻭﻇﺎﺋﻒ ﺍﻟﺮﺋﻪ ﻣﺜﻞ
ﻣﺘﻼﺯﻣﻪ ﺍﻟﺼﺪﺭ ﺍﻟﺤﺎﺩﻩ ﻭﺍﺭﺗﻔﺎﻉ ﺿﻐﻂ ﺍﻟﺪﻡ ﻓﻲ ﺍﻟﺮﺋﻪ.
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GSTP1 I105V POLYMORPHISM IN ACUTE MYELOID LEUKEMIA
PATIENTS

Adel M. Agha*, Doaa M. Elghannam**, Howayda M. Kamal* and Mohammed A. Khalaf***
ABSTRACT
Background: Genetic variation inﬂuencing individual susceptibility to chemical carcinogens is one of the main factors
leading to cancer development. The glutathione S- transferases (GST) belong to a phase II enzymes family involved in detoxiﬁcation of xenobiotics. We aimed to study GSTP1 (I1e105Val) variants in AML adult patients and identify its association with
the development and progression of the disease. Patients and Methods: We investigated the inﬂuence of inherited GSTP1 (Ile
105 Val) gene polymorphism on the susceptibility to AML in 50 AML adult patients, together with 50 healthy controls with
matched age and sex using [PCR-RFLP] assay. Results: We found that there was no signiﬁcant differences between different
GSTP1 genotypes according to clinical outcome in AML patients [Complete Remission, 29 patients (58%, P =0.274), Refractory Disease, 7 patients (14%, P=1.0), Induction Death, 14 patients (14%, P=0.418), Relapse, 6 patients (12%, p=0.217),
Total Mortality, 31 patients (62%, P=0.152). GSTP1 Val/Val genotype and Val allele showed signiﬁcantly higher frequency
in AML cases with higher risk to develop AML (OR=6, 95% CI=1.242-28.987, pc=0.042; OR=2.082, 95% CI= 1.116-3.884,
pc=0.040).Also, there was no signiﬁcant differences found between GSTP1 genotypes regarding OS (P=0.434) and DFS
(P=0.254) in AML groups. Conclusion: GSTP1 Ile105Val polymorphism has no signiﬁcant effect on the development, the
response to treatment or the survival of the AML patients, but (Val/Val) polymorphism had increased risk for developing it.
Keywords: AML, Glutathion-S transferase, gene polymorphism, PCR- RFLP.

INTRODUCTION
Acute myeloid leukemia (AML) is a clonal
hematopoietic disorder that may be derived from
either a hematopoietic stem cell or a linage-speciﬁc progenitor cell. AML is characterized both
by a predominance of immature forms and loss
of normal hematopoiesis(2). AML often presents
with different morphological, immunophenotypic, cytogenetic and molecular patterns. Identiﬁcation of these characteristics may be useful
for a better prognostic evaluation and for a more
appropriate therapeutic approach(8). Acute myeloid leukemia is the most common cause of
leukemia-related mortality in the United States,
with an estimated 20,830 new cases and 10,460
deaths anticipated in 2015(1).
Common genetic variations in genes involved
in response to genotoxic stress or DNA repair
may inﬂuence both cancer susceptibility and
treatment response individually or interactively.
DNA repair mechanisms have been studied in
many cancers, as breast cancer(21), endometrial
carcinoma(26) and glioma(16). However, in AML,
the relevance of these genetic variations remains
to be not fully established.

Glutathione S – transferase P1 (GSTP1) enzyme plays a key role in biotransformation and
bioactivation of certain environmental pollutants
such as benzo [a] pyrene-7, 8-diol-9, 10-epoxide (BPDE) and other diol epoxides of polycyclic aromatic hydrocarbons(13) and catalyses
detoxiﬁcation of base propanols that arise from
DNA oxidation thus offering cellular protection
against oxidative stress. GSTP1 gene belongs to
the pi class gene family, located on chromosome
11q13(3).
The ﬁrst polymorphism identiﬁed is an A–G
polymorphism at nucleotide 313 in exon 5 at codon 105 of GSTP1 gene which leads to an amino
acid substitution of isoleucine (Ile) by valine
genotypes (Ile105 Val). This substitution results
in three GSTP1 genotypes: they are isoleucine/
isoleucine (Ile/Ile) wild type, isoleucine/valine
(Ile/Val) heterozygote and valine/valine (Val/
Val) homozygous variant(35,17).
GSTP1 codon 105 polymorphism might play
an important role in leuka emogenesis, as it potentially alters protein function, diminishing its
detoxiﬁcation ability for certain mutagens and
carcinogens, which could result in increased
DNA damage and mutation, and a greater risk
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of developing cancer. Biochemical studies indicated that GSTP1Valine (Val) 105 allele has a
lower thermal stability than GSTP1 Isoleucine
(Ile) 105 allele(35,17), and Val homozygotes had
a lower conjugating activity than Ile homozygotes, with heterozygotes displaying intermediate activity(29).
Individuals with at least one Val allele at codon 105 of GSTP1 enzyme might have an underlying predisposition to cancer when exposed
to environmentally derived or endogenously
formed GSTP1 substrate(10). Indeed, the GSTP1
codon 105 Val allele was associated with a signiﬁcantly increased risk of lung, bladder, and
testicular cancer(10,24).
Later on, Val/Val genotype was proposed to
be considered as a risk genotype for developing
AML(6), and was associated with worse prognosis in CML(9). On the other hand, other GST
genes polymorphisms were not signiﬁcantly associated with AML prognosis(28).
Therefore, the aim of this work was to study
the relationships between GSTP1 (I1e 105Val)
polymorphism and risk of AML in adult Egyptian patients and to identify the association of
polymorphism with the survival of AML patients.
PATIENTS AND METHODS
Patients
This study was carried out in Clinical &
Chemical Pathology Department in Benha and
Mansoura University Hospitals between August
2013 and September 2015.The study included
100 adult subjects. The studied population was
divided into two groups: Group I: included 50
AML patients, and Group II: Included 50 apparently healthy adult volunteers with matched
age and sex. Patients included in the study were
newly diagnosed AML with normal karyotyping
and their ages are more than 18 years old. Patients excluded were; AML cases under chemotherapy, their ages are less than 18 years old, patients refusing to enroll in study or patients suffering from other oncological disorders. Follow
up of AML cases was for 24 months. The study
was approved by ethics committee of Benha and
Mansoura University Hospitals and all participants provided written informed consent.

Methods
Four ml venous blood samples were aspirated
from AML patients before starting the treatment
and volunteers. One ml delivered into EDTA
vacutainer tubes and performed by automated
cell counter “Advia 120” supplied by Siemens
Healthcare Diagnostics (USA), and then stained
ﬁlm examination was done. Also, 3 ml venous
blood samples were delivered into serum vacutainer tubes for determination of serum (ALT,
AST, albumin, bilirubin, uric acid and LDH)
using Siemens Dimension RXL Max. In addition, bone marrow samples were aspirated from
AML patients only for preparation of bone marrow smears stained with Leishman stain, performance of immunophenotyping by using BD
FacsCalibur ﬂowcytometer and studying the
polymorphism by PCR-RFLP using thermal cycler “Gene Amp PCR System 9700” supplied by
Perkin Elmer (USA).
Polymerase Chain Reaction – Restriction
Fragment Length Polymorphism (PCR-RFLP)
for detection of GSTP1- I105V polymorphism.
DNA extraction was done using Gene JET
Whole Blood Genomic DNA Puriﬁcation Mini
Kit (Thermo Scientiﬁc, Thermo Fisher Scientiﬁc, USA). PCR reaction was performed with
each sample using “Thermo Scientiﬁc DreamTaq Green PCR Master Mix” supplied by Thermo Fisher Scientiﬁc (USA) in order to amplify
fragments of GSTP1-I105V by using speciﬁc
primer sequences:forward:5’-GTA TTT TGC
CCAAGG TCA AG-3’ reverse: 5’-AGC CAC
CTG AGG GGT AAG-3’.The ﬁfty µL PCR reaction mixture consisted of approximately 25 µL
DreamTaq Green PCR Master Mix (2X), 1µM
of each primer, 1µg of template DNA and up to
50 µL of water and nuclease–free. The following
temperature scheme was performed for samples
and controls. For ampliﬁcation, we used the
thermal cycler “Gene Amp PCR System 9700”
supplied by Perkin Elmer (USA): (1) Initial denaturation: 95oC → 5 min, (2) 40 ampliﬁcation
cycles of: 95oC → 30 sec (Denaturation), 60oC
→30 sec (Annealing), 72oC → 60 sec (Elongation), (3) Final extension, 72oC → 5 min.
After ampliﬁcation, PCR products were
subjected to restriction digestion using Alw26I
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(BsmAI) enzyme (Thermo Scientiﬁc, Thermo
Fisher Scientiﬁc, USA). This enzyme recognizes
(GTCTC) sites and cuts best at 37°C. PCR products were electrophoresed on 2% agarose gel
and analyzed by direct visualization after ethidium bromide staining. Isoleucine variant at 105
position produced two fragments (329 and 107
bp) and valine variant at 105 position produced
three fragments (216, 113 and 107 bp).
Statistical Methods
Qualitative data were presented as frequency
and percentage. Chi square and Fisher’s exact
tests were used to compare groups. Quantitative
data were presented as mean and standard deviation or median and range. The quantitative data
were examined by Kolmogrov Smirnov test for
normality. For comparison between two groups;
student t-test and Mann-Whitney test (for nonparametric data) were used. For comparison between more than 2 groups, ANOVA and Kruskal
Wallis were used.
Deviations from Hardy–Weinberg equilibrium expectations were determined using the
chi-squared test. Odds ratio and 95% conﬁdence
interval were calculated. Kaplan–Meier test was
used for survival analysis and the statistical signiﬁcance of differences among curves was determined by Log-Rank test.
RESULTS
This study included 100 adult subjects classiﬁed into two groups. Group I included ﬁfty adult
patients with newly diagnosed AML. Mean age
of AML patients was 43.60±14.007 years. They
comprised 34 males and 16 females with (2.1:1)
as male to female ratio.
Group II included ﬁfty apparently healthy
adult volunteers with matched age and sex. The
age of reference control group was 45.24±13.172
years, and they comprised 31 males and 19 females with (1.6:1) as male to female ratio.
In table (1) and (2) we found no statistically
signiﬁcant differences among the studied groups
between different GSTP1 genotypes and; age,
sex, hematological data (TLC, Hb, platelets, peripheral and bone marrow blasts) and clinical
chemistry data(ALT, AST, albumin, bilirubin,
uric acid and LDH) (P >0.5).
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GSTP1 Val/Val genotype and Val allele
showed signiﬁcantly higher frequency in AML
cases when compared to control subjects, with
higher risk to develop AML (OR=6, 95%
CI=1.242-28.987, pc=0.042; OR=2.082, 95%
CI= 1.116-3.884, pc=0.040) ( Table 3 ).
Table (4) shows the clinical outcome of studied cases. Twenty nine cases achieved complete
remission (CR) (58%), 14 cases died during induction therapy (28%), 7 cases were refractory
to treatment (14%), 6 cases relapsed after CR
(12%) and 31 cases died (62%) during the entire period of the study. So, no statistically signiﬁcant differences were found between GSTP1
genotypes and clinical outcome in AML patients
(P= 0.274, 1.0, 0.418, 0.217).
Table (5) and ﬁgure (1) show the survival of
AML studied cases according to their GSTP1
genotypes. Mean OS was 20.8 months and mean
DFS was 28. 3 months for the wild type. While
for heterozygote were 13.7 and 21.2 months and
for homozygote were 18.4 and 19.3 months respectively. Cumulative proportion of OS of respectively. AML cases surviving at 24 months
was 58.7%, 27.3 %, 30% and for DFS was
82.1%, 65%, 37.5% respectively. Consequently, there was no statistically signiﬁcant difference found between GSTP1 genotypes regarding OS and DFS in AML group (P = 0.434 and
0.254respectively).
Concerning immunophenotypic expression of
surface markers in AML patients, CD 33 was the
most commonly expressed marker (49 patients,
98%), while HLA-DR was the least commonly
expressed marker (18 patients, 36%). Other
markers found included MPO (44, 88%), CD34
(27, 54%), CD13 (39, 78%), CD117 (41, 82%),
CD14 (21, 42%) and CD 64 (20, 40%).
According to FAB classiﬁcation, the most
common class in patient group was M4 (17 patient, 34%) and the least common was M0 (2 patients, 4%). The rest of patients were distributed
among the different FAB classes, except M3
where there were no patients in this class. Out
of 50 patients, 31 patients died during the whole
period of the study, although 29 patients out of
50 experienced a complete remission.
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Table (1): Comparison
of demographic data to
GSTP1
genotypes in studied subjects.
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Table
 (3): Frequency of GSTP1 alleles and genotypes in AML patients and control subjects









































 














































































OR = odds ratio; 95%CI = 95% confidence interval. *Significant P /Pc values if ≤ 0.05, Pc= Bonfor
roni corrected P value (Number of comparison x P value).
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DISCUSSION
In the present study, we tried to demonstrate
the role of different GSTP1 genotypes polymorphism as a risk factor to develop AML and its
progression.
Our results showed that the frequencies of
GSTP1 Ile105Val among patients which were
as follow; wild type (Ile/Ile) 46%, heterozygous
type (Ile/Val) 34% and homozygous type (Val/
Val) 20%. These results were in concordance in
wild type (Ile/Ile) with Polish population 49%(5)
and UK-Caucasian 49%(23), while Italian- Caucasian show increase in wild type with 56%(31). Our
results are in concordance in heterozygous type
(Ile/Val) with Italian-Caucasian 34%(31), Finland population 38%(25) and the USA-Caucasian
population 39%(20). Also, Spanish, Polish and
Australian populations showed mild increase in
heterozygous type as 44% for Spanish and Polish population(22,5) and 46% for Australians(27).
There is decrease in homozygous genotype (Val/
Val) in Japanese population 4%(15), Spain-Caucasian 6%(22) and Polish population 7%(5).
The current study found no signiﬁcant difference in the frequency of different GSTP1
genotypes among both genders in control and
AML groups (p>0.05). On the contrary, Dunna
et al,(2012)(7) reported that the GSTP1 Val/Val
genotype frequency was increased in female
AML patients as compared to male patients. Also
there was no signiﬁcant difference in the distribution of different genetic variants of GSTP1
versus age in control and AML groups (p>0.05).
A study by Dunna et al, (2012)(7) reported that
the GSTP1 Val/Val genotype was associated
with early onset of AML (< 20 years).
There was also no signiﬁcant difference between GSTP1 genotypes regarding hematological data, clinical chemistry data and different
FAB subtypes in studied groups. A study by
Voso et al, (2008)(32) reported that AML patients
with GSTP1 Val/Val had lower WBC counts.
While Dunna et al., (2012)(7) found that the mean
WBC count and LDH levels were substantially
increased in AML with Val/Val genotype(7).
The distribution of different GSTP1 genotypes
in AML patients and control subjects showed no

signiﬁcant difference between both groups in
Ile/Ile variant or Ile/Val variant (p>0.05), but
there was a highly signiﬁcant difference between
these groups in the Val/Val variant (p=0.014),
indicating that this genotypes might confer risk
to develop acute myeloid leukemia. Val/Val
genotype is known to be associated with defective detoxiﬁcation of base propanols against
oxidative stress(18), this was in accordance with
Dunna et al.,2012(7) who reported that Val/Val
genotype might be considered as risk genotype
for developing acute myeloid leukemia. This
was inversely with Zhou et al. 2013(34), Bhatla et
al., 2008 (4) and Voso et al., (2007)(33) who found
that GSTP1 Val/Val carriers had a non-signiﬁcant risk of AML. There were few studies had
shown signiﬁcant association of GST polymorphism with AML, and the results are contradictory (29,6,19).
In previous studies, individuals with at least
one Val allele at codon 105 of GSTP1 enzyme
were thought to have an underlying predisposition to cancer when exposed to environmentally derived or endogenously formed GSTP1
substrates(10). Indeed, the GSTP1 codon 105Val
allele was associated with a signiﬁcantly increased risk of lung, bladder, testicular cancer,
cancer breast, and multiple myeloma (10,12,18) and
(25)
. Valine genotype has decreased enzyme activity which might be due to altered catalytic activity and thermal stability of the enzyme. This
could lead to less detoxifying efﬁciency for the
ultimate carcinogens like polycyclic aromatic
hydro-carbons (PAH) which can induce DNA
adducts and ultimately lead to carcinogenesis(11).
No signiﬁcant differences were found between different GSTP1 genotypes according to
clinical outcome in AML patients. This is consistent with a study by Dunna et al, (2012)(7) who
reported that there was no association between
GSTP1 polymorphism with rate of complete remission failure indicating lack of genotype effect on response to remission induction therapy
in AML patients
No signiﬁcant differences were found between
different GSTP1 genotypes regarding Overall
Survival and Disease Free Survival (P> 0.05)
in AML group. These results correlated with a
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study by Voso et al, (2008) who reported that
at a median follow - up of 46 months (range 0221 months) of GSTP1105 genotypes were signiﬁcantly associated with DFS (P=0.03) whereas
OS was not signiﬁcantly inﬂuenced (P= 0.15).
In the same line, the GSTP1Ile105Val genotype
has been associated with favourable prognosis in
other malignancies, as breast and colon cancer
and Hodgkin lymphoma(14). They found that the
improved outcome in cancer patients with the
GSTP1Ile105Val allele is due to a reduced detoxiﬁcation of chemotherapeutic agents and thus
an intensiﬁed cytotoxic effect(32).
(32)

The results of GSTs and risk of acute myeloid
leukemia are conﬂicting in studies conducted in
different ethnicities. The reason might be inducted by ethnic difference, case selection and
variation of clinical characteristics. Further studies are strong needed to validate the association
between variation of GSTP1 and AML risk(34).
These conﬂicting results indicate that gene
polymorphism may exert only small effects and
many studies on gene polymorphisms are underpowered and false-positive and false-negative
results may occur, especially at short follow-up
times(32).
However, the sample size is relatively small
in our study, and statistical power is insufﬁcient
for detecting the effect of GSTP1 Ile105Val
gene polymorphism on AML risk. Also lack of
sufﬁcient information about the environmental
factors which limited the analysis of the interaction between the genetic and environmental factors. Therefore these results must be veriﬁed by
further studies with larger patient’s populations
as well as larger control population.
Conclusion
No association was found betweenGSTP1
(Ile/Ile) and (Ile/Val) polymorphism and development of acute myeloid leukemia but (Val/Val)
polymorphism had increased risk for developing
acute myeloid leukemia. Also, no association
was found between GSTP1 polymorphism and
response to treatment or the survival of AML
patients.
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ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ )ﺁﻱ -105-ﻓﻲ( ﻟﺠﻴﻦ ﺍﻹﻧﺰﻳﻢ ﺍﻟﻨﺎﻗﻞ ﻟﻠﺠﻠﻮﺗﺎﺛﻴﻮﻥ ﻓﻲ ﻣﺮﺿﻰ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ
ﻋﺎﺩﻝ ﻣﺮﺯﻭﻕ ﺃﻏﺎ  -ﺩﻋﺎء ﻣﺤﻤﻮﺩ ﺍﻟﻐﻨﺎﻡ  -ﻫﻮﺍﻳﺪﻩ ﻣﺤﻤﺪ ﻛﻤﺎﻝ ﺷﻌﺒﺎﻥ  -ﻣﺤﻤﺪ ﻋﺒﺪﺍﻟﻔﺘﺎﺡ ﻣﺨﺘﺎﺭ ﺧﻠﻒ
ﻳﻌﺪ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ ﻫﻮ ﺍﺿﻄﺮﺍﺏ ﻣﻜﻮﻧﺎﺕ ﺍﻟﺪﻡ ﺍﻟﺘﻲ ﻳﻤﻜﻦ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻴﻬﺎ ﺇﻣﺎ ﻣﻦ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺠﺬﻋﻴﺔ ﺍﻟﻤﻜﻮﻧﺔ ﻟﻠﺪﻡ ﺃﻭ
ﺧﻠﻴﺔ ﺍﻟﺴﻠﻒ ﻭﻳﺘﻤﻴﺰ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ ﺑﺰﻳﺎﺩﺓ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻐﻴﺮ ﻧﺎﺿﺠﺔ ﻭﻗﻠﺔ ﺗﻜﻮﻥ ﻛﺮﺍﺕ ﺍﻟﺪﻡ ﺍﻟﻨﺎﺿﺠﺔ  .ﺗﺘﺴﻢ ﺣﺎﻻﺕ ﺳﺮﻃﺎﻥ
ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ ﺑﺘﻌﺪﺩ ﺍﻟﺨﻮﺍﺹ ﺍﻟﺸﻜﻠﻴﺔ ﻭﺍﻟﺠﻴﻨﻴﺔ ﻭﺍﻟﺠﺰﻳﺌﻴﺔ ﻟﻠﺨﻼﻳﺎ ،ﻭﻳﻌﺪ ﺗﺤﺪﻳﺪ ﻫﺬﻩ ﺍﻟﺨﻮﺍﺹ ،ﻋﻠﻰ ﺍﺧﺘﻼﻓﻬﺎ ،ﻋﺎﻣﻼ ﻣﺴﺎﻋﺪﺍ ﻓﻲ
ﺍﻟﺘﻨﺒﺆ ﺑﺘﻄﻮﺭ ﺍﻟﻤﺮﺽ ﻭﺗﺤﺴﻴﻦ ﺍﻟﻄﺮﻕ ﺍﻟﻌﻼﺟﻴﺔ ﺍﻟﻤﺘﺒﻌﺔ .ﻫﺬﺍ ﻭﻳﻠﻌﺐ ﺍﻹﻧﺰﻳﻢ ﺍﻟﻨﺎﻗﻞ ﻟﻠﺠﻠﻮﺗﺎﺛﻴﻮﻥ ﺩﻭﺭﺍ ﻫﺎﻣﺎ ﻓﻲ ﺍﻟﺘﺤﻮﻳﻞ ﺍﻟﺤﻴﻮﻱ ﻭﺍﻟﺘﻔﻌﻴﻞ
ﺍﻟﺤﻴﻮﻱ ﻟﺒﻌﺾ ﺍﻟﻤﻠﻮﺛﺎﺕ ﺍﻟﺒﻴﺌﻴﺔ ،ﻭﻳﺤﻔﺰ ﺇﺯﺍﻟﺔ ﺍﻷﺛﺮ ﺍﻟﺴﻤﻲ ﻟﺒﻌﻀﻬﺎ ﻛﻤﺮﻛﺒﺎﺕ ﺍﻟﺒﺮﻭﺑﺎﻧﻮﻝ ﺍﻟﻘﺎﻋﺪﻳﺔ ،ﻭﺍﻟﺘﻲ ﺗﻨﺘﺞ ﻣﻦ ﺃﻛﺴﺪﺓ ﺍﻟﺤﻤﺾ ﺍﻟﻨﻮﻭﻱ
ﺍﻟﺮﻳﺒﻮﺯﻱ ﻣﻨﻘﻮﺹ ﺍﻷﻛﺴﺠﻴﻦ ،ﻣﻤﺎ ﻳﺤﻤﻲ ﺍﻟﺨﻠﻴﺔ ﻣﻦ ﺍﻵﺛﺎﺭ ﺍﻟﻀﺎﺭﺓ ﻟﻌﻤﻠﻴﺎﺕ ﺍﻷﻛﺴﺪﺓ .ﻭﺗﻘﻊ ﻣﻮﺭﺛﺔ ﻫﺬﺍ ﺍﻹﻧﺰﻳﻢ ﻋﻠﻰ ﺍﻟﺬﺭﺍﻉ ﺍﻟﻄﻮﻳﻞ ﻟﻠﺼﺒﻐﻲ
ﺍﻟﺤﺎﺩﻱ ﻋﺸﺮ ﻓﻲ ﺍﻹﻧﺴﺎﻥ .ﻭﺗﺸﻴﺮ ﺍﻷﺑﺤﺎﺙ ﺇﻟﻰ ﺃﻥ ﺍﻟﺘﻌﺪﺩﺍﺕ ﺍﻟﺸﻜﻠﻴﺔ ﻓﻲ ﺍﻟﻜﻮﺩﻭﻥ ﺭﻗﻢ  105ﺍﻟﺨﺎﺹ ﺑﻬﺬﺍ ﺍﻹﻧﺰﻳﻢ ﻗﺪ ﻳﻠﻌﺐ ﺩﻭﺭﺍ ﻣﻬﻤﺎ ﻓﻲ
ﺗﻄﻮﺭ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ ،ﻧﻈﺮﺍ ﻷﻧﻪ ﻳﻐﻴﺮ ﻭﻇﺎﺋﻒ ﺍﻟﺒﺮﻭﺗﻴﻦ ،ﻣﻘﻠﻼ ﺃﺛﺮﻩ ﻓﻲ ﺇﺯﺍﻟﺔ ﺳﻤﻴﺔ ﺑﻌﺾ ﺍﻟﻤﻮﺍﺩ ﺍﻟﻤﺴﺮﻃﻨﺔ ،ﻛﻤﺎ ﺗﺸﻴﺮ
ﺍﻟﺪﺭﺍﺳﺎﺕ ﺇﻟﻰ ﺍﺧﺘﻼﻓﺎﺕ ﻛﻴﻤﻴﺎﺋﻴﺔ ﺑﻴﻦ ﺍﻹﻧﺰﻳﻢ ﻭﺗﻌﺪﺩﺍﺗﻪ ﺍﻟﺸﻜﻠﻴﺔ ﺍﻟﻤﺨﺘﻠﻔﺔ ،ﻭﺇﻟﻰ ﺃﻥ ﺍﻷﻓﺮﺍﺩ ﺍﻟﺬﻳﻦ ﻟﺪﻳﻬﻢ ﺣﻤﺾ ﺃﻣﻴﻨﻲ ﻓﺎﻟﻴﻦ ﻭﺍﺣﺪ ﻋﻠﻰ ﺍﻷﻗﻞ
ﻓﻲ ﻛﻮﺩﻭﻥ  105ﻟﺪﻳﻬﻢ ﺇﺣﺘﻤﺎﻻ ﻹﺻﺎﺑﺔ ﺑﺎﻟﺴﺮﻃﺎﻥ ﻋﻨﺪ ﺗﻌﺮﺿﻬﻢ ﻟﻌﻮﺍﻣﻞ ﺑﻴﺌﻴﺔ ﺃﻭ ﺩﺍﺧﻠﻴﺔ ﻣﻌﻴﻨﺔ .ﻫﺬﺍ ﺍﻟﻌﻤﻞ ﻳﻬﺪﻑ ﻟﺪﺭﺍﺳﺔ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ
)ﺃﻱ 105- -ﻓﻲ( ﻟﺠﻴﻦ ﺍﻹﻧﺰﻳﻢ ﺍﻟﻨﺎﻗﻞ ﻟﻠﺠﻠﻮﺗﺎﺛﻴﻮﻥ ﻓﻲ ﻣﺮﺿﻰ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ  ,ﻭﺍﻟﺘﻌﺮﻑ ﻋﻠﻰ ﺍﻟﻌﻼﻗﺔ ﺑﻴﻦ ﻫﺬﺍ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ
ﻭﺗﻄﻮﺭ ﺍﻟﻤﺮﺽ .ﻟﺬﻟﻚ ﺗﻢ ﺇﺟﺮﺍء ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻓﻲ ﻗﺴﻢ ﺍﻟﺒﺎﺛﻮﻟﻮﺟﻴﺎ ﺍﻹﻛﻠﻴﻨﻴﻜﻴﺔ ﻓﻲ ﻛﻠﻴﺔ ﺍﻟﻄﺐ – ﺟﺎﻣﻌﺘﻲ ﺑﻨﻬﺎ ﻭ ﺍﻟﻤﻨﺼﻮﺭﺓ ،ﻭﺷﻤﻠﺖ 100
ﻓﺮﺩ ﺗﻢ ﺗﻘﺴﻴﻤﻬﻢ ﺇﻟﻰ ﻣﺠﻤﻮﻋﺘﻴﻦ ،ﺍﻟﻤﺠﻤﻮﻋﺔ ﺍﻷﻭﻟﻰ ﻣﺠﻤﻮﻋﺔ ﺍﻟﻤﺮﺿﻰ ،ﻭﻫﻢ  50ﻣﺼﺎﺏ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻯ ﺍﻟﺤﺎﺩ ﺗﻢ ﺗﺸﺨﻴﺼﻬﻢ ﺣﺪﻳﺜﺎ،
ﻭﺍﻟﻤﺠﻤﻮﻋﺔ ﺍﻟﺜﺎﻧﻴﺔ ﻣﺠﻤﻮﻋﺔ ﺿﺎﺑﻄﺔ ،ﻭﻫﻢ  50ﻣﻦ ﺍﻷﺷﺨﺎﺹ ﺍﻷﺻﺤﺎء ﻛﻤﺠﻤﻮﻋﺔ ﺿﺎﺑﻄﺔ ﻣﺘﺴﻘﺔ ﻣﻊ ﺍﻟﻤﺠﻤﻮﻋﺔ ﺍﻷﻭﻟﻰ ﻣﻦ ﺣﻴﺚ ﺍﻟﺴﻦ
ﻭﺍﻟﺠﻨﺲ .ﺗﻢ ﺇﺟﺮﺍء ﺍﻻﺳﺘﻘﺼﺎءﺍﺕ ﺍﻵﺗﻴﺔ ﻟﻜﻞ ﺍﻟﻤﺮﺿﻰ :ﺍﻟﻔﺤﺺ ﺍﻻﻛﻠﻴﻨﻴﻜﻰ ﺍﻟﺸﺎﻣﻞ ﻣﻊ ﺃﺧﺬ ﺍﻟﺘﺎﺭﻳﺦ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻤﻔﺼﻞ ،ﻋﻤﻞ ﺻﻮﺭﺓ ﺩﻡ
ﻛﺎﻣﻠﺔ ﻣﻊ ﻓﺤﺺ ﺍﻟﻔﻴﻠﻢ ﺍﻟﻤﺼﺒﻮﻍ ،ﺳﺤﺐ ﻋﻴﻨﺎﺕ ﺍﻟﻨﺨﺎﻉ ﺍﻟﻌﻈﻤﻰ ﻟﻠﻤﺮﺿﻰ ﻣﻊ ﺻﺒﻎ ﺃﻓﻼﻡ ﻟﻴﺸﻤﺎﻥ ﻭﺍﻟﺒﻴﺮﻭﻛﺴﻴﺪﻳﺰ ،ﻋﻤﻞ ﺗﺼﻨﻴﻒ ﻣﻨﺎﻋﻲ
ﻟﺤﺎﻻﺕ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻨﺨﺎﻋﻲ ﺍﻟﺤﺎﺩ ،ﻭﺩﺭﺍﺳﺔ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ”ﺁﻱ-105-ﻓﻲ“ ﻟﻺﻧﺰﻳﻢ ﺍﻟﻨﺎﻗﻞ ﻟﻠﺠﻠﻮﺗﺎﺛﻴﻮﻥ ﺑﻄﺮﻳﻘﺔ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ
– ﺩﺭﺍﺳﺔ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﺑﻄﻮﻝ ﺍﻷﺟﺰﺍء ﺍﻟﻤﻘﻄﻌﺔ  .PCR-RFLPﻛﻤﺎ ﺗﻢ ﺇﺟﺮﺍء ﺻﻮﺭﺓ ﺩﻡ ﻛﺎﻣﻠﺔ ﻭﺩﺭﺍﺳﺔ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ”ﺁﻱ-105-ﻓﻲ“
ﻟﻺﻧﺰﻳﻢ ﺍﻟﻨﺎﻗﻞ ﻟﻠﺠﻠﻮﺗﺎﺛﻴﻮﻥ ﺑﻄﺮﻳﻘﺔ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ – ﺩﺭﺍﺳﺔ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﺑﻄﻮﻝ ﺍﻷﺟﺰﺍء ﺍﻟﻤﻘﻄﻌﺔ  PCR-RFLPﻟﻠﻤﺠﻤﻮﻋﺔ
ﺍﻟﻀﺎﺑﻄﺔ ﺃﻳﻀﺎ .ﺗﻢ ﺟﻤﻊ ﺍﻟﺒﻴﺎﻧﺎﺕ ﻭﺍﻟﻨﺘﺎﺋﺞ ﻟﻜﻞ ﻣﻦ ﺍﻟﻤﺠﻤﻮﻋﺘﻴﻦ ﻭﺩﺭﺍﺳﺘﻬﺎ ﺇﺣﺼﺎﺋﻴﺎ .ﻭﺗﺒﻴﻦ ﻣﻦ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺇﻟﻰ ﺃﻥ ﺍﺯﺩﻭﺍﺟﻴﺔ ﺍﻟﻔﺎﻟﻴﻦ ﻓﻲ
ﺗﺮﻛﻴﺐ ﺍﻹﻧﺰﻳﻢ ﺗﻌﺪ ﻋﺎﻣﻞ ﺧﻄﺮ ﻣﺴﺘﻘﻞ ﻟﻺﺻﺎﺑﺔ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ ،ﻭﻋﺎﻣﻼ ﺗﻨﺒﺆﻳﺎ ﺳﻴﺌﺎ ﻓﻲ ﻣﺮﺿﻰ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ،
ﻋﻠﻰ ﻋﻜﺲ ﺑﺎﻗﻲ ﺍﻟﺘﻌﺪﺩﺍﺕ ﺍﻟﺸﻜﻠﻴﺔ ﻟﻺﻧﺰﻳﻢ.ﻛﻤﺎ ﺗﺒﻴﻦ ﻋﺪﻡ ﻭﺟﻮﺩ ﺍﺧﺘﻼﻑ ﻣﻠﺤﻮﻅ ﺇﺣﺼﺎﺋﻴﺎ ﻣﻦ ﺣﻴﺚ ﺍﻟﻨﻮﻉ ﺍﻟﺠﻴﻨﻲ ﻟﻺﻧﺰﻳﻢ ﻭﻧﻮﻉ ﺍﻟﻤﺮﺽ،
ﺃﻭ ﺍﻟﺤﺎﻟﺔ ﺍﻟﺴﺮﻳﺮﻳﺔ ﻟﺪﻯ ﺍﻟﻤﺮﺿﻰ ،ﻛﻤﺎ ﻟﻢ ﻳﻜﻦ ﻫﻨﺎﻙ ﺍﺛﺮ ﻟﻠﻨﻮﻉ ﺍﻟﺠﻴﻨﻲ ﻋﻠﻰ ﺍﻻﺳﺘﺠﺎﺑﺔ ﺍﻟﺴﺮﻳﺮﻳﺔ ﻟﻠﻌﻼﺝ ﻭﺗﻄﻮﺭ ﺍﻟﻤﺮﺽ ،ﻭﻟﻢ ﻳﻜﻦ ﻟﻪ ﺍﺛﺮ
ﻋﻠﻰ ﻣﺪﻯ ﺍﻟﺒﻘﺎء ﻋﻠﻰ ﻗﻴﺪ ﺍﻟﺤﻴﺎﺓ ﺑﻮﺟﻪ ﻋﺎﻡ ﻟﺪﻯ ﻣﺮﺿﻰ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻤﻴﻠﻮﺩﻱ ﺍﻟﺤﺎﺩ.
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THE INTERLEUKIN-17F (7488T/C) GENE POLYMORPHISM AND THE
RISK OF CHRONIC IMMUNE THROMBOCYTOPENIC PURPURA IN
EGYPTIAN PATIENTS
Sherif M.Yousry*, Nehal Diaa*, Gehan H. Shaheen*and Hend N.Ellithy**
ABSTRACT
Introduction: Chronic primary immune thrombocytopenia (ITP) is an acquired autoimmune disease characterized by both
reduced platelet counts and suppression of megakaryocyte and platelet development .IL-17F is a novel inﬂammatory cytokine
and plays an important role in some autoimmune diseases by inducing the expression of multiple chemokines, cytokines, and
adhesion molecules. IL-17F 7488T/C polymorphism is associated with IL-17 expression and activity. Considering the inﬂuence
of IL-17F 7488T/C gene polymorphism on the incidence and clinical outcome of patients with ITP ,we investigated the association of IL17F 7488 T/C polymorphism with chronic ITP in Egyptian patients and if it may be linked to response to treatment
with glucocorticoides. Subjects and methods : A cohort of 107 patients with chronic ITP and 100 healthy control were enrolled
in this case control study. Genotyping of IL17F gene polymorphism was determined by the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. Results: Chronic ITP patients had a signiﬁcantly higher frequency
of the IL-17F 7488TT genotype compared to controls (84.1% Vs 70.0%; Odd ratio= 2.269; P-Value = 0.015).Furthermore
the IL17F 7488TT genotype was signiﬁcantly associated with poor response to corticosteroid therapy; 11.1% were steroid
responsive vs. 88.9% were not responsive (P value= 0.001). Conclusion: These ﬁndings suggest that the IL-17F 7488 T allele
is signiﬁcantly associated with the development of chronic ITP, suggesting a role for IL-17F 7488T/C polymorphism in the
pathogenesis of chronic ITP. Key words: ITP, immune thrombocytopenia; cytokine; IL-17F; polymorphism

INTRODUCTION
Immune thrombocytopenic purpura (ITP) is
a common cause of thrombocytopenia, it is an
autoimmune disorder results from several pathophysiologic mechanisms. Ministry pathophysiology of ITP is enhanced clearance of platelets
and impaired platelet production(3).
Although auto-reactive B lymphocytes secreting auto-antibodies against platelet glycoproteins are considered to play crucial roles in
platelets destruction by the reticuloendothelial
system, dysfunctional cellular immunity as well
as the complement-mediated lysis of platelet in
ITP patients are also considered important(18,39).
T cell immune abnorma lities play crucial
roles in ITP pathogenesis through enhancing
production of the anti-platelets antibodies, direct
cytotoxic effect on platelets, production of abnormal helper T (Th) cells, and impair platelet
production by megakaryocytes(16,30).
Th2 cytokine is linked to development of
chronic ITP(17,29). Previous studies showed
that Imbalance between T helper (Th1) and T
helper2 (Th2) plays an important role in pathogenesis of ITP, Th1 ⁄Th2 cytokine mRNA ratio

was found to be correlated inversely with the
platelet count(20,33,37). Restoration of this imbalance may be a strategy for treatment of chronic
ITP(31). However, extensive studies in order to
understand the importance of imbalance of T
helper cytokine in pathogenesis of chronic ITP
are required.
The Th17 cell, which produces IL-17, is a
new subset of Th cells. Many investigators have
demonstrated that Th17 cells play an important
role in T-cell-mediated diseases, such as rheumatoid arthritis, autoimmune diabetes, autoimmune
encephalitis, or ankylosing spondylitis(14,15,36).
These ﬁndings suggest that upregulation of Th17
cells may play a role in ITP.
The interleukin (IL)-17 families contains six
members, IL-17 A, IL17B, IL-17C, IL-17D,
IL-17E and IL-17F. Notably, among this family, IL-17F has been shown to be responsible for
the pathogenic activity of Th17 cells which has
been shown to have a pro-inﬂammatory role(9).
Binding of IL-17 to its receptor initiates signaling pathways which induce the production of
proinﬂammatory cytokines and chemokines and
induce the recruitment of neutrophils(4,22).
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Previous studies showed that the upregulation
of IL-17-producing T cells (Th17) and the high
level of circulating IL-17, were linked to pathogenesis of chronic ITP in adults(5,38,40). In addition, increased IL-17F levels were also found in
patients with systemic lupus erythematosus(23),
rheumatoid arthritis(6) and asthma(19).
Interleukin 17F encoded gene is mapped to
the human chromosome arm of 6p12.2, which
consists of 3 exons and 2 introns(8). IL-17F
7488T/C polymorphism is a frequent non-synonymous single nucleotide polymorphism (SNP)
located within the coding region of IL-17 F gene
and causes a His-to-Arg substitution at amino
acid 161.This coding SNP has been proved to
have a strong functional role by antagonizing the
normal function of wild-type IL-17F, the wildtype IL-17F failed to induce proinﬂammatory
cytokines and chemokines(13).
Although some cytokine genes polymorphisms have been reported to be associated with
ITP(27,34,35) there have been no previous reports
of the inﬂuence of IL-17F 7488T/C gene polymorphism on the incidence and clinical outcome
of ITP among Egyptian population. In this study
we examined the role of IL-17F 7488T/C gene
polymorphism on the susceptibility and clinical
features of chronic ITP and if it may be linked to
response to treatment with glucocorticoides.
SUBJECTS AND METHODS
Patients and control subjects
We designed a case control study, including
107 ITP patients, and 100 age and sex matched
healthy controls without signiﬁcant medical history. The study protocol was in accordance with
the local hospital research guidelines. Written
informed consents were obtained from all individuals before study initiation and patient recruitment. Patients were diagnosed and followed
up in the clinical hematology unit of the Kasr
Al-Ainy teaching hospital.
Inclusion criteria of controls include: healthy
individuals with normal complete blood counts
with no past history of bleeding tendency or
thrombocytopenia.
Inclusion criteria for patients include: chronic
ITP patients who are 18 years or older. A plate-

let count less than 100X10 /L was established as
the threshold for diagnosis of ITP. The term “severe” ITP was considered for patients who have
clinically relevant bleeding sufﬁcient to mandate treatment regardless platelets count(25) ; we
considered clinically relevant bleeding includes
organ bleeding, bleeding that mandate treatment
such as hematuria, hematemesis, vaginal bleeding and intracranial hemorrhage. We did not
consider mucocutaneous bleeding as clinically
relevant bleeding, except for wet purpura.
9

According to ITP International Working
Group(25), chronic ITP is deﬁned as ITP lasting
for more than 12 months. Corticosteroid dependence is deﬁned as the ongoing need for continuous corticosteroid administration or frequent
courses of corticosteroids to maintain a platelet
count at or above 30 x 109/L and/or to avoid
bleeding. Corticosteroid resistance is deﬁned as
failure to increase platelet count above 30 x 109/L
after 28 days of full dose of corticosteroid therapy. We considered corticosteroid responsive patient who maintained platelets count at least 100
x 109/L on administration of corticosteroid and
maintained for at least 3 months after stoppage
of corticosteroid. Refractory ITP is considered
as failure to achieve or maintain response after
splenectomy, in presence of treatment(s) needs
to minimize the risk of clinically signiﬁcant
bleeding for Primary ITP patients. Initial treatment was corticosteroid at a dose of 1 mg/ Kg /d
Po for 2 weeks followed by gradual tappering,
in patients with clinically relevant bleeding we
started treatment with intravenous methyl prednisone at a dose of 1 gm daily for 3 successive
days followed by oral therapy.
Molecular analysis
Total genomic DNA of patients and healthy
controls was extracted from about 2 ml anticoagulated whole blood on EDTA using Qiagen extraction kit (catalog number 51104, USA). The
genotyping IL-17F 7488 T>C (rs763780) SNP
was performed by using a polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) assay as previously described(28).
The target gene was ampliﬁed by PCR using
5’GTTCCCATCCAGCAAGAGAC’-3’ (sense)
and
5-AGCTGGGAATGCAAACAAAC-3’
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expected frequency is less than 5. P-values less
than 0.05 were considered as statistically signiﬁcant.
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(antisense) primers.PCR assay was performed
for each sample in a ﬁnal reaction volume of 25
µL, using 5 µL genomic DNA, 12.5 µL universal
master mix (0.1 units/μL Taq DNA Polymerase,
32 mM (NH4)2 SO4, 130 mM Tris HCl, 5.5 mM
MgCl2, and 0.4 mM of each dNTP), 1 µL forward primer, 1 µL reverse primer, together with
5.5 µL distilled water (DW). The PCR conditions
were as follows: an initial heat activation step at
95°C for 3 minutes followed by 40 cycles with
the following program: denaturation at 94OC for
60 seconds, annealing at 72OC for 60 seconds,
and ﬁnally extention at 72OC for 5 minutes. All
reactions were done using the thermal cycler
Applied Biosystems 9600(Perkin- Elmer, Foster
city, CA, USA). After ampliﬁcation, The PCR
products were digested with 10 U Nla III enzyme
(Fermentas Life Sciences, USA) in the manufacturer’s buffer at 37OC overnight. The products
were then resolved on 2% agarose gel electrophoresis gels containing ethidium bromide (electro-4, Thermal Hybaid, Promega,Madison,WI,
USA) and visualized with a UV transilluminator
(wavelength 312 nm).. DNA molecular weight
marker (QIAGEN GelPilot 50 bp Ladder) {cat
no. 239 025} was used to assess the size of the
PCR-RFLP products. The ampliﬁed fragment
(412 bp) after digestion with NlaIII restriction
enzyme can give rise to either 3 fragments at
412, 288, and 124 bp which indicates the presence of the heterozygous genotype (TC), or 2
fragments at 288 and 124 bp which indicates the
presence of the wild genotype (TT) or remains
undigested as 1 fragment at 412 bp for homozygous genotype (CC) (Figure1).
Statistical methods:

Data were coded and entered using the statistical package SPSS version 22. Data was summarized using mean and standard deviation for
quantitative variables and frequencies (number
of cases) and relative frequencies (percentages)
for categorical variables. Comparison between
cases and control was done using unpaired t test.
For comparing quantitative data between different genotypes the non parametric Kruskal-Wallis and Mann-Whitney tests were used. For comparing categorical data, Chi square (χ2) test was
performed. Exact test was used instead when the

RESULTS
General Characteristics of patients
The characteristics of patients with ITP are
shown in table (1). Among the studied patients
group (107 patients), majority of patients were
female, n= 97 (90.7%); minority was males, n=10
(9.3%). Age of the patient ranged from 18 years
to 68 years, median was 35 years. Initial platelets count ranged from 1x109 ⁄L to 86 x 109 ⁄L,
median was 10x109 ⁄L; 48 patients (44.9%) had
very severe thrombocytopenia (platelet count <
10x109 ⁄L); 44 patients (41.1%) had severe ITP;
11 patients (10.3%) had moderate thrombocytopenia (platelet count 30x109–50x 109 ⁄ L) ; and
4 patients (3.7%) had mild thrombocytopenia
(platelet count >50 x 109 ⁄ L). Apart from 3 patients, that was asymptomatic and discovered
accidently during routine labs before surgeries,
the rest of patients presented with mucocutenous bleeding in the form of petechi, echymosis,
purpura, epistaxis and bleeding gum. In addition
to mucocutenous bleeding, 41 patients (38.3%)
had also vaginal bleeding in the form of menorrhagia, metrorrhagia, meno-metrorrhagia and
irregular vaginal bleeding. Two patients (1.8%)
had cerebral hemorrhage; two patients (1.8%)
had bleeding per rectum; 45 patients (42.1%)
had clinically relevant bleeding. All patient
treated initially with coticosteroid; 18 patients
(16.8%) were steroid responsive, 63 patients
(58.9%) were steroid dependant; while 26 patients (24.3%) were steroid resistant. 14 patients
(13%) had refractory ITP; 10 patients (9.3%)
had relapsed ITP.
Genotype and allele frequencies of IL-17F gene
polymorphism in patients with chronic ITP and
the control group
The frequency distribution of IL-17F
7488T>C genotypes and alleles were compared
between patients and controls. Chronic ITP patients had a signiﬁcantly higher frequency of the
IL-17F 7488-TT genotype compared to controls
(84.1% Vs 70.0%; Odd ratio= 2.269; P-Value =
0.015), in addition to high frequency of T alleles
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in patent group than control group (91.6% Vs
82%; Odd ratio = 2.390; P-value = 0.004) which
suggests association of the IL-17F 7488TT genotype and the development of chronic ITP.
On other hand, chronic ITP patients showed
lower frequency of the IL-17F C allele than in
control group (8.4% vs. 18% ; odd ratio= 0.418;
P-Value =0.004); that suggests a protective role
of IL-17F 7488CC genotype against chronic
ITP. (Table 2)
Association of IL-17F gene polymorphism with
corticosteroid therapy in patients with chronic
ITP
We studied the distribution of IL17F 7488T>C
gene polymorphism according to response to corticosteroid therapy, the IL17F 7488TT genotype

was signiﬁcantly associated with poor response
to corticosteroid therapy; 11.1% were steroid responsive vs. 88.9% were not responsive (steroid
dependant or resistant); P value= 0.001. However IL17F 7488T>C gene polymorphism was
not associated with refractory or relapsed ITP.
(Table 3)
Patient characteristics according to IL-17F
gene polymorphism
The IL17F 7488T>C gene polymorphism was
not signiﬁcantly different in following patient’s
characteristics: age, gender, duration of the disease, initial platelet count, presenting symptoms,
presence of clinically relevant bleeding, severity
of ITP, degree of thrombocytopenia. (Table 4,5)



Table 1: Characteristics
of patients with chronic ITP
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Table 2: Comparison between patients
and controls according to IL-17F 7488T/C genotypes and allels









































































 



 

 









 







 







 




















 
 


















 
 

















 


Table 3: distribution of IL17F 7488T/ 
C polymorphism according to response to therapy and relapse




































































































































 




 

 




 


 

  






 

 









  





 






 



   














   



 


 


 


 

 







 



  


 

























 
































































































































































































































Table
4: Distribution of IL17F 7488T/ C polymorphism
 according to patient characteristics
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Table 5: Distribution of IL17F 7488T/ C polymorphism according to age, duration of disease and initial

platelet count












      











  




  


 
   


 











 



 



 
















 
 












































Figure 1 : Genotyping of IL-17F (7488 T/C) polymorphism
Fig 1 show the results of 
PCR of IL-17F (7488 T>C ) polymorphism Lanes 1, 2,5,6,9 and 11 show two bands at
288 bp and 124 bp denoting the wild genotype (TT). Lanes 4,7and 8 show three bands at 412 bp ,253 bp and

124 bp denoting the heterozygous mutant genotype (TC). Lanes 3 and 10show one band at 412bp denoting

the homozygous
mutant genotype (CC). N.B: M is a marker ladder




DISCUSSION

Although ITP was previously thought to be
Th1-cell driven, it is now recognized that a disThe pathogenesis of chronic ITP is a complex

tinct lineage of effector T cells, Th17 cells, is
and multifactorial process that includes T-cell
also involved in the development of ITP. Remediated thrombocytopenia as a signiﬁcant concently, an increasing number of studies have

tributing factor.
Several mechanisms, including
documented a signiﬁcantly higher percentage of
the effect of cytolytic
T cells, antibody-depen
circulating Th17 cells in patients with ITP than
dent cellular
cytotoxicity,
T-cell tolerance,
and



    
in normal controls(7, 24, 38, 41). The dysregulation of
dysregulation of CD4+ effector cells have been

Th17 has also been proposed to play a potential
proposed to play a role in the development of the
     role

  of

.
in the pathogenesis
ITP(26)
disease process(11,18,37).
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the IL-17F 7488T/C polymorphisms and genetic
susceptibility to ITP in 165 Chinese patients and
their results showed that the frequency of the
IL-17F C allele in patients with chronic ITP was
signiﬁcantly lower than in normal controls and
concluded that IL-17F 7488T/C gene polymorphism may be associated with the development
of ITP in a Chinese Han population.

IL-17F (7488T/C) Gene Polymorphism and Risk of Chronic ITP

Interleukin 17 (IL-17), which is produced by
the Th17 cell, is a novel inﬂammatory cytokine
that plays a key role in inducing the activation
of various cytokines, including IL-1, IL-6, IL8, and interferon-c (IFN-c). Increased expression of IFN-c and TGF-b has also been known
to be associated with the activity of chronic
ITP(1,18). Although the signiﬁcance of IL-17F in
the pathogenesis of chronic ITP remains unclear,
we hypothesized that the IL-17F cytokine may
affect the risk of chronic ITP. Therefore, we investigated the association between the IL-17F
7488T/C gene polymorphism and chronic ITP
among Egyptian patients to shed some light on
inﬂuence of IL-17F on pathogenesis of chronic
ITP.
In this case-control study, we investigated
the genotype and allele frequencies of IL-17F
7488T/C gene polymorphism in the Egyptian
population to ﬁnd an association between the
polymorphism and genetic susceptibility of
Egyptian patients to chronic ITP. It was found
that chronic ITP patients had a signiﬁcantly
higher frequency of the IL-17F 7488-TT genotype when compared to the control group. Moreover, a higher frequency of IL-17F 7488T allele
was found in the patient group when compared
to the control group, suggesting an association
between the IL-17F 7488TT genotype and the
increased risk for chronic ITP. Our results also
showed that patients with chronic ITP had a signiﬁcantly lower frequency of the IL-17F 7488 C
allele when compared with control group, further suggesting an association between the IL17F 7488 CC genotype and decreased risk for
chronic ITP.
The result of our studies is also in accordance
with two previous studies that highlighted the
possibility of IL-17F 7488T/C gene polymorphism playing an important role as a regulator
in ITP pathogenesis. Saitoh et al(26) who studied
association between IL-17F 7488T/C gene polymorphism and chronic ITP in 102 Japanese patients and found the frequency of C allele of IL17F 7488T/C polymorphism to be signiﬁcantly
decreased in his studied group and suggested
that the C allele has protective effect on the development of ITP. Also Li et al(10) who studied

However, the exact mechanisms by which
IL-17F polymorphism modulates the susceptibility to ITP is still unknown, it was speculated
that the carriers of C allele suppressed IL-17F
expression and activity, thus further protected
the development of ITP(10). Recently, Kawaguchi
et al.(8) have revealed the role of IL-17F 7488T
⁄C polymorphism in the pathogenesis of asthma.
The IL-17F 7488CC genotype, which encodes
is inversely associated with the development
of asthma. They have also shown that IL-17F
7488CC genotype lacks the ability to activate
some cytokines, including IL-8 and antagonizes the function of wild-type IL-17F by in vitro
analysis(8). Furthermore, IL-17F 7488CC has
been also shown to protect the risk for some autoimmune diseases, including ulcerative colitis,
rheumatoid arthritis, Vogt–Koyanagi–Harada
syndrome and chronic fatigue syndrome(2,12,21,32).
The present study also demonstrated that IL17F 7488CC genotype is associated with a decreased risk for chronic ITP and suggested that
the IL-17F7488CC genotype has less ability to
potentiate an immunologic reaction in the pathogenesis of chronic ITP. Our results suggest that
IL-17F 7488T/C gene polymorphism may have
a role in the pathogenesis of chronic ITP.
Furthermore as regards association of IL-17F
7488 T/C gene polymorphism with corticosteroid therapy in patients with chronic ITP, in the
present study we demonstrated that the IL17F
7488TT genotype was signiﬁcantly associated
with poor response to corticosteroid therapy
suggesting that IL-17F polymorphism could be
implicated in corticosteroid resistance in ITP patients.
In conclusion, our ﬁndings indicate that IL17F 7488 T⁄C gene polymorphism, which is associated with the function of IL-17F, may contribute to the susceptibility to chronic ITP in
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Egyptian patients and may play a role in the genetic cause of corticosteroid -resistance in ITP.
Further studies are needed to identify the exact
mechanism underlying the involvement of the
IL17F gene in the pathogenesis of ITP and clarify its role in the modulating the patients response
to corticosteroid therapy.
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ﺗﻌﺪﺩ ﺍﻟﺸﻜﻞ ﺍﻟﻮﺭﺍﺛﻰ ﻟﺠﻴﻦ ﺍﻧﺘﺮﻟﻮﻛﻴﻦ  ١٧ﻑ ) ( T/C ٧٤٨٨ﻭﺧﻄﺮ ﺍﻻﺻﺎﺑﻪ ﺑﻤﺮﺽ ﻧﻘﺺ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﻤﻨﺎﻋﻴﻪ
ﺍﻟﻤﺰﻣﻦ ﻓﻰ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻤﺼﺮﻳﻴﻦ
ﺷﺮﻳﻒ ﻣﺤﻤﺪ ﻳﺴﺮﻱ – ﻧﻴﻬﺎﻝ ﺿﻴﺎء – ﺟﻴﻬﺎﻥ ﺣﺎﻣﺪ ﺷﺎﻫﻴﻦ – ﻫﻨﺪ ﻧﺒﻴﻞ ﺍﻟﻠﻴﺜﻲ
ﻣﺮﺽ ﻧﻘﺺ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﻤﻨﺎﻋﻴﻪ ﺍﻟﻤﺰﻣﻦ )  ( ITPﻫﻮ ﺍﺣﺪ ﺍﻣﺮﺍﺽ ﺍﻟﻤﻨﺎﻋﻪ ﺍﻟﺬﺍﺗﻴﻪ ﺍﻟﻤﻜﺘﺴﺒﻪ ﻭﻳﺘﻤﻴﺰ ﺑﺎﻧﺨﻔﺎﺽ ﻋﺪﺩ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﺪﻣﻮﻳﻪ
ﻭﻗﻤﻊ ﻟﻠﺨﻼﻳﺎ ﺍﻻﻡ ﺍﻟﻤﻨﺘﺠﻪ ﻟﻠﺼﻔﺎﺋﺢ.ﻳﻌﺘﺒﺮ ﺍﻻﻧﺘﺮﻟﻮﻛﻴﻦ  ١٧ﻑ )  ( F ١٧ -ILﻫﻮ ﺍﺣﺪ ﺍﻟﺴﻴﺘﻮﻛﻴﻨﺎﺕ ﺍﻟﻤﻜﺘﺸﻔﻪ ﺣﺪﻳﺜﺎ ﻭﺍﻟﺬﻯ ﻳﻠﻌﺐ ﺩﻭﺭﺍ
ﻫﺎﻣﺎ ﻓﻰ ﻛﺜﻴﺮ ﻣﻦ ﺍﻻﻣﺮﺍﺽ ﺍﻟﻤﻨﺎﻋﻴﻪ ﻋﻦ ﻃﺮﻳﻖ ﺯﻳﺎﺩﻩ ﺗﺤﻔﻴﺰ ﺍﻟﺘﻌﺒﻴﺮ ﺍﻟﺴﻴﺘﻮﻛﻴﻨﺎﺕ ﺍﻻﺧﺮﻱ ﻭﺟﺰﻳﺌﺎﺕ ﺍﻻﺗﺼﺎﻝ .ﺗﻌﺪﺩ ﺍﻟﺸﻜﻞ ﺍﻟﻮﺭﺍﺛﻲ ﻟﻠﺠﻴﻦ
ﺍﻻﻧﺘﺮﻟﻮﻛﻴﻦ  ١٧ﻑ )  ( T/ C ٧٤٨٨ﻣﺮﺗﺒﻂ ﺑﺎﻟﺘﻌﺒﻴﺮ ﻋﻦ ﻧﺸﺎﻁ ﺍﻻﻧﺘﺮﻟﻮﻛﻴﻦ  ١٧ﻑ .ﻓﻜﺎﻥ ﺍﻟﻬﺪﻑ ﻣﻦ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﻫﻮ ﺗﺤﺪﻳﺪ ﺍﻟﻌﻼﻗﻪ ﺑﻴﻦ
ﺗﻌﺪﺩ ﺍﻟﺸﻜﻞ ﺍﻟﻮﺭﺍﺛﻲ ﻟﺠﻴﻦ ﺍﻧﺘﺮﻟﻮﻛﻴﻦ  ١٧ﻑ )  ( ٧٤٨٨T/Cﻣﻊ ﺧﻄﺮ ﺍﻻﺻﺎﺑﻪ ﻭﺍﻻﻋﺮﺍﺽ ﺍﻻﻛﻠﻴﻨﻴﻜﻴﻪ ﻟﻤﺮﺽ ﻧﻘﺺ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﻤﻨﺎﻋﻴﻪ
ﺍﻟﻤﺰﻣﻦ ﻓﻰ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻤﺼﺮﻳﻴﻦ ﻭﺍﺫﺍ ﻛﺎﻥ ﻟﻪ ﺍﺭﺗﺒﺎﻁ ﻟﻼﺳﺘﺠﺎﺑﻪ ﻟﻠﻌﻼﺝ ﻟﺪﻯ ﻫﻮﻻء ﺍﻟﻤﺮﺿﻲ .ﻭﻗﺪ ﺍﺟﺮﻳﺖ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﻋﻠﻰ  ١٠٧ﻣﺮﻳﺾ
ﻧﻘﺺ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﻤﻨﺎﻋﻴﻪ ﺍﻟﻤﺰﻣﻦ ﻭ  ١٠٠ﻣﻦ ﺍﻻﺻﺤﺎء ﻛﻤﺠﻤﻮﻋﻪ ﺿﺎﺑﻄﻪ.ﻭﺗﻢ ﺗﺤﺪﻳﺪ ﺍﻻﺷﻜﺎﻝ ﺍﻟﻤﺘﻌﺪﺩﻩ ﻟﻠﺠﻴﻨﺎﺕ ﺑﻮﺍﺳﻄﻪ ﺗﻘﻨﻴﻪ ) PCR-
. ( RFLPﻭﻛﺎﻥ ﻫﻨﺎﻙ ﺍﺭﺗﺒﺎﻁ ﺫﻭ ﺩﻻﻟﻪ ﺍﺣﺼﺎﺋﻴﻪ ﻟﻠﻨﻤﻂ ﺍﻟﺠﻴﻨﻲ )  ( TTﺑﻴﻦ ﻧﻘﺺ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﻤﻨﺎﻋﻴﻪ ﺍﻟﻤﺰﻣﻦ ﻭﺍﻟﻤﺠﻤﻮﻋﻪ ﺍﻟﻀﺎﺑﻄﻪ.ﻭﺍﻳﻀﺎ
ﻛﺎﻥ ﺍﻟﻨﻤﻂ ﺍﻟﺠﻴﻨﻲ )  ( TTﻣﺮﺗﺒﻂ ﺑﺸﻜﻞ ﻛﺒﻴﺮ ﻣﻊ ﺿﻌﻒ ﺍﻻﺳﺘﺠﺎﺑﻪ ﻟﻠﻌﻼﺝ.ﻧﺴﺘﻨﺘﺞ ﻣﻤﺎ ﺳﺒﻖ ﺍﻥ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻞ ﺍﻟﻮﺭﺍﺛﻲ ﻟﻠﺠﻴﻦ ﺍﻧﺘﺮﻟﻮﻛﻴﻦ
 ١٧ﻑ )  ( T/C ٧٤٨٨ﻣﺮﺗﺒﻂ ﺑﺨﻄﺮ ﺍﻻﺻﺎﺑﻪ ﺑﻤﺮﺽ ﻧﻘﺺ ﺍﻟﺼﻔﺎﺋﺢ ﺍﻟﻤﻨﺎﻋﻴﻪ ﺍﻟﻤﺰﻣﻦ ﻓﻰ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻤﺼﺮﻳﻴﻦ ﻭﻗﺪ ﻳﻜﻮﻥ ﻟﻪ ﺩﻭﺭ ﻓﻰ
ﻣﺪﻱ ﺍﺳﺘﺠﺎﺑﺘﻬﻢ ﻟﻠﻌﻼﺝ.
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METHYLTETRAHYDROFOLATE REDUCTASE POLYMORPHISM
AND CLINICAL OUTCOME OF ACUTE LYMPHOBLASTIC
LEUKEMIA IN EGYPTIAN CHILDREN
Howyda M. Kamal and Soha Abd Elhady*
ABSTRACT
Background:Genetic polymorphisms of Methylenetetrahydrofolate reductase (MTHFR) enzyme have been shown to impact several diseases. Leukemias as acute lymphoblastic (ALL) are malignancies arising from rapidly proliferating hematopoietic cells having great requirement of DNA synthesis. The aim of our study was to evaluate the frequency and the associations
between the MTHFR 677C→T and MTHFR 1298A→C polymorphisms and the risk of ALL . Also,the prognostic signiﬁcance
of MTHFR polymorphism in children with acute lymphoblastic leukemia was evaluated. MATERIALS AND METHODS:The
recruited patients with a conﬁrmed diagnosis of acute lymphoblastic leukemia (ALL) comprised 28 males and 22 females
between the ages of 0.5 and 15 years (mean age 6.17±3.68).Fifty two children with matched age and sex as a control group
were taken for this study. Analysis of the polymorphisms was done using the polymerase chain reaction-restriction fragment
length polymorphism (PCR-REFLP) method.RESULTS:No statistically signiﬁcant differences were observed in frequency for
different genotypes between patients and controls (p>0.05). No statistically signiﬁcant difference was found for the risk of ALL
in cases and controls having different genotypes of MTHFR T677C and A1298C or combined polymorphism(P>0.05).A1298C
CC genotype is an independent unfavorable prognostic predictor for OS and DFS (HR=7.660,p=0.021,HR=4.335,p=0.023
respectively). Frequency of two polymorphisms in patients and controls were the same, which may be due to the small sample
size.CONCLUSION:There was no association between MTHFR T677C and A1298C gene polymorphisms and risk of ALL and
did not show signiﬁcant effect on progression and development of childhood ALL but, A1298C CC genotype is an independent
unfavorable prognostic predictor for OS and DFS. Keywords: MTHRgene polymorphism,”childhood ALL.”PCR-REFLP.

INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the
most prevalent type of pediatric cancer, the causes
of which are likely to involve an interaction between genetic and environmental factors(34). Different gene polymorphisms have proven to play
a role in the susceptibility to childhood ALL but
it is unlikely that single genetic defects are responsible for the development of ALL(10).
In recent decades the overall survival of
childhood ALL has improved steadily, reaching
80–90% in developing countries(40). Nevertheless, prevention of the development of ALL is to
be preferred, for which a complete understanding of its etiology is required. This work focuses
on the contribution of polymorphisms in folaterelated genes to the developing of childhood
ALL, as this has been a major area of research in
the past decade.
Folic acid, vitamin B9, and especially the
folates of the folate-metabolic system are important bioactive nutrients that can be found in

all mammalian cells. Folates are required in numerous processes involving DNA-methylation,
synthesis of DNA and synthesis of purines(6).
Because of the importance of these processes in
cell division, the need for folates in fast-dividing
cells is high. Several diseases are associated with
folate deﬁciency and include, among others, neural tube defects(26), Down-syndrome(20), pre- and
postnatal infections, breast cancer(37), cancer of
the gastrointestinal tract(23), and ALL(24).
Multiple genes encoding metabolizing enzymes are involved in the folate metabolic
pathway. The 5, 10-methylenetetrahydrofolate
reductase (MTHFR) converts 5, 10-methylenetetrahydrofolate (5, 10-methylene–THF) into
5-methyltetrahydrofolate (5-methyl–THF), a
major circulating form of folate. 5-Methyl–THF
provides methyl group for homocysteine methylation, whereas 5, 10-methylene–THF and its
derivatives are essential cofactors for both thymidylate and de novo purine synthesis(31; 29).
Change in folate supply inﬂuences nucleic acid
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synthesis, DNA repair, and methylation. Folate
deﬁciency induces chromosomal damage, formation of fragile sites, and often associated with
tumor genesis. Because MTHFR is a key player in folate metabolism, changes in its activity
resulting from polymorphisms in the MTHFR
gene could modify the susceptibility to cancer,
including the development of ALL(13, 14).
The MTHFR gene, containing 11 exons and
10 introns, is located on the short arm of chromosome 1 (1p36.3)(9). Common polymorphisms in
MTHFR are 677C>T and 1298A>C. These polymorphisms were associated with a reduced enzymatic activity of MTHFR in a study by Chatzidakiset al., 2006(4). Reduce enzyme activity, and
the MTHFR 677TT variant also alters normal intracellular folate distribution: folates committed
to purine and pyrimidine synthesis accumulate
at the expense of 5-methyltetrahydrofolate (the
most abundant form in wild-type MTHFR 677
CC subjects)(7). The MTHFR C677T variants are
MTHFR677CC denotes wild type (most common), MTHFR 677CT denotes heterozygous
genotype and MTHFR 677TT denotes homozygous genotype. The MTHFR A1298C variants
are MTHFR1298AAdenotes wild type (most
common), MTHFR 1298AC denotes heterozygous genotype and MTHFR 1298CC denotes
homozygous genotype.
So, folate deﬁciency is postulated to predispose to malignancy by reducing the ratio of S
- adenosyl methionine (SAM) to S - adenosylhomocysteine (SAH), causing DNA hypomethylation and, by resulting in uracil misincorporation
into DNA, possibly leading to double - strand
breaks(11).
The aim of our study was to evaluate the frequency and the associations between the MTHFR 677C→T and MTHFR 1298A→C polymorphisms and the risk of ALL. Also, the prognostic
signiﬁcance of MTHFR polymorphism in children with acute lymphoblastic leukemia was
evaluated
PATIENTS AND METHODS
The study included 50 egyptian children presented with ALL admitted to Hematology-Oncology Unit of Benha Specialized Children Hos-

pital, between August 2010 and October 2013.
The patient samples were taken at the time of
diagnosis of ALL, prior to treatment. Diagnosis
and classiﬁcation of ALL were made according
to the French-American-British (FAB) criteria
and immunophenotype analyses. The immunophenotyping was pre-B (CD19+, CD22+, CD10),
common ALL (CD19+, CD22+, CD10+), and TALL (CD3+, CD5+, CD7+).
The clinical data from all patients were obtained, including age at diagnosis, gender, WBC
count at diagnosis and blast cells in BM. The distribution of ALL subtypes as determined by immunophenotyping was as follows; 44 cases with
B ALL (88%) and 6 T-cell ALL (12%). A control group composed of 52 child was randomly
selected with matched age and sex. The recruited
patients comprised 28 males and 22 females between the ages of 0.5 and 15 years (mean age
6.17±3.68). Informed consent was obtained from
all participating individuals and/or their parents
involved in the study.
The induction chemotherapy regimens
were: Vincristine 1.5mg/kg/m3/week IV(days
0, 7, 14, 21, 28, 35), Doxorubicin 25mg/m3/
week IV infusion (days 0, 7, 14, 21, 28, 35),
LAsparginase6000 u/m3 SC on alternate days
for 10 doses, and Prednisone 40 mg/m3/day for
6 weeks orally. On day 21, bone marrow aspiration was done. In nonresponding cases, we add
Etopsoide 100mg/m3/ dose IV (days 22, 25, 39),
Cyclophosphamide 750 mg/ m3/dose IV infusion (days 22, 25, 29), Aracytin 100/m3/ dose
IV (days 22, 25, 29), and high dose methotrexate
6 g/mm3 over 4 h on day 8.
DNAExtraction
Five milliliters of blood was collected from
all subjects in tubes containing dipotassium
EDTA as an anticoagulant. Genomic DNA was
isolated fromleukemic blasts in the bone marrow samples of the patients and from peripheral leukocytes following the standard phenol
- chloroform extraction method(27). The DNA
thus obtained was stored at -20°C till analysis.
The MTHFR genotypes were determined by applying the restriction fragment length polymorphism (RFLP) technique after polymerase chain
reaction (PCR).
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677C→T polymorphism

the method described by Frosst etal(8). was
used for detection of the 677 C→T polymorphism. Alength of 198 base pairs on exon 4 of
the MTHFR gene was ampliﬁed using 5’ TGA
AGG AGA AGG TGT CTG CGG GA 3’ as the
forward primer and 5’ AGG ACG GTG CGG
TGA GAG TG 3’ as the reverse primer. The C
to T polymorphism at codon 677 introduces a restriction site for enzyme Hinf 1. The PCR was
carried out in a total volume of 25 µL containing
about 200 ng/ml DNA, 2 µl of 2.5 mM of each of
the dNTP’s, 0.5 µl of 25 mMMgCl 2 , 10 pmol
of both primers and 1.0 U Taq polymerase. PCR
cycling conditions were 35 cycles of the following: 94°C for 30 seconds, 63°C for 1 minute,
and 72°C for 1 minute. All PCR products were
monitored by 2% agarose electrophoresis to ensure amplifying. The PCR products were then
digested by Hinf I (New England Biolabs) after
overnight incubation in 37°C. The ﬁnal products
were subjected to electrophoresis on 2% agarose,
and the genotypes were determined by examining the stained gel in 0.2% ethidium bromide
under a UV transilluminator. Wild type (677CC)
showed a single band at 198 bp.The presence of
the ‘T’ allele introduces a cut among heterozygous (677 CT) and three bands of 198 bp, 175 bp
and 23 bp were seen. The homozygous (677 TT)
had two bands of 175 bp and 23 bp.
1298 A→C polymorphism
The genotyping protocol for the MTHFR
1298 A>C polymorphism was adapted from a
study by Wiemels and colleagues(41). The primers 5′ GCAAGTCCCCCAAGGAGG3′ as forward and 5′ GGTCCCCACTTCCAGCATC 3′
as reverse were used (145 bp). The PCR reaction
components were as described about C677T allele. Polymerase chain reaction thermal cycling
condition included 40 cycles of 94°C for 1 minute; 67°C for 1 minute; and 72°C for 1 minute.
All PCR products were monitored by 2% agarose
electrophoresis for ensured ampliﬁcation. Then
PCR products were digested by Mbo II (USA)
after overnight incubation at 37°C. The ﬁnal
products were subjected to 15% polyacrylamide
gel electrophoresis (PAGE), and the genotypes
were determined by examining the stained gel
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in 0.2% ethidium bromide. Three fragments of
29 bp, 37 bp, and 79 bp indicated wild type, 4
fragments of 29 bp, 37 bp, 79 bp, and 108 bp
indicated heterozygous, and 2 fragments of 37
bp and 108 bp indicated homozygous variant individuals.
Statistical Analysis
The statistical analysis of data was done by
using excel program and SPSS(statistical package for social science) program (SPSS, Inc,
Chicago, IL) version 16 with the help of a biostatistician . Allele frequencies were tested from
Hardy-Weinberg equilibrium (HWE) before
analysis. Qualitative data were presented as frequency and percentage.Chi square test was used
to compare groups. Quantitative data were presented as mean and standard deviation. For comparison between two groups; student t-test and
Mann-Whitney test were used. For comparison
between more than two groups; ANOVA was
used. Kaplan–Meier test was used for survival
analysis and the statistical signiﬁcance of differences among curves was determined by LogRank test. Cox regression analysis of factors
potentially related to survival was performed to
identify which independent factors might jointly
have a signiﬁcant inﬂuence on survival.
N.B: p is signiﬁcant if ≤0.05 at conﬁdence
interval 95%.
RESULTS
After categorizing the ALL cases according
to ALL-B and ALL-T immunophenotypes {44
of 50 (88%) were B-ALL and 6 of 50(12%)
were T-ALL), no signiﬁcant differences in the
MTHFR 677 and 1298 mutant frequencies were
observed between groups (data not shown).
Therefore, ALL-B and ALL-T cases were considered as a single group for this analysis.
There were no statistical signiﬁcant difference
in the age distribution between ALL patients versus control regarding each genotype for C677T
CC, CT and TT (p=0.288, 0.292, 0.808 respectively) and A1298C AA, AC and CC (p=0.945,
0.805, 0.239 respectively).The mean age (±SD)
of all cases and controls were 5.86 (±3.964) and
6.17 (±3.677) years (p=0.245) respectively. The
number of males and females among cases and
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controls were almost similar (56.0: 44.0 and
61.5: 38.5, respectively) (data not shown).
In addition, There were no statistical signiﬁcant difference in the sex distribution between
ALL patients versus control regarding each
genotype for C677T CC, CT and TT (p=0.858,
0.387, 0.797 respectively) and A1298C AA, AC
and CC (p=0.146, 0.717, 0.490 respectively). CT/
AA showed signiﬁcant increase in ALL females
patients versus control subjects (p=0.012). No
signiﬁcant differences were found in other combined C677T and A 1298C genotypes (p=0.178;
p>0.05 respectively) data not shown.
Table (1) shows frequencies of MTHFR
677CC, 677CT, and 677TT which were 42.3 %,
44.2%, 13.5% in the control group and 46.0%,
42.0%, and 12.0% in patients. There were no
signiﬁcant differences in C677T CT and TT
genotypes in cases versus controls (p=0.750,
OR=0.873, 95%CI= 0.380-2.006; p=753,
OR=0.820, 95%CI= 0.238-2.825 respectively).
Moreover, frequencies of MTHFR 1298AA,
1298AC, and 1298 CC were 46.2%, 44.2%,
and 9.6% in the control group, while they were
48.0%, 42.0%, and 10.0% in patients, respectively. Also, There were no signiﬁcant differences in
A1298C AC and CC genotypes in cases versus
controls (p=0.828, OR=0.403, 95%CI=0.4032.070; p=1.000, OR=1.000, 95%CI= 0.2563.906 respectively).
The adjusted ORs and 95% CI for MTHFR
C677T were 0.873 (0.380–2.006) for 677CT vs
677CC and 0.820 (0.238-2.825) for 677TT vs
677CC. Indeed, there was not any signiﬁcant
correlation between allele T and the occurrence
of ALL. While, the adjusted ORs and 95% CI for
MTHFR A1298C were 0.913 (0.403–2.070) for
1298AC vs 1298AA and 1.000 (0.256–3.906)
for 1298CC vs 1298AA, which showed no evidence of a protective effect of A1298C MTHFR against ALL or increase risk of leukemia.
Also, no statistically signiﬁcant differences were
found in ALL cases versus control subjects in
cases with combined polymorphism.
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Table (2) shows some MTHFR genotypes
in ALL patients according to clinical outcome.
No signiﬁcant differences in either C677T or
A1298C or combined genotypes distribution
were found between CR versus refractory versus
patients died in induction therapy (p>0.05) and
in between alive and those who died during the
entire period of the study (p>0.05).With the exception of A1298C CC genotype which showed
higher incidence in relapse rate versus AA and
AC genotypes (p=0.019). On the other hand, no
signiﬁcant difference was found in C677T genotypes regarding relapse versus CCR (p=0.479).
No statistically signiﬁcant differences were
found in OS and DFS between CC, CT and TT
genotypes and between CC versus CT+TT genotypes according to C677T polymorphism (data
not shown). While according to A1298C polymorphism in ALL groups, table (3)and ﬁgure(1)
show that there were signiﬁcant differences in
OS and DFS between AA, AC and CC genotypes (p=0.002 and p=0.011 respectively). When
combining AC+CC genotypes, OS and DFS
showed near signiﬁcant relationship (p=0.076
and 0.053).
Table (4) shows OS and DFS in ALL groups
according to combined C677T and A1298C
polymorphism. There were signiﬁcant differences in OS and DFS between various alleles
(p<0.001 and p<0.001 respectively). All cases
with CC/AC and CT/CC were censored (no died
cases). Cases with CC/AA (null genotype for
both C677T and A1298C) had signiﬁcantly longest OS and DFS, while cases with CC/CC had
signiﬁcantly shortest OS and DFS.
Prediction of survival was done using multivariate analysis applying age, sex, TLC, BM
blasts, immunophenotyping and C677T genotypes as covariates. Multivariate analysis for DFS
and OS showed that none of these covariates can
predict survival in ALL cases (p> 0.05) (data not
shown).While table (5) showed that A1298C CC
genotype is an independent unfavourable prognostic predictor for overall and disease free survival as there were increase risk for decrease OS
and DFS about seven to four folds (HR=7.660,
p=0.021, HR=4.335, p=0.023 respectively).
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Table
Number of ALL cases and controls, ORs and 95% CIs by MTHFR 677, using 677CC as a refer
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Table (3) Survival according to A1298C polymorphism in ALL patients.
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DISCUSSION
In the current study, we evaluated the frequency and the associations between the MTHFR 677C→T and MTHFR 1298A→C polymorphisms and the risk of ALL in the 50 cases of the
childhood ALL in Egypt compared with 52 child
sex and age matched as a control group. Also,
the prognostic signiﬁcance of MTHFR polymorphism in childern with acute lymphoblastic leukemia was evaluated.
The frequency of the T allele in our selected
study population was 33.0%, which is different
from those reported in Asian populations (about
20%)(42). This showed obvious differences in
geographic and ethnic distributions as it varies
from 55% in Spain to 6% in the African population, and 22.2% in Iranian pediatric patients(2).
The frequency of allele C in A1298C variant
in our study was 31.7% in the control samples,
which different from reported in most Asian
(17%–19%) and in European populations(27%–
36%)(24). The study conducted by McCarthy and
colleagues(18) had shown the frequency of the C
allele to be about 46.7% in the Irish population.
Two studies from Northern Scotland(32,33) also
have reported a high prevalence of this allele.
Sabbagh and colleagues(25) reported the highest
observed prevalence (49%) among the Lebanese
population and 40.65% in Iranian population(2) .
Due to the different frequencies of the C allele
between Egyptian and other Asian populations, a
larger study in Egyptians seems to be necessary.
In this study no signiﬁcant differences were
observed for 677C>T and 1298 A>C frequencies
between the control and patients groups. Several
studies with contradictory results have been completed regarding the MTHFR polymorphism’s
role in developing leukemia. Some studies(35,16,34)
have reported the protective effect of MTHFR
variants, while others(41,38,28,36)similar to our ﬁndings, indicated that MTHFR variants have no
role in the development of acute lymphoblastic
leukemia. Additionally in some studies the T allele has been shown to have no association with
childhood ALL(1,17).The limited sample sizes in
childhood ALL, compared to studies using larger amounts of samples collected among patients
of common cancers, may be one of the factors
contributing to inconsistent conclusions(34).
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The review by Koppen et al.,2010 showed
that two polymorphisms in MTHFR-, 677C>T
and 1298A>C, are very likely to be associated
with a decreased susceptibility to childhood
ALL.Also, Kamel et al.(2007)(12) provided further evidence for the protective effect of MTHFR 1298AC(2.6 fold protection). They did not
ﬁnd any protective role of MTHFR C677T.
While,. MTHFR 677CT and MTHFR 1298 AC
(CTAC) which gave a synergistic effect where
it provided a 3.6 fold protection compared to
2.6 fold protection for 1298 AC alone. These
contradictory results indicate the possible inﬂuence of environmental factors such as racial,
ethnic, and nutritional status, which may affect
the role of these polymorphisms in developing
leukemia(35).
(15)

It is likely that the effect of folate gene polymorphisms in children have a greater inﬂuence
than in adults. Because they are young, growing and developing, they need great amounts
of folates, and are more vulnerable to low folate levels. Children have not been exposed to
many environmental carcinogenic factors, so a
diet- and genetic-related aetiology of leukaemia
is more likely, whilst carcinogenic factors could
be of more inﬂuence in the elderly. This could
explain why adult ALL patients carry polymorphisms that are protective in childhood.
In our results no signiﬁcant difference was
found between the combined polymorphism
genotypes and the risk of developing ALL,this
in agreement with the results of Schnakenberg
et al.,( 2005)(28)whom ﬁndings suggest that the
MTHFR 677C>T and 1298A>C gene variants
do not have a major inﬂuence on the susceptibility to pediatric ALL in the German population.
Thirumaran et al.,(2005)(38) found no statistically
signiﬁcant difference in genotype frequencies for
the A1298C polymorphism between cases and
controls. The frequency of the CC677/CC1298
genotype combination in cases was 11.6% and
in controls 10.4%). Also, they found no statistically signiﬁcant difference in frequency of
TT677/AA1298 genotype combination between
cases (13%) and controls (11.6%).
Radha Rama Devi et al.(21) have observed a
sex bias of T-allele for the 677 C→T polymor-
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phism and reported a higher T-allele frequency
in females (15.3%) as compared to males (5.5%),
both in newborns and adults. A published study
on the Kashmiri population observed 15% ‘T’ allele frequency for males and 12% for females(3).
Yeoh et al. (2010)(43)demonstrated association
between MTHFR 1298 AC and increasing the
risk of ALL among male patients.The report
by Reddy et al.(22)suggested a possible protective effect of MTHFR (677C→T) and MTHFR
1298A→C) for the ﬁrst time. They reported gender-bias protective effect of 677CT /1298AA
and 677CT/1298AC toward of female ALL patients. The complete underlying mechanism has
not been discovered, sex hormones and steroids
reportedly play a part in the control of the proliferation of leukemic cells. Supporting the idea
of gender differences in susceptibility to childhood ALL, it was found that 17-β estrogen had
a stronger inhibitory effect than testosterone on
human blastic U937 cells(19)
However,our study has not shown any sex
bias for different alleles for both polymorphisms.
But, in combined polymorphism CT/AA showed
signiﬁcant increase in ALL females patients versus control subjects (p=0.012). This in agreement
with Semsei et al.(30) who found high protection
in boys carrying 677CT and 1289AA genotypes.
There are several possible reasons for these inconsistencies, one of which relates to small population size of most previous studies.
Krajinovic et al., (2004)(16) had shown that
CC677/AA1298 individuals(null phenotypes)
were at a higher risk for developing ALL as
compared with those with other genotypes
(OR = 1.8; 95% CI, 1.1-2.8; P = .02). This suggests that children with normal activity level of
MTHFR are more susceptible to ALL than those
having reduced enzyme activity associated with
the presence of T677 or C1298 allele. In other
words, the homozygotes for either one or another of these variants appear to have a decreased
susceptibility to ALL: TT677/AA1298 (OR =
0.4; 95% CI, 0.2-0.9; P = .02) or CC677/CC1298
(OR = 0.3; 95% CI, 0.1-0.6; P< .001).Krajinovicet al. found that the homozygous status for both
polymorphisms reduced the risk signiﬁcantly
and suggested that this protective effect could be
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due to folate deﬁciency, as the affected children
were born before the recommendation for folic
acid supplement in pregnancy.
MTHFR polymorphisms have been hypothesized to be protective against certain types of
cancer, as the reduced enzyme activity shunts
more of the folate substrate, methylene - THF
towards thymidylate synthesis and away from
DNA methylation. However, when the folate
intake is deﬁcient, both DNA methylation and
thymidylate synthesis may be impaired in patients with MTHFR polymorphisms, leading to
carcinogenesis. The interaction between MTHFR polymorphisms and the folate status has been
documented in several studies. This interaction
attracts even more attention because a protective association between folate supplements in
pregnancy and risk of childhood ALL has been
demonstrated(39).
This study demonstrated that pediatric patients with C677T polymorphism had no statistically signiﬁcant difference as regards to OS
and DFS.While patients with A1298C polymorphism had signiﬁcant differences in OS and DFS
between AA, AC and CC genotype as AA genotype had longest OS and DFS while CC genotype
had shortest OS and DFS (p=0.002 and p=0.011
respectively).
This results showed that A1298C CC
genotype is an independent unfavourable
prognostic predictor for overall and disease free
survival as there were increase risk for decrease
OS and DFS about seven to four fold ( HR=7.660,
p=0.021, HR=4.335,p=0.023 respectively).
This is in contrast with De Deus et al.,
(2012)(5) who found that pediatric patients with
677TT genotype had a better overall survival
than the patients with 677CC genotype for the
MTHFR gene and children who had high death
frequency, carrying 1298AC and 677CC genotypes, although this result has been not statistically signiﬁcant. Also, the A1298C polymorphism showed a better overall survival for the
1298CC genotype, showing a follow up of 93%,
while the AC genotype was 80% and AA was
85%, respectively.
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In conclusion, the present study provided the
evidence that MTHFR (677 C→T), MTHFR
(1298 A→C) are not associated with the risk
of childhood ALL and did not show signiﬁcant
effect on progression and development of childhood ALL but, A1298C CC genotype is an independent unfavorable prognostic predictor for OS
and DFS. Studies including folate level measurements as well as larger sample size are required
to conﬁrm this gene-environment interaction in
ALL patients in this regard.
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ﺍﻟﺘﻨﻮﻉ ﻓﻲ ﺷﻜﻞ ﺟﻴﻴﻦ ﻣﻴﺜﻴﻠﺒﻦ ﺗﺘﺮﺍﻫﻴﺪﺭﻭﻓﻮﻻﺕ ﺭﻳﺪﺍﻛﺘﻴﺰ ﻭﻧﺘﺎﺋﺠﻪ
ﺍﻻﻛﻠﻴﻴﻨﻴﻜﻴﻪ ﻓﻲ ﺣﺎﻻﺕ ﺍﻻﺻﺎﺑﻪ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻠﻴﻤﻔﺎﻭﻱ ﺍﻟﺤﺎﺩ ﻋﻨﺪ ﺍﻻﻃﻔﺎﻝ
ﻫﻮﻳﺪﺍ ﻣﺤﻤﺪ ﻛﻤﺎﻝ  -ﺳﻬﺎ ﻋﺒﺪ ﺍﻟﻬﺎﺩﻱ
ﺳﺠﻠﺖ ﺑﻌﺾ ﺍﻟﺮﺍﺳﺎﺕ ﺍﺭﺗﺒﺎﻁ ﺍﻟﺘﺒﺎﻳﻦ ﻓﻲ ﺷﻜﻞ ﺟﻴﻦ ﺍﻟﻤﻴﺜﻴﻞ ﺗﺘﺮﺍﻫﻴﺪﺭﻭﻓﻮﻻﺕ ﺑﺘﻘﻠﻴﻞ ﺍﺣﺘﻤﺎﻻﺕ ﺍﻻﺻﺎﺑﻪ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﻭﻋﻠﻲ
ﺍﻟﻨﻘﻴﺾ ؛ﺍﻇﻬﺮﺕ ﺩﺭﺍﺳﺎﺕ ﺍﺧﺮﻱ ﺍﻧﻪ ﻳﺰﻳﺪ ﻣﻦ ﻓﺮﺹ ﺍﻻﺻﺎﺑﻪ ,ﻓﻲ ﺣﻴﻦ ﻭﺟﺪﺕ ﺩﺭﺍﺳﺎﺕ ﺍﺧﺮﻱ ﻋﺪﻡ ﻭﺟﻮﺩ ﺍﻱ ﻋﻼﻗﻪ ﺑﻴﻨﻬﻤﺎ.ﻗﺪ ﻳﻐﻴﺮ
ﺍﻟﺘﻨﻮﻉ ﻓﻲ ﺷﻜﻞ ﺍﻟﺠﻴﻦ ﻣﻦ ﺧﻮﺍﺹ ﺍﻻﻧﺰﻳﻤﺎﺕ ﻭﺍﻟﻨﻮﺍﻓﻞ ﻭﺍﻟﺨﻼﻳﺎ ﺍﻟﻤﺴﺘﻬﺪﻓﻪ ﺍﻟﺘﻲ ﺗﻌﻤﻞ ﻋﻠﻴﻬﺎ ﺍﻟﻌﻼﺟﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺋﻴﻪ ؛ﻣﻤﺎ ﻗﺪ ﻳﺆﺛﺮ ﻋﻠﻲ ﺩﺭﺟﺔ
ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻬﺬﻩ ﺍﻷﺩﻭﻳﺔ .ﺗﻬﺪﻑ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﻟﻤﻌﺮﻓﺔ ﺍﻟﺘﻨﻮﻉ ﻓﻲ ﺷﻜﻞ ﺟﻴﻦ ﺍﻟﻤﻴﺜﻴﻠﻴﻦ ﻧﻨﺮﺍﻫﻴﺪﺭﻭﻓﻮﻻﺕ ﺭﻳﺪﺍﻛﺘﻴﺰ ﻭﻣﺎ
ﻳﻤﻜﻦ ﺍﻥ ﻳﺼﺎﺣﺒﻪ ﻣﻦ ﺍﺣﺘﻤﺎﻝ ﺍﻻﺻﺎﺑﻪ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻠﻴﻤﻔﺎﻭﻱ ﺍﻟﺤﺎﺩ ﻋﻨﺪ ﺍﻻﻃﻔﺎﻝ .ﻛﻤﺎ ﺗﻬﺪﻑ ﺍﻟﻲ ﻣﻌﺮﻓﺔ ﺍﻟﻤﺴﺘﻘﺒﻞ ﺍﻟﻤﺮﺿﻲ ﻟﻸﻃﻔﺎﻝ
ﺍﻟﻤﺼﺎﺑﻴﻦ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻠﻴﻤﻔﺎﻭﻱ ﺍﻟﺤﺎﺩ ﺍﻟﻨﺎﺗﺞ ﻋﻦ ﺗﻨﻮﻉ ﺟﻴﻦ ﺍﻟﻤﻴﺜﻴﻠﻴﻦ ﺗﺘﺮﺍﻫﻴﺪﺭﻭﻓﻮﻻﺕ ﺭﻳﺪﺍﻛﺘﻴﺰ  .ﺳﻮﻑ ﺗﺘﻢ ﺍﻟﺪﺭﺍﺳﻪ ﻋﻠﻲ ﻋﻴﻨﺎﺕ
ﺑﺬﻝ ﺍﻟﻨﺨﺎﻉ ,ﻭﺍﻟﺘﻲ ﺳﻴﺘﻢ ﺗﺠﻤﻴﻌﻬﺎ ﻣﻦ ) (50ﻃﻔﻞ ﻣﺮﻳﺾ ﺑﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻠﻴﻤﻔﺎﻭﻱ ﺍﻟﺤﺎﺩ ﻣﻦ ﻗﺴﻢ ﺍﻻﻭﺭﺍﻡ ﺑﻤﺴﺘﺸﻔﻲ ﺍﻻﻃﻔﺎﻝ ﺍﻟﺘﺨﺼﺼﻲ
ﺑﺒﻨﻬﺎ ﺑﻌﺪ ﺃﺧﺬ ﻣﻮﺍﻓﻘﺔ ﺑﺬﻟﻚ .ﻭﺳﻮﻑ ﻳﺘﻢ ﻣﻘﺎﺭﻧﺘﻬﻢ ﺑﻤﺠﻤﻮﻋﺔ ﺿﺎﺑﻄﻪ ﺗﺘﻜﻮﻥ ﻣﻦ ) (25ﻣﻦ ﺍﻻﻃﻔﺎﻝ ﺍﻷﺻﺤﺎء ﻇﺎﻫﺮﻳﺎ ,ﻟﻴﺲ ﻟﺪﻳﻬﻢ ﺗﺎﺭﻳﺦ
ﻣﺮﺿﻲ ,ﻭﻟﻬﻢ ﻧﻔﺲ ﺍﻟﺴﻦ ﻭﺍﻟﺠﻨﺲ .ﻭﺳﻮﻑ ﺗﺨﻀﻊ ﺟﻤﻴﻊ ﺍﻟﺤﺎﻻﺕ ﺍﻟﻲ:ﺩﺭﺍﺳﺔ ﺍﻟﺘﺎﺭﻳﺦ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻜﺎﻣﻞ ﻣﻊ ﺍﻟﺘﺄﻛﺪ ﻣﻦ ﻭﺟﻮﺩ ﺍﻷﻋﺮﺍﺽ
ﺍﻟﻤﺼﺎﺣﺒﻪ ﻟﺴﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻠﻴﻤﻔﺎﻭﻱ ﺍﻟﺤﺎﺩ ﻣﺜﻞ )ﺍﺭﺗﻔﺎﻉ ﺩﺭﺟﺔ ﺍﻟﺤﺮﺍﺭﻩ -ﺷﺤﻮﺏ-ﻧﺰﻳﻒ-ﻫﻤﺪﺍﻥ ﺑﺎﻟﺠﺴﻢ( ؛ﺍﻟﻔﺤﺺ ﺍﻷﻛﻠﻴﻨﻴﻜﻲ ﻣﻊ ﺍﻟﺘﺮﻛﻴﺰ
ﻋﻠﻲ ﻋﻼﻣﺎﺕ ﺍﻣﺘﺪﺍﺩ ﺍﻟﺴﺮﻃﺎﻥ ﻣﺜﻞ )ﺗﻀﺨﻢ ﺍﻟﻜﺒﺪ ﺓ ﺍﻟﻄﺤﺎﻝ-ﻧﺰﻳﻒ-ﻫﻤﺪﻥ ﺑﺎﻟﺠﺴﻢ(؛ﺍﻟﻔﺤﺺ ﺍﻟﺪﻭﺭﻱ ﻭ ﺍﻟﺬﻱ ﻳﺸﻤﻞ ﻓﺤﺺ ﺍﻟﻨﺨﺎﻉ ﺍﻟﻌﻈﻤﻲ
؛ﺻﻮﺭﺓ ﺩﻡ ﻛﺎﻣﻠﻪ ﻭﻓﺤﺺ ﺍﻟﻤﻨﺎﻋﻪ ﺍﻟﻈﺎﻫﺮﻳﻪ ﺑﺠﻬﺎﺯ ﺍﻟﺘﺪﻓﻖ ﺍﻟﺨﻠﻮﻱ ؛ﺍﻟﻔﺤﻮﺻﺎﺕ ﺍﻟﺨﺎﺻﻪ ﻭﺗﺸﻤﻞPCR,RFLPﻟﻤﻌﺮﻓﺔ ﺍﻟﺘﻨﻮﻉ ﻓﻲ ﺷﻜﻞ
ﺟﻴﻦ ﺍﻟﻤﻴﺜﻴﻠﻴﻦ ﺗﺘﺮﺍﻫﻴﺪﺭﻭﻓﻮﻻﺕ ﺭﻳﺪﺍﻛﺘﻴﺰ .ﻭﻗﺪ ﺃﺳﻔﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻛﺘﺸﺎﻑ ﻭﺟﻮﺩ ﻋﻼﻗﻪ ﻣﻠﺤﻮﻇﻪ ﺑﻴﻦ ﺗﻨﻮﻉ ﺟﻴﻦ ﺍﻟﻤﻴﺜﻴﻠﻴﻦ ﺗﺘﺮﺍﻫﻴﺪﺭﻭﻓﻮﻻﺕ
ِ
ﺭﻳﺪﺍﻛﺘﻴﺰ c677TﻭA1298Cﻭ ﺧﻄﺮ ﺍﻻﺻﺎﺑﻪ ﺑﻤﺮﺽ ﺳﺮﻃﺎﻥ ﺍﻟﺪﻡ ﺍﻟﻠﻴﻤﻔﺎﻭﻱ ﺍﻟﺤﺎﺩ ﻋﻨﺪ ﺍﻻﻃﻔﺎﻝ ﻭﺍﻥ ﺍﻟﻨﻤﻂ ﺍﻟﺠﻴﻨﻲ  CCﻫﻮ ﻋﺎﻣﻞ
ﻣﺴﺘﻘﻞ ﻟﻠﺘﻨﺒﺆ ﺍﻟﻐﻴﺮ ﻣﺒﺸﺮ ﺑﻨﺴﺐ ﺍﻟﻨﺠﺎﺓ ﺑﺸﻜﻞ ﻋﺎﻡ ﻭﻧﺴﺐ ﻓﺘﺮﺓ ﺍﻟﺤﻴﺎﺓ ﺍﻟﺨﺎﻟﻴﻪ ﻣﻦ ﺍﻟﻤﺮﺽ .ﻭﺍﺛﺒﺘﺖ ﺍﻳﻀﺎ ﺍﻥ ﺍﻟﺤﺎﻻﺕ ﺫﺍﺕ ﺍﻟﻨﻤﻂ ﺍﻟﺠﻴﻨﻲ
 CC/AAﺗﻤﺘﻠﻚ ﻧﺠﺎﺓ ﻧﺴﺒﺔ ﺣﻴﺎﺓ ﺧﺎﻟﻴﺔ ﻣﻦ ﺍﻟﻤﺮﺽ ﺍﻋﻠﻲ ﺑﺸﻜﻞ ﻋﺎﻡ؛ﺑﻴﻨﻤﺎ ﻧﻤﻨﻠﻚ ﺍﻟﺤﺎﻻﺕ ﺫﺍﺕ ﺍﻟﻨﻤﻂ ﺍﻟﺠﻴﻨﻲ  CC/CCﻣﻌﺪﻻﺕ ﻧﺠﺎﺓ ﻭ
ﻣﻌﺪﻻﺕ ﺣﻴﺎﺓ ﺧﺎﻟﻴﺔ ﻣﻦ ﺍﻟﻤﺮﺽ ﺍﻗﻞ.
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XERODERMAPIGMENTOSUM COMPLEMENTATION GROUP D
(XPD) LYS751GLN AND EXONUCLEASE 1 (EXO1) GLU589LYS GENE
POLYMORPHISMS IN ASSOCIATION WITH HEPATOCELLULAR
CARCINOMA
Nevine El-Abd*, Asmaa kamal*, Naglaa Zayed**, Asmaa Fteah*** and Ibrahem Siam****
ABSTRACT
Background: Xeroderma Pigmentosum Complementation Group D (XPD) is a major DNA repair gene in Nucleotide Excision repair system. Exonuclease 1 (Exo1) is an important modulator in mismatch repair system. Our aim was to investigate
the association of XPD Lys751Gln (A/C) and Exo1 Glu589Lys (G/A) polymorphisms with Hepatocellular carcinoma (HCC)
in Egyptian patients. Methods: ﬁfty HCC patients and 50 healthy controls were included. Genotyping for XPD Lys751Gln was
performed by Real-Time PCR and for Exo1 Glu589Lys by PCR- RFLP. Results: patients with XPD Lys751Gln combined (AC +
CC) genotypes had an increased risk of HCC compared to the wild AA genotype (p = 0.027, OR= 2.47). The frequency of the
mutant C allele was higher in HCC than in controls (p = 0.035). Mean serum albumin level was lower in patients carrying the
combined (AC + CC) genotypes than in AA genotype (p = 0.027). Median serum levels of ALT, AFP and creatinine were higher
in AA genotype than in combined genotypes (p= 0.011, 0.007, 0.045 respectively). Exo1 Glu589Lys (AA) mutant genotype was
associated with increased risk of HCC (p = 0.031). The frequency of the mutant A allele was higher in HCC compared to controls (p = 0.044). Conclusion: XPD Lys751Gln and Exo1 Glu589Lys gene polymorphisms are important modulators of HCC.
Key words: HCC; XPD Lys751Gln (A/C); Exo1 Glu589Lys (G/A); RT- PCR; RFLP.

INTRODUCTION
Hepatocellular carcinoma (HCC), the predominant form of primary liver cancer is the
sixth most common cancer worldwide and the
third leading cause of cancer-related death(29).
In Egypt, HCC is the principal cancer among
men, with hepatitis C virus (HCV) and hepatitis B virus (HBV) infection being the main risk
factors(30). Being a complex process with multiple aetiologies, the pathogenesis of HCC is
not fully understood and thus requires urgent
studies(7). The DNA response to cell damage during the early stages of carcinogenesis has been
reported in many types of cancer(23). Genomic
instability preceding HCC has been implicated
in the malignant transformation of cells(18). The
genomic integrity is threatened by DNA breakage and inactivation of DNA repair results in uncontrolled cell proliferation and hence increases
cancer risk(27). Xeroderma Pigmentosum goup
D protein (XPD), a member of DNA helicases,
is one of the major players in the nucleotide
excision repair (NER) pathway(24). The XPD
Lys751Gln (rs13181) polymorphism has been
shown to affect DNA repair capacity, possibly by altering the amino acid sequence of the
protein(37), leading to reduced repair capacity and

increased cancer susceptibility(22). In HCC, the
XPD Lys751Gln polymorphism was strongly
related to HCC risk in the Chinese population(19).
Human DNA repair mechanisms are thought
to prevent or delay genetic instability, thus acting as a barrier against cancer development(2, 9).
The mismatch repair (MMR) pathway is one of
the major DNA repair pathways in human cells
that maintains the stability of genome, mediates DNA recombination, and modulates cell
cycle arrest(12). The gene Exonuclease 1 (Exo1)
belongs to the MMR system, and a common
single-nucleotide polymorphism (guanine (G)/
adenine (A)) at the ﬁrst position of codon 589 in
exon 13 of the Exo1 gene results in the substitution of a glutamic acid (Glu) residue by a lysine
(Lys) residue,Exo1 Glu589Lyspolymorphism
has been suggested to inﬂuence the products of
Exo1 mRNA(13). Several studies have investigated the relation between the Exo1 Glu589Lys
polymorphism and the risk of cancer, including
lung cancer(11), breast cancer(35), gastric cancer(3)
and gliomas(6). Accordingly, we hypothesized
that Glu589Lys polymorphism in the Exo1 gene
may act as a genetic modiﬁer of the susceptibility to HCC. We studied the relationship between
the XPD Lys751Gln (A/C) and Exo1 Glu589Lys
(G/A) gene polymorphisms and HCC.
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SUBJECTS AND METHODS
This is a case control study carried out on 100
subjects classiﬁed into two groups:
Group I: included 50 patients with HCC, selected from Tropical Medicine Department, Kasr
al Ainy Hospital, Cairo University. Patients with
liver masses discovered on surveillance by ultrasonography were further investigated by serum
alpha fetoprotein level (AFP) and Computed
Tomography (CT) scan or magnetic resonance
(MRI). HCC was diagnosed according to the
American Association for the Study of Liver Diseases (AASLD) updated practice guidelines(5).
Group II: included 50 apparently healthy
participants with no history or evidence of liver
disease as a control group (subjects with history
of cancer or digestive system disease were excluded).
Before the start of the study, an informed
consent was obtained from all participants. All
procedures performed were in accordance with
the ethical standards of the ethics committee of
Cairo University Hospital and with the 1964
Helsinki declaration and its later amendments.
HCC patients were subjected to:
• Full history taking focusing on previous hepatic disorders and symptoms related to chronic
liver disease (CLD).
• Complete Clinical examination and Calculation of Child-Pugh score(15).
• Calculation of the Model of End-stage Liver
Disease (MELD) score: using the following formula: 0.957 x Log (creatinine mg/dl) + 0.378 x
Log (bilirubin mg/dl) + 1.120 x Log (INR)(14,8)
which stratiﬁes patients according to the severity of the disease in an objective and continuous
ranking scale.
Laboratory investigations:
Specimen:Ten milliliters (8 ml) venous blood
were collected and divided as follows:
• 4 ml in a plain vacutainer,left to clot for 10
minutes at room temperature and then centrifuged at 3000 rpm for 5 minutes. The serum was
then separated into two separate aliquots, the
ﬁrst aliquot was used for the laboratory analysis

of liver and kidney function tests and the other
one was immediately frozen at –20ºC, and used
for the assay of AFP and hepatitis markers (HBsAg and HCV Ab)
• Two milliliters (2 ml) were put into a citrate
vacutainer tube for PT, PC and INR.
• Two milliliters (2 ml)were collected into a
EDTA vacutainer tube and stored at –20ºC to be
used for the genotyping technique.
All laboratory tests and molecular studies
were performed in the Chemical Pathology Department, Cairo University Hospitals.
i. Routine liver & kidney function tests including serum Total Bilirubin, Direct Bilirubin,
Alanine Aminotranseferase (ALT), Aspartate
Aminotranseferase(AST), Total Protein, serum
Albumin, Alkaline Phosphatase (ALP), serum
urea and creatinine, were assayed on Beckman
Coulter AU 680 auto-analyzer.
ii. Prothrombin time (PT), prothrombin concentration (PC) and International Normalized
Ratio (INR) were assayed by automated StagoDiagnotica Start-4 coagulometer system.
iii. Serum AFP level was assayed using Enzyme Linked Immuno-Sorbent Assay (ELISA)
using kit purchased from Human# (Cat. no.
52010)(41).
iv. Serum HCV Ab was assayed by ELISA
method using kit purchased from Human# (Cat.
no. 51275) and serum HBsAg was assayed by
ELISA method using kit purchased from Human# (Cat. no. 51048) (33).
The control group was subjected to full history taking and laboratory investigations (routine liver & kidney function tests and hepatitis
markers).
All candidates were subjected to:
1- Extraction of genomic DNA from peripheral blood leucocytes of EDTA anticoagulated
blood which was done using the Thermo Scientiﬁc GeneJET Whole Blood Genomic DNA Puriﬁcation Mini Kit (Cat. no. # K0781).
2- Determination of XPD Lys751Gln (rs
13181) gene polymorphism using Real Time
PCR(17).
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3- Determination of Exo1 Glu589Lys (rs
1047840) by Restriction Fragment Length Polymorphism (RFLP) (34).
Identification of genetic polymorphisms of
XPD Lys751Gln (A / C):
Ampliﬁcation of the extracted DNA and Genotypic analysis was done by Real time PCR(17).
Real-Time PCR with sequence-speciﬁc primers
was used to deﬁne the XPD Lys751Gln (A/C)
gene SNP in exon 23. Real-time PCR allelic discrimination assay was designed using Taq-Man
SNP Genotyping Assays (Applied Biosystems).
Applied Biosystem step one Real-Time PCR
System was used. The thermal cycling conditions was programmed as follows: 95°C for 10
min, 50 cycles of 92°C for 10 s and 60°C for 1
min. Controls were included in each run. Data
analysis for allele discrimination was performed
with the Applied Biosystems Real-Time PCR
System software (Applied Biosystems, Foster
City, CA. 94404 USA).
Identification of genetic polymorphisms of
Exo1 Glu589Lys:
A 306 pb PCR ampliﬁcation fragment was
generated using the primers 5’-GAC ACA GAT
GTA GCA CGT AA-3’ (Forward) and 5’-CTG
CGA CAC ATC AGA CAT AT-3’ (Reverse).
After an initial denaturation at 94°C for 5 min,
35 PCR cycles were performed (94°C for 30
s, 55°C for 30 s, and 72°C for 30 s) , followed
by an elongation of 72°C for 10 min. The Exo1
Glu589Lys polymorphism was analyzed by digestion of The PCR product with MseI (New
England Biolabs Inc., MA) which resulted in two
fragments of 196 and 110 bp in the presence of
the Lys allele(34). All PCR reactions were carried
out in a Hybaid thermal cycler (Promega Corporation, USA) and PCR products were sized by
electrophoresis on a 2% agarose gel stained with
ethidium bromide.
Statistical methods:
Data obtained from the study were coded
and entered using the software SPSS (Statistical
Package for Social Science) Version17. Parametric data were summarized using mean ± SD,
whereas non parametric data were summarized
as median and percentiles for quantitative vari-
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ables.Frequency and percentages were obtained
for qualitative variables. Comparison among
groups was done using the Chi square test and the
Fischer exact test for qualitative variable, t test
and non-parametric Mann-Whitney U test were
used to compare two groups, whereas analysis of
variance and nonparametric test (Kruskal-Wallis test) were used to compare multiple groups.
The odd’s ratio (OR) and their 95% conﬁdence
intervals (CIs) were calculated to estimate the
strength of the association between the studied
gene polymorphisms and the study population.
A p value < 0.05 was considered signiﬁcant(16).
RESULTS
HCC cases were 38 males and 12 females
with mean age of 48.66 ± 6.64 years. Our controls were selected to be sex and age matched,
with a mean age of 48.62 ± 7.28 years. There
was no signiﬁcant difference for age or gender
(P>0.05). All of the 50 HCC patients were found
to be positive for HCV and negative for HBs
Ag.
The XPD Lys751Gln polymorphism:
It was found that XPD (AC + CC) combined
genotypes were signiﬁcantly higher in HCC cases (66%) than in control subjects (44%) (OR =
2.47, 95% CI = 1.10 – 5.55, p value = 0.027),
furthermore, the mutant C allele was signiﬁcantly higher in HCC cases (40%) than in the
control group (26%) (OR = 1.90, 95% CI = 1.04
- 3.46, p value = 0.035) (Table1). Regarding the
laboratory ﬁndings of HCC patients, the mean
serum albumin level was signiﬁcantly lower in
patients carrying the combined (AC + CC) genotypes than those with the wild AA genotype (p =
0.027). We also found a signiﬁcant increase in
the median levels of ALT, AFP and creatinine
in patients with AA genotype (wild) when compared to those with combined (AC + CC) genotypes (p = 0.011, 0.007 and 0.045 respectively)
(Table 2). No statistical signiﬁcant difference
was reported between the XPD (A/C) genotypes
as regards the clinical characteristics of HCC patients (p > 0.05), including history of Bilharziasis, Child Pugh classiﬁcation, number of tumors,
size of main tumor, presence of ascitis and portal
vein thrombosis.
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signiﬁcantly higher in HCC cases (36%) than in
control subjects (23%) (OR = 1.88, 95% CI =
It was demonstrated that, the AA genotype
1.01 - 3.50, p value = 0.044) (Table 3), regard(mutant) was signiﬁcantly higher in HCC paing the laboratory and clinical ﬁndings of HCC
tients (26.0%) than that in the control group
patients, no statistical signiﬁcant difference was
Frequencies
XPD
Lys751Gln
and alleles in the studied groups
(8%)Table
(OR =1:4.04,
95% CI =of
1.22
– 13.43,
p valuegenotypes
demonstrated between the Exo1 Glu589Lys var= 0.031), furthermore, the mutant allele A was
ious genotypes
(p > 0.05).OR (95% CI)
HCC patients
controls
p value

The Exo1 Glu589Lys polymorphism:

XPD
Lys751Gln
(n=50)
(n=50)
Table
1: 1:
Frequencies
of XPD
genotypes
and
allelesand
in the
studied
Table
Frequencies
of Lys751Gln
XPD
Lys751Gln
genotypes
alleles
in groups
the studied groups

n (%)
n (%)
HCC
controls
p value
OR (95% CI)
17 patients
(34.0)
28
(56.0)
AA (Lys/Lys)
XPD
(n=50)
26
(52.0)
18(n=50)
(36.0)
ACLys751Gln
(Lys/Gln)
0.084
n
(%)
n
(%)
7 (14.0)
4 (8.0)
CC (Gln/Gln)
17 (34.0)
28 (56.0)
AA (Lys/Lys)
17 (34.0)
28 (56.0)
AA
26 (52.0)
18 (36.0)
AC (Lys/Gln)
0.084 2.47 (1.10 - 5.55)
0.027*
33 (66.0)
22 (44.0)
AC+CC
7
(14.0)
4
(8.0)
CC (Gln/Gln)
60 (60.0)
74 (74.0)
A allele
17 (34.0)
28 (56.0)
AA
1.90 (1.04 – 3.46)
0.035*
40 (40.0)
26 (26.0)
C allele
2.47 (1.10 - 5.55)
0.027*
33 (66.0)
22 (44.0)
AC+CC
P value <0.05* is considered significant
60 (60.0)
74 (74.0)
A allele
1.90 (1.04 – 3.46)
0.035*
40 (40.0)
26 (26.0)
C allele
Table
2: Comparison
between
XPD Lys751Gln (AC + CC) genotypes versus AA genotype
value
<0.05*
is considered
significant
PP
value
<0.05*
is considered
signiﬁcant
in2:HCC
patientsbetween
as regards
laboratory
Table
Comparison
XPDdifferent
Lys751Gln
(AC + CC)parameters
genotypes versus AA genotype in HCC patients
as regards different laboratory parameters

Table 2: Comparison between XPD Lys751Gln (AC + CC) genotypes versus AA genotype
p value
in HCC patients as regards different laboratory parameters
AA (n=17)
AC + CC (n=33)
Mean ± SD
p value
72.62 ± 18.48
73.47 ± 16.56
0.870
PC (%)
AA (n=17)
AC + CC (n=33)
3.3 ± 0.68
2.87 ± 0.6
Albumin(g/dl)
0.027*
Mean 47.88
± SD ±6.20
50.18 ±7.39
0.251
Age (years)
72.62
± 18.48
73.47 ± 16.56
0.870
PC (%)
Median
(25th - 75th percentiles)
3.3
±
0.68
2.87
±
0.6
Albumin(g/dl)
0.027*
11 (9.15-18.75)
10.8 (8.1-13.4)
0.357
MELD score
50.18
±7.39
±6.20
0.251
Age
(years)
1.3
(1.1-1.4)
1.247.88
(1.14-1.3)
0.622
INR
th
th
75
percentiles)
Median
(25
1.4 (0.9-2.95)
1.5 (0.95-2.35)
0.798
T. Bil (mg/dl)
11
(9.15-18.75)
10.8
(8.1-13.4)
0.357
MELD
score
0.4 (0.25-1.8)
0.5 (0.3-0.96)
0.734
D. Bil (mg/dl)
1.3 (1.1-1.4)
1.2 (1.14-1.3)
0.622
INR
49
20(0.95-2.35)
(16-40)
(U/L)
0.011*
1.4(23.5-56.5)
(0.9-2.95)
1.5
0.798
T.ALT
Bil (mg/dl)
70 (53-100)
71 (46.5-90)
0.480
AST (U/L)
0.4 (0.25-1.8)
0.5 (0.3-0.96)
0.734
D. Bil (mg/dl)
7 (6.5-7.95)
6.8 (6.0-7.9)
0.418
Total Protein (g/dl)
49 (23.5-56.5)
20 (16-40)
ALT (U/L)
0.011*
133 (85.5-179)
102 (74.5-151)
0.430
ALP (U/L)
70 (53-100)
71 (46.5-90)
0.480
AST (U/L)
405 (82.65-2858.5)
40 (7.65-204.5)
AFP (ng/ml)
0.007*
7 (6.5-7.95)
6.8 (6.0-7.9)
0.418
Total
32.1
(23.75-52.5)
31 (22.45-37.25)
0.301
UreaProtein
(mg/dl)(g/dl)
133
(85.5-179)
102
(74.5-151)
0.430
ALP
(U/L)
0.98 (8-1.3)
0.8 (0.6-1.2)
Creatinine (mg/dl)
0.045*
405 (82.65-2858.5)
40 (7.65-204.5)
AFP (ng/ml)
0.007*
P
value
<0.05*
is considered
significant
P value
<0.05*
is considered
signiﬁcant
PC:
prothrombin
concentration;
MELD: Model of End-stage
Liver
32.1
(23.75-52.5)
31 (22.45-37.25)
0.301
Urea
(mg/dl)
Disease; INR: International normalizing ratio; T.Bil: Total Bilirubin; D.Bil: Direct Bilirubin; ALT:
0.98 (8-1.3)
0.8 (0.6-1.2)
0.045*
Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; AFP:
P value
<0.05*
is considered significant
Alpha
fetoprotein.

Creatinine (mg/dl)
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the laboratory and clinical findings of HCC patients, no statistical significant difference was
demonstrated between the Exo1 Glu589Lys various genotypes (p > 0.05).
XPD
Gene
Table
3:Polymorphisms
FrequenciesinofHCC
Exo1 Glu589LysGenotypes and alleles in the studied groups: 47
Table 3: Frequencies of Exo1 Glu589LysGenotypes and alleles in the studied groups:

HCC patients
(n=50)
n (%)
27 (54.0)
GG (Glu/Glu)
10 (20.0)
GA (Glu/Lys)
13 (26.0)
AA (Lys/Lys)
37 (64.0)
GA+GG
13 (26.0)
AA
64 (64.0)
G allele
36 (36.0)
A allele
PPvalue
<0.05*
is considered
signiﬁcant
value
<0.05*
is considered
significant
Exo1 Glu589Lys

controls
(n=50)
n (%)
31 (62.0)
15 (30.0)
4 (8.0)
46 (92.0)
4 (8.0)
77 (77.0)
23 (23.0)

p value

OR (95% CI)

0.049*
0.031*

4.04 (1.22 – 13.43)

0.044*

1.90 (1.04 – 3.46)

the combined (AC + CC) genotypes, as well as
the mutant C allele, among HCC patients when
Hepatocellular carcinoma has a high worldDiscussion:
compared to the control group. A previous study
wide incidence, and has a poor prognosis and
in China found a statistically signiﬁcant increase
survival rate, which makes early diagnosis
in the CC genotype frequency among HCC pa(40)
. HCC
management
requires
a
mandatory
Hepatocellular
carcinoma
has a high
worldwide
incidence,
and to
has
poor prognosis
and95%
survival
tients
compared
thea controls
(OR = 3.51,
multidisciplinary approach because of the wide
CI = 1.50–6.31; p < 0.05) and the frequency of
heterogeneity
differ- mandatory [40]. HCC management requires a
rate, whichin clinical
makes manifestations,
early diagnosis
the mutant C allele was signiﬁcantly higher in
ences in biologic behaviour, different causes of
cases than in controls (OR = 1.42, 95% CI =
chronic liver disease and different therapeutic
1.05–3.45)(19).
(1)
. In the current study, we selected
protocols
�
�������
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exposure. The authors demonstrated a signiﬁThe DNA repair system maintains the stabilcant increase in the frequency of the AC genoity of cellular functions and genomic integrity
type among cases compared to the controls (OR
by the repairing damaged DNA caused by ei= 1.75, 95% CI = 1.30–2.37; p < 0.001), as well
ther endogenous metabolic products or by enas a signiﬁcant increase in the frequency of the
vironmental carcinogens. Therefore, the DNA
CC genotype among cases compared to the conrepair capacity may contribute to cancer patient
trol group (OR = 2.47, 95% CI = 1.62–3.76; p <
outcomes(36, 20). Nuclear excision repair (NER)
0.001). They concluded that individuals carryis the principal DNA repair pathway for DNA
ing the XPD codon 751 C allele were at a higher
damage resulting from oxidation and alkylation
risk of HCC than those with the homozygous
deleterious effects. XPD is a DNA-dependent
XPD codon 751 A allele(39).In contrast, another
ATPase/helicase that is associated with the transtudy failed to ﬁnd a signiﬁcant association bescription factor IIH complex and acts to perform
tween the XPD Lys751Gln polymorphism and
a pivotal function in the NER pathway. XPD
HCC susceptibility (p = 0.61)(10). A meta-analyis involved in the opening of the DNA duplex,
sis that included seven studies about the XPD
which is necessary for the excision of the fragLys751Gln polymorphism reported the absence
ment of DNA containing the damaged base(25).
of an association with HCC risk for all genetic
The XPD 751Lys/Gln polymorphism was
models and suggested further large-scale studreported to promote carcinogenesis through
ies considering gene/gene and gene/environment
reducing the helicase enzyme activity and deinteractions(43), which may explain the discrepcreasing DNA repair abilities(42), which is supancy between the results of different studies. On
ported by our results that demonstrated a statiscomparing the different clinical and laboratory
tically signiﬁcant increase in the frequencies of
DISCUSSION
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parameters among HCC patients with different
genotypes, we found that HCC patients with
the wild-type AA genotype might have a more
severe HCC outcome than those with the (AC
+ CC) combined genotypes, and that the XPD
Lys751Gln gene polymorphism might serve as
a potential indicator of disease progression in
HCC patients. A previous study conducted to
study the implication of XPD Lys751Gln polymorphism in the prognosis of HCC in Chinese
population, found a signiﬁcant increase in the
mean survival time(months) of patients carrying
the CC genotype compared to those carrying the
AA genotype (OR = 0.34, 95% CI = 0.12 - 0.85),
which suggests that the XPD Lys751Gln polymorphism has a signiﬁcant impact on the survival rate of HCC patients. They also concluded that
carriers of the CC genotype had a more favourable outcome and reduced death rate in comparison to carriers of the AA genotype(42). As was
previously reported, patients carrying XPD 751
Gln allele have reduced enzyme activity(32,26,28),
they have defective NER pathway and decreased
DNA repair captivities in the cancerous cells,
the low activity of XPD Lys751Gln gene would
strengthen the efﬁcacy of chemotherapy which
induce damage of cancer cells. A more recent
study documented that radiotherapy and chemotherapy for HCC induces DNA damage of
cancer cells and the low activity of the XPD
Lys751Gln polymorphism strengthens the efﬁcacy of therapy, moreover, they suggested that
genotype of XPD 751Gln/Gln was associated
with a reduction in the death rate from HCC(38).
These ﬁndings suggested that XPD 751 Gln/Gln
polymorphism had signiﬁcant prognostic role on
the survival of HCC patients and that carriers of
the mutant CC genotype had more favourable
outcome and reduced death rate in comparison to
carriers of the wild AA genotype, which comes
in harmony with our results, considering the signiﬁcant elevation in ALT, AFP, and creatinine
serum levels in the wild AA genotype which
might contribute to poor response to treatment
and worse prognosis.
Regarding Exo1 Glu589Lys gene polymorphism, our study demonstrated that both the AA
genotype and the A (mutant) allele were signiﬁcantly higher in the HCC group than the control
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group, which was supported by a previous Turkish study that reported a higher risk of HCC in
patients carrying homozygous AA (mutant) than
those carrying the GG genotype (OR = 2.15,
95% CI = 1.13–4.09; p= 0.02). Similarly, they
reported that the A allele was associated with
increased HCC risk (OR = 2.26 95% CI = 1.22–
4.16; p= 0.009)(4).
The gene exonuclease 1 (Exo1) is involved in
the MMR system(31). TheExo1 Glu589Lys polymorphism causes amino acid substitution of the
Exo1 protein product to be altered from lysine
to glutamic acid. This amino acid substitution
was suggested to inﬂuence the products of the
Exo1 mRNA as Exo1 Glu589Lys was reported
to be located at an exonic splicing-enhancer
(ESE) region(13). We suggest that the A allele of
the Exo1 Glu589Lys polymorphism may affect
Exo1 normal function by reducing the MMR
capacity, and thus individuals with the A allele
become susceptible to HCC.
In conclusion, the XPD Lys751Gln (A/C)
and Exo1 Glu589Lys G/A gene polymorphisms
exhibit a signiﬁcant inﬂuence on HCC susceptibility in Egyptian patients and their detection
could be used as a potential non-invasive molecular markers for the assessment of susceptibility
to HCC in patients with chronic HCV infection.
Moreover, XPD Lys751Gln (A/C) polymorphism might beclinically used as a good prognostic indicator in patients with HCC related
HCV. Further studies are required to validate our
ﬁndings using larger sample volume in different
ethnic groups with follow-up of HCC patients.
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ﺍﻷﺷﻜﺎﻝ ﺍﻟﻤﺘﻌﺪﺩﺓ ﻟﻠﺠﻴﻦ ) (EXO1 GLA589LYS) , (XPD LYS751GLNﻓﻰ ﺣﺎﻻﺕ ﺳﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ ﺍﻟﺨﻠﻮﻯ
ﻧﻴﻔﻴﻦ ﺍﻟﻌﺒﺪ  -ﺍﺳﻤﺎء ﻛﻤﺎﻝ  -ﻧﺠﻼء ﺯﺍﻳﺪ  -ﺍﺳﻤﺎء ﻓﺘﻴﺢ  -ﺍﺑﺮﺍﻫﻴﻢ ﺻﻴﺎﻡ
ﺃﻭﺭﺍﻡ ﺍﻟﻜﺒﺪ ﻣﻦ ﺃﻛﺜﺮ ﺍﻷﻭﺭﺍﻡ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻧﺘﺸﺎﺭﺍ ﻓﻰ ﺍﻟﻌﺎﻟﻢ ﻭ ﺃﻛﺜﺮﻫﺎ ﻣﺴﺒﺒﺎ ﻟﻠﻮﻓﺎﺓ .ﻭ ﺗﻌﺘﺒﺮ ﻣﺼﺮ ﻣﻦ ﺃﻛﺜﺮ ﺍﻟﺪﻭﻝ ﺇﺻﺎﺑﺔ
ﺑﺎﻟﻔﻴﺮﻭﺱ ﺍﻟﻜﺒﺪﻯ ﺍﻟﻤﺰﻣﻦ ﺳﻲ ﻭ ﺍﻟﻠﺬﻱ ﻳﺆﺩﻱ ﺍﻟﻰ ﺗﻠﻴﻒ ﻭﺳﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ .ﻭﻟﺬﻟﻚ ﻛﺎﻥ ﺍﻟﺘﺸﺨﻴﺺ ﺍﻟﻤﺒﻜﺮ ﻣﻦ ﺍﻷﺩﻭﺍﺕ ﺍﻟﻬﺎﻣﺔ
ﻟﺴﺮﻋﺔ ﺍﻟﺒﺪء ﻓﻰ ﺍﻟﻌﻼﺝ ﺍﻟﻔﻌﺎﻝ .ﻭﻳﻌﺘﻘﺪ ﺃﻥ ﺗﻄﻮﺭ ﻣﺮﺽ ﺳﺮﻃﺎﻥ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻜﺒﺪﻳﺔ ﻳﻌﻮﺩ ﺇﻟﻰ ﺇﻋﺎﺩﺓ ﺗﺮﺗﻴﺐ ﺍﻟﻜﺮﻭﻣﻮﺳﻮﻣﺎﺕ ،ﺗﻔﻌﻴﻞ
ﺍﻟﺠﻴﻨﺎﺕ ﺍﻟﻤﺴﺮﻃﻨﺔ ﺍﻟﺨﻠﻮﻳﺔ ﻭﺗﻌﻄﻴﻞ ﺍﻟﺠﻴﻨﺎﺕ ﺍﻟﻜﺎﺑﺘﺔ ﻟﻠﻮﺭﻡ .ﻭﻋﻠﻰ ﺍﻟﺮﻏﻢ ﻣﻦ ﺃﻫﻤﻴﺘﻪ ،ﻟﻴﺲ ﻫﻨﺎﻙ ﺳﻮﻯ ﻓﻬﻢ ﻣﺤﺪﻭﺩ ﻣﻦ ﺍﻵﻟﻴﺎﺕ
ﺍﻟﺠﺰﻳﺌﻴﺔ ﻭﺍﻟﺨﻠﻮﻳﺔ ﻭﺍﻟﺒﻴﺌﻴﺔ ﺍﻟﺘﻲ ﺗﺪﻓﻊ ﻟﺤﺪﻭﺙ ﺍﻟﻤﺮﺽ ،ﻟﺬﻟﻚ ﻛﺎﻥ ﻣﻦ ﺍﻟﻀﺮﻭﺭﻱ ﺍﻟﺒﺤﺚ ﻋﻦ ﺍﻟﻌﻮﺍﻣﻞ ﺍﻟﻮﺭﺍﺛﻴﺔ ﺍﻟﺘﻲ ﻳﻤﻜﻦ ﺃﻥ
ﺗﺴﺎﻋﺪ ﻋﻠﻰ ﺗﺤﺪﻳﺪ ﺍﻟﻔﺌﺎﺕ ﺍﻷﻛﺜﺮ ﻋﺮﺿﺔ ﻟﻠﺨﻄﺮ .ﻭ ﻣﺤﺎﻭﻟﻪ ﺗﺤﺪﻳﺪ ﺍﻟﻌﻮﺍﻣﻞ ﺍﻟﺘﻨﺒﺆﻳﺔ ﺍﻟﺘﻲ ﺗﺆﺩﻱ ﺇﻟﻰ ﺗﺸﺨﻴﺺ ﺃﻓﻀﻞ ﻭﺗﺨﻄﻴﻂ
ﺍﺳﺘﺮﺍﺗﻴﺠﻴﺎﺕ ﻭﻗﺎﺋﻴﺔ ﺟﺪﻳﺪﺓ .ﻭ ﻗﺪ ﺃﻇﻬﺮﺕ ﺩﺭﺍﺳﺎﺕ ﺍﻟﺨﻼﻳﺎ ﺃﻥ ﺍﻟﺨﻠﻞ ﺍﻟﺠﻴﻨﻲ ﺍﻟﺬﻱ ﺗﺴﺒﺒﻪ ﺍﻟﻌﺪﻳﺪ ﻣﻦ ﺍﻟﻌﻮﺍﻣﻞ ﺍﻟﺒﻴﺌﻴﺔ ﻣﺮﺗﺒﻂ ﺑﺎﺭﺗﻔﺎﻉ
ﻧﺴﺒﺔ ﺍﻟﺘﺸﻮﻫﺎﺕ ﺍﻟﻜﺮﻭﻣﻮﺳﻮﻣﻴﺔ ﻣﻤﺎ ﻳﺆﺩﻱ ﺇﻟﻲ ﺣﺪﻭﺙ ﻋﺪﺓ ﺍﻧﻮﺍﻉ ﻣﻦ ﺍﻟﺴﺮﻃﺎﻧﺎﺕ ﺍﻟﺘﻲ ﺗﺼﻴﺐ ﺍﻟﺒﺎﻟﻐﻴﻦ ﺗﻬﺪﻑ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ
ﺇﻟﻰ ﺩﺭﺍﺳﺔ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻰ ﻟﺠﻴﻨﻰ)(XPD 751ﻭ ) (EXO 1ﻓﻰ ﺣﺎﻻﺕ ﺳﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ ﺍﻟﺨﻠﻮﻯ ﻓﻰ ﺍﻟﻤﺼﺮﻳﻴﻦ .ﺃﺟﺮﻳﺖ ﻫﺬﻩ
ﺍﻟﺪﺭﺍﺳﺔ ﻋﻠﻲ  50ﻣﺮﻳﻀﺎ ﻣﺼﺎﺑﺎ ﺑﺴﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ ﻣﺘﻮﺳﻂ ﺃﻋﻤﺎﺭﻫﻢ 6.64 48.66±ﻋﺎﻣﺎ  ،ﻛﻤﺎ ﺍﺷﺘﻤﻠﺖ ﺍﻟﺪﺭﺍﺳﺔ ﺃﻳﻀﺎ ﻋﻠﻲ
 50ﻣﻦ ﺍﻷﺻﺤﺎء ﻣﺘﻤﺎﺛﻠﻴﻦ ﻣﻌﻬﻢ ﻓﻲ ﺍﻟﻌﻤﺮ ﻭﺍﻟﺠﻨﺲ ﻭﻳﻤﺜﻠﻮﻥ ﺍﻟﻤﺠﻤﻮﻋﺔ ﺍﻟﻀﺎﺑﻄﺔ ﻣﺘﻮﺳﻂ ﺃﻋﻤﺎﺭﻫﻢ7.28 ± 48.62ﻋﺎﻣﺎ .ﺗﻢ
ﺃﺧﺬ ﺍﻟﺘﺎﺭﻳﺦ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻜﺎﻣﻞ ﻣﻦ ﺍﻟﻤﺮﺿﻲ ﻭﺇﺟﺮﺍء ﺍﻟﻔﺤﺺ ﺍﻹﻛﻠﻴﻨﻴﻜﻲ ﺍﻟﺸﺎﻣﻞ ﻟﻬﻢ ﻣﻊ ﺇﺣﺘﺴﺎﺏ ﺩﺭﺟﺔ ﺷﺪﺓ ﺍﻟﻤﺮﺽ؛ ﻛﻤﺎ ﺗﻢ
ﻋﻤﻞ ﻣﻮﺟﺎﺕ ﺻﻮﺗﻴﺔ ﻟﺠﻤﻴﻊ ﺍﻟﻤﺮﺿﻰ ﺑﺎﻻﺿﺎﻓﺔ ﺍﻟﻰ ﻋﻤﻞ ﺍﺷﻌﺔ ﻣﻘﻄﻌﻴﺔ ﻟﺠﻤﻴﻊ ﻣﺮﺿﻰ ﺍﻭﺭﺍﻡ ﺍﻟﻜﺒﺪ ﺍﻟﺨﺒﻴﺜﺔ .ﻛﻤﺎ ﺃﺟﺮﻳﺖ ﻟﻬﻢ
ﺇﺧﺘﺒﺎﺭﺍﺕ ﻭﻇﺎﺋﻒ ﺍﻟﻜﺒﺪ ﻭ ﺍﻟﻜﻠﻲ ﺑﺎﻹﺿﺎﻓﺔ ﺇﻟﻰ ﻗﻴﺎﺱ ﻧﺴﺒﺔ ﺍﻷﻟﻔﺎ ﻓﻴﺘﻮ ﺑﺮﻭﺗﻴﻦ ﻓﻲ ﺍﻟﺪﻡ ﻛﻤﺎ ﺍﺷﺘﻤﻠﺖ ﺍﻟﺪﺭﺍﺳﺔ ﻋﻠﻰ ﻓﺤﺺ ﺍﻟﺘﻐﻴﻴﺮ
ﻓﻰ ﺍﻟﺘﺮﻛﻴﺐ ﺍﻟﺠﻴﻨﻲ ﻟﻠﺠﻴﻦ )(XPD 751ﺑﻄﺮﻳﻘﺔ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ ﻭ ) (EXO 1ﺑﻄﺮﻳﻘﺔ ﺍﻝ  REFLPﻟﻜﻞ ﺍﻷﺷﺨﺎﺹ
ﺍﻟﺨﺎﺿﻌﻴﻦ ﻟﻠﺪﺭﺍﺳﺔ .ﻭ ﻗﺪ ﺃﺳﻔﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﻋﻦ ﻭﺟﻮﺩ ﻋﻼﻗﺔ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﺑﻴﻦ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻲ )(XPD 751Glnﻭ ﺯﻳﺎﺩﺓ
ﻓﺮﺻﺔ ﺍﻹﺻﺎﺑﺔ ﺑﺴﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ ﻓﻲ ﺍﻟﻤﺮﺿﻲ ﺍﻟﻤﺼﺮﻳﻴﻦ ﺍﻟﻤﺼﺎﺑﻴﻦ ﺑﺎﻟﺘﻬﺎﺏ ﺍﻟﻜﺒﺪﻯ ﺍﻟﻮﺑﺎﺋﻲ ﺳﻲ .ﺑﺎﻹﺿﺎﻓﺔ ﺇﻟﻲ ﻭﺟﻮﺩ ﻋﻼﻗﺔ
ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﺳﺎﻟﺒﻪ ﺑﻴﻦ ﺍﻷﺷﻜﺎﻝ ﺍﻟﻤﺘﻌﺪﺩﺓ ﻟﻠﺠﻴﻦ ) (XPD 751ﻭ ﺗﺤﻠﻴﻞ ﻣﺴﺘﻮﻱ ﺍﻷﻟﺒﻴﻮﻣﻴﻦ ﺑﻴﻨﻤﺎ ﻭﺟﺪﺕ ﻋﻼﻗﺔ ﺫﺍﺕ
ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﻣﻮﺟﺒﻪ ﺑﻴﻦ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻲ ﺍﻟﻄﺒﻴﻌﻲ ﻟﻠﺠﻴﻦ  XPD 751ﻭ ﺍﻝ ) (ALTﻭ ﻧﺴﺒﺔ ﺍﻷﻟﻔﺎ ﻓﻴﺘﻮ ﺑﺮﻭﺗﻴﻦ ﻭﺍﻟﻜﺮﻳﺎﺗﻴﻨﻴﻦ
ﻓﻲ ﺍﻟﺪﻡ .ﻛﻤﺎ ﺃﺳﻔﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻳﻀﺎ ﻋﻦ ﻭﺟﻮﺩ ﻋﻼﻗﺔ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﺑﻴﻦ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻲ )(EXO 1 Lysﻭ ﺯﻳﺎﺩﺓ ﻓﺮﺻﺔ
ﺍﻹﺻﺎﺑﺔ ﺑﺴﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ ﻭﺑﻨﺎءﺍ ﻋﻠﻰ ﺫﻟﻚ ﻓﺎﻥ ﺟﻴﻨﻰ) (XPD 751ﻭ )(EXO 1ﻟﻬﻤﺎ ﺩﻭﺭ ﻓﻰ ﺗﻄﻮﺭ ﺍﻭﺭﺍﻡ ﺍﻟﻜﺒﺪ ﺍﻟﺨﺒﻴﺜﺔ ﻛﻤﺎ
ﻳﻤﻜﻦ ﺍﺳﺘﺨﺪﺍﻣﻬﻤﺎ ﻛﺄﺣﺪ ﺩﻻﻻﺕ ﺍﻷﻭﺭﺍﻡ ﺍﻟﺠﻴﻨﻴﺔ ﻟﺴﺮﻃﺎﻥ ﺍﻟﻜﺒﺪ.
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ASSOCIATION OF LEPTIN RECEPTOR GENE POLYMORPHISM
AND LEPTIN RESISTANCE WITH INSULIN RESISTANCE IN OBESE
EGYPTIANS
Essam M. Abdalla, Nahed Youssef, Mohamed M. Shabrawi, Ahmed T.Abdellah
and Nashwa R. Elessawy.
ABSTRACT
Obesity is a major global epidemic problem. Obesity results from the combined effects of genes, environment, lifestyle and
the interactions of these factors. Increasing rates of obesity in Egypt signal a very alarming trend indicating an urgent need
for development of strategies to address this problem. The leptin receptor gene plays a critical role in the regulation of body
weight. Genetic variations of leptin receptor gene may play a role in the pathophysiology of human obesity. In this study, the association between the LepR gene polymorphism and leptin resistance with insulin resistance in obese Egyptians was evaluated
by determining the distribution of alleles frequency of the leptin receptor GLN223ARG polymorphism in 88 persons. Study populations divided into two groups according to BMI obese and non obese (control). When comparing the obese and non obese
groups, results demonstrated that there was a signiﬁcant increase in GG genotype compared to AA genotype, and GG genotype
compared to AG genotype in obese patients, which suggests that genetic polymorphisms (GLN223ARG) of leptin receptor gene
may play a role in prevalence of obesity in obese Egyptian. Key word: Obesity, Leptin receptor gene, leptin resistance.

INTRODUCTION
Obesity is a major global epidemic problem
and it is a complex disorder resulting from a net
imbalance among genetic factors, energy intake
and expenditure. Obesity results from the combined effects of genes, environment, lifestyle
and the interactions of these factors(17). Obesity
is the most common nutritional problem in the
United States(11) and increasing phenomenon in
the Egyptian population.
Leptin is an adipocyte-derived hormone,
which exerts its effect on food intake and energy
expenditure by binding to speciﬁc receptors in
the hypothalamus(3). Leptin receptors are primarily expressed in the brain and hypothalamus, but
they are also widely distributed in peripheral tissues including the adipose tissue, liver, kidneys,
pancreas, and gonads. The human and encoded
by the diabetes (db) gene. LEPR is located at
chromosome 1p31 and recognized as a member
of the cytokine family receptors(3).
A number of mechanisms have been proposed to explain leptin resistance; these include
alterations in the transport of leptin across the
blood brain barrier (BBB), alterations in cellular
leptin receptor (LepR) signaling, perturbations
in developmental programming and mutation

of the gene for leptin receptors in the brain. Indeed, each of these mechanisms may contribute
to the totality of leptin resistance. Although the
absolute lack or genetic alteration of LepR does
not underlie most leptin resistance(25), the preponderance of data conﬁrm that alterations in
cellular LepR signaling, especially in the arcuate nucleus (ARC), play a crucial role in leptin
resistance(21).
Single Nucleotide Polymorphisms (SNPs) are
the most common genetic variants. Gln223Arg
polymorphism is, in particular, one of the most
studied LEPR polymorphisms in obese individuals, with several reports on its relation to
obesity(1,10). A single nucleotide polymorphism
in the coding region of the leptin receptor gene,
GLN223ARG. The GLN223ARG polymorphism, characterized by an adenine (A) to guanine (G) transition at position 668 of codon 223
in exon 6 in the extracellular domain of LepR,
results in an amino acid substitution (a glutamine
with an arginine) (CAG to CGG)(27).
The GLN223ARG mutation has shown
greater consistency in their association with obesity in different population studies. It has been
suggested that the change of amino acid glutamine (GLN or Q) by an arginine (ARG or R)
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causes a change of electric charge from neutral
to positive, which can affect the functional characteristics of the receptor and is thought to be
associated with an impaired signaling capacity
of the leptin receptor and with higher mean circulating levels of leptin. Numerous analyses of
LepR SNPs have been published over the last
decade. The SNP GLN223ARG (A>G) has been
studied extensively in a wide range of populations, several studies have associated this variant
with obesity (19,33,10,8).
The GLN223ARG leptin receptor polymorphism investigated in this study results from the
substitution of amino acid from glutamine (CAG)
to arginine (CGG) in the extracellular domain of
the receptor. This may results in altered leptin
binding and therefore, receptor dimerization and
signaling capacity of the leptin receptor.
MATERIALS AND METHODS
Human subjects:
The study included 44 obese participant and
44 non obese sex and age matched control subjects were randomly recruited from Ismailia city.
Their age ranged 20 years and older. Weigh and
height for all subjects, including for calculating
BMI were done for all study subjects. Obesity
was determined according to World Health Organization (WHO) (non- obese BMI < 25 and
Obese BMI ≥25). All persons were asked to answer a questioner about family history of obesity
and genetic diseases.
Methodology:
Laboratory Analyses
Blood samples were obtained from all study
subjects After a 12-hour overnight fasting for
genetic analysis and estimation of glucose, insulin, lipids proﬁle [triglycerides (Tg), cholesterol
total (Tc), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol
(LDL-C)], and leptin.Fasting glucose concentration was determined by an enzymatic colorimetric method (Roche Diagnostics, Mannheim,
Germany), and fasting insulin and liptin concentration were determined using a commercially
available ELIA kits. Lipids were measured by
an enzymatic colorimetric method with avail-

able kits (Roche Diagnostics, Mannheim, Germany).Insulin resistance was estimated using the
homeostasis model for insulin resistance index
(HOMA-IR), which is deﬁned as fasting insulin
(IU/ml) times fasting glucose (mmol/L) divided
by 22.5 (18).
Genetic Analysis:
Genomic DNA was extracted from whole
blood which stored in EDTA coated tubes by
using Qiagen- QIAamp DNA Blood Mini Kit.
DNA extraction was assessed using nano drop
spectrophotometric assay.
Amplification for GLN223ARG gene:
Genotyping of the LepR polymorphism was
carried out using the polymerase chain reaction restriction fragment length polymorphism
(PCR-RFLP)(28). Forward primer: 5’- TCC TCT
TTA AAA GCC TAT CCA GTA TTT-3’, and
Reverse primer: 5’- AGC TAG CAA ATA
TTT TTG TAA GCA AT- 3’. PCR ampliﬁcation products were obtained using (QIAGEN
HotStarTaq Master Mix Kit) a ﬁnal volume of
50μl and prepared as [2μl genomic DNA (2μg/
μl), 25μl HotStar Taq Master Mix, 19μl sterile
de-ionized water, 2 μl of each primer] in a Thermal cycler (mastercycle personal, Eppendorf,
Germany). The ampliﬁcation conditions were as
follows: initial denaturation at 95°C for 15 min
followed by 35 cycle of denaturation at 94°C for
1 min, annealing at 55°C for 1 min and extension
at 72°C for 1 min, followed by ﬁnal extension
at 72°C for 10 min. The DNA bands were Visualized under UV light and photographed using gel documentation (Moecular Imager® Gel
DocTM XR + Systems with Image LabTM 2.0
Software, BioRad, USA). The ethidium bromide
(ﬂuorescent dye) intercalates between bases of
DNA causing the visualization of the bands. The
gel was then photographed.
Genotyping of rs1137101SNP in GLN223ARG
gene:
The resulting DNA fragment was 368bp in
length. The genotypes for this SNP were determined by restriction fragment length polymorphism (RFLP) procedure. They were prepared

LepR Gene Polymorphism and Insulin Resistance in Obese

as follows: in a labeled clean and dry Eppendorf
tubes 5μl of PCR product, 4μl of sterile, deionized water, 1μl of 10X RE Buffer and mixed
by pipetting. Finally, 1μl of restriction enzyme
(MspI) were added. The tubes were incubated
for 15 minutes at 37ºC. After that, the genotypes
were resolved after running it on 2% (w/v) agarose gels electrophoresis.
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estimate the relative risk and strength of association for their various genotypes or their combinations. Statistical signiﬁcance was deﬁned as
the probability of P value less than or equal 0.05.
Hardy-Weinberg Equilibrium was tested by
goodness-of ﬁt χ2 test to compare the observed
genotypes frequencies to the expected genotypes
frequencies among the obese and non obese.
RESULTS

Statistical Analysis:

Results showed statistically signiﬁcant difStatistical analysis of the data was performed
ferences between the two studied groups regardusing the Statistical Package for Social Science
ing lipid proﬁle,
(SPSS for windows, version 16) (SPSS Inc.,
Chicago, IL, U.S.A). Descriptive data were givTable 1 shows levels of FBS, Fasting insulin
en as mean ± standard deviation (SD). Differlevels, serum leptin and leptin and insulin resis�
ences among groups were tested using t-test for
tances between the two studied groups that shows
unpaired data. The Fisher’s exact test and Chistatistical signiﬁcant differences (p< 0.05)
square testTable
were(1)applied
to test
theresistance
association
leptin and
insulin
in obese andFigure
non obese
subjects
1 shows the genotyping results of
between genotypes and clinical groups. ContinGLN223ARG leptin receptor polymorphism. A
gency
analysis was applied to calculate the odds
�
p�value�
Variables�
Obese�(n=44)single band ofNon�obese�(n=44)
368 bp shows the presence of allele
ratio (OR) and 95% conﬁdence interval (CI) to
<0.0001**
Leptin�resistance�
39�(88.6%)�
0�(0%)�
Table (1) leptin andPresent�
insulin resistance in obese and non obese subjects
Table (1) leptin and insulin resistance in obese5�(11.4%)�
and non obese subjects 44�(100%)�
Absent�
Non�obese�(n=44) 4.3±2.1
p�value�
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Obese�(n=44)63.5±75.6
Mean�leptin�levels�(±SD)�
<0.0001**
<0.0001**
Leptin�resistance�
Fasting�insulin�(�U/ml)� 39�(88.6%)� 14.0±7.9
9.4±4.5
0.001**�
0�(0%)�
Present�
5�(11.4%)�
44�(100%)�
163±103
76±9
<0.0001**
Absent�FBG�(mg/dl)�
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8�(18.2%)
<0.0001**
32�(72.7%)
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36�(81.8%)

<0.0001**
<0.0001**
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Variables

Obese (n=44)

Variables
Genotype
AA

Obese (n=44)

Genotype 14 (31.8%)

Non-obese (n=44)

�2

p-value

33 (75%)

16.49

<0.001**

Non-obese (n=44)

�2

p-value

�
Table (1) leptin and insulin resistance in obese and non obese subjects
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Variables�
Obese�(n=44)
A (GLN/GLN),
while the presence
of 2 bands of
Leptin�resistance�
245 and 123 bp shows the presence
of allele G
39�(88.6%)�
Present�
(ARG/ARG). There are 2 bands for
the G allele
5�(11.4%)�
Absent�
because this product contains a digestion site
Mean�leptin�levels�(±SD)�
63.5±75.6
for Fasting�insulin�(�U/ml)�
the MspІ enzyme, which is absent
when A is
14.0±7.9
present.FBG�(mg/dl)�
Therefore, the PCR product
containing
163±103
the GInsulin�resistance�
allele is cleaved by MspІ and
produces 2
32�(72.7%)
Present�
12�(27.3%)
bands of low
molecular weight. While
presence
Absent
of 3 bands indicated the presence of AG alleles.

Abdalla E. M. et al
Non�obese�(n=44)
p�value�
sus 22.7% and 2.3%, respectively)
(p=0.02 and
<0.0001**
p=0.004,
respectively).
In
contrast,
non-obese
0�(0%)�
group44�(100%)�
showed statistically signiﬁcant higher per-

centage of homozygous genotype AA in com4.3±2.1
<0.0001**
parison9.4±4.5
to obese group (75.0%0.001**�
versus 31.8%,
respectively)
(p<0.0001).
76±9
<0.0001**

<0.0001**
** 8�(18.2%)
Allele frequencies for GLN223ARG
gene
36�(81.8%)
<0.0001**
(Table 2):

In obese group, the frequency of the A and
G alleles were 51.9% and 48.1% respectively,
however in non-obese group the frequency of
the A and G alleles were 98.6% and 1.4% respectively.

Table 2: shows Leptin receptor gene
GLN223ARG polymorphisms in obese and nonobese subjects
** Distribution of different GLN223ARG
genotypes (Table 2):

The frequency of allele A was statistically
The obese group showed that 31.8% (n=14)
signiﬁcantly higher in non obese group in comwere homozygous AA, 45.5% (n= 20) were hetparison to obese group (98.6% versus 51.9%)
erozygous AG and 22.7% (n= 10) were homo(p<0.0001), while the frequency of allele G was
zygous GG, however non-obese group showed
statistically signiﬁcantly higher in obese group
that 75% (n= 33) were homozygous AA, 22.7%
in comparison to non obese group (48.1% versus
(n=10) were heterozygous AG and 2.3% (n= 1)
1.4%) (p<0.0001).
was
homozygous
GG.
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among non-obese group (45.5% and 22.7% ver-

the OR was (4.7), which indicates that the car-

Table (2) Distribution of different Leptin receptor gene GLN223ARG genotype among two groups:
Table (2) Distribution of different Leptin receptor gene GLN223ARG genotype among two groups:
Obese (n=44)

Non-obese (n=44)

�2

p-value

AA

14 (31.8%)

33 (75%)

16.49

<0.001**

AG

20 (45.5%)

10 (22.7%)

5.06

0.02*

GG

10 (22.7%)

1 (2.3%)

8.42

0.004**

Variables
Genotype

�

*Signiﬁcant p-value at <0.05, **highly signiﬁcant p-value at <0.01, χ2Y=chi-square with Yates correction test.
*Significant p-value at <0.05, **highly significant p-value at <0.01, �2Y=chi-square with Yates correction test.
Table
(3) Relative
risk and
odds
ratioofofdifference
difference genotypes
andand
allele
frequencies
in obesein
and
non-obese
Table (3)
Relative
risk and
odds
ratio
genotypes
allele
frequencies
obese
and non-obese
subjects:
subjects:
Genotypes
AA

AG
GG

Obese (n=44)

Non-obese (n=44)
Frequency (%)
33 (75%)
14 (31.8%)

20 (45.5%)

b

1 (2.3%)

30 (68.2%)

11 (25.0)

A

48 (54.5%)

76 (86.4%)

G

40 (45.5%)

12 (13.6%)

OR (95%CI)

RR (95%CI)

Reference
a

10 (22.7%)

10 (22.7%)

AG+ GG

P value

0.001**

4.7 (1.8-12.6)

<0.0001**

23.6 (2.7- 202.1)

c

d

0.12
<0.0001**

5 (0.6-44.7)
6.4 (2.5-16.3)

2.5 (1.4- 4.7)
14.2 (1.94-103.4)
3.67 (0.5-25.4)
2.72 (1.6-4.7)

Alleles

�

5�

Reference

<0.0001**

5.3 (2.5-11.0)

3.3 (1.9-5.9

a
b
c
*Signiﬁcant
p-value
at <0.05,
**highly
p-value
at <0.01,
a (AA
AG),
b (AA
vs.vs.
GG),
*Significant
p-value
at <0.05,
**highly signiﬁcant
significant p-value
at <0.01,
(AA vs.
AG), vs.
(AA
vs. GG),
(AG
GG),cd (AG vs.
(AA vs.
AG+GG),
OR= odds ratio,
RR=relative
risk, RR=relative
CI= confident interval.
GG),
d (AA
vs. AG+GG),
OR=
odds ratio,
risk, CI= conﬁdent interval.

4- Discussion

In this research, the distribution of alleles of the leptin receptor gene GLN223ARG
polymorphism in obese subjects and compared this with those obtained from non-obese subjects
was studied.
This study showed that the incidence and Odds ratio of leptin resistance were statistically
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rier of genotype AG has 5 times chance to get
obese than AA (RR=2.5, 95% CI: 1.4- 4.7,
p=0.001). When comparing AA and GG genotype (p<0.001) the odd ratio was (23.6), which
indicates that the carrier of genotype GG has 24
times chance to get obese than AA (RR=14.2,
95% CI: .94-103.4). When comparing AA and
AG+GG genotype (p<0.001) the odds ratio was
(6.4), which indicates that the carrier of genotype
AG+GG has 7 times chance to get obese than
AA (RR=2.7, 95% CI: 1.6-4.7). The percentage
of the G allele was statistically signiﬁcant higher
in obese group (45.5%) in comparison to nonobese group (13.6%), whereas the percentage of
the A allele was statistically signiﬁcant higher in
non-obese group (86.4%) in comparison to obese
group (54.5%). Odds ratio of G allele is about 5fold higher in obese in comparison to non-obese
(RR=3.3, 95% CI: 1.9-5.9).

with an increased risk of developing insulin resistance and type 2 diabetes(14,6,5). Obesity promotes both endoplasmic reticulum stress and a
state of chronic low-level of inﬂammation that
contributes to insulin resistance(34). This may be
explained by the facts that, in obese individuals, adipose tissue releases increased amounts
of non-esteriﬁed fatty acids, glycerol, hormones,
pro-inﬂammatory cytokines and other factors
that are involved in the development of insulin
resistance(14).

DISCUSSION

Also, Yiannakouris et al, (2001) reported
signiﬁcant differences in genotype distribution
of the GLN223ARG polymorphism between
overweight-obese and normal weight subjects in
Greek population(33).

In this research, the distribution of alleles of
the leptin receptor gene GLN223ARG polymorphism in obese subjects and compared this with
those obtained from non-obese subjects was
studied.
This study showed that the incidence and
Odds ratio of leptin resistance were statistically
signiﬁcantly higher among obese group than
among non-obese group. The mean values of
serum leptin hormone were statistically signiﬁcantly higher in obese group in comparison to
non-obese group.
In a similar manner, Myers et al, (2010)
discussed the coexistence between elevated
leptin hormone levels and leptin resistance with
obesity. They revealed that obesity promotes
multiple cellular processes that attenuate leptin
signaling (referred as “cellular leptin resistance”),
and which amplify the extent of weight gain
induced by genetic and environmental factors(24).
The results also showed that the mean values
of FBG and fasting insulin were statistically
signiﬁcantly higher in obese group than in the
non-obese group. The incidence and the Odds
ratio of insulin resistance were statistically
signiﬁcantly higher among obese group than
among non-obese group.
In agreement with our study ﬁndings, several
studies documented that obesity is associated

This study’s results demonstrated that in the
study groups obese persons that carry heterozygous AG and homozygous GG genotypes of
LepR gene were statistically signiﬁcantly higher
in number compared to non-obese persons. In
contrast, non-obese group showed statistically
signiﬁcantly higher frequency of homozygous
genotype AA than obese group.

Similarly, Duarte et al, (2007) conducted a
study in Brazilian multiethnic subjects and found
that there were signiﬁcant differences in genotypic distribution of LepR polymorphism in obese
compared to lean or normal individuals(10).
Another study of Brazilian population conducted by Duarte et al, (2007), conﬁrmed the
association between the GLN223ARG polymorphism and obesity(10).
In a study performed by Chavarria-Avila et
al, (2015), the polymorphisms in leptin-receptor
gene (LepR GLN223ARG) seemed to inﬂuence
obesity and lipid metabolism. As in the current
study, it was found that obese persons carries
higher frequencies of G/G and A/G genotypes
and lower frequency of A/A in comparison to
non-obese(7).
In a Pakistani study, Shahid et al, (2015)
reported that there was an association between
obesity and LepR polymorphism. As they reported that G-allele polymorphism showed an
association with increased BMI. In addition, Gallele polymorphism showed also an association
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with fasting blood glucose and serum leptin levels. Which suggested that LepR polymorphism
may inﬂuence the susceptibility to metabolic
disturbances and obesity(29).
In this study, Relative risk and Odds ratio results indicated that the risk of obesity increased
in persons who carried AG, GG and AG+GG
genotypes in comparison to AA genotype. Which
support that G allele may contribute to obesity
while, A allele is not.
In contrast to our ﬁndings, De Luis et al, (2011)
investigated the association between Lys656Asn
polymorphism of leptin receptor gene and metabolic syndrome in obese patients. The ﬁnding
of their study is the lack of association of leptin
receptor gene Lys656Asn polymorphism and
metabolic syndrome. This controversy might be
due to different studied SNP(9).
Conclusion
Based on the results of this study, there was
a signiﬁcant association between leptin receptor
gene GLN223ARG polymorphisms and obesity in obese Egyptian. Together these results
suggest a possible role for leptin receptor gene
GLN223ARG polymorphisms in obesity and
Recommended to conduct further studies in a
large samples may be helpful to investigate a
more subtle effect of this gene in this serious
phenotype. Such studies should also consider
possible interactions of this LepR variant with
other genetic polymorphisms.
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ﻋﻼﻗﻪ ﺗﻌﺪﺩ ﺍﻻﺷﻜﺎﻝ ﻓﻰ ﺟﻴﻦ ﻣﺴﺘﻘﺒﻼﺕ ﺍﻟﻠﺒﺘﻦ ﻭ ﻣﻘﺎﻭﻣﻪ ﺍﻟﻠﺒﺘﻦ ﻣﻊ ﻣﻘﺎﻭﻣﺔ ﺍﻻﻧﺴﻮﻟﻴﻦ ﻓﻰ ﺍﻟﺒﺪﻧﺎء ﺍﻟﻤﺼﺮﻳﻴﻦ
ﻋﺼﺎﻡ ﻣﺤﻤﺪ ﻋﺒﺪ ﺍﷲ  -ﻧﺎﻫﺪ ﻳﻮﺳﻒ ﻋﺒﺪ ﺍﻟﺮﺍﺯﻕ  -ﻣﺤﻤﺪ ﻣﺤﻤﺪ ﺍﻟﺸﺒﺮﺍﻭﻱ
ﺍﺣﻤﺪ ﺗﺎﺝ ﺍﻟﺪﻳﻦ ﻋﺒﺪ ﺍﻻﻩ  -ﻧﺸﻮﻱ ﺭﻣﻀﺎﻥ ﺍﻟﻌﻴﺴﻮﻱ
ﻳﺸﻬﺪ ﺍﻟﻌﺎﻟﻢ ﺗﻔﺎﻗﻢ ﻋﺎﻟﻤﻰ ﻓﻰ ﻣﺮﺽ ﺍﻟﺴﻤﻨﺔ ﻣﻊ ﺍﺭﺗﻔﺎﻉ ﺑﻤﻌﺪﻻﺕ ﺗﻨﺬﺭﺑﺎﻟﺨﻄﺮ ﻓﻰ ﺍﻟﺒﻠﺪﺍﻥ ﺫﺍﺕ ﺍﻟﺪﺧﻞ ﺍﻟﻤﻨﺨﻔﺾ ﻭ ﺍﻟﻤﺘﻮﺳﻂ
ﻭ ﻓﻲ ﺍﻟﺸﺮﻕ ﺍﻻﻭﺳﻂ ﻭﺩﻭﻝ ﺷﻤﺎﻝ ﺍﻓﺮﻳﻘﻴﺎ ﺗﻮﺟﺪ ﺍﻋﻠﻲ ﻧﺴﺒﺔ ﺍﻧﺘﺸﺎﺭ ﻟﻠﺒﺪﺍﻧﻪ ﻓﻲ ﺍﻟﻌﺎﻟﻢ ﺍﻟﺜﺎﻟﺚ  ٪٥٠ﺑﻴﻦ ﺍﻟﻨﺴﺎء ﻓﻲ ﻣﺼﺮ
ﻓﻲ ﻋﺎﻡ  .٢٠٠٨ﺍﻧﺘﺸﺎﺭ ﺍﻟﺴﻤﻨﻪ ﻻ ﻳﺰﻳﺪ ﻓﻘﻂ ﻣﻊ ﺍﻟﺘﻘﺪﻡ ﻓﻲ ﺍﻟﺴﻦ ،ﻭﻟﻜﻦ ﻫﻨﺎﻙ ﺍﺣﺘﻤﺎﻝ ﺍﻛﺒﺮ ﺍﻥ ﺍﻟﺴﻤﻨﻪ ﻓﻲ ﺑﺪﺍﻳﺔ ﻣﺮﺣﻠﺔ
ﺍﻟﻄﻔﻮﻟﻪ ﺍﻟﻤﺒﻜﺮﻩ ﺳﻮﻑ ﺗﺴﺘﻤﺮ ﻃﻮﺍﻝ ﻓﺘﺮﺓ ﺍﻟﺤﻴﺎﺓ  .ﻭﺗﺮﺗﺒﻂ ﺍﻟﺴﻤﻨﻪ ﻓﻲ ﻫﺬﻩ ﺍﻟﻤﺮﺣﻠﻪ ﺑﺰﻳﺎﺩﻩ ﻓﻲ ﺍﻻﺻﺎﺑﻪ ﺑﺎﻻﻣﺮﺍﺽ ﺍﻟﻨﻔﺴﻴﻪ
ﻭ ﻣﻀﺎﻋﻔﺎﺕ ﺍﻟﻘﻠﺐ ﻭ ﺍﻻﻭﻋﻴﻪ ﺍﻟﺪﻣﻮﻳﻪ  ،ﻭﺩﺍء ﺍﻟﺴﻜﺮﻱ ﻣﻦ ﺍﻟﻨﻮﻉ ﺍﻻﻭﻝ ﻭ ﺍﻟﺜﺎﻧﻲ .ﺍﻻﻧﺴﻮﻟﻴﻦ ﻳﺤﻔﺰ ﺍﻣﺘﺼﺎﺹ ﺍﻟﺠﻠﻮﻛﻮﺯ
ﻓﻲ ﺍﻻﻧﺴﺠﻪ ،ﻭﻗﺪﺭﺗﻬﺎ ﻋﻠﻲ ﺍﻟﻘﻴﺎﻡ ﺑﺬﻟﻚ ﻳﺨﺘﻠﻒ ﺍﺧﺘﻼﻓﺎ ﻛﺒﻴﺮﺍ ﺑﻴﻦ ﺍﻟﻨﺎﺱ .ﻭﻓﻲ ﺣﺎﻟﺔ ﻭﺟﻮﺩ ﻣﻘﺎﻭﻣﻪ ﻟﻼﻧﺴﻮﻟﻴﻦ ﻳﺤﺪﺙ ﺗﻀﺎﺅﻝ
ﻓﻲ ﻗﺪﺭﺓ ﺍﻻﻧﺴﺠﻪ ﻋﻠﻲ ﺍﻻﺳﺘﺠﺎﺑﻪ ﻟﻌﻤﻞ ﺍﻻﻧﺴﻮﻟﻴﻦ  .ﻭﻟﻠﺘﻌﻮﻳﺾ ﻋﻦ ﻫﺬﻩ ﺍﻟﻤﻘﺎﻭﻣﻪ ،ﻳﻔﺮﺯ ﺍﻟﺒﻨﻜﺮﻳﺎﺱ ﺍﻟﻤﺰﻳﺪ ﻣﻦ ﺍﻻﻧﺴﻮﻟﻴﻦ.
ﻭﺑﺎﻟﺘﺎﻟﻲ ﻳﺤﺪﺙ ﺍﺭﺗﻔﺎﻉ ﻓﻲ ﻧﺴﺒﺔ ﺍﻻﻧﺴﻮﻟﻴﻦ ﺑﺎﻟﺪﻡ ﻫﺮﻣﻮﻥ ﺍﻟﻠﺒﺘﻴﻦ ﻫﻮ ﺍﻟﻬﺮﻣﻮﻥ ﺍﻟﻤﺴﺌﻮﻝ ﻋﻦ ﺗﻨﻈﻴﻢ ﺍﻟﺪﻫﻮﻥ ﻓﻲ ﺍﻟﺠﺴﻢ ﻭ
ﻳﺘﻢ ﺗﺼﻨﻴﻌﻪ ﻓﻲ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺪﻫﻨﻴﻪ ﻓﻲ ﺍﻟﺠﺴﻢ  ،ﻭﻳﺘﻢ ﺗﺼﻨﻴﻌﻪ ﺑﻨﺎء ﻏﻠﻲ ﻧﺴﺒﺔ ﺍﻟﺪﻫﻮﻥ ﺍﻟﻤﻮﺟﻮﺩﻩ ﻓﻲ ﺍﻟﺠﺴﻢ .ﻣﺴﺘﻘﺒﻼﺕ ﺍﻟﻠﺒﺘﻴﻦ
ﺗﻠﻌﺐ ﺩﻭﺭﺍ ﺣﺎﺳﻤﺎ ﻓﻲ ﺗﻨﻈﻴﻢ ﻭﺯﻥ ﺍﻟﺠﺴﻢ ﻭﻓﻲ ﺍﻟﻌﺪﻳﺪ ﻣﻦ ﺍﻟﺪﺭﺍﺳﺎﺕ ﺗﺒﻴﻦ ﺍﻥ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﻓﻲ ﺟﻴﻦ ﻣﺴﺘﻘﺒﻼﺕ ﺍﻟﻠﺒﺘﻴﻦ ﻳﻤﻜﻦ
ﺍﻥ ﻳﺆﺩﻱ ﺍﻟﻲ ﺍﻟﺴﻤﻨﻪ ﺍﻟﻤﻔﺮﻃﻪ .ﻭﻣﻦ ﺧﻼﻝ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ ﻗﻤﻨﺎ ﺑﺪﺭﺍﺳﻪ ﻭﺟﻮﺩ ﻋﻼﻗﻪ ﺑﻴﻦ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﻓﻲ ﺟﻴﻦ ﻣﺴﺘﻘﺒﻼﺕ
ﻫﺮﻣﻮﻥ ﺍﻟﻠﺒﺘﻴﻦ ﻭ ﺍﻟﺴﻤﻨﻪ ﻭﺫﻟﻚ ﻋﻦ ﻃﺮﻳﻖ ﺍﺧﺬ ﻣﺠﻤﻮﻋﺘﻴﻦ ﻛﺎﻻﺗﻲ :ﺍﻟﻤﺠﻤﻮﻋﻪ ﺍﻻﻭﻟﻲ  ٤٤:ﻣﻦ ﺍﻻﻓﺮﺍﺩ ﺍﻟﺬﻳﻦ ﻳﻌﺎﻧﻮﻥ ﻣﻦ
ﺍﻟﺴﻤﻨﻪ ﺍﻟﻤﺘﺮﺩﺩﻳﻦ ﻋﻠﻲ ﻋﻴﺎﺩﺓ ﺍﻻﻣﺮﺍﺽ ﺍﻟﺒﺎﻃﻨﻴﻪ ﻓﻲ ﻣﺴﺘﺸﻐﻲ ﺟﺎﻣﻌﺔ ﻗﻨﺎﺓ ﺍﻟﺴﻮﻳﺲ ﻋﻠﻲ ﺍﻥ ﻳﺘﻢ ﺍﺳﺘﺒﻌﺎﺩ ﺍﻟﺴﻴﺪﺍﺕ ﺍﻟﺤﻮﺍﻣﻞ
ﻭ ﺍﻟﻤﺮﺿﻲ ﺍﻟﺬﻳﻦ ﻳﺘﻨﺎﻭﻟﻮﻥ ﺍﻱ ﺍﺩﻭﻳﻪ ﻟﻤﺜﻞ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﻪ .ﺍﻟﻤﺠﻤﻮﻋﻪ ﺍﻟﺜﺎﻧﻴﻪ ٤٤:ﻓﺮﺩ ﻛﻤﺠﻤﻮﻋﻪ ﻣﻘﺎﺭﻧﻪ ﻭ ﻻ ﻳﻌﺎﻧﻮﻥ ﻣﻦ
ﺍﻟﺴﻤﻨﻪ .ﻭﻗﻤﻨﺎ ﺑﺄﺧﺬ ﺗﺎﺭﻳﺦ ﻣﺮﺿﻲ ﻭﻋﻤﻞ ﻓﺤﺺ ﺍﻛﻠﻴﻨﻴﻜﻲ ﻭ ﻗﻴﺎﺱ ﺍﻟﻄﻮﻝ ﻭ ﺍﻟﻮﺯﻥ ﻟﻜﻞ ﻓﺮﺩ ﻟﺤﺴﺎﺏ ﻣﺆﺷﺮ ﻛﺘﻠﺔ ﺍﻟﺠﺴﻢ.
ﻭﻣﻦ ﺍﻟﺪﺭﺍﺳﻪ ﺗﺒﻴﻦ ﺍﻥ ﻫﻨﺎﻙ ﻋﻼﻗﻪ ﺍﻳﺠﺎﺑﻴﻪ ﻟﺒﻦ ﺍﻟﻤﺘﻐﻴﺮﺍﺕ ﻣﻦ ﺍﻟﺠﻴﻦ  gln٢٣٣arg lep rﻭﻛﻼ ﻣﻦ ﻣﻘﺎﻭﻣﻪ ﺍﻟﻠﺒﺘﻴﻦ ﻭ ﻣﻘﺎﻭﻣﺔ
ﺍﻻﻧﺴﻮﻟﻴﻦ .ﺣﻴﺚ ﻭﺟﺪ ﻣﻦ ﺍﻟﺪﺭﺍﺳﻪ ﺍﻥ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﻓﻲ  gln٢٢٣arg lep rﻳﺆﺛﺮ ﻋﻠﻲ ﻭﻇﺎﺋﻒ ﺍﻟﺘﻤﺜﻴﻞ ﺍﻟﻐﺬﺍﺋﻲ ﻭ ﺍﻟﺴﻤﻨﻪ
ﻭ ﺫﻟﻚ ﻣﻦ ﺧﻼﻝ ﻋﺪﻡ ﻛﻔﺎﺋﺔ ﻛﻞ ﻣﻦ ﻫﺮﻣﻮﻥ ﺍﻻﻧﺴﻮﻟﻴﻦ ﻭ ﺍﻟﻠﺒﺘﻴﻦ  .ﻭﻣﻦ ﺧﻼﻝ ﻧﺘﺎﺋﺞ ﺍﻟﺒﺤﺚ ﺗﻢ ﺍﻟﻜﺸﻒ ﻋﻦ ﻭﺟﻮﺩ ﻋﻼﻗﺔ ﺑﻴﻦ
ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﻓﻲ ﻣﺴﺘﻘﺒﻼﺕ ﻫﺮﻣﻮﻥ ﺍﻟﻠﺒﺘﻴﻦ ﻭﺍﻟﺴﻤﻨﻪ ﻭﺧﻠﺼﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﻲ ﺍﻥ  GLN٢٢٣ARGLepRﻳﻤﻜﻦ ﺍﻥ ﻳﻜﻮﻥ
ﻋﻼﻣﻪ ﻭﺭﺍﺛﻴﻪ ﻟﻠﺒﺪﺍﻧﻪ ﻓﻲ ﻣﺼﺮ  .ﺍﻟﺘﻮﺻﻴﺎﺕ  :ﺍﻣﻜﺎﻧﻴﻪ ﺍﺳﺘﺨﺪﺍﻡ ﺗﺤﻠﻴﻞ ﻧﺴﺒﻪ ﻫﺮﻣﻮﻥ ﺍﻟﻠﺒﺘﻦ ﺑﺎﻟﺪﻡ ﻛﺎﺧﺘﺒﺎﺭ ﻟﻤﻌﺮﻓﻪ ﻭﺟﻮﺩ
ﻣﻘﺎﻭﻣﻪ ﻟﻬﺮﻣﻮﻥ ﺍﻟﻠﺒﺘﻦ ﻣﻤﺎ ﻳﺴﺎﻋﺪ ﻓﻲ ﺍﻟﻌﻼﺝ ﺍﻻﻣﺜﻞ ﻟﻠﺴﻤﻨﻪ .ﺩﺭﺍﺳﻪ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﻓﻲ ﺟﻴﻦ ﺍﻟﻠﺒﺘﻦ ﻧﻔﺴﻪ ﻟﻤﻌﺮﻓﻪ ﻭﺟﻮﺩ
ﻋﻼﻗﻪ ﻣﻊ ﻣﺮﺽ ﺍﻟﺴﻤﻨﻪ .ﺩﺭﺍﺳﻪ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ ﻓﻲ ﺍﻟﺠﻴﻨﺎﺕ ﺍﻻﺧﺮﻱ ﺍﻟﻤﺴﺒﺒﻪ ﻟﻠﺴﻤﻨﻪ ﻭﻣﻌﺮﻓﻪ ﺍﻟﺘﺪﺍﺧﻞ ﻣﻊ ﺍﻟﺘﻌﺪﺩ ﺍﻟﺸﻜﻠﻲ
ﻓﻲ ﺟﻴﻦ ﻣﺴﺘﻘﺒﻼﺕ ﺍﻟﻠﺒﺘﻦ .
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TUMOR NECROSIS FACTOR GENE POLYMORPHISMS AND
THEIR ASSOCIATION WITH SUSCEPTIBILITY TO RHEUMATOID
ARTHRITIS, DISEASE ACTIVITY AND SEVERITY
Heba M. Zagloul *, Sanaa A. Elshafy *, Rabab A. Mohamed*and Enas A. Abdelaleem**
ABSTRACT
Rheumatoid arthritis (RA) is a chronic autoimmune disease that exhibits multifactorial inheritance resulting from a complex interplay between an individual’s genetic background and environment. Tumor necrosis factor (TNF), a proinﬂammatory
inﬂammatory cytokine has been shown to play a pivotal role in the pathogenesis of several autoimmune diseases including
RA. Aim:The present case control study was conducted to assess the association of LTA252A>G, TNFα-308G>A and TNFα1031T>C gene polymorphisms with RA and their involvement in disease activity and severity. Methods: PCR-RFLP was used
to detect the association of LTA252A>G, TNFα-308G>A and TNFα-1031T>C gene polymorphisms with RA. Results: TNF-α
308 G allele and TNF –α 308 GG genotype were signiﬁcantly higher in RA patients compared to healthy control subjects
(P=0.04; P=0.001, respectively). TNF-α 308 G allele and GG genotype were signiﬁcantly higher in the RA non-remission
group (P=0.008; P<0.001, respectively) compared to the remission group .On analysis of disease severity ,the TNF-α 308 AG
genotype was more frequently represented among RA patients compared to GG and AA genotypes (P=0.007). There was no
signiﬁcant association between LTA252A>G and TNFα-1031T>C gene polymorphisms and RA. Conclusion: Our results suggest that TNF-α 308 G/A gene polymorphism is genetically associated with Rheumatoid Arthritis and involved in disease activity and severity in the Egyptian population. Key words: Rheumatoid arthritis (RA), genetic susceptibility, TNF polymorphisms,
Polymerase chain reaction, Restriction fragment length polymorphism (PCR-RFLP).

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disease that affects 1% of the population
worldwide(48). It is a systemic disease which involves the organs, joints, and other areas of body
such as the eyes, lungs, heart, kidney, spleen,
and skin(20).
RA exhibits multifactorial inheritance resulting from a complex interplay between an individual’s genetic background and environment(16).
It has a complex etiology, including a wide
spectrum of clinical manifestations, variability
in disease severity, progression, and response to
therapies(18).
Abundant expression of pro- and antiinﬂammatory cytokines observed in the
affected tissues and serum of RA patients
clearly indicates the involvement of cytokines
in the etiopathology of RA(19). Tumor necrosis
factor (TNF), a proinﬂammatory inﬂammatory
cytokine has been shown to play a pivotal role in
the pathogenesis of several autoimmune diseases
including RA(19, 14, 17)..
TNF-α and TNF-β are closely related cytokines that share 30% amino acid residues and

use the same cell surface receptor(9). Nedwin et
al(30) reported that the TNF-α and TNF-β genes
are located in tandem on chromosome 6 between
the Class I and Class II cluster of the major histocompatibility complex (chromosome 6p21.1–
6p21.3). The proinﬂammatory cytokine TNFα is
a major factor involved in the RA inﬂammatory
state(14). The pleiotropic biological activities of
TNFα are mediated by its binding to TNF receptors (TNFR) Type I and II(23).
TNFα plays a central role in inﬂammation; it
induces the expression of other proinﬂammatory
molecules, chemotactic cytokines and adhesion
factors(12, 22). In vivo and in vitro studies have
shown that high levels of TNFα lead to exacerbation of the inﬂammatory response. This, together
with its potent immunomodulatory activities, has
been suggested to be important to the pathogenesis of diseases such as asthma, systemic lupus
erythematosus (SLE) and rheumatoid arthritis
(RA) (42, 4, 14).
Among the ﬁve polymorphisms (at position
+691,-238, -308, -851, and -857) of TNFα-308
gene identiﬁed by PCRSSCP analysis, TNFα308 polymorphism has been reported to be associated with several autoimmune diseases includ-
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ing RA
. The genetic variation on position
−308 results in two allelic forms in which the
presence of guanine (G) deﬁnes the common
variant and the presence of adenine (A) deﬁnes
the less common one. Tumor necrosis factor β
(TNF-β) which is closely linked to TNF-α, has
also been shown to contribute to the susceptibility of several autoimmune diseases(33,11). A
polymorphism has been reported at position
+252 within the ﬁrst intron of the TNF-β gene,
consisting of a Guanine (TNF-β +252G) on one
allele and an Adenine (TNF-β +252Α) on the alternate allele(28). The presence of G at this position deﬁnes the mutant allele known as TNF-β �
1 (allele-1) which is less frequent allele in white
subjects and is associated with higher TNF-α
and TNF−β production (28, 1)..
(26, 16)

Recently, a study on Japanese population has
shown that TNFβ (+252) polymorphism together with HLADRB1* 0405 inﬂuences the susceptibility to RA(41). To the best of our knowledge
there are only two cohorts elucidating the role
of TNF 308 G/A polymorphism in RA patients
in Egypt. On the other hand, there are no reports
investigating the roles of TNFα-1031T>C and
LTA252A>G gene polymorphisms in RA patients among Egyptian population. Given the
known importance of TNFgene in inﬂammatory
and/or immune functions and the variation in
susceptibility to immune disorders in different
ethnic groups, we investigated the possible association between LTA252A>G, TNFα-308G>A
and TNFα-1031T>C polymorphisms and susceptibility to RA in Egyptian patients. In addition, we investigated the association of these
polymorphisms with disease activity and severity.
MATERIALS AND METHODS

a rheumatologist and fulﬁlled the2010 ACR/EULAR (formerly, the American Rheumatism Association) classiﬁcation criteria(22). The healthy
control subjects, unrelated Egyptian age- and
sex matched individuals had no family history
of autoimmune diseases. The control group lives
in the same geographical area and has the same
ethnic origin as the patients. All cases and control subjects were informed of the purpose of the
study, and their consent was obtained. The local
ethics committee approved the study.
Clinical and laboratory assessment
Blood samples were obtained from all patients for determination of erythrocyte sedimentation rate (ESR; Westergreen), C-reactive protein (CRP), Rheumatoid factor (RF) by
semi quantitative latex (AVITEX® CRP and
AVITEX® RF, Omega Diagnostics). CRP was
considered positive> 6mg/Litre while RF is
considered positive≥8 IU/ml. Anti-cyclic cetrulinated peptide(Anti-CCP) was determined using
Enzyme linked immunosorbent technique (ELISA) using(QUANTA Lite® CCP3IgG ELISA,
INOVA Diagnostics)According to the manufacturer’s protocol serum was considered positive
when the reading was ≥20 units.
The modiﬁed disease activity score DAS 28
was calculated from hospital medical records for
all patients(47). DAS 28 score of higher than5-1
is indicative of high disease activity, whereas a
DAS 28 below3.2 indicates low disease activity.
A patient is considered in remission if the DAS
28 score is lower than 2.6.
In all patients plain radiographs of both
hand and feet in the postroanterior projection
were obtained. Van Der Heijde-modiﬁed Sharp
Score (vdHSS) was used to assess radiological
changes(44).

Patients

Genotyping

A total of 70 subjects of Egyptian origin, including 35 cases and 35 control subjects, were
included in the study. The RA patients were 34
females and one male. The RA patients were recruited from outpatient’s clinic of the Rheumatology Department of BeniSuef University Hospital,
Egypt, in the duration between March 2014 and
January 2015.Cases with RA were diagnosed by

Genomic DNA was extracted from EDTA
anti-coagulated whole blood using QIAamp
DNA Mini Kit(Cat.no.51104,QIAGEN) according to the manufacturer’s protocol. The three
sequences ﬂanking TNFα-1031T>C, TNFα308G>A and LTA252A>G single nucleotide
polymorphisms were ampliﬁed by polymerase
chain reaction (PCR). Genotyping of these poly-
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morphisms was determined by a restriction fragment length-polymorphism (RFLP) assay(6).
The270-bp region of the TNF-α1031gene,
encompassing
the1031T/C
polymorphism
site, was ampliﬁed via polymerase chain
reaction (PCR) using the sense (5’GGGGAGAACAAAAGGATAAG)
and
antisense (5’-CCCCATACTCGACTTTCATA)
primer pair(25). The total reaction volume was 25
µl.: 5µl. DNA, 12.5µl. Dream Taq green PCR
master mix (Fermentas), 1µl. of each primer and
5.5µl.nuclease –free water. Initially, the PCR
reaction was subjected to denaturation for 5 min
at 95°C, followed by 30 cycles of ampliﬁcation
(30 s at 95°C, 30 s at 55°C and 30 s at 72°C). A
ﬁnal elongation step (5 min at 72°C) was applied
at the end of the 30 cycles(10). The PCR is followed
by digestion with the restriction enzyme BbsI
(Thermo Scientiﬁc Cat. No.: FDo574) according
to the manufacturer’s protocol (C allele, 159 and
111 bp; T allele, 270 bp). (Fig. 1)(10). Digested
PCR fragments were separated by 4% agarose gel
electrophoresis stained with ethidium bromide
followed by ultra violet visualization.
The
Primers
(5’-AGGCAATAGGTTTTGAGGGCCAT-3’)and
(5’TCCTCCCTGCTCCGATTCC G-3’) were
used to amplify the107-bp DNA fragment of the
TNFα-308G>A polymorphism(25). The total PCR
reaction mixture was 25µl.: 5µl. DNA, 12.5µl.
Dream Taq green PCR master mix(Fermentas),
1µl. of each primer and 5.5µl.nuclease –free water
.The PCR Cycling conditions for TNFα-308G>A
were performed according to the protocol described by Bonyadi et al.: 5 min for initial denaturation at 95°C; 35cycles at 95°C for 1 min for
denaturation, 30 s at 65°C for annealing and 30 s
at 72°C for extension, followed by5 min at 72°C
for ﬁnal extension(10).After ampliﬁcation,PCR
products were digested (at 37°C) by NcoI
(Themo Scientiﬁc Cat. No.: FD0574) according to the manufacturer’s protocol (G allele, 87
and 20 bp; A allele, 107 bp) (Fig.2) (10). Digested
PCR products were electrophoresed in 4% agarose gel stained with ethedium bromide and followed by ultraviolet visualization. Primers (5’CCGTGCTTCGTGCTTTGGACTA-3’)
and
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(5’AGAGCTGGTGGGGACATGT CT G-3’)
were used to amplify the740-bp DNA fragment
to genotype the LTA252A>G polymorphism
The total PCR reaction mixture was 25µl.: 5µl.
DNA, 12.5µl. Dream Taq green PCR master
mix(Fermentas), 1µl. of each primer and 5.5µl.
nuclease –free water .The PCR cycling conditions were performed according to the protocol
described by Cabrara et al; (1995) with a slight
modiﬁcation: initial denaturation at 95°Cfor 5
minutes Followed by 35 cycles of ampliﬁcation:
94° C for 45 sec., 62.5° C for 45 sec. and a ﬁnal
extension at 72 °C for 1.5 min. PCR products
were digested (at 37°C) by NcoI (Thermo Scientiﬁc Cat. No.: FD0574) according to the manufacturer’s protocol .Digested PCR products were
electrophoresed in 4% agarose gel stained with
ethedium bromide and followed by ultraviolet
visualization. The digested products generated
185 bp and 555 bp bands for the G allele and a
107 bp band for the A allele (Fig. 3) (15).
Statistical Analysis
The collected data was reviewed, coding and
statistical analysis was done by using SPSS program (statistical package of social science; SPSS
Inc., Chicago, IL, USA) version 16 for Microsoft
Windows. Mean, median, range and standard deviation, were calculated to measure central tendency and dispersion of quantitative data while
frequency of occurrence was calculated to measure qualitative data. Student t test was used to
determine the signiﬁcance in difference between
two means. Chi-square-test (χ2) was done for
comparison of qualitative data and ﬁsher’s exact
test was used instead when the count of cell was
less than 5. Odds ratios (ORs) with 95% conﬁdence intervals (CI) were calculated whenever
applicable, to test association between genotype
and RA.Analysis of varience(ANOVA) test used
to determine the difference between more than
2 means. The signiﬁcance of the OR was calculated by a 2 by 2 contingency table.Genotype
distributions were compared with those expected for samples from populations in Hardy-Weinberg equilibrium using χ2test (1df). The level of
signiﬁcance was taken at p-value of <0.05.
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RESULTS
In the current study, we investigated
the possible association between RA disease and the TNFα gene promoter polymorphisms α-308A>G, α-1031 T>C and the TNFβ
polymorphism+252A>G (LTA252A>G) in the
Egyptian population in Beni- Suef Governorate.
We further compared the association of these
polymorphisms with disease severity according
to Sharp Score and disease activity according to
DAS 28 scoring system.
Concerning LTA252A>G gene polymorphism, the genotype frequencies of RA patients
and healthy controls conformed to the HardyWeinberg equilibrium (P= 0.2531; P=0.224, respectively). Similarly, for the TNFα-1031T>C
gene polymorphism, the genotype frequencies
of RA patients and healthy controls conformed
to the Hardy-Weinberg equilibrium (P=0.97;
P=013, respectively). As regards, TNFα308A>G gene polymorphism the genotype frequencies for cases showed deviation from HWE
(P=0.0019), while the genotype frequencies of
controls conformed to HWE (P=0.08).
The demographic, clinical and laboratory
data of RA patients and control group are demonstrated in Table 1.
Analysis of the distribution of TNFα-308 G/A
alleles in RA patients and controls revealed that
the G allele was higher than the A allele in the
patients’ group compared to the control group
and the difference was statistically signiﬁcant
(OR =2.67; P=0.040). Regarding the distribution of TNFα-308 genotypes, the GG genotype
was signiﬁcantly higher in patients than controls
(OR= 8.42 ( CI:1.9-42.3); P=0.001 Table 2).
Further on, analysis
of the distribution of TNFα-1031T/C and the TNF β
polymorphism+252A/G, revealed non-signiﬁcant differences in both allelic and genotypic
distributions among patient and control groups
(Table 2).
For the next analysis, the patients were divided into 2 groups according to the degree of
disease activity. The ﬁrst group represented the

patients in remission (DAS 28<2.6). The second
group represented the non-remission patients
which included: low activity patients (DAS
28≥ 2.6-<3.2), moderate activity patients (DAS
28≥ 3.2-≤ 5.2) and high activity group (DAS 28
>5.1)(10).
Analysis of the distribution of TNF-α 308
G/A revealed, that the frequency of the G allele
was higher than the A allele in the non- remission group. On the other hand, only two patients
carrying the A allele were in remission and there
were no patients in remission carrying the A allele. The difference between the two groups was
statistically signiﬁcant (P=0.008). On comparing
the distribution TNF-α 308 genotypes in both remission and non- remission group patients, the
GG genotype was more frequently represented
than the AG genotype and the AA genotypes, respectively and the difference was highly statistically signiﬁcant (P<0.001 Table 3). Analysis of
the frequency of distribution of alleles and genotypes in TNF-α1031 T/C and TNFβ +252A/G
polymorphism was statistically non- signiﬁcant
(Table 3).
In the current study, we assessed the degree
of disease severity in all patients, according to
Van der Heijde-modiﬁed Sharp Score (vdHSS).
Next, disease severity was compared to TNF-α
and TNF-β gene polymorphisms. On comparing
the frequency of distribution of TNF-α308
genotypes with disease severity, we detected
that the heterozygous mutant type (AG) was
more frequently represented than the wild type
(GG) genotype and the homozygous mutant
(AA) genotype, respectively, and the difference
was statistically signiﬁcant (P=0.007) (Table 4).
On the other hand, Analysis of the frequency
of distribution of genotypes in TNF-α1031
and TNF β +252 polymorphism according to
disease severity was statistically non- signiﬁcant
(P=0.105 and P=0.691, respectively) (Table 4).
We did not detect any association between
the distribution of TNF-α 308,TNF-α 1031 and
LTA252 genotypes , and age/sex of patients disease duration, CRP, RF and Anti CCP positivity
(data not shown).

(P=0.105 and P=0.691, respectively) (Table 4).
We did not detect any association between the distribution of TNF-� 308,TNF-�
1031 and LTA252 genotypes , and age/sex of patients disease duration, CRP, RF and
Anti CCP positivity (data not shown).

63

TNF Gene Polymorphisms and RA
Table 1. Demographic, clinical and laboratory of RA patients and control group
Table
1. Demographic, clinical and laboratory of RA patients and control group
Cases(35)

Controls(35)

Significance Test

P value

Mean ±SD
Range

45.63±13.93
20-70

40.51±12.63
22-65

Student t test
t= 1.60

0.112

Female
Male

34
1

33
2

�2=0.348

0.555

Demographic and clinical
data

Age

Sex:

97.1%
2.9%

Disease Duration (years)
Mean ±SD
median
Range

8.49±6.95
6
1-30

Sharp Score
Mean ±SD
Median
Range

37.31±26.40
30
10-90

DAS 28

94.3%
5.7%

4.77±1.44
2.30-7.75

Mean ±SD
Range

ESR (mm/hour)
Mean ±SD
Range
CRP Positivity

56.40±22.74

10-100
17/35
(48.6%)
17/35

CRP Positivity

(48.6%)

25/35 (71.4%)

RF Positivity

25/35 (71.4%)

RF Positivity

29/35 (82.9%)

Anti CCP Positivity

29/35 (82.9%)

Anti CCP Positivity

*Significant Difference (Pvalue<0.05)

Table 2.Comparison
of TNF� and TNF+� polymorphisms between Egyptian RA patients and healthy controls.
*Significant
Difference
(Pvalue<0.05)
*Signiﬁcant
Difference
(Pvalue<0.05)
Table
2.Comparison
TNFandTNF+β
TNF+�polymorphisms
polymorphisms between
healthy
controls.
Table
2.Comparison
ofof
TNFα �and
betweenEgyptian
EgyptianRA
RApatients
patientsand
and
healthy
controls.
Cases
(n=35)
%

Cases
(n=35)
30 85.7%
%

TNF� 308:
GG
AG
TNF�
AA 308:

3
2

8.6%
5.7%

7

10%

GG
AG
AAG

3085.7%
3
8.6%
2 90%
5.7%
63

G
A

63
7

A

TNF� 1031:
TT
TC
CC 1031:
TNF�

24
10
1

TT
TC
CCT

24
10
58
1

T
C LTA 252:

58
12

12

C

AA
AG
GG

15
18
2

LTA 252:
AA
AGA
GGG

15
18
48
2
22

Controls
(n=35)
%

Controls
(n=35)
54.3%
%

19
16
0

90%
10%
68.5%
28.6%
2.9%

68.5%
28.6%
82.86%
2.9%
17.14%

82.86%
17.14%

42.9%%
51.4%
5.7%

42.9%%
51.4%
68.57%
5.7%
31.43%

45.7%
0.0%

22.86%

54
16
21
14
0

21
60.0%
14
40.0%
56 0 80%0.0%

18
16
1

20%

56
14

18

Reference
interval
8.42 (1.9- 42.3)
0-0(0.0-7.18)

� =11.32
�2=1.24

80%
20%

51.4%
45.7%
2.9%

51.4%

45.7%
52 16 74.29%
2.9%
18 1 25.71%

P value

Significanc
e Test

2.67(0.94-7.791)

Reference
2.67(0.94-7.791)
Reference
0.63(0.20-1.90)
NAa

�2=0.85
�2=0.86

�2= 4.21

1.21(0.47-3.084)

Reference
1.35(0.46-3.95)
2.40(0.15-74.6)

�2=0.38
�2=0.50

<0.001�
0.266

0.040*

0.355
0.354

Reference
�2=0.85
�2= 0.189�2=0.86
0.63(0.20-1.90)
a
Reference
0.664
NA

Reference
1.21(0.47-3.084)

P value

<0.001*
0.266

Reference
�2=11.32
2
8.42 (1.9- 42.3)
2
�
=1.24
0.040*
� = 4.21
0-0(0.0-7.18)
Reference

77.14%
22.86%

60.0%
40.0%
0.0%

14

Significance
Test

Odds Ratio and
95% Confidence
2

19 54.3%
16
45.7%
0.0%
54 0 77.14%
16

Odds Ratio and
95% Confidence
interval

�2= 0.189

0.355
0.354

0.664

0.540
0,481

Reference

2
1.35(0.46-3.95)
Reference
P=0.454
�2=0.56 �2=0.38
2.40(0.15-74.6)
0.76(0.33-1.67)
� =0.50

0.540
0,481

*Significant difference (p value <0.05)
*Signiﬁcant
difference
(p
<0.05)to Hardy-Weinberg
–Allele 52
frequency
was calculated
according to Hardy-Weinberg
48value
68.57%
74.29%
P=0.454
Reference
A –Allele frequency
�2=0.56
was calculated
according
Equation(HWE)
25.71%
0.76(0.33-1.67)
G - NAa : non-applicable
Equation(HWE) -22NAa :31.43%
non-applicable 18
Table3. Comparison of TNF- � and TNF+� polymorphisms distribution according to DAS 28 scoring system:

*Significant difference (p value <0.05)
–Allele frequency was calculated according to Hardy-Weinberg Equation(HWE)
- DAS28
NAa : non-applicable Remission**
Non- Remission***
Odds Ratio and
Significance
P value
Table3. Comparison of TNFdistribution 95%
according to DASTest
28 scoring system:
N=1 � and TNF+� polymorphisms
N=34
TNF� 308:
DAS28

GG
AG

Confidence
interval

0
0

Remission**
0.0%
N=1
0.0%

30
3

Non- Remission***
88.2%
N=34
8.9%

Odds Ratio
and
�2=16.98
95%

Significance
0.000�
Test

P value
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Table3. Comparison
of TNF- �ofand
TNF+�
distribution
according
to DAS
scoring
system:
Table3. Comparison
TNF� andpolymorphisms
TNF+� polymorphisms
distribution
according
to 28
DAS
28 scoring
system:
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Table3. Comparison of TNF- α and TNF+β polymorphisms distribution according to DAS 28 scoring system:
DAS28 DAS28

**
Remission
Remission
N=1
N=1

TNF� 308:
TNF� 308:
GG 0
GG
AG 0
AG
AA 1
AA
A
A
G
GTNF� 1031:
TNF� 1031:
CC
CC
TC
TT
TC

TT

C
T
C
T LTA 252:
GG
LTA 252:
AG
GG
AA

AG
AA

G
A

2
0
0
0
1
0
2
0
1
0

**

Non- Remission***Odds Odds
Significance P value
P value
Non- Remission***
RatioRatio Significance
and 95%
N=34 N=34
and 95%
Test Test
Confidence
Confidence
interval
interval
�2=16.98

0.0%
0
0.0%
30
0
0.0%
0.0%
3
1
100%

30
88.2%
88.2%
3
8.9%
8.9%
1
2.9%

-

�2=16.98

2
100%
0 100% 0.0% 5

5
7.4%
63 7.4%92.6%

-

�2= 18.53

0
0.0%
0 0.0% 0.0%1
10
1 0.0% 100.0%

1
2.9%
10 2.9%29.4% 23 29.4%67.7%

0
20.0%

0.0%
100% 12

12
56

0.0%
0
1 0.0% 100.0%2
0
0.0%

2
17
15

1
1

21
47

100%

1

0.0%

63

100.0%

100%

23
56

100.0%
0.0%

50.0%
50.0%

1
50.0%
G*Significant difference
(p value <0.05)
1
50.0%
A

17
15
21
47

2.9%

92.6%

67.7%

-

�2=0.47

�2=0.47

17.6%

17.6%82.4%
82.4%
-

5.9%
5.9%50.0%
44.1%

50.0%
44.1%

30.9%
79.1%

30.9%
79.1%

�2= 18.53

-

2.24
0-86.93

2.24
0-86.93

�2= 0.43

�2= 0.43
�20.97
2

� 0.97
�2=0.33
2

� =0.33

0.000�

0.000�

0.008*

0.008*

0.790

0.790

1.00

1.00

0.615

0.615
P=0.532

P=0.532

(pvalue
value
<0.05)
Remission(p
group
(DAS
28<2.6) **Remission group (DAS 28<2.6) *** Non- remission group includes:
*Signiﬁcant difference
<0.05)
**
(lowRemission
activity
patients
(DASincludes:
28≥ 2.6-<3.2),
moderate
activitymoderate
patients
28≥ 3.2-≤ 5.2) and high
group
(DAS
28<2.6)
***
Nonremission
group
(low activity patients
(DAS 28� 2.6-<3.2),
activity (DAS
patients (DAS
28� 3.2-� 5.2) and high activity group(DAS 28 >5.1)
activity
group(DAS
28
>5.1)
*** Non- remission group includes: (low activity patients (DAS 28� 2.6-<3.2), moderate activity patients (DAS
** difference
*Significant

28� 3.2-� 5.2) and high
activity group(DAS
>5.1)
Table 4.Comparison
between
disease 28severity
(represented by Sharp Score) with gene polymorphisms in
Table 4.Comparison between disease severity (represented by Sharp Score) with gene polymorphisms in RA
patients
RA patients
Table 4.Comparison between disease severity (represented by Sharp Score) with gene polymorphisms in RA
Sharp Score
Anova Test
P value
patients Genotypes

(mean± SD)

Genotypes

Sharp Score
TNF-�308(mean± SD)
GG

Anova Test

P value

34.13±24.24

80.00±10.00
F=5.79
0.007
TNF-�308 AG
AA
21.00±12.72
GG
34.13±24.24
AG TNF-�103180.00±10.00
F=5.79
0.007*
CC
90.00±
AA
21.00±12.72
CT
31.50±24.86
F=2.42
0.105
TNF-�1031
TT
37.54±
CC
90.00±
CT
31.50±24.86
F=2.42
0.105
LTA 252
TT
those expected
for samples
from 37.54±
populations in Hardy-Weinberg equilibrium using a
�2test (1df).The level ofGG
significance was37.50±24.74
taken at p-value of <0.05.

GA

41.00±28.67

F=0.37

LTA 252 AA
32.87±24.75
GG
37.50±24.74
*
GA Difference
41.00±28.67
Significant
Difference
(Pvalue<0.05F=0.37
)
(Signiﬁcant
(Pvalue<0.05)
AA
32.87±24.75
*

*

0.691

0.691

Significant Difference (Pvalue<0.05)

Fig (1): PCR-RFLP analysis of TNF 1031
gene polymorphism using BbsI restriction enzyme:
M: DNA molecular weight marker: (50 , 75
100 ,150, 200, 300 bp)
Lanes 1, 4, 7, 9: Wild type (TT): 1 band 270
bp
Lanes 2, 3, 5, 8: Heterozygous mutant type
(TC): 3 band 111, 159 & 270 bp

.Fig (1): PCR-RFLP analysis of TNF 1031 gene polymorphism using BbsI restriction enzyme:
M: DNA molecular weight marker: (50 , 75 ,100 ,150, 200, 300 bp)
Lanes 1, 4, 7, 9: Wild type (TT): 1 bands 270 bp
Lanes 2, 3, 5, 8: Heterozygous mutant type (TC): 3 band 111, 159 & 270 bp
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Fig (2): PCR-RFLP analysis of TNF 308 gene
polymorphism using NcoI restriction
enzyme:
M: DNA molecular weight marker: (50 ,75 ,
100 ,150, 200, 300 bp)
Lanes 1, 2, 3, 4w, 6,7,8,9:wild type (GG): 2
bands 87 & 20 bp
Lane 5: Homozygous mutant type (AA): 1
Fig (2): PCR-RFLP analysis of TNF 308 gene polymorphism using NcoI restriction enzyme:
band 107 bp
M: DNA molecular weight marker: (50 ,75 ,100 ,150, 200, 300 bp)
Lanes 1, 2, 3, 4w, 6,7,8,9:wild type (GG): 2 bands 87 & 20 bp
Lanes 5: Homozygous mutant type (AA): 1 band 107 bp
Fig (2): PCR-RFLP analysis of TNF 308 gene polymorphism using NcoI restriction enzyme:

Fig (3): PCR-RFLP analysis of LTA 252
gene
polymorphism using NcoI reLanes 1, 2, 3, 4w, 6,7,8,9:wild type (GG): 2 bands
87 & 20 bp
striction
enzyme:
Lanes 5: Homozygous mutant type (AA): 1 band
107 bp
M: DNA molecular weight marker: (50 ,100
,150 ,200,……500 bp)
Lanes 1, 2, 3, 7, 9, 11, 13, 16 : Wild type
(AA): 1 band 750 bp
Lanes 5, 6, 8, 10, 12, 14, 15, 17 : Heterozygous mutant type (AG): 3 bands 185,
555 & 750 bp
Lane 4: Homozygous mutant type (GG): 2
bands 185& 555
M: DNA molecular weight marker: (50 ,75 ,100 ,150, 200, 300 bp)

Fig (3): PCR-RFLP analysis of LTA 252 gene polymorphism using NcoI restriction enzyme:

DISCUSSION

with altered levels of circulating TNF-α(39). Thus,
M: DNA molecular in
weightan
marker:
(50 ,100 ,150 ,200,……500
bp)
attempt
to increase
our understanding of
Lanes 1,Rheumatoid
2, 3, 7, 9, 11, 13, 16 : Wildarthritis
type (AA): 1 bands(RA)
750 bp is a complex, mulLanes 1, 2, 3, 7, 9, 11,
13,
16
:
Wild
type
(AA):
1
bands
750
bp
the interaction between the risk of development
tifactorial, inﬂammatory disease of unknown
of RA and the genetic polymorphism of TNF,
etiology with considerable variability. Both gewe studied TNF-α 308 G/A, TNF-α 1031 T/C
netic and environmental factors can contribute to
and LTA 252 A/G gene polymorphism with a
susceptibility to disease initiation as well as se(36)
speciﬁc aim to identify gene relation to susceptiverity of disease course . Fifty percent of risk
of developing rheumatoid arthritis is attributable
bility of RA, and its relation with disease severto genetic factors(45). Much progress has been
ity, and activity in RA patients.
made in identiﬁcation of genetic regions tagged
In the present study, on investigating the geby structural variation (single nucleotide polynetic association of TNFα 308 A/G and RA, the
morphisms); more than 30 genetic regions are
G allele was more frequently represented among
associated with rheumatoid arthritis(32).
RA patients than the A allele compared to the
SNPs are highly abundant, stable, and distribhealthy control group (p = 0.040). Similarly,
uted throughout the genome. These variations
The wild type (GG) genotype was more freare associated with diversity in the population,
quently represented among RA patients (85.7%)
individuality, susceptibility to diseases, and difin comparison to mutant (AA) genotype and the
ferential response to medical treatment(24)..
heterozygous(AG) genotype (5.7% and 8.6%,
Several polymorphisms within the promoter
respectively) compared to the healthy control
region of TNF-α and the intron 1 polymorphism
group (P=0.001).
of TNF-β, in particular, have been associated
M: DNA molecular weight marker: (50 ,100 ,150 ,200,……500 bp)

Fig (3): PCR-RFLP analysis of LTA 252 gene polymorphism using NcoI restriction enzyme:
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In accordance with our results Mosaad et
al.,(29) reported that the G allele was more frequently represented than the A allele among RA
patients compared to the healthy control group
(OR=6.7, P< 0.001). In addition, the distribution
of TNFα- 308 genotype, the GG homozygous
genotype was higher in patients with rheumatoid
arthritis than in healthy control group (P< 0.001).
Several studies conducted in other parts of the
world were in agreement with our results(7, 3).
However, in contrast to the results of the current study, Hussein et al.,(24) reported that TNF
308 AA genotype was more prevalent among the
patients and associated with RA susceptibility.
Similarly, in contrast to our ﬁndings, numerous
studies showed signiﬁcantly higher frequency of
allele A or genotype AA in RA patients compared
to control group suggesting that TNF-α –308A
allele is a predis-posing factor of RA(26,31,43,40).
On the other hand, non-signiﬁcant association between TNF-α –308 polymorphism and
RA susceptibility was observed in other case
control studies(27,35). .

Zagloul, H. M. et al

Although there is a plethora of literature regarding the role of TNF-α polymorphism in the
pathogenesis of a variety of autoimmune diseases as RA, only few studies have been reported on
the role of TNF-β in the pathogenesis of RA.
TNF-β belonging to the surrounding of TNFα locus has indeed been shown to play important
role in the pathogenesis of several autoimmune
diseases including RA. Immunological studies
on TNF-β showed its close resemblance to TNFα in terms of their pro-inﬂammatory and apoptotic activity(33).
A polymorphism has been reported at position +252 within the ﬁrst intron of the TNF-β
gene, consisting of nucleotides Guanine (TNFβ +252G) on one allele and Adenine (TNF-β
+252A) on the alternate allele (3). .
In the current study, LTA 252 A>G allele and genotype frequency distribution
was similar between patients and healthy
controls
(OR=1.32,P=0.454and
OR=1.41,
P=0.696,respectively). In accordance with the
results of the current study, Al Rayes et al.,(3) reported that the frequency of the mutated G allele
in cases and controls was (47.64 % vs. 51.19%).
The frequency of the wild A allele in both cases and controls respectively, was (52.45% vs.
48.80%) and the difference between alleles was
statistically insigniﬁcant (P= 0.457).

Our results regarding TNF-α308 G/A polymorphism could be explained by the fact that
these differences in ﬁndings may be attributed
to the ethnicity-related genetic makeup in different populations, which is evident from the highly
signiﬁcant variations in genotype data of TNF-α
–308 polymorphism among the healthy subjects
of various ethnicities(35,3). Hence, the gene-environment interaction might be responsible for the
signiﬁcant differences in the results of polymorphism association studies on RA patients from
various ethnicities/geographical locations(35). The
difference in results between patients groups in
different Egyptian governorates might be attributed to differences in study design, mean duration of RA and sample size.

In accordance with the results of the current
study, Zakeet al.(49) reported that LTA 252 A>G
genotype distribution was similar between patients and controls.

In the current study, there was no statistical
signiﬁcant difference detected on analyzing allelic and genotypic frequency distribution, of
TNFα 1031 T/C polymorphism in RA patients
compared to healthy control group (OR: 0.89,
P=0.784 and OR=0.68, P=0.393, respectively).
In agreement with our results Karry et al; (25)
found no signiﬁcant difference between RA patients and Healthy controls (P=0.79).

On the contrary, Karray et al.,(25) reported
that the LTA252A>G polymorphism is more
frequent in RA patients than in controls group.
The frequency of subjects with the G allele was
signiﬁcantly higher in RA patients than in controls group (p =0.01).They also, reported that
the homozygous mutant GG genotype was more
frequently represented among RA patients in
comparison to controls (p = 0.017). Similarly,

In contrast, Takeuchi et al.,(41), and Santos et
al.(38), reported an association between A allele
with RA. These studies showed that TNF-β +252
polymorphism together with HLA-DRB1*0405
inﬂuences the susceptibility to RA.

TNF Gene Polymorphisms and RA

Al-Rayes et al reported that GG genotype of
TNF-β (+252) polymorphism occurs more frequently in RA patients as compared to general
population
(3)

In the current study, we assessed the inﬂuence of TNF-α 308, TNF α- 1031 and LTA 252
allele and genotype distribution on disease activity. Analysis of the distribution of TNF-α 308
G/A revealed, that the frequency of the G allele
was higher than the A allele in the non- remission
group compared to the remission group and the
difference between the two groups was statistically signiﬁcant (P=0.008). There was a highly
statistically signiﬁcant association between wild
type (GG) genotype and disease activity represented by DAS28 (P<0.001). This could be explained by the fact that the activity of RA may
be modulated by the intensity of the inﬂammatory processes which are inﬂuenced by SNPs in
genes coding for the TNFα and iNOS(45). .
In accordance with our results Petra et al.,(34)
and Hussein et al; (24), indicated a positive
association between GG genotype and disease
activity. On the other hand,Nemecet al.,(31),and
Mosaad et al(29), found no signiﬁcant differences
in genotype distribution and allelic frequencies
of the TNF-α 308 G/A promoter polymorphism
between RA patients according to the disease
activity score DAS28.
Regarding disease severity represented by
sharp score, the heterozygous mutant (AG) genotype was more frequently represented among
RA patients compared to the wild type (GG) and
the homozygous mutant type (AA) which were
less frequently represented among RA patients.
The difference between the three groups was
statistically signiﬁcant (P= 0.007). The effect of
TNF-α 308 G/A polymorphism on disease severity could be explained by differences in TNFα synthesis. The production of TNF-α may be
associated with TNF-α promoter polymorphism.
In fact, linkage disequilibrium is strong in this
area, and it may be difﬁcult to study the role of
SNPs in isolation(3). Moreover, circulating TNFα levels might be under a multifactorial regulatory process. Circulating TNF-α level is regulated
at different stages: gene transcription, post transcription control of mRNA stability, cleavage of
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the membrane form to liberate the soluble form,
and the expression of receptors(43). .
Our results regarding radiological joint damage were in accordance with Rezaieyazdi et al,(37)
which documented the association between heterozygous mutant (AG) genotype with a worse
course of the disease.
However, in contrast, Nemec et al., (31), reported an association between severe course of
RA and TNF-α 308 GG genotype .This was also
reported by Barton et al., (18), who reported that
the G allele showed a trend towards worse radiological outcome at ﬁve years, as measured by the
presence or absence of erosions, in patients with
inﬂammatory arthritis.
On the other hand,Mosaad et al.,(29) , and Wilson et al.,(47), reported that RA patients with A
allele tend to have an increased number of erosions.
In the current, no statistically signiﬁcant association was found between TNF-α 1031T/C
polymorphism and RA disease activity and severity .
Contrary to our ﬁndings, Karray et al.,(25),
pointed out that the C allele was signiﬁcantly
higher in patients in remission of RA activity than those in the non-remission group (P=
0.028).In addition, TNF-α 1031 CC genotype
frequency was higher among the patients in the
remission group compared with patients in the
non- remission group (P= 0.0035).
In agreement with the results of the current
study, Barton et al.,(8), reported the absence of a
signiﬁcant association between TNF-α 1031 and
disease severity in RA patients.
There was no statistically signiﬁcant association detected as regards disease activity and
severity and their association with LTA 252
polymorphism. In agreement with our ﬁndings,
Karray et al., and Al Rayes et al., found also no
association with RA activity and severity (25,3).
In conclusion, these results suggest that the
TNF-α 308 G/A polymorphism of the TNF gene
can be genetically associated with the susceptibility to Rheumatoid Arthritis in our study group
and might bet involved in both disease activity
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and severity. Therefore, the TNF molecule may
have an important genetic and/or functional implication in the pathogenesis of RA and might
also be implicated in disease activity and severity in the Egyptian population.
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ﺗﻌﺪﺩ ﺍﻻﺷﻜﺎﻝ ﺍﻟﺠﻴﻨﻴﻪ ﻟﻌﺎﻣﻞ ﻧﺨﺮ ﺍﻻﻭﺭﺍﻡ ﻭﻋﻼﻗﺘﻪ ﺑﺤﺪﻭﺙ ﻣﺮﺽ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ ﻭﻋﻼﻗﺘﻪ ﺑﻨﺸﺎﻁ
ﺍﻟﻤﺮﺽ ﻭ ﺷﺪﺗﻪ
ﻫﺒﻪ ﺯﻏﻠﻮﻝ  -ﺳﻨﺎء ﻋﺒﺪ ﺍﻟﺸﺎﻓﻲ  -ﺭﺑﺎﺏ ﻣﺤﻤﺪ  -ﺍﻳﻨﺎﺱ ﻋﺒﺪ ﺍﻟﻌﻠﻴﻢ
ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ ﻫﻮ ﻣﺮﺽ ﻣﻦ ﺍﻣﺮﺍﺽ ﺍﻟﻤﻨﺎﻋﺔ ﺍﻟﺬﺍﺗﻴﺔ ﺍﻟﻤﺰﻣﻨﺔ ﺍﻟﺘﻲ ﺗﻈﻬﺮ ﺍﻟﻤﻴﺮﺍﺙ ﻣﺘﻌﺪﺩ ﺍﻟﻌﻮﺍﻣﻞ ﺍﻟﻨﺎﺗﺞ
ﻋﻦ ﺗﻔﺎﻋﻞ ﻣﻌﻘﺪ ﺑﻴﻦ ﺍﻟﺨﻠﻔﻴﺔ ﺍﻟﻮﺭﺍﺛﻴﺔ ﻟﻠﻔﺮﺩ ﻭﺍﻟﺒﻴﺌﺔ .ﻋﺎﻣﻞ ﻧﺨﺮ ﺍﻟﻮﺭﻡ )(TNFﻫﻮ ﻋﺎﻣﻞ ﺧﻠﻮﻯ ﻣﺴﺎﻋﺪ ﻟﻼﻟﺘﻬﺎﺏ ﻭﻗﺪ ﺗﺒﻴﻦ
ﺃﻧﻪ ﻳﻠﻌﺐ ﺩﻭﺭﺍ ﻣﺤﻮﺭﻳﺎ ﻓﻲ ﺍﻟﺘﺴﺒﺐ ﻓﻲ ﻋﺪﺩ ﻣﻦ ﺃﻣﺮﺍﺽ ﺍﻟﻤﻨﺎﻋﺔ ﺍﻟﺬﺍﺗﻴﺔ ﺑﻤﺎ ﻓﻰ ﺫﻟﻚ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ ﺍﻟﻬﺪﻑ:
ﺃﺟﺮﻳﺖ ﺍﻟﺪﺭﺍﺳﺔ ﻟﺘﻘﻴﻴﻢ ﺍﻟﻌﻼﻗﻪ ﺑﻴﻦ ﺗﻌﺪﺩ ﺍﻻﺷﻜﺎﻝ ﺍﻟﺠﻴﻨﻴﻪ ﻓﻰ  LTA252A>G،TNFα-308G>Aﻭ TNFα-1031T>C
ﻣﻊ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ ﻭﻋﻼﻗﺘﻬﻢ ﻣﻊ ﻧﺸﺎﻁ ﺍﻟﻤﺮﺽ ﻭﺷﺪﺗﻪ .ﺍﻷﺳﺎﻟﻴﺐ :ﺗﻢ ﺍﺳﺘﺨﺪﺍﻡ PCR-RFLPﻟﻠﻜﺸﻒ ﻋﻦ
ﻋﻼﻗﺔﺗﻌﺪﺩﺃﺷﻜﺎﻝ ﺍﻟﺠﻴﻨﺎﺕ  LTA252A>G،TNFα-308G>Aﻭ  TNFα-1031T>Cﻣﻊ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ.
ﺍﻟﻨﺘﺎﺋﺞ:ﺍﻇﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ  TNF-α 308 Gﺃﻟﻴﻞ ﻭ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻰ TNF -α 308 GGﺃﻋﻠﻰ ﺑﻜﺜﻴﺮ ﻓﻲ ﻣﺮﺿﻰ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ
ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻱ ﺑﺎﻟﻤﻘﺎﺭﻧﺔ ﻣﻊ ﺍﻷﺻﺤﺎء )P = 0.04؛  ،P = 0.001ﻋﻠﻰ ﺍﻟﺘﻮﺍﻟﻲ( .ﻛﻤﺎ ﺍﺷﺎﺭﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻳﻀﺎ ﺍﻟﻰ ﺍﻥTNF-α
 308 Gﺃﻟﻴﻞ ﻭ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻰ  GGﺃﻋﻠﻰ ﺑﻜﺜﻴﺮ ﻓﻲ ﺍﻟﻤﺠﻤﻮﻋﺔ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ ﺍﻟﺘﻰ ﺗﺘﻤﻴﺰ ﺑﻨﺸﺎﻁ ﺍﻟﻤﺮﺽ )P
= 0.008؛  P<0.001ﻋﻠﻰ ﺍﻟﺘﻮﺍﻟﻲ( ﻣﻘﺎﺭﻧﺔ ﻣﻊ ﺍﻟﻤﺠﻤﻮﻋﺔ ﺍﻟﺴﺎﻛﻦ ﺑﻬﺎ ﺍﻟﻤﺮﺽ .ﻋﻨﺪ ﺗﺤﻠﻴﻞ ﻧﺘﺎﺋﺞ ﺷﺪﺓ ﺍﻟﻤﺮﺽ ﻭﻋﻼﻗﺘﻪ
ﺑﺎﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻣﺎﺗﻮﻳﺪﻯ ،ﻭﺟﺪ ﺍﻥ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻰ AGﻓﻰ ﺟﻴﻦ TNFα-308ﺃﻛﺜﺮ ﺗﻮﺍﺗﺮﺍ ﺑﻴﻦ ﻣﺮﺿﻰ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ
ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻱ ﻣﻘﺎﺭﻧﺔ ﺍﻟﺸﻜﻞ ﺍﻟﺠﻴﻨﻰ GGﻭAAﺍﻟﻤﻮﺭﺛﺎﺕ)) .P = 0.007ﻟﻢ ﻳﻜﻦ ﻫﻨﺎﻙ ﺍﺭﺗﺒﺎﻁ ﺫﺍﺕ ﺩﻻﻟﺔ ﺇﺣﺼﺎﺋﻴﺔ ﺑﻴﻦ ﺍﻟﺘﻬﺎﺏ
ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻯ ﻭ ﺍﻷﺷﻜﺎﻝ ﺍﻟﺠﻴﻨﻴﻪ ﻟﺠﻴﻨﺎﺕ  LTA252A>Gﻭﻭ  .TNFα-1031T>Cﺍﻟﺨﻼﺻﺔ :ﻧﺘﺎﺋﺠﻨﺎ ﺗﺸﻴﺮ ﺇﻟﻰ
ﺃﻥ ﺗﻌﺪﺩ ﺍﻷﺷﻜﺎﻝ ﺍﻟﺠﻴﻨﻲ ﻓﻰ ﺟﻴﻦ  TNF-α 308 G / Aﻳﺮﺗﺒﻂ ﻭﺭﺍﺛﻴﺎ ﻣﻊ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻤﻔﺎﺻﻞ ﺍﻟﺮﻭﻣﺎﺗﻮﻳﺪﻱ ﻭ ﻟﻪ ﺻﻠﻪ ﻓﻲ ﻧﺸﺎﻁ
ﺍﻟﻤﺮﺽ ﻭﺷﺪﺗﻪ ﻓﻲ ﺍﻟﺸﻌﺐ ﺍﻟﻤﺼﺮﻱ
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CHARACTERIZATION OF VANCOMYCIN RESISTANT
ENTEROCOCCI BY MULTIPLEX PCR AND MALDI TOF BIOTYPER
Reem M. Hassan*and Sally I. Mostafa**
ABSTRACT
Introduction: Enterococci are intestinal commensals that showed an increase in the prevalence of infections caused by
them with the emergence of multi antimicrobial resistance, particularly to vancomycin. Vancomycin resistant Enterococci
(VRE) have been reported in many healthcare facilities causing a problem of transmission, resilience and difﬁcult to treat infections. Aims: We aimed to estimate the rate of vancomycin resistance among clinical isolates of Enterococcus spp. collected
from Cairo University Hospital through one year and to characterize their genotype and species type. Methods and Material:
Identiﬁcation of Enterococcus was done using routine phenotypic testing and MALDI TOF biotyper, followed by conventional
antimicrobial susceptibility testing then a single multiplex PCR reaction to detect genotype. Results: VRE were isolated from
14/682 (2.05%) of total Enterococcus spp. isolates, urine was the commonest sample 8/14 (57.2%). VanA genotype was found
in 10/14 (71.4%) of VRE isolates, 3 were E.faecalis and 7 were E.faecium. VanB genotype was found in only 2 isolates of
E.faecalis (14.3%) and vanC1 in 2 isolates of E. casseliﬂavus (14.3%). MALDI TOF biotyper showed 100% concordance with
multiplex PCR in species identiﬁcation. Conclusions: Though the rate of VRE was low in our isolates, yet, VRE are multidrugresistant pathogens that need awareness and intensive infection control measures to reduce transmission and to prevent the
development of hospital-acquired infections that are difﬁcult to treat even in settings with low VRE infections rates. Key-words:
VRE; multiplex PCR; genotyping; van genes; Enterococcus spp.; MALDI TOF

INTRODUCTION
Enterococci are Gram-positive intestinal
commensals of humans and other animals, in
addition to be an isolate from environmental
sources. During the past decades an increase in
the prevalence of infections caused by enterococci; such as bacteremia, endocarditis, urinary
tract infections and wound infections, along with
emergence of multi-antimicrobial-resistance,
particularly vancomycin-resistant enterococci
(VRE) has been reported in many health care facilities worldwide(2,10).
Among vancomycin-resistance phenotypes
in enterococci, VanA and VanB possess highest
clinical importance. Strains resistant to vancomycin and teicoplanin were assigned to VanA
phenotype while, those susceptible to teicoplanin
but resistant to vancomycin were considered as
the VanB phenotype(2). The vanAand vanBgene
clusters contain nine different genes for a twocomponent regulatory system (vanRand vanS),
three resistance genes (vanH, encoding dehydrogenase; vanA or vanB, encoding ligase; vanX,
encoding DD-dipeptidase); an accessory gene
(vanY); and the vanZgene, which is present in
the vanAgene cluster whereas, the vanWgene is

found only in the vanBoperon. VanA is carried
on Tn1546 whilst, VanB on transposons Tn1547
and Tn1549, which may be found on plasmids or
inserted on the chromosome(4).
Spread of vancomycin resistance can occur;
either through clonal expansion of VRE or horizontal transfer of van genes to other bacteria(8).

E. faecalis is the cause of 80–90 % of
human enterococcal endodontic infection(9).
Also, enterococci were reported as the third
most common cause of bacteremia(5). Both
the Surveillance and Control of Pathogens
of Epidemiological Importance (SCOPE)
and SENTRY (Antimicrobial Resistance
Surveillance Program) databases show of
enterococcal isolates from the bloodstream,
2 % of E. faecalis and 60 % of E. faecium
isolates were resistant to vancomycin(1). An
increase in the prevalence of Enterococcus
faecium(E. faecium)has been seen. This shift
is likely to be explained by the emergence
of vancomycin resistant enterococci (VRE)
and E. faecium being the dominant detect.
able species among them(7).
Many studies are reported on the conﬁdence
of MALDI-TOF MS for different microorgan-
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isms.Most of these studies included strains from
reference and culture collections. The application of MALDI-TOF MS in routine microbiology laboratories in many countries is now expanding as it has the advantage of identiﬁcation
of microorganisms in minutes versus conventional biochemical testing that takes 24 hours or
even more(14).
The aim of the study is to estimate vancomycin resistance among clinical isolates of Enterococci collected from Cairo University Hospital
through one year, to detect its genotype and
identify different Enterococcus spp., in a single
multiplex PCR reaction and compare this to a
newly introduced technique as MALDI-TOF
MS for species identiﬁcation.

identiﬁcation of all isolates as belonging to Enterococcus spp. was done by using catalase test,
esculin hydrolysis on Bile Esculin agar. All isolates were tested for antimicrobial susceptibility
using disc diffusion method, the panel used included; ampicillin 10µg, amoxicillin-clavulanic
20/10µg, gentamicin 200µg, doxycycline 30µg,
ciproﬂoxacin 5µg, linezolid 30µg and vancomycin 30µg. Minimum inhibitory concentrations (MICs) of vancomycin were determined
by Broth microdilution method. Performance
and interpretation of both methods were done
according to Clinical Laboratory Standards Institute, Performance Standards for Antimicrobial
Susceptibility Testing(3).

During the period from October 2012 to October 2013, fourteen VRE isolates were obtained
out of a total of 682 Enterococcus spp. isolated
in the microbiology laboratory, from our teachingCairo University Hospital.

All isolates were identiﬁed by MALDITOF
MS on a Microﬂex LT instrument (Bruker Daltonics GmbH, Leipzig, Germany) with FlexControl (version 3.0) software (Bruker Daltonics) for
the automatic acquisition of mass spectra in the
linear positive mode within a range of 2 to 20
kDa, according to the instructions of the manufacturer.

Samples collected were subjected to culture
according to the type of each; urine on CLED
agar, blood using Bactec 9240 blood culture
system, sterile body ﬂuids and wound swabs
on Blood agar, MacConkey agar and Chocolate
agar, incubated for 24 hours at 37oC. Phenotypic

Bacterial DNA extraction was done by boiling method. Multiplex PCR was performed for
identifying Enterococcus species and to detect
the presence of different vancomycin resistance
genes “Van genes” Primers’ sequences(6) and
ampliﬁed PCR product size are listed in table 1.

SUBJECTS AND METHODS

Table
1: Primers’
sequences
and
PCR amplified
size used
in to
multiplex
Table
1: Primers’
sequences
and PCR
ampliﬁed
product sizeproduct
used in multiplex
PCR
detect VanPCR
genesto
(6)
andVan
Enterococcus
sppEnterococcus
.
detect
genes and
spp. (6)
Gene

Primer sequence

PCR product size in
base-pair

E. faecuim

E. faecalis

Van A

F1:

TAGAGACATTGAATATGCC

F2:

TCGAATGTGCTACAATC

E1:

ATCAAGTACAGTTAGTCT

E2:

ACGATTCAAAGCTAACTG

A1: GGGAAAACGACAATTGC
A2:

Van B
Van C-1

Van C-2, Van C-3

(size: 550)

(size: 941)

(size:732)

GTACAATGCGGCCGTTA

B1:

ATGGGAAGCCGATAGTC

B2:

GATTTCGTTCCTCGACC

C1:

GGTATCAAGGAAACCTC

C2:

CTTCCGCCATCATAGCT

D1:

CTCCTACGATTCTCTTG

D2:

CGAGCAAGACCTTTAAG

(size:635)
(size:822)

(size:439)

DNA amplification was done as previously described (6).Briefly, in a total of 50 µlreaction
volume, 10 µl of extracted DNA (approximately 125 ng), 25 pmol ofeach primer (Bioneer,
AccuOligo®), and 25 µl KAPA2GTM Robust HotStart ReadyMix (2X), containing; Taq DNA
polymerase in buffer, dNTPs (0.2mM of each dNTP at 1X), MgCl2 (2mM at 1X) and stabilizers.
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VRE were isolated from different clinical samples as; urine (8/14)57.2%, blood
(3/14)21.4%, wound (2/14)14.2% while pleural
ﬂuid (1/14)7.2%.

DNA ampliﬁcation was done as previously
described(6). Brieﬂy, in a total of 50 µl reaction
volume, 10 µl of extracted DNA (approximately 125 ng), 25 pmol of each primer (Bioneer,
AccuOligo®), and 25 µl KAPA2GTM Robust
Susceptibility pattern of the VRE isolates
HotStart ReadyMix (2X), containing; Taq DNA
was: resistance to ampicillin (13/14) 92.8%,
polymerase in buffer, dNTPs (0.2mM of each
amoxicillin-clavulanic (13/14) 92.8%, gentamidNTP at 1X), MgCl2 (2mM at 1X) and stabilizcin (12/14) 85.7%, doxycycline (12/14) 85.7%,
ers. Cycling conditions were as follows: 94°C
ciproﬂoxacin (14/14) 100%, linezolid (0/14)
for 3 min, and then cycles at 94°C for 1 min, an0%. All VRE isolated from urine samples were
nealing at 54oC for 1 min, then 72°C for 1 min,
sensitive to Linezolid and nitrofurantoin.
followedby a ﬁnal extension at 72°C for 10 min.
VRE were isolated
from differentproducts
clinical samples
urine (8/14)57.2%,
blood (3/14)21.4%,
Minimum inhibitory concentration of differDetection
of ampliﬁed
wasas; done
by
wound
(2/14)14.2%
while
pleural
fluid
(1/14)7.2%.
ent Enterococcus spp. (MICs) to vancomycin as
electrophoresis on 1.5% agarose gel. The gels
determined
by reference broth microdilutionwere
stainedpattern
withofEthidium
bromide
and photoSusceptibility
the VRE isolates
was: resistance
to ampicillin (13/14)
92.8%,
method
was ≥512 µg/ml in all isolates harboring
graphed
under UV(13/14)
light.
Each
PCR (12/14)
assay85.7%,
wasdoxycycline
amoxicillin-clavulanic
92.8%,
gentamicin
(12/14) 85.7%,
vanA gene.
ciprofloxacin (14/14)
linezolid (0/14)
0%. All
VRE isolated from urinesamples
were While, MIC was 64 µg/ml for isoaccompanied
with100%,
a negative
control,
containing
Linezolid and
nitrofurantoin.
lates harboringvanB gene and vanC1 gene.
allsensitive
of thetoreagents
without
template DNA.
Minimum inhibitory concentration
of different Enterococcus spp. (MICs) to vancomycin
as
RESULTS
The statistical

evaluation of MALDI TOF for
spp.
identiﬁcation against multiOut of a total of 682 Enterococcus spp. isovanA gene. While, MIC was 64 µg/ml for isolates harboringvanB gene and vanC
gene.
1
plex PCR showed 100% concordance in results,
lated in Cairo University Hospital during the
where
between categories was done
study
period,evaluation
fourteen
VRE TOF
isolates
were identiThe statistical
of MALDI
for Enterococcus
spp. identification
againstagreement
multiplex
using
ﬁed
representing
2.05% of
the total.
PCR
showed 100% concordance
in results,
where agreement between categories
was Kappa
done usingmeasure of agreement.Results of
MALDI
TOF are shown in ﬁgure 1.
Kappa measure of agreement.Results of MALDI TOF are shown in figure 1.
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Figure 1: Results of some isolates using MALDI TOF MS (Bruker Daltonics)
A: representative E. faecium
B: representative E. faecalis
C: scoring system used by MALDI TOF MS, Flex Control (version 3.0) software
We found vanAgene in 71.4% (10/14) of VRE isolates, three were E.faecalis and seven were
E.faecium. VanB gene was found in two isolates of E.faecalis (14.3%) and vanC1 gene in

Figure 1: Results of some isolates
using MALDI TOF MS
(Bruker Daltonics)
A: representative E. faecium
B: representative E. faecalis
C: scoring system used by MALDI
TOF MS, Flex Control (version 3.0) software
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We found vanAgene in 71.4% (10/14) of
VRE isolates, three were E.faecalis and seven
were E.faecium. v anB gene was found in two
1

822 bp

2

3

4

5

6
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isolates of E.faecalis (14.3%) and vanC1 gene in
another two isolates of E. casseliﬂavus (14.3%).
Data is shown in ﬁgure 2.

7

941 bp

732 bp
Ladder

635bp

500 bp

550 bp

200 bp

Figure 2: PCR of representative
VRE isolates in this study.
lane 1; E.faecalis isolate
vancomycin sensitive, lane
2; an isolate harboring
vanC1, lane 3; non-enterococcal isolate (Staph. aureus), lane 4; E.faecalis isolate harboring vanA, lane 5;
E.faeciumisolate harboring
vanB, lane 6; non-template
negative control, lane 7; size
100 bp ladder.

FigureDISCUSSION
2: PCR of representative VRE isolates in this study. lane 1; E.faecalis isolate
cedures with the MALDI Biotyper to detect
vancomycin sensitive, lane 2; an isolate harboring vanC1, lane 3; non-enterococcal isolate
VRE.
In this (Staph.
study,
we
adopted
another
apaureus), lane 4; E.faecalis isolate harboring vanA, lane 5; E.faeciumisolate
proach in harboring
detectionvanB,
of VRE
clinical samlane 6; in
non-template
negative control, VRE
lane 7; size
100 bp ladder.
isolates
(14/682) were found in

ples. We screened isolates of Enterococcus
urine 8/14 (57.2%), blood 3/14 (21.4%),
Discussion:
spp. for phenotypic vancomycin resistance
(14.2%),
pleural ﬂuid 1/14
In this study, we adopted another approach in detectionwound
of VRE in 2/14
clinical samples.
We screened
then identiﬁed their species and resistance
(7.2%),
which
was similar
to the distribution
isolates of Enterococcus spp. for phenotypic vancomycin
resistance
then identified
their species
genotype using
a multiplex PCR reaction.
found in another study conducted in Iran,
and resistance genotype using a multiplex PCR reaction.
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In the present study we used the MALDI
In theEnterococcus
present study we used
the MALDI
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were
correctly
identiﬁed
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.
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tal Enterococcus isolates (8/206) and were
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biochemical testing and also
biochemical testing and antimicrobial susceptibility testing
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lead to wound
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detected
mostly
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less than performing
PCR
for
isolate
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implementation of infection control measures for VRE specimens
faster than expected
from
other
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.
tiﬁcation. Another advantage was the ability
methods. The drawback with the use of MALDI Biotyper was the inability to identify
to identify E. casseliﬂavus the species with
VanA was the predominant genotype
intrinsic resistance to vancomycin on the
found in our VRE isolates (71.4%) followed
same day of isolate growth without the need
by vanB which was found in only two isoto wait for biochemical testing and antimilates (14.3%) and vanC1 in another two
crobial susceptibility testing (16-18 hours).
(14.3%).E. faecium was identiﬁed in 7/14
This will lead to rapid implementation of
(50%) isolates all harboring vanA gene with
infection control measures for VRE faster
vancomycin MIC≥512 µg/ml, while E. faethan expected from other testing methods.
calis was identiﬁed in 5/14 (35.7%) isolates;
The drawback with the use of MALDI Biothree harbored vanA gene with vancomycin
typer was the inability to identify EnterocoMIC≥512 µg/ml and two harbored vanB gene
cus spp. and detect vancomycin resistance in
with vancomycin MIC 64 µg/ml. Two isothe same setting and so the need to wait for
lates had vanC1 gene (14.3%), and identiﬁed
susceptibility testing or special testing proas E. casseliﬂavus by MALDI-TOF MS.
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The authors of the present study were not
able to identify other species, on the contrary to another study, where all strains were
identiﬁed to species level and were found to
consist of E. faecalis (69.2%), E. faecium
(11.3%), E. avium (2.1%), E. hirae (0.8%),
E. casseliﬂavus (1.3%) and E. gallinarum
(1.3%) species(11).
In the study conducted in Saudi arabia,
E. faecium represented 62.5% (5/8) of VRE
cases, while E. faecalis was 37.5% (3/8), all
were VanA genotype with MICs > 32 μg/
ml.One strain was identiﬁed as VanB genotype with intermediate resistance to vancomycin (MICs 6-12 μg/ml) and four strains
were VanC genotype (three E. gallinarum
and one E. casseliﬂavus) with intermediate
resistance to vancomycin (MICs 6-12 μg/
ml)(11).
Other studies also, found that vanA gene
was the dominant vancomycin resistance
gene, as the one conducted in Iran, where
vanA gene represented 89.58% of VRE
cases. Also, E. faecium that harbored vanA
gene (35 cases) had vancomycin MICs≥ 256
µg/ml, except one (MIC=8µg/ml), while all
E. faecalis showed MICs ≥ 256 µg/ml, 8 of
which carried vanA gene while, two strains
carried neither vanA nor vanB gene. In that
study they didn’t target other van genes(12).
In another study conducted in China for
the molecular characterization of vancomycin-resistant enterococci (VRE), all E. faecalis exhibited vancomycin MIC of ≥256
μg/mL and harbored vanA gene, except for
one vanB gene carrying strain with MIC value of 32 μg/mL. Three E. faecium displayed
vancomycin MIC ≥256 μg/mL, two of which
harbored vanAgene while only one carried a
vanB(13).
Susceptibility pattern of isolates in the present study showed high level of resistance to most
drugs used against Enterococcus spp. Most of
VRE isolates were resistant to most drugs used
in the enterococcal panel but linezolid, except
one case that was sensitive to ampicillin.
This was also found in other studies, where
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all the vancomycin-resistant isolates were sensitive to linezolid and resistant to different antibiotics as erythromycin, ciproﬂoxacin and highlevel streptomycin(11, 13).
Conclusion
VanA was the predominant genotype found
in VRE isolates (71.4%) followed by vanB
which was found in only two isolates (14.3%)
and vanC1 in another two (14.3%). VRE are
multidrug-resistant pathogens that need awareness and intensive infection control measures to
reduce transmission to prevent the development
of hospital-acquired infections that are difﬁcult
to treat even in settings with low VRE clinical
infection rates.
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ﺗﻌﺮﻳﻒ ﻣﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﺍﻟﻤﻘﺎﻭﻡ ﻟﻠﻔﺎﻧﻜﻮﻣﺎﻳﺴﻴﻦ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ ﺍﻟﻤﺘﻌﺪﺩ ﻭ ﺟﻬﺎﺯ ﻣﺎﻟﺪﻯ ﺗﻮﻑ
ﺭﻳﻢ ﺣﺴﻦ  -ﺳﺎﻟﻲ ﻣﺼﻄﻔﻲ
ﻣﻘﺪﻣﺔ :ﻳﻌﺘﺒﺮ ﻣﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﻣﻦ ﺍﻟﻤﻴﻜﺮﻭﺑﺎﺕ ﺍﻟﻄﺒﻴﻌﻴﺔ ﺍﻟﻤﻌﻮﻳﺔ ﺍﻟﺘﻰ ﺯﺍﺩ ﻣﻌﺪﻝ ﺍﻻﺻﺎﺑﺔ ﺑﺎﻟﻌﺪﻭﻯ ﺍﻟﺘﻰ ﺗﺴﺒﺒﻬﺎ  ,ﻛﻤﺎ ﺯﺍﺩﺕ
ﻣﻌﺪﻻﺕ ﺍﻟﻤﻴﻜﺮﻭﺏ ﺍﻟﻤﻘﺎﻭﻡ ﻟﻌﺪﻳﺪ ﻣﻦ ﺍﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻮﻳﺔ ﺧﺎﺻﺔ ﺍﻟﻔﺎﻧﻜﻮﻣﻴﺴﻴﻦ .ﻭ ﻗﺪ ﺯﺍﺩﺕ ﺍﻳﻀﺎ ﻧﺴﺒﺔ ﻣﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﺍﻟﻤﻘﺎﻭﻡ
ﻟﻠﻔﺎﻧﻜﻮﻣﺎﻳﺴﻴﻦ ﻓﻰ ﺣﺎﻻﺕ ﺍﻻﺻﺎﺑﺔ ﺑﻌﺪﻭﻯ ﺍﻟﻤﺴﺘﺸﻔﻴﺎﺕ ﻣﻊ ﻭﺟﻮﺩ ﻣﺸﻜﻠﺔ ﻓﻰ ﺍﻧﺘﻘﺎﻝ ﺍﻟﻤﻴﻜﺮﻭﺏ ﻭ ﺑﻘﺎءﻩ ﺑﺎﻟﻤﻜﺎﻥ ﻭ ﺻﻌﻮﺑﺔ ﻋﻼﺟﻪ .ﻏﺮﺽ
ﺍﻟﺒﺤﺚ :ﺗﻘﺪﻳﺮ ﻧﺴﺒﺔ ﺍﻟﻤﻘﺎﻭﻣﺔ ﻟﻠﻔﺎﻧﻜﻮﻣﺎﻳﺴﻴﻦ ﻣﻦ ﺍﻟﻌﺰﻻﺕ ﺍﻻﻛﻠﻴﻨﻴﻜﻴﺔ ﻟﻤﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﻣﻦ ﻣﺴﺘﺸﻔﻴﺎﺕ ﺟﺎﻣﻌﺔ ﺍﻟﻘﺎﻫﺮﺓ ﻓﻰ ﺧﻼﻝ
ﻋﺎﻡ ﻭ ﺗﺤﺪﻳﺪ ﻧﻮﻋﻬﺎ ﺍﻟﺠﻴﻨﻰ .ﻃﺮﻳﻘﺔ ﺍﻟﺒﺤﺚ :ﺗﻌﺮﻳﻒ ﻣﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﺑﺎﻟﻄﺮﻕ ﺍﻟﻤﻌﻤﻠﻴﺔ ﺍﻟﻤﻌﺘﺎﺩﺓ ﻭ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺟﻬﺎﺯﻣﺎﻟﺪﻯ ﺗﻮﻑ
ﺛﻢ ﻋﻤﻞ ﺍﺧﺘﺒﺎﺭ ﺍﻟﺤﺴﺎﺳﻴﺔ ﻟﻠﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻮﻳﺔ ﻭ ﺗﺤﺪﻳﺪ ﺍﻟﻨﻮﻉ ﺍﻟﺠﻴﻨﻰ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ ﺍﻟﻤﺘﻌﺪﺩ ﻓﻰ ﺧﻄﻮﺓ ﻭﺍﺣﺪﺓ .ﺍﻟﻨﺘﺎﺋﺞ:
ﺗﻢ ﻋﺰﻝ ﻣﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﺍﻟﻤﻘﺎﻭﻡ ﻟﻠﻔﺎﻧﻜﻮﻣﺎﻳﺴﻴﻦ ﻓﻰ  (2.05%) 14/682ﻣﻦ ﻣﺠﻤﻮﻉ ﻋﺰﻻﺕ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ .ﻛﺎﻧﺖ ﺍﻏﻠﺐ
ِ
ﺍﻟﻌﺰﻻﺕ ﻣﻦ ﻋﻴﻨﺎﺕ ﺍﻟﺒﻮﻝ  .(57.2%) 8/14ﺗﺒﻴﻦ ﻭﺟﻮﺩ ﺍﻟﻨﻮﻉ ﺍﻟﺠﻴﻨﻰ ﻓﺎﻥ )ﺃ( ﻓﻰ  (71.4%) 10/14ﻣﻦ ﺍﻟﺤﻼﺕ ,ﺛﻼﺛﺔ ﻣﻨﻬﻢ ﻣﻴﻜﺮﻭﺏ
ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﻓﻴﻜﺎﻟﻴﺲ ﻭ ﺳﺒﻌﺔ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﻓﻴﻴﻜﻴﻴﻢ ﻭ ﺍﻟﻨﻮﻉ ﺍﻟﺠﻴﻨﻰ )ﺏ( ﻓﻰ ﺣﺎﻟﺘﻴﻦ ,ﻫﻤﺎ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﻓﻴﻜﺎﻟﻴﺲ ﻭ ﺍﻟﻨﻮﻉ ﺍﻟﺠﻴﻨﻰ
)ﺳﻰ (1ﻓﻰ ﺣﺎﻟﺘﻴﻦ ﺍﺧﺮﻳﻴﻦ ,ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﻛﺎﺳﻴﻠﻴﻔﻼﻓﻴﺲ .ﺃﻇﻬﺮ ﺟﻬﺎﺯﻣﺎﻟﺪﻯﺗﻮﻑ ﺗﻮﺍﻓﻖ  100%ﻣﻊ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ ﺍﻟﻤﺘﻌﺪﺩ.
ﺍﻻﺳﺘﻨﺘﺎﺝ :ﻳﻌﺘﺒﺮ ﻣﻴﻜﺮﻭﺏ ﺍﻻﻧﺘﻴﺮﻭﻛﻮﻛﻜﺎﺱ ﺍﻟﻤﻘﺎﻭﻡ ﻟﻠﻔﺎﻧﻜﻮﻣﺎﻳﺴﻴﻦ ﻣﻦ ﺍﻟﻤﻴﻜﺮﻭﺑﺎﺕ ﺍﻟﺨﻄﻴﺮﺓ ﺍﻟﺘﻰ ﺗﺤﺘﺎﺝ ﺍﺗﺒﺎﻉ ﺍﺣﺘﻴﺎﻃﺎﺕ ﻣﻜﺎﻓﺤﺔ ﺍﻟﻌﺪﻭﻯ
ﺑﺪﻗﺔ ,ﻭ ﻟﺬﺍ ﻓﺎﻥ ﺳﺮﻋﺔ ﺍﻛﺘﺸﺎﻓﻪ ﻭ ﺗﺤﺪﻳﺪ ﻧﻮﻋﻪ ﺍﻟﺠﻴﻨﻰ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻔﺎﻋﻞ ﺍﻟﺒﻠﻤﺮﺓ ﺍﻟﻤﺘﺴﻠﺴﻞ ﺍﻟﻤﺘﻌﺪﺩ ﻳﺴﺎﻋﺪ ﻋﻠﻰ ﺗﻘﻠﻴﻞ ﺍﻧﺘﻘﺎﻟﻪ ﻭ ﺍﻟﺤﺪ ﻣﻦ ﺍﻧﺘﺸﺎﺭ
ﺍﻟﻌﺪﻭﻯ ﺑﻪ ,ﻭ ﺍﻟﺤﻔﺎﻅ ﻋﻠﻰ ﻣﻌﺪﻻﺕ ﺍﻟﻌﺪﻭﻯ ﺑﻤﺴﺘﻮﻯ ﻗﻠﻴﻞ.
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THE ROLE OF HEPATITIS B CORE ANTIBODY IN IMPROVING
BLOOD SAFETY IN RESOURCE- LIMITED COUNTRIES
STUDY ON VOLUNTARY BLOOD DONORS FAYOUM, EGYPT
Abeer Mohamed Abdelrazik and Hossam M. Abdelaziz
ABSTRACT
Background: Transmission of hepatitis B virus (HBV) via hepatitis B surface antigen (HBsAg) negative blood donors has
been reported. HBsAg is still the only mandatory HBV screening test of blood donors in Egypt due to high cost of DNA testing
of all collected blood. Many resource- limited countries have implemented screening antibodies to hepatitis B core antigen
(anti-HBc) to further improve transfusion safety. The objective of study was to evaluate the signiﬁcance of screening anti-HBc
to reduce the risk of transfusion transmitted HBV infection in Egypt. Study design and methods: study was conducted on 800
voluntary blood donors negative for HBsAg, hepatitis C antibody (HCVAb) and human immunodeﬁciency virus Ab. They were
subjected to screening for anti-HBV core antibodies (total). Anti-HBc-positive samples were further tested for the antibodies
to HBsAg (anti-HBs), and “anti-HBc alone” sera were tested for HBV DNA. Among 800 healthy voluntary donors, 99 (12.37
%) were anti-HBc-positive including 78 anti-HBs positive. The remaining 21 donors were anti-HBc alone, 2 of which (9.52%)
were HBV DNA-positive. Conclusion: Greater consideration should be given to the implementation of anti-HBc as an additional screening test for blood donors in Egypt as the most cost-effective measure for further improvement of transfusion safety.
Key words: anti-HBc; anti-HBc alone; blood donors; occult HBV infection.

INTRODUCTION
In Egypt, Current mortality due to liver disease, including liver cirrhosis and cancer, is over
40,000/year and is increasing annually. It is estimated that approximately 400 million people
worldwide are chronically infected with HBV,
where Egypt is considered as an area of intermediate endemicity(29). Hepatitis B virus (HBV)
is easily transmitted by blood products as both
cellular and plasma-derived components may be
infected(6). Transfusion-transmitted HBV played
a major role in the spread of this infection some
decades ago all around the world, and is still a
threat in developing countries, where the prevalence of this infection is higher and the donor
selection and screening procedures are less
tight(6,18).
Occult hepatitis B infection (OBI) is deﬁned
by the presence of HBV DNA in the liver tissue of individuals who test negative for HBsAg, regardless of the detection of HBV DNA
in serum(23). OBI was reported for the ﬁrst time
almost 30 years ago in a case report of HBV infection through blood transfusion by an antibody
to hepatitis B core antigen (anti-HBc) only positive donor(33).

In most developed countries, nucleic acid
ampliﬁcation testing (NAT) has been introduced
along with serological testing for HBV, hepatitis
C virus and human immunodeﬁciency virus in
order to enhance blood safety(8,24,1). In contrast,
developing countries with limited resources cannot implement NAT for screening of all donor
collected blood and are relying on proper donor
selection which is complemented by sensitive
cost effective serological screening tests to exclude the transmission of infective agents(19, 21).
In Egypt, screening for HBsAg is the only
mandatory screening test for the detection of
Hepatitis B virus (HBV) infection in blood
banks(29). Only four qualiﬁed blood centres are
already implementing NAT in Egypt, and these
are National Cancer Institute (NCI) blood bank,
blood bank of Nasser Institute, blood bank of ELShabrawishy Hospital (Private hospital) and the
Egyptian Organization for biological products
and vaccines (VACCERA) blood bank(27). Given
the constrained economy, lack of appropriate
infrastructure and inadequate trained personnel
limit its implementation in all blood banks(25, 10).
New cost-effective strategies and stringent donor selection implementation are very important
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measures to ensure blood safety in resourcelimited countries.
Unlike HCV, HBV cannot be cured, and the
treatment for it is life-long. National Committee
for the Control of Viral Hepatitis in Egypt estimated the cost of HBV treatment ranges from
250- 550 Egyptian L.E/ patient monthly according to the anti-viral treatment used, In addition to
the expenses of advanced liver disease care (9), it
is clear that treatment costs are not comparable
to the cost effective preventive measures that
have to be implemented.
The aim of this study was to determine the
presence of HBcAb and HBV DNA among HBsAg negative healthy blood donors in Fayoum
University Hospital Blood Bank to evaluate the
signiﬁcance of implementing screening antiHBc to reduce the risk of transfusion transmitted
HBV infection in Egyptian blood banks.
MATERIALS AND METHODS
Blood samples
The present study included 800 samples from
blood donors negative for anti- hepatitis C antibody (HCV), anti-human immunodeﬁciency virus (HIV), and HBsAg collected over a period of
6 months (from April 2014 to September 2014)
in Fayoum University Hospital Blood Bank.
Detection of Serologic Markers
Serum HBV total anti-HBc was performed
by ELISA technique, Monoliza Anti-hepatitis B
core Plus-Bio-Rad, according to manufacturer’s
instructions on all donor samples. Positive samples were subjected to quantitative detection of
antibodies to hepatitis B surface (anti-HBs) with
commercially available kits (ETI-AB-AUK-3,
Dia Sorin-Italy). Serum anti-HBs titers > 10 IU/
L was considered positive.
Detection of Hepatitis B Viral DNA
HBV DNA level was estimated for blood units
with low or undetectable serum anti-HBs levels
“anti-HBc alone” using real time polymerase
chain reaction (PCR) automated system. HBV
ﬂuorescence quantitative diagnostic kit (Hangzhou Bioer Technology, China). The kit combines the Viral DNA extraction and the technologies of nucleic acid ampliﬁcation and hybrid-

ization probe. Real-time PCR was performed on
the Chromo4 DNAEngine Peltier thermal Cycler
(BIO-RAD, Hercules, CA). Thermal proﬁle was
set according to manufacturer’s guideline.
Statistical analysis
Data were statistically described in terms of
frequencies (number of cases) and percentages
when appropriate. All statistical calculations
were done using computer programs Microsoft
Excel 2003 (Microsoft Corporation, NY, and
USA) and SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows.
RESULTS
Serological results
All participants were negative for HBsAg.
99/800 (12.37 %) of blood donors were negative for HBsAg and positive for anti-HBc. AntiHBs antibody was detected in 78/99 (78.78%) of
HBsAg negative and anti-HBc positive samples,
with serum levels > 10 IU/L.
Molecular findings
Detection of HBV-DNA was performed on
all samples that were negative for HBsAg and
positive for anti-HBc antibody only by use of
real time PCR technique. HBV-DNA was detected in 2 out of 21 anti-HBc positive specimens (9.52 %).
DISCUSSION
OBI is deﬁned as the presence of HBV DNA
in the liver (with detectable or undetectable
HBV DNA in the serum) of individuals who
tested negative for HBsAg(26). Occult HBV is
transmissible by blood transfusion, although
the transmission rate is considered to be very
low. The clinical outcome of OBI transmission
mainly depends on the immune status and
copies of HBV DNA in blood products of the
recipient(30). At present, HBsAg detection is the
only obligatory diagnostic screening test for HBV
infection in blood transfusion centers in Egypt(25,
10)
. We examined 800 HBsAg negative sera
obtained from healthy blood donors and found
that 12.37 % of them were positive for anti-HBc,
which is comparable to two previous Egyptian
studies with a prevalence of 14.2% and 10.9 %
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of HBsAg negative volunteer blood donors
.
The study is also comparable to the older antiHBc prevalence rates reported among HBsAgnegative blood donors in India; 10.01%(19) and
11.2% in Syria(21), respectively.
(29, 11)

The prevalence of anti-HBc only in Europe
and North America is overall quite low. A prevalence of 0.07% in the UK and 1.5% in Germany
was reported(2, 13). In areas of higher HBV infection prevalence about 20%-70% of subjects are
positive for anti-HBc antibody(7).
In our study the overall prevalence of
occult HBV infection in healthy blood donors
was 9.52% among anti-HBc positive alone
individuals. Different results have been reported
in other studies regarding the rate of OBI in
blood donors. These differences in the occult
HBV prevalence may be attributed to race
and ethnicity, geographical area and the HBV
subtypes(3, 14). The frequency of HBV-DNA
detected in HBsAg negative samples also varies
considerably according to the prevalence of
the infection. In Northern countries where the
prevalence of chronic infection is less than 1%,
no more than 5% of HBsAg negative /anti-HBc
positive blood donor samples contain HBVDNA(2, 16). In contrast, higher OBI levels in
HBsAg-negative blood were recorded in several
published reports. In India, the prevalence was
24%(22) and in a published study from Korea, 16%
of the studied sample was found to be positive for
OBI(15). Other reports of the prevalence of HBVDNA in only anti-HBc positive blood donors
revealed 0% in Brazil(4), 0.3% in china(28), 1.1 %
in Japan(31), 3.2% in Saudi Arabia(5) and 12.7%
in Ghana(32). Some information is available
regarding the infectivity of anti-HBc-only blood
products or organs. The infectivity of blood
donations containing anti-HBc as the only marker
of HBV infection has been known for several
decades and indicated that no more than 4% of
recipients of anti-HBc-only blood developed
HBV infection post-transfusion(17) However,
Mosley reported 17% infectivity of antiHBc-only
blood products(14, 20). Anti-HBc screening has the
potential of excluding the vast majority of occult
HBV infection but this exclusion of anti-HBc
positive donors is impractical in countries where
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HBV infection is prevalent and higher than 20%
of the populations are anti-HBc positive(12). The
use of HBV anti core testing to eliminate the
residual transfusion risk of transmission of HBV
has not been evaluated in Egypt.
Conclusion
One of the main mechanisms for OBI transmission is most likely through infected blood
and its components and our ﬁndings revealed
that OBI exists among Egyptian blood donors.
Screening for HBsAg in blood banks in Egypt is
not sufﬁcient to completely exclude HBV infection in an intermediately endemic area like Egypt.
NAT cannot be implemented for screening of all
donor collected blood because of the high cost
for a resource- limited country like Egypt. New
screening policy to further increase the safety of
blood transfusion is strongly indicated.
Anti-HBc antibody should be tested routinely
on blood donor volunteers, and if the sera become positive regardless of anti-HBs titer, the
blood should be discarded. Further testing for
HBV-DNA is appropriate to follow up the blood
donor patient for HBV infection.
REFERENCES

1. Allain JP, Candotti D. 2009 Diagnostic algorithm for
HBV safe transfusion. Blood Transf ; 7: 174.
2. Allain JP, Hewitt PE, Tedder RS, et al 1999 Evidence
that anti-HBe but not HBV DNA testing may prevent
some HBV transmission by transfusion. Br J Haematol.
Oct; 107(1): 186.
3. Allain JP. 2004 Occult hepatitis B virus infection: implications in transfusion. Vox Sang ; 86: 83.
4. Almeida-Neto C, Strauss E, Sabino EC, et al. 2001 Signiﬁcance of isolated hepatitis B core antibody in blood
donors from Sao Paulo. Rev Inst Med Trop Sao Paulo.
Jul-Aug; 43(4):203.
5. Bernvil SS, Andrews V, Kuhns MC, 1997 McNamara
AL. Hepatitis B core antigen antibody as an indicator
of a low grade carrier state for hepatitis B virus in a
Saudi Arabian blood donor population. Transfus Sci.
Mar; 18(1):49.
6. Candotti D, Allain JP. 2009 Transfusion-transmitted
hepatitis B virus infection. J Hepatol ; 51: 798.
7. Comanor L, Holland P. 2006 Hepatitis B virus blood
screening: unﬁnished agendas. Yox Sang Jul; 91(1):1.
8. De Mitri MS, Cassini R, Bernardi M. 2010 Hepatitis
B virus-related hepatocarcinogenesis: molecular onco-

80
genic potential of clear or occult infections. Eur J Cancer. ; 46:2178.
9. Egyptian national control strategy for viral hepatitis,
National Committee for the Control of Viral Hepatitis
2008.
10. El-Zayadi AR1, Ibrahim EH, Badran HM, et al. 2008
Anti-HBc screening in Egyptian blood donors reduces
the risk of hepatitis B virus transmission. Transfus Med.
Feb; 18(1):55.
11. Gerlich WH, Wagner FF, Chudy M, et al. 2007 HBsAg
non-reactive HBV infection in blood donors: transmission and pathogenicity. J Med Virol ; 79: S32.
12. Grob P, Jilg W, Bornhak H, et al. 2000 Serological pattern “anti-HBc alone”: report on a workshop. J Med
Virol. Dec; 62(4): 450.
13. Hennig H, Puchta I, Luhm, et al. 2002 Frequency and
load of hepatitis B virus DNA in ﬁrst-time blood donors
with antibodies to hepatitis B core Antigen. Blood. Oct
1; 100(7): 2637.
14. Jafarzadeh, M. Kazemi Arababadi , M. Mirzaee et al
2008 Occult hepatitis B virus infection among blood
donors with antibodies to hepatitis B core antigen. Acta
Medica Iranica . 46(1):27.
15. Kim SM, Lee KS, Park CJ, Let al. 2007 Prevalence
of occult HBV infection among subjects with normal
serum ALT levels in Korea. J Infect. ; 54:185.
16. Kleinman SH, Kuhns MC, Todd DS, e al 2003 McNamara A. Frequency of HBV DNA detection in US
blood donors testing positive for anti-HBc: implications for transfusion transmission and donor screening.
Transfusion Jun; 43(6): 696.
17. Kwok S, Higushi R.1989 Avoiding false positives with
PCR. Nature May 18; 339(6221): 237.
18. Luisa Romanò, Claudio Velati, Giuseppe Cambiè et al.
2013 Hepatitis B virus infection among ﬁrst-time blood
donors in Italy: Prevalence and correlates between serological patterns and occult infection. Blood Transfus;
11: 281.
19. Maheswari K S, Arun R, ArumugamP. 2012 Prevalence of the Hepatitis B Core Antibody and the Occult
Hepatitis B Infection among Voluntary Blood Donors
in Chennai, India. Journal of Clinical and Diagnostic
Research. December, Vol-6(10): 1710.
20. Mosley JW, Stevens CE, Aach RD, et al. 1995 Donor screening for antibody to hepatitis B core antigen
and hepatitis B virus infection in transfusion recipients.

Abdelrazik, A. M. and Abdelaziz, H. M.
Transfusion Jan; 35(1):5.
21. Muselmani W, Habbal W, Monem F. 2013Signidﬁcance
of screeing antibodies to hepatitis B virus core antigen
among Syrian. Transfus Med. Aug; 23(4):265.
22. Nandi J, Benerjee K.1992; Detection of hepatitis B virus DNA in donor blood by polymerasechain reaction.
Nal Med J India. 5:5.
23. Nishikawa H1, Osaki Y. 2013 Clinical Signiﬁcance
of Occult Hepatitis B Infection in Progression of
Liver Disease and Carcinogenesis. J Cancer. Jul 11;
4(6):473.
24. Nubling CM, Heiden M, Chudy M, et al. 2009 Experience of mandatory nucleic acid test (NAT) screening
across all blood organizations in Germany: NAT yield
versus breakthrough transmissions. Transfusion ; 49:
1850.
25. Omran D, Hussein EA, Nagib M. 2013 Safety of Blood
Transfusion: An Egyptian Study. J Infect Dis Ther. , 1:
124.
26. Raimondo G, Allain JP, Brunetto MR, et al. 2008 Statements from the Taormina expert meeting on occult hepatitis B virus infection. J Hepatol ; 49: 652.
27. Rekha Hans and Neelam Marwaha. 2014 Nucleic acid
testing-beneﬁts and constraints. Asian J Transfus Sci.
Jan-Jun; 8 (1): 2.
28. Ren F, Li H, Zhao H.1998 Studies on hepatitis B virus
infection in blood donors with positive anti-HBc and
negative HBsAg. Zhonghua Yu Fang Yi Xue Za Zhi.
Jan; 32(1):7.
29. Said ZN1, Sayed MH, Salama II, et al.2013 Occult hepatitis B virus infection among Egyptian blood donors.
World J Hepatol. Feb 27;5(2):64.
30. Satake M, Taira R, Yugi H, et al. 2007 Infectivity of
blood components with low hepatitis B virus DNA levels identiﬁed in a lookback program. Transfusion ; 47:
1197.
31. Sato S, Ohashi W, Ihara H, et al. 2001 Comparison of
the sensitivity of NAT using pooled donor samples for
HBV and that of a serologic HBsAg assay. Transfusion.
Sep; 41(9): 1107.
32. Zahn A, Li C, Danso K, et al 2008 Molecular characterization of occult hepatitis B virus in genotype E-infected subjects. J Gen Virol. Feb; 89(Pt 2):409.
33. Zeinab Nabil Ahmed Said.2011 An overview of occult
hepatitis B virus infection. World J Gastroenterol. Apr
21; 17(15): 1927.

81

HBc Ab & Blood Safety

ﺩﻭﺭ ﺍﻟﻤﺴﺘﻀﺪ ﺍﻷﺳﺎﺳﻲ ﻟﻔﻴﺮﻭﺱ ﺍﻹﻟﺘﻬﺎﺏ ﺍﻟﻜﺒﺪﻱ ”ﺑﻲ“ ﻓﻲ ﺯﻳﺎﺩﺓ ﺍﻷﻣﺎﻥ ﻓﻲ ﺑﻨﻮﻙ ﺍﻟﺪﻡ ﺑﺎﻟﺪﻭﻝ ﻣﺤﺪﻭﺩﺓ ﺍﻟﺪﺧﻞ
ﺩﺭﺍﺳﺔ ﻋﻦ ﺍﻟﻤﺘﺒﺮﻋﻴﻦ ﺍﻟﻤﺘﻄﻮﻋﻴﻦ ﺑﺎﻟﺪﻡ ﺍﻟﻔﻴﻮﻡ -ﻣﺼﺮ
ﻋﺒﻴﺮ ﻣﺤﻤﺪ ﻋﺒﺪ ﺍﻟﺮﺍﺯﻕ  -ﺣﺴﺎﻡ ﻋﺒﺪ ﺍﻟﻌﺰﻳﺰ
ﻓﻲ ﺍﻟﻮﻗﺖ ﺍﻟﺤﺎﺿﺮ ﻳﻌﺘﺒﺮ ﺍﻷﻧﺘﻴﺠﻴﻦ ﺍﻟﺴﻄﺤﻲ ﻟﻔﻴﺮﻭﺱ ﺑﻲ ﻫﻮ ﺍﻟﻔﺤﺺ ﺍﻟﻮﺣﻴﺪ ﺍﻹﻟﺰﺍﻣﻲ ﻟﺘﺸﺨﻴﺺ ﺍﻟﻌﺪﻭﻯ ﻓﻲ ﻣﺮﺍﻛﺰ ﻧﻘﻞ ﺍﻟﺪﻡ ﻓﻲ
ﻣﺼﺮ .ﺃﺟﺮﻳﺖ ﺍﻟﺪﺭﺍﺳﺔ ﻋﻠﻲ  ٨٠٠ﻣﻦ ﺍﻟﻤﺘﺒﺮﻋﻴﻦ ﺍﻟﻤﺘﻄﻮﻋﻴﻦ ﻭ ﻧﺘﺎﺋﺠﻬﻢ ﺳﻠﺒﻴﺔ ﻟﻜﻞ ﻣﻦ ﺍﻷﻧﺘﻴﺠﻴﻦ ﺍﻟﺴﻄﺤﻲ ﻟﻔﻴﺮﻭﺱ ﺑﻲ ﻭ ﺃﺿﺪﺍﺩ ﻓﻴﺮﻭﺱ
ﺍﻹﻟﺘﻬﺎﺏ ﺍﻟﻜﺒﺪﻱ ﺳﻲ ﻭ ﺃﻷﺟﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻔﻴﺮﻭﺱ ﻧﻘﺺ ﺍﻟﻤﻨﺎﻋﺔ .ﻣﻦ ﺑﻴﻦ ﺍﻝ  ٨٠٠ﻣﺘﺒﺮﻉ ﻭﺟﺪ ﺃﻥ  (٪١٢٫٣٧ ) ٩٩ﻋﻨﺪﻫﻢ ﺍﻟﻤﺴﺘﻀﺪ
ﺍﻷﺳﺎﺳﻲ ﻟﻔﻴﺮﻭﺱ ﺍﻹﻟﺘﻬﺎﺏ ﺍﻟﻜﺒﺪﻱ ”ﺑﻲ“  ٧٨ﻣﻦ ﺍﻝ  ٩٩ﻣﺘﺒﺮﻉ ﻛﺎﻧﺖ ﻧﺘﺎﺋﺠﻬﻢ ﺇﻳﺠﺎﺑﻴﺔ ﻟﻠﻤﺴﺘﻀﺪ ﺍﻟﺴﻄﺤﻲ ﻟﻔﻴﺮﻭﺱ ”ﺑﻲ“ ﻭ  ٢١ﻣﺘﺒﺮﻉ
ﻫﻢ ﻣﻦ ﻛﺎﻧﺖ ﻧﺘﺎﺋﺠﻬﻢ ﺇﻳﺠﺎﺑﻴﺔ ﻟﻠﻤﺴﺘﻀﺪ ﺍﻷﺳﺎﺳﻲ ﻟﻔﻴﺮﻭﺱ ”ﺑﻲ“ ﻓﻘﻂ ﻭ ﻣﻨﻬﻢ ﺣﺎﻟﺘﻴﻦ ﻓﻘﻂ ) (٪٩٫٥٢ﻛﺎﻧﺖ ﻧﺘﺎﺋﺞ ﺗﺤﻠﻴﻞ ﺍﻟﺤﻤﺾ ﺍﻟﻨﻮﻭﻱ
ﺩﻱ ﺍﻥ ﺍﻱ ﺍﻳﺠﺎﺑﻲ .ﺗﺴﻠﻂ ﻫﺬﺓ ﺍﻟﺪﺭﺍﺳﺔ ﺍﻟﻀﻮء ﻋﻠﻰ ﻣﺪﻯ ﺃﻫﻤﻴﺔ ﻓﺤﺺ ﺗﻠﻚ ﺍﻷﺟﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﻛﻮﺳﻴﻠﺔ ﺃﻗﻞ ﺗﻜﻠﻔﺔ ﻟﻠﺤﺪ ﻣﻦ ﻣﺨﺎﻃﺮ ﺍﻷﺻﺎﺑﺔ
ﺑﻬﺬﺍ ﺍﻟﻔﻴﺮﻭﺱ ﻣﻦ ﻧﻘﻞ ﺍﻟﺪﻡ.
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