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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 hu-
man body; thus, it is viewed as the rate-limiting enzyme responsible for the catabolism of heme and the release of metabo-
lites 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 polymor-
phism (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.
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INTRODUCTION

Sickle Cell Disease (SCD) is a common he-
molytic disorder that affects 1/400 individuals of 
African descent, as well as people of Arab, Indi-
an 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 sever-
ity. Such complications include hemolytic ane-
mia 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 suscepti-
bility 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-occlu-
sive 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 in-
flammation 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 en-
zyme, 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 up-
regulated 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 an-
tioxidant, 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 Ox-
ygenase-1 gene (HMOX-1) located on chromo-
some 22q13.1. It was found that genetic differ-
ences in HMOX-1 gene between individuals can 
elicit different HO-1 responses(23,6). Several stud-
ies suggested the association of HMOX-1 poly-
morphisms 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 poly-
morphism 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 hos-
pital 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 inter-
views with the patients.

Controls that were enrolled had normal com-
plete blood counts, normal hemoglobin electro-
phoresis 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 perfor-
mance 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 chromatog-
raphy (HPLC Bio Rad, USA).

Detailed follow up was conducted between 
June 2012 and December 2014 to evaluate the 
frequency of complications of SCD. The num-
ber of vaso-occlusive crises (VOC) attacks was 
assessed by pain in the extremities, back and ab-
domen without any other explanation)(28). ACS 
(A new infiltrate on chest radiograph associat-
ed with one or more symptoms, such as fever, 
cough, hypoxia, tachypnea, dyspnea(11), renal 
injury (early renal injury assessed by using albu-
min/creatinine ratio (A/C ratio as microalbumin-
uria 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-coagu-
lated whole blood on EDTA using QIAamp 
DNA blood Mini kit (Qiagen, Germany), ac-
cording to the manufacturer’s protocol. DNA 
concentration was measured by Nanodrop ND-
1000 (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 per-
formed using TaqMan single-nucleotide poly-
morphism (SNP) Genotyping Assays. DNA was 
amplified in a total volume of 20 μl containing
10 μlTaqman Universal Master Mix (2x), 1 uL 
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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 Real-
Time 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 sec-
onds. After PCR amplification, Allelic discrimi-
nation 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-di-
mensional graph. 

Statistical analysis

Data was transferred to the Statistical Pack-
age 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 dis-
crete ones. Comparison of continuous variables 
was performed using either independent sample 
t-tests or Mann Whitney tests, while the compar-
ison of discrete variables was conducted through 
Chi square. P values less than 0.05 were consid-
ered 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 con-
trol 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 (3.9-
11.8 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 

was (31-983 x103/mm3) and ferritin range was 
(30-8679 gm/dl). Packed red blood cells transfu-
sion 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. 

Out of the 100 SCD patients examined, 48 
patients had VOC (48%), 30 patients had PHT 
(30%), 18 patients had ACS (18%), also 5 pa-
tients 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 con-
trols group revealed that 27 had wild A/A geno-
type (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 genotyp-
ing pattern of HMOX1 gene revealed a signifi-
cant 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 pa-
rameters 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 Al-
lele (T allele) and pulmonary dysfunction in-
cluding ACS and PHT (p value 0.03) as shown 
in table(2). 

The association between other clinical and 
laboratory parameters in our studied SCD pa-
tients were insignificant as shown in table (3).
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Table (1) :  Comparison between SCD cases & HC regarding HMOX-1 Polymorphism

OR= odds ratio, CI = confidence interval * significantly different at P value of < 0.05



















































Table ( 2 ) : Comparison of HMOX-1 Polymorphism with parametric Variables among studied SCD cases

Data presented as : IQR ( interqartile range) * significantly different at P value < 0.05
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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 re-
cessive 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 ef-
fects 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 mi-
crosatellite polymorphism) have been suggested 
to have functional roles in modulating hemeoxy-
genase 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 pa-
tients. We postulated that the efficacy of the HO-
1 response among SCD patients could be deter-
mined 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 out-
comes, including cardiovascular and pulmonary 
diseases, but rarely studied in SCD(18). 

Not only this, but there were some controver-
sial 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 re-
duced the incidence of ischemic heart disease(17). 
On the other hand, Lüblinghoff et al. who stud-
ied again the same polymorphism in 2526 cases 
with IHD and they strongly argued against a rel-
evant role of the HMOX-1 gene A>T promoter-
polymorphism in IHD cases(14).

In the present study, we assessed the associa-
tion between the HMOX-1 gene A>T promoter 
polymorphism and the SCD clinical/laboratory 
features of a cohort of Egyptian patients compar-
ing them with a group of unrelated healthy con-
trols. We found a significant difference between
the studied SCD cases and the healthy control 
group with regards to the homozygous TT vari-
ant (p value 0.03). Furthermore, there was a sta-
tistically 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 HMOX-
1 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 pa-
tients and showed a significant difference be-
tween 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 geno-
type may have a key role in the pathogenesis of 
SCD(8). 

Pulmonary Hypertension is a serious com-
plication of SCD that is considered a major is-
sue leading to early mortality. In our study, we 
found a significant association between HMOX-
1 (T) allele and pulmonary dysfunction includ-
ing ACS and PHT (p value 0.03). These findings
support the fact that HMOX-1 homozygous vari-
ant 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-oc-
clusive episodes and vascular events especially. 
On the other hand, we couldn’t find any associa-
tion linking this variant to pain, strokes and other 
SCD complications.
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Gil et al(8), also studied the same polymor-

phism 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 poly-
morphism 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 HMOX-
1 variant T/T genotype could be associated with 
deficient HO-1 and loss of the antioxidant pro-
tective role. 

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 associa-
tion 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 polymor-
phism (rs3074372) and the incidence of ACS ep-
isodes. 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 subse-
quent deficient HO-1 response may play a role
in exposing SCD patients to the damaging ef-
fects 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. 

A limitation of this study was that no mea-
surements of plasma HO-1 activity could be per-
formed 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 HMOX-
1 promoter polymorphism on the clinical and 
laboratory features of SCD between our findings
and other studies could be due to ethnicity-spe-
cific 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 he-
molysis may elucidate targeted strategies to pre-
vent or attenuate life-threatening ACS and vaso-
occlusive 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 pre-
dictors for the disease severity, the likelihood 
of some complications and even different treat-
ment 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 Pathophysiol-
ogy of its complications.
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المرضي  المنجليه في الخاليا بانيميا ( HMOX-I)هيم أوكسيجينيز لجين الوراثيه األشكال تعدد ارتباط
المصريين

- حسين رانيا السيد - الدمرداش - دعاء شاهين حامد - جيهان ايقالديوس شريف مفيد - السيد ريهام
شريف محمد يسري

لالختالفات ذلك وينسب الظاهريه االعراض يتميز بتنوع في اضطراب أحادي المنشأ المنجليه الخاليا مرض أنيميا بعد
معدل حد ويعتبر قادرا علي البشري الجسم خاليا حمايه عن مسئول (HO-I) الهيدروأوكسيجينيز انزيم ان . الجينيه
أشكال تعدد أن الدراسه هذه في افترضنا وبالتالي فاننا وااللتهاب االيضات المضادة لالكسده وافراز االنتقاض للهيم
الخاليا  أنيميا والمعمليه لمرض االكلينيكيه المالمح علي تأثير له  ( ( HMOX-I) أوكسيجينيز  الهيم جين انزيم
مرض من يعانون مريض مائه علي الدراسه هذه عمل  تم المرض وشدته أعراض بتنوع مرتبط يكون وقد المنجليه
 ( HMOX-I)أوكسيجينيز الهيم لجين تعدد االشكال علي التعرف ضابطه ومائه كمجموعه المنجليه الخاليا أنيميا
احصائيه دالله ارتباط ذو الدراسه هذه في وجدنا وقد الحقيقي بالتزامن المتسلسل البلمره تقنبه تفاعل طريق عن تم
أن مالحظاتنا وتفترح (TT) المتماثل الجيني والطراز الخاليا المنجليه أنيميا مرض في الرئه وظائف قصور بين
قد يلعب (HO-I) النزيم كاف غير فعل رد من عليه ومايترتب ( HMOX-I) أوكسيجينيز الهيم جين أشكال تعدد
معدالت زياده من الناتج زياده الهيم عن لالثار المضره الناتجه الخاليا المنجليه أنيميا مرضي تعرض في دورا مهما
مع  لرتباط له يكون قد  (HO-I) لالنزيم المتباين الفعل رد فان وبالتالي المنجليه الحمراء الدم لكرات المزمن التكسير
مثل وظائف الرئه في كالقصور المنجليه الخاليا ألنيميا والمتنوعه الشديده الجانبيه االعراض مع ارتباط يكون له قد

الرئه. في الدم ضغط وارتفاع الحاده الصدر متالزمه





GSTP1 I105V POLYMORPHISM IN ACUTE MYELOID LEUKEMIA 
PATIENTS
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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 detoxi-
fication 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), Refrac-
tory 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.
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INTRODUCTION

Acute myeloid leukemia (AML) is a clonal 
hematopoietic disorder that may be derived from 
either a hematopoietic stem cell or a linage-spe-
cific progenitor cell. AML is characterized both
by a predominance of immature forms and loss 
of normal hematopoiesis(2). AML often presents 
with different morphological, immunopheno-
typic, cytogenetic and molecular patterns.  Iden-
tification of these characteristics may be useful
for a better prognostic evaluation and for a more 
appropriate therapeutic approach(8).  Acute my-
eloid 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) en-
zyme plays a key role in biotransformation and 
bioactivation of certain environmental pollutants 
such as benzo [a] pyrene-7, 8-diol-9, 10-epox-
ide (BPDE) and other diol epoxides of poly-
cyclic 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 co-
don 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 po-
tentially 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 indi-
cated 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 homozy-
gotes, with heterozygotes displaying intermedi-
ate activity(29).

Individuals with at least one Val allele at co-
don 105 of GSTP1 enzyme might have an un-
derlying 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 sig-
nificantly 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 prog-
nosis in CML(9). On the other hand, other GST 
genes polymorphisms were not significantly as-
sociated 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 Egyp-
tian patients and to identify the association of 
polymorphism with the survival of AML pa-
tients.

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 ap-
parently 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. Pa-
tients excluded were; AML cases under chemo-
therapy, their ages are less than 18 years old, pa-
tients refusing to enroll in study or patients suf-
fering 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 partici-
pants 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 vacu-
tainer tubes for determination of serum (ALT, 
AST, albumin, bilirubin, uric acid and LDH) 
using Siemens Dimension RXL Max. In addi-
tion, bone marrow samples were aspirated from 
AML patients only for preparation of bone mar-
row smears stained with Leishman stain, per-
formance of immunophenotyping by using BD 
FacsCalibur flowcytometer and studying the
polymorphism by PCR-RFLP using thermal cy-
cler “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 Scien-
tific, USA). PCR reaction was performed with
each sample using “Thermo Scientific Dream-
Taq Green PCR Master Mix” supplied by Ther-
mo 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 re-
action 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 de-
naturation: 95oC →  5 min, (2) 40 amplification
cycles of: 95oC → 30 sec (Denaturation), 60oC 
→30 sec (Annealing), 72oC →  60 sec (Elonga-
tion), (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 prod-
ucts were electrophoresed on 2% agarose gel 
and analyzed by direct visualization after ethid-
ium 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 devia-
tion 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 non-
parametric data) were used. For comparison be-
tween more than 2 groups, ANOVA and Kruskal 
Wallis were used.

Deviations from Hardy–Weinberg equilib-
rium 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 sig-
nificance of differences among curves was deter-
mined by Log-Rank test.

RESULTS

This study included 100 adult subjects classi-
fied 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 fe-
males 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, pe-
ripheral and bone marrow blasts) and clinical 
chemistry data(ALT, AST, albumin, bilirubin, 
uric acid and LDH) (P >0.5).

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 stud-
ied cases. Twenty nine cases achieved complete 
remission (CR) (58%), 14 cases died during in-
duction therapy (28%), 7 cases were refractory 
to treatment (14%), 6 cases relapsed after CR 
(12%) and 31 cases died (62%) during the en-
tire period of the study. So, no statistically sig-
nificant 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 re-
spectively. Cumulative proportion of OS of re-
spectively. AML cases surviving at 24 months 
was 58.7%, 27.3 %, 30% and for DFS was 
82.1%, 65%, 37.5% respectively. Consequent-
ly, there was no statistically significant differ-
ence found between GSTP1 genotypes regard-
ing 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 pa-
tient, 34%) and the least common was M0 (2 pa-
tients, 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.







 



































      

      

  


      

      


      

      

   



           



















       

          

          

          

          

          

          

          

          

          

          

          







Table (2): Comparison between hematological and clinical chemistry data of GSTP1 genotypes in AML 
patients.















    

   

        

        

        

    
   

    





















 

       

         

         

         

         

         







































             
             





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 polymor-
phism 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- Cauca-
sian show increase in wild type with 56%(31). Our 
results are in concordance in heterozygous type 
(Ile/Val) with Italian-Caucasian 34%(31), Fin-
land 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 Pol-
ish population(22,5) and 46% for Australians(27).  
There is decrease in homozygous genotype (Val/
Val) in Japanese population 4%(15), Spain-Cau-
casian 6%(22) and Polish population 7%(5). 

The current study found no significant dif-
ference 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 distri-
bution 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 be-
tween GSTP1 genotypes regarding hematologi-
cal 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 de-
fective 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-signifi-
cant risk of AML. There were few studies had 
shown significant association of GST polymor-
phism with AML, and the results are contradic-
tory (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 predispo-
sition to cancer when exposed to environmen-
tally derived or endogenously formed GSTP1 
substrates(10). Indeed, the GSTP1 codon 105Val 
allele was associated with a significantly in-
creased risk of lung, bladder, testicular cancer, 
cancer breast, and multiple myeloma (10,12,18) and 
(25). Valine genotype has decreased enzyme ac-
tivity which might be due to altered catalytic ac-
tivity 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 be-
tween different GSTP1 genotypes according to 
clinical outcome in AML patients. This is con-
sistent with a study by Dunna et al, (2012)(7) who 
reported that there was no association between 
GSTP1 polymorphism with rate of complete re-
mission failure indicating lack of genotype ef-
fect on response to remission induction therapy 
in AML patients

No significantdifferenceswere foundbetween
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)(32) who reported that 
at a median follow - up of 46 months (range 0-
221 months) of GSTP1105 genotypes were sig-
nificantly 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 de-
toxification of chemotherapeutic agents and thus
an intensified cytotoxic effect(32).

The results of GSTs and risk of acute myeloid 
leukemia are conflicting in studies conducted in
different ethnicities. The reason might be in-
ducted by ethnic difference, case selection and 
variation of clinical characteristics. Further stud-
ies 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 under-
powered 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 interac-
tion between the genetic and environmental fac-
tors. 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 devel-
opment 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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الحاد الميلودي الدم سرطان مرضى في للجلوتاثيون الناقل اإلنزيم لجين -105-في) (آي الشكلي التعدد

خلف  مختار عبدالفتاح محمد - شعبان كمال محمد هوايده - الغنام محمود دعاء - أغا مرزوق عادل

أو للدم  المكونة الجذعية الخاليا من إما عليها الحصول يمكن  التي  الدم  مكونات اضطراب هو الحاد الميلودي  الدم سرطان يعد
سرطان حاالت تتسم . الناضجة الدم كرات تكون وقلة ناضجة الخاليا الغير بزيادة الحاد الميلودي الدم خلية السلف ويتميز سرطان
في مساعدا عامال اختالفها، على الخواص، تحديد هذه ويعد والجزيئية للخاليا، والجينية الشكلية الخواص بتعدد الميلودي الحاد الدم
والتفعيل الحيوي التحويل في هاما دورا الناقل للجلوتاثيون اإلنزيم ويلعب هذا المتبعة. العالجية وتحسين الطرق المرض بتطور التنبؤ
النووي الحمض أكسدة من تنتج والتي القاعدية، البروبانول كمركبات لبعضها السمي األثر إزالة ويحفز البيئية، الملوثات الحيوي لبعض
للصبغي الذراع الطويل على اإلنزيم هذا مورثة وتقع األكسدة. لعمليات الضارة اآلثار الخلية من يحمي مما األكسجين، منقوص الريبوزي
في  مهما دورا يلعب قد اإلنزيم بهذا الخاص 105 رقم الكودون في الشكلية التعددات أن إلى األبحاث عشر في اإلنسان. وتشير الحادي
تشير كما المسرطنة، المواد بعض سمية في إزالة أثره مقلال البروتين، وظائف يغير ألنه نظرا الميلودي الحاد، الدم سرطان تطور
األقل على واحد فالين أميني لديهم حمض األفراد الذين أن وإلى المختلفة، الشكلية وتعدداته بين اإلنزيم كيميائية اختالفات إلى الدراسات
الشكلي  يهدف لدراسة التعدد العمل هذا معينة. داخلية أو بيئية لعوامل تعرضهم عند إلصابة بالسرطان إحتماال لديهم 105 كودون في
الشكلي  التعدد هذا بين العالقة على والتعرف , الحاد الميلودي الدم سرطان مرضى في للجلوتاثيون اإلنزيم الناقل لجين في) 105- (أي-
 100 وشملت المنصورة، بنها و جامعتي – الطب في كلية اإلكلينيكية الباثولوجيا قسم في هذه الدراسة إجراء تم لذلك وتطور المرض.
حديثا،  تشخيصهم تم الحاد الميلودى الدم بسرطان 50 مصاب وهم المرضى، مجموعة األولى المجموعة إلى مجموعتين، تقسيمهم فرد تم
السن  حيث من األولى مع المجموعة متسقة كمجموعة ضابطة األصحاء األشخاص من 50 وهم ضابطة، مجموعة الثانية والمجموعة
دم صورة عمل المفصل، المرضي مع أخذ التاريخ الشامل االكلينيكى الفحص المرضى: لكل اآلتية االستقصاءات إجراء تم والجنس.
مناعي عمل تصنيف والبيروكسيديز، أفالم ليشمان صبغ مع للمرضى العظمى النخاع عينات سحب المصبوغ، الفيلم فحص كاملة مع
المتسلسل البلمرة تفاعل للجلوتاثيون بطريقة الناقل لإلنزيم ”آي-105-في“ الشكلي ودراسة التعدد الحاد، الدم النخاعي سرطان لحاالت
”آي-105-في“ الشكلي التعدد ودراسة كاملة دم صورة إجراء تم كما .PCR-RFLP المقطعة األجزاء بطول الشكلي دراسة التعدد –
PCR-RFLP للمجموعة  المقطعة األجزاء بطول الشكلي التعدد دراسة – المتسلسل البلمرة تفاعل بطريقة للجلوتاثيون لإلنزيم الناقل
في الفالين ازدواجية أن إلى الدراسة من هذه وتبين المجموعتين ودراستها إحصائيا. من والنتائج لكل البيانات جمع تم أيضا. الضابطة
، الميلودي الدم مرضى سرطان في سيئا تنبؤيا وعامال الحاد، الميلودي الدم بسرطان لإلصابة مستقل خطر عامل تعد اإلنزيم تركيب
لإلنزيم ونوع المرض، الجيني النوع حيث من إحصائيا ملحوظ اختالف وجود تبين عدم لإلنزيم.كما الشكلية التعددات باقي عكس على
اثر له يكن ولم وتطور المرض، السريرية للعالج االستجابة للنوع الجيني على اثر هناك يكن لم كما المرضى، لدى أو الحالة السريرية

الحاد. الميلودي الدم سرطان مرضى لدى عام بوجه الحياة قيد على البقاء مدى على
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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 asso-
ciation 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-restric-
tion 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
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INTRODUCTION

Immune thrombocytopenic purpura (ITP) is 
a common cause of thrombocytopenia, it is an 
autoimmune disorder results from several patho-
physiologic mechanisms. Ministry pathophysi-
ology of ITP is enhanced clearance of platelets 
and impaired platelet production(3). 

Although auto-reactive B lymphocytes se-
creting auto-antibodies against platelet glyco-
proteins 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 ab-
normal 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 patho-
genesis of ITP, Th1 ⁄Th2 cytokine mRNA ratio 

was found to be correlated inversely with the 
platelet count(20,33,37). Restoration of this imbal-
ance 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 rheuma-
toid 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 fam-
ily, 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 signal-
ing 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 patho-
genesis of chronic ITP in adults(5,38,40). In addi-
tion, 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-syn-
onymous 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 wild-
type IL-17F failed to induce proinflammatory
cytokines and chemokines(13). 

Although some cytokine genes polymor-
phisms 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 poly-
morphism 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 his-
tory. The study protocol was in accordance with 
the local hospital research guidelines. Written 
informed consents were obtained from all in-
dividuals before study initiation and patient re-
cruitment. 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 100X109/L was established as 
the threshold for diagnosis of ITP. The term “se-
vere” ITP was considered for patients who have 
clinically relevant bleeding sufficient to man-
date treatment regardless platelets count(25) ; we 
considered clinically relevant bleeding includes 
organ bleeding, bleeding that mandate treatment 
such as hematuria, hematemesis, vaginal bleed-
ing and intracranial hemorrhage. We did not 
consider mucocutaneous bleeding as clinically 
relevant bleeding, except for wet purpura.

According to ITP International Working 
Group(25), chronic ITP is defined as ITP lasting
for more than 12 months. Corticosteroid depen-
dence is defined as the ongoing need for con-
tinuous 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 thera-
py. We considered corticosteroid responsive pa-
tient 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 treat-
ment 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 pred-
nisone 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 anticoag-
ulated whole blood on EDTA using Qiagen ex-
traction kit (catalog number 51104, USA). The 
genotyping IL-17F 7488 T>C (rs763780) SNP 
was performed by using a polymerase chain re-
action-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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(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 for-
ward 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 manufac-
turer’s buffer at 37OC overnight. The products 
were then resolved on 2% agarose gel electro-
phoresis gels containing ethidium bromide (elec-
tro-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 pres-
ence 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 homozy-
gous genotype (CC) (Figure1).

Statistical methods:

Data were coded and entered using the statis-
tical package SPSS version 22. Data was sum-
marized 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 differ-
ent genotypes the non parametric Kruskal-Wal-
lis and Mann-Whitney tests were used. For com-
paring categorical data, Chi square (χ2) test was 
performed. Exact test was used instead when the 

expected frequency is less than 5. P-values less 
than 0.05 were considered as statistically signifi-
cant.

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 plate-
lets 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 thrombocyto-
penia (platelet count 30x109–50x 109 ⁄ L) ; and 
4 patients (3.7%) had mild thrombocytopenia 
(platelet count >50 x 109 ⁄ L). Apart from 3 pa-
tients, that was asymptomatic and discovered 
accidently during routine labs before surgeries, 
the rest of patients presented with mucocuten-
ous 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 men-
orrhagia, 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 pa-
tients (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 pa-
tients 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 gen-
otype  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 cor-
ticosteroid therapy, the IL17F 7488TT genotype 

was significantly associated with poor response
to corticosteroid therapy; 11.1% were steroid re-
sponsive vs. 88.9% were not responsive (steroid 
dependant or resistant); P value= 0.001. How-
ever 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 dis-
ease, 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






























       



         

             



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

Figure 1 : Genotyping of IL-17F (7488 T/C) polymorphism

DISCUSSION

The pathogenesis of chronic ITP is a complex 
and multifactorial process that includes T-cell-
mediated thrombocytopenia as a significant con-
tributing factor. Several mechanisms, including 
the effect of cytolytic T cells, antibody-depen-
dent cellular cytotoxicity, T-cell tolerance, and 
dysregulation of CD4+ effector cells have been 
proposed to play a role in the development of the 
disease process(11,18,37).

Although ITP was previously thought to be 
Th1-cell driven, it is now recognized that a dis-
tinct lineage of effector T cells, Th17 cells, is 
also involved in the development of ITP. Re-
cently, an increasing number of studies have 
documented a significantly higher percentage of
circulating Th17 cells in patients with ITP than 
in normal controls(7, 24, 38, 41). The dysregulation of 
Th17 has also been proposed to play a potential 
role in the pathogenesis of ITP(26).
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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, IL-
8, and interferon-c (IFN-c). Increased expres-
sion 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 in-
vestigated 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 geno-
type when compared to the control group. More-
over, 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 sig-
nificantly lower frequency of the IL-17F 7488 C
allele when compared with control group, fur-
ther suggesting an association between the IL-
17F 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 polymor-
phism playing an important role as a regulator 
in ITP pathogenesis. Saitoh et al(26) who studied 
association between IL-17F 7488T/C gene poly-
morphism and chronic ITP in 102 Japanese pa-
tients and found the frequency of C allele of IL-
17F 7488T/C polymorphism to be significantly
decreased in his studied group and suggested 
that the C allele has protective effect on the de-
velopment of ITP. Also Li et al(10) who studied 

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 polymor-
phism may be associated with the development 
of ITP in a Chinese Han population.

However, the exact mechanisms by which 
IL-17F polymorphism modulates the suscepti-
bility 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 antagoniz-
es 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 au-
toimmune diseases, including ulcerative colitis, 
rheumatoid arthritis, Vogt–Koyanagi–Harada 
syndrome and chronic fatigue syndrome(2,12,21,32).

The present study also demonstrated that IL-
17F 7488CC genotype is associated with a de-
creased risk for chronic ITP and suggested that 
the IL-17F7488CC genotype has less ability to 
potentiate an immunologic reaction in the patho-
genesis 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 corticoste-
roid 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 pa-
tients.

In conclusion, our findings indicate that IL-
17F 7488 T⁄C gene polymorphism, which is as-
sociated with the function of IL-17F, may con-
tribute to the susceptibility to chronic ITP in 
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Egyptian patients and may play a role in the ge-
netic 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 clari-
fy its role in the modulating the patients response 
to corticosteroid therapy.
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نقص الصفائح المناعيه  االصابه بمرض وخطر ( T/C ٧٤٨٨) ف ١٧ لجين انترلوكين الشكل الوراثى تعدد

المصريين المرضي فى المزمن
الليثي نبيل هند – شاهين حامد جيهان – ضياء نيهال – يسري محمد شريف

الدمويه  الصفائح عدد بانخفاض ويتميز المكتسبه الذاتيه المناعه امراض احد هو (  ITP ) المزمن المناعيه الصفائح نقص مرض
دورا  والذى يلعب احد السيتوكينات المكتشفه حديثا هو (  F ١٧ -IL ) ١٧ ف االنترلوكين للصفائح.يعتبر المنتجه للخاليا االم وقمع
للجين الوراثي الشكل تعدد االتصال. وجزيئات االخري السيتوكينات التعبير تحفيز طريق زياده االمراض المناعيه عن من كثير فى هاما
بين  العالقه هو تحديد الدراسه من هذه الهدف .فكان ف االنترلوكين ١٧ نشاط عن بالتعبير مرتبط ( T/ C ١٧ ف ( ٧٤٨٨ االنترلوكين
المناعيه  الصفائح نقص لمرض االكلينيكيه واالعراض االصابه مع خطر ( ٧٤٨٨T/C ) ١٧ ف لجين انترلوكين الشكل الوراثي تعدد
١٠٧ مريض  على الدراسه اجريت هذه وقد هوالء المرضي. لدى للعالج لالستجابه له ارتباط كان واذا المصريين فى المرضي المزمن
 PCR- ) تقنيه بواسطه للجينات المتعدده االشكال تحديد ضابطه.وتم كمجموعه االصحاء من ١٠٠ و المزمن  المناعيه نقص الصفائح
الضابطه.وايضا  والمجموعه المزمن المناعيه الصفائح نقص بين ( TT ) للنمط الجيني احصائيه دالله ذو هناك ارتباط .وكان ( RFLP
انترلوكين    الوراثي للجين الشكل التعدد ان سبق مما للعالج.نستنتج االستجابه ضعف مع كبير بشكل مرتبط (  TT ) النمط الجيني كان
دور فى  له يكون وقد المصريين المرضي فى المزمن المناعيه الصفائح نقص بمرض مرتبط بخطر االصابه ( T/C ١٧ ف ( ٧٤٨٨

للعالج. استجابتهم مدي



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 im-

pact several diseases. Leukemias as acute lymphoblastic (ALL) are malignancies arising from rapidly proliferating hematopoi-
etic 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.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the 
most prevalent type of pediatric cancer, the causes 
of which are likely to involve an interaction be-
tween genetic and environmental factors(34). Dif-
ferent gene polymorphisms have proven to play 
a role in the susceptibility to childhood ALL but 
it is unlikely that single genetic defects are re-
sponsible 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). Neverthe-
less, prevention of the development of ALL is to 
be preferred, for which a complete understand-
ing of its etiology is required. This work focuses 
on the contribution of polymorphisms in folate-
related 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 im-
portant bioactive nutrients that can be found in 

all mammalian cells. Folates are required in nu-
merous 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, neu-
ral 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 en-
zymes are involved in the folate metabolic 
pathway. The 5, 10-methylenetetrahydrofolate 
reductase (MTHFR) converts 5, 10-methylene-
tetrahydrofolate (5, 10-methylene–THF) into 
5-methyltetrahydrofolate (5-methyl–THF), a 
major circulating form of folate. 5-Methyl–THF 
provides methyl group for homocysteine meth-
ylation, whereas 5, 10-methylene–THF and its 
derivatives are essential cofactors for both thy-
midylate 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, for-
mation of fragile sites, and often associated with 
tumor genesis. Because MTHFR is a key play-
er 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 chromo-
some 1 (1p36.3)(9). Common polymorphisms in 
MTHFR are 677C>T and 1298A>C. These poly-
morphisms were associated with a reduced enzy-
matic activity of MTHFR in a study by Chatzi-
dakiset al., 2006(4). Reduce enzyme activity, and 
the MTHFR 677TT variant also alters normal in-
tracellular 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 com-
mon), MTHFR 677CT denotes heterozygous 
genotype and MTHFR 677TT denotes homozy-
gous genotype. The MTHFR A1298C variants 
are MTHFR1298AAdenotes wild type (most 
common), MTHFR 1298AC denotes heterozy-
gous genotype and MTHFR 1298CC denotes 
homozygous genotype.

So, folate deficiency is postulated to predis-
pose to malignancy by reducing the ratio of S 
- adenosyl methionine (SAM) to S - adenosylho-
mocysteine (SAH), causing DNA hypomethyl-
ation and, by resulting in uracil misincorporation 
into DNA, possibly leading to double - strand 
breaks(11).

The aim of our study was to evaluate the fre-
quency and the associations between the MTH-
FR 677C→T and MTHFR 1298A→C polymor-
phisms and the risk of ALL. Also, the prognostic 
significance of MTHFR polymorphism in chil-
dren with acute lymphoblastic leukemia was 
evaluated

PATIENTS AND METHODS

The study included 50 egyptian children pre-
sented with ALL admitted to Hematology-On-
cology 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 immuno-
phenotyping was pre-B (CD19+, CD22+, CD10), 
common ALL (CD19+, CD22+, CD10+), and T-
ALL (CD3+, CD5+, CD7+).

 The clinical data from all patients were ob-
tained, including age at diagnosis, gender, WBC 
count at diagnosis and blast cells in BM. The dis-
tribution of ALL subtypes as determined  by im-
munophenotyping was as follows; 44 cases with 
B ALL (88%) and 6 T-cell ALL (12%). A con-
trol group composed of 52 child was randomly 
selected with matched age and sex. The recruited 
patients comprised 28 males and 22 females be-
tween 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 aspira-
tion was done. In nonresponding cases, we add 
Etopsoide 100mg/m3/ dose IV (days 22, 25, 39), 
Cyclophosphamide 750 mg/ m3/dose IV infu-
sion (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 mar-
row samples of the patients and from periph-
eral 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 ap-
plying the restriction fragment length polymor-
phism (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 polymor-
phism. 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 re-
striction 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 follow-
ing: 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 en-
sure 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 examin-
ing 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 heterozy-
gous (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 prim-
ers 5′ GCAAGTCCCCCAAGGAGG3′ as for-
ward and 5′ GGTCCCCACTTCCAGCATC 3′ 
as reverse were used (145 bp). The PCR reaction 
components were as described about C677T al-
lele. Polymerase chain reaction thermal cycling 
condition included 40 cycles of 94°C for 1 min-
ute; 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 

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 in-
dividuals.

Statistical Analysis

The statistical analysis of data was done by 
using excel program and SPSS(statistical pack-
age for social science) program (SPSS, Inc, 
Chicago, IL) version 16 with the help of a bio-
statistician . Allele frequencies were tested from 
Hardy-Weinberg equilibrium (HWE) before 
analysis. Qualitative data were presented as fre-
quency and percentage.Chi square test was used 
to compare groups. Quantitative data were pre-
sented as mean and standard deviation. For com-
parison 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 dif-
ferences among curves was determined by Log-
Rank 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 con-
sidered as a single group for this analysis. 

There were no statistical significant difference
in the age distribution between ALL patients ver-
sus control regarding each genotype for C677T 
CC, CT and TT (p=0.288, 0.292, 0.808 respec-
tively) 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 signifi-
cant 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 com-
bined 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, respective-
ly. Also, There were no significant differences in
A1298C AC and CC genotypes in cases versus 
controls (p=0.828, OR=0.403, 95%CI=0.403-
2.070; p=1.000, OR=1.000, 95%CI= 0.256-
3.906 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 evi-
dence of a protective effect of A1298C MTH-
FR 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.

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 ex-
ception 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 geno-
types 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 geno-
types according to C677T polymorphism (data 
not shown). While according to A1298C poly-
morphism in ALL groups, table (3)and figure(1)
show that there were significant differences in
OS and DFS between AA, AC and CC geno-
types (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 differ-
ences 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 lon-
gest OS and DFS, while cases with CC/CC had 
significantly shortest OS and DFS.

Prediction of survival was done using mul-
tivariate analysis applying age, sex, TLC, BM 
blasts, immunophenotyping and C677T geno-
types 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 prog-
nostic predictor for overall and disease free sur-
vival 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 (1). Number of ALL cases and controls, ORs and 95% CIs by MTHFR 677, using 677CC as a refer-
ence, MTHFR1298, using 1298AA as a reference and combined C667T and A1298C Polymorphisms 
and risk of ALL .




            
          




                 









   

   











         

        
        

        






    
   

    











         

        
        

        






    
   

    

















        
        
        
        
        
        
        
        






   




   


  
             

             
                
                
                
                
        


     


              

Table (2) C677T and A1298C genotypes in ALL patients according to clinical outcome.
















 


  

 

      
      
      







 

      






 













 

 


  

 

       
       
       
       
       

  










CR: complete remission. RD: refractory disease. ID: Induction death. CCR: continuous CR.

Table (3) Survival according to A1298C polymorphism in ALL  patients.

CI 95%: Confidence interval at 95%, OS: Overall survival. DFS: Disease free survival.
P: Significance between AA versus AC versus CC,  P*: Significance between AA versus AC+CC.
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DISCUSSION

In the current study, we evaluated the fre-
quency and the associations between the MTH-
FR 677C→T and MTHFR 1298A→C  polymor-
phisms 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 polymor-
phism in childern with acute lymphoblastic leu-
kemia 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 popula-
tion, 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 com-
pleted 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 find-
ings, indicated that MTHFR variants have no 
role in the development of acute lymphoblastic  
leukemia. Additionally in some studies the T al-
lele has been shown to have no association with 
childhood ALL(1,17).The limited sample sizes in 
childhood ALL, compared to studies using larg-
er amounts of samples collected among patients 
of common cancers, may be one of the factors 
contributing to inconsistent conclusions(34).

 The review by Koppen et al.,2010(15)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  fur-
ther evidence for the protective effect of MTH-
FR 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 in-
fluence of environmental factors such as racial,
ethnic, and nutritional status, which may affect 
the role of these polymorphisms in developing 
leukemia(35).

It is likely that the effect of folate gene poly-
morphisms in children have a greater influence
than in adults. Because they are young, grow-
ing and developing, they need great amounts 
of folates, and are more vulnerable to low fo-
late 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 polymor-
phisms 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 susceptibil-
ity 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 sta-
tistically 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’ al-
lele 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 protec-
tive effect of MTHFR (677C→T) and MTHFR 
1298A→C) for the first time. They reported gen-
der-bias protective effect of 677CT /1298AA 
and 677CT/1298AC toward of female ALL pa-
tients. The complete underlying mechanism has 
not been discovered, sex hormones and steroids 
reportedly play a part in the control of the pro-
liferation of leukemic cells. Supporting the idea 
of gender differences in susceptibility to child-
hood 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 ver-
sus 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 in-
consistencies, one of which relates to small pop-
ulation 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 sug-
gests 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 anoth-
er 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).Krajinovi-
cet al. found that the homozygous status for both 
polymorphisms reduced the risk significantly
and suggested that this protective effect could be 

due to folate deficiency, as the affected children
were born before the recommendation for folic 
acid supplement in pregnancy.

MTHFR polymorphisms have been hypoth-
esized 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 pa-
tients with MTHFR polymorphisms, leading to 
carcinogenesis. The interaction between MTH-
FR polymorphisms and the folate status has been 
documented in several studies. This interaction 
attracts even more attention because a protec-
tive association between folate supplements in 
pregnancy and risk of childhood ALL has been 
demonstrated(39).

This study demonstrated that pediatric pa-
tients with C677T polymorphism had no statis-
tically significant difference as regards to OS
and DFS.While patients with A1298C polymor-
phism had significant differences in OS and DFS
between AA, AC and CC genotype as AA geno-
type 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 geno-
types, although this result has been not statisti-
cally significant. Also, the A1298C polymor-
phism 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 child-
hood ALL but, A1298C CC genotype is an inde-
pendent unfavorable prognostic predictor for OS 
and DFS. Studies including folate level measure-
ments as well as larger sample size are required 
to confirm this gene-environment interaction in
ALL patients in this regard. 
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ونتائجه ريداكتيز تتراهيدروفوالت ميثيلبن جيين شكل في التنوع

االطفال عند الحاد الليمفاوي الدم بسرطان االصابه حاالت في االكليينيكيه

الهادي سها عبد - محمد كمال هويدا

وعلي الدم احتماالت االصابه بسرطان بتقليل  تتراهيدروفوالت الميثيل جين شكل في التباين ارتباط الراسات بعض سجلت
يغير بينهما.قد عالقه اي وجود عدم اخري دراسات وجدت حين ,في االصابه فرص من يزيد انه اخري دراسات ؛اظهرت النقيض
درجة يؤثر علي قد الكيميائيه ؛مما العالجات عليها تعمل التي المستهدفه والنوافل والخاليا االنزيمات خواص الجين من شكل التنوع في
وما ننراهيدروفوالت ريداكتيز جين الميثيلين شكل في التنوع لمعرفة الدراسه هذه األدوية. تهدف لهذه السرطانية الخاليا حساسية
المستقبل المرضي لألطفال معرفة الي تهدف كما االطفال. عند الحاد الليمفاوي الدم االصابه بسرطان احتمال من يصاحبه ان يمكن
عينات علي الدراسه تتم سوف . تتراهيدروفوالت ريداكتيز الميثيلين جين تنوع عن الناتج الحاد  الليمفاوي الدم بسرطان المصابين
التخصصي االطفال بمستشفي االورام قسم من الحاد الدم الليمفاوي بسرطان مريض طفل (50) من تجميعها ,والتي سيتم النخاع بذل
تاريخ ,ليس لديهم ظاهريا األصحاء من االطفال (25) من تتكون ضابطه بمجموعة مقارنتهم يتم وسوف بذلك. موافقة أخذ بعد ببنها
األعراض وجود من التأكد مع المرضي الكامل التاريخ الي:دراسة الحاالت جميع تخضع وسوف والجنس. نفس السن ,ولهم مرضي
مع التركيز األكلينيكي ؛الفحص درجة الحراره -شحوب-نزيف-همدان بالجسم) (ارتفاع الحاد مثل الليمفاوي الدم لسرطان المصاحبه
العظمي النخاع فحص يشمل الذي و الدوري بالجسم)؛الفحص الطحال-نزيف-همدن ة الكبد (تضخم مثل السرطان امتداد عالمات علي
شكل في التنوع الخاصه وتشملPCR,RFLPلمعرفة ؛الفحوصات الخلوي الظاهريه بجهاز التدفق المناعه وفحص كامله ؛صورة دم
تتراهيدروفوالت الميثيلين تنوع جين بين ملحوظه عالقه وجود اكتشاف النتائج أسفرت وقد ريداكتيز. تتراهيدروفوالت الميثيلين جين
عامل  CC هو الجيني وان النمط عند االطفال الحاد الليمفاوي سرطان الدم بمرض خطر االصابه c677TِوA1298Cو ريداكتيز
الجيني النمط ذات الحاالت ان ايضا المرض .واثبتت الخاليه من الحياة ونسب فترة بشكل عام النجاة بنسب مبشر للتنبؤ الغير مستقل
و  معدالت نجاة CC/CC الجيني النمط الحاالت ذات نمنلك عام؛بينما بشكل اعلي المرض من خالية حياة تمتلك نجاة نسبة CC/AA

اقل. المرض من خالية حياة معدالت
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ABSTRACT
Background: Xeroderma Pigmentosum Complementation Group D (XPD) is a major DNA repair gene in Nucleotide Exci-

sion 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 con-
trols (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.
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INTRODUCTION

Hepatocellular carcinoma (HCC), the pre-
dominant 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 hepati-
tis B virus (HBV) infection being the main risk 
factors(30). Being a complex process with mul-
tiple aetiologies, the pathogenesis of HCC is 
not fully understood and thus requires urgent 
studies(7). The DNA response to cell damage dur-
ing 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 break-
age and inactivation of DNA repair results in un-
controlled 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, possi-
bly 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 act-
ing 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, medi-
ates 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 substitu-
tion 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 investi-
gated 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 susceptibil-
ity 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, se-
lected from Tropical Medicine Department, Kasr 
al Ainy Hospital, Cairo University. Patients with 
liver masses discovered on surveillance by ultra-
sonography 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 Dis-
eases (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 ex-
cluded).

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 he-
patic disorders and symptoms related to chronic 
liver disease (CLD).

• Complete Clinical examination and Calcu-
lation of Child-Pugh score(15).

• Calculation of the Model of End-stage Liver 
Disease (MELD) score: using the following for-
mula: 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 sever-
ity 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 centri-
fuged 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 (HB-
sAg 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 De-
partment, Cairo University Hospitals.

i. Routine liver & kidney function tests in-
cluding 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 con-
centration (PC) and International Normalized 
Ratio (INR) were assayed by automated Stago-
Diagnotica Start-4 coagulometer system.

iii. Serum AFP level was assayed using En-
zyme 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 Hu-
man# (Cat. no. 51048) (33).

The control group was subjected to full his-
tory taking and laboratory investigations (rou-
tine liver & kidney function tests and hepatitis 
markers).

All candidates were subjected to:

1- Extraction of genomic DNA from periph-
eral blood leucocytes of EDTA anticoagulated 
blood which was done using the Thermo Scien-
tific GeneJET Whole Blood Genomic DNA Pu-
rification 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 Poly-
morphism (RFLP) (34).

Identification of genetic polymorphisms of 
XPD Lys751Gln (A / C):

Amplification of the extracted DNA and Ge-
notypic 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 dis-
crimination assay was designed using Taq-Man 
SNP Genotyping Assays (Applied Biosystems). 
Applied Biosystem step one Real-Time PCR 
System was used. The thermal cycling condi-
tions 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 di-
gestion 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 Corpo-
ration, 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. Para-
metric data were summarized using mean ± SD, 
whereas non parametric data were summarized 
as median and percentiles for quantitative vari-

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-Wal-
lis 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 con-
trols 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 cas-
es (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 signifi-
cantly 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) geno-
types 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 com-
pared to those with combined (AC + CC) geno-
types (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 pa-
tients (p > 0.05), including history of  Bilharzia-
sis, Child Pugh classification, number of tumors,
size of main tumor, presence of ascitis and portal 
vein thrombosis.
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The Exo1 Glu589Lys polymorphism:

It was demonstrated that, the AA genotype 
(mutant) was significantly higher in HCC pa-
tients (26.0%) than that in the control group 
(8%) (OR = 4.04, 95% CI = 1.22 – 13.43, p value 
= 0.031), furthermore, the mutant allele A was 

significantly higher in HCC cases (36%) than in
control subjects (23%) (OR = 1.88, 95% CI = 
1.01 - 3.50, p value = 0.044) (Table 3), regard-
ing the laboratory and clinical findings of HCC
patients, no statistical significant difference was
demonstrated between the Exo1 Glu589Lys var-
ious genotypes (p > 0.05).
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Table 1: Frequencies of XPD Lys751Gln genotypes and alleles in the studied groups 

P value <0.05* is considered significant 

Table 2: Comparison between XPD Lys751Gln (AC + CC) genotypes versus AA genotype 
in HCC patients as regards different laboratory parameters

P value <0.05* is considered significant 

XPD Lys751Gln 
HCC patients

(n=50)
controls
(n=50)

p value OR (95% CI)

 n (%) n (%) 
AA (Lys/Lys) 17 (34.0) 28 (56.0) 

0.084 AC (Lys/Gln) 26 (52.0) 18 (36.0) 
CC (Gln/Gln) 7 (14.0) 4 (8.0) 
AA 17 (34.0) 28 (56.0) 

0.027* 2.47 (1.10 - 5.55)AC+CC 33 (66.0) 22 (44.0) 
A allele 60 (60.0) 74 (74.0) 

0.035* 1.90 (1.04 – 3.46)C allele 40 (40.0) 26 (26.0) 

AA (n=17)  AC + CC (n=33)
p value 

Mean ± SD 
   PC (%) 72.62 ± 18.48 73.47 ± 16.56 0.870 
   Albumin(g/dl) 3.3 ± 0.68     2.87 ± 0.6 0.027* 
   Age (years) 50.18 ±7.39 47.88 ±6.20 0.251 

Median (25th - 75th percentiles)
   MELD score 11 (9.15-18.75) 10.8 (8.1-13.4) 0.357 
   INR 1.3 (1.1-1.4) 1.2 (1.14-1.3) 0.622 
   T. Bil (mg/dl) 1.4 (0.9-2.95)   1.5 (0.95-2.35) 0.798 
   D. Bil (mg/dl) 0.4 (0.25-1.8) 0.5 (0.3-0.96) 0.734 
  ALT (U/L) 49 (23.5-56.5) 20 (16-40) 0.011* 
  AST (U/L) 70 (53-100) 71 (46.5-90) 0.480 
   Total Protein (g/dl) 7 (6.5-7.95) 6.8 (6.0-7.9) 0.418 
  ALP (U/L) 133 (85.5-179)    102 (74.5-151) 0.430 
  AFP (ng/ml) 405 (82.65-2858.5) 40 (7.65-204.5) 0.007* 
  Urea (mg/dl) 32.1 (23.75-52.5) 31 (22.45-37.25) 0.301 
Creatinine (mg/dl) 0.98 (8-1.3)   0.8 (0.6-1.2) 0.045* 

Table 1: Frequencies of XPD Lys751Gln genotypes and alleles in the studied groups
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   Albumin(g/dl) 3.3 ± 0.68     2.87 ± 0.6 0.027* 
   Age (years) 50.18 ±7.39 47.88 ±6.20 0.251 

Median (25th - 75th percentiles)
   MELD score 11 (9.15-18.75) 10.8 (8.1-13.4) 0.357 
   INR 1.3 (1.1-1.4) 1.2 (1.14-1.3) 0.622 
   T. Bil (mg/dl) 1.4 (0.9-2.95)   1.5 (0.95-2.35) 0.798 
   D. Bil (mg/dl) 0.4 (0.25-1.8) 0.5 (0.3-0.96) 0.734 
  ALT (U/L) 49 (23.5-56.5) 20 (16-40) 0.011* 
  AST (U/L) 70 (53-100) 71 (46.5-90) 0.480 
   Total Protein (g/dl) 7 (6.5-7.95) 6.8 (6.0-7.9) 0.418 
  ALP (U/L) 133 (85.5-179)    102 (74.5-151) 0.430 
  AFP (ng/ml) 405 (82.65-2858.5) 40 (7.65-204.5) 0.007* 
  Urea (mg/dl) 32.1 (23.75-52.5) 31 (22.45-37.25) 0.301 
Creatinine (mg/dl) 0.98 (8-1.3)   0.8 (0.6-1.2) 0.045* 

P value <0.05* is considered significant
Table 2: Comparison between XPD Lys751Gln (AC + CC) genotypes versus AA genotype in HCC patients 

as regards different laboratory parameters

P value <0.05* is considered significant PC: prothrombin concentration; MELD: Model of End-stage Liver
Disease; INR: International normalizing ratio; T.Bil: Total Bilirubin; D.Bil: Direct Bilirubin; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; AFP: 
Alpha fetoprotein.
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DISCUSSION

Hepatocellular carcinoma has a high world-
wide incidence, and has a poor prognosis and 
survival rate, which makes early diagnosis 
mandatory(40). HCC management requires a 
multidisciplinary approach because of the wide 
heterogeneity in clinical manifestations, differ-
ences in biologic behaviour, different causes of 
chronic liver disease and different therapeutic 
protocols(1). In the current study, we selected 
two single-nucleotide polymorphisms, the XPD 
Lys751Gln and Exo1 Glu589Lys to study their 
association with HCC in Egyptian patients. 

The DNA repair system maintains the stabil-
ity of cellular functions and genomic integrity 
by the repairing damaged DNA caused by ei-
ther endogenous metabolic products or by en-
vironmental carcinogens. Therefore, the DNA 
repair capacity may contribute to cancer patient 
outcomes(36, 20). Nuclear excision repair (NER) 
is the principal DNA repair pathway for DNA 
damage resulting from oxidation and alkylation 
deleterious effects. XPD is a DNA-dependent 
ATPase/helicase that is associated with the tran-
scription factor IIH complex and acts to perform 
a pivotal function in the NER pathway. XPD 
is involved in the opening of the DNA duplex, 
which is necessary for the excision of the frag-
ment of DNA containing the damaged base(25).

The XPD 751Lys/Gln polymorphism was 
reported to promote carcinogenesis through 
reducing the helicase enzyme activity and de-
creasing DNA repair abilities(42), which is sup-
ported by our results that demonstrated a statis-
tically significant increase in the frequencies of

the combined (AC + CC) genotypes, as well as 
the mutant C allele, among HCC patients when 
compared to the control group. A previous study 
in China found a statistically significant increase
in the CC genotype frequency among HCC pa-
tients compared to the controls (OR = 3.51, 95% 
CI = 1.50–6.31; p < 0.05) and the frequency of 
the mutant C allele was significantly higher in
cases than in controls (OR = 1.42, 95% CI = 
1.05–3.45)(19).

Furthermore, another study reported a signifi-
cant association between XPD Lys751Gln (A/C) 
genotypes and HCC in patients with aflatoxin
exposure. The authors demonstrated a signifi-
cant increase in the frequency of the AC geno-
type among cases compared to the controls (OR 
= 1.75, 95% CI = 1.30–2.37; p < 0.001), as well 
as a significant increase in the frequency of the
CC genotype among cases compared to the con-
trol group (OR = 2.47, 95% CI = 1.62–3.76; p < 
0.001).  They concluded that individuals carry-
ing the XPD codon 751 C allele were at a higher 
risk of HCC than those with the homozygous 
XPD codon 751 A allele(39).In contrast, another 
study failed to find a significant association be-
tween the XPD Lys751Gln polymorphism and 
HCC susceptibility (p = 0.61)(10). A meta-analy-
sis that included seven studies about the XPD 
Lys751Gln polymorphism reported the absence 
of an association with HCC risk for all genetic 
models and suggested further large-scale stud-
ies considering gene/gene and gene/environment 
interactions(43), which may explain the discrep-
ancy between the results of different studies. On 
comparing the different clinical and laboratory 
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The Exo1 Glu589Lys polymorphism: 

It was demonstrated that, the AA genotype (mutant) was significantly higher in HCC patients 

(26.0%) than that in the control group (8%) (OR = 4.04, 95% CI = 1.22 – 13.43, p value = 

0.031), furthermore, the mutant allele A was significantly higher in HCC cases (36%) than in 

control subjects (23%) (OR = 1.88, 95% CI = 1.01 - 3.50, p value = 0.044) (Table 3), regarding 

the laboratory and clinical findings of HCC patients, no statistical significant difference was 

demonstrated between the Exo1 Glu589Lys various genotypes (p > 0.05). 

Table 3: Frequencies of Exo1 Glu589LysGenotypes and alleles in the studied groups: 

P value <0.05* is considered significant 

Discussion:

Hepatocellular carcinoma has a high worldwide incidence, and has a poor prognosis and survival 

rate, which makes early diagnosis mandatory [40]. HCC management requires a 

Exo1 Glu589Lys
HCC patients 

(n=50) 
controls 
(n=50) 

p value OR (95% CI) 

 n (%) n (%)   
GG (Glu/Glu) 27 (54.0) 31 (62.0) 

0.049*GA (Glu/Lys) 10 (20.0) 15 (30.0) 
AA (Lys/Lys) 13 (26.0) 4 (8.0) 
GA+GG 37 (64.0) 46 (92.0) 0.031* 4.04 (1.22 – 13.43)
AA 13 (26.0) 4 (8.0) 
G allele 64 (64.0) 77 (77.0) 0.044* 1.90 (1.04 – 3.46)
A allele 36 (36.0) 23 (23.0) 

Table 3: Frequencies of Exo1 Glu589LysGenotypes and alleles in the studied groups:

P value <0.05* is considered significant
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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 poly-
morphism 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 poly-
morphism has a significant impact on the surviv-
al rate of HCC patients. They also concluded that 
carriers of the CC genotype had a more favour-
able outcome and reduced death rate in compari-
son 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 che-
motherapy for HCC induces DNA damage of 
cancer cells and the low activity of the XPD 
Lys751Gln polymorphism strengthens the effi-
cacy 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 sig-
nificant 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 polymor-
phism, our study demonstrated that both the AA 
genotype and the A (mutant) allele were signifi-
cantly higher in the HCC group than the control 

group, which was supported by a previous Turk-
ish 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 poly-
morphism 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 suscep-
tibility in Egyptian patients and their detection 
could be used as a potential non-invasive molec-
ular markers for the assessment of susceptibility 
to HCC in patients with chronic HCV infection. 
Moreover, XPD Lys751Gln (A/C) polymor-
phism might beclinically used as a good prog-
nostic 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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األشكال المتعددة للجين                                                                   فى حاالت سرطان الكبد الخلوى
نيفين العبد - اسماء كمال - نجالء زايد - اسماء فتيح - ابراهيم صيام

أورام الكبد من أكثر األورام السرطانية انتشارا فى العالم و أكثرها مسببا للوفاة. و تعتبر مصر من أكثر الدول إصابة 
الهامة  األدوات  من  المبكر  التشخيص  كان  ولذلك  الكبد.  وسرطان  تليف  الى  يؤدي  اللذي  و  سي  المزمن  الكبدى  بالفيروس 
لسرعة البدء فى العالج الفعال. ويعتقد أن تطور مرض سرطان الخاليا الكبدية يعود إلى إعادة ترتيب الكروموسومات، تفعيل 
الجينات المسرطنة الخلوية وتعطيل الجينات الكابتة للورم. وعلى الرغم من أهميته، ليس هناك سوى فهم محدود من اآلليات 
الجزيئية والخلوية والبيئية التي تدفع لحدوث المرض، لذلك كان من الضروري البحث عن العوامل الوراثية التي يمكن أن 
تساعد على تحديد الفئات األكثر عرضة للخطر. و محاوله تحديد العوامل التنبؤية التي تؤدي إلى تشخيص أفضل وتخطيط 
استراتيجيات وقائية جديدة. و قد أظهرت دراسات الخاليا 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 751)و (EXO 1) فى حاالت سرطان الكبد الخلوى فى المصريين. أجريت هذه 
علي  أيضا  الدراسة  اشتملت  كما   ، أعمارهم ±48.66 6.64عاما  متوسط  الكبد  بسرطان  مصابا  مريضا  علي 50  الدراسة 
50 من األصحاء متماثلين معهم في العمر والجنس ويمثلون المجموعة الضابطة متوسط أعمارهم48.62 ±  7.28عاما. تم 
أخذ التاريخ المرضي الكامل من المرضي وإجراء الفحص اإلكلينيكي الشامل لهم مع إحتساب درجة شدة المرض؛ كما تم 
عمل موجات صوتية لجميع المرضى باالضافة الى عمل اشعة مقطعية لجميع مرضى اورام الكبد الخبيثة. كما أجريت لهم 
إختبارات وظائف الكبد و الكلي باإلضافة إلى قياس نسبة األلفا فيتو بروتين في الدم  كما اشتملت الدراسة على فحص التغيير 
فى التركيب الجيني للجين   (XPD 751)بطريقة تفاعل البلمرة المتسلسل و (EXO 1) بطريقة ال REFLP لكل األشخاص 
الخاضعين للدراسة. و قد أسفرت النتائج عن وجود عالقة ذات داللة إحصائية بين الشكل الجيني (XPD 751Gln)و زيادة 
فرصة اإلصابة بسرطان الكبد في المرضي المصريين المصابين بالتهاب الكبدى الوبائي سي.  باإلضافة إلي وجود عالقة 
ذات داللة إحصائية سالبه بين األشكال المتعددة للجين (XPD 751) و تحليل مستوي األلبيومين بينما وجدت عالقة ذات 
داللة إحصائية موجبه بين الشكل الجيني الطبيعي للجين XPD 751  و ال (ALT) و نسبة األلفا فيتو بروتين والكرياتينين 
في الدم. كما أسفرت النتائج ايضا عن وجود عالقة ذات داللة إحصائية بين الشكل الجيني (EXO 1 Lys)و زيادة فرصة 
اإلصابة بسرطان الكبد وبناءا على ذلك فان جينى(XPD 751) و (EXO 1)لهما دور فى تطور اورام الكبد الخبيثة كما 

يمكن استخدامهما كأحد دالالت األورام الجينية لسرطان الكبد. 

(EXO1 GLA589LYS) , (XPD LYS751GLN)
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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 com-
bined 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 primar-
ily expressed in the brain and hypothalamus, but 
they are also widely distributed in peripheral tis-
sues 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 pro-
posed 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. In-
deed, 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 pre-
ponderance of data confirm that alterations in
cellular LepR signaling, especially in the arcu-
ate 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 indi-
viduals, 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 polymor-
phism, characterized by an adenine (A) to gua-
nine (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 obe-
sity in different population studies. It has been 
suggested that the change of amino acid gluta-
mine (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 char-
acteristics of the receptor and is thought to be 
associated with an impaired signaling capacity 
of the leptin receptor and with higher mean cir-
culating 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 popula-
tions, several studies have associated this variant 
with obesity (19,33,10,8).

The GLN223ARG leptin receptor polymor-
phism 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 sub-
jects 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 Or-
ganization (WHO) (non- obese BMI < 25 and 
Obese BMI ≥25).   All persons were asked to an-
swer 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, insu-
lin, lipids profile [triglycerides (Tg), cholesterol
total (Tc), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol 
(LDL-C)], and leptin.Fasting glucose concen-
tration was determined by an enzymatic colori-
metric method (Roche Diagnostics, Mannheim, 
Germany), and fasting insulin and liptin concen-
tration were determined using a commercially 
available ELIA kits. Lipids were measured by 
an enzymatic colorimetric method with avail-

able kits (Roche Diagnostics, Mannheim, Ger-
many).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 reac-
tion 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 amplifica-
tion 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 Ther-
mal 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 Vi-
sualized under UV light and photographed us-
ing 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 deter-
mined by restriction fragment length polymor-
phism (RFLP) procedure. They were prepared 
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as follows: in a labeled clean and dry Eppendorf 
tubes 5μl of PCR product, 4μl of sterile, deion-
ized 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) aga-
rose gels electrophoresis.

Statistical Analysis:

Statistical analysis of the data was performed 
using the Statistical Package for Social Science 
(SPSS for windows, version 16) (SPSS Inc., 
Chicago, IL, U.S.A). Descriptive data were giv-
en as mean ± standard deviation (SD). Differ-
ences among groups were tested using t-test for 
unpaired data. The Fisher’s exact test and Chi-
square test were applied to test the association 
between genotypes and clinical groups. Contin-
gency analysis was applied to calculate the odds 
ratio (OR) and 95% confidence interval (CI) to

estimate the relative risk and strength of asso-
ciation for their various genotypes or their com-
binations. 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

Results showed statistically significant dif-
ferences between the two studied groups regard-
ing lipid profile,

Table 1 shows levels of FBS, Fasting insulin 
levels, serum leptin and leptin and insulin resis-
tances between the two studied groups that shows 
statistical significant differences (p< 0.05)

Figure 1 shows the genotyping results of 
GLN223ARG leptin receptor polymorphism. A 
single band of 368 bp shows the presence of allele 
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Table (1) leptin and insulin resistance in obese and non obese subjects

Variables� Obese�(n=44) Non�obese�(n=44) p�value�
Leptin�resistance�

Present�
Absent�

39�(88.6%)�
5�(11.4%)�

0�(0%)�
44�(100%)�

<0.0001**

Mean�leptin�levels�(±SD)� 63.5±75.6 4.3±2.1 <0.0001**
Fasting�insulin�(�U/ml)� 14.0±7.9 9.4±4.5 0.001**�

FBG�(mg/dl)� 163±103 76±9 <0.0001**
Insulin�resistance�

Present�
Absent

32�(72.7%)
12�(27.3%)

8�(18.2%)
36�(81.8%)

<0.0001**
<0.0001**

Figure 8: Electrophoretic pattern of different GLN223ARG leptin receptor genotypes:Photograph of a 2% 
(w/v) agarose gel showing the digested PCR products for GLN223ARG leptin receptor polymorphism 
genotyping. Lane L: DNA ladder. Lane 1: Homozygous AA genetype produce one band of size 368 bp. Lane 2: 
Heterozygous AG genetype produce three bands of size 368, 245 and 123 bp. Lane 3: Homozygous GG genetype 
produce two bands of size 245 and 123 bp. Lane N: A negative control (- DNA).

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

Variables  Obese (n=44) Non-obese (n=44) � 2 p-value 

Genotype 

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** 

*Significant p-value at <0.05, **highly significant p-value at <0.01, �2Y=chi-square with Yates correction test. 
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Figure 1: Electrophoretic pattern of different GLN223ARG leptin receptor genotypes:Photograph of a 
2% (w/v) agarose gel showing the digested PCR products for GLN223ARG leptin receptor poly-
morphism genotyping. Lane L: DNA ladder. Lane 1: Homozygous AA genetype produce one band 
of size 368 bp. Lane 2: Heterozygous AG genetype produce three bands of size 368, 245 and 123 bp. 
Lane 3: Homozygous GG genetype produce two bands of size 245 and 123 bp. Lane N: A negative 
control (- DNA).
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A (GLN/GLN), while the presence of 2 bands of 
245 and 123 bp shows the presence of allele G 
(ARG/ARG). There are 2 bands for the G allele 
because this product contains a digestion site 
for the MspІ enzyme, which is absent when A is 
present. Therefore, the PCR product containing 
the G allele is cleaved by MspІ and produces 2 
bands of low molecular weight. While presence 
of 3 bands indicated the presence of AG alleles.

Table 2: shows Leptin receptor gene 
GLN223ARG polymorphisms in obese and non-
obese subjects 

** Distribution of different GLN223ARG 
genotypes (Table 2):

The obese group showed that 31.8% (n=14) 
were homozygous AA, 45.5% (n= 20) were het-
erozygous AG and 22.7% (n= 10) were homo-
zygous GG, however non-obese group showed 
that 75% (n= 33) were homozygous AA, 22.7% 
(n=10) were heterozygous AG and 2.3% (n= 1) 
was homozygous GG.

The percentages of heterozygous AG and 
homozygous GG genotypes were statistically 
significantly higher among obese group than
among non-obese group (45.5% and 22.7% ver-

sus 22.7% and 2.3%, respectively) (p=0.02 and 
p=0.004, respectively). In contrast, non-obese 
group showed statistically significant higher per-
centage of homozygous genotype AA in com-
parison to obese group (75.0% versus 31.8%, 
respectively) (p<0.0001).

** Allele frequencies for GLN223ARG gene 
(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% re-
spectively.

The frequency of allele A was statistically 
significantly higher in non obese group in com-
parison to obese group (98.6% versus 51.9%) 
(p<0.0001), while the frequency of allele G was 
statistically significantly higher in obese group
in comparison to non obese group (48.1% versus 
1.4%) (p<0.0001).

Table 3:Relative risk (RR) and  OR of differ-
ence genotypes and allele frequencies in obese 
and non-obese subjects 

When comparing AA and AG genotype 
the OR was (4.7), which indicates that the car-
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Genotype 

AA 14 (31.8%) 33 (75%) 16.49 <0.001** 
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Table (3) Relative risk and odds ratio of difference genotypes and allele frequencies in obese and non-obese 
subjects:

Genotypes 
Obese (n=44) Non-obese (n=44) 

P value OR (95%CI) RR (95%CI) 
Frequency (%) 

AA 14 (31.8%) 33 (75%) Reference 

AG 20 (45.5%) 10 (22.7%) a0.001** 4.7 (1.8-12.6) 2.5 (1.4- 4.7) 
GG 

10 (22.7%) 1 (2.3%) 
b<0.0001** 23.6 (2.7- 202.1) 14.2 (1.94-103.4) 

c0.12 5 (0.6-44.7) 3.67 (0.5-25.4) 
AG+ GG 30 (68.2%) 11 (25.0) d<0.0001** 6.4 (2.5-16.3) 2.72 (1.6-4.7) 

Alleles 
A 48 (54.5%) 76 (86.4%) Reference 
G 40 (45.5%) 12 (13.6%) <0.0001** 5.3 (2.5-11.0) 3.3 (1.9-5.9 

*Significant p-value at <0.05, **highly significant p-value at <0.01, a (AA vs. AG), b (AA vs. GG), c (AG vs. GG), d

(AA vs. AG+GG), OR= odds ratio, RR=relative 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 
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. 
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 with 
an increased risk of developing insulin resistance and type 2 diabetes (Kahn et al, 2006; Cerasi 
2007; Blüher 2009). Obesity promotes both endoplasmic reticulum stress and a state of chronic 
low-level of inflammation that contributes to insulin resistance (Zhang et al, 2008). 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 (Kahn et al, 2006).

     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 

*Significant p-value at <0.05, **highly significant p-value at <0.01, χ2Y=chi-square with Yates correction test.

Table (3) Relative risk and odds ratio of difference genotypes and allele frequencies in obese and non-obese 
subjects:

*Significant p-value at <0.05, **highly significant p-value at <0.01, a (AA vs. AG), b (AA vs. GG), c (AG vs.
GG), d (AA vs. AG+GG), OR= odds ratio, RR=relative risk, CI= confident interval.
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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 geno-
type (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 non-
obese 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 5-
fold higher in obese in comparison to non-obese 
(RR=3.3, 95% CI: 1.9-5.9).

DISCUSSION
In this research, the distribution of alleles of 

the leptin receptor gene GLN223ARG polymor-
phism 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 signifi-
cantly 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 

with an increased risk of developing insulin re-
sistance and type 2 diabetes(14,6,5). Obesity pro-
motes 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 individu-
als, 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). 

This study’s results demonstrated that in the 
study groups obese persons that carry hetero-
zygous 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.

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). 

Similarly, Duarte et al, (2007) conducted a 
study in Brazilian multiethnic subjects and found 
that there were significant differences in genotyp-
ic distribution of LepR polymorphism in obese 
compared to lean or normal individuals(10). 

Another study of Brazilian population con-
ducted by Duarte et al, (2007), confirmed the
association between the GLN223ARG polymor-
phism 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 re-
ported that G-allele polymorphism showed an 
association with increased BMI. In addition, G-
allele polymorphism showed also an association 
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with fasting blood glucose and serum leptin lev-
els. Which suggested that LepR polymorphism 
may influence the susceptibility to metabolic
disturbances and obesity(29). 

In this study, Relative risk and Odds ratio re-
sults 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 meta-
bolic 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 obe-
sity 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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المصريين البدناء فى االنسولين مقاومة مع اللبتن مقاومه و اللبتن مستقبالت جين االشكال فى تعدد عالقه
الشبراوي الرازق - محمد محمد يوسف عبد ناهد اهللا -  عبد محمد عصام

العيسوي رمضان نشوي - عبد االه الدين تاج احمد
المتوسط المنخفض و الدخل ذات تنذربالخطر فى البلدان بمعدالت ارتفاع مع السمنة مرض فى عالمى تفاقم العالم يشهد
مصر في النساء بين ٪٥٠ الثالث العالم للبدانه في انتشار نسبة اعلي توجد افريقيا شمال االوسط ودول الشرق في و
مرحلة بداية السمنه في ان هناك احتمال اكبر ولكن السن، التقدم في مع  فقط يزيد ال السمنه انتشار .٢٠٠٨ عام في
النفسيه باالمراض االصابه في بزياده المرحله هذه في السمنه وترتبط . الحياة فترة طوال تستمر المبكره سوف الطفوله
يحفز امتصاص الجلوكوز االنسولين الثاني. و االول النوع من السكري ، وداء الدمويه و االوعيه القلب مضاعفات و
تضاؤل لالنسولين يحدث مقاومه وجود حالة الناس. وفي بين كبيرا اختالفا يختلف بذلك القيام وقدرتها علي االنسجه، في
االنسولين. من المزيد البنكرياس يفرز المقاومه، هذه عن وللتعويض . االستجابه لعمل االنسولين علي قدرة االنسجه في
و في الجسم الدهون تنظيم عن المسئول الهرمون هو اللبتين هرمون بالدم االنسولين في نسبة ارتفاع يحدث وبالتالي
اللبتين .مستقبالت الجسم في الموجوده الدهون نسبة غلي بناء تصنيعه ويتم ، الجسم في الدهنيه الخاليا في تصنيعه يتم
يمكن اللبتين مستقبالت جين الشكلي في التعدد تبين ان الدراسات العديد من وفي وزن الجسم تنظيم في حاسما تلعب دورا
مستقبالت جين في الشكلي التعدد بين عالقه وجود بدراسه قمنا الدراسه هذه المفرطه. ومن خالل السمنه الي يؤدي ان
يعانون من  الذين االفراد من ٤٤: االولي المجموعه كاالتي: مجموعتين اخذ طريق عن وذلك و السمنه اللبتين هرمون
الحوامل استبعاد السيدات يتم ان علي السويس قناة مستشغي  جامعة في الباطنيه االمراض عيادة علي المترددين السمنه
من  يعانون و ال كمجموعه مقارنه فرد المجموعه الثانيه:٤٤ هذه الدراسه. لمثل اي ادويه يتناولون المرضي الذين و
كتلة الجسم. مؤشر لحساب فرد لكل الوزن الطول و و قياس فحص اكلينيكي وعمل مرضي تاريخ بأخذ وقمنا السمنه. 
مقاومة  و اللبتين مقاومه من وكال gln٢٣٣arg lep r الجين من لبن المتغيرات ايجابيه عالقه هناك ان تبين الدراسه ومن
السمنه  الغذائي و التمثيل علي وظائف gln٢٢٣arg lep r يؤثر في الشكلي التعدد ان الدراسه من وجد .حيث االنسولين
بين عالقة وجود البحث تم الكشف عن نتائج خالل ومن . اللبتين و االنسولين هرمون من كل كفائة عدم خالل من ذلك و
يكون  ان يمكن  GLN٢٢٣ARGLepR ان الي النتائج وخلصت هرمون اللبتين والسمنه في مستقبالت الشكلي التعدد
بالدم كاختبار لمعرفه وجود اللبتن هرمون نسبه تحليل استخدام امكانيه : التوصيات . مصر عالمه وراثيه للبدانه في
وجود لمعرفه نفسه اللبتن جين  في الشكلي التعدد دراسه للسمنه. االمثل العالج في يساعد مما اللبتن لهرمون مقاومه
الشكلي التعدد مع التداخل ومعرفه للسمنه المسببه االخري الجينات في الشكلي التعدد دراسه السمنه. مرض مع عالقه

اللبتن . مستقبالت في جين



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 com-

plex 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 TNFα-
1031T>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 sug-
gest that TNF-α 308 G/A gene polymorphism is genetically associated with Rheumatoid Arthritis and involved in disease activ-
ity and severity in the Egyptian population.  Key words: Rheumatoid arthritis (RA), genetic susceptibility, TNF polymorphisms, 
Polymerase chain reaction, Restriction fragment length polymorphism (PCR-RFLP).
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic auto-
immune disease that affects 1% of the population 
worldwide(48). It is a systemic disease which in-
volves the organs, joints, and other areas of body 
such as the eyes, lungs, heart, kidney, spleen, 
and skin(20).

RA exhibits multifactorial inheritance result-
ing from a complex interplay between an individ-
ual’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 anti- 
inflammatory 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 cyto-
kines 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 his-
tocompatibility 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 recep-
tors (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 exacerba-
tion of the inflammatory response. This, together
with its potent immunomodulatory activities, has 
been suggested to be important to the pathogen-
esis 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, TNFα-
308 polymorphism has been reported to be asso-
ciated with several autoimmune diseases includ-
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ing RA(26, 16). 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 suscepti-
bility 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 al-
ternate allele(28). The presence of G at this posi-
tion 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)..

Recently, a study on Japanese population has 
shown that TNFβ (+252) polymorphism togeth-
er with HLADRB1* 0405 influences the suscep-
tibility 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 pa-
tients 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 asso-
ciation between LTA252A>G, TNFα-308G>A 
and TNFα-1031T>C polymorphisms and sus-
ceptibility to RA in Egyptian patients. In ad-
dition, we investigated the association of these 
polymorphisms with disease activity and sever-
ity. 

MATERIALS AND METHODS

Patients

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

a rheumatologist and fulfilled the2010 ACR/EU-
LAR (formerly, the American Rheumatism As-
sociation) 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 con-
trol 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 pa-
tients for determination of erythrocyte sedi-
mentation rate (ESR; Westergreen), C-reac-
tive 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 cetrul-
inated peptide(Anti-CCP) was determined using 
Enzyme linked immunosorbent technique (ELI-
SA) using(QUANTA Lite® CCP3IgG ELISA, 
INOVA Diagnostics)According to the manufac-
turer’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).

Genotyping
Genomic DNA was extracted from EDTA 

anti-coagulated whole blood using QIAamp 
DNA Mini Kit(Cat.no.51104,QIAGEN) accord-
ing to the manufacturer’s  protocol. The three 
sequences flanking TNFα-1031T>C, TNFα-
308G>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 frag-
ment 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’-AGGCAATAG-
G T T T T G A G G G C C A T - 3 ’ ) a n d 
(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 de-
scribed by Bonyadi et al.: 5 min for  initial dena-
turation 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) accord-
ing 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% aga-
rose gel stained with ethedium bromide and fol-
lowed by ultraviolet visualization. Primers (5’-
CCGTGCTTCGTGCTTTGGACTA-3’) and 

(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 condi-
tions 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 Scien-
tific Cat. No.: FD0574) according to the manu-
facturer’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 pro-
gram (statistical package of social science; SPSS 
Inc., Chicago, IL, USA) version 16 for Microsoft 
Windows. Mean, median, range and standard de-
viation, were calculated to measure central ten-
dency and dispersion of quantitative data while 
frequency of occurrence was calculated to mea-
sure 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% con-
fidence 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 cal-
culated by a 2 by 2 contingency table.Genotype 
distributions were compared with those expect-
ed for samples from populations in Hardy-Wein-
berg 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 dis-
ease and the TNFα gene promoter polymor-
phisms 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 polymor-
phism, the genotype frequencies of RA patients 
and healthy controls conformed to the Hardy-
Weinberg equilibrium (P= 0.2531; P=0.224, re-
spectively). 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, TNFα-
308A>G gene polymorphism the genotype fre-
quencies 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 dem-
onstrated 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 distribu-
tion 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 distribu-
tion of TNFα-1031T/C and the TNF β 
polymorphism+252A/G, revealed non-signifi-
cant differences in both allelic and genotypic 
distributions among patient and control groups 
(Table 2).

For the next analysis, the patients were di-
vided 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- remis-
sion 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 al-
lele. The difference between the two groups was 
statistically significant (P=0.008). On comparing
the distribution TNF-α 308 genotypes in both re-
mission and non- remission group patients, the 
GG genotype was more frequently represented 
than the AG genotype and the AA genotypes, re-
spectively and the difference was highly statisti-
cally significant (P<0.001 Table 3). Analysis of
the frequency of distribution of alleles and geno-
types 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  dis-
ease duration, CRP, RF and Anti CCP positivity 
(data not shown). 
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Table 1. Demographic, clinical and laboratory of RA patients and control group

Analysis of the frequency of distribution of alleles and genotypes in TNF-�1031 T/C 
and TNF� +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-� and TNF-� gene polymorphisms. On 
comparing the frequency of distribution of TNF-�308 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-�1031 and TNF�+252
polymorphismaccording 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-� 308,TNF-�
1031 and LTA252 genotypes , and age/sex of patients  disease duration, CRP, RF and 
Anti CCP positivity (data not shown). 

Table 1. Demographic, clinical and laboratory of RA patients and control group 

Demographic and clinical 
data

Cases(35) Controls(35) Significance Test P value 

Age
Mean ±SD 
Range

45.63±13.93 
20-70

40.51±12.63 
22-65

Student t test 
t= 1.60 

0.112 

Sex:
Female 
Male  

34       97.1% 
 1          2.9%         

33         94.3% 
2             5.7% 

�2=0.348 0.555 

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 
Mean ±SD 
Range

4.77±1.44 
2.30-7.75 

ESR (mm/hour) 
Mean ±SD 
Range

56.40±22.74 
10-100

CRP Positivity 

RF  Positivity   

Anti CCP Positivity 

17/35   (48.6%) 

25/35 (71.4%) 

29/35 (82.9%) 

*Significant Difference (Pvalue<0.05)

Table 2.Comparison of TNF- � and TNF+� polymorphisms between Egyptian RA patients and healthy controls.

Cases 
(n=35) 
    % 

Controls
(n=35) 
     % 

Odds Ratio and 
95% Confidence 
interval

Significanc
e Test 

P value 

TNF� 308: 
GG 
AG
AA 

G
A

3085.7% 
 3     8.6% 
 2     5.7% 

63    90% 
 7     10% 

  19    54.3% 
  16     45.7% 
  0        0.0% 

  54      77.14% 
   16     22.86% 

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

Reference 
2.67(0.94-7.791)      

�2=11.32 
�2=1.24         

�2= 4.21 

<0.001�
  0.266               

0.040* 

TNF� 1031: 
TT
TC
CC 

T
C

24      68.5% 
10      28.6% 
1        2.9% 

58       82.86% 
12       17.14% 

   21      60.0% 
  14       40.0% 
   0          0.0% 

   56        80% 
   14        20% 

Reference  
0.63(0.20-1.90) 
NAa

Reference 
1.21(0.47-3.084) 

�2=0.85
�2=0.86 

�2= 0.189 

0.355 
0.354 

0.664 

LTA 252: 
AA 
AG
GG 

A
G

15        42.9%% 
18        51.4% 
 2          5.7% 

48          68.57% 
22          31.43% 

  18         51.4% 
  16         45.7% 
   1          2.9% 

  52         74.29% 
  18         25.71% 

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

Reference 
0.76(0.33-1.67) 

�2=0.38 
�2=0.50 

�2=0.56 

0.540 
0,481 

P=0.454 

*Significant difference (p value <0.05) 
 –Allele frequency was calculated according to Hardy-Weinberg Equation(HWE) 
- NAa  : non-applicable 
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30              88.2% 
3                   8.9% 
1                 2.9% 

5                7.4% 
63            92.6% 

-

-

�2=16.98 

�2= 18.53 

0.000�

0.008* 

*Significant Difference (Pvalue<0.05)
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*Significant difference (p value <0.05)  –Allele frequency was calculated according to Hardy-Weinberg
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Table3. Comparison of TNF- α and TNF+β polymorphisms distribution according to DAS 28 scoring system:

*Significant difference (p value <0.05) **Remission group (DAS 28<2.6) *** Non- remission group includes:
(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)

Table 4.Comparison between disease severity (represented by Sharp Score) with gene polymorphisms in 
RA patients

 (Significant Difference (Pvalue<0.05)

those expected for samples from populations in Hardy-Weinberg equilibrium using a 
�2test (1df).The level of significance was taken at p-value of <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 bands 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 re-
striction 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
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*Significant difference (p value <0.05) 

**Remission group (DAS 28<2.6) 

*** Non- remission group includes: (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) 

Table 4.Comparison between disease severity (represented by Sharp Score) with gene polymorphisms in RA 
patients 

Genotypes           Sharp Score          Anova Test            P value 
                              (mean± SD)      

TNF-�308
    GG                     34.13±24.24                       
    AG                     80.00±10.00            F=5.79                   0.007*

    AA                     21.00±12.72
TNF-�1031
   CC                      90.00±
   CT                      31.50±24.86            F=2.42                0.105            
   TT                      37.54±

LTA 252
   GG                   37.50±24.74
   GA                   41.00±28.67             F=0.37                   0.691
   AA                   32.87±24.75

)Significant Difference (Pvalue<0.05*

DAS28 Remission**

  N=1 
Non- Remission*** 
   N=34 

Odds Ratio 
and 95% 
Confidence 
interval 

Significance 
Test

P value 

TNF� 308: 
GG 
AG 
AA 

A
G

0              0.0% 
0               0.0% 
1             100% 

2              100% 
0               0.0% 

30              88.2% 
3                   8.9% 
1                 2.9% 

5                7.4% 
63            92.6% 

-

-

�2=16.98 

�2= 18.53 

0.000�

0.008* 

TNF� 1031: 
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             TT 

             C 
             T 
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1                  2.9% 
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-

-

�2=0.47 

�2= 0.43 

0.790 

 1.00 

LTA 252: 
           GG 
           AG 
           AA 

G
A

0                 0.0% 
1              100.0% 
0                  0.0% 

1            50.0% 
1            50.0% 

 2                 5.9% 
17              50.0% 
15             44.1% 

21            30.9% 
47           79.1% 

-

2.24 
0-86.93 

�20.97 

�2=0.33 

0.615 

P=0.532 
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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

Lanes 5: Homozygous mutant type (AA): 1 band 107 bp

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

M: DNA molecular weight marker: (50 ,100 ,150 ,200,……500 bp)

Lanes 1, 2, 3, 7, 9, 11, 13, 16 : Wild type (AA): 1 bands 750 bp

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 
band 107 bp

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

Lanes 5: Homozygous mutant type (AA): 1 band 107 bp

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

M: DNA molecular weight marker: (50 ,100 ,150 ,200,……500 bp)

Lanes 1, 2, 3, 7, 9, 11, 13, 16 : Wild type (AA): 1 bands 750 bp

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

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 : Heterozy-
gous mutant type (AG): 3 bands 185, 
555 & 750 bp

Lane 4: Homozygous mutant type (GG): 2 
bands 185& 555

DISCUSSION

Rheumatoid arthritis (RA) is a complex, mul-
tifactorial, inflammatory disease of unknown
etiology with considerable variability. Both ge-
netic and environmental factors can contribute to 
susceptibility to disease initiation as well as se-
verity of disease course(36). Fifty percent of risk 
of developing rheumatoid arthritis is attributable 
to genetic factors(45). Much progress has been 
made in identification of genetic regions tagged
by structural variation (single nucleotide poly-
morphisms); more than 30 genetic regions are 
associated with rheumatoid arthritis(32). 

SNPs are highly abundant, stable, and distrib-
uted throughout the genome. These variations 
are associated with diversity in the population, 
individuality, susceptibility to diseases, and dif-
ferential response to medical treatment(24).. 

Several polymorphisms within the promoter 
region of TNF-α and the intron 1 polymorphism 
of TNF-β, in particular, have been associated 

with altered levels of circulating TNF-α(39). Thus, 
in an attempt to increase our understanding of 
the interaction between the risk of development 
of RA and the genetic polymorphism of TNF, 
we studied TNF-α 308 G/A, TNF-α 1031 T/C 
and LTA 252 A/G gene polymorphism with a 
specific aim to identify gene relation to suscepti-
bility of RA, and its relation with disease sever-
ity, and activity in RA patients.

In the present study, on investigating the ge-
netic association of TNFα 308 A/G and RA, the 
G allele was more frequently represented among 
RA patients than the A allele compared to the 
healthy control group (p = 0.040).  Similarly, 
The wild type (GG) genotype was more fre-
quently represented among RA patients (85.7%)  
in comparison to mutant (AA) genotype and the 
heterozygous(AG) genotype (5.7% and 8.6%, 
respectively) compared to  the healthy control 
group (P=0.001).
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 In accordance with our results Mosaad et 

al.,(29) reported that the G allele was more fre-
quently 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 cur-
rent 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 associa-
tion between TNF-α –308 polymorphism and 
RA susceptibility was observed in other case 
control studies(27,35). .

Our results regarding TNF-α308 G/A poly-
morphism could be explained by the fact that 
these differences in findings may be attributed
to the ethnicity-related genetic makeup in differ-
ent 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-envi-
ronment interaction might be responsible for the 
significant differences in the results of polymor-
phism association studies on RA patients from 
various ethnicities/geographical locations(35). The 
difference in results between patients groups in 
different Egyptian governorates might be attrib-
uted to differences in study design, mean dura-
tion of RA and sample size. 

In the current study, there was no statistical 
significant difference detected on analyzing al-
lelic 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 pa-
tients and Healthy controls (P=0.79).

Although there is a plethora of literature re-
garding the role of TNF-α polymorphism in the 
pathogenesis of a variety of autoimmune diseas-
es 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 TNF-
α 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 TNF-
α in terms of their pro-inflammatory and apop-
totic activity(33). 

A polymorphism has been reported at posi-
tion +252 within the first intron of the TNF-β
gene, consisting of nucleotides Guanine (TNF-
β +252G) on one allele and Adenine (TNF-β 
+252A) on the alternate allele (3). .

In the current study, LTA 252 A>G al-
lele 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) re-
ported 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 cas-
es and controls respectively, was (52.45% vs. 
48.80%) and the difference between alleles was 
statistically insignificant (P= 0.457).

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.

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

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

In the current study, we assessed the influ-
ence of TNF-α 308, TNF α- 1031 and LTA 252 
allele and genotype distribution on disease activ-
ity. 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 statisti-
cally significant (P=0.008). There was a highly
statistically significant association between wild
type (GG) genotype and disease activity repre-
sented by DAS28 (P<0.001).  This could be ex-
plained  by the fact that the activity of RA may 
be modulated by the intensity of the inflamma-
tory 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) gen-
otype 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 se-
verity could be explained by differences in TNF-
α 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 TNF-
α levels might be under a multifactorial regulato-
ry process. Circulating TNF-α level is regulated 
at different stages: gene transcription, post tran-
scription control of mRNA stability, cleavage of 

the membrane form to liberate the soluble form, 
and the expression of receptors(43). .

Our results regarding radiological joint dam-
age were in accordance with Rezaieyazdi et al,(37) 

which documented the association between het-
erozygous mutant (AG) genotype with a worse 
course of the disease.

However, in contrast, Nemec et al., (31), re-
ported 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 radio-
logical 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 Wil-
son et al.,(47), reported that RA patients with A 
allele tend to have an increased number of ero-
sions. 

In the current, no statistically significant as-
sociation was found between TNF-α 1031T/C 
polymorphism and RA disease activity and se-
verity .

Contrary to our findings, Karray et al.,(25), 

pointed out that the C allele was significantly
higher in patients in  remission of RA activ-
ity 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 asso-
ciation 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 suscepti-
bility 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 im-
plication in the pathogenesis of RA and might 
also be implicated in disease activity and sever-
ity in the Egyptian population.
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بنشاط وعالقته الروماتويدى المفاصل التهاب مرض بحدوث االورام وعالقته نخر لعامل الجينيه االشكال تعدد

شدته و المرض
العليم عبد - ايناس محمد رباب - الشافي سناء عبد - زغلول هبه

الناتج العوامل متعدد تظهر الميراث التي المزمنة الذاتية المناعة امراض من هو مرض الروماتويدى المفاصل التهاب
تبين وقد لاللتهاب مساعد عامل خلوى (TNF)هو الورم نخر عامل والبيئة. للفرد  الوراثية الخلفية  بين معقد تفاعل عن
الهدف: الروماتويدى المفاصل التهاب ذلك بما فى الذاتية المناعة من أمراض عدد في التسبب في محوريا دورا يلعب أنه
 TNFα-1031T>C و LTA252A>G،TNFα-308G>A فى الجينيه االشكال تعدد بين العالقه لتقييم الدراسة أجريت
عن  للكشف  PCR-RFLPاستخدام تم األساليب: وشدته. المرض نشاط مع وعالقتهم الروماتويدى المفاصل التهاب مع
الروماتويدى. المفاصل التهاب مع TNFα-1031T>C و LTA252A>G،TNFα-308G>A الجينات عالقةتعددأشكال
المفاصل  التهاب مرضى في بكثير الجينىTNF -α 308 GG أعلى الشكل و أليل TNF-α 308 G النتائج النتائج:اظهرت
 TNF-αان الى ايضا كما اشارت النتائج التوالي). على ،P = 0.001 (P = 0.04؛ األصحاء الروماتويدي بالمقارنة مع
 P) المرض بنشاط تتميز التى الروماتويدى المفاصل التهاب المجموعة في بكثير أعلى GG الشكل الجينى و  G 308 أليل
وعالقته  المرض شدة نتائج تحليل .عند المرض بها الساكن المجموعة مع مقارنة التوالي) على P<0.001 0.008 =؛
المفاصل بين مرضى التهاب تواترا جين TNFα-308أكثر الجينىAG فى الشكل وجد ان المفاصل الرماتويدى، بالتهاب
التهاب بين إحصائية ذات داللة ارتباط هناك يكن لم .P = 0.007))المورثاتAAو GGالجينى الشكل مقارنة الروماتويدي
إلى تشير نتائجنا الخالصة: .TNFα-1031T>C وو LTA252A>G الجينيه لجينات األشكال و الروماتويدى المفاصل
نشاط  في صله له و الروماتويدي المفاصل التهاب مع وراثيا TNF-α 308 G / A يرتبط جين تعدد األشكال الجيني فى أن

المصري الشعب في وشدته المرض



CHARACTERIZATION OF VANCOMYCIN RESISTANT 
ENTEROCOCCI BY MULTIPLEX PCR AND MALDI TOF BIOTYPER
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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 in-
fections. 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 multidrug-
resistant 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
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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 entero-
cocci; 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 fa-
cilities worldwide(2,10).

Among vancomycin-resistance phenotypes 
in enterococci, VanA and VanB possess highest 
clinical importance. Strains resistant to vanco-
mycin 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 two-
component regulatory system (vanRand vanS), 
three resistance genes (vanH, encoding dehydro-
genase; 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 hori-
zontal 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 applica-
tion of MALDI-TOF MS in routine microbiol-
ogy laboratories in many countries is now ex-
panding as it has the advantage of identification
of microorganisms in minutes versus conven-
tional biochemical testing that takes 24 hours or 
even more(14).

The aim of the study is to estimate vancomy-
cin resistance among clinical isolates of Entero-
cocci 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.

SUBJECTS AND METHODS
During the period from October 2012 to Oc-

tober 2013, fourteen VRE isolates were obtained 
out of a total of 682 Enterococcus spp. isolated 
in the microbiology laboratory, from our teach-
ingCairo University Hospital. 

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 

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

All isolates were identified by MALDITOF
MS on a Microflex LT instrument (Bruker Dal-
tonics GmbH, Leipzig, Germany) with FlexCon-
trol (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 manu-
facturer.

Bacterial DNA extraction was done by boil-
ing 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.

Table 1: Primers’ sequences and PCR amplified product size used in multiplex PCR to 

detect Van genes and Enterococcus spp. (6) 

Gene Primer sequence PCR product size in 

base-pair 

E. faecuim F1:    TAGAGACATTGAATATGCC 

F2:    TCGAATGTGCTACAATC 

(size: 550) 

E. faecalis E1:     ATCAAGTACAGTTAGTCT 

E2:     ACGATTCAAAGCTAACTG 

(size: 941) 

Van A A1:  GGGAAAACGACAATTGC 

A2:   GTACAATGCGGCCGTTA 

(size:732) 

Van B B1:   ATGGGAAGCCGATAGTC 

B2:   GATTTCGTTCCTCGACC 

(size:635) 

Van C-1 C1:      GGTATCAAGGAAACCTC 

C2:      CTTCCGCCATCATAGCT 

(size:822) 

Van C-2, Van C-3 D1:   CTCCTACGATTCTCTTG 

D2:   CGAGCAAGACCTTTAAG 

(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. 

Cycling conditions were as follows: 94°C for 3 min, and then cycles at94°C for 1 min, annealing 

at 54�c for 1 min, then 72°C for 1 min, followedby a final extension at 72°C for 10 

min.Detection of amplified products was done by electrophoresis on 1.5% agarose gel. The gels 

were stained with Ethidium bromide and photographed under UV light. Each PCR assay was 

accompanied with a negative control, containing all of the reagents without template DNA.  

Results: 

Out of a total of 682 Enterococcus spp. isolated in Cairo University hospital during the study 

period, fourteen VRE isolates were identified representing 2.05% of the total. 

Table 1: Primers’ sequences and PCR amplified product size used in multiplex PCR to detect Van genes
and Enterococcus spp(6). 
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DNA amplification was done as previously

described(6). Briefly, in a total of 50 µl reaction
volume, 10 µl of extracted DNA (approximate-
ly 125 ng), 25 pmol of each 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 stabiliz-
ers. Cycling conditions were as follows: 94°C 
for 3 min, and then cycles at 94°C for 1 min, an-
nealing at 54oC for 1 min, then 72°C for 1 min, 
followedby a final extension at 72°C for 10 min.
Detection of amplified products was done by
electrophoresis on 1.5% agarose gel. The gels 
were stained with Ethidium bromide and photo-
graphed under UV light. Each PCR assay was 
accompanied with a negative control, containing 
all of the reagents without template DNA. 

RESULTS
Out of a total of 682 Enterococcus spp. iso-

lated in Cairo University Hospital during the 
study period, fourteen VRE isolates were identi-
fied representing 2.05% of the total.

VRE were isolated from different clini-
cal samples as; urine (8/14)57.2%, blood 
(3/14)21.4%, wound (2/14)14.2% while pleural 
fluid (1/14)7.2%.

Susceptibility pattern of the VRE isolates 
was: resistance to ampicillin (13/14) 92.8%, 
amoxicillin-clavulanic (13/14) 92.8%, gentami-
cin (12/14) 85.7%, doxycycline (12/14) 85.7%, 
ciprofloxacin (14/14) 100%, linezolid (0/14)
0%. All VRE isolated from urine samples were 
sensitive to Linezolid and nitrofurantoin.

Minimum inhibitory concentration of differ-
ent Enterococcus spp. (MICs) to vancomycin as 
determined by reference broth microdilution-
method was ≥512 µg/ml in all isolates harboring 
vanA gene. While, MIC was 64 µg/ml for iso-
lates harboringvanB gene and vanC1 gene.

The statistical evaluation of MALDI TOF for 
Enterococcus spp. identification against multi-
plex PCR showed 100% concordance in results, 
where agreement between categories was done 
using Kappa measure of agreement.Results of 
MALDI TOF are shown in figure 1.

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%. 

Susceptibility pattern of the VRE isolates was: resistance to ampicillin (13/14) 92.8%, 

amoxicillin-clavulanic (13/14) 92.8%, gentamicin (12/14) 85.7%, doxycycline (12/14) 85.7%, 

ciprofloxacin (14/14) 100%, linezolid (0/14) 0%. All VRE isolated from urinesamples were 

sensitive to Linezolid and nitrofurantoin.

Minimum inhibitory concentration of different Enterococcus spp. (MICs) to vancomycin as 

determined by reference broth microdilutionmethod was �512 µg/ml in all isolates harboring 

vanA gene. While, MIC was 64 µg/ml for isolates harboringvanB gene and vanC1 gene. 

The statistical evaluation of MALDI TOF for Enterococcus spp. identification against multiplex 

PCR showed 100% concordance in results, where agreement between categories was done using 

Kappa measure of agreement.Results of MALDI TOF are shown in figure 1.  

A

B
C

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 

another two isolates of E. casseliflavus(14.3%). Data is shown in figure 2.  

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 (ver-
sion 3.0) software 
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DISCUSSION

In this study, we adopted another ap-
proach in detection of VRE in clinical sam-
ples. We screened isolates of Enterococcus 
spp. for phenotypic vancomycin resistance 
then identified their species and resistance
genotype using a multiplex PCR reaction.

In the present study we used the MALDI 
Biotyper for Enterococcus spp. identifica-
tion. All isolates were correctly identified as
with the multiplex PCR assay. The obstacle 
with the MALDI Biotyper is the initial cost 
of the system but the cost per test for an iso-
late identification is very low compared to
conventional biochemical testing and also 
less than performing PCR for isolate iden-
tification. Another advantage was the ability
to identify E. casseliflavus the species with 
intrinsic resistance to vancomycin on the 
same day of isolate growth without the need 
to wait for biochemical testing and antimi-
crobial susceptibility testing (16-18 hours). 
This will lead to rapid implementation of 
infection control measures for VRE faster 
than expected from other testing methods. 
The drawback with the use of MALDI Bio-
typer was the inability to identify Enteroco-
cus spp. and detect vancomycin resistance in 
the same setting and so the need to wait for 
susceptibility testing or special testing pro-

cedures with the MALDI Biotyper to detect 
VRE. 

VRE isolates (14/682) were found in 
urine 8/14 (57.2%), blood 3/14 (21.4%), 
wound 2/14 (14.2%), pleural fluid 1/14
(7.2%), which was similar to the distribution 
found in another study conducted in Iran, 
the origins of their isolates were 35 urine  
(72.91%), five blood (10.41%), three wound
(6.25%), four body fluids (8.33%) and only
one intravenous catheter (2.08%)(12). 

Also in another study performed in Saudi 
Arabia, VRE accounted for 3.9% of their to-
tal Enterococcus isolates (8/206) and were 
detected mostly in urine, wound and blood 
specimens(11).

VanA was the predominant genotype 
found in our VRE isolates (71.4%) followed 
by vanB which was found in only two iso-
lates (14.3%) and vanC1 in another two 
(14.3%).E. faecium was identified in 7/14
(50%) isolates all harboring vanA gene with 
vancomycin MIC≥512 µg/ml, while E. fae-
calis was identified in 5/14 (35.7%) isolates;
three harbored vanA gene with vancomycin 
MIC≥512 µg/ml and two harbored vanB gene 
with vancomycin MIC 64 µg/ml. Two iso-
lates had vanC1 gene (14.3%), and identified
as E. casseliflavus by MALDI-TOF MS.

1      2        3      4       5       6       7

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. 

Discussion:

In this study, we adopted another approach in detection of VRE in clinical samples. We screened 

isolates of Enterococcus spp. for phenotypic vancomycin resistance then identified their species 

and resistance genotype using a multiplex PCR reaction. 

In the present study we used the MALDI Biotyper for Enterococcus spp. identification. All 

isolates were correctly identified as with the multiplex PCR assay. The obstacle with the MALDI 

Biotyper is the initial cost of the system but the cost per test for an isolate identification is very 

low compared to conventional biochemical testing and also less than performing PCR for isolate 

identification. Another advantage was the ability to identify E. casseliflavusthe species with 

intrinsic resistance to vancomycin on the same day of isolate growth without the need to wait for 

biochemical testing and antimicrobial susceptibility testing (16-18 hours). This will lead to rapid 

implementation of infection control measures for VRE faster than expected from other testing 

methods. The drawback with the use of MALDI Biotyper was the inability to identify 

Ladder

500 bp 

200 bp 

941 bp 

732 bp

822 bp 

635bp 

550 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-entero-
coccal isolate (Staph. au-
reus), lane 4; E.faecalis iso-
late harboring vanA, lane 5; 
E.faeciumisolate harboring 
vanB, lane 6; non-template 
negative control, lane 7; size 
100 bp ladder.

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 

isolates of E.faecalis (14.3%) and vanC1 gene in 
another two isolates of E. casseliflavus (14.3%). 
Data is shown in figure 2.
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The authors of the present study were not 

able to identify other species, on the con-
trary 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 geno-
type with intermediate resistance to vanco-
mycin (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 vancomy-
cin-resistant enterococci (VRE), all E. fae-
calis exhibited vancomycin MIC of ≥256 
μg/mL and harbored vanA gene, except for 
one vanB gene carrying strain with MIC val-
ue 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 pres-
ent 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 

all the vancomycin-resistant isolates were sensi-
tive to linezolid and resistant to different anti-
biotics as erythromycin, ciprofloxacin and high-
level 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 aware-
ness 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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توف مالدى جهاز و المتعدد المتسلسل البلمرة تفاعل باستخدام للفانكومايسين المقاوم االنتيروكوككاس ميكروب تعريف

مصطفي سالي - حسن ريم

زادت كما , تسببها التى بالعدوى االصابة معدل زاد التى المعوية الطبيعية الميكروبات من االنتيروكوككاس ميكروب يعتبر مقدمة:
المقاوم االنتيروكوككاس نسبة ميكروب ايضا زادت قد الفانكوميسين. و الحيوية خاصة المضادات لعديد من المقاوم الميكروب معدالت
غرض عالجه. و صعوبة بالمكان بقاءه و الميكروب فى انتقال مشكلة مع وجود المستشفيات بعدوى االصابة فى حاالت للفانكومايسين
خالل فى القاهرة جامعة مستشفيات من االنتيروكوككاس لميكروب االكلينيكية العزالت من للفانكومايسين المقاومة تقدير نسبة البحث:
توف جهازمالدى باستخدام المعتادة و المعملية بالطرق االنتيروكوككاس ميكروب تعريف البحث: طريقة الجينى. نوعها تحديد عام و
النتائج: واحدة. خطوة فى المتعدد البلمرة المتسلسل تفاعل باستخدام الجينى النوع و تحديد الحيوية للمضادات الحساسية اختبار عمل ثم
اغلب االنتيروكوككاس. كانت عزالت مجموع من (2.05%) 14/682 فى للفانكومايسين المقاوم االنتيروكوككاس ميكروب تم عزل
ميكروب ثالثة منهم الحالت, من (71.4%) 10/14 فى  (أ)

ِ
الجينى فان تبين وجود النوع .(57.2%) 8/14 البول عينات من العزالت

الجينى النوع و فيكاليس االنتيروكوككاس هما حالتين, (ب) فى الجينى النوع فييكييم و االنتيروكوككاس سبعة و فيكاليس االنتيروكوككاس
المتسلسل المتعدد.  تفاعل البلمرة %100 مع توافق أظهر جهازمالدىتوف كاسيليفالفيس. االنتيروكوككاس اخريين, فى حالتين (سى1)
العدوى مكافحة اتباع احتياطات تحتاج التى الخطيرة الميكروبات من للفانكومايسين المقاوم االنتيروكوككاس ميكروب يعتبر االستنتاج:
من انتشار و الحد انتقاله تقليل على المتعدد يساعد المتسلسل البلمرة تفاعل باستخدام نوعه الجينى تحديد و اكتشافه فان سرعة و لذا بدقة,

قليل. معدالت العدوى بمستوى على الحفاظ و به, العدوى
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http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23099304
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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 addi-
tional 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.
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INTRODUCTION

In Egypt, Current mortality due to liver dis-
ease, including liver cirrhosis and cancer, is over 
40,000/year and is increasing annually. It is es-
timated that approximately 400 million people 
worldwide are chronically infected with HBV, 
where Egypt is considered as an area of inter-
mediate 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 preva-
lence 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 tis-
sue of individuals who test negative for HB-
sAg, 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 in-
fection through blood transfusion by an antibody 
to hepatitis B core antigen (anti-HBc) only posi-
tive 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 can-
not 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 ex-
clude 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 EL-
Shabrawishy 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 do-
nor selection implementation are very important 
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measures to ensure blood safety in resource- 
limited 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 esti-
mated the cost of HBV treatment ranges from 
250- 550 Egyptian L.E/ patient monthly accord-
ing 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 HB-
sAg negative healthy blood donors in Fayoum 
University Hospital Blood Bank to evaluate the 
significance of implementing screening anti-
HBc 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 anti-
body (HCV), anti-human immunodeficiency vi-
rus (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 sam-
ples 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 (Hang-
zhou Bioer Technology, China).  The kit com-
bines the Viral DNA extraction and the technol-
ogies 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 So-
cial Science; SPSS Inc., Chicago, IL, USA) ver-
sion 15 for Microsoft Windows.

RESULTS

Serological results

All participants were negative for HBsAg. 
99/800 (12.37 %) of blood donors were nega-
tive for HBsAg and positive for anti-HBc. Anti-
HBs 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 de-
tected in 2 out of 21 anti-HBc positive speci-
mens (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(29, 11).  
The study is also comparable to the older anti-
HBc prevalence rates reported among HBsAg-
negative blood donors in India; 10.01%(19) and 
11.2% in Syria(21), respectively. 

The prevalence of anti-HBc only in Europe 
and North America is overall quite low. A preva-
lence of 0.07% in the UK and 1.5% in Germany 
was reported(2, 13). In areas of higher HBV infec-
tion 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 HBV-
DNA(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 HBV-
DNA 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 

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 trans-
mission 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 infec-
tion 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 be-
come 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.
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الدخل محدودة الدم بالدول بنوك في األمان زيادة ”بي“ في الكبدي اإللتهاب لفيروس األساسي المستضد دور

مصر الفيوم- بالدم المتطوعين المتبرعين عن دراسة

العزيز عبد حسام - الرازق عبد محمد عبير

في نقل الدم مراكز العدوى في لتشخيص اإللزامي الوحيد الفحص هو بي لفيروس السطحي األنتيجين يعتبر الحاضر الوقت في
فيروس  أضداد و بي لفيروس السطحي األنتيجين لكل من سلبية نتائجهم المتبرعين المتطوعين و من ٨٠٠ الدراسة علي مصر. أجريت
عندهم المستضد أن ٩٩ ( ١٢٫٣٧٪) وجد ٨٠٠ متبرع ال بين من المناعة. نقص لفيروس المضادة أألجسام سي و الكبدي اإللتهاب

و ٢١ متبرع  ”بي“ لفيروس السطحي للمستضد إيجابية نتائجهم كانت ٧٨ من ال ٩٩ متبرع ”بي“ الكبدي اإللتهاب لفيروس األساسي
كانت نتائج تحليل الحمض النووي (٪٩٫٥٢) حالتين فقط منهم و فقط ”بي“ لفيروس للمستضد األساسي نتائجهم إيجابية كانت من هم
األصابة مخاطر تكلفة للحد من أقل كوسيلة المضادة األجسام تلك فحص أهمية مدى على الضوء هذة الدراسة تسلط ايجابي. اي ان دي

الدم. نقل الفيروس من بهذا
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