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ASSOCIATION BETWEEN QUINONE OXIDOREDUCTASE 1 GENE 
POLYMORPHISMS AND THE SUSCEPTIBILITY TO ACUTE 

MYELOID LEUKEMIA IN EGYPTIAN PATIENTS: A CASE CONTROL 
STUDY

Manal Michel Wilson, Nohair Soliman Mohamed  and Maha Hamdi El Sissy

ABSTRACT
Background to the work Lower level of NQO1 might be caused by C609T and C465T polymorphisms.In this study, we 

studied the frequency of C609T  and C465T polymorphisms of the NQO1 gene among the Egyptian population to define the 
association between these polymorphisms and a susceptibility to adult  acute myeloid leukemia (AML) in Egypt. Rationale: 
Frequencies of NQO1 gene polymorphisms were determined in 100 AML patients for NQO1*2 and NQO1*3. In addition, 100 
age-sex matched healthy individuals participated in this study as a control group. Genotyping was done using polymerase 
chain reaction and restriction fragment length polymorphism (PCR-RFLP) assays.  Main results: Regarding NQO1-609C/T 
variant T allele, it was associated with increased risk of AML (OR=2.437, 95 %CI=1.278–4.464). The frequency of combined 
polymorphic (C/T & T/T) genotypes were significantly higher than the controls (31 %) and conferred 2.5-fold of increase risk 
(P value 0.008, OR 2.546, 95% CI 1.273-5.093). also, NQO1-465C/T polymorphic allele, T allele, conferred almost five and 
half fold increased risk of AML (OR=5.456, 95 % CI= 2.871-10.37). Conclusion: The study suggested that the NQO1 C609T 
and C465T gene variants have a major influence on the susceptibility to adult AML. Further studies are required to validate 
these findings across different populations. Key Words: AML, RFLP-PCR, NADPH, NQO1, Egypt

Department of Clinical Pathology, Faculty of Medicine, Cairo University, Egypt.
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INTRODUCTION

NAD(P)H:quinone oxidoreductase 1 (NQO1; 
EC 1.6.99.2), originally called DTdiaphorase, is 
an enzyme that can detoxify quinines and reduc-
es oxidative stress.  A single nucleotide polymor-
phic variant of NQO1 in codon 187 identified as 
NQO1*2, causes a lower level of mutant protein 
in people who are homozygous for the variant al-
lele compared with wild type (CC) (C609T; C at 
position 609 turns to T subsequently leading to 
a substitution of Proline by Serine)(14). (Substitu-
tion of Arginine by Tryptophane at C465T; C at 
position 465 is substituted to T) is another single 
nucleotide polymorphism of NQO1 known as 
NQO1*3 in codon 139. NQO1*3 causes lower 
activity  of the enzyme due to increased alterna-
tive splicing events leading to truncated mRNA 
without exon 4(6). Individuals homozygous for 
these mutations have no NQO1 activity, and 
heterozygotes have low to intermediate activity 
compared with people with wild type(3).

Evidence that the NQO1 variant allele may 
be significantly correlated to acute myeloid leu-
kemias and in those with specific chromosome 
aberrations has been presented(5). In addition, 

it has been reported that infant leukemias with 
MLL gene rearrangements have a significantly 
increased frequency of the NQO1 C609T al-
lele(16).The NQO1 C609T polymorphism has 
also been shown to be associated with a greater 
risk of leucopenia in benzene-exposed individu-
als(18). In this case-control study, we aimed to 
detect the genetic susceptibility to adult AML 
among Egyptian patients with NQO1 polymor-
phisms. This hypothesis was performed to define 
whether these SNPs play an important role in 
susceptibility to AML.

SUBJECTS AND METHODS

Study design:

The current study was carried out on 100 
adult Egyptian AML patients, samples were col-
lected in the period between 2011 to 2015 from 
the Department of Medical Oncology, Kasr Al-
Aini Teaching Hospital. They were 60 males 
and 40 females. Their ages ranged from 17 to 
71 years with a mean age of 44 years. The study 
was approved by the research institutional ethics 
committee of the departments of Clinical Pathol-
ogy and Medical Oncology on human research, 
Cairo University. One hundred age, gender eth-
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nic-matched healthy blood donors were included 
in the current study as a control group. Written 
informed consents were obtained from all par-
ticipants prior to their enrolment in the study.
Diagnosis of AML was based on morphological 
examination of bone marrow aspirate. Immu-
nophenotyping and Cytogenetics studies were 
done to confirm the diagnosis and for proper 
sub-typing of AML. The demographic data of 
the patients were summarized in table (1)

The AML patients were categorized in ac-
cordance with morphological criteria of French-
American-British (FAB) classification.

Genotyping of NADPH (NQO1) 609C/T and 
NADPH (NQO1) 465C/T polymorphisms by 
polymerase chain reaction restriction fragment 
length polymorphism (PCR-RFLP) assay:

Five millilitres venous blood were withdrawn 
under complete aseptic conditions from all par-
ticipants on EDTA. Genomic DNA was extract-
ed from the whole blood using AxyPrep Blood 
Genomic DNA Miniprep Kit (Axygen Biosci-
ences, USA) following the manufacturer’s rec-
ommendations. 

Genotyping of the candidate SNPs was per-
formed as previously described(18). For NADPH-
C609T, the following primers5’CCTCTCTGTG
CTTTCTGTATCC-3’ (Forward) and 5’ GATG-
GACTTGCCCAAGTGATG-3’, (Reverse) 
were used. For NQO1-C465T, genotyping 
was performed using the following primers5’-
CTAGCTTTACTCGGACCCACTC-3’ (For-
ward) and 5’-GCAACAAGAGGGAAGCTC-
CATC-3’ (Reverse). All PCR reactions were 
performed in a totalvolume of 25 μl containing 
12.5 μl Master mix (GeneON,Cat. No:S113 res), 
1 μl forward primer (25 pM), 1 μl reverse primer 
(25 pM), 5.5 μl  distilled water, and 5 μl genomic 
extracted DNA. 

The thermocycler program applied was 35 
cycles at 95 °C for5 min, followed by 60 s at 94 
°C, 45 s at 60 °C, 60 s at 72°C with a final exten-
sion step at 72 °C for 10 min.

The PCR product of NADPH (NQO1)-C609T 
was digested with HinfI (New England Biolabs, 
Beverly, MA). The wild-type CC produced two 
bands of 214and 85 bp, while the polymorphic 
CT heterotype produced four fragments of 214, 
151, 85 and 63 bp and the TT polymorphic ho-
motype produced three bands at 151,85,63bp. 

The PCR product of NADPH (NQO1)-
C465T C/T was digested with HpaII (New Eng-
land Biolabs, Beverly, MA); and yields  two 
bands in the case of wild ( CC) 353 and 111 bp, 
three bands for CT variant 464, 353 and 111 bp, 
and one band for the TT variant 464 bp.

For quality control, genotyping of the candi-
date genetic polymorphisms was repeated with 
respect to confirm our results for 40 samples. 
Results of genotyping were interpreted blindly 
by two different observers, and were 100 % con-
cordant.

Statistical analysis:
Data were coded and entered using the statis-

tical package SPSS version 21. Data was sum-
marized using mean and standard deviation for 
quantitative variables and frequencies (number 
of cases) and relative frequencies (percentages) 
for categorical variables. Genotype and allele 
frequencies were compared between the disease 
and the control groups using binary logistic re-
gression. Odds ratio (OR) with 95% confidence 
intervals was calculated. Comparison of quan-
titative variables was done using unpaired stu-
dent t test. For comparing categorical data, Chi 
square (χ2) test was performed. Exact test was 
used instead when the expected frequency is less 
than 5. P value <0.05 was taken as statistically 
significant.

RESULTS
All patients and controls have been tested for 

NADPH 609C/T and NADPH 465C/T, using 
PCR-RFLP technique.

The frequency of the studied genetic poly-
morphisms in AML patients and controls is 
presented in Table 2. Genotypes distribution of 
NADPH-609C/T and NADPH-465C/T in con-
trols was in accordance with the Hardy–Wein-
berg equilibrium (P>0.05). 

Genotypes and allelic frequencies of the 
studied SNPs are presented in table 2. Statistical 
analysis revealed that NQO1-609C/T variant al-
lele, T allele, was associated with increased risk 
of AML (OR=2.437, 95 %CI=1.278–4.464). 
The frequency of combined polymorphic (C/T 
& T/T) genotypes were significantly higher in 
cases than the controls (31 %) versus (15 %) and 
conferred 2.546-fold of increase risk (P value 
0.008, OR 2.546, 95% CI 1.273-5.093). Oth-
erwise, no statistical differences were noticed 
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between the patients’ groups as regards their 
gender, laboratory characteristics, and outcome 
(data not shown).

NADPH-465C/T polymorphic allele, T allele, 
conferred almost five and half fold increased risk 
of AML (OR=5.456, 95 %CI= 2.871-10.37), the 
frequency of heterogeneous C/T mutation was 
significantly higher in cases 55/100 (55 %) com-
pared to 13/100 (13 %) in controls and conferred 
more than 8-fold of increased risk (P value 0.001, 

OR 8.179 95 % CI 4.048-16.529). There was 
nostatistical difference between AML patients 
having the wild or the polymorphic genotypes of 
NADPH-465C/T as regards their gender, clini-
cal, laboratory characteristics, (data not shown). 

The statistical analysis revealed that the dual 
polymorphism in both NADPH genes was as-
sociated with increased risk of AML (P-value 
<0.001) (Table 3).

Table (1): The demographic data of AML patients:

6 
 

All patients and controls have been tested for NADPH 609C/T and NADPH 465C/T, using 

PCR-RFLP technique.

The frequency of the studied genetic polymorphisms in AML patients and controls is 

presented in Table 2. Genotypes distribution of NADPH-609C/T and NADPH-465C/T in 

controls was in accordance with the Hardy–Weinberg equilibrium (P>0.05). 

Genotypes and allelic frequencies of the studied SNPs are presented in Table 2. Statistical 

analysis revealed that NQO1-609C/T variant allele, T allele, was associated with increased 

risk of AML (OR=2.437, 95 %CI=1.278–4.464). The frequency of combined polymorphic 

(C/T & T/T) genotypes were significantly higher in cases than the controls (31 %) versus (15 

%) and conferred 2.546-fold of increase risk (P value 0.008, OR 2.546, 95% CI 1.273-5.093). 

Otherwise, no statistical differences were noticed between the patients’ groups as regards 

their gender, laboratory characteristics, and outcome (data not shown).

Table (1): The demographic data of AML patients:

Item Number (100) 

Sex male 60 

female 40 

Age  <60 79 

≥60 21 

Hepatomegaly 23 

Splenomegaly 35 

Lymphadenopathy Cervical 54 

Axillary 6 

Inguinal 13 

Submandibular 50 

Abdominal 3 
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Mesenteric 2 

Paraortic 2 

Medical history 32 

Family history 9 

FAB  M1/M2 40 

M3 44 

M4/M5 11 

M6 3 

M7 2 

Outcome Died 41 

Others CR 15 

PR 29 

Relapse 15 

CR: complete remission                                                            PR: partial remission 

NADPH-465C/T polymorphic allele, T allele, conferred almost five and half fold increased 

risk of AML (OR=5.456, 95 %CI= 2.871-10.37), the frequency of heterogeneous C/T 

mutation was significantly higher in cases 55/100 (55 %) compared to 13/100 (13 %) in 

controls and conferred more than 8-fold of increased risk (P value 0.001, OR 8.179 95 % CI 

4.048-16.529). There was nostatistical difference between AML patients having the wild or 

the polymorphic genotypes of NADPH-465C/T as regards their gender, clinical, laboratory 

characteristics, (data not shown). 

Table (2):Genotype distribution  of NADPH 609C/T, NADPH 465C/T polymorphism in 

AML patients  and controls:

CR: complete remission                PR: partial remission
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8 
 

Patients (100) Control (100)
P value OR 95%CI

Count % Count %

NADPH 

(C609T)

CC 69 69.0% 85 85.0% Reference

CT 29 29.0% 15 15.0% .015 2.382 1.18-4.794

TT 2 2.0% 0 .0% 0.999 ----- --------

CT/TT 31 31% 15 15% .008 2.546 1.273-5.093

C allele 167 83.5% 185 92.5% Reference

T allele 33 16.5% 15 7.5% 0.006 2.437 1.278-4.646

NADPH 

(C465T)

CC 45 45.0% 87 87.0% Reference

CT 55 55.0% 13 13.0% <0.001 8.179 4.048-16.529

C allele 145 72.5% 187 93.5% Reference

T allele 55 27.5% 13 6.5% <0.001 5.456 2.871-10.37

The statistical analysis revealed that the dual polymorphism in both NADPH genes was 

associated with increased risk of AML (P-value <0.001) (table 3).

Table (3): Combined effect of NADPH 609C/T, NADPH 465C/T genotypes on AML 

risk:

Patients (100) Control (100)
P-value OR 95%CI

Count % Count %

609CC/CC465 37 37.0% 73 73.0% Reference

609CT/CC465 6 6.0% 14 14.0% 0.751 0.846 0.300-2.38

609TT/CC465 2 2.0% 0 .0% 0.999 ------- ---------

Table (2):Genotype distribution  of NADPH 609C/T, NADPH 465C/T polymorphism in AML patients  and 
controls:
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Patients (100) Control (100)
P value OR 95%CI

Count % Count %

NADPH 

(C609T)

CC 69 69.0% 85 85.0% Reference

CT 29 29.0% 15 15.0% .015 2.382 1.18-4.794

TT 2 2.0% 0 .0% 0.999 ----- --------

CT/TT 31 31% 15 15% .008 2.546 1.273-5.093

C allele 167 83.5% 185 92.5% Reference

T allele 33 16.5% 15 7.5% 0.006 2.437 1.278-4.646

NADPH 

(C465T)

CC 45 45.0% 87 87.0% Reference

CT 55 55.0% 13 13.0% <0.001 8.179 4.048-16.529

C allele 145 72.5% 187 93.5% Reference

T allele 55 27.5% 13 6.5% <0.001 5.456 2.871-10.37

The statistical analysis revealed that the dual polymorphism in both NADPH genes was 

associated with increased risk of AML (P-value <0.001) (table 3).

Table (3): Combined effect of NADPH 609C/T, NADPH 465C/T genotypes on AML 

risk:

Patients (100) Control (100)
P-value OR 95%CI

Count % Count %

609CC/CC465 37 37.0% 73 73.0% Reference

609CT/CC465 6 6.0% 14 14.0% 0.751 0.846 0.300-2.38

609TT/CC465 2 2.0% 0 .0% 0.999 ------- ---------

9 
 

609CC/CT465 32 32.0% 12 12.0% <0.001 5.261 2.43-11.39

609CT/CT465 23 23.0% 1 1.0% <0.001 45.378 5.896-349.272

Chromosome translocations and inversions most probably arise as a result of DNA double-

strand breaks followed by erroneous repair [2].Thus, agents that cause double-strand breaks 

as the phenolic metabolites, (phenol, hydroquinone, catechol, and trihydroxybenzene), inhibit 

DNA repair, and are normally detoxified by NQO1. Interestingly, the NQO1 polymorphism 

has been shown to be associated with agreater risk of benzene-induced hematotoxicity and 

leukemia [11].

Discussion:

Previous study proposed that phenols derived mainly from diet are potentially important risk 

factors for acute leukemia [7].Many other compounds that are substrates for NQO1, including 

quinones, quinone-epoxides, quinone-imines, naphthoquinones, methylene blue, azo, and 

nitro compounds, are involved in leukemia induction [9].Others, potentially metabolized by 

NQO1, include dietary flavonoids, which are topoisomerase II inhibitors and have been 

linked with infant leukemia [10].

NQO1 also protects cells from the effects of chronic oxidative stress by maintaining 

antioxidant forms of ubiquinone and Vitamin E. Thus, agents that induce chronic oxidative 

stress through inflammation or other mechanisms may also play a role in producing acute 

leukemia [12].

This case-control study was conducted to examine a possible association between NADPH 

(NQO1) gene polymorphisms and the risk of AML among Egyptians. To achieve our aim, 

genotyping of NADPH (NQO1) C609T and C654T polymorphisms was done by PCR-RFLP 

technique. 

As regards the frequency of NQO1-C609T polymorphism in our Egyptian study, the 

frequency of combined polymorphic (C/T & T/T) genotypes were significantly higher in 

cases than in controls and conferred 2.546-folds of increase risk (P value 0.008, OR 2.546, 

Table (3): Combined effect of NADPH 609C/T, NADPH 465C/T genotypes on AML risk:

DISCUSSION

Chromosome translocations and inversions 
most probably arise as a result of DNA double-
strand breaks followed by erroneous repair(2).
Thus, agents that cause double-strand breaks 
as the phenolic metabolites, (phenol, hydroqui-

none, catechol, and trihydroxybenzene), inhibit 
DNA repair, and are normally detoxified by 
NQO1. Interestingly, the NQO1 polymorphism 
has been shown to be associated with a greater 
risk of  benzene-induced hematotoxicity and leu-
kemia(11).
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Previous study proposed that phenols derived 
mainly from diet are potentially important risk 
factors for acute leukemia(7). Many other com-
pounds that are substrates for NQO1, including 
quinones, quinone-epoxides, quinone-imines, 
naphthoquinones, methylene blue, azo, and ni-
tro compounds, are involved in leukemia in-
duction(9). Others, potentially metabolized by 
NQO1, include dietary flavonoids, which are 
topoisomerase II inhibitors and have been linked 
with infant leukemia(10).

NQO1 also protects cells from the effects 
of chronic oxidative stress by maintaining an-
tioxidant forms of ubiquinone and Vitamin E. 
Thus, agents that induce chronic oxidative stress 
through inflammation or other mechanisms may 
also play a role in producing acute leukemia(12).

This case-control study was conducted to ex-
amine a possible association between NADPH 
(NQO1) gene polymorphisms and the risk of 
AML among Egyptians. To achieve our aim, 
genotyping of NADPH (NQO1) C609T and 
C654T polymorphisms was done by PCR-RFLP 
technique. 

As regards the frequency of NQO1-C609T 
polymorphism in our Egyptian study, the fre-
quency of combined polymorphic (C/T & T/T) 
genotypes were significantly higher in cases than 
in controls and conferred 2.546-fold of increase 
risk (P value 0.008, OR 2.546, 95% CI 1.273-
5.093). The polymorphic T allele, was associ-
ated with increased risk of AML (OR=2.437, 
95 %CI=1.278–4.464). This was in contrary to a 
previous study stated that the allele frequencies 
for the NQO1-C609T polymor phism within dif-
ferent ethnic groups were; Caucasian, 0.21; Af-
rican American, 0.23; Hispanic, 0.39; and Asian, 
0.45(17,4) One study has observed a significant in-
crease in the in cidence of the variant NQO1 al-
leles in patients with AML(5).

Another study was conducted on 493 adults 
with acute leukemia and 838 matched controls, 
from the United Kingdom, in which the inci-
dence of NQO1- C609T polymorphism was 
found to be significantly higher in patients with 
de novo AML(13). On the other hand, Zaker, F. 
et al(18) denied the association between NADPH 
(NQO1)-C609T polymorphism and AML in 

Iranian patients; Bolufer and colleagues did not 
find any association between this polymorphism 
and acute leukemia(1).

The discrepancies between various studies 
results may be explained by, although,  NADPH 
protein expression in peripheral blood cells and 
bone marrow progenitors is normally very low, 
but is highly inducible(8). Also, its presence in 
other cells such as the bone marrow stroma and/
or liver hepatocytes, where it is highly expressed, 
may be important in protecting against leukemo-
genesis. Mere focus on genetic susceptibil ity 
to AML development may not be logical since 
there are various environmental factors that 
might interfere (pollution, smoking, industry). 
Of course, the number of genes affecting suscep-
tibility to AML and their interactions with en-
vironmental factors are largely unknown. There 
are many other compounds that are important 
risk factors for acute leukemia. The association 
between NADPH polymorphisms and the risk of 
AML in our study may be attributed to super-
added environmental and genetic factors.

In a previous study conducted by smith et al(13), 
they subclassified the AML cases in as possible 
according to their cytogenetics. The highest 
effect of the NQO1-C609T polymorphism was 
detected in AML cases carrying translocations 
or inversions, with inv(16) (polymorphic 
NQO1-C609T were detected in 21 cases of 
patients classified as inv16; while 11 cases with 
inv16 had wild genotype).  In particular, low 
activity of NQO1 remained associated with inv 
(16). This finding was not obvious in our study 
(polymorphic NADPH (NQO1)-C609T were 
detected in 3 cases of patients classified as inv16; 
while 6 cases with inv16 had wild genotype).  It 
is of interest that the NQO1 gene is located on 
chromosome 16q22.1, one of the breakpoints 
for the inv(16) rearrangement. It is possible that 
one copy of the NQO1 gene is disrupted by the 
rearrangement, with the result that heterozygotes 
would have null NQO1 activity in leukemic 
cells with the inv(16). This loss of activity could 
be strongly associated with the production of 
secondary genetic changes caused by exposure 
to NQO1 substrates after an inv(16) has arisen, 
leading to a leukemic clone (5).
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In this study, male patients harbouring the 

mutant allele of NQO1-C465T, showed an in-
creased risk of AML com pared with females; 
this was in agreement to Zaker et al(18) and Von Ah-
sen et al(15), They stated that the anti-proliferative 
effects of 17-β estradiol is more powerful than 
testosterone, which could explain the dis tinct ef-
fects of polymorphisms between sexes.

Conclusion 

In summary, we report that null or low 
NQO1 activity caused by inheritance of one or 
more mutant NQO1alleles is associated with in-
creased risk of acute myeloid leukemia in adults. 
Further work is likely to elucidate a number of 
other genes that are associated with AML, and 
this will provide further clues to its potential ae-
tiology in the general population. 
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الربط بين تعدد االشكال الوراثيه لجين الكوينون اوكسيدوريداكتيز و احتماليه االصابه بسرطان الدمالميلودي الحاد في المصريين
 

 منال ميشيل ويلسون - نهير سليمان محمد - مها حمدي السيسي 

ان انزيم الكوينوناوكسيدوريداكتيز له القدره علي ازاله اثار تسمم الخاليا و االنسجه ومعادله عوامل االكسده المختلفه, قد تقل نسبه انزيم 
الكوينون اوكسيدوريداكتيز بسبب التنوع للشكل الوراثي للجين نفسه. لقد قمنا بدراسه شكلين وراثيين لجين الكوينون اوكسيدوريداكتيز
C609T and C465T))  بين المصريين لتحديد العالقه بين تعدد االشكال الوراثيه و احتماليه حدوث  سرطان الدم الميلودي الحاد. 
تم اجراء الدراسه علي مائه مريض سرطان دم ميلودي حاد و مائه شخص طبيعي مماثلين في المرحلة العمريةو الجنس كمجموعه 
ضابطه, باستخدام طول شظايا التحديد المعتمده علي تفاعل البلمره المتسلسل(PCR-RFLP). اظهرت النتائج وجود عالقه بين  كل من 
االليل المتماثل الطفره ((NQO1-609C/T variant T allele و( NQO1-465C/T polymorphic allele T allele) و امكانيه 
حدوث سرطان الدم الميلودي الحاد. ايضا وجدنا تباينا احصائيا بين معدل كل من الطرازين الوراثيين الطافرين (مغاير الطفره و متماثل 
الطفره للجين) (NQO1-609C/T C/T  & T/T ) في المرضي بالمقارنه بالمجموعه الضابطه. تقترح الدراسه الحاليه ان تعدد الشكل 
الوراثي لجين الكوينون اوكسيدوريداكتيزC609T and C465T) )  له تأثير كبير علي  احتماليه االصابه  بسرطان الدم الميلودي الحاد.  

و ننصح بضروره اجراء دراسات اخريإلثبات النتائج السابقة و تحقيقها علي مختلف الجنسيات.





ASSOCIATION OF MCP-1 AND ITS RECEPTOR CCR2 GENE 
POLYMORPHISMS IN HEPATOCELLULAR CARCINOMA PATIENTS 

ON TOP OF HCV
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ABSTRACT
Background:  MCP-1 is a member of the CC class of the beta chemokine family and one of the key factors involved in 

the initiation of inflammation secreted by fibroblasts, endothelial cells, vascular smooth muscle cells, monocytes, T cells, and 
other cell types that mediate the influx of cells to sites of inflammation. It exerts its effect through binding to G-protein coupled 
receptors (CCR2) which is expressed on monocytes/ macrophages and on a subpopulation of T lymphocytes. CCR2 expres-
sion in resident liver cells promotes macrophage recruitment and hepatic fibrosis in chronic liver injury.  Aim of the work: To 
assess the influence of MCP-1 and its receptor CCR2 gene polymorphisms on the susceptibility to hepatocellular carcinoma 
in Egyptians. Subjects and Methods:  -2518G/A MCP-1 and V64I CCR2 polymorphisms were estimated in 30 healthy control, 
30 HCV infection patients and 30 HCC patients on top of HCV infection. It was detected by Using PCR-Restriction Fragment 
Length Polymorphism technique. Results: V64I CCR2 heterotype was highly significantly elevated in the HCC group than that 
of both the HCV group (P<0.01) and the control group (P<0.001). It was revealed that the increase in allele (A) of CCR2 in 
HCC compared to HCV patients is statistically significant (P=0.011). No statistically significant difference in the distribution 
of -2518G/A MCP-1 heterotype was encountered between HCC and HCV patients. Also no statistically significant increase in 
allele (G) of MCP-1 in HCC compared to HCV groups. Having the gene variants of CCR2 in control and HCV groups (GA 
+ AA) increased the odds of having HCC 13.5 times (95%CI= 3.3-54.6) and 4.12 times (95%CI= 1.38-12.2) respectively 
compared to not having the gene variant (wild type). Conclusion: CCR2 gene polymorphism was identified to increase the risk 
of hepatocellular carcinoma in HCV patients so CCR2 V64I polymorphism could be considered as a genetic biomarker for 
assessment of the risk of the HCC development in the HCV patients. While, MCP-1 (-2518) polymorphism is not fair candidate 
genetic variant to select HCV-infected patients at higher risk of developing hepatocellular carcinoma.  Key words: MCP-1, 
CCR2, HCV and hepatocellular carcinoma.
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INTRODUCTION

Hepatitis C virus (HCV) infects more than 
170 million people globally with another 3 mil-
lion people newly infected each year. Following 
acute infection, 20% of people eradicate the vi-
rus over weeks or months and are often asymp-
tomatic. The remaining 80% of people will de-
velop chronic disease, of which approximately 
20% will eventually develop liver cirrhosis and 
1-5% will develop liver cancer(6).

Egypt has a very high prevalence of HCV 
and a high morbidity and mortality from chronic 
liver disease, cirrhosis, and hepatocellular car-
cinoma. Approximately 20% of Egyptian blood 
donors are anti-HCV positive. Egypt has higher 
rates of HCV than neighboring countries as well 
as other countries in the world with comparable 
socioeconomic conditions and hygienic stan-
dards for invasive medical, dental, or paramedi-
cal procedures. The strong homogeneity of HCV 

subtypes found in Egypt (mostly 4a) suggests an 
epidemic spread of HCV(12).

Hepatocellular carcinoma (HCC) is a primary 
malignancy of the liver. It is the sixth most prev-
alent cancer and the third most frequent cause of 
cancer-related death(3).

MCP-1 is a member of the CC class of the 
beta chemokine family and one of the key fac-
tors involved in the initiation of inflammation. 
It is encoded by the CCL2 (MCP-1) gene which 
is located on chromosome 17(17q11.2-q21.1) in 
humans(11). MCP-1 is typically secreted in two 
predominant forms (with molecular weights of 9 
and 13 kDa) as a result of different O-glycosyl-
ation. Glycosylation of MCP-1 has been shown 
to slightly reduce its chemotactic potency. The 
amino terminal region of MCP is crucial for their 
biological activity and the amino acid at position 
1 is important for secondary structure formation 
and for direct receptor binding. There are four 



  Mansour., L. et al.170

human MCPs (MCP-1 to -4) which have less 
than 40% sequence identity with other CC che-
mokines(9).

MCP-1 mediates its effects through its re-
ceptor CCR2`. CCR2 has also been designated 
CD192 (cluster of differentiation 192). The hu-
man CCR2 gene has been mapped to chromo-
some 3p21 within a 285 kb region also contain-
ing the genes for CCR1 and CCR3(2). CCR2 is 
expressed by a variety of cell types including 
antigen-capturing cells, astrocytes, B- cells, 
basophils, dendiritic cells, endothelial cells, 
eosinophils, fibroblasts, mast cells, megakaryo-
cytes and monocytes. It is a functional receptor 
for MCP-1, MCP-2, MCP-3, MCP-4, CCL13, 
CCL7 and CCL8(5).

Two transcribed isoforms of CCR2; CCR2A 
and CCR2B, which differ only in the sequence of 
their carboxyl-terminal tails, are originated from 
the CCR2 gene by alternative splicing. Howev-
er, functional differences exist between CCR2A 
and CCR2B isoforms(21). CCR2B receptors ex-
press mainly on cell surface while CCR2A re-
ceptors express predominantly in the cytoplasm 
and only a small portion of CCR2A is observed 
on cell surface(17). The equilibrium binding stud-
ies found that CCR2A receptors successfully 
trafficked to the cell surface bound MCP-1 with 
high affinity, similar to CCR2B. However, it has 
been demonstrated that CCR2A required five-
fold more MCP-1 than CCR2B for induction of 
chemotactic migration of T cells in response to 
MCP-1(4). Moreover, it was found that a SNP of 
G to A induce a change of CCR2 codon 64 from 
valine to isoleucine of CCR2A and CCR2B, 
however, there is no change in gene expression 
levels between CCR2B-64I and CCR2B-64V 
but results in the increased gene expression level 
and increased half-life of CCR2A isoform(17).  
These suggested that the increased stability and 
gene expression level of CCR2A isoform, which 
result from gene polymorphism of CCR2-64I, 
could contribute to the accumulation of CCR2A 
on cell surface and interfere the function of 
CCR2B, subsequently decrease chemokine re-
ceptor-mediated recruitments of immune cells, 
leading to elimination of tumor cells destruction 
and subsequent development of HCC(24).

Beside CCR2, three other receptors have 
been shown to bind MCP-1, namely D6, the 
Duffy antigen receptor for chemokines (DARC) 
and US28. All of these receptors are not specific 
for MCP-1, but bind several other cytokines with 
similar affinity(20).

MCP-1 exerts its effects through binding to 
G-protein coupled receptors CCR2 on the sur-
faces of cells targeted for activation and migra-
tion(18). These receptors, once activated, trigger a 
well-described set of cellular reactions that result 
in inositol triphosphate formation, intracellular 
calcium release, and protein kinase C activation. 
This signaling pathway ultimately regulates di-
rectional motion of the cell. In some cases CCR2 
can be downregulated by lipopolysaccharides, 
rendering the cell unresponsive to MCP-1(1).

In several forms of toxic liver injury, mac-
rophages recruited by MCP-1 are an essential 
cofactor for full hepatocellular necrosis to occur. 
Thus, not only may the hepatic infiltration with 
macrophages be important to the subsequent re-
pair process, but also these inflammatory cells 
are the source of some of the hepatocellular dam-
age. Studies have postulated that toxic liver cell 
injury renders hepatocytes sensitive to further 
damage from macrophage products by impairing 
the ability of hepatocytes to up-regulate normal 
cellular mechanisms of resistance against factors 
secreted from macrophages(7).

Studies of human liver samples revealed 
MCP-1 gene (rs 1024611) expression in nondis-
eased liver and greatly increased levels in liv-
ers from patients with fulminant hepatic failure. 
These data implicate MCP-1 from fat-storing 
cells as a modulator of the process of liver in-
jury and further support a role for MCP-1 in 
the pathogenesis of human disease(8). Hepatic 
expression of MCP-1 is up-regulated during 
chronic HCV infection mainly in activated he-
patic stellate cells (HSC)(14).

Tumor-associated molecular alterations that 
increase macrophage infiltration and macro-
phage-mediated angiogenesis include increased 
expression of MCP-1 and VEGF, both of which 
are highly expressed in breast cancer cells(19). 
MCP-1 and VEGF expressions have been posi-
tively correlated with tumor-associated-macro-
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phage (TAM) infiltration, angiogenesis and poor 
survival in breast cancer(23). Although macro-
phages can display tumor cytoxicity, especially 
in vitro, tumor-associated macrophages are be-
lieved to have primarily pro-tumor biological 
functions. They produce several factors that 
can promote tumor angiogenesis, in particular 
the potent angiogenic molecule basic fibroblast 
growth factor, vascular endothelium growth fac-
tor (VEGF) and proteases. They also possess a 
pro-coagulant activity through fibrin deposition, 
which indirectly enhances blood vessel forma-
tion(13). Monocytes are critical for the initiation 
of tumor arteriogenesis because they adhere 
to and invade endothelium activated by the in-
creased shear stress that results from large pres-
sure differences between perfused areas. MCP-1 
is implicated in this process because it not only 
attracts monocytes, but also promotes their ad-
hesion by inducing them to upregulate MAC-
1, the receptor for intracellular adhesion mol-
ecule-1 (ICAM-1) that is expressed in activated 
endothelium(22). 

SUBJECTS AND METHODS
 A cross section study was conducted on 90 

subjects for 2 years from 2010 to 2012 divided 
in 3 groups.

• Group 1 includes 30 HCC patients on top 
of hepatitis C virus infection selected from the 
Tropical Medicine Department at Kasr El Aini 
Hospitals, Cairo University.   Their ages ranged 
from 48-73 years and were 24 males and 6 fe-
males.

• Group 2 includes 30 patients with chronic 
hepatitis C virus infections selected from the 
Tropical Medicine Department at Kasr El Aini 
Hospitals, Cairo University. Their ages ranged 
from 42-70 years and were 18 males and 12 fe-
males. 

• Group 3 includes 30 healthy subjects, age 
and sex matched collected from the blood do-
nors visiting the blood bank at Theodor Bilharz 
Research Institute. Their ages ranged from 40-
69 years and were 20 males and 10 females. 

A written informed consent was obtained 
from all participants.  The study was approved 
by the ethical committee of the Clinical and 
Chemical Department of Cairo University.

All Studied Individuals were Subjected to the 

Following: full history taking, through clinical 
examination, the patients were subjected to ul-
trasound and enhanced CT for diagnosis of he-
patic lesions, liver cirrhosis, ascites and spleno-
megaly.

Laboratory Investigations:     
Sample Collection:
10 ml of venous blood were withdrawn from 

all subjects participating in the study under asep-
tic conditions using sterile vacutainer in three 
tubes:

-3ml of venous blood were collected on eth-
ylene diamine tetra-acetic acid (EDTA) and fur-
ther divided in two aliquots one for CBC and the 
other kept frozen at -30oC till the time of DNA 
extraction and analysis.

-5 ml were collected in plain tubes, left for 
10 minutes to clot and then divided into two ali-
quots: one for determination of liver and kidney 
functions and the other kept frozen at -20oC till 
time of assay of AFP and HCV antibody.

-2 ml were collected on sodium citrate for PT.  
- Complete blood count (CBC), Prothrombin 

time and concentration (PT and PC) and INR. 
Liver function tests: Alanine aminotransferase, 
aspartate aminotrans ferase, alkaline phospha-
tase, total and direct bilirubin, albumin, total 
protein, serum urea and creatinine. They were 
all analyzed on the Beckman Coulter Synchron 
CX4. 

 -HCV antibody by 3rd generation enzyme 
linked immunosorbent assay using kit purchased 
from Axion .

- Serum alpha-fetoprotein (AFP) by 3rd gen-
eration enzyme linked   immunosorbent assay 
using kit purchased from Monobind Inc.

- Genomic DNA extraction and analysis for 
-2518G/A MCP-1(rs 1024611) and its receptor 
V64I CCR2 (rs 1799864) gene polymorphisms 
by Polymerase chain reaction and restriction 
fragment length polymorphism (PCR-RFLP).   
Genomic DNA was extracted from EDTA blood 
by standard techniques using QIA amp blood kit 
(Qiagen, Germany) according to the manufactur-
er’s instruction. Amplification of the extracted 
DNA by PCR Master Mix kit (Norgen Biotek).
the sequence of primers used for amplification 
for MCP-1 genotyping the forward primer was

5’ – TCTCTCACGCCAGCACTGACC -3’,
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And the reverse primer was 5’ – GAGT-

GTTCACATAGGCTTCTG -3’, bp234 
and for ccr2 the forward primer was 5’ – 

ATTTCCCCAGTACATCCACAAC -3’ and the 
reverse primer was5’ – CCCACAATGGGAGA-
GTAATAAG -3’n, bp317.































































 



   



   



   





    





   



   





    





 Detection of PCR products using gel electro-
phoresis and ultraviolet light transillumination. 
Digestion of the Amplified Product by specific 
restriction enzyme PVUII. 

 Storage Temperature:  -20oC. Optimal assay 
temp.:  37oC. Recognition Site:                           

5’….C↓CGC….3’
3’….GGC↑G….5’
For MCP-1 --------> the resulting 234 bp am-

plified fragment contain a  restriction site for 
PVU II restriction enzyme leading to

-If there was one band (234 bp) it was desig-
nated AA (i.e wild or normal type).

-If there were 3 bands (234, 159 and 75 bp) it 
was designated AG (i.e heterozygous genotype).

-If there were 2 bands (159 and 75 bp) it was 
designated GG (i.e homozygous genotype).

For CCR2 --------> the resulting 317 bp am-
plified fragment contain a   restriction site for 
PVU II restriction enzyme leading to

-If there was one band (317 bp) it was desig-
nated GG (i.e wild or normal type).

-If there were 3 bands (317, 197 and 120 bp) 
it was designated GA (i.e heterozygous geno-
type).

-If there were 2 bands (197 and 120 bp) it was 
designated AA (i.e homozygous genotype).
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Fig (1): Agarose gel electrophoresis for RFLP-PCR product 
of CCR2 gene, stained with ethidium bromide. M 
represents DNA marker. Lanes 1, 2, 5, 9 represent 
normal genotype GG with single 317 bp band. Lanes 
4, 6, 7, 8 represent heterozygote GA with 317, 197 and 
120 bp bands. Lane 3 represents homozygote AA with 
197 and 120 bp bands.

(fig2) Agarose gel electrophoresis for RFLP-PCR product of 
CCR2 gene, stained with ethidium bromide. M rep-
resents DNA marker. Lanes 2, 4, 5, 9 represent nor-
mal genotype with single 317 bp band. Lanes 1, 6, 7, 8 
represent heterozygote AG with 317, 197 and 120 bp 
bands. Lane 3 represents homozygote GG with 197 
and 120 bp bands.

 The thermocycler programs for amplification of the target genes:
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Statistical methods: Measured observations 
were spread on worksheet of Microsoft Excel 
version 2003. Statistical analysis was performed 
using SPSS (Version 18); SAS version 10. Quan-
titative variables were represented as mean±SD 
while qualitative variables were represented as 
frequencies and percentages. For comparing two 
groups’ means, the student’s T test was used. 
For comparing more than two groups’means, the 
ANOVA test was used followed by scheffe test 
to detect significant differences between groups. 
For comparing frequencies, the chia square test 
was used. The odd’s ratio with their 95% confi-
dence interval of the association between geno-
typic frequencies and HCC risk and tumor size 
were estimated by logistic regression. Adjusted 
odd’s ratio was calculated using multiple logistic 
regression models after controlling for age and 
gender. A p-value <0.05 was considered signifi-
cant, p-value <0.01 and <0.001 were considered 
highly significant.

RESULTS
  Results of genotyping of -2518G/A MCP-1 

gene by PCR-RFLP in studied groups are shown 

in table( 2) and fig( 1). MCP-1 heterotype AG 
present in 43.3% and 40% of HCV and HCC 
patients respectively showing a statistical sig-
nificance when compared to the control group 
(20%) (p-value<0.05), MCP-1 homotype GG 
was present in 10% of HCC patients, 6.7% of 
HCV patients and in only 3.3% of the control 
group. However, the differences didn’t reach sta-
tistical significance. Allele frequency revealed 
a statistical significant increase in allele (G) of 
MCP-1 in HCV and HCC patients (p=0.043 and 
0.027 respectively) as compared to controls.

Having the gene variant of MCP-1 (AG + GG) 
increased the odds of having HCC 3.28 times 
(95%CI= 1.08-9.9) and 3.19 times (95%CI= 1.0-
9.7) after adjusting for age and sex compared to 
not having the gene variant (wild genotype). 
Similar results are seen in HCV as the frequency 
of mutant genes is almost the same in HCV and 
HCC patients.

Genotyping of V64I CCR2 gene by PCR-
RFLP in studied groups is shown in table 5 and 
fig (5). CCR2 heterotype GA was 50% in HCC 
group showing a statistically significant differ-
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Table 1: Laboratory Data of the Studied Groups

   Results are expressed as mean ± standard deviation, *p value <0.05, ** p value <0.001 vs control group,
   ● p value <0.05, ●● p value <0.001 vs HCV group.
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Table 2 MCP-1 gene polymorphisms in the three studied groups
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Table( 3) 2518 G/A  MCP-1 gene polymorphisms in controls and HCV patients with adjusted odds Ratio 
(AOR) and 95% Confidence Interval (CI) 
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Table( 4) 2518 G/A  MCP-1 gene polymorphisms in controls and HCC patients with adjusted odds ratio 
(AOR) and 95% Confidence Interval (CI) 

    Results are expressed as number (percent). *p value <0.05. 

    Results are expressed as number (percent). *p value <0.05. 
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 Table( 5) CCR2 gene polymorphism in the three studied groups

 *p value <0.05, ** p value <0.001 vs control, ●p-value <0.05, ●● p value <0.01 vs HCV group.
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 Table( 6)  V64I CCR2 gene polymorphisms in controls and HCV patients 

Results are expressed as number (percent). *p value>0.05. 
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Table (7) V64I CCR2 gene polymorphisms in controls and HCC patients with adjusted Odds Ratio (AOR) 
and 95% Confidence Interval (CI)

Results are expressed as number (percent). *p value <0.001. 

 ● p value <0.05, ●● p value <0.001 vs HCV group.
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Table (8) V64I CCR2 gene polymorphisms in HCV and HCC patients with adjusted Odds Ratio (AOR) and 
95% Confidence Interval (CI)

   Results are expressed as number (percent). *p value <0.01.
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Table (9) The expression of ALT, AST and AFP in different MCP-1 & CCR2 genotype frequencies in HCC 
patients

Results are expressed as mean ±SD; the one-way ANOVA test was used to detect the difference of continuous 
variables among three groups. 

Table (7) V64I CCR2 Gene Polymorphisms in Controls and HCC Patients with Adjusted Odds 
Ratio (AOR) and 95% Confidence Interval (CI)

CCR2 Control
 (n=30)
N (%)

HCC
(n=30) 
N (%)

p-value OR 
(95%CI)

AOR 
(95%CI)

GG 27 (90%) 12 (40%) 
�0.001* 

1.00 1.00 

GA +AA 3 (10%) 18 (60%) 13.5 (3.3–54.6) 13.4 (3.2–54.4) 

Results are expressed as number (percent). *p value �0.001.  

Table (8) V64I CCR2 Gene Polymorphisms in HCV and HCC Patients with Adjusted Odds Ratio 
(AOR) and 95% Confidence Interval (CI)

CCR2  HCV
(n=30) 
N (%)

HCC
(n=30) 
N (%)

p-value  OR 
(95%CI)

AOR 
(95%CI)

GG 22 (73.3%) 12 (40%) 
0.009* 

1.00 1.00 

GA +AA 8 (26.7%) 18 (60%) 4.12 (1.38–12.2) 4.0 (1.35–11.9) 

   Results are expressed as number (percent). *p value �0.01. 
 

               
Table (9) the Expression of ALT, AST and AFP in Different MCP-1 & CCR2 Genotype 
Frequencies in HCC Patients

Variable Genotypic frequencies

MCP-1 AA AG GG p- value

ALT (IU/L) 51.2 ± 6.7 62.2 ± 7.5 30 ± 7.5 0.556 

AST (IU/L) 81.6 ± 10.2 74.2 ± 9.1 68 ± 13.3 0.391 

AFP (ng/ml) 180.6 ± 48.7 152 ± 31.5 100 ± 17.9 0.092 

Variable Genotypic frequencies 

CCR2 GG GA AA p- value 

ALT (IU/L) 64 ± 7.3 47.9 ± 6.7 39 ± 11.6 0.172 

AST (IU/L) 89.7 ± 10.2 65.2 ± 7.4 87.6 ± 28.8 0.165 

AFP (ng/ml) 128 ± 19.5 193 ± 51.9 131 ± 19.7 0.522 

Results are expressed as mean ±SD; the one-way ANOVA test was used to detect the 
difference of continuous variables among three groups.  

 

          We divided all subjects according to the presence of polymorphisms into three groups; group A 

which include all individuals with AA of MCP-1 and GG of CCR2 (the normal genotypes), group B 

include individuals which had only one polymorphism of either genes including AG or GG of MCP-1 

or GA or AA of CCR2 and finally group C include individuals with polymorphisms in both genes (AG 

or GG of MCP-1 and GA or AA of CCR2. Group B and C didn’t show increased odds of having HCV 

infection as compared to group A Tab (10). While both groups had 3.6 and 14.6 times increased the 

odds of having HCC as compared to group A [odd’s ratio= 3.66 (95%CI =1.0-13.3) and 14.6 (95%CI 

=2.7–79.1) and adjusted odd’s ratio= 3.6 (95%CI =1.0-13) and 14.0 (95%CI =2.4-78) respectively after 
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Table (10) Odds Ratio (AOR) and 95% Confidence Interval (CI) of gene combination between control and 
HCV groups

               P-value  >0.05.
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Table (11) Adjusted Odds Ratio (AOR) and 95% Confidence Interval (CI) of gene combination between 
Control and HCC groups

    p-value <0.05.
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Table (12) Odds Ratio (AOR) and 95% Confidence Interval (CI) of gene combination between HCV and 
HCC groups
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Table (13)   Odds Ratio (AOR) and 95% Confidence Intervals (CI) of tumour size with MCP-1 & CCR2 
genotype frequencies in HCC patients

              p-value  >0.05.
ence as compared to control group (10%) with 
p>0.001 and HCV group (23.3%) with (p>0.01). 
There is a significant increase in allele (A) of 
CCR2 in HCC compared to HCV patients and 
control groups (fig 22).

Having the gene variants of CCR2 (GA + 
AA) increased the odds of having HCC 13.5 
times (95%CI= 3.3-54.6) compared to not hav-
ing the gene variant (wild genotype) and 13.4 
times (95%CI= 3.2-54.4) after adjusting for age 
and sex table (7). On comparing the frequency 
of gene mutation in HCV and HCC patients, it 
was observed that the presence of the mutation 
increased the odds of having HCC 4.12 times 
(95%CI= 1.38-12.2) and 4 times (95%CI= 1.35-
11.9) after adjusting for age and sex   table (8). 
While those having the gene mutation of CCR2 
didn’t show increased odd’s of having HCV rel-
ative to those not having gene mutation (6).

We divided all subjects according to the 
presence of polymorphisms into three groups; 
group A which include all individuals with AA 

of MCP-1 and GG of CCR2 (the normal geno-
types), group B include individuals which had 
only one polymorphism of either genes includ-
ing AG or GG of MCP-1 or GA or AA of CCR2 
and finally group C include individuals with 
polymorphisms in both genes (AG or GG of 
MCP-1 and GA or AA of CCR2. Group B and 
C didn’t show increased odds of having HCV in-
fection as compared to group A Tab (10). While 
both groups had 3.6 and 14.6 times increased the 
odds of having HCC as compared to group A 
[odd’s ratio= 3.66 (95%CI =1.0-13.3) and 14.6 
(95%CI =2.7–79.1) and adjusted odd’s ratio= 
3.6 (95%CI =1.0-13) and 14.0 (95%CI =2.4-78) 
respectively after controlling for age and sex] 
Tab (11). Both groups B and C in HCV patients 
didn’t show increased odds of having HCC than 
those with no gene variant  (Table 12).

No significant association between mutation 
of MCP-1 and CCR2 genes and the size of tu-
mor. Having the gene mutation in MCP-1 or in 
CCR2 genes didn’t increase the odds of having a 
tumor size > 2cm(Table 13). 

>

>
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Fig. (3): MCP-1 polymorphism in controls, HCV and HCC patients









 








   
   
   

   
   

   

































  























  

























Fig. (4): MCP-1 allele frequency in controls, HCV and HCC patients
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Fig. (5): CCR2 polymorphism in controls, HCV and HCC patients
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Fig. (6): CCR2 allele frequency in controls, HCV and HCC patients
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DISCUSSION

In the present study, the effect of -2518G/A 
MCP-1 and V64I CCR2 gene polymorphisms on 
the susceptibility to HCC among Egyptians was 
evaluated. To achieve this aim, the study was 
conducted on three age and sex matched groups 
of subjects; an HCC, an HCV and a healthy con-
trol group. Genetic polymorphisms of MCP-1 
and CCR2 genes were tested by PCR amplifica-
tion of the target genes followed by allele spe-
cific restriction enzyme digestion (PCR-RFLP 
technique).

The frequency of mutant heterotype gene of 
MCP-1 (AG) was significantly higher (p<0.05) 
in HCV (43.3%) and HCC (40%) compared to 
healthy control group (20%). While the frequen-
cy of homotype mutation (GG) was higher in 
HCC (10%) and HCV (6.7%) compared to con-
trol group (3.3%), yet the difference didn’t show 
statistical significance between the three groups 
possibly due to small number of homotype muta-
tion present in the studied groups. Carriers of G 
allele were significantly more frequent in HCV 
and HCC patients when compared to healthy 
control group. Other studies showed similar 
frequencies of mutant genes of MCP-1 which 
ranged from 20-50% in control group, 40-50% 
in HCV group and 30-75% in HCC group(15,16, 24).  

Individuals  having mutant MCP-1 (AG or 
GG) gene showed increased odds of having 
HCV and HCC infection 3.28 times (95%CI 
=1.08–9.9) as compared to individuals with wild 
genotypes and 3.19 times (95%CI = 1-9.7) af-
ter adjusting for age and sex. While there was 
no association between genetic polymorphism 
of MCP-1 and the occurrence of HCC in HCV 
patients as p-value > 0.05 and odd’s ratio =1.0 
(95%CI = 0.36-2.7). This may be due to small 
number of patients or the presence of HCV, the 
major risk factor, in all patients of both groups.  
This is in accordance to Yeh et al(24) who detect 
no difference or increased risk of developing 
HCC among patients with mutant MCP-1 gene 
as compared to wild individuals with odd’s ratio 
0.97 (95%CI= 0.55-1.7). Also, Marcus et al(10) 
showed that the frequency of MCP-1 genotypes 
did not differ between HCV patients and con-
trols. They concluded that inheritance of the 

-2518 MCP-1 G allele, which appears to affect 
hepatic MCP-1 expression, may predispose 
HCV patients to more severe hepatic inflam-
mation and fibrosis but not HCC as there was a 
significant difference of the frequency of MCP-1 
genotypes between those with mild and severe 
inflammation with p-value <0.0001. Also, Na-
hon et al.(16) concluded that there is lack of as-
sociation of -2518 MCP-1 polymorphism with 
HCC occurrence in HCV infected patients with 
(p=0.2) and odd’s ratio= 0.5 (95%CI= 0.1-1.5).  
Muhlbauer et al.(14) revealed that inheritance of 
-2518 MCP-1 allele predispose HCV patients to 
more severe hepatic inflammation and fibrosis. 
These observations provide further support for 
the involvement of the chemokine system in the 
pathogenesis of chronic hepatitis C.

It seems reasonable to consider that the pro-
gression of liver injury in the course of HCV 
infection is a continuous pathological process 
from primo-infection to the development of 
end-stage liver disease. Nevertheless, mecha-
nisms involved in this progression may not have 
the same implication before and after the onset 
of cirrhosis. Thus, the influence of chemokine 
system as MCP-1 could be therefore more criti-
cal during the first steps of the infection during 
which liver inflammation and fibrogenesis are 
the main physiopathological events. Converse-
ly, their involvement in hepato-carcinogenesis 
or the progression of liver injury towards liver 
failure and portal hypertension may not be sig-
nificant enough to observe an influence of their 
genetic variants.

As regards CCR2, the mutant heterotype 
gene is present in 50% of HCC patients which 
was significantly higher when compared to HCV 
(23.3%) and healthy control group (10%) with  
p-value <0.01 and <0.001 respectively. While 
homotype gene didn’t show any statistical sig-
nificance, probably due to small number of ho-
motype mutation in the three groups. A trend 
toward a higher risk of HCC development was 
found in patients carrying the A allele of CCR2 
V64I compared to wild type. This mutation may 
have a role in the development of HCC as indi-
viduals having the gene variants of CCR2 (GA 
or AA) showed increased odds of having HCC 
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13.5 times (95% CI = 3.3–54.6) and 13.4 times 
(95% CI = 3.2-54.4) after controlling for age and 
sex as compared to those not having gene vari-
ant (wild type).  HCV patients having mutant 
genotype showed increased odds of having HCC 
4.12 times (95% CI = 1.38–12.2) and 4.0 (95% 
CI = 1.35-11.9) after controlling for age and sex 
relative to those with wild genotype.  Despite 
subjects with mutant genotypes in MCP-1 gene 
wasn’t associated with increased odd’s ratio 1.0 
time (95% CI = 0.36- 2.7) between HCV and 
HCC groups while, CCR2 gene polymorphism 
showed increased odd’s ratio 4.12 times (95% 
CI = 1.38–12.2), this can be explained by the fact 
that CCR2 acts as a common receptor for several 
chemokines include MCP-2, MCP-3, MCP-4, 
CCL13, CCL7 and CCL8. Perhaps, increased 
odds may be mediated through any of the above 
mentioned chemokines. These results were in ac-
cordance with Yeh et al. (24) where subjects with 
mutant genotypes in CCR2 had a significant risk 
of 2.12 folds (95% CI = 1.27- 3.53) for develop-
ing of HCC relative to wild genotype. 

The presence of mutations in both genes 
increase the odds of having HCC [odd’s ratio 
=14.6 (95%CI= 2.7-79.9)] when compared to 
having only one mutation in either gene [odd’s 
ratio =3.66 (95%CI= 1.0-13.3)].

Analysis of the influence of the -2518G/A 
MCP-1 and V64I CCR2 genetic polymorphism 
on the clinicopathological characteristics of the 
disease revealed that there was no statistically 
significant association between them and tumor 
size. Also, in HCC patients, ALT, AST and AFP 
showed no statistically significant difference 
among different genotypes of MCP-1 and CCR2 
genes. Our results were in accordance with those 
of Yeh et al.(24) as they reported that there was 
no association between -2518G/A MCP-1 and 
V64I CCR2 genetic polymorphism and clinical 
statuses including tumor size and also no statisti-
cally significant difference noticed in HCC pa-
tients with mutant MCP-1 and CCR2 genotypes 
regarding ALT, AST and AFP (p-value = 0.11, 
0.18 and 0.29 respectively for MCP-1 and p-val-
ue = 0.83, 0.69 and 0.19 respectively for CCR2).

Nahon et al.(15) suggested that the increased 
gene expression level of CCR2, which result 

from gene polymorphism of CCR2-V64I could 
contribute to the accumulation of CCR2 on cell 
surface and interfere with its function, subse-
quently decrease chemokine receptor-mediated 
recruitments of immune cells, eliminate tumor 
cell destruction by killing immune cells and lead 
to the development of HCC.

In conclusion, our study provides further 
evidence for the role of genetic variation in the 
chemokine genes; -2518G/A MCP-1 and V64I 
CCR2 with risk of HCC in Egypt. If confirmed 
by other independent cohort studies, these re-
sults suggest that MCP-1 (-2518) polymor-
phisms are not fair candidate genetic variants 
to select HCV-infected patients at higher risk 
of developing hepatocellular carcinoma while, 
CCR2 64I gene polymorphism is an important 
factor for the susceptibility of HCC. These find-
ings provide additional clues to the aetiology of 
this cancer and support identifying additional 
genes and environmental exposures that impact 
the functions of chemokine genes particularly 
among groups exposed to HCC-related carcino-
gens with the ultimate goal of identifying novel 
prevention approaches. Our results highlight the 
need to assess the prognostic value of such poly-
morphisms in prospectively followed-up cohorts 
of patients. 
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ارتباط تعدد االشكال الجينيه لل ام سي بي - 1 ومستقبله سي سي ار 2 في مرضي سرطان الكبد المصريين وبخاصه 
المصابين بفيروس سي 

لمياء منصور - مروي شتا - ليلي كامل - عائشه الشرقاوي  
إن مصر تعتبر من أكثر الدول إصابة بالفيروس الكبدي المزمن “سى”، و يعتبر التليف الكبدى و سرطان الكبد من أهم 
العالم، وبسبب زيادة معدل حدوثه والتدهور  انتشارا فى  السرطانية  أكثر األورام  الكبد واحدا من  يعد سرطان  مضاعفاته. 
السريع الذى يحدث للمرضى فقد أصبح من أهم األسباب التى تؤدى إلى الوفاة.  يعتبر  إم سي بي 1- عضو في فئة الكيموكاين  
وأحد العوامل الرئيسية التي ينطوي عليها الشروع في االلتهابات التي تفرزها الخاليا الليفية، الخاليا البطانية، خاليا األوعية 
الدموية الملساء، وحيدات الخاليا، وخاليا تي، وغيرها من الخاليا التي تساهم في تدفق الخاليا المناعية إلى مواضع االلتهابات. 
يمارس تأثيره من خالل الربط إلى مستقبالت البروتيني سي سي ار 2 على  الخاليا المستهدفة للتنشيط والهجرة. يوجد إم سي 
بي1-  في الكبد الغير مريض ويحدث زيادة كبيرة في مستوياته في المرضى الذين يعانون من فشل كبدي خاطف.    سي 
سي ار 2 وهو ما يعبر عنه في وحيدات الخاليا /الخاليا الضامة وعلى جزء من الخاليا اللمفية تي، ويوجد في خاليا الكبد 
والذي يسهل عملية التليف الكبدي في حاالت  إصابة الكبد المزمنة. التعبير عن سي سي ار 2 علي خاليا الكبد النجميه له 
دور في حدوث التليف الكبدي. الهدف من هذه الدراسة هو التحقق من إمكانية استخدام تعدد األشكال الجينية لألم سي بي 1 و 
مستقبله سي سي آر 2  كوسيلة لتشخيص قابليه حدوث سرطان الكبد في المصريين وخاصة المصابين بفيروس سي. اشتملت 
ثالثين مرضي مصابين  أشتملت علي  األولي  المجموعه  الي ثالث مجموعات:  مقسمين  تسعين شخصا  الدراسة على  هذه 
بسرطان الكبد نتيجة إصابتهم بااللتهاب الكبدي الفيروسى المزمن “سى”، و المجموعه الثانية شملت ثالثين مريضا مصابين 
بااللتهاب الكبدي الفيروسى المزمن “سى” و المجموعه الثالثة شملت ثالثين شخص من األصحاء وتعتبر هذه المجموعة هي 
المجموعة الضابطة.   يتم استخالص الحمض النووي وتحليل تعدد األشكال الجينية لل إم سي بي1- ومستقبله سي سي أر 
2 بواسطة تقنية البي سي أر  RFLP . في التغير الجيني 2518- أ / ج  لإلم سي بي 1 أظهرت االنماط الجينية الطافرة في 
مرضي سرطان الكبد وفيرس سي فروق ذو داللة إحصائية مقارنةʺ بالمجموعة الضابطة ولكن لم يكن هناك أي فروق ذات 
داللة إحصائية بين مرضي سرطان الكبد ومرضي فيرس سي. المجموعة الصابطة التي بها الجينات الطافرة تواجه مخاطر 
متزايده من اإلصابة بفيرس سي وسرطان الكبد مقارنة باألشخاص الذين يملكون جينات طبيعية. في التغير الجيني ڤي 64 
أي سي سي آر 2 أظهرت األنماط الجينية الطافرة في مرضي سرطان الكبد فروق ذو داللة إحصائية مقارنةʺ بالمجموعة 
الضابطة ومجموعة مرضي فيرس سي ولكن ال يوجد فروق ذات داللة إحصائية بين المجموعة الضابطة ومجموعة المرضي 
المصابين بفيرس سي. وجد أن االشخاص في المجموعة الضابطة والمرضي المصابين بفيروس سي الذين لديهم الجينات 
الطافرة يواجهون مخاطر اإلصابة بسرطان الكبد أكثر من األشخاص الذين لديهم الجين الطبيعي. ال يوجد إرتباط ذو داللة 
إحصائية بين تعدد األشكال الجينية  في  إم سي بي1- و سي سي آر 2 وبين الخصائص اإلكلينيكية لمرض سرطان الكبد 
مثل حجم الورم وانزيمات الكبد وااللفا فيتوبروتين. النتيجة: 1.تعدد األشكال الجينية للسي سي آر 2 يزيد من خطر اإلصابة 
بسرطان الكبد في المرضي المصابون بفيروس سي وبالتالي يمكن اعتباره وسيلة للكشف المبكر عن سرطان الكبد في  هؤالء 
المرضي. 2.أن األليل الطفري ( أ ) في الجين سي سي آر 2 أعلي بكثير في مرضي سرطان الكبد عن مرضي فيرس سي. 
2 يواجهوا مخاطر  آر  الطافرة في سي سي  الجينات  لديهم  الذين  بفيرس سي  المصابين  الضابطة والمرضي  3.المجموعة 
الجينات  التي تحتوي علي  الذين لديهم الجين الطبيعي. 4.المجموعة الضابطة  الكبد اكثر من االشخاص  اإلصابة بسرطان 
الطافرة لإلم سي بي 1 يواجهون مخاطر اإلصابة بفيروس سي وسرطان الكبد ولكن ال يوجد ارتباط بين التغير الجيني في 

اإلم سي بي 1 وبين حدوث سرطان الكبد في مرضي فيرس سي.





PEPTIDYLPROLYL ISOMERASE A AS AN INDICATOR OF 
CORONARY ARTERY DISEASE IN PATIENTS WITH TYPE 2 

DIABETES MELLITUS
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ABSTRACT
Background: Typeِ 2 diabetes mellitus (DM) is characterized by increased risk of coronary artery disease (CAD). This is 

due  to the harmful effects of hyperglycemia and oxidative stress on vascular biology. Peptidylprolyl isomerase A, is also well 
recognized as a secreted growth factor that is induced by oxidative stress, functioning as a mediator of tissue damage associ-
ated with inflammation and oxidative stress. Aim of the present study: Was to evaluate the plasma level of  Peptidylprolyl isom-
erase A in patients with type 2 diabetes mellitus and to detect the relationship between raised plasma level of Peptidylprolyl 
isomerase A and occurrence of coronary artery disease. Subjects and Methods: The study included 160 subjects divided into 3 
groups: 40 apparently healthy subjects as  control (group I), 60 patients had type 2 DM without CAD (group II), and 60 patients 
had type 2 DM with CAD (group III). They all were investigated for FBS, HbA1c, HsCRP, lipid profile and measurement of 
plasma levels of Peptidylprolyl isomerase A. Results: Plasma levels of Peptidylprolyl isomerase A were significantly increased 
in DM without CAD group and in DM with CAD group as compared to those in control group, also there was significant in-
crease in its mean values in DM with CAD group as compared to those in DM without CAD group. There was positive relation 
between Peptidylprolyl isomerase A and smoking. There were positive correlations with Peptidylprolyl isomerase A and all 
laboratory parameter levels, including Fasting blood sugar, HbA1c, LDL-c, triglycerides, total cholesterol, and HsCRP except 
for HDL-c there was negative correlation with Peptidylprolyl isomerase A. Conclusion: Plasma Peptidylprolyl isomerase A 
was significantly increased in type 2 DM than the normal population. Plasma Peptidylprolyl isomerase A levels were signifi-
cantly increased in patients with type 2 DM who had CAD than patients with type 2 DM without CAD suggesting a role of 
this protein in accelerating vascular disease in type 2 DM. Keywords: Type 2 diabetes mellitus (DM), coronary artery disease 
(CAD), Peptidylprolyl isomerase A
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INTRODUCTION

Diabetes Mellitus (DM) is a group of meta-
bolic, multifunctional diseases in which there is 
hyperglycemia for a prolonged period(3). Many 
etiological factors are involved in DM such 
as,  inherited or acquired insulin deficiency, 
decreased insulin secretion, ineffectiveness of 
insulin, and low glucose utilization with high 
production of glucose(2).  The prevalence of dia-
betes is rising all over the world, hyperglycemia 
generates reactive oxygen species, which cause 
damage to the cells, which in turn causes sec-
ondary diabetic complications(9,10).

Peptidylprolyl isomerase A  is a family 
of proteins, that have prolyl isomerase activ-
ity, which catalyzes the isomerization of peptide 
bonds  and helps in  protein folding(25). Peptidyl-
prolyl isomerase A  is located intracellularly, and 
it is secreted extracellularly in different cells by 
the effect of  inflammatory stimuli such as infec-
tion, hypoxia, and oxidative stress(7,24,26). 

Peptidylprolyl isomerase A promotes athero-
sclerosis by stimulating low density lipoprotein 
cholesterol (LDL-c) uptake in the vessel wall by 
regulating the expression of scavenger recep-
tors, increasing endothelial  cells activation and 
inflammation by increasing vascular cell adhe-
sion molecule-1(VCAM-1) expression, decreas-
ing endothelial nitric oxide synthase (Enos) ex-
pression through Kruppel-like factor 2 (KLF2) 
transcriptional repression in endothelial cell, it 
is  a key determinant for tumor necrosis alpha 
(TNF-α) induced epithelial cell apoptosis and 
it  stimulates recruitment of inflammatory cells 
derived from BM to the aortic wall later phases 
by affecting plaque rupture and thrombosis(16,23).

The objective of this study was to evaluate 
plasma level of  Peptidylprolyl isomerase A in 
patients with type 2 diabetes mellitus and to de-
tect the relationship between raised plasma level 
of Peptidylprolyl isomerase A and occurrence of 
coronary artery disease.
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SUBJECTS AND METHODS

This study was conducted on 160 subjects, 
they were selected from Inpatients and Outpa-
tients Clinics of Internal Medicine and Cardi-
ology Departments, Tanta University Hospital, 
from December 2013 till February 2016. Written 
consents from all patients were taken. The sub-
jects were classified as follows:

Group I: Forty apparently healthy volunteers 
(as a control group), their age ranged from 41 to 
57 years with a mean value of 46 ± 8.1. 22 subt-
jects were males and 18 were females. 

Group II: Sixty patients with type 2 diabe-
tes, without coronary artery disease. Their age 
ranged from 40 to 58 years with a mean value of 
47.9 ± 4.9 .34 patients were males and 26 were 
females. 

Group III: Sixty patients with type 2 diabetes 
with coronary artery disease. Their age ranged 
from 42 to 62 years with a mean of 53.5 ±6.1 . 36 
patients were males and 24 were females .

Exclusion criteria:

Any patient suffering from cardiac disease 
other than coronary artery disease or from hy-
pertension, malignant diseases, metabolic dis-
eases, any inflammatory disease, patients  with 

retinopathy or nephropathy were excluded from 
the study. 

All subjects were subjected to the following: 
Full history taking and thorough clinical exami-
nation, abdominal ultrasonography, ECG and 
laboratory investigations including: 

a) Routine investigations: measurement of (i) 
Fasting blood sugar(5) (ii) HbA1c(13)  (iii) Lipid 
profile (Total cholesterol(4), LDL-c(17), HDL-c(8), 
Triglycerides(6). (iv) Highly sensitive CRP 
levels(18).

b) Specific laboratory tests:

Estimation of plasma (Peptidylprolyl isom-
erase A) by Enzyme Linked Immunoassay 
technique(29) (Biovendor Research and Diagnos-
tic, Cat. No.: RD191329200R, Czech Repub-
lic, with  interassay: CV=4.2% and intraassay: 
CV=3.1%). Peripheral blood samples  were col-
lected in EDTA vacutainers. Plasma samples 
were separated, then were stored at -20°C. The 
instruction protocol of the manufacturer were 
followed.  

Sample collection:

Seven ml peripheral blood (PB) samples 
were withdrawn under  complete aseptic condi-
tions using sterile vacutainers and were divided 
as follows:

Table (1):  Comparison  between  the  three studied  groups as regards  age & sex:
Group I Group II Group III
(n = 40) (n = 60) (n = 60) Test of sig. p

Age (years)
Range 41 – 57 40 – 58 42 – 62 F= 4.870* 0.181

Mean ± SD. 46 ± 8.1 47.9 ± 4.9 53.5 ±6.1
Group I Group II Group III
(n = 40) (n = 60) (n = 60) 2 p

No. % No. % No. % X
Sex

Male 22 55 34 56 36 60 χ2= 1.24 0.5
Female 18 45 26 44 24 40

Sig. between groups.
Group I & II Group I & III Group II & III

p1>0.05 p2>0.05 p3>0.05
p1: p value for comparing between control and diabetic patients
p2: p value for comparing between control and diabetic + coronary artery patients
p3: p value for comparing between diabetic patients and diabetic + coronary artery patients     
*: Statistically significant at p ≤ 0.05
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Two mL of PB was delivered into an EDTA 

vacutainer tube for Hb A1c determination. Two 
ml of PB was delivered into an EDTA vacutainer 
for cyclophilin A determination, plasma samples 
were separated, then it was stored at -20°C. The 
remaining 3ml of PB samples were dispensed 
into a plain tube (no additives); serum was sepa-
rated for estimation of other routine laboratory 
investigations (FBS, lipid profile and HsCRP).  

Statistical analysis: 

The statistical analysis of the results was car-
ried out using SPSS version 22 for windows. 

Qualitative data were described using number 
and percent. Quantitative data were described 
using mean and standard deviation for normally 
distributed data. For normally distributed data, 
comparison between two independent popula-
tion were done using independent t-test, Corre-
lations between two quantitative variables were 
assessed using Pearson coefficient. Differences 
between groups were evaluated with ANOVA. 
ROC curve was used to detect sensitivity, speci-
ficity, NPV and PPV.

RESULTS

Table (2): Comparison between the three studied groups as regards  smoking.
Group I Group II Group III
(n = 40) (n =60) (n = 60 ) 2 P

No. % No. % No. % x
Smoking 2 5.0 30 50.0 34 56.7 14.735* 0.001*

Sig. between groups
Group I & II Group I & III Group II & III
p1= 0.001* p2<0.001* p3= 0.6

p1: p value for comparing between control and diabetic patients
p2: p value for comparing between control and diabetic + coronary artery patients
p3: p value for comparing between diabetic patients and diabetic + coronary artery patients *: Statistically 
significant at p ≤ 0.05

Table (3): shows routine laboratory investigations done in the three studied groups:

Group I
N:40

GroupII
n:60

Group III
N:60 Anova P value

FBS (mg/dl)
Mean±SD 82.91 ± 6.99

220 ±  68.21 270.68±  83

99.848 0.001*

HbA1C (gm /dl)
Mean±SD 3.9  ±  0.86 8.81  ± 1.35 9.98±   2.12 185.119 0.001*

Triglyceride  (mg/dl) 
 Mean±SD 91.07  ± 20.27 136.29  ± 29.49 198.33±62.55 76.308 0.001*

Cholestrol  (mg/dl) 
Mean±SD 155.51±18.21 181.22  ± 35.71 241.78±32.18 107.322 0.001*

HDL-c  (mg/dl) 
Mean±SD 58.75±6.49 47.63  ± 5.9 33.9±4.1 257.173 0.001*

LDL-c  (mg/dl) 
Mean±SD 88.47±23.11 110.21 ± 22.19 147.4±39.04 50.704 0.001*

hsCRP  (nmol/l) 
Mean±SD 3.10±0.91 5.86  ± 1.88 66.78±26.09 280.656 0.001*
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The Fasting blood sugar levels (mg/dl) in 

group (I) had a  mean value of 82.91 ±      6.99, 
while in group (II) FBS mean value was 220 ± 
68.21, and in group (III) its  mean value was  
270.68 ± 83. It was observed that the mean val-
ues of Fasting blood sugar means in group (II) 
and in group (III) were significantly increased 
as compared to that of control group, and in 
group (IIІ) its mean value was significantly in-
creased when compared to that of group (ІІ) (P-
value<0.03). 

The HbA1c levels in group (I) had a mean 
value of 3.9 ± 0.86, while in group (II) HbA1c 
level mean value was 8.81 ± 1.35, and in group 
III its level mean value was 9.98 ± 2.12. It was 
observed that the mean values of HbA1c mean 
value were significantly increased in group (II) 
and in group (III) as compared to those in group 
(I) but there was no statistically  significant dif-
ference in mean values in group (III) when com-
pared to those in group (II).

As regards lipid profile, the triglycerides (mg/
dl) mean value in group (I) was 91.07 ± 20.27, 
while in group (II) its mean value was 136.29 
± 29.49, and in group (III) its mean value was 
198.3362.55±.  It was observed that the mean 
values of triglycerides serum level were signifi-
cantly  increased in group (II) and in group (III) 
as compared to those in group (I), also mean val-
ues levels were significantly increased   in group 
(III) as compared to those in group (II). 

The cholesterol (mg/dl) mean value in group 

(I) was 155.51 ± 18.21, while in group (II) it was 
181.22 ± 35.71 and in group (III)  it was 241.78 
± 32.18. 

It was observed that the mean values of cho-
lesterol serum level were significantly increased 
in group (II) and in group (III) as compared to 
those in control group, also mean values levels 
were significantly increased   in group (III) as 
compared to those in group (II). 

The HDL-c (mg/dl) mean value in group 
(I) was 58.75 ± 6.49, while in group (II) it was 
47.63 ±5.9 and in group (III)  it was 33.9 ± 4.1. It 
was observed that the mean values of HDL-c se-
rum level were significantly increased in group 
(II) and in group (III) as compared to those in 
control group, also mean values levels were sig-
nificantly increased   in group (III) as compared 
to those in group (II). 

LDL-c (mg/dl) mean value in group (I) was 
88.47 ± 23.11, while in group (II) it was 110.21 
± 22.19 and in group (III)  it was 147.40 ± 39.04.  
It was observed that the mean values of LDL-c 
serum level were significantly increased in group 
(II) and in group (III) as compared to those in 
control group, also mean values levels were sig-
nificantly increased   in group (III) as compared 
to those in group (II). 

The HsCRP serum levels (nmol/L) in group 
(I) had a  mean value of 3.10 ± 0.91, while its 
mean in group (II) was 5.86 ± 1.88 and its mean 
in group (III) was 66.78 ± 26.09.

It was observed that the mean values of 
Table (4):    Comparison between the three studied groups as regards plasma level of Peptidylprolyl isom-

erase A

Group I Group II Group III F P
(n = 40) (n = 60) (n = 60)

Peptidylprolyl isomerase
A (ng/dl)

Mean ± SD 15.13 ± 2.01 26.11 ± 1.75 39.31 ± 4.13 845.694* <0.001*
Sig. between groups.

Group I & II Group I & III Group II & III
P1<0.001* p2<0.001* p3<0.001*

F: F test (ANOVA), Sig. bet. groups was done using Post Hoc test (LSD) p1: p value for comparing 
between control and diabetic patients
p2: p value for comparing between control and diabetic + coronary artery patients
p3: p value for comparing between diabetic patients and diabetic + coronary artery patients *: 
Statistically significant at p ≤ 0.05
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HsCRP mean value was significantly increased 
in group (II) and in group (III) as compared to 
those in group (I) also there was significantly in-
creased in its mean values in group (III) as com-
pared to those in group (II) (P value ≤ 0.01).

DISCUSSION

Diabetes is a proinflammatory state, charac-
terized by increased C-reactive protein levels, 
adhesion molecules and monocytic activity. 
Monocyte activation and adhesion to the vascu-
lar endothelium are major causes  of atheroscle-
rosis. These cellular events are increased in type 
2 diabetes causing enhancement  of atheroscle-
rotic vascular lesions(11,15).  

Peptidylprolyl isomerase A is present in some 
inflammatory and  infectious diseases(16). Peptidi-
ylprolyl isomerase A, is recognized as a secreted 
growth factor that is induced by oxidative stress. 
Interestingly, Peptidylprolyl isomerase A was 
also detected in diabetic patients’ plasma and 

There was positive correlation with Peptidyl-
prolyl isomerase A, and all laboratory parameter 
levels, including fasting blood sugar, HbA1c, 
LDL, triglycerides, total cholesterol, and HsCRP  
except for HDL there was negative correlation 
with Peptidylprolyl isomerase A. 

was shown to be secreted by monocytes in re-
sponse to hyperglycemia, indicating that Peptid-
ylprolyl isomerase A could be a potential secre-
tory marker in type 2 DM(1,20,28).   

Peptidylprolyl isomerase A is part of various 
intracellular functions, such as intracellular sig-
naling, protein trafficking, and regulating activ-
ity of other proteins(21).  

In this work it was found that there was no 
significant difference among all studied groups 
as regards age and sex. But it was observed that 
the percentage of male patients in diabetic with 
coronary artery disease group was increased as 
compared to that of female patients in the same 
group.

Table (5): cut off level of Peptidylprolyl isomerase A between diabetic and normal individual sensitivity, 
specificity and accuracy.

Cut off AUC p Sensitivity Specificity PPV NPV
Peptidylprolyl isomerase A >21.4 1.000* <0.001* 100.0 100.0 100.0 100.0

Figure (1): ROC curve for Peptidylprolyl isomerase 
A to diagnose diabetic patients

Figure (2): ROC curve for Peptidylprolyl isomer-
ase A to diagnose coronary artery disease 
patients

Table (6): Cut off level of Peptidylprolyl isomerase A between coronary artery disease patients and diabetic 
patients sensitivity, specificity and accuracy
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Table (6): Cut off level of Peptidylprolyl isomerase A between coronary artery disease patients 
and diabetic patients sensitivity, specificity and accuracy

Cut off AUC p Sensitivity Specificity PPV NPV

Peptidylprolyl isomerase A >35.28 1.000* <0.001* 100.0 100.0 100.0 100.0 

Figure (2):ROC curve for Peptidylprolyl isomerase A to diagnose coronary artery disease 
patients
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Data of the present study demonstrated a sta-
tistically significant increase in the mean values 
of  fasting blood glucose, HbA1c, total serum 
cholesterol, triglycerides, LDL-c and HsCRP in 
diabetic without coronary artery disease and dia-
betic with coronary artery disease groups when 
compared to the control group.

Regarding HDL-c its mean values were sig-
nificantly decreased in diabetic without coronary 
artery disease and diabetic with coronary artery 
disease groups as compared to the control group, 
with more significant decrease in the diabetic 
with coronary artery disease group. This was in 
agreement with Lüscher et al.(12),  who reported 
that patients with type 2 diabetes mellitus are 
likely to have dyslipidemia characterized by low 
HDL levels. Also Natarajan et al.(14) who report-
ed that there was an inverse association between 
HDL levels with the risk of coronary heart dis-
ease in diabetic patients.

As regards the result of  plasma levels Pep-
tidylprolyl isomerase A, the mean values of 
Peptidylprolyl isomerase A were significantly 
increased in diabetic patient without coronary 
artery disease group and in diabetic patient with 
coronary artery disease group as compared to 
those in control group, with more significant in-
crease in diabetic patient with coronary artery 
disease group.

Ramachandran et al.(19) observed that hyper-
glycemia in diabetes and related oxidative stress 
could contribute to secretion of Peptidylprolyl 
isomerase A from circulating monocytes caus-
ing rise in plasma Peptidylprolyl isomerase A 
levels in diabetic patient than normal volunteers.

Tian-Tian et al.(27) observed that Peptidylp-
rolyl isomerase A levels in plasma samples of 
patients with diabetes and coronary artery dis-
ease were higher compared with plasma from 
healthy volunteers, suggesting that Peptidylp-
rolyl isomerase A secreted from monocytes in 
patients with diabetes is an important proinflam-
matory stimulus for vascular inflammation. Se-
creted Peptidylprolyl isomerase A acts as a pro-
inflammatory cytokines that activates endotheli-
al cells and leukocytes, increasing inflammation 
in vessels and promoting atherogenesis.

The present study also demonstrated that 
smoking and all laboratory parameter levels, 
including fasting blood sugar, HbA1c (indicat-
ing a specific relation of plasma Peptidylprolyl 
isomerase A levels with hyperglycemia), LDL-c, 
triglycerides, total cholesterol, and HsCRP were 
in positive correlation with Peptidylprolyl isom-
erase A except for HDL-c showed negative cor-
relation with Peptidylprolyl isomerase A.

Also Satoh et al.(22) found that diabetes and 
HsCRP correlated with plasma Peptidylprolyl 
isomerase A levels in their patients with ste-
notic coronary arteries. Ramachandran et al.(19) 

observed that FBS, HbA1c and lipid profile cor-
related with plasma Peptidylprolyl isomerase 
A levels in patients with diabetic and coronary 
artery disease than normal volunteers, suggest-
ing that Peptidylprolyl isomerase A secreted 
from monocytes in patients with diabetes is an 
important proinflammatory stimulus for vascular 
inflammation.

Peptidylprolyl isomerase A cut off between 
diabetic patient and normal individual was 21.4, 
if a case greater than 21.4 the sensitivity was 
100% and specificity 100% with PPV was 100% 
and NPV was 100%.

Peptidylprolyl isomerase A cut off between 
coronary artery disease patients and diabetic pa-
tients was 35.28, if a case greater than 35.28 the 
sensitivity was 100% and specificity 100% with 
PPV was 100% and NPV was 100%.

A study by Satoh et al.(22) had suggested the 
use of Peptidylprolyl isomerase A in conjunc-
tion with CRP as a predictor of risk in coronary 
artery disease in a study on number of  patients 
with CAD. These findings suggested the pos-
sible utility of plasma Peptidylprolyl isomerase 
A level as a marker of proinflammatory status in 
patients with diabetes. 

In summary, this study revealed that patients 
with type 2 diabetes have higher circulating lev-
els of  Peptidylprolyl isomerase A, indicating 
that hyperglycemia has an effect on its secretion. 
Peptidylprolyl isomerase A is  secreted from 
monocytes and vascular wall cells in conditions 
of oxidative stress such as hyperglycemia, so the 
plasma circulating levels of Peptidylprolyl isom-
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erase A in patients with diabetes and CAD pos-
sibly reflected  an increased oxidative stress and 
proinflammatory status in these conditions. Pep-
tidylprolyl isomerase A thus needs to be evalu-
ated as a marker of proinflammatory status in 
type 2 diabetes and possibly a predictor of early 
vascular disease through a prospective study in a 
large population of diabetic subjects.

Conclusion: These findings suggest the pos-
sible utility of plasma Peptidylprolyl isomerase 
A level as a marker of proinflammatory status in 
patients with diabetes.

Recommendations: Further studies are re-
quired to evaluate role of Peptidylprolyl isom-
erase A in other cardiac diseases rather than 
coronary artery diseases  and to evaluate relation 
between Peptidylprolyl isomerase A and other 
metabolic diseases.
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الببتاديل بروليل أيزوميريز “أ”  كداللة فى مرضى شرايين القلب التاجية
مع النوع الثانى من مرض السكرى

عالء عبد الفتاح الشورة - مدحت غازى
يتصف داء السكرى من النوع الثانى بزيادة فرصه اإلصابة بأمراض الشريان التاجى من أثنين إلى أربعة أضعاف 
وهذا يرجع إلى اآلثار السلبية ألرتفاع السكر فى الدم واألكسدة على األوعية الدموية ، يعرف ببتاديل بروبليل أزوميريز 
»أ« أيضًا بعامل النمو ويحفز بسبب األكسدة التى تعمل كوسيط لتلف األنسجة المصاحب لأللتهاب واألكسدة. الهدف من 
هذه الدراسة هو تحديد مستوى البالزما ببتاديل بروبليل ازوميريز »أ« فى مرضى النوع الثانى من السكرى وتحديد 
العالقة بين ارتفاع مستوى البالزما ببتاديل بروبليل ازوميريز »أ« وحدوث أمراض الشرايين التاجية. وقد أجريت هذه 
الدراسة على 160 حالة تصنف على النحو التالى: المجموعة (1): 40 متطوعا أصحاء (كمجموعة ضابطة). المجموعة 
(2): 60 مريض من الذين يعانون من داء السكرى من النوع الثانى دون اإلصابة بمرض الشريان التاجى. المجموعة 
(3): 60 مريض من الذين يعانون من داء السكرى من النوع الثانى وأمراض الشريان التاجى.  وتم عمل التحاليل اآلتية: 
األبحاث المعملية الروتينية بما فى ذلك: مستوى السكر صائم – تحديد مستوى الهيموجلوبين السكرى – صورة الدهون 
كاملة – مستوى سى أر بى عالى الحساسية واألبحاث المعملية الخاصة: الكشف عن مستويات البالزما ببتاديل بروبليل 
ازوميريز »أ« لجميع األفراد فى المجموعات. النتائج: لوحظ أن متوسط قيم مستويات البالزما ببتاديل بروبليل أزوميريز 
»أ« متزايد احصائيا فى المجموعة الثانية والثالثة بالمقارنة بالمجموعة الضابطة مع وجود زيادة ذو داللة احصائية فى 
بروبليل  ببتاديل  بين  إيجابية  عالقة  هناك  كان  قيمها المتوسط فى المجموعة الثالثة بالمقارنة بالمجموعة الثانية.  
ازوميريز »أ« وعوامل الخطر مثل التدخين وجميع المستويات االختبارات المعملية بما فى ذلك مستوى سكر الصائم 
في الدم, نسبه الهيموجلوبين السكري. الدهون منخفضة الكثافة, الدهون الثالثية, الكولسترول الكلي و سي ار بي عالي 
الحساسية باستثناء الدهون عالية الكثافة كان هناك عالقة سلبيه مع ببتاديل بروبليل ازوميريز »أ«. االستنتاج: من هذه 
الدراسة , فإنه يمكن استنتاج مايلي: مستوي البالزما ببتاديل بروبليل ازوميريز »أ« متزايد في مرضي النوع الثاني من 
داء السكري مقارنه باالصحاء ومستوي البالزما ببتاديل بروبليل ازوميريز »أ« متزايد بشكل كبير في المرضي الذين 
يعانون من مرض السكري ومرض الشريان التاجي مما يشير الي دور هذا البروتين في تسريع امراض األوعيه الدموية 

في مرض السكري من النوع الثاني ودوره كوسيط في تصلب الشرايين .
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ABSTRACT
Introduction: Acute coronary syndrome (ACS) patients have a significantly increased risk of developing heart Failure (HF), 

with high morbidity and mortality. Therefore, identifying new diagnostic biomarkers of HF in this population is a matter of 
challenge. Galectin-3 (Gal-3) is a Beta-galactoside– binding lectin that has been implicated in cardiac fibrosis and remod-
eling. It may have a diagnostic value of HF on top of ACS. Aim of the study: To assess the efficacy of Gal-3 as a diagnostic 
biomarker of HF on top of ACS. Patients and methods: This case control study was carried out from June 2013 to December 
2014 in (Internal Medicine and Cardiology Departments, Tanta University Hospital, Egypt) on 40 patients who were hospital-
ized for new or worsening HF, 40 patients who presented with ACS  (unstable angina, non–ST-elevation MI, or ST-elevation 
MI), and 30 apparently healthy subjects as a control group. Routine and specific (Gal-3 and BNP) laboratory investigations 
were performed on blood obtained from ACS patients within 7 days post-ACS, HF patients and the healthy control subjects. 
Results: Mean plasma levels of Gal-3 (ng/ml) were 34 ± 9.5, 20.8 ± 6.9 and 4.9± 3.8 for HF patients, ACS patients and healthy 
subjects respectively. There were statistically significant increase in Gal-3 levels either by comparing HF vs ACS, HF vs 
Healthy subjects, or ACS vs Healthy subjects (P<0.001).  Interestingly, by performing a ROC analysis, Gal-3 had better sen-
sitivity (85%) and specificity (90%) than BNP in the diagnosis of HF on top of ACS.  Conclusion: Gal-3 may be considered as 
a better diagnostic biomarker of HF on top of ACS than BNP. Moreover, it could be used as diagnostic biomarker either alone 
or in combination with other biomarkers. Keywords: Acute coronary syndrome, Heart Failure, Galectin-3, B-type natriuretic 
peptide (BNP).
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INTRODUCTION

Cardiovascular disease (CVD) is a major 
health problem and could be considered the 
main cause of death all over the world(20). Acute 
coronary syndrome (ACS) is the main etiology 
of morbidity and mortality all over the world(15). 
ACS reflects to a group of conditions due to di-
minished  blood flow in the coronary arteries 
with affection of the heart muscle either isch-
emia or death(1).

It refers to any condition compatible with 
acute myocardial ischemia and includes (un-
stable angina (UA), non-ST-segment elevation 
myocardial infarction (NSTEMI), and ST-seg-
ment elevation myocardial infarction (STEMI)
(16). Heart failure (HF) is a clinical syndrome 
characterized by impaired ability of the ventricle 
to fill with or eject blood(23). It is an abnormal-
ity of the cardiac structure or function leading 
to failure of the heart to deliver oxygen to meet 
the body demand, despite normal filling pres-
sures(8).  Galectin-3 (Gal-3) is a member of the 
galectin family implicated in multiple physi-
ological and pathological processes(9). Gal-3 is 
a beta-galactoside-binding lectin expressed by 

activated macrophages and involved in many 
pathological processes such as inflammation, 
tumor growth, and fibrosis(7).  Gal-3 is released 
by activated macrophages and induces cardiac 
fibroblasts to proliferate and deposit type I col-
lagen in the myocardium(21). In addition, intra-
pericardial infusion of gal-3 in rats leads to myo-
cardial macrophage and mast cell infiltration, 
increased collagen I deposition, and diastolic 
and systolic ventricular dysfunction(21,18). ACS 
patients have a significantly increased risk of 
developing subsequent HF, with high morbid-
ity and mortality(17,13). Therefore, we hypothesize 
that, measurement of Gal-3 plasma levels, could 
provide additional diagnostic value of HF over 
traditional biomarkers, such as B-type natriuret-
ic peptide (BNP).

The main objective of this study was to as-
sess the efficacy Gal-3 as a diagnostic biomarker 
of HF on top of ACS.

PATIENTS AND METHODS

This case control study was carried out 
from June 2013 to December 2014 in (Internal 
Medicine and Cardiology Departments, Tanta 
University Hospital, Egypt) on 40 patients who 
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were hospitalized for new or worsening HF, 40 
patients who presented with ACS  (unstable an-
gina, non–ST-elevation MI, or ST-elevation MI), 
and 30 apparently healthy subjects as a control 
group. The study was approved by the hospital 
Ethical Committee and was performed accord-
ing to the Principles of the Declaration of Hel-
sinki; a written informed consent of the patients 
was obtained. The studied groups were age and 
sex matched.

 Inclusion criteria were patients age >18 
years, both HF and ACS patients diagnosis was 
confirmed by signs, symptoms, chest x-ray, 
ECG, echocardiography and cardiac biomarkers. 
HF patients had a past history of ACS. 

Exclusion criteria were patients suffering 
from renal diseases, acute or chronic infection, 
metabolic diseases, any chronic illness, neoplas-
tic disease or drug intake.  

All included participants were subjected to 
the following; complete history taking, thorough 
clinical examination including: heart rate, respi-
ratory rate, and complete local cardiac examina-
tion, ECG, Plain x-ray chest, echocardiography, 
routine and specific laboratory investigations.

Blood Collection and Laboratory Assay:

Laboratory assays were performed on blood 
obtained from ACS patients within 7 days post-
ACS, HF patients and the healthy control sub-
jects. Whole blood was collected by standard 
venipuncture in VACUETTE® Blood Collection 
Tubes (Greiner Bio-One, Austria) containing 
K2EDTA and containing clot activator/Sep. Se-
rum samples were left to clot 5 to 10 minutes at 
room temperature and were centrifuged at 1000x 
g for 10 minutes. Serum samples were used for 
routine laboratory investigations. Whole EDTA 
blood samples were used for complete blood 
count. EDTA plasma samples were separated 
by centrifugation at 1000x g for 10 minutes and 
were stored at -20°C till the time of Gal-3 assay. 
Fasting plasma glucose level, 2 hour post pran-
dial plasma glucose level, liver function tests, 
kidney function tests and cardiac enzymes (CK-
MB) were performed on fully automated chem-
istry analyzer (Konelab Prime 60i, Konelab, 

Finland). Complete blood count was performed 
on fully automated cell counter (Erma INC, 
PCE 210 N, Tokyo, Japan). BNP levels were 
measured by Human BNP ELISA Kit (Catalog 
No: E-EL-H0598, Elabscience, Elabscience 
Biotech Co.China). Galectin-3 levels were mea-
sured by Human Galectin-3 Platinum ELISA kit 
(ready-to-use Sandwich ELISA) (Catalogue No: 
BMS279/2/BMS279/2TEN, ebioscience, Vien-
na, Austria).

Galectin-3Assay:

Principle of the assay:

Human Gal-3 present in the sample or stan-
dard bound to antibodies adsorbed to the mi-
crowells, a biotin-conjugated anti-human Gal-3 
antibody was added and bound to human Gal-3 
captured by the first antibody (first incubation) 
.Following this step, unbound biotin-conjugat-
ed anti-human Gal-3 antibody was removed 
by washing. Streptavidin-HRP was added and 
bound to the biotin-conjugated anti-human Gal-
3 antibody (second incubation). Following this 
step, unbound Streptavidin-HRP was removed 
by washing and substrate solution reactive with 
HRP was added to the wells (third incubation).

A colored product was formed in proportion 
to the amount of human Gal-3 present in the sam-
ple or standard. The reaction was terminated by 
addition of acid and absorbance was measured at 
450nm. A standard curve was prepared and hu-
man Gal-3 concentrations were determined.

BNP Assay:

Principle of the assay:

It is Competitive-ELISA the method. BNP 
in the sample or standard competed with a fixed 
amount of BNP pre-coated microwells for sites 
on the Biotinylated Detection Ab specific to 
BNP. Excess conjugate and unbound sample or 
standard were washed from the plate, and Avi-
din conjugated to Horseradish Peroxidase (HRP) 
was added to each microplate well and incubat-
ed. Then a TMB substrate solution was added to 
each well. The reaction was terminated by ad-
dition of acid and absorbance was measured at 
450nm. A standard curve was prepared and hu-
man BNP concentrations were determined.
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Statistical analysis:

The collected data were organized, tabulated 
and statistically analyzed using SPSS software 
(Statistical Package for the Social Sciences, 
version 16, SPSS Inc. Chicago, IL, USA). For 
quantitative data, the range, mean and standard 
deviation were calculated. For qualitative data, 
comparison between two groups and more was 
done using Chi-square test (χ2). For comparison 
between means of two groups of parametric data 
of independent samples, student t-test was used. 
For comparison between more than two means 
of parametric data, F value of ANOVA test was 
calculated and TUKEY’S Test was performed to 
compare between each two means if F value was 
significant. Correlation between variables was 
evaluated using Pearson’s correlation coeffi-
cient (r). The Receiver Operating Characteristic 
(ROC) curve was done, to detect the area under 
the curve which reflects the sensitivity, the speci-
ficity, positive predictive value (PPV), Negative 
predictive value (NPV), and the accuracy of Gal-
3 (ng/ml) and BNP (pg/ml) as diagnostic bio-
marker of HF following ACS. Significance was 
adopted at p<0.05 for interpretation of results of 
tests of significance(6).  

RESULTS

In total, 110 subjects; 40 patients presented 
with HF, 30% were females and 70% were males, 
40 patients presented with ACS, 40% were fe-
males and 60% were males and 30 healthy sub-
jects (control group) 40% were females and 60% 
were males. The mean of age (in years) of HF 
patients, ACS patients and the healthy subjects 

were 65.9 ± 2.6, 65.6 ± 2.6 and 66.0 ±2.5 re-
spectively. There were no significant difference 
between all groups regarding age and gender 
(p>0.05).

There were not any significant difference be-
tween HF and ACS patients regarding presence 
of hypertension, diabetes mellitus (DM), prior 
myocardial infarction (MI) and  prior congestive 
heart failure (CHF) (p>0.05) while there was 
significant difference regarding left ventricular 
ejection fraction (LVEF) <40% between both 
patient  groups (p<0.001) (Table 1).

Mean levels of BNP (pg/ml) were1233.0 ± 
474.0, 510.4 ± 444.5 and 162.5 ± 87.9 for HF 
patients, ACS patients and healthy subjects re-
spectively. There were statistically significant 
difference either by comparing HF vs ACS, HF 
vs Healthy subjects, or ACS vs Healthy subjects 
{(P<0.001), (P<0.001) and (P<0.05) respective-
ly} (Table 2). Mean levels of Gal-3 (ng/ml) were 
34 ± 9.5, 20.8 ± 6.9 and 4.9± 3.8 for HF patients, 
ACS patients and healthy subjects respectively. 
There were statistically significant difference ei-
ther by comparing HF vs ACS, HF vs Healthy 
subjects, or ACS vs Healthy subjects (P<0.001)
(Table 3).

Interestingly, ROC curve illustrated the sen-
sitivity and specificity of BNP in HF and ACS 
patients, the best cut off level of BNP in discrim-
inating ACS patients from HF patients (diagnos-
tic of HF on top of ACS) was 1300 pg/ml with 
an area under the curve (AUC) of 0.866 yielding 
sensitivity of 70%, specificity of 87%, positive 
predictive value (PPV) of 87.5, negative predic-

Table 1: Baseline characteristics of HF and ACS patients (n=80)
HF patients

( n=40  )

ACS patients

( n=40 )
P-value

%,Hypertension 65 60 P> 0.05

%,DM 10 15 P> 0.05

%,Prior MI 55 65 P> 0.05

%,Prior CFH 55 45 P> 0.05

LVEF< 40% 75 10 *0.001>

*Significant (P<0.05)
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tive value (NPV) of 75 and accuracy of 86.6% 
(Figure 1). Furthermore, by ROC analysis of 
Gal-3 in HF and ACS patients, the best cut off 
level of Gal-3  in discriminating ACS patients 
from  HF patients was  28 ng/ml with an area un-
der the curve (AUC) of 0.890 yielding sensitivity 
of 85 % , specificity of 90 %, positive predictive 
value (PPV) of 89.5, negative predictive value 
(NPV) of 85.7 and accuracy of 89.6% (Figure 2). 

Combined analysis of both markers yielded a di-
agnostic value of (88.1%). In addition, there was 
no significant correlation between Gal-3 levels 
and gender, Gal-3 levels and age or Gal-3 lev-
els and DM (p>0.05) while there was significant 
relationship between Gal-3 levels and hyperten-
sion, Gal-3 levels and MI, Gal-3 levels and CHF 
and Gal-3 levels and LVEF <40% (P<0.001). Ul-
timately, There was non-significant correlation 

Table 2: BNP levels among the studied patients and healthy subjects (n=110)

Groups
BNP (pg/ml) ANOVA

Range Mean ± 
SD F P-value

HF patients

(  n=40 )
250 - 
1750

1233.0 ± 
474.0

34.233 <0.001*
ACS patients

( n=40 )
98 - 
1500

510.4 ± 
444.5

Healthy subjects

( n=30 )

70 - 
300

162.5 ± 
87.9

TUKEY’S Test

HF vs ACS
HF vs 

Healthy 
subjects

ACS vs Healthy subjects

<0.001* <0.001* 0.034*

*Significant (P<0.05)        
Table 3: Galectin-3 levels among the studied patients and healthy subjects (n=110).

Groups
Galectin-3 (ng/ml) ANOVA

Range Mean ± SD F P-value

HF patients

(  n=40 )
8 – 46 34 ± 9.5

65.985 <0.001*
ACS patients

( n=40 )
5 – 31 20.8 ± 6.9

Healthy subjects

( n=30 )
1 – 15 4.9 ± 3.8

TUKEY’S Test

HF vs ACS
HF vs 

Healthy 
subjects

ACS vs Healthy subjects

<0.001* <0.001* <0.001*
*Significant (P<0.05)
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between Gal-3 levels and BNP levels (P=0.737).

DISCUSSION

The results obtained from the present work 
showed that there was statistically significant in-
crease in BNP levels in HF patients compared 
to ACS patients (P<0.001). These findings were 
in agreement with Daniels et al(5) and Anand et 
al(2). This came with the fact that these peptides 
are secreted in increased amounts when the heart 
is diseased or the load on any chamber is in-
creased Ewald et al(10). Furthermore, the greater 
the cardiac damage the higher the plasma BNP 
concentration Groenning et al(12). In another 
study, Tang et al(22) found significant increase 
in cases of chronic HF and non-significant re-
lation in cases of advanced decompensated HF 
regarding BNP level. The major finding of the 
current study was that, the mean plasma levels of 
Gal-3 were significantly elevated in HF patients 
than ACS patients (P<0.001). This finding was 
in accordance with Daniels et al(5). Bayes-Genis 
et al.(3) and Yin et al(24) who found significant in-
crease in Gal-3 level in HF patients than control 
group. In addition, there was no significant cor-
relation between Gal-3 levels and gender, Gal-3 
levels and age or Gal-3 levels and DM (p>0.05) 
while there was significant correlation between 
Gal-3 levels and hypertension, Gal-3 levels and 
MI, Gal-3 levels and CHF and Gal-3 levels and 
LVEF <40% (P<0.001). These results came in 
accordance with the results obtained by Grandin 
et al(11) who did not find any significant associa-
tion either between Gal-3 levels and gender or 
Gal-3 levels and age. Similarly, Daniels et al(5) 

reported that there was no significant association 
between DM and Gal-3 level. On the contrary, 

Jennifer et al(14) found significant association be-
tween DM and Gal-3 levels. Interestingly, the 
study performed by Grandin et al(11) showed that 
there was significant increase in Gal-3 levels 
in association with hypertension, MI, CHF and 
LVEF<40%. On the contrary, In the Deventer-
Alkmaar heart failure study Lok et al(19)  found 
non-significant association between prior CHF, 
LVEF <40% and Gal-3 levels. As regards the 
correlation between Gal-3 levels and the base-
line clinical characteristics, there were few stud-
ies in literature discussed this point exactly. By 
ROC analysis, Gal-3 had better sensitivity and 
specificity to BNP. Furthermore, there was no 
significant correlation between Gal-3 levels and 
BNP levels. These findings were quiet similar to 
the results obtained by Chen et al(4) who  sug-
gested that gal-3 had higher specificity, but not 
higher sensitivity, than BNP in the diagnosis of 
HF. These data suggest that gal-3 is superior to 
BNP in the diagnosis of HF after ACS. More-
over, Gal-3 may be considered as a better marker 
in the development of HF than BNP since  BNP 
is influenced by many factors such as DM, renal 
impairment, cirrhosis, chronic obstructive pul-
monary disease, sepsis, pulmonary embolism, 
anemia, endocrine disorders, and some severe 
neurological diseases. 

Limitations of the study: This study involves 
a relatively small number of patients.

Conclusion: Gal-3 may be considered as a 
better diagnostic biomarker of HF on top of ACS 
than BNP. Moreover, it could be used as diag-
nostic biomarker either alone or in combination 
with other biomarkers.

 Fig 1: ROC curve of BNP in HF and ACS patients Fig 2: ROC curve of Gal-3 in HF and ACS patients
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الجالكتين-3 كداللة تشخيصية لفشل عضلة القلب بعد حدوث متالزمة أمراض القلب التاجية الحادة
حسام هديب - ثريا بدوي - عبير شهبه - تيمور حسن

المقدمة: ان مرضي متالزمة امراض القلب التاجية الحادة اكثر عرضة لالصابة بفشل عضلة القلب وهي من االسباب 
الرئيسية للوفاة في جميع انحاء العالم. لذلك كان من الضرورة التعرف علي دالالت تشير الي تطور متالزمة امراض القلب 
التاجية الحادة. الجالكتين-3 من العالمات البيولوجية الجديدة نسبيا في فشل القلب. الجالكتين-3 هذا البروتين يشارك في 
العمليات الحيوية مثل تليف عضلة القلب وله داللة بيولوجية تشير الي حدوث الفشل في عضلة القلب.  الهدف من البحث: 
تقييم الجالكتين-3 داللة بيولوجية تشخيصية للفشل في عضلة القلب في مرضي متالزمة القلب التاجية الحادة. المرضى 
وطرق البحث:  وقد أجريت هذه الدراسة في الفترة من يونيو 2013 الي ديسمبر 2014  على 110 فرد تنقسم إلى: 40 
مريضا يعانون من فشل القلب و40 مريضا يعانون من متالزمة امراض القلب التاجية الحادة مختارة من قسم أمراض القلب 
وقسم االمراض الباطنة، كلية الطب، مستشفيات طنطا الجامعية و30 شخصا أصحاء استخدمت كمجموعة مرجعية. وقد 
خضعت هذه المجموعة لالبحاث المعملية الروتينية والخاصة (قياس البالزما الجالكتين-3 و الببتيد الناتريوتريك الدماغى 
بطريقة االليزا). النتائج:  اظهرت النتائج ارتفاع مستوى الجالكتين – 3 في مرضي فشل عضلة القلب بالمقارنة لمرضي 
متالزمة امراض القلب التاجية الحادة واالشخاص االصحاء.وقد وجد ان الجالكتين-3 أكثر حساسية  من بيتا ناتريوتريك 
بيتا  من  افضل  الجالكتين-3  الخالصة:   الحادة.  التاجية  القلب  امراض  متالزمة  بعد  القلب  فشل  تشخيص  فى  الدماغى 
ناتريوتريك الدماغى فى تشخيص فشل القلب بعد متالزمة امراض القلب التاجية الحادة ومن الممكن استخدامه وحده او مع 

دالالت اخري في تشخيص فشل القلب بعد متالزمة القلب التاجية الحادة.
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ABSTRACT
Purpose: Many of the components of the innate immune responses are deregulated in septic patients. Uncontrollable 

nature of nosocomial infection in these patients presumably reflects the loss of the contribution of the spleen to host-defense 
functions. Ig M memory B cells responsible for the protection against infection require intact spleen for their generation and/
or survival. Our study hypothesis is to detect changes in Ig M memory B-cells and their correlation with outcome and survival 
in critically ill patients.  Methods: A total of 66 patients were included in the study, 34 patients developed septic complication 
during ICU stay (sepsis group), 32 patients were critically ill without evidence of infectious organism (SIRS group) , in addition 
to  31 apparently healthy subjects (control group). All were investigated for total and differential WBC, absolute lymphocyte 
count and Ig M memory B-cells. Results:  In septic patients, the total WBC count was significantly elevated, while the absolute 
lymphocyte count was significantly reduced. There was significant increase in the percentages of Ig M memory/B lymphocytes 
and a significant correlation of increase in the ratio of Ig M memory B cells and survival in septic group. Conclusion: The 
total WBCs count was significantly elevated, while the absolute lymphocyte count was significantly reduced in septic patients. 
The percentage of Ig M memory B lymph/ B lymphocytes was significantly elevated in septic patients. A significant correlation 
of percentage of Ig M memory B cells/ B cells and survival was detected in sepsis patients.  Key words:  IgM memory B cell, 
critically ill patients, SIRS, sepsis.
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INTRODUCTION

Critical illness represents one of the most 
serious pathological problems facing clinician 
worldwide. Sepsis is characterized by an initial 
state of hyper-inflammatory response that may 
progress to depressed immune status with 
variable degree of overwhelming infection that 
is associated increased mortality(2). Previous 
studies evaluated the role of immunological 
status of these patients to predict outcome and 
survival(24,13).

The spleen is the most important lymphoid 
organ in human body; it is considered the source 
of many populations of immune cells. Many 
diseases states such as coeliac disease, system-
ic lupus erthymatosus and sickle cell anemia 
are associated with alternation of splenic func-
tion(20,18,15,8).

 The evaluation of splenic function for those 
patients is required to guard against serious in-
fection(6). Marginal zone B-cells concerned 
mainly with defense mechanisms is considered 
an important parameter for evaluation of splenic 
function. B-lymphocyte differentiates broadly 
into two major subsets: mature B cells and mem-
ory B cells(6). 

 Memory B cell with its subdivisions switched 
and IgM types are differentiated according to the 
expression of CD27, surface I g M and Ig D. 
Changes of IgM memory B cells and the total 
memory B cells population are associated with 
alternation in splenic function with poor immune 
response(7,13,14). Our study hypothesis is to detect 
changes in Ig M memory B-cells and their cor-
relation with outcome and survival in critically 
ill sepsis and SIRS patients. 

Methods: 

After the study was approved by an Investi-
gational Review Board of Faculty of Medicine, 
Tanta University under unique approval code 
1682/03/13, this study was registered in Clini-
cal Trail Registry (Clinicaltrail.gov) with unique 
identification number NCT02108405. An in-
formed consent was obtained from patients par-
ticipating in the study or their relatives.

The study was conducted in the ICU of 
Emergency Hospital of Tanta University, Tanta, 
Egypt. A total of 97 subjects, 66 patients and 31 
apparently healthy subjects were included in the 
study, 34 patients developed septic complica-
tions during ICU stay (sepsis group), 32 patients 
were critically ill without evidence of infectious 
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organism (SIRS group). In addition, 31 appar-
ently healthy subjects from blood donors (con-
trol group) were included.

Inclusion criteria of SIRS patients include 
body temperature <33.6°C or > 38.3°C, tachy-
cardia (>90 beats/min), ventilatory frequen-
cy>20 breath/min or Paco2<32mmHg (unless 
the patient was mechanically ventilated), a white 
cell count ≥12×109 litre-1 or < 4x 109 litre-1, or 
>10% immature neutrophils. The presence of in-
fection beside the previous parameters of SIRS 
is the inclusion criteria for sepsis(1). 

Patients receiving anti-inflammatory drugs 
or corticosteroids before admission, who had 
immunosuppressive illness, who had chronic 
organ failure; who had received massive blood 
transfusion; those with radiation therapy, previ-
ous organ transplantation were excluded from 
the study. 

Data of the patients at the time of admission 
including age, sex, height and weight were re-
corded. The clinical status; body temperature; 
heart rate; respiratory rate; blood pressure; cen-
tral venous pressure; laboratory analysis (blood 
urea nitrogen, blood sugar, serum sodium, po-
tassium, calcium, aspartate aminotransferase, 
alanine aminotransferase, prothrombin time, al-
bumin and procalcitonin) and arterial blood gas 
analysis were measured.

Patients admitted to ICU suffering from man-
ifestation of SIRS or sepsis were investigated for 
total, differential WBCs, absolute lymphocyte 
count and IgM memory B-cells using automated 
cell counter (EMRA) at time of ICU admission. 
Routine cultures of urine, blood and suspected 
areas were obtained to determine the presence of 
infection. Patients were given appropriate antibi-
otic according to culture and sensitivity

Patients with sepsis were further character-
ized according to the severity of their disease, 
severe sepsis was distinguished by presence of 
organ dysfunction and hypoperfusion, acute al-
teration of mental status, elevated plasma lactate, 
unexplained metabolic acidosis (arterial ph<7.3), 
hypoxaemia, prolonged prothrombin time or de-
crease in platelet count >50% or ≤100×109li-
tre1, oliguria and hypotension defined as systolic 

arterial pressure <90 mmHg or a decrease of >40 
mmHg. Septic shock was defined as hypotension 
(<90/60 mmHg) in addition to sepsis syndrome 
persisting despite adequate fluid resuscitation 
and requiring intropic support. 

Flowcytometric detection of IgM memory B-
cells:

Detection of IgM memory B-cells by flow-
cytometry using monoclonal antibodies, BD 
FACS caliber software (BD Biosciences, Sandi 
ego, CA, USA). Five ml of fresh EDTA blood 
samples were withdrawn from patients as well 
as volunteers from blood donors at blood bank 
of Tanta University Hospital. The samples were 
divided into 2 portions; the first one was tested 
by the automated cell counter for the total WBC, 
absolute lymphocyte count and lisheman stained 
blood films while the second portion was used for 
detecting IgM memory B-Cells. We added 50ul 
of the sample to 10 ul of each of the 4 monoclo-
nal antibodies: CD19 conjugated to phyco ery-
thrin (PE) dye, CD27 conjugated to florecin iso-
thinocyanate (FITC) dye, IgM conjugated to Per 
Cp dye and IgD conjugated to APC dye. Another 
50ul of the sample was added to PE conjugated 
IgG1 moAb, FITC conjugated IgG moAb, Per 
Cp conjugated IgG1 moAb and APC conjugated 
IgG, moAb to act as a negative control in another 
tube for each patient. (Figure 1) 

Primary outcome is to measure IgM memory 
B-cells to total B cell lymphocyte ratio and their 
correlation with outcome and survival as second-
ary outcome measures in critically ill patients.

Statistical analysis

Parametric data were analyzed using either 
ANOVA or Student’s t-test while non-paramet-
ric data were analyzed using Mann-Whitney U 
and X2-tests. Data were presented as mean and 
standard deviation. A P-value of less than 0.05 
was considered significant. 

Sample size analysis:

We calculated that we would need 26 patients 
per group to have 30% change in Ig M memory 
B-cells counts, from 5% in control to 35 % in pa-
tients at 95% confidence limit and 80% power of 
the analysis at a 5% significance level, using Epi 
Inf software program 2002, created by center for 
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disease control and prevention (CDC), Atlanta, 
Georgia, USA, so we included more than 30 pa-
tients per group.

 RESULTS

A total of 97 subjects, sixty-six patients and 
31 apparently healthy subjects were included in 
the study. Patients’ demographics regarding age, 
sex and admitting diagnosis were nearly similar. 
Sepsis patients had significantly higher SOFA 
scores and duration of ICU stay (Table 1). 

The  total WBC mean value in septic group 
was 17.09 x 103 cell/mm3 ± 5.12 x 103 while, 
while it was 19.93x103 cell/mm3 ± 4.2x103 in 
SIRS patients,  in comparison to a mean value of 
7.2x103 cell/mm3 ± 1.5 x 103 in control group.  
The mean values of total WBC count in both 
septic and SIRS patients were significantly high-
er compared to that of control group (P < 0.001) 
(Table 2). 

The absolute lymphocyte in septic patients 
was 0.955 x 103 cell/mm3 ± 0.344x103 while in 
SIRS group  it was 3.6 x 103 cell/mm3 ± 2.1x103 
in comparison to  2.3x103 cell/mm3 ± 0.82 x 103 
in the control group. The mean value of absolute 
lymphocyte count in septic patients was signifi-
cantly lower compared to that of SIRS patients 
and control group (P <0.001) (Table 2). 

The percentage of B lymphocyte to total lym-
phocyte ratio in septic patients was 27.4 % ± 2.1, 

in SIRS group it was 28.75% ± 2, while in con-
trol group it was 28.32 % ± 2. There was no sig-
nificant difference among the groups (Table 2). 

The percentages of IgM memory B lymph/B 
lymphocytes  in septic group was 19.4 % ± 4.5, 
in SIRS group it was 8% ± 1.8, while in the con-
trol group it was 13.4 % ± 0.6. There was a sig-
nificant increase in mean value in sepsis group 
while there is a significant decrease in SIRS 
group. (P <0.001) (Table 2). 

Comparing survival rate among the studied 
groups, fifteen patients (44%) died in septic 
group, compared to five patients in SIRS group 
(15%) died. There was significantly higher num-
ber of non-survival in septic group in compari-
son to SIRS group. (P=0.012) (Table 3).  

A significant correlation of Ig M memory B 
cells/ B cells ratio and survival in septic group 
was detected (P<0.001), while in SIRS patients 
it is non-significant. (P=0.427) (Table 4).   

The ROC curve for B cell /total lymphocyte 
ratio has sensitivity of 85% and specificity of 
28.3% at a cut of value of 29 % in distinguishing 
survival (Figure 2).   

The ROC curve for Ig M memory B cells/ B 
cells ratio has sensitivity of 100% and specificity 
of 60.9% at a cut of value of 9.25 % in distin-
guishing survival (Figure 3).   

- 14 -

Table (I) patient characteristics (mean and standard deviation)

Sepsis group 

(n= 34)

SIRS group 

(n=32)

Control group

(n=31)

ANOVA
Or

T-test
Or 

Chi-square

P-value

Age (years)
53.5 ± 6.81 55.9 ±6.55 49.6 ± 9.6 F= 0.971 0.383

Sex ratio (M/F)
23/11 22/10 24/7 X2=0.886 0.642

SOFA

mean (range) 14 (10-16) 8 (4-12) T=0.865 0.035

Duration of ICU stay 

(day)

12.7 ± 3.6 4.9 ± 2.1
T=0.072 0.026

Diagnosis:
Respiratory insufficiency
Polytrauma
Orthopedic surgery
Thoracic surgery

12
10
8
4

10
9
7
6

X2= 0.641 0.887

Table (I) : Patient characteristics (mean and standard deviation) 
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Table (2) Hematological parameters (mean and standard deviation)

ANOVA Tukey's test

Range Mean ± SD F P-value P-
value

WBC

Sepsis 7500.000 - 28200.000 17094.1 ± 5123.028

87.515 <0.001

Sepsis& SIRS 0.013

SIRS 13200.000 - 28000.000 19931.25 ± 4223.470 Sepsis& 
control 0.000

Controls 5000.000 - 10500.000 7280.645 ± 1531.757 Controls& 
SIRS 0.000

Abs. L.C

Sepsis 800.000 - 1200 .000 955 ± 344

22.601 <0.001

Sepsis& SIRS 0.236

SIRS 2100.000 - 4700.000 3600 ± 2136 Sepsis& 
control 0.000

Controls 1000.000 - 4000.000 2354.839 ± 828.186 Controls& 
SIRS 0.235

B
cell/total 

(%)

Sepsis 24.000 - 32.000 27.441 ± 2.106

2.814 0.065

Sepsis& SIRS 0.058

SIRS 24.000 - 32.000 28.750  ± 2.048 Sepsis& 
control 0.273

Controls 24.000 - 37.000 28.323 ± 2.668 Controls& 
SIRS 0.740

Ig M 
memo/B 
cells (%)

Sepsis 15.000 - 22.000               19.4 ± 4.582

137.18 <0.001

Sepsis& SIRS 0.027

SIRS 4.000 - 10.200 8.013 ± 1.810 Sepsis& 
control 0.000

Controls 12.700  - 14.500 13.426 ± 0.607 Controls& 
SIRS 0.000

Table (2): Hematological parameters (mean and standard deviation) 
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Table (3)   Comparison of survival in the studied groups. 

Group Chi-square
Sepsis
(n=34)

SIRS
(n=32) Controls Total X2 P-value

Outcome

Non-
survived

N 15 5 0 20

18.580 0.012
% 44 15.6 0.00 20.62

Survived
N 19 27 31 77

% 56 84.4 100.00 79.38

Table (3):  Comparison of survival in the studied groups. 
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Table (4)  Correlation of hematological parameters and survival in the studied groups. 

Group
Died Alive T-test

Mean ± SD Mean ± SD t P-value

Sepsis
(n=34)

WBC 16066.667 ± 6513.808 17654.545 ± 4252.7 0.860 0.396
Abs. L.C 955.34 ± 288.64 1015.000 ± 315.75 1.509 0.141
B cell/total (%) 27.583 ± 1.929 28.364 ± 2.237 0.287 0.776
Ig M memo/B cells (%) 21.975 ± 0.799 16.732 ± 0.693 14.461 0.000

SIRS
(n=32)

WBC 21637.500 ± 4194.533 19362.500 ± 4163.8 1.336 0.192
Abs. L.C 3150.81 ± 1954 3860.241 ± 1815 0.089 0.929
B cell/total (%) 28.75 ± 1.982 29.75 ± 2.111 0.101 0.820
Ig M memo/B cells (%) 9.188 ± 0.930 7.954 ± 0.672 12.46 0.427

Table (4):  Correlation of hematological parameters and survival in the studied groups. 
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Figure (1) dot blot of flow-cytometric analysis of IgM memory B cells in septic patients. 
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Figure (1) dot blot of flow-cytometric analysis of IgM memory B cells in septic patients. 

Figure (1) Dot blot of flow-cytometric analysis of IgM memory B cells in septic patients. 
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Figure (2) ROC curve of B cells/total lymphocytic count in Sepsis and SIRS patients.
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Figure (2) ROC curve of B cells/total lymphocytic count in Sepsis and SIRS patients.
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Figure (2) ROC curve of B cells/total lymphocytic count in Sepsis and SIRS patients.
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Figure (3) ROC curve of percentage of Ig M memory B cells/ B cells count in 
Sepsis and SIRS patients.

Figure (3) ROC curve of percentage of Ig 
M memory B cells/ B cells count in 
Sepsis and SIRS patients.

DISCUSSION

 Several factors contribute to the fate of high 
risk critically ill patients. Immunological state 
whether innate or acquired has a major role in 
predisposition to morbidity and mortality. Pre-
vious studies had evaluated the role of immune 
cells contributing to the inflammatory or infec-
tious diseases(26,23).  

This study to our knowledge is the first to 
evaluate the changes of B-lymphocytes in criti-
cally ill patients especially Ig M memory B cells 
and its correlation with the outcome and survival 
in septic and SIRS patients. In septic patients, 
the total WBC count was elevated, while the ab-
solute lymphocyte count was reduced. The per-
centage of Ig M memory B lymph/ B lympho-

cytes ratio was reduced in SIRS patients while 
it is increased in septic patients. Our results re-
vealed no correlation between total white blood 
cell counts, absolute lymphocyte count and total 
B-cell lymphocyte percent with survival in ei-
ther sepsis or SIRS groups. The Ig M memory 
B cells/ B cells ratio has high sensitivity and ac-
curacy in distinguishing survival.

Previous studies confirmed the reduction of 
peripheral IgM memory B-cells in patients with 
inflammatory bowel syndrome, and this reduc-
tion in peripheral IgM memory B cells was at-
tributed to splenectomy or diminished splenic 
function(18,7).  

The decline in peripheral IgM memory B-
cells seen could be explained by large scale lym-
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phocyte apoptosis in critically ill patients and 
patients with multiple organ failure, and conse-
quent lack of protective lymphocyte induced im-
mune responses(11,19,3).  

Multiple studies confirmed the presence of 
splenic dysfunction or hyposplenism in variety 
of septic conditions such as streptococcus pneu-
monia infections and severe pneumococcal dis-
ease, recurrent lower respiratory tract infections 
and variable states of immunodeficiency(23,16,17).    

De Jager et al.(19), retrospectively evaluated 
the ability of conventional infection markers, 
lymphocyte count and the neutrophil-lympho-
cyte count ratio (NLCR) to predict bacteraemia, 
he concluded that both lymphocytopenia and 
NLCR are better predictors of bacteraemia than 
routine parameters like CRP level, WBC count 
and neutrophil count. Hawkins et al.(10), found 
persistent B- and T- cell lymphopenia in a cohort 
of patients with Gram-positive and Gram-nega-
tive bacteremia, and concluded that bacteremia 
carries a poor prognosis despite prompt antibiot-
ic therapy and is associated with late morbidity. 
Wyllie et al.(25),  in his study to determine the rel-
evance of lymphopenia to the diagnosis of bacte-
remia, he found that neutrophilia and lymphope-
nia were both associated with bacteremia. Lym-
phopenia was the better predictor of bacteremia 
than the total white blood cell count. Cameron et 
al.(4),  assessed changes in B cell sub-populations 
after splenectomy and found  that total B cells 
in splenectomy patients did not differ from con-
trols, but memory B cells, IgM memory B cells 
and switched B cells were significantly reduced. 

The role played by Toll Like receptors (TLR) 
family in septic patients changed our concept re-
garding the changes in B-cells in sepsis; more 
than 11 human TLRs have been identified, and 
each is known to detect a specific pathogen-
associated molecular pattern and have a specific 
intracellular signaling pathway. Toll-like recep-
tors family recognizes specific bacterial or viral 
products or both.  Monocyte expression of TLR-
2 and TLR-4 in septic patients was significantly 
up-regulated. [21] In addition, the expression of 
TLR-2 and TLR-4/MD-2 is significantly up-reg-
ulated in peritonitis(22).  

Previous studies supported the role played by 
TLRs agonists in proliferation and up-regulation 
of B cells especially TLR-7 and TLR-9 agonists 
in inducing Ig M memory B-cells(9,12). 

Conclusion

The total WBCs count was significantly el-
evated, while the absolute lymphocyte count 
was significantly reduced in septic patients. The 
percentage of Ig M memory B lymph/ B lym-
phocytes was significantly increased in septic 
patients. A significant correlation of percentage 
of Ig M memory B cells/ B cells and survival 
was detected with high sensitivity and specificity 
in sepsis patients. 
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القيمه التنبؤيه للخاليا الذاكره الليمفاويه بي اي جي ام وارتباطها بمصير مرضي الحاالت الحرجه
غادة عبد المؤمن سليمان - حسام هديب - ايمن عبد المقصود - سامي خضير

طبيعة  ان   . الدموى  التسمم  مرضى  في  فطرية  المناعية  االستجابات  مكونات  من  كثير  فى  اضطراب  يحدث  الخلفية: 
عدوى المستشفيات  في هؤالء المرضى ال يمكن السيطرة عليها ويعكس ذلك  فقدان مساهمة الطحال فى وظائف الدفاع ضد 
هذة الميكروبات. تعتبر الخاليا الذاكرة الليمفاوية بي اى جى ام هى المسؤولة عن الحماية ضد العدوى و يتطلب ذلك سالمة 
الطحال لتكونها واستمرارها. تعتمد فرضية الدراسة على الكشف عن تغيرات في الخاليا الذاكرة الليمفاوية بي اى جى ام 
وقدرتها على التنبؤ بمرضى الحاالت الحرجة. المرضى وطرق البحث: تتضمن الدراسة 66 مريضا ، 34 مريضا يعانون 
تسمما دمويا أثناء وجودهم بالعناية المركزة (مجموعة اإلنتان) بجانب32 مريضا مصابين بأمراض خطيرة دون الكشف عن 
وجود كائنات معدية (مجموعة متالزمة االلتهاب)، باإلضافة إلى 31 أشخاص أصحاء ظاهريا (مجموعة المراقبة). وقد تم 
عمل الفحوص التالية لهم جميعا وهى: عد خاليا الدم االبيض الكلى والنوعى، العد المطلق للخاليا الليمفاوية والنسبة المئوية 
لخاليا الذاكرة الليمفاوية بي اى جى ام . النتائج: اظهرت النتائج  ارتفاع عد كرات الدم البيضاء الكلى في حين انخفض العد 
المطلق للخاليا اللمفاوية مع زيادة كبيرة في النسبة المئوية لخاليا الذاكرة الليمفاوية بي اى جى ام بشكل ذو دالالة احصائية فى 
مرضى مجموعة اإلنتان ،  باالضافة الى وجود ارتباط كبير بين ازدياد خاليا الذاكرة الليمفاوية بي اى جى ام  بشكل ذو دالله 
احصائية ومصيرمرضى مجموعة اإلنتان . الخالصة: ارتفاع عد كرات الدم البيضاء الكلى و انخفاض العد المطلق للخاليا 
اللمفاوية مع زيادة كبيرة في النسبة المئوية لخاليا الذاكرة الليمفاوية بي اى جى ام فى  مجموعة اإلنتان ، وجود ارتباط ما بين 

ازدياد خاليا الذاكرة الليمفاوية بي اى جى ام  و مصيرمرضى مجموعة اإلنتان.
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ABSTRACT
The frequency of the various genotypes of the ACE I/D polymorphism among SCD patients is not established, with geo-

graphic variations. The aim of the study is to detect the possible association between angiotensin I-converting enzyme (ACE) 
gene polymorphism and vaso-occlusive crisis (VOC) in Egyptian Sickle cell Disease patients. Objectives and methodology: The 
present study was conducted on 100 Sickle cell disease patients. Their ages ranged between 1-38 years. One hundred age and 
sex matched healthy volunteers were included in the current study as a control group. Detection of angiotensin I-converting 
enzyme (ACE) gene polymorphism by polymerase chain reaction (PCR) was performed. Results: Insignificant elevation of the 
D allele frequency was observed in the controls compared to studied sickle cell anemia patients. Comparing the frequencies of 
ACE II, ID, DD genotypes among patients, regarding sex, showed a statistically significant difference, ACE II genotype was 
significantly higher in male than female patients. There was neither statistical significant difference between ACE II, ID and 
DD genotypes frequencies regarding vaso-occlusive crisis (VOC), nor the frequency of the severe attacks of (VOC) requiring 
hospital admission. Conclusion: It is not evident in our study that there is an association between angiotensin I-converting 
enzyme (ACE) gene polymorphism and vaso-occlusive crisis (VOC) in Egyptian Sickle cell Disease patients. Key words: angio-
tensin I-converting enzyme (ACE), vaso-occlusive crisis (VOC), gene polymorphism, sickle cell Disease(SCD), Egypt
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INTRODUCTION
Sickle cell disease (SCD) is an inherited dis-

order of hemoglobin (Hb) synthesis arising from 
a single point mutation (GTG>GAG) in the sixth 
codon of the β-globin gene, leading to the pro-
duction of HbS (15) which damages the sickle 
erythrocyte upon (3).

Acute vasoocclusive pain is the most charac-
teristic complication of SCD. HbS polymeriza-
tion alters erythrocyte morphology and life span, 
leading to vasoocclusive crisis (VOC), a hall-
mark of SCD (8). Heterocellular aggregates form 
as a result of erythrocyte and leukocyte adhesion 
to the vessel wall, followed by erythrocyte trap-
ping, reduction in blood flow, and hence obstruc-
tion of the micro-circulation (8).

It has been demonstrated that receptors of 
Angiotensin II are found in the atherosclerotic 
vessel walls (18).It is pointed out that Angiotensin 
II can promote vasoconstriction, inflammation 
and thrombosis in the vascular endothelium and 
vessel walls (7).

 Besides being a potent vasoconstrictor, An-
giotensin II is a pro-atherogenic agent, which el-
evates plasminogen activator inhibitor-1 (PAI-1) 
levels, which results in a decrease in the fibrino-
lytic activity (4; 27).

 Previous studies have reported that plasma 
levels of angiotensin II are closely associated 
with ACE insertion/ deletion (I/D) polymor-
phism and that the serum level of ACE is likely 
to increase two-fold in the presence of ACE D/D 
polymorphism, consequently increasing the lev-
els of plasma angiotensin II (20). It has also been 
emphasized that the ACE I/D gene polymor-
phism might be an independent risk factor for 
thrombotic diseases (16; 24). 

Therefore, we aimed to evaluate the associa-
tion between ACE I/D polymorphism and Vaso-
occlusive crisis (VOC).

MATERIALS AND METHODS

Study population:
The current study was carried out on 100 adult 

Egyptian Sickle cell disease patients. They were 
52 males and 48 females; 34 adults and 66 chil-
dren. Their ages ranged from 1 to 38 years with 
a mean age of 18.5years. Patients were recruited 
from the Hematology Outpatient Clinic, Abo-El 
Rish Hospital, Cairo University. The research 
protocol was approved by the Research Ethics 
committee of the Departments of Clinical Pathol-
ogy, Cairo University.

Hundred age-gender ethnic matched healthy 
blood donors were included in the current study as 
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a control group. Written informed consents were 
obtained from all participants prior to their enroll-
ment in the study. Diagnosis of SCD was based 
mainly on Hemoglobin electrophoresis. High Per-
formance Liquid Chromatography (HPLC) was 
done to confirm the diagnosis. 

Trans-Cranial Doppler (TCD) was done to 
trace children with SCD who are at high risk for 
stroke by documenting abnormally high blood 
flow velocity in the large arteries of the circle of 
Willis- the middle cerebral or internal carotid ar-
teries. The demographic data of SCD patients are 
summarized in table 1.

Genotyping of ACE I/D polymorphisms by 
polymerase chain reaction (PCR) assay:

Five milliliters venous blood were withdrawn 
under complete aseptic conditions from all par-
ticipants on EDTA. Genomic DNA was extracted 
from whole blood using AxyPrep Blood Genomic 
DNA Miniprep Kit (AxygenBiosciences, USA) 
following the manufacture’s recommendations. 
The PCR product is a 190 bp fragment in the ab-
sence of the insertion and a 490 bp fragment in the 
presence of the insertion as described by (19).

For ACE I/D genotyping, the following prim-
ers 5’ CTGGAGACCACTCCCATCC1TTCT 3’ 
(forward) and 5’ GATGTGGCCATCACATTC-
GTCAGAT 3’ (reverse) were used to generate a 
193-bp fragment. 

All PCR reactions were performed in a total 
volume of 25 μl containing 12.5 μl Master mix 
(GEnEON, Cat-No: S113 res), 1 μl forward prim-
er (25 pM), 1 μl reverse primer (25 pM), 5 μl Ge-
nomic extracted DNA and 5.5 μl distilled water. 

The thermocycler program applied was initial 
denaturation carried out at 94˚C for 3 minutes, 
then 30 cycles of 94˚C for 1 minute, 58˚C for 1 
minute, 72˚C for 2 min, and final extension step at 
72˚C for 10 minutes. 
The three expected genotypes would appear as 
follows:

· Deletion/Deletion (D/DE): 190bp
· Insertion/Deletion (I/I): 490 and 190bp
· Insertion/Insertion (I/I): 490bp
For quality control, genotyping of the candi-

date genetic polymorphisms was repeated with 
respect to confirm our results for 40 samples. 
Results of genotyping were interpreted blindly 
by two different observers, and were 100% con-
cordant.

Statistical method:
Data were coded and entered using the sta-

tistical package SPSS (Statistical Package for 
the Social Science) version 22. Data was sum-
marized using mean, standard deviation, median, 
minimum and maximum in quantitative data and 
using frequency (count) and relative frequency 
(percentage) for categorical data. Comparisons 
between quantitative variables were done using 
the non-parametric Kruskal-Wallis and Mann-
Whitney tests (5).

For comparing categorical data, Chi square (χ2) 
test was performed. Exact test was used instead 
when the expected frequency is less than 5 [6].
Genotype and allele frequencies were compared 
between the disease and the control groups using 
chi-square tests. Odds ratio (OR) with 95% con-
fidence intervals was calculated.P-values less than 
0.05 were considered as statistically significant.

RESULTS
The sickle cell patients group included 52 

males (52%) and 48 females (48%), with 34 adults 
(34%) and 66 children (66%), their age ranged 
from 1 to 38 years with a mean of 14.07 ± 9.66 
years. The control group included 48(48%) males 
and 52(52%) females, their age ranged from 1 to 
50 years with a mean of 19.70±14.60. Demogra-
hic data of the patients are presented in table 1.

The PCR analysis of SCD patients were; wild 
type (490 II) genotype was detected in 6/100 cas-
es, homozygous genotype (190 DD) was detected 
in 60/100 cases, heterozygous genotype (190/490 
ID) was detected in 34/100 cases. 

There was no significant relationship between 
SCA patients and matched normal controls re-
garding wild (II), heterozygous (ID) or homozy-
gous (DD) genotypes (Table 2). Also, there was 
no significant relationship between sickle/β thal-
assemia patients and matched normal controls re-
garding wild (II), heterozygous (ID) or homozy-
gous (DD) genotypes (Table 2).

We failed to prove any relationship between 
SCD patients genotypes regarding clinical pre-
sentation; VOC (P value 0.150), frequency of 
VOC attacks (P value 0.454), severity of VOC at-
tacks (P value 0.673), and neurologic symptoms 
(P value 1.00).

Also, no statistical significant difference was 
noticed between ACE genotypes regarding nei-
ther frequency of blood transfusion (p=0.441), 
nor the findings of the TCD (P value 0.503) (Data 
not shown).
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Table (1): Demographic and clinical data of SCD patients:
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For comparing categorical data, Chi square (χ2) test was performed. Exact 

test was used instead when the expected frequency is less than 5 

[6].Genotype and allele frequencies were compared between the disease and 

the control groups using chi-square tests. Odds ratio (OR) with 95% 

confidence intervals was calculated.P-values less than 0.05 were considered 

as statistically significant.

Results:
The sickle cell patients group included 52 males (52%) and 48 females 

(48%), with 34 adults (34%) and 66 children (66%), their age ranged from 1 

to 38 years with a mean of 14.07 ± 9.66 years. The control group included 

48(48%) males and 52(52%) females, their age ranged from 1 to 50 years 

with a mean of 19.70±14.60. Demograhic data of the patients are presented 

in (table 1).

Table (1): Demographic and clinical data of SCD patients:
Patients

Count Percent

Age
Adult 34 34

Child 66 66

Sex
Male 52 52

Female 48 48

Splenomegaly
Yes 35 35

No 65 65

Hepatomegaly
Yes 24 24

No 76 76

Bone disease Yes 13 13
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No 87 87

Neurologic 

symptoms

Yes 9 9

No 91 91

Splenectomy
Yes 22 22

No 78 78

Vaso-Occlusive 

crisis

Painful crisis 88 88

Negative 12 12

Severe VOC 

requiring hospital 

admission

Yes 39 39

No 61 61
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Conditional 

velocities
5 5

Normal 

velocities
73 73

Not identified 22 22

Dia
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sis Sickle/Bthalasse

mia
33 33

Sickle cell 67 67
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anemia

Associated G6PD
Positive 13 13

Negative 87 87

Hydroxyurea
Yes 67 67

No 33 33

Compliance to 

treatment

Yes 81 81

No 19 19

The PCR analysis of SCD patients were; wild type (490 II) genotype was 

detected in 6/100 cases, homozygous genotype (190 DD) was detected in 

60/100 cases, heterozygous genotype (190/490 ID) was detected in 34/100 

cases.

There was no significant relationship between SCA patients and matched 

normal controls regarding wild (II), heterozygous (ID) or homozygous (DD) 

genotypes (table 2). Also, there was no significant relationship between 

sickle/β thalassemia patients and matched normal controls regarding wild 

(II), heterozygous (ID) or homozygous (DD) genotypes (table 2).
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Table (2): Correlation between ACE gene polymorphism and 

Sickle cell disease patients:
SCA

control P value
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(0.545-9.595)

190 (DD) 40 59.7% 64 64.0% 0.533
1.667 (0.417-

6.654)

Alelle D 104 77.6% 156 78.0%
0.933

0.978    

(0.578-1.655)

AC
E 

ge
ne

 ID
 p

oly
m

or
ph

ism
 in

 

Si
ck

le 
/B

 T
ha

las
se

m
ia 

pa
tie

nt
s 

pa
tie

nt
s

Allele I 30 22.4% 44 22.0%

490 (II) 3 9.1% 8 8.0% Reference

190/490 

(ID)
10 30.3% 28 28.0% 1.000

0.952 (0.210-

4.314)

190 (DD) 20 60.6% 64 64.0% 0.724
0.833 (0.202-

3.443)

Alelle D 50 75.8% 156 78%
0.705

0.881 (0.458-

1.697)Allele I 16 24.2% 44 22%

We failed to prove any relationship between SCD patients genotypes 

regarding clinical presentation; VOC (P value 0.150), frequency of VOC 

Table (2): Correlation between ACE gene polymorphism and Sickle cell disease patients:

10 
 

attacks (P value 0.454), severity of VOC attacks (P value 0.673), and 

neurologic symptoms (P value 1.00).

Also, no statistical significant difference was noticed between ACE 

genotypes regarding neither frequency of blood transfusion (p=0.441), nor 

the findings of the TCD (P value 0.503) (Data not shown).

Figure (1): Agarose gel electrophoresis showing ACE gene 

polymorphism

Lanes 3, 4, 5, 9: D/D genotype showing band at 190bp.

Lanes 2, 6, 7, 8: I/D genotype showing bands at 190bp and 490bp.

Lane 1: DNA marker (100 bp)

Discussion:
Acute vaso-occlusive pain is the most characteristic complication of SCD. 

HbS polymerization alters erythrocyte morphology and life span, leading to 

vasoocclusive crisis (VOC), a hallmark of SCD [9].

         1         2          3        4        5         6         7        8         9        

Figure (1): Agarose gel electrophoresis showing ACE gene polymorphism
Lanes 3, 4, 5, 9: D/D genotype showing band at 190bp.
Lanes 2, 6, 7, 8: I/D genotype showing bands at 190bp and 490bp.
Lane 1: DNA marker (100 bp)
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DISCUSSION

Acute vaso-occlusive pain is the most char-
acteristic complication of SCD. HbS polymer-
ization alters erythrocyte morphology and life 
span, leading to vasoocclusive crisis (VOC), a 
hallmark of SCD(9).

Previous studies have reported that plasma 
levels of angiotensin II are closely associated 
with ACE insertion/ deletion (I/D) polymor-
phism and that the serum level of ACE is like-
ly to increase two-fold in the presence of ACE 
D/D polymorphism, consequently increasing 
the levels of plasma angiotensin II(20). It has also 
been emphasized that the ACE I/D gene poly-
morphism might be an independent risk factor 
for thrombotic diseases(16,24). In this study, we 
aimed to evaluate the association between ACE 
I/D polymorphism and vaso-occlusive crisis in 
Egyptian sickle cell disease patients.

Our study showed that the patient group had 
a higher frequency of the polymorphic geno-
types (ID and DD) genotypes than the wild (II) 
genotype. The frequency of the polymorphic D 
allele was also higher than the frequency of the 
wild I allele. This was in agreement with many 
studies(11,10).

The distribution of ACE genotypes did not 
show statistically significant difference in con-
trols when compared to Sickle cell disease pa-
tients. Similar finding was also reported in an-
other Egyptian study regarding ACE I/D gene 
distribution between controls and the idiopathic 
nephritic syndrome (INS) patients(22).

Also, ACE genotype frequencies were not 
significantly different between patients and con-
trols. Neither individuals with ACE DD geno-
type nor those with ACE ID genotype had a 
higher risk for VTE in comparison to those with 
ACE II genotype(2). Another case control study 
involving more than 500 unselected patients, 
proved that the I/D polymorphism in the ACE 
gene was not a risk factor for venous thrombo-
embolism(16).

On the contrary, studies in Japan, USA and 
Germany, showed a higher frequency of the ID 
genotype among their control groups (ID geno-
type frequency was one and a half to two times 

as much as the DD)(13;14;25). A genetic factor that 
reduced venous flow further might increase the 
risk of venous thrombosis. The possibility that 
the D allele is indeed a risk factor for venous 
thrombosis patients requires further study.

In the present study the frequency of ACE II 
genotype was significantly higher in male than 
female patients (p=0.034). This was in agree-
ment to a study in south India which stated that 
gender specific analysis revealed a strong associ-
ation of II (p = 0.014) genotype with male sex(28).

88% of our patients experienced VOC. This 
high frequency was in accordance with two Af-
rican studies; one Tanzanian study showed that 
(97.6%) had a prior history of a vaso-occlusive 
episode in childhood SCA patients(23). The oth-
er was Nigerian study in which VOC (93.1%) 
were the commonest complication encountered 
among patients(17).

39 patients (39%) of our patients experienced 
severe VOC that required hospital admission, 
pointing at the importance of VOC as a major 
cause for hospital admission in sickle cell dis-
ease patients. These results are in accordance 
with the work of(26) who claimed that 37 SCD 
patients had 535 admissions over the 10.5-year 
period.

Our study showed that the frequencies of the 
polymorphic genotype (DD) genotype and D al-
lele were insignificantly higher in patients with 
conditional velocities detected in TCD com-
pared to the patients with the (wild) II genotype 
(p=0.503). Similarly, a Chinese study showed no 
significant correlation between the frequency of 
the DD genotype of ACE and middle cerebral 
artery stenosis(21).

Studies have shown that increased TCD 
(Trans Cranial Doppler) velocities of blood flow 
(200 cm/sec) in major intracranial arteries, is a 
predictor of stroke risk in children with SCD. 
The value of TCD as a predictor of stroke risk 
has been validated in the randomized STOP 
(Stroke Prevention in Sickle Cell Anemia) tri-
al(1). Considering the fact of low frequency of 
conditional velocities detected by TCD encoun-
tered in patients of the current study, we can con-
clude that subsequent studies on larger number 
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of patients with conditional velocities on TCD 
and their ACE genotype are mandatory to reach 
conclusive results.

Hydroxyurea was given to patients with a 
starting dose of 15-20mg/kg/day as a single 
dose, patient’s blood count was monitored every 
2 weeks, and Dose was increased according to 
the patient condition by approximately 5mg/kg /
day every 8-12 weeks. Our therapeutic regimen 
regarding hydroxyurea came in agreement with 
many other studies(12;29).

The possibility that ACE I/D polymorphism 
have an effect on the long term prognosis and life 
expectancy in sickle cell disease patients or not 
has not been settled, further prospective studies 
with long term follow-up should be conducted.
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الربط بين تعدد االشكال الوراثية لجين االنزيم المحول لالنجيوتنسين وازمة انسداد االورده في مرضي فقر الدم 
المنجلي المصريين

هبة محمود جودة - مها حمدي السيسي- مني كمال الغمراوي 

تهدف الرسالة الي تحديد العالقة ما بين تعدد اشكال جين االنزيم المحول لالنجيوتنسين وازمة انسداد االورده في مرضي 
فقر الدم المنجلي المصريين بطريقه تفاعل البلمره المتسلسل . وتضمنت هذه الرسالة 100 مريض بفقر الدم المنجلي كان 
من بينهم اطفال و بالغين, و100 حالة من االصحاء المتطابقين في العمر والجنس كمجموعة ضابطه . اظهرت هذه الرسالة 
عدم وجود عالقة ما بين تعدد اشكال جين االنزيم المجول لالنجيوتنسين وازمه انسداد االورده في مرضي فقر الدم المنجلي 
المصريين وكانت هناك عالقةذات دالله  احصائيه  بين جنس المريض وتعدد اشكال جين االنزيم المحول لالنجيوتنسين. 
المرضي  بمتابعه  يسمح  اطول  زمني  مدي  علي  و  المرضي  من  أكبر  عدد  علي  المطروحه  العالقه  دراسه  بإعاده  ننصح 

(لمالحظه االثار الجانبيه للمرض و لوسائل عالجه), للتأكد من صحه النتائج و اإلعتراف بها .





 MICA RS2596538 POLYMORPHISM IN HCV RELATED 
HEPATOCELLULAR  CARCINOMA IN PATIENTS FROM EGYPT

Asmaa Ismail Ahmed

ABSTRACT
The major histocompatibility complex class I polypeptide-related sequence A gene (MICA) encodes a membrane-bound 

protein acting as a ligand to stimulate natural killer cells. MICA rs2596538 was suggested to be associated with HCC de-
velopment in HCV infected patients.The aim of this study was to evaluate the association of  MICA gene rs2596538 with the 
development of HCC on top of liver cirrhosis in patients infected with HCV. A total number of 102 participants were enrolled 
in the study and were devided into three groups. Group I included 42 patients with HCC on top of HCV related liver cirrhosis, 
group II included 30 patients with HCV related liver cirrhosis and group III included 30 healthy controls. MICA rs2596538 
was genotyped by polymerase chain reaction- restriction fragment length polymorphism(PCR-RFLP) technique, and routine 
laboratory tests and radiological examinations were done. A significant difference in AA genotype distribution was observed, 
being more prevalent in HCC patients, followed by cirrhotic patients, in comparison to the control (p=0.04). A allele, being the 
risky allele was also significantly higher in HCC patients, followed by cirrhotic patients than in the control subjects (p=0.008). 
Six out of eleven(54.5%) patients with family history of HCC had the risky AA genotype, being significantly higher than other 
genotypes with family history (p=0.04). However, no other significant difference was observed in laboratory parameters or 
radiological findings between different MICA rs2596538 genotypes. In conclusion, MICA rs2596538 AA genotype and A allele 
were found to be associated with the development of HCC on top of HCV infection. Genetic studies for HCV related liver cir-
rhosis are recommended, especially in patients with family history of HCC for early diagnosis and management. Key words: 
Hepatocellular carcinoma(HCC), MICA, Hepatitis C (HCV).
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INTRODUCTION

Hepatocellular carcinoma (HCC) accounts 
for >90% of primary liver cancer cases world-
wide. It is a growing problem, becoming the 
second most common cause of cancer deaths 
(after lung cancer), with approximately 782 000 
new cases and 746 000 deaths from liver cancer 
worldwide(8).

Chronic infection with hepatitis C virus 
(HCV) is a leading cause of HCC in many coun-
tries. Clinical markers identifying high risk HCV 
subjects for developing HCC are still deficient, 
especially in subjects with sustained virological 
response. Molecular biomarkers allow objective 
stratification of risk and inhance individualized 
therapy and surveillance in HCV patients(3). 

In a previous two-stage genome-wide associ-
ation study (GWAS), a SNP rs2596542 located 
on chromosome 6p21.33 was shown to be sig-

nificantly associated with HCV-induced HCC. 
This SNP is located within the MHC class I poly-
peptide-related sequence A (MICA) gene(4). The 
same group conducted another study in which 
they performed detailed functional analysis of 
12 candidate SNPs in the MICA gene promoter 
region. They found another SNP, rs2596538 that 
affects the binding of a nuclear protein(s) to the 
genomic segment including this SNP, and  in-
creases the binding affinity of the transcription 
factor Specificity Protein 1 (SP1) leading to an 
increase in the risk of progression to HCC. They 
concluded that SNP rs2596538 showed stronger 
association with HCV-induced HCC than the 
previously identified SNP rs2596542(7).

This study was conducted to evaluate the as-
sociation of  MICA gene rs2596538 with the de-
velopment of HCC on top of liver cirrhosis in 
patients infected with HCV.
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SUBJECTS AND METHOD

This is a case –control study that was 
conducted in the Faculty of Medicine, Cairo 
University. A total number of 102 participants 
were enrolled in the study and were divided 
into three groups. Group I included 42 patients 
with HCC on top of HCV related liver cirrhosis, 
group II included 30 patients with HCV related 
liver cirrhosis and group III included 30 healthy 
controls. Exclusion criteria for groups I and 
II were HbsAg positivity, presence of other 
malignancy and age below 18 years.

The study was conducted according to the 
ethical guidelines of the declaration of Helsinki 
and all participants gave their consent. Full his-
tory taking and full clinical examination were 
done for all participants. Group I and II patients 
underwent radiological examination with ultra-
sonography and triphasic C.T.

10 mL blood was withdrawn from each par-
ticipant, aliquoted,  and the following laboratory 
tests were done for all participants: CBC, PT, 
PC, INR, total bilirubin, AST, ALT, GGT, total 
protein and albumin. Alpha fetoprotien (AFP) 
was assayed by electrochemiluminescence (co-
bas e411, Roche Diagnostics, Germany), HBsAg  
was assayed by 3rd generation ELISA (Murex 
Biotech Limited, UK),  and HCV RNA by real-
time PCR (Step oneTM Real Time PCR system, 
Life Technologies Inc, Canada).

DNA was extracted from EDTA vacutainer 
using QIAamp DNA blood Mini kit (Qiagen 
GmbH -Germany) and stored at –20°C till time 
of amplification. MICA rs2596538 was geno-
typed by polymerase chain reaction-restriction 
fragment length polymorphism(PCR-RFLP) 
technique, using the following primers:F: 
3-GAG TGC ATG GGG TAT AAG GC-5, R:3-
TGA AGC CAG TCC TCT CTT GG-5. Each 
reaction consisted of a total volume of 25 mL 
containing 4 mL of genomic DNA, 1 mL (25 
pmol) of each primer, 12.5 mL of master mixture 
(200 um each of deoxyadenosine triphosphate 

[dATP], deoxycytidine triphosphate [dCTP], 
deoxyguanosine tri-phosphate [dGTP], and de-
oxythymidine triphosphate [dTTP]), in 1.5 mM 
magnesium chloride, 10 mMTris–HCL, 50 mM 
potassium chloride, 0.1% Triton X-100, and 1.0 
unit of Taq polymerase, in addition to 6.5 mL of 
sterilized distilled water. The thermal cycler was 
adjusted to the following program: one cycle at 
95OC for 10 minutes, followed by 40 cycles each 
of which is composed of  3 minutes at  92OC 
,  64OC, and 72OC  (1 min. each) followed by 
extension at 72OC for 8 minutes. The amplifica-
tion product was 215bp long. Ten units of the 
restriction enzyme is AluI  were used to digest 
the PCR product for 1 hour at 37OC, giving the 
following bands on 2% agarose gel: GG geno-
type gives 168 bp + 47 bp , AG genotype gives 
168bp + 47bp + 90bp+78bp, and AA genotype 
gives 90bp+78bp+ 47bp.

Statistical analysis

Mean ± SD were used to summarize quantita-
tive data when normally distributed and median 
(25th-75th) were used when abnormally distrib-
uted. Differences between groups were detected 
using ANOVA with post hoc test, Kruskal Wal-
lis, Student’s t and Mann Whitney tests as ap-
propriate. Qualitative data were summarized as 
number and percentages and compared by Chi 
square (X2) test. Tests were considered statisti-
cally significant at a P value < 0.05. Statistical 
analysis was run on SPSS, release 20.0 (SPSS 
Inc., Chicago, Ill, USA).

RESULTS

Table (1) shows the demographic, clinical, 
laboratory and radiological data of the three 
studied groups. Table (2) shows the frequency 
distribution of MICA rs2596538 genotypes & 
alleles among the  groups, while table (3) shows 
the demographic, laboratory and radiological 
data of different genotypes of HCC group.
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Table (1): Demographic, clinical, laboratory and radiological data of the three studied groups.

Results:

Table (1) shows the demographic, clinical, laboratory and radiological data of the 

three studied groups. Table (2) shows the frequency distribution of MICA rs2596538 

genotypes & alleles among the  groups, while table (3) shows the demographic, 

laboratory and radiological data of different genotypes of HCC group.

Table (1): Demographic, clinical, laboratory and radiological data of the three studied groups. 

 

HCC 

(n=42) 

Cirrhosis 

(n=30) 

Control 

(n=30) 
P 

Age (Years)* 57.6 ± 8.4 56.8 ± 8.1 57.2 ± 8.8 0.93 

Male/Female† 30/12 23/7 23/7 0.9 

Family history‡ 11(26.2%) 0 (0.0%) -- 0.002 

Bilharziasis‡ 30 (71.4%) 20 (66.7%) -- 0.66 

Cachexia‡ 10 (23.8%) 10 (33.3%) -- 0.37 

Jaundice‡ 21 (50%) 17 (56.7%) -- 0.57 

Abdominal distension‡ 30(71.4%) 28 (93.3%) -- 0.02 

Lower limb edema‡ 26 (61.9%) 27 (90%) -- 0.007 

Hematemesis‡ 13 (30.9%) 13  (43.3%) -- 0.28 

Melena‡3 13 (30.9%) 15 (50%) -- 0.1 

Encephalopathy‡ 13(30.9%) 12 (40%) -- 0.42 

Child Pough stage‡     

A 12(28.6%) 3 (10%)  
0.15 

 
B    16 (38.1%) 13 (43.3%)  

C 14(33.3%) 14 (46.7%)  

TLC (x103 cell/µl)§ 5.8 ±2.2 5.1±2.6 6.5±2 0.063 

Hb (g/dl)* 10.4 ± 1.5a 10.21 ± 1.88a 13.96 ± 0.89b <0.001 

Plt (x103/mm3)§ 134 ±62.2  a 110 ± 67.4 a 273.5±  53.1 b <0.001 

PT (seconds)§ 15.4±3.9 a 16±3.5 a 12.3±0.6 b <0.001 

PC (%)§ 70.9±17.1  a 66.5 ± 13.4 a 96±7.1 b <0.001 

INR§ 1.3 ±0.37 a 1.35±0.31 a 1.1±0.15 b 0.004 

Total protein (g/dl)* 6.8 ± 0.9 a 6.64 ± 0.86 a 7.37 ± 0.55 b 0.001 

Albumin (g/dl)* 2.9 ± 0.8 a 2.62 ± 0.48 a 4.1 ± 0.34 b <0.001 

AST (IU/l)§ 65 (49-96.25) a 62 (45.25-91.75) a 18.5 (15-26.5) b <0.001 

ALT (IU/l)§ 39 (22-67) a 34.5 (27-51.25) a 12.5 (10-17) b <0.001 

GGT (IU/l)§ 53.5 (40-118.25) a 76.5 (29.5-96.75) a 28.5 (23.75-32.25) b <0.001 

TBIL (mg/dl)§ 1.45 (0.97-3.27) a 1.7 (1.067-5.27) a 0.75 (0.5-0.9) b <0.001 

HCV RNA (IU/ml)§ 99,000 

(63,500-172,500) 

93,000  

(74,500-149,000) 
-- 0.75 

AFP (ng/ml)§ 93 (8.2-401) 8.1 (4.4-15.325) -- 0.005 

Liver size‡     

Shrunken 9 (21.4%) 11 (36.7%)  

0.083 Average 18(42.9%) 15 (50%) -- 

Enlarged 15(35.7%) 4 (13.3%)  

Spleen status‡     

Average 5(11.9%) 0 (0%)  

0.1 Enlarged 34(81%) 29 (96.7%) -- 

Removed 3(7.1%) 1 (3.3%)  

Enlarged Lymph Node‡ 5(11.9%) 0 (0%) -- 0.12 

Ascites‡     

Absent/mild 24(57.1%) 7 (23.3%) -- 
0.006 

Moderate/severe 18 (42.9%) 23 (76.6%)  
* Data are presented as mean ± SD, † Data are presented as number, ‡ Data are presented as number (Percent) 

§ Data are presented as median (25th-75th), Groups bearing the same initials are not statistically different at P < 0.05 

 

Table 2:Frequency distribution of MICA rs2596538 genotypes & alleles among the three studied 
groups. 

 HCC 

(n=42) 

Cirrhosis  

(n=30) 

Control 

(n= 30) 
P 

Genotypes     

GG 9 (21.4%) 10 (33.3%) 17 (56.6%)        

0.04* AG 22 (52.4%) 14 (46.6%) 10 (33.3%) 

AA 11 (26.2%) 6 (20%) 3 (10%) 

Alleles     

G allele 40 (47.6%) 34 (56.6%) 44 (73.3%) 
0.008** 

A allele 44 (52.4%) 26 (43.3%) 16 (26.6%) 
**p<0.01,*p<0.05 
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GGT (IU/l)§ 53.5 (40-118.25) a 76.5 (29.5-96.75) a 28.5 (23.75-32.25) b <0.001 

TBIL (mg/dl)§ 1.45 (0.97-3.27) a 1.7 (1.067-5.27) a 0.75 (0.5-0.9) b <0.001 

HCV RNA (IU/ml)§ 99,000 

(63,500-172,500) 

93,000  

(74,500-149,000) 
-- 0.75 

AFP (ng/ml)§ 93 (8.2-401) 8.1 (4.4-15.325) -- 0.005 

Liver size‡     

Shrunken 9 (21.4%) 11 (36.7%)  

0.083 Average 18(42.9%) 15 (50%) -- 

Enlarged 15(35.7%) 4 (13.3%)  

Spleen status‡     

Average 5(11.9%) 0 (0%)  

0.1 Enlarged 34(81%) 29 (96.7%) -- 

Removed 3(7.1%) 1 (3.3%)  

Enlarged Lymph Node‡ 5(11.9%) 0 (0%) -- 0.12 

Ascites‡     

Absent/mild 24(57.1%) 7 (23.3%) -- 
0.006 

Moderate/severe 18 (42.9%) 23 (76.6%)  
* Data are presented as mean ± SD, † Data are presented as number, ‡ Data are presented as number (Percent) 

§ Data are presented as median (25th-75th), Groups bearing the same initials are not statistically different at P < 0.05 
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* Data are presented as mean ± SD, † Data are presented as number, ‡ Data are presented as number (Percent)
§ Data are presented as median (25th-75th), Groups bearing the same initials are not statistically different at P 
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GGT (IU/l)§ 53.5 (40-118.25) a 76.5 (29.5-96.75) a 28.5 (23.75-32.25) b <0.001 
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Table 3:Demographic, laboratory and radiological data of different genotypes of HCC group. 

 
GG 

(n=9) 

AG 

(n=22) 

AA 

(n=11) 
P 

Family history*                1(11.1%) 4(18.2%) 6(54.5% ) 0.04 

Bilharziasis*                7(77.7%) 14(63.6%) 9(81.8%) 0.49 

Child Pugh stage*    
 

A 4(44.4%)         6(27.3%) 2(18.2%) 

0.7 B 3 (33.3%) 9(40.9%) 4(36.4%) 

C 2(22.2%) 7(31.8%) 5(45.5%) 

TLC (x103 cell/µl)‡ 5.9± 2.3 5.2±1.9 6.4±2.1 0.27 

Plt (x103/mm3)† 134.4 (97-169.7) 138 (87-176.0) 140(93.2-198) 0.9 

PT (sec)† 16 (13.8-19.1) 14.9 (13-17.9) 15.3(12.7-18.1) 0.63 

PC (%)† 68.5 (56-81) 74 (59-83.5) 74.5(63.5-78) 0.67 

Albumin (g/dl)‡ 2.8 ± 0.8 2.9 ± 0.6 3.1 ± 0.5 0.54 

AST (IU/l)† 45± 29 41± 33 71 ±42 0.07 

ALT (IU/l)† 38 (18.5-49) 47(14-73) 31(20-66) 0.4 

GGT (IU/l)† 53(32-102) 40 (33-87.5) 59(25-134) 0.37 

TBIL (mg/dl)‡ 1.5± 0.95 2.2±0.9 1.8  ± 1.1 0.17 

HCV RNA (IU/ml)† 99,000 

(51,000-201,000) 

131,000 

(60,000-172,500) 

119,000 

(67,500-164,000) 
0.32 

AFP (ng/ml)† 65 (21-243) 27 (11-453) 49(17-393) 0.53 

HFL size (cm)‡ 3.4 ±1.9 4.6±  3.1 5±3.5 0.47 

Enlarged lymph nodes* 1(11.1%) 2(9%) 2(18.2%) 0.75 

Number of hepatic foci*     

One/two foci 8(88.8%) 17(77.3%) 7(63.6%) 
0.41 

Three/four foci 1(11.1%) 5(22.7%) 4(36.4%) 

Focal site*     

Right lobe 7 (77.7%) 15(68.2%) 5(45.5%) 

0.32 Left lobe 2(22.2%) 3(13.6%) 2(18.2%) 

Both lobes 0 (0.0%) 4(18.2%) 4(36.4%) 
 

*Data are presented as number (percent),† Data are presented as median (25th-75th),‡Data are presented as mean ± SD.  

 

 

 

*Data are presented as number (percent),† Data are presented as median (25th-75th),‡Data are presented 
as mean ± SD. 

DISCUSSION

The immune system critically depends on the 
ability to recognize or sense infected, stressed, 
and transformed cells. The activity of natural 
killer (NK) cells is an important sensor of the 
immune system which is regulated by activat-
ing and inhibiting receptors, whereby the C-type 
lectin natural killer group 2D (NKG2D) recep-
tor serves as the major activating receptor on 

NK cells which recognizes major histocompat-
ibility class I chain-related proteins A and B 
(MICA/B(9).

The major histocompatibility complex class 
I polypeptide-related sequence A gene (MICA) 
encodes a membrane-bound protein acting as a 
ligand to stimulate the activating receptor, NK-
G2D, expressed on the surface of essentially all 
human natural killer (NK), γδ T and CD8+ αβ 

Table 3:Demographic, laboratory and radiological data of different genotypes of HCC group.
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T cells. MICA protein is absent from most cells 
but can be induced by infections and oncogenic 
transformation and is frequently expressed in 
epithelial tumors.  Upon binding to MICA, NK-
G2D activates cytolytic responses of NK and γδ 
T cells against infected and tumor cells express-
ing MICA.

Therefore, membrane-bound MICA acts as a 
signal during the early immune response against 
infection or spontaneously arising tumors(1).

The aim of this study was to evaluate the as-
sociation of  MICA gene rs2596538 with the de-
velopment of HCC on top of liver cirrhosis in 
patients infected with HCV.

Among different groups of the study, A posi-
tive family history for HCC development was 
significantly observed in HCC patients compared 
to the cirrhotic group (p=0.002), in addition to 
the expected significant elevation of Alpha feto 
protein levels (p= 0.005). Hemoglobin, platelet 
count, prothrombin concentration, total protein, 
and albumin were significantly reduced in both 
HCC and cirrhotic patients in comparison to the 
control group, while prothrombin time, INR, 
AST, ALT, Total Bilirubin, and Gamma GT 
were significantly elevated, revealing the typical 
laboratory findings in these conditions.

 A significant difference in AA genotype dis-
tribution was observed, being more prevalent in 
HCC patients, followed by cirrhotic patients, in 
comparison to the control (p=0.04). A allele, be-
ing the risky allele was also significantly higher 
in HCC patients, followed by cirrhotic patients 
than in the control subjects(p=0.008)

This is in concordance with the findings of 
Lo et al(7), where the A allele was considered 
risky, while G allele was associated with better 
immune response. They found that the genetic 
variant at SNP rs2596538 strongly affected the 
binding affinity of SP1. Overexpression of SP1 
remarkably induced MICA expression in cells 
carrying the G allele that has a higher affinity 
to the SP1 binding. These findings are concor-
dant with their other finding of higher serum 
sMICA level among HCC patients with the G 
allele at SNP rs2596538(7). SP1 is a ubiquitously 
expressed transcription factor which binds to 

the GC rich decanucleotide sequence (GC box) 
and activates the transcription of various viral 
and cellular genes(10). Phosphorylation of SP1 
was shown to be induced by HCV core protein 
and exhibited higher binding affinity to the pro-
moter region of its downstream targets(6). Lo et 
al(7), hypothesized  that after HCV infection, the 
virus core protein enhances the SP1 phosphory-
lation in hepatocytes, and the phosphorylated 
SP1 binds to the DNA segment corresponding 
to the G allele of SNP rs2596538 and then in-
duces MICA expression. The membrane-bound 
MICA (mMICA) serves as a ligand for NKG2D 
to activate the immune system and results in the 
elimination of viral-infected cells by NK cells 
and CD8+ T cells(11).

Six out of eleven (54.5%) patients with fam-
ily history of HCC had the risky AA genotype, 
being significantly higher than other genotypes 
with family history (p=0.04). However, no other 
significant difference was observed in labora-
tory parameters or radiological findings between 
different MICA rs2596538 genotypes, inspite 
of the elevation in AST levels in AA genotype 
patients that did not reach significance (p=0.07). 

Earlier, MICA was suggested to be a mem-
ber of a haplotype that was more frequently 
and longer observed in breast cancer, the well- 
known cancer to run in families. Individuals ho-
mozygous for the haplotype (D6S2672-MICA) 
showed an increased risk of breast cancer with 
an odd’s ratio (OR) of 7.14, while heterozygotes 
were at a lower risk (OR=1.41), suggesting a re-
cessive effect(2).

The absence of significant differences be-
tween laboratory parameters and radiological 
findings of different genotypes in HCC patients 
may be due to the small number of participants 
after redivision, especially that the elevation of 
AST levels in HCC patients with AA genotype 
could have reached significance in a larger co-
hort of patients.

The contrasting results of MICA studies in 
Hepatitis B viral infection (HBV), which state 
that higher sMICA level was associated with 
poor prognosis in HBV-induced HCC patients, 
in an opposing effect to what happens in HCV 
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infection, further confirms a role for this protein, 
and hence, gene, in regulating patient’s response 
to Hepatitis viruses.  Kumar et al,(5). Stated that 
this  opposite effect of MICA would be attribut-
able to the difference in downstream pathway be-
tween HBV and HCV. HBV virus encodes hepa-
titis B virus X protein (HBx) that is pathogenic, 
promotes tumor formation, and associated with 
an elevated expression of metalloproteinases. 
These metalloproteinases induce the shedding of  
sMICA, which inhibits NK cells and promotes 
the tumor formation. On the other hand, HCV 
infection is not associated with metalloprotein-
ases activation. Therefore individuals with high 
MICA expression are likely to activate natural 
killer cells and CD8+ T cells to eliminate virus 
infected cells(5).

In conclusion, MICA rs2596538 AA geno-
type and A allele were found to be associated 
with the development of HCC on top of HCV 
infection. Genetic studies for HCV related liver 
cirrhosis are recommended, especially in pa-
tients with family history of HCC for early diag-
nosis and management.
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دور التعددات الشكلية لجين MICA rs2596538 في تطور سرطان الكبد في المرضي المصريين.
أسماء اسماعيل أحمد علي

يختص جين مركب التوافق النسيجي االكبر (MICA) (المجموعة االولي بالشفرة الجينية لبروتين غشائي خلوي يعمل 
كمحفز لنشاط الخاليا المناعية القاتلة وقد تم اقتراح ارتباط التعدد الشكلي ل MICA rs2596538  بتطور سرطان الكبد 
في المرضي المصابين بفيروس الكبد سي . كان الهدف من الدراسة تقييم ارتباط  MICA rs2596538  بتطور سرطان 
الكبد الناشئ فوق الفيروس الكبدي سي والتليف الكبدي . تم دراسة 102 مشارك منهم 42 مريض بسرطان الكبد الناتج عن 
فيروس سي والتليف الكبدي, و 30 مريض بالتليف الكبدي المصاحب لالصابة بالفيروس, و30 من االصحاء كعينة ضابطة, 
تمت الدراسة باستخدام تفاعل البلمرة المتسلسل و تعدد اطوال القطع, كما تم عمل الفحوص المعملية واالشعاعية التشخيصية 
المراض الكبد في هؤالء المرضي. لوحظ وجود فارق احصائي في توزيع النوع الجيني AA بين مجموعات الدراسة ,حيث 
كان أكثر شيوعا في مجموعة مرضي السرطان عن مجموعة التليف الكبدي , والتي كانت بدورها أكثر شيوعا من المجموعة 
الضابطة ( p=0.04) . كذلك كان االليل A أكثر شيوعا احصائيا في مجموعة مرضي السرطان عنه في مرضي التليف 
الكبدي عنه في المجموعة الضابطة (p=0.008) . لوحظ ايضا ان 6 من اصل 11 مريضا سرطانيا ممن لهم تاريخ عائلي 
مع المرض كان لديهم النمط الجيني ذو الخطورة AA. فيما عدا ذلك, لم يكن هناك فوارق احصائية في الفحوص المعملية 
 A allele MICA &او االشعاعية بين المجموعات في االنماط الجينية المختلفة. مما سبق يمكن استنتاج وجود عالقة بين
rs2596538 AA genotype وبين تطور سرطان الكبد في مرضي فيروس سي مما يعزز الحاجة الجراء االختبارات 
الجينية في مرضي التليف الكبدي الناشئ عن االصابة بفيروس سي للتعرف علي المرضي االكثر عرضة للتطور لسرطان 

الكبد وتابعتهم وسرعة اكتشافهم.



THE EFFECT OF MESENCHYMAL STEM CELLS, IL-2 AND FLT3 
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ABSTRACT
Introduction: The limitation of the using of HCSs and NK cells in the treatment of several diseases is the failure to ac-

quire adequate numbers of cells appropriate for manipulation as well as transplantation. This problem can be solved by the 
ex vivo expansion of CD34 HPS cells and CD56 NK cells using specific conditions of media and growth factors that enhance 
the proliferation of such cells. Material and methods: In this study, the expansion of HSCs cells and NK cells in Mononuclear 
cells (MNCs) that extracted from 30 umbilical cord blood (UCB) on mesenchymal stem cells (MSCs) from Warton’s jelly and 
placenta as a feeder layer only, or a combination of recombinant human interleukin2 (IL2) and Flt3 Ligand I or on MSCs 
with combination of recombinant human interleukin2 (IL2) and Flt3 Ligand were investigated.  Results and Conclusion: The 
expansion MNCs evaluated through the total number of CD34 HPS cells and CD56 NK has been indicated using CD34, CD56 
and CD3 phenotypic analysis with flowcytometry. At the end of 2 weeks of cultures, the CD34 HSCs and CD56 NK cells were 
increased in both cultures where the expansion of CD34 HSCs and CD56 NK cells on a combination of MSCs with IL2 and 
Flt3 Ligand revealed significant different in cells count compared to those in MSCs and combination of recombinant human 
interleukin2 (IL2) and Flt3 Ligand origin number of cells count before culturing.
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INTRODUCTION

Recently, the interest of the stem cell biology 
has been remarkably increased. The stem cells 
have the potential in the curing of several num-
bers of untreatable diseases by transplantation 
therapy.

Umbilical cord blood is considered as a new 
source of stem/progenitor cells that have signifi-
cant ability to replace damaged as well as dis-
eased cells in the body. The usage and demand-
ing on such cells increased due to the low ethi-
cal concerns, low governmental restrictions and 
availability comparing to the concerning about 
the use of embryonic as well as fetal tissues and 
the bone marrow matching problems(3). 

There are several known advantages of us-
ing UCB over adult stem/progenitor cell sources 
such as bone marrow and adult peripheral blood 
(APB) includes uncomplicated to extract, di-
rectly available and effortlessly shipped, no risk, 
painless to donors, the risk of viral contamina-
tion is about 38.2% which is low compared to 
bone marrow, the ability to store at cryogenic 

temperatures for an indefinite period without ex-
tensive effects on the viability of cell, There is a 
high immune tolerance of umbilical cord blood 
cells since they are incapable to produce cyto-
toxic T-Lymphocytes, which react to allogenic 
antigens in addition to disability to produce the 
proinflammatory cytokines interferon-α (IFNα) 
as well as tumor necrosis factor-γ (TNFγ) (16).

The main cellular components umbilical cord 
blood (UCB) consists of lymphocytes and mono-
cytes(13). Comparing to adult peripheral blood, 
UCB has a similar population of B-lymphocytes 
and a lower absolute number of T- lymphocytes 
(CD3+) but higher CD4+/CD8+ ratio(6,13). It 
also has higher numbers of natural killers (NK) 
cells while lower numbers of CD56+ cytotoxic 
T-lymphocytes. Umbilical cord blood’s rela-
tive immaturity comparing to adult cell sources 
is further classified as showing a higher amount 
of immature T-lymphocytes (CB45RA+) and 
reduced amounts of mature memory T-lympho-
cytes (CD45RO+)(6). Umbilical cord blood cells 
as well generate smaller absolute levels of cyto-
kines compared to sources of adult cell(5).
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Clinical application of UCB

UCB has been used effectively in transplan-
tation hematopoietic stem cells to reconstitution 
the blood and immune system form blood and 
bone marrow non- malignant and malignant dis-
orders. They are several conditions can be treat-
ed with umbilical cord blood (UCB) stem cells 
such as blood-related disease, inherited meta-
bolic, and malignancies and immune disorders. 
Brunstein et al. (2007) assessed distinct (UCB) 
transplant results and established that disease-
free survival rates (about 1 to 3 years post-trans-
plant) for patients suffering from leukemia rang 
from 31 up to 60% for children and from 19 up 
to 77% for adults(2).

The experience of transplantation for the past 
20 years has revealed that umbilical cord blood 
is related with extensively lower graft versus 
host disease (GvHD) complications comparing 
to peripheral blood and bone marrow transplan-
tation. A meta-analysis of the transplantation of 
umbilical cord blood (UCB) and bone marrow 
(BM) for non-malignant and malignant diseases 
stated comparable rates of survival but lower 
rates of GvHD for children as well as adults, 
regardless of more HLA difference among the 
umbilical cord blood (UCB) transplant donors 
and recipients(5).

There are several number of disadvantages 
of UCB, but the most important disadvantages 
related to umbilical cord blood (UCB) trans-
plantation is the low quantity of transplant cells 
because of the insufficient collection volume of-
fered. Cell dose influences the time required for 
the recovery of hematological figures post trans-
plant. Cells doses are a huge problem in adult 
transplantation rather than transplantation of pe-
diatric cases since larger cell quantities required 
for hematological reformation of bigger body 
masses. UCB stem cells expansion as well as the 
use of multiple UCB units is two available tech-
niques for increasing the cell amount issue(4,5).

Natural killer (NK) cells

Natural killer (NK) cells are lymphocytes that 
use a receptors encoded in the germline DNA to 
become specific for the activation or inhibition 
and therefore considered as component of innate 

immunity. Known as ‘‘innate’’, nevertheless, 
does not mean that NK cells are an independent 
arm of the immune system nor does it mean that 
they lack specificity. NK cells comprise recep-
tors that identify Class I major histocompatibil-
ity complex (MHC), and their function is firmly 
incorporated with other cells in the innate and 
adaptive immune systems(14).

There has been remarkable interest in clinical 
utilization of NK cells in cancer. NK cells can be 
of advantage in blood-borne cancers like leuke-
mias/lymphomas, because the major presence of 
NK cells is in the peripheral blood and spleen. 
Consequently it is expected that the main impor-
tance in the clinical utilization of NK cells be for 
such cancers types. Correspondingly, as BMT is 
mostly utilized for the leukemias and lympho-
mas treatment, plus there have been some inter-
esting studies assuming that immunotherapy re-
lating NK cells could be applied in combination 
with BMT(1).

MATERIALS AND METHODS 

Reagents and kits

Dulbecco’s modified Eagle medium (DMEM) 
media

Roswell Park Memorial institute media 
(RPMI) 1640 with stable Glutamine

(Euro-Lone®) (Cat. No. ECM2001D) (Lot. 
No. EU M016221) (Volume 100 ML)

. Phosphate Buffered Saline (PBS)/Citrate 
Reagent (500 ml)- (ONE LAMBDA)

. Fetal Bovine Serum (FBS) , Euro-Lone® 
(Cat. No. EC S0180D) (Lot No. EU S0092946) 
Volume 100 ML

. Recombinant Human Flt3 Ligand- Catalog 
Number: 308FK (R&D Systems)

. Recombinant Human Interleukin2 ( IL2)- 
Catalog Number: 202IL (R&D

Systems)

. Mesenchymal Stem Cell Expansion Media-
ItemXVivo ™ (R&D System) (Lot 1249977) 
(Cat. No. CCM004)

. CD markers used in flowcytometric analy-
sis (Stem-KitTM Reagents CD34-PE kit from 
Beckman Coulter) 10Test® CD56-PE from 
BIOCARTA
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. PE Mouse Anti-Human CD3 from BD 
Pharmingen TM

Media and MNCs preparation
30 cases of umbilical cord blood samples of 

a minimum of 70ml were collected  from Cairo 
university hospitals, all patients signed consent 
and the ethical committee approve the research. 
Samples were separated by density gradient us-
ing ficoll. Separated MNCs were divided into 
three culture groups Under Aseptic condition; 
the media were prepared by adding 30 ml of 
RPMI medium with 3 ml 1% fetal bovine albu-
min. The MNCs was prepared by adding 1 ml 
of umbilical cord blood MNCs into falcon tube 
then adding 9 ml of RPMI medium to the same 
tube. 

Mesenchymal stem cells separation and prep-
aration from Wharton’s jelly and placenta

The umbilical cord tissues of the same pa-
tients were cut vertically to disclose the Whar-
ton’s jelly. After that, the Wharton’s jelly was 
moved into plates containing Dulbecco’s MEM 
media and then cautiously scrubbed in order to 
release the cells. Then, the medium containing 
the cells was distributed on falcon tubes fol-
lowed by centrifugation for 10 min at 1500 rpm 
in order to precipitate the cell pellet. After that, 
the supernatant was removed then the cell pel-
let transferred into tissue culture flasks. 10 ml of 
mesenchymal expansion media was add and the 
cells ware incubated at 37oC.

IL 2 and Flt3 Ligand preparation
The IL 2 and FLt3 were prepared by filter-

ing 100 ml of sterile PBS buffer using filter and 
syringe into falcon tube, then 10 ml of FBS was 
added on the filtered buffer. After that, 10 ug of 
IL 2 FLt3 were added.

Culture of the MNCs with MSCs and growth 
factors (IL 2 and Flt3 Ligand)

Group 1 HSC and NK expansion using MSCs 
as a feeder layer alone 

 The media including the cells were trans-
ferred into falcon tube and Centrifugation at 
2000 rpm at room temperature for 10 min was 
applied in order to precipitate the cells from the 
media. The supernatant was removed and the 
pellet broke down. After that, the broken pellet 
was transferred into flasks contained the MSCs 
as feeder layer. Then 10 ml of RPMI+ 1%FBs 

media was added to the flaks

Group 2 HSC and NK expansion using IL-2 
and Flt3 Ligand alone 

The media including the cells were trans-
ferred into falcon tube and Centrifugation at 
2000 rpm at room temperature for 10 min was 
applied in order to precipitate the cells from the 
media. The supernatant was removed and the 
pellet broke down. After that, the broken pel-
let was transferred into flasks contained IL2 and 
FLt3. Then 10 ml of RPMI+ 1%FBs media was 
added to the flaks

Group 3 HSC and NK expansion using MSCs  
as a feeder layer together with IL-2 and Flt3 Li-
gand culture

Similar steps as group 1 but cells were added 
to 10 ml of RPMI- 1%FBs media, 10 ml IL-2 
and 10 ml Flt3 Ligand. Incubation the flasks 
containing the cells at 37oC.

Subculture and media changing

The culture media were changed 4 times 
within 2 weeks, in each subculture, for group 
one the media were discarded and then 3 ml of 
RPMI+ 0.1% FBS was added. For Group 2 and 
3 the media were discarded and then 3 ml of 
RPMI+ 0.1% FBs, 3ml of IL-2 and 3 ml of Flt3 
Ligand was added to the same flask.

Analysis using flowcytometry

For the extended analysis of HSCs, NK cells 
and T cells, a flow cytometry using directly con-
jugated human-specific CD34, CD56 and CD3 
was performed. 

RESULTS 
Flow cytomerty analysis

Cells in each culture group were tested for 
CD34 HSCs and CD56 NK cells (the MSCs 
culture and the MSCs with IL 2 and Flt3 Li-
gand after the last subculture  at the end of  4 
weeks from initial culture . Table 1 represent-
ing the average data that resulted from running 
samples from Group 1 MSCs culture with dif-
ferent CD marker, where the CD34 marker spe-
cific for HSCs average gave 4.41%  ± 0.32% 
demonstrating that the cells increased about 1.8 
fold comparing to initial cells count percentage 
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2.4%   ± 0.15 %. However, flowcytometry result 
for CD56 specific for NK cells was 7.08%  ±0.49 
which means that the cells percentage increased 
35.4 fold comparing to the initial cells percent-
age (0.2%). On the other hand, the flowcytom-
etry result for CD3 which is particular for T cells 
give no change.

Group 2 with samples from MSCs culture 
with combination of IL 2 and Flt3 Ligand us-
ing different CD marker, the CD34 gave 11.6% 
± 0.56 indicating that the cells significantly in-
creased 4.8 fold. However, flowcytometry result 
for CD56 was 9.82 % demonstrating that the 

cells percentage increased about 50 fold. Again, 
the flowcytometry result for CD3 showed no sig-
nificant difference before and after expansion.

Group 3 with samples from MSCs culture 
with combination of IL 2 and Flt3 Ligand us-
ing different CD marker, the CD34 marker gave 
20.5% ±1.3 indicating that the cells significantly 
increased about 8.5 fold However, flowcytom-
etry result for CD56 was 24.8 % demonstrating 
that the cells percentage increased about 124 fold 
comparing to the initial cells percentage (0.2%). 
Again, the flowcytometry result for CD3 gave no 
significant difference.

Subculture and media changing

The culture media were changed 4 times within 2 weeks, in each subculture, for group 
one the media were discarded and then 3 ml of RPMI+ 0.1% FBS was added. For Group 
2 and 3 the media were discarded and then 3 ml of RPMI+ 0.1% FBs, 3ml of IL-2 and 3 
ml of Flt3 Ligand was added to the same flask.

Analysis using flowcytometry

For the extended analysis of HSCs, NK cells and T cells, a flow cytometry using directly 
conjugated human-specific CD34, CD56 and CD3 was performed.

Results 

Flow cytomer ty analysis

Cells in each culture group were tested for CD34 HSCs and CD56 NK cells (the MSCs 
culture and the MSCs with IL 2 and Flt3 Ligand after the last subculture  at the end of  4 
weeks from initial culture . Table 1 representing the average data that resulted from 
running samples from 

Group 1 MSCs culture with different CD marker, where the CD34 marker specific for 
HSCs average gave 4.41% ± 0.32% demonstrating that the cells increased about 1.8
folds comparing to initial cells count percentage 2.4 % ± 0.15 %. However, 
flowcytometry result for CD56 specific for NK cells was 7.08% ±0.49 which means that 
the cells percentage increased 35.4 folds comparing to the initial cells percentage (0.2%). 
On the other hand, the flowcytometry result for CD3 which is particular for T cells give 
no change.

Group 2 with samples from MSCs culture with combination of IL 2 and Flt3 Ligand 
using different CD marker, the CD34 gave 11.6% ± 0.56 indicating that the cells 
significantly increased 4.8 folds. However, flowcytometry result for CD56 was 9.82 %
demonstrating that the cells percentage increased about 50 folds. Again, the 
flowcytometry result for CD3 showed no significant difference before and after 
expansion.

Group 3 with samples from MSCs culture with combination of IL 2 and Flt3 Ligand 
using different CD marker, the CD34 marker gave 20.5% ±1.3 indicating that the cells 
significantly increased about 8.5 folds However, flowcytometry result for CD56 was 24.8 
% demonstrating that the cells percentage increased about 124 folds folds comparing to 
the initial cells percentage (0.2%). Again, the flowcytometry result for CD3 gave no
significant difference.

HSCs CD 34 NK cells CD56 T cells CD 3

Base line 2.4 0.2 0.03

MSC only 4.41 7.08 0.03

IL 2 and FLt3 only 11.6 9.82 0.02
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1996). As in this study, the marker for both HSCs and NK cells has been identified where 
the CD34 represented for HSCs and the CD56 indicates the NK cells.
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DISCUSSION

Recent clinical trials have been revealed that 
using of expanded umbilical cord blood (UCB) 
assumed the potential for improving the results; 
though, the condition for optimal expansion up 
till now not well identified. The studies continue 
addressing the clinical effects of expansion of 
all or fraction of a unit of umbilical cord blood 
(UCB). Current information proposed that pos-
sible engraftment and results might be construc-
tively changed(7).

In order to carefully choose and decide on 
the ex vivo conditions that lead to expansion of 
the quantity of cell, studies need to cautiously 
evaluate the cells characteristics that intended to 
be expand in addition to their interaction with 
the insoluble and soluble components of ex vivo 
culture.

First, the isolated cells surface protein ex-
pression that are going to be expanded should be 
recognized where it is a possibility to have un-
differentiated and mature cells. The surface phe-
notype can be change depending on the stimulus 
status of the precursor cells and does not provide 
data concerning the cells functional capability of 
in vivo(9). As in this study, the marker for both 
HSCs and NK cells has been identified where the 
CD34 represented for HSCs and the CD56 indi-
cates the NK cells.

The hematopoietic microenvironment is 
comprised a hematopoietic and non- hemato-
poietic components. Complicated molecular sig-
nals that control hematopoiesis are supplies via 
the stem cell ‘niche’, and re-responsible for the 
HSCs differentiation and maturation regulation. 
Once the cells are ex vivo expanded, they lose 
the regulation and maintenance that supplied by 
the microenvironment, and obtain only the par-
ticular cytokines and growth factors supplied in 
the culture media, consequently depending on 
exogenous direction and potential motivating of 
differentiation at the expense of self-renewal(10).

For stromal co-culture, usually the MNCs are 
isolated for example using density separation 
and co-cultured MNCs with MSC monolayers in 
a medium having FBS in addition to a growth 
factor mixture. The non-adherent cells are eradi-

cated from the co-culture 7 days later and start a 
secondary expansion on a further MSC mono-
layer. The initiation adherent layer, which is 
then contains MSC and HSC, is re- feed with 
new fresh medium have growth factors. Culture 
is after that continuous for further 7 days where 
usually the total is 2 weeks. Several studies used 
MSCs as co-culture for the expansion revealed 
increasing 10- to 20-fold in entire cultured cells 
and a 16- to 37-fold increase in CD34+ cells. 
The administration of third-party MSC with the 
UCB-derived HSC could help engraftment  and 
give immunomodulatory benefits(12).

In this study, the MNCs has been extracted 
from umbilical cord blood (UCB) that contained 
the CD34 HSCs then cultured on MSCs (from 
Wharton’s jelly) only as feeder layer, and cul-
tured on MSC as feeder layer with a medium 
containing IL-2 and Flt3 Ligand where the 
MSCs support the growth of the cells in both 
culture showed increase in the HSCs count up 
to 2.4% in MSCs culture and 20.5% increase of 
HSCs count in MSCs combined IL-2 and Flt3 
Ligand. However, the previous observation in-
dicated that the MSCs alone or IL2 FLt3 alone 
can enhance the expansion of the HSCs, but the 
using of IL-2 and Flt3 Ligand with MSCs gives 
higher cell count comparing to MSCs culture 
only (Table1).

There are numerous potential solutions for 
this difficulty, such as utilizing of third party 
donor, using of multi unit of cord blood and ex-
vivo expansion of CB- HSCs to accelerate trans-
planted cells engraftment.

Flt3-Ligand (FL) gives a considerable expan-
sion of both committed and early progenitors. 
Flt3-L has been revealed to directly act on inac-
tive cells carries them to cell cycle(15). Addition-
ally, it has been established that Flt3 Ligand has 
the ability to encourage the CD34+CD38- pro-
liferation of bone marrow as well as cord blood 
cells that are non-responsive to further early act-
ing cytokines. As in previous study, the Flt3 Li-
gand has an effective effect on the HSC (CD34+) 
as well as the NK cells (CD56)(11).

In this study, hematopoietic stem cells CD34 
(HSCs), CD56 (NK cells) and CD3 (T-cells) 
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have been identified using flow cytometry. The 
CD34+ HSCs were cultured for 2 weeks on 
MSCs only; with IL2 and Flt3 Ligand only and 
other cells were grown on combination of MSCs 
with IL2 and Flt3 Ligand. The count of CD34 
HSCs that cultured on the MSC with IL2 and 
Flt3 Ligand as representing in table 1 increased 
about 18%  where HSCs increased about 2.4% 
when cultured on MSCs only compared to the 
original count of cells (2.4%).

The MSCs play important role in supporting 
the Natural Killer Cells expansion. Terme et al. 
reported that after depletion CD3 T cells from 
UCB mononuclear cells culture with a feeder 
layer of hUC-MSCs and noticed an extensively 
higher expansion of CD56(+)/CD3(-) NK cells 
in the presence of MSCs as feeder layer in con-
trast without feeder layer assumed that UCB 
CD56 NK cell progenitors can be expanded to 
acquire great amounts of NK cells in addition to 
maintain a superior cytotoxic profile via an irra-
diated feeder of hUC-MSCs. However, Expan-
sion was extensively decreased in the lacking of 
MSCs(18).

However, in this study, the MNCs extracted 
from umbilical cord blood (UCB) that contained 
the CD56 NK cells have been grown on MSCs 
only as feeder layer, and cultured on MSC as 
feeder layer with a medium containing IL-2 in 
addition to Flt3 Ligand where the MSCs main-
tained and supported the growth of the cells in 
both cultures as the MSCs started to coat the 
flask surface gave branched-shape that carried 
the NK cells and stimulated their growth. Conse-
quently, the amount of NK cells increased up to 
7% in MSCs culture and increased about 24.6% 
in MSCs combined IL-2 and Flt3 Ligand culture 
comparing to initial count of cells (0.2%).

This observation indicates that the MSCs 
have significant influence on the growth of NK 
cells by supporting and encouraging their pro-
liferation where the MSCs generates significant 
quantity of cytokines, and it revealed that a feed-
er layer of irradiated UC-MSC would efficiently 
maintains the ex vivo expansion of CB-NK cells 
during stimulation of cytokine.

Several studies for the expansion of NK cells 
have been submitted. Different cytokines have 

been examined in order to stimulate expansion 
of NK cell in addition to rise up their cytotox-
icity(18). Interleukin IL- 2 can improve the NK 
cells cytotoxicity in 24 hours of incubation. In 
addition, IL-2 able to motivate their proliferation 
but not all NK cells could maintain the prolifera-
tion after the preliminary response(19). IL-4, IL-7 
and IL-12 also stimulated several proliferative 
stimulus but are generally less effective than IL-
2. Similarly, IL-15 only or combined with IL-2 
usually consequences in minimum expansion of 
NK cells(17).

Previous study showed that combination of 
4 cytokines (IL-2, IL-3, IL- 15, FLT-3L) was 
compared to IL-2 alone and 2 cytokine combina-
tions that expanded on UC-MSC as feeder layer 
of irradiated. Mean fold NK expansion with the 
4-cytokine combinations was extensively big-
ger comparing with IL-2 alone (12.2), IL-2 with 
FLT-3L (14.4), IL-2 with IL-15 (10.4) and IL-2 
plus IL-3 (25.2). IL-2 alone promoted higher NK 
percentage in the cultured population (63.4 %) 
but did not encourage significant proliferation 
of MNC. However, the combination of IL-2 and 
IL-3 encourage MNC proliferation to a compa-
rable level as the mixture of 4 cytokines but spe-
cific cell types other than NK (26.7 %)(18). Wei 
et al. expanded CD34+, T cells and NK cells ex 
vivo from cord blood with various combinations 
of cytokines and transplanted into leukemic 
BALB/C nude mouse. The CD56+ NK cells in-
creased significantly using medium with IL-2 of 
the 20 engrafted BALB/C nude mice(20).

Klingemann and Martinson showed consid-
erable expansion of CD56 cells after second 
week of culturing. The cytotoxicity of expanded 
CD56+ cells at a significantly higher than the ini-
tial population, but was similar to non-separated 
PBMC expanded 2 weeks under the similar con-
ditions. IL-15 combined with IL-2 encourages 
higher NK cells than only IL-2 culture(8).

In this study, the count of surface expression 
of hematopoietic stem cells , CD56 (NK cells, 
has been measured by using flow cytometry. The 
cells were cultured for 2 weeks on MSCs only 
and other cells culture using a combination of 
MSCs with IL2 and Flt3 Ligand. As represented, 
the count of CD56 NK cells (Table 1) that cul-
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tured on the MSC with IL2 and Flt3 Ligand in-
creased 24.6%, whether the CD56 NK cells that 
were cultured on MSCs increased about 7% only 
compared to the original count of cells before 
culturing with growth factor where it was about 
0.2%.

Finally, by comparing the results of the MSCs 
cultures alone, IL2 and Flt3 Ligand alone with 
the results of MSCs combined IL 2 and Flt3 Li-
gand, the combined cultures revealed significant 
increasing in both cells (HSCs and NK cells), 
indicating that the combination of MSCs with 
IL 2 and Flt3 has significant effect on the en-
hancement of the proliferation of the cells, that 
leads to improve the expansion and eventually 
give appropriate cells count that can be used for 
transplantation.
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تأثير MSC  و IL2  و  FLT3  علي نمو الخاليا الجذعية خارج الجسم والخاليا الطبيعية القاتلة المستخلصة 
من دم الحبل السري بعد إستخراج الخاليا الليمفوية  من النوع )ت(

  هشام عيسي - شريف ناصح امين - شريف دهب
المقدمة :  العقبة التى تقف أمام إستخدام  الخاليا الجذعية النخاعية خارج الجسم   والخاليا الطبيعية  القاتلة    المستخلصة 
من دم الحبل السري  فى عالج األمراض هو قلة توفر عدد الخاليا عند إستخالصها وإستخدامها للعالج هذه  المشكلة 
يمكن تالفيها إذا إستطعنا أن نجري عملية التكاثر للخاليا الجذعية النخاعية والخاليا الطبيعية القاتلة المستخلصة من دم 
الحبل السري خارج الجسم بإستخدام محاليل ومؤثرات نمو قد تساعد على إزدياد  هذه الخاليا . طريقة البحث : فى هذا 
اإلختبار تم زيادة  عدد الخاليا الجذعية  النخاعية  خارج الجسم والخاليا الطبيعية القاتلة المستخلصة من دم الحبل السري 
بعد أستخالص 30 حالة دم مستخلص من الحبل السري تم إستخدام ال MSC كعامل نمو منفرد وتم إستخدام IL2  و 
FLT 3  و  كعامل نمو منفرد –أما المجموعة الثالثة تم إستخدام  ال MSC  و  IL2  و FLT3 كعامل نمو مشترك وتم 
بعد ذلك إجراء عملية عد بجهاز التدفق الخلوي . النتائج واإلستنتاج : عملية تكاثر الخاليا الجذعية النخاعية خارج الجسم 
والخاليا الطبيعية القاتلة المستخلصة من دم الحبل السري بعد قياسها بإستخدام  CD3 و CD56    و CD3  بجهاز التدفق 
 FLT و  IL2 ثم إستخدام FLT3 و  IL2 بالتعاون مع MSC الخلوي أوضحت ان أفضل نتائج تكاثر كانت بإستخدام ال

3 منفردين  وأضعف نتيجة كانت عند إستخدام  MSC منفردا .
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ABSTRACT
Back ground: Hepatitis C virus is a viral pandemic and a leading cause of chronic liver disease. Activation of hepatic 

stellate cells by the virus induced inflammation plays a key role in  hepatic fibrosis. Aim to investigate the potential role of 
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the degree of hepatic fibrosis and genotyping of ABCB11 gene (rs2287622) by Real-time PCR. Results: No significant associa-
tion could be detected between genotypes of ABCB11gene and chronic HCV Egyptian patients with mild or advanced hepatic 
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INTRODUCTION

Hepatitis C virus infection (HCV) is a global 
serious health threat, as 3.5 million new HCV 
infected cases and 350000 deaths from HCV re-
lated disease are reported annually(10).

 Despite the decrease in the prevalence of 
HCV in developed countries, the developing 
countries, including Egypt, still exhibit increas-
ing prevalence rates of HCV infections, which is   
reported in 2015  to be about 10-14% in Egypt(9).

Cirrhosis of the liver is an important event 
in the natural history of chronic HCV infection 
because it is associated with increased risk of ad-
vanced liver disease(18).

Several patient factors have been consistently 
shown to influence the rate of progression to cir-
rhosis including alcohol consumption, sex, age 
at infection, ethnicity, co-infection with other vi-
ruses including HIV and HBV, levels of alanine 
aminotransferase (ALT) enzyme (activity of the 
disease), steatosis and diabetes(19). In addition to 
these well-characterized cofactors, genetic fac-
tors  that modulate fibrogenesis are considered as 
an explanation for the heterogeneous prognosis 
of chronic  hepatitis C. Epidemiological studies 
have identified single nucleotide polymorphisms 
(SNPs) in a number of  candidate genes that may 
influence the progression of liver fibrosis in hu-
mans(1). One of those genes is the ATP-binding 
cassette, member 11 (ABCB11) gene which is 

also known by bile salt export pump (BSEP) 
gene. This gene is located on the long (q) arm 
of chromosome 2 at position 24(2).

The product of the ABCB11 gene is a protein 
transporter named bile Salt export pump (BSEP) 
which is located at the canalicular membrane of 
hepatocytes. It determines the hepatocellular bile 
acid levels. Cholestasis results from functional 
inhibition of BSEP which leads to reduced bile 
salt secretion and decreased bile flow. Mutations 
in canalicular transporter genes and, in particular, 
the ABCB11 gene, induce functional defects that 
either lead to hereditary forms of cholestasis or 
render the patients more susceptible to acquired 
cholestasis(17). In  cholestatic liver disease hepa-
tocellular accumulation of bile acids induces an 
up-regulation of monocyte chemotaxis protein-1 
(MCP-1), which in turn results in hepatic stellate 
cell recruitment and therefore may represent an 
early event in liver fibrogenesis(12). On the basis 
of these data, the aim of the present study was to 
investigate a potential role of ABCB11c 1331 T 
> C variants (rs 2287622) on fibrosis staging in 
chronic HCV Egyptian patients.

SUBJECTS AND METHODS

177 established chronic HCV Egyptian pa-
tients were recruited from Cairo University Cen-
ter for Hepatic Fibrosis, Endemic Medicine De-
partment, Kasr al Ainy Hospital between Janu-
ary 2015 and October 2015. They were divided 
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into 2 groups according to the degree of hepatic 
fibrosis detected by fibroscan. Group A were 100 
chronic HCV patients with mild hepatic fibrosis 
(F0-F2), while group B were 77 Chronic HCV 
patients with advanced hepatic fibrosis (F3-F4). 
The study was approved by the local Research 
Ethics Committee, and all patients provided in-
formed consents.

All patients recruited were above 18 years 
of age and were  positive for HCV antibodies 
and HCV RNA for more than 6 months. Patients 
with co-infection with HBV or have hepato-
cellular carcinoma or alcohol consumption or 
morbid obesity (BMI more than 40 kg\m2) were 
excluded from the study. All patients were sub-
jected to thorough history taking, clinical,  bio-
chemical and virological examinations. Assess-
ment for the degree of fibrosis was detected by 
using fibroscan. 

Genotyping Analysis

Genomic DNA was extracted from 2 ml of  
peripheral whole blood mononuclear cells using 
TINAamp Genomic DNA extraction   kit (Tangen 
Biotech, Beijing). Quantity of DNA was assessed 
on the basis of Qubit dsDNA BR assay kit with 
the use of Qubit 2.0 flurometer (Invitrogen, UK). 
Genotyping for ABCB11c 1331 T>C (rs2287622) 
was performed using TaqMan  SNP Genotyping 
Assays (Applied Biosystems, Foster City, CA). 
DNA was amplified in a total volume of 20 μl 
containing 10 μl TaqMan Universal Master Mix), 
1 uL of TaqMan Genotyping Assay mix (20x), 
20 ng template DNA and nuclease free water  to 
complete the total volume to 20 uL. PCR was 
performed on StepOne Real-Time PCR using 
the following protocol: holding stage at 95˚C for 
10 minutes, 50 cycles of denaturing at 92˚C for 
15 seconds, annealing 60˚C for 90 seconds and 
post-PCR read at 60˚C for 30 seconds). After 
PCR amplification, Allelic discrimination was 
done on StepOne software. The fluorescent yield 
for the two different dyes, VIC and FAM, was 
measured and presented in a two-dimensional 
graph.

RESULTS

This cross sectional study was conducted on 
177 chronic HCV patients. Fibroscan was   done  

to  all patients to assess the stage of hepatic fi-
brosis (Table 1). Patients were divided into two 
groups. Group 1 included 100 chronic HCV 
patients with mild hepatic fibrosis (F0-F2), 55 
males (55%) and 45 females (45%). Group 2 in-
cluded 77 chronic HCV patients with advanced 
hepatic fibrosis (F3-F4), 43 males (56%) and 34 
females (44%).

No significant difference could be detected 
upon comparing  gender between the 2 studied 
groups, p=0.551.

Frequency distribution of ABCB11 genotypes 
in the two studied groups is represented in table 
1.

The laboratory and clinical parameters among 
the two studied groups are shown in table 2.

No specific pattern of association could be 
detected on comparing the genotype frequencies 
in the two studied groups, p = 0.112, table 3.

No special pattern of association could be 
detected upon collapse of TT genotype versus 
TC and CC genotypes, table 4, or CC geno-
type versus TT and TC genotypes, table 5, p 
=0.913,0.052, respectively.

No association could be detected upon com-
paring the frequencies of the 2 alleles (C and 
T alleles) between  the  two  studied groups, p 
value=0.219, table 6. 
Table 1:  Frequency distribution of ABCB11 geno-

type in the two studied groups

Fibroscan
Genotype

TT (n=35) CC (n=55) TC (n=87)

f0(n=32) 7 (21.9%) 13 (40.6%) 12 (37.5%)

f0-
f1(n=4) 2 (50.0%) 0 (0.0%) 2 (50.0%)

f1(n=27) 5 (18.5%) 12 (44.4%) 10 (37.0%)

f1-
f2(n=23) 3 (13.0%) 8 (34.8%) 12 (52.2%)

f2(n=14) 3 (21.4%) 4 (28.6%) 7 (50.0%)

f3(n=30) 3 (10.0%) 9 (30.0%) 18(60.0%)

f3-
f4(n=4) 0 (0.0%) 1(25.0%) 3(75.0%)

f4(n=43) 12 (27.9%) 8 (18.6%) 23(53.5%)

Data presented as number and percentage (%)
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Table 2: Laboratory and clinical parameters among the two studied groups

Group 1

(f0-f2)

Group 2

(f3-f4)
p value

*ALT (6-220) 36 (12-91) 33 0.556

*AST (3-128) 33 (12-115) 37 0.018

*Urea (10-92) 28 (12-92) 28 0.828
*Creatinine (0.5-2.6) 0.8 (0.5-2.9) 0.9 0.089

*PCR

viremia

516966

(0-4799168)
(0-1698366) 218841 0.716

*Prothrombin concentration (41-100) 87 (41-100) 83 <0.0005
*Age (17-70) 51 (29-70) 53 0.178
**Jaundice

Mild jaundice

No jaundice

(16%) 16

(84%) 84

(43.9%) 43

(56.1%) 55 <0.0005

**Lower limb edema

LL edema

No LL edema

(0%) 0

(100%)100

(24.5%) 24

(75.5%) 74
<0.0005

* Data presented as median (minimum-maximum).
**Data presented as number and percentage (%).  

Table 3:  Frequency of different genotypes between the two groups
Group

       

Genotype
p value

TT (n=35)   CC (n=55)                                         TC (n=87)

)F02)n=100 (20%)20 (37%)37 (43%)43
0.112

)F3-4)n=77 (19.5%)15 (23.4%)18 (57%)44
Results were presented as number (n) of patients and percentage.  

Table 4:  Frequency distribution of TT genotype versus other genotypes )TC and CC) in the two studied 
groups

Group Genotype TT versus Others
p value

TT )n=35) TC/CC )n=142)

F0-2)n=100) 20(20%) 80(80%)
0.931

F3-4 )n=77) 15(19.5%) 62(80.5 %)
Results were presented as number (n) of patients and percentage.    
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DISCUSSION

Chronic HCV infection produces injury 
and inflammation of the liver which appear to 
be responsible for fibrogenesis in these pa-
tients(3). 

Fibrogenesis persists as long as hepatic injury 
is present,  and it is thought that it helps to limit 
the extension of the inflammatory reaction. So, 
fibrosis is a physiologic mechanism, which is 
at first beneficial, but it can become pathologi-
cal if the viral infection and chronic hepatocel-
lular injury persist(14). HCV replication is tightly 
linked to lipid metabolism, while the bile salts 
are involved in the fat absorption. This rein-
forces  the role of bile salt regulatory molecules 
as potential host factors modulating HCV rep-
lication, not necessarily by direct effect of bile 
salts but through feedback regulation of lipid 
metabolism(5). Hepatocellular accumulation of 
bile acids contributes to an up-regulation of in-
flammatory cytokines and chemokines which in 
turn results in hepatic stellate cell activation as a 
key event in hepatic fibrogenesis(1).  Serum bile 
acid levels are higher in patients with advanced 
hepatic fibrosis (f3-4) compared to patients with 
mild hepatic fibrosis (f0-2) in chronic HCV pa-
tients. Bile acids also specifically enhance RNA 
replication of hepatitis C virus influencing the 
efficacy of antiviral treatment(15). Genetic factors 
play an important role in the progression to he-
patic fibrosis in chronic HCV patients;  ABCB11 
gene is one of these genes(8). In the present 
study, there was no statistical significant differ-
ence between mild and advanced chronic HCV 

fibrotic patients as regards Age (p=0.178), gen-
der (P =0.988), ALT (p=0.556), AST (p=0.018), 
Urea (p=0.828), Creatinine (p=0.089) and HCV 
PCR (p=0.716). There was  a highly statistically 
significant difference between the two groups 
regarding prothrombin concentration (PC) (p 
<0.0005), the presence of jaundice (P <0.0005)  
and lower limb edema (P <0.0005). There was 
no statistically significant difference between 
mild and advanced chronic HCV fibrotic pa-
tients in the distribution of different genotypes of 
ABCB11c 1331 T > C (p=0.112). Moreover  no 
special pattern of association could be detected 
upon collapse of CC genotype versus other gen-
otypes (TT and TC), (p = 0.052) or upon collapse 
of TT genotype versus other genotypes (TC and 
CC), (p=0.913). Also, no association could be 
detected upon comparing the frequencies of the 
two alleles (C and T) between the two studied 
groups. The C allele was more prevalent in the 
mild fibrosis group (58.5% compared to 51.9% 
in the advanced fibrosis group). The difference 
was, however, non-significant (p=0.219).        

Iwata, R. et al(7) studied ABCB11 1331T>C 
in 206 chronic HCV patients, 178 of which were 
analyzed for fibrosis stage measured by liver bi-
opsy. In accordance with our results, they found 
that there was no statistical significant differ-
ence in the distribution of different genotypes 
according to fibrosis stage. They also found that 
the presence of the 1331C allele was over rep-
resented in the cirrhotic patients compared with 
the non-cirrhotic ones, yet the difference did not 
reach  statistical significance (p=0.054). In con-

Table 5: Frequency distribution of CC genotype versus other genotypes in )TT and TC) in the two studied 
groups.

Group Genotype CC versus Others
p value

TT/TC )n=122) CC )n=55)
)F0-2)n=100 63(63%) (37%)37
)F3-4 )n=77 59(76.6%) (23.4%)18 0.052

Results were presented as number (n) of patients and percentage.

Table 6: Allelic frequency of ABCB11 gene between the two studied groups

Group      C (n=197) T (n=157) p value
 F0-2 (n=200) 117(58.5%) 83(41.5%)
 F3-4 (n=154) 80(51.9%) 74(48.1%) 0.219

Results were presented as number (n) of patients and percentage.
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trast to our results, They found a weak statisti-
cal significant difference in fibrosis progression 
in chronic HCV patients upon collapsing CC 
genotype versus other genotypes (TC and TT). 
This result suggested a weak association of CC 
genotype with progression of fibrogenesis dur-
ing hepatitis C infection (p=0.047).   

In harmony with the current study, Mullen-
bach R. et al(11) investigated a possible associa-
tion of ABCB11c 1331 T>C with hepatitis C virus 
(HCV) infection and fibrosis stages as assessed 
by fibroscan in German patients. They found that 
there was no significant correlation detected be-
tween the presence of cirrhosis and the presence 
of the (CC) genotype in chronic HCV patients 
(p=0.925). They also found that the prevalence 
of (TT) genotype in patients with fibrosis is low-
er than those without fibrosis, however this dif-
ference was non-significant (p=0.062).

In our study, the CC genotype was found in 
37% of mild fibrosis patients compared to 23% 
only in advanced fibrosis patients which is dif-
ferent from that found by Iwata R. et al(7) and 
Mullenbach R. et al(11), this could be attributed 
to difference in in the HCV genotype as the most 
common genotype in Egypt is genotype 4(4), 
while in the other studies were genotypes 1, 2& 
3. Another explanation for the difference in the 
results among the two studies could be attribut-
ed to ethnicity difference(16). Similarly, Rau M. 
et al(13) studied 649 HCV infected patients with 
fibrosis and 413 controls for ABCB11 1331 ge-
netic variant and its relation to hepatic fibrosis 
progression. They found that ABCB11 1331 is 
not associated with liver fibrosis in chronic HCV 
patients (p=0.925). Yet they found that the risk 
allele C carriers were over represented among 
HCV fibrotic patients. They also found that there 
was no significant association between ABCB11 
polymorphism and prevalence of cirrhosis either 
in patients with non-alcoholic fatty liver disease 
(NASH) or in a population with alcoholic liver 
disease could be identified. This leads to the 
speculation that the association of ABCB11 1331 
genetic variants to fibrosis progression could be 
HCV-specific.

As ABCB11 gene is a bile acid regulating 
gene, disturbance in the serum bile acid level 

may progress to hepatic fibrosis. The study con-
ducted by Sclomai A. et al(15) investigated the se-
rum bile acid level as a predictor for the severity 
of hepatic fibrosis (measured by liver biopsy and 
fibrotest) in chronic HCV patients. They found 
that increased serum bile acid levels induce he-
patic fibrosis possibly through activation of he-
patic stellate cells. The serum bile acid level was 
significantly higher in patients with advanced 
hepatic fibrosis (f3-f4) compared to the patients 
with mild hepatic fibrosis (f0-f2) (p<0.0001).

The study conducted by Invernizzi, P(6) corre-
lated elevated serum bile acid level with hepatic 
fibrosis progression in chronic HCV patients. 
They found that elevated serum bile acid in 
chronic HCV patients is due to ABCB11c 1331 
T>C genetic variant which is different from that 
present in the patients with intrahepatic cholesta-
sis of the pregnancy and drug induced cholesta-
sis.

As the bile salt export pump (the protein 
product of ABCB11 gene) is the main transporter 
responsible for canalicular bile salt secretion, the 
study conducted by Dietrich C et al(3) observed 
that the down regulation of the bile salt export 
pump (BSEP) in chronic HCV patients leads to 
hepatocellular accumulation of bile acids, which 
is the key factor for fibrogenesis in these pa-
tients. Also the mRNA level of ABCB11 gene is 
decreased in chronic HCV patients depending on 
the degree of hepatic fibrosis with nearly 50% 
decrease between f3 and f1 patients(p=0.009).

The current study was conducted to resolve 
the issue of association of ABCB11 gene with fi-
brosis progression and whether the distribution 
of this gene among Egyptians would support the 
hypothesis that polymorphism in this gene may 
be incriminated in development of advanced fi-
brosis in HCV patients. The sample size was cal-
culated before embarking on the study and was 
adjusted to have an 80% power of detection of 
difference in gene distribution, if this difference 
actually exists in our community. Based on such 
calculations, it is felt that the sample size chosen 
was adequate and that failure to elicit significant 
difference was due to genuine absence of differ-
ence rather than the use of a small sample size.

In summary, The role of genetic factors in the 
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progression to hepatic fibrosis in chronic HCV 
patients is complex, and the magnitude effects 
are likely to vary greatly. An association (wheth-
er negative or positive) between ABCB11 gene 
polymorphism and fibrosis progression, though 
not proven in this study, requires further confir-
mation by larger scale or prospective longitudi-
nal studies.

Aknowledgment: Cairo University for He-
patic fibrosis Funded by STDFID 5274
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دور التعدد الجيني للجين ABCB11    في النقطه )2287622( علي تطور تليف الكبد في المرضي المصريين المصابين 
بااللتهاب الكبد الوبائي المزمن سي

شريف مفيد اقالديوس – رانيا كمال درويش – سما سالمه – احمد خيرى
التهاب الكبد الوبائي فيروس سي هو احد االسباب الرئيسيه المراض الكبد المزمنه ويقدر بحوالي 130- 170مليون شخص مصابين 
بالتهاب الكبد الوبائي سي في جميع انحاء العالم وانتشار المرض هو االعلي في مصر واصاب اكثر من %10 من جميع سكان العالم. 
تليف الكبد يحدث نتيجه استجابه الجهاز المناعي لدخول الفيروس حيث يتم افراز السيتوكينات من الخاليا الليمفاويه والتي بدورها تحفز 
المرضي  الكبد في  تليف  تبين وجود خطر وراثي لحدوث  قد  الكبدي.  التليف  النجميه كعامل اساسي في عمليه حدوث  الكبديه  الخاليا 
المصابين بااللتهاب الكبد الوبائي سي.  الهدف من الدراسه: هذه الدراسه صممت لمعرفه دور التعدد الجيني للجينABCB11 في النقطه 
(2287622) علي تطور تليف الكبد في المرضي المصرين المصابين بالتهابي الكبدي المزمن سي. الحاالت وطريقه البحث:  تم اجراء 
الرساله علي 177 من المرضي المصريين المصابين بااللتهاب الكبدي- فيروس سي والذين تم عمل fibroscan لهم لتقييم درجه التليف 
الكبدي في مركز جامعه القاهره للكشف عن التليف, قسم المراض المتوطنه, مستشفي قصر العيني خالل السنوات 2015-  2016.
وتم عمل بي-سي-ار لهم لتحديد التحور الجيني في الجين ABCB11 في النقطه (2287622). النتائج  اثبتت هذه الدراسه انه ال توجد 
عالقه ذات دالله hحصائيه في االنواع الوراثيه المختلفه للجين ABCB11 علي تطور التليف الكبدي في المرضي المصريين المصابين 

بااللتهاب الكبدي المزمن سي.   
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ABSTRACT
Background: X-ray repair cross complementing 1 (XRCC1) gene is a key gene in DNA repair system. XRCC1 polymor-

phisms are associated with various types of cancers. Among which is lung cancer which has been attributed to smoking as 
well as other factors i.e. accumulation of DNA damage over the years, aging, environmental and occupational toxic exposures.  
Aim: we investigated the association between Arg399Gln and T-77C polymorphisms of XRCC1 gene and risk of developing 
lung cancers. Patients and Methods: 60 newly diagnosed bronchogenic carcinoma patients and 25 controls were included in 
this study. Two common polymorphisms of XRCC1 gene were studied; Arg399Gln (rs25487) and T-77C (rs3213245) using 
polymerase chain reaction-restriction fragment length polymorphism (PCR- RFLP).Results: The frequency of Gln/Gln geno-
type and Gln allele of Arg399Gln and CC genotype and C allele of T-77C polymorphisms are higher among the patient groups 
than in the control groups though not reaching a significant statistical difference (p=0.216, 0.693, 0.228 &0.294 respectively). 
Conclusion: our results suggest no association between Arg399Gln and T-77C polymorphisms of XRCC1 gene and the risk of 
developing lung cancer which may be due small sample size which need to be conducted on a large scale multi-center screening 
of primary lung cancer across Egypt. Keywords: XRCC1, DNA repair, PCR, RFLP, Lung Cancer

Departments of  Forensic Medicine & Clinical Toxicology*, Chest*and   Clinical  & Chemical 
Pathology***, Faculty of  Medicine, Cairo University, Egypt..

Egypt. J. Lab. Med. Vol.(28)  No.3,  October, 2016, 237 - 244.

INTRODUCTION

The integrity of our genetic material is affect-
ed by numerous of endogenous and exogenous 
factors including exposure to reactive Oxygen 
species (ROS) and exogenous genotoxic agents 
including ionizing radiation and anti-cancer 
medications(1). DNA repair genes, are genes 
encoding the enzymes and proteins needed for 
genomic stability and their dysfunction con-
tributes to cancer initiation(13). Mutations in the 
DNA repair genes lead to genomic instability(25) 
and prevents the protection of eukaryotic cells 
by removing abnormal cells or repairing them(20). 
Among the DNA repair genes is X Ray Cross 
Complementing group 1 ( XRCC1) gene which 
is located on the long arm of chromosome 19 
(19q13.2–13.3) , and its gene product is impli-
cated in single-strand break repair (SSBs) and 
base excision repair (BER) mechanisms(17).. 
XRCC1 can interact with several important re-
pair enzymes through its different domains, 
such as DNA ligase III, DNA polymerase β, 
poly(ADP-ribose) polymerase (PARP) 1 and 2, 
human AP endonuclease, polynucleotide kinase 
(PNK), human 8-oxoguanine DNA glycosylase 
(OGG1), and proliferating cell nuclear antigen 
(PCNA)(17). Three coding polymorphisms in the 

XRCC1 gene at codons 194 (Arg to Trp), 280 
(Arg to His), and 399 (Arg to Gln) have been 
identified and studied to be associated with the 
risk of cancer development(30). 5’UTR–77TC 
polymorphism is located in the 5’untranslated 
region of XRCC1gene and it has been reported 
to decrease transcriptional activity of C-allele 
containing promoter with higher affinity to Sp1 
binding(10).

Smoking is a rich source of reactive oxygen 
species and chemical carcinogens, and there is 
a close relation between smoking and the de-
velopment of all kinds of tumors. Reactive oxy-
gen species, coming from burning tobacco, can 
cause direct damage to DNA by initiating lipid 
peroxidation and oxidizing proteins(28).

Tumorigensis in lung cancer is influenced 
not only by cigarette smoking but genetic 
susceptibility & mutations in the DNA repair 
genes play an important role. In this study we 
aimed to investigate the association of XRCC1 
gene ( rs 3213245: T-77C, and rs 25487: 
Arg399Gln) polymorphisms  with risk of lung 
cancer in a pilot of smoking Egyptian population.

PATIENTS AND METHODS

This is a case-control study that was carried 
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out in Kasr Alaini Hospital Faculty of Medicine-
Cairo University. The study included 85 subjects 
divided into two groups; group 1 contained 60 
patients (50 males and 10 females) diagnosed 
as bronchogenic carcinoma (de novo) before re-
ceiving any treatment, they were recruited from 
the chest department. Group 2 contained 25 age 
and sex matched subjects with no cancer history 
as control group.  The study was approved by 
the Ethical Medical Committee of the Faculty 
and informed written consent forms have been 
signed by all subjects.   We exclude any criteria 
that could have an impact on DNA damage or 
attaining mutations like familial predisposition, 
history of cancer (both personal and familial), 
occupational risk, chronic illness or long-term 
medication. All participants were subjected to 
full history taking, full clinical and radiological 
examinations.

DNA Isolation and Genotyping of XRCC1 
(Arg399Gln and T-77C) polymorphisms: all 
the molecular analysis was done in the molecu-
lar unit of the Chemical Pathology Department.

 Blood samples were collected in sterile 
EDTA vacutainers. Genomic DNA was extracted 
from whole blood leukocytes using salting out 
technique(21). Determination of XRCC1 Gene 
Arg399Gln (rs25487) and T-77C (rs3213245) 
polymorphisms was done using Polymerase 
chain reaction restriction fragment length poly-
morphism (PCR-RFLP) method, using Hybaid 
thermal cycler Promega Corporation, USA, for 
PCR. The PCR and RFLP protocols for the two 
polymorphisms are mentioned in table 1. PCR 
conditions were initial denaturation at 95°C for 
5 min, then 35 cycles of 1 min denaturation at 
95°C, 1 min annealing (annealing temperatures 

are shown on table 1), then 1 minutes extension 
at 72°C, followed by final extension at 72°C for 
10 min. after completing the cycles. The ampli-
fied products then digested with restriction en-
zymes (Table 1) at 37°C for three hours. The 
digested products then detected in 3.5% agarose 
gel containing Ethidium Bromide by performing 
electrophoresis on gel electrophoresis apparatus 
and visualized by UV Trans-illumination. Prim-
ers are supplied by (Bio Basic Canada Inc.), and 
restriction enzymes are supplied by (Fermentas, 
LT- 02241 Vilnius, Lithuania). 

Statistical analysis

Chi-square test was used to compare allele 
and genotype frequency among different stud-
ied groups. Quantitative data were expressed 
as mean ± SD and compared using t-test when 
normally distributed, and as median and range 
using Mann Whitney U test when not normally 
distributed. Allele frequency was calculated us-
ing the gene counting method (each individual 
is represented by 2 alleles & allele frequency = 
number of mutated alleles/ total number of al-
leles). The genotypes distributions were consis-
tent with Hardy–Weinberg equilibrium. P value 
<0.05 is considered significant. Odds ratios (OR) 
and 95% confidence interval (CI) were calcu-
lated. Statistical analysis was performed with 
IBM®SPSS Statistics Version 20 for Windows.

RESULTS

 The demographic and clinical data of the 
studied groups are represented in table2. Ad-
enocarcinoma is the most common histopatho-
logical type of lung cancer among the patients 
groups (48.3%).

Table1. PCR-RFLP protocols for Arg399Gln and T-77C polymorphisms of XRCC1 gene(7,19)

Gene 
polymorphism

Primer sequence
Primer 

annealing 
condition

*RE Allele
Product 

size *(bp)

Arg399Gln

(uncutband 615)

F 5' TTGTGCTTTCTCTGTGTCCA3'

R 5’ TCCTCCAGCCTTTTCTGATA3’

56ºC for 
60 S

MPS1
Arg

Gln

375, 240

615
T-77C

(uncutband 219)

F 5' GGGCTGGAGGAAACGCTC3'

R 5’ TGGCCAGAAGGATGAGGTAGAG3’

60ºC for 
60 S

BsrB1
T

C

116,57,46

173, 46
*RE: Restriction Enzyme, bp: base pair
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Table2. Demographic and clinical data of the studied groups

Cases

n= 60

Controls

n= 25

*p-value

Gender: Males

          Females

50 (83.3%)

10 (16.7%)

20 (80%)

5 (20%) 0.713
Age : < 60 years

           >60 years

34 ( 56.7 %)

26 ( 43.3%)

20 (80%)

5 (20%) 0.023
Smoking history :Smokers

                     Non-smokers

49 ( 81.6%)

11 (18.4%)

12 (48%)

13 (52%) 0.002
Type of tobacco: Cigarette

                        Shisha

                        Others 

                     Non-smokers

36 ( 60%)

9 ( 15%)

4 (6.7%)

11 (18.4%)

12 (48%)

0 (0%)

0(0%)

13 (52%)

0.005

Duration of smoking: < 10 years

                             10-30 years

                             >30 years

1(1.6%)

16 (26.7%)

32 (53.3%)

0 (%)

12 (48%)

0 (0%)

<0.001

Histopathological types:

                  Adenocarcinoma

             Squamous cell carcinoma

             Small cell lung cancer

                     Others 

29 (48.3%)

14 (23.3%)

11 (18.4%)

6 (10%)

-

-

-

-

-

 *p is significant if ≤ 0.05
Table (3): Genotypes frequencies of T-77C and Arg399Gln polymorphisms among the studied groups

Gene polymorphism Case

(n = 60)

Control

(n = 25)
P-value Odds ratio 

(OR) 95% CI

T-77C genotypes

TT

TC

CC

T-77C Alleles

    T allele

    C allele

29 (48.3%)

18 (30.0%)

13 (21.7%)

0.76

0.44

13 (52.0%)

10 (40.0%)

2 (8.0%)

0.36

0.14

0.744

0.167

0.228

0.294

0.852

0.500

2.582

0.67

1.51

0.326 – 2.227

0.186 – 1.347

0.529 – 12.609

0.30-1.45

0.721-3.162
Arg399Gln genotypes

Arg/Arg

Arg/Gln

Gln/Gln

Arg399Gln alleles

Arg allele

Gln allele 

38 (63.3%)

10 (16.7%)

12 (20%%)

0.86

0.34

15 (60.0%)

8 (32.0%)

2 (8.0%)

0.38

0.12

0.809

0.147

0.216

0.693

1.15

0.48

2.8

0.854

1.171

0.442 – 3.179

0.154 – 1.412

0.56 – 28.26

0.389-1.872

0.534-2.568
*P is Significant if  ≤ 0.05
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The frequencies of Arg399Gln and T-77C 

polymorphisms of XRCC1 gene are represented 
in table 3. The frequency of CC genotype of T-
77C and Gln/Gln genotype of Arg399Gln poly-
morphisms are higher among the patient groups 
than in the control groups though not reach-
ing a significant statistical difference (p=0.228 
&0.216 respectively), also TT and Arg/Arg 
genotypes showed no significant statistical dif-
ference among the 2 studied groups (p=0.744 & 
0.809 respectively). 

Although subjects with the CC genotype had 

a 2.58-fold risk of lung cancer compared with 
those with the TT genotype, and subjects with 
Gln/Gln genotype had a 2.8 -fold risk of lung 
cancer compared with those with the Arg/Arg 
genotype they were not statistically significant 
(95% CI, 0.529-12.61 & 0.56-28.26 respective-
ly). This was due to the fact that the frequency of 
the CC and Gln/Gln genotypes in both the cases 
and controls were too low to assess the lung can-
cer risk. As regards to the allele frequencies, the 
two studied polymorphisms showed no signifi-
cant statistical differences between the 2 studied 
groups (p> 0.05). 

Table (4): Genotype frequencies of T-77C polymorphisms in relation to state of smoking among the 
studied groups

T-77C

Patients(n=60) Controls(n=25) P OR (CI 95%)
Smoker

n= 49

Non-smoker

n= 11

Smoker

n= 12

Non-smoker

n= 13

TT 25 4 5 8 0.003 10(1.78-61.82)
TC 15 3 6 4 0.207 3.33(0.4-28.95)
CC 9 4 1 1 1 2.25(0.05-96.8)
T 65 11 16 20 0.00 7.64(3.16-18.4)
C 33 11 8 6 0.311 2.25(0.5-9.31)

Smokers carrying TT genotype have 10 fold increased risk of developing lung cancer (OR= 10,CI= 
1.78-61.82, p= 0.003)

Table (5): Genotype frequencies of Arg399Gln polymorphisms in relation to state of smoking among the 
studied groups

Arg399Gln

Patients(n=60) Controls(n=25) P OR (CI 95%)
Smoker

n= 49

Non-smoker

n= 11

Smoker

n= 12

N o n -
smoker

n= 13
Arg/Arg 31 7 6 8 0.010 5.9  (1.27-27.71)
Arg/Gln 8 3 4 4 0.377 2.67 (0.27-27.33)
Gln/Gln 10 1 2 1 0.396 5 (0.04-430.6)
Arg 70 17 16 22 0.000 5.66 (2.27-14.17)
Gln 28 5 8 4 0.219 2.8 (0.43-16.43)

Smokers carrying Arg/Arg genotype have 5.9 fold increased risk of developing lung cancer (OR= 5.9, 
CI= 1.27-27.71, p= 0.010).
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DISCUSSION

Lung cancer is still representing a stressing 
health problem, despite the great efforts done to 
discover the causative molecular mechanisms. 
This may be due to the high relapse rate occur-
ring after a curative treatment or due to the very 
late presentation that the patient come with (28,29)

XRCC1 is one of DNA repair genes and it is a 
key gene in nucleotide excision repair pathway 
(8).

  In this study we aimed to detect the asso-
ciation of XRCC1 gene polymorphisms (Arg-
399Gln and T-77C) as one of the repair genes 
with the occurrence of lung cancer in a sample of 
newly diagnosed lung cancer patients. 

In the present study, although the frequency 
of Gln/Gln genotype of Arg399Gln polymor-
phisms and CC genotype of T-77C are higher 
among the patient groups than in the control 
groups, they’re not reaching a significant sta-
tistical difference, also Arg/Arg and TT geno-
types showed no significant statistical difference 
among the 2 studied groups. The frequency of 
the Gln allele among the patients groups in our 
study is 34%. This is similar to that reported by 
Popanda et al, among Caucasians populations 
(36.7%), while the frequency of the same allele 
among the control group is 12% while Popanda 
et al reported 38.7%(27). 

Elbaz et al. also, reported no significant asso-
ciation between Arg399Gln polymorphism and 
lung cancer among Egyptian patients(5). Also, 
Karkucak et al. reported that XRCC1 gene Arg-
399Gln polymorphism is not associated with an 
increased risk for the development of lung cancer 
in Turkish patients(15).  In contrary to the above 
results, Kiyohara et al. found that an increase in 
the development of lung cancer has been identi-
fied in Asians with the Gln/Gln genotype, but no 
increase in this risk has been observed in Cau-
casians(16).

More than sixty SNPs have been identified 
in the XRCC1 gene with the most extensively 
investigated coding region SNPs being Arg-
399Gln on exon 10 due to its location within the 
region of the BRCT1 binding domain. The effect 
of Arg399Gln genotype on the ability of a cell to 

repair DNA damage has been studied most com-
monly involving human lymphocytes challenged 
with a DNA-damaging agent as vinyl chloride 
metabolite with the repair ability compared 
across individuals having different genotypes(6). 
Various evidences showed that Arg399Gln vari-
ant genotype of XRCC1 399 can decrease repair 
capability as for example, the removal of DNA 
adducts from two lymphoblast cell lines exposed 
to vinyl chloride metabolite had been evaluated 
and showed that the efficiency of repair of DNA 
adducts in the XRCC1 399 homozygous wild-
type (Arg/Arg) cells was four times greater than 
the efficiency of repair in the homozygous vari-
ant (Gln/Gln) cells(18). 

The role of XRCC1 Arg399Gln 
polymorphism plays in occurrence of lung cancer 
is still controversial, where some studies have 
shown that genetic polymorphism of XRCC1 
Arg399Gln was associated with risk of lung 
cancer(2,3)  other studies found no association, 
and one reported a protective effect of the variant 
allele(22,24,32). 

T-77C SNP (rs3213245) is a promoter poly-
morphism that decreases the overall XRCC1 
gene expression, has been also implicated in 
many malignancies. It was found that codon Ar-
g399Gln and -77T>C XRCC1 polymorphisms 
have the great impact on the toxico-dynamic 
response protecting the DNA against different 
DNA damaging reagents(6)  To our knowledge, 
our study is the first study to investigate XRCC1 
T-77C promoter polymorphism in primary lung 
cancer among the Egyptian population. Our re-
sults showed no association between XRCC1 
T-77C gene polymorphism and lung cancer. 
Contrary to our results, Hao et al, concluded that 
both XRCC1 -77 genotypes (TC and CC) were 
associated with high risk of lung cancer espe-
cially in Chinese smokers(9). Moreover,  Huang 
et al, tested XRCC1 polymorphisms in a meta-
analysis done on all case/control relevant stud-
ies on PubMed, ISI, and Embase databases until 
January 2013. The number of patients included 
in this analysis were Arg399Gln (14,156 cases 
and 16,667 controls from 41 studies), and T-77C 
(2,487 cases and 2,576 controls from 5 studies). 
The analysis showed that -77T>C genotype was 
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associated with lung cancer especially in Cauca-
sians however, Arg399Gln was not(13).

Functional analysis of -77T>C polymor-
phism in the XRCC1 5›UTR revealed that the 
T to C mutation greatly enhances the affinity of 
nuclear protein Sp1 to the XRCC1 promoter re-
gion, which may inhibit its transcription(10). Few 
studies were involved in the association of this 
polymorphisms and lung cancer risk; in agree 
with our results, Hsieh et al reported that the 
XRCC1 T-77C polymorphism was not associ-
ated with the risk of lung cancer in Taiwanese 
patients(11). Also, De Ruyck et al, reported no as-
sociations with lung cancer risk were found for 
the XRCC1 −77 T/C in Caucasians(4). While Hu 
et al, reported that XRCC1 -77T>C polymor-
phism may contribute to the etiology of lung 
cancer among Chinese Han population(12). 

Several studies suggested a possible inter-
action between XRCC1 codon 399 and T-77C 
promoter and smoking on lung cancer risk(14,23,31)

indicating that smoking represent shared genes 
and environmental factors, and that the weak ef-
fect of a single polymorphism on the individual’s 
phenotype may not be measurable except in the 
context of these risk factors. Therefore, gene-
environment interactions have been of great in-
terest to evaluate the exact roles of genetic poly-
morphisms. In the present study, Smokers carry-
ing TT and Arg/Arg genotypes have increased 
risk of developing lung cancer than non smokers.

In summary, our study investigated the rela-
tionship between XRCC1 Arg399Gln and T-77C 
polymorphisms as one of the DNA repair genes 
and newly diagnosed bronchogenic carcinoma. 
Although subjects with the CC genotype had 
a 2.58-fold risk of lung cancer compared with 
those with the TT genotype, and subjects with 
Gln/Gln genotype had a 2.16-fold risk of lung 
cancer compared with those with the Arg/Arg 
genotype they were not reaching statistically sig-
nificant difference. The difference between our 
results and the results of previous studies may 
be due to different ethnic population and small 
sample size.   

In conclusion, the non-significant correlation 
between XRCC1 gene as repair gene and devel-
opment of bronchogenic carcinoma need to be 

conducted on a larger scale from multi-centers 
and over multiple governorates to screen these 
polymorphisms in primary lung cancer across 
Egypt.
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دراسة عالقة التحورات الجينية فى جين XRCC1 كواحد من جينات اصالح الحمض النووى و حدوث سرطان 
الرئة فى دراسة استرشادية

دينا شكرى - دعاء توفيق - عبير زايد - ريم القرشى - حنان مدنى
يعتبر جين XRCC1 أحد الجينات الهامة فى مجموعة جينات إصالح الحمض النووي و لذلك فان التحور الجينى 
لهذا الجين عادة ما يصاحبه حدوث العديد من األورام الخبيثة. و أحد هذه أألورام هو سرطان الرئة و الذى له عدة مسببات 
بجانب التدخين منها على سبيل المثال تراكم تلف الحمض النووى على مر السنين, الشيخوخة, و التعرض للعوامل البيئية 
 Arg399Gln و المهنية الملوثة بالسموم و المواد المسرطنة. الهدف من هذه الدراسة هو دراسة عالقة التحورات الجينية
and T-77C  لجين XRCC1 و حدوث سرطان الرئة.  وقد شملت الدراسة 60 مريض بسرطان الرئة حديثى التشخيص 
و 25 شخصا خالى من السرطان كمجموعة ضابطة. و قد تمت الدراسة الجينية الثنين من اهم التحورات الجينية لجين 
XRCC1  و هما Arg399Gln (rs25487) و T-77C (rs3213245)باستخدام تفاعل البلمرة المتسلسل ثم اتبع ب 
restriction fragment length polymorphism لتحديد نوع التحور الموجود هذا و قد ثبت فى هذه الدراسة ارتفاع 
فى نسبة كال من التحورين الجينيين اللذين تم دراستهما و لكن هذا االرتفاع لم يصل الى نسبة كبيرة على مستوى التحليل 
األحصائى و لذلك فاننا نتقترح أن يتم دراسة هذه التحورات الجينية على نطاق واسع يشمل عدد اكبر من المرضى من 

مراكز مختلفة فى البالد. 



POTENTIAL INFLUENCE OF INTERLEUKIN-1 RECEPTOR 
ANTAGONIST GENE POLYMORPHISM ON IMMUNE 
THROMBOCYTOPENIC PURPURA IN EGYPTIANS
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ABSTRACT
Cellular immunity and cytokine response play crucial roles in the pathogenesis of immune thrombocytopenic purpura 

(ITP). Abnormal cytokines levels have been reported in ITP. Interleukin-1 receptor antagonist gene (IL-1RN) codes for IL-1 
Ra, which neutralizes the effects of IL-1. IL-1/ IL-1 Ra balance is important in maintaining the homeostasis of immune system. 
IL-1RN polymorphisms may lead to changes in this balance hence increasing susceptibility to ITP.  Study was conducted on 120 
ITP patients [55/120 patients (45.8%) were ≤ 18 years, 76/120 were females (63.3%)], and 120 age and sex matched normal 
subjects. IL-1RN- VNTR genotyping was done using the polymerase chain reaction-restriction fragment length polymorphisms 
(PCR-RFLP) method. IL-1RN*1 was the most frequent allele encountered among the ITP patients as well as the controls. IL-1 
R N*1/1 is the predominant genotype among ITP patients as well as the controls. No statistically significant difference was 
observed between ITP patients and control subjects regarding IL1-RN allele or genotypes frequencies. The current study hasn’t 
encountered any association between the IL-1RN -VNTR polymorphism and the risk of ITP. IL-1RN -VNTR polymorphism has 
no role in the pathogenesis or the progression of ITP among adults as well as pediatric Egyptian patients. Key words: IL-1RN- 
VNTR, ITP, Egyptians
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INTRODUCTION

Immune thrombocytopenic purpura (ITP) is a 
bleeding disorder with a speeded up platelets de-
struction and impaired platelet production. The 
pathophysiology of idiopathic thrombocytope-
nic purpura (ITP) is diverse and multifactorial. 
While the presence of autoreactive antibodies 
against platelet glycoproteins antigens has con-
ventionally been considered to play a central 
role, several mechanisms involving the cellular 
as well as the humoral immune modulation have 
been designated(17).

The cytokine genes polymorphism is respon-
sible for the altered levels of cytokine synthesis. 
A lot of studies have studied so far the associa-
tion between cytokine gene polymorphisms and 
several immunoinflammatory disorders(6).

The IL-1 gene family comprises three re-
lated genes, IL-1A, IL-1B and IL-1RN, which 
encode the proinflammatory cytokines IL-1 α, 
IL-1 β, and their naturally occurring antago-
nist, interleukin-1receptor antagonist (IL-1RA), 
respectively. IL-1RA performs by competi-
tive blockade of IL-1 receptor without altering 
downstream signaling(8). The balance between 
IL-1 and IL-1 Ra is important in preserving the 
homeostasis of immune system. Consequently, 

IL-1RN polymorphisms may alter this balance 
and be linked with susceptibility to different 
autoimmune diseases, such as rheumatoid ar-
thritis, SLE, and ankylosing spondylitis(9). Only 
few studies have investigated the role of IL1-RN 
polymorphism in ITP(14).

Aim Of The Work:

In this prospective case-control study, the fre-
quency of IL-1RN -VNTR (variable numbers of 
tandem repeats) polymorphism among a group 
of Egyptians healthy subjects, the association of 
this polymorphism to the susceptibility of devel-
oping ITP, and the relation of this polymorphism 
to age of disease onset and clinical course of the 
disease among pediatric as well as adult Egyp-
tian ITP patients, have been investigated. 

SUBJECTS AND METHODS

The present study was conducted on 120 ITP 
patients, and 120 age and sex matched normal 
subjects who were included as a control group, 
after informed consent was obtained from each 
participant or his/her guardians. The study was 
approved by the Ethics Committee of Cairo Uni-
versity. These patients were referred from the 
Hematology Clinic of New Children’s and Inter-
nal Medicine Hospitals, Cairo University to the 
Clinical Pathology Department, Cairo Universi-
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ty for diagnosis or follow up. All cases were sub-
jected to careful history-taking and comprehen-
sive clinical examination. ITP was diagnosed in 
accordance with the guidelines of the American 
Society of Hematology(12).  

The age of patients under study ranged from 
1.5 to 63 years with a mean of 20.5 ± 15 years, 
55 patients (45.8%) were ≤ 18 years, 76 were fe-
males (63.3%). The clinical and laboratory data 
of the patients group are summarized in table 1. 
Among the studied controls the age ranged from 
3 to 65 years with a mean of 22 ± 16 years, 45 
(37.5%) below the age of 18 years, 60 (50%) 
were females. 

Acute ITP is defined as thrombocytopenia 
less than 6 months duration, while chronic ITP 
is persistent thrombocytopenia for more than 6 
months duration, this classification was done at 
the time of sampling and according to the guide-
lines of the British Society for Hematology 
(2003)(3). Disease activity is defined as either 
newly diagnosed cases or persistent ITP with 
relapse following termination of therapy within 
3-12 months from the diagnosis, while remis-
sion is the return to normal platelet count either 
spontaneously or following therapy.

Responders are defined as those with com-
plete response or increase in the platelet count to 
normal, while partial response indicates increase 
in platelet count more than 30 x 109/L, and non- 
responders are those with no response or no 
change in the platelet count or an increase to less 
than 30 x 109/L. In the current study 10 patients 
were excluded from the response analysis due 
to the very close onset of treatment to time of 
sampling. Previous definitions were adopted ac-
cording to Rodeghiero et al., 2009(15).

Genotyping was done using the polymerase 

chain reaction-restriction fragment length 
polymorphisms (PCR-RFLP) method as de-
scribed before(13). In brief, the upstream 5′-CT-
CAGCAACACTCCTAT-3′ and the down-
stream 5′-TCCTGGTCTGCAGGTAA-3′ 
primers were used to generate the IL-1RN 
region harboring the 86-bp repeats (VNTR). 
The amplification was performed using 2.5 U 
Taq polymerase (Invitrogen). An initial dena-
turation step at 95°C for 5 min was used, fol-
lowed by 35 cycles of denaturation (at 95°C 
for 30 sec), annealing (58°C for 30 sec), and 
chain extension (72°C for 30 sec), and a final 
elongation step at 72°C for 5 min. PCR prod-
ucts were directly applied to electrophoresis 
on 2% agarose gel and were inspected upon 
staining with ethidium bromide under ultra-
violet (UV) light in reference to a molecular 
weight marker. The polymorphic region within 
intron 2 of the IL-1RN gene contains a VNTR 
of 86 bp; five alleles of the IL-1RN have been 
described (1 to 5), matching to 2, 3, 4, 5 and 
6 copies of the 86-bp sequence, respectively; 
the most frequent allele was nominated as 1. 
Since three apparent protein-binding sites are 
sited in the 86-bp sequence, it is possible that 
the number of repeats may potentiate gene 
transcription and protein synthesis. Each al-
lele has a different electrophoretic mobility 
IL-1RN*1 (four repeats) is 410 bp, IL-1RN*2 
(two repeats) is 240 bp, IL-RN*3 (three re-
peats) is 325 bp, IL-1RN*4 (five repeats) is 
500 bp and IL-1RN*5 (six repeats) is 595 
bp. (Figure 1)(2). All samples were interpreted 
twice by two different researchers in a com-
plete blind process and results were compared 
with 100 % agreement of interpreted data. Ten 
percent of the samples were amplified twice 
for double checking of the results accuracy.

Lane 2,3;  IL-1RNI/IV             Lane  4,5,7,8,10,11 ;  IL-1RNI/I 
Lane  6 ; IL-1RNIII/IV            Lane 9;  IL-1RNI/III

Lane 
1; The 
50 bp 
ladder

Figure 1: electrophoretic separation of IL1RN alleleas follows: IL1RN I at 410bp, RN III at 325&RN IV at 500bp. 
Statistical methods
Data were analyzed using IBM SPSS advanced statistics version 20 (SPSS Inc., Chicago, IL). 
Numerical data were expressed as mean and standard deviation or median and range as 
appropriate. Qualitative data were expressed as frequency and percentage. Chi-square test or 
Fisher’s exact test was used to examine the relation between qualitative variables. For 
quantitative data, comparison between two groups was done using either Student t-test or Mann-
Whitney test (non-parametric t-test) as appropriate. Comparison between 3 groups for not 
normally distributed quantitative data was done using Kruskal-Wallis test (non-parametric 
ANOVA). Odds ratio (OR) with it 95% confidence interval (CI) were used for risk estimation. 
All tests were two-tailed. A p-value < 0.05 was considered significant.
Table 1: Demographic and clinical Characteristics of the studied ITP patients group.

Patients (n = 120)
Age (year) 20.5± 15 years (1.5-63) 
Male / Female 44 (36.7%) / 76 (63.3%)
Acute / Chronic 58 (48.3%) / 62 (51.7%)
Activity / Remission 65 (54.2%) / 55 (45.8%)
Bleeders / Non bleeders 25 (20.8%) / 95 (79.2%)
Steroids / IVIg/ cyclosporine 115 (95.8%) / 3 (2.5%) /1(0.8%)
No treatment 1 (0.8%)
Complete / Incomplete response 6 (5%) / 102 (85%)
Non responders 2/110 (1.8%)
Hemoglobin (g/dl) 11  ±  1.2 (8-14)
Platelets (1000/mm3) 58.8  ± 41(0-180 )
Total Leucocyte Count (1000/mm3) 9 ± 7.8 (4-18)

Figure 1: Electrophoretic sep-
aration of IL1RN allele 
as follows: IL1RN I at 
410bp, RN III at 325& 
RN IV at 500bp.
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Statistical Methods

Data were analyzed using IBM SPSS ad-
vanced statistics version 20 (SPSS Inc., Chica-
go, IL). Numerical data were expressed as mean 
and standard deviation or median and range as 
appropriate. Qualitative data were expressed as 
frequency and percentage. Chi-square test or 
Fisher’s exact test was used to examine the rela-
tion between qualitative variables. For quantita-
tive data, comparison between two groups was 
done using either Student t-test or Mann-Whit-
ney test (non-parametric t-test) as appropriate. 

Comparison between 3 groups for not normal-
ly distributed quantitative data was done using 
Kruskal-Wallis test (non-parametric ANOVA). 
Odds ratio (OR) with it 95% confidence interval 
(CI) were used for risk estimation. All tests were 
two-tailed. A p-value < 0.05 was considered sig-
nificant.

RESULTS

In the current study, IL-1RN*1 was the most 
frequent allele encountered among the ITP pa-
tients (220 out of 240 alleles; 91.7%) as well 

Table 1: Demographic and clinical characteristics of the studied ITP patients group.

Patients (n = 120)
Age (year) 20.5± 15 years (1.5-63) 
Male / Female 44 (36.7%) / 76 (63.3%)
Acute / Chronic 58 (48.3%51.7%) 62 / ))
Activity / Remission 65 (54.2%) / 55 (45.8%)
Bleeders / Non bleeders 25 (20.8%) / 95 (79.2%)
Steroids / IVIg/ cyclosporine 115 (95.8%) / 3 (2.5%) /1(0.8%)
No treatment 1 (0.8%)
Complete / Incomplete response 6 (5%) / 102 (85%)
Non responders 2/110 (1.8%)
Hemoglobin (g/dl) 11  ±  1.2 (8-14)
Platelets (1000/mm3) 58.8  ± 41(0-180 )
Total Leucocyte Count (1000/mm3) 9 ± 7.8 (4-18)

IVIg: intravenous immunoglobulin

Table (2): Comparison of IL-1RN allele and genotype frequency between ITP patients and controls

IVIg: intravenous immunoglobulin

Results
In the current study, IL-1RN*1 was the most frequent allele encountered among the ITP patients 
(220 out of 240 alleles; 91.7%) as well as the control subjects (227 out of 240 alleles;94.6%). 
IL-1 R N*1/1 represents the most relevant genotype among our studied ITP group as well as the 
control subjects, (105/120 ITP patients; 87.5%) and (110/120 control subjects; 91.7 %).
The genotype and allelic distribution of IL-1RN among studied ITP patients and the control 
group is presented in Table 2.

No statistically significant difference was observed by comparing ITP patients and control 
subjects regarding IL1-RN allele frequencies (p value=0.145) or genotypes distribution (P 
value=0.291).

In the present study, Calculating the Odds ratio (OR) for the risk of developing ITP in 
association with different IL-1RN -VNTR polymorphism revealed no statistically significant 
increased risk with any of the IL-1RN genotypes (P value =1.57).

No statistically significant difference was noted when ITP patients with IL1- RN I/I were 
compared with patients with other IL-1RN genotypes as regards different hematological data 
(mean hemoglobin level, mean platelets count and mean total leucocyte count) whether at time 
of diagnosis or at sampling time. 

Table (2): Comparison of IL-1RN allele and genotype frequency between ITP patients and controls

ITP patients Controls P value

A
lle

le

RN I 220 (91.7%) 227 (94.6%) 0.145
RN II 6 (2.5%) 1 (0.4%)
RN III 5 (2.1%) 0 (0%)
RN IV 9 (3.8%) 12(5%)

G
en

ot
yp

e

RN I/I 105(87.5%) 110 (91.7%) 0.291
RN II/II 1(0.8%) 0 (0%)
RN III/III 1(0.8%) 0(0%)
RN IV/IV 2(1.7%) 2 (1.7%)
RN I/II 4(3.3%) 0 (0%)
RN I/III 2(1.7%) 0 (0%)
RN I/IV 4(3.3%) 7 (5.8%)
RN II/III 0(0%) 0(0%)
RN II/IV 0(0%) 1(0.8%)
RN III/IV 1(0.8%) 0 (0%)

In reflection of  low frequency of all the IL1- RN genotypes and alleles with the exception of 
IL1- RN I/I genotype and allele I, no statistical comparative study could be applied to compare 
between genotype or allele frequency of IL1 Ra in ITP patients below 18 years and those who 
are 18 years or more, males and females ITP patients,  patients with acute and chronic ITP, ITP 
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as the control subjects (227 out of 240 alleles; 
94.6%). 

IL-1 R N*1/1 represents the most relevant 
genotype among our studied ITP group as well 
as the control subjects, (105/120 ITP patients; 
87.5%) and (110/120 control subjects; 91.7 %).

The genotype and allelic distribution of IL-
1RN among studied ITP patients and the control 
group is presented in table 2.

No statistically significant difference was 
observed by comparing ITP patients and control 
subjects regarding IL -IRN allele frequencies (p 
value=0.145) or genotypes distribution (P val-
ue=0.291).

In the present study, Calculating the Odds 
ratio (OR) for the risk of developing ITP in as-
sociation with different IL-1RN -VNTR poly-
morphism revealed no statistically significant 
increased risk with any of the IL-1RN genotypes 
(P value =1.57).

No statistically significant difference was 
noted when ITP patients with IL1- RN I/I were 
compared with patients with other IL-1RN gen-
otypes as regards different hematological data 
(mean hemoglobin level, mean platelets count 
and mean total leucocyte count) whether at time 
of diagnosis or at sampling time. 

In reflection of  low frequency of all the IL1- 
RN genotypes and alleles with the exception of 
IL1- RN I/I genotype and allele I, no statistical 
comparative study could be applied to compare 
between genotype or allele frequency of IL1 Ra 
in ITP patients below 18 years and those who 
are 18 years or more, males and females ITP 
patients,  patients with acute and chronic ITP, 
ITP patients who are in activity with those in re-
mission, bleeders ITP patients and non-bleeders 
patients, however the detailed genotype distribu-
tion is shown in table 3.

Comparing our study which was carried out 
on a group of Egyptian ITP patients and another 
one carried on a group of Greek ITP patients(13).

regarding different alleles of IL1-RN gene using 
Fisher’s Exact test, it was found that there is a 
statistically significant difference between both 
groups regarding the allele frequency (P<0.001) 
with more prevalence of  RN- I allele among the 
Egyptian patients. While comparing the genotype 
frequencies between the two studies couldn’t be 
applied because of small number of patients in 
each subgroup of the studied Egyptian patients, 
however application of a statistical comparative 
study between Egyptian ITP patients and same 
Greek group; considering genotype I/I versus all 
other genotypes, revealed a statistically signifi-
cant difference (P<0.001) (Table 4).

Table 3 : Distribution of  IL1RN genotypes among different ITP patients groups

patients who are in activity with those in remission, bleeders ITP patients and non-bleeders 
patients, however the detailed genotype distribution is shown in table 3.

Table 3 : Distribution of  IL1RN genotypes among different ITP patients groups

Genotype

Variant

IL1-RN
I/I

IL1-RN 
II/II

IL1-RN 
III/III

IL1-RN 
IV/IV

IL1-RN 
I/II

IL1-RN 
I/III

IL1-RN 
I/IV

IL1-RN 
III/IV

Age <18 years 
(N=55)

45 (81.8%) 1(1.8%) 1(1.8%) 2(3.6%) 3(5.5%) 1 1.8%) 1(1.8%) 1(1.8%)

Age ≥ 18 years 
(N=65)

60 (92.3%) 0 (0%) 0 (0%) 0(0%) 1(1.5%) 1(1.5%) 3(4.6%) 0(0%)

Males  (N=44) 37(84.1%) 0 (0%) 1(2.3%) 2(4.5%) 2(4.5%) 1(2.3%) 1(2.3%) 0(0%)
Females   (N=76) 68 (89.5%) 1 1.3%) 0(0%) 0(0%) 2(2.6%) 1(1.3%) 3(3.9%) 1(1.3%)
Acute (N=58) 50 (86.2%) 1(1.7%) 0 (0%) 2(3.4%) 2(3.4%) 0 (0%) 2(3.4%) 1(1.7%)
Chronic (N=62) 55 (88.7%) 0(0%) 1(1.6%) 0(0%) 2(3.2%) 2(3.2%) 2(3.2%) 0(0%)
Activity (N=65) 57(87.7%) 1(1.5%) 0(0%) 2(3.1%) 2(3.1%) 0(0%) 2(3.1%) 1(1.5%)
Remission
(N=55)

48 (87.3%) 0(0%) 1(1.8%) 0(0%) 2(3.6%) 2(3.6%) 2(3.6%) 0(0%)

Bleeders 
(N=25)

20(80%) 1 (4%) 0(0%) 1(4%) 1(4%) 0(0%) 2 (8%) 0(0%)

Non bleeders 
(N=95)

85 (89.5%) 0(0%) 1(1.1%) 1(1.1%) 3(3.2%) 2(2.1%) 2(2.1%) 1(1.1%)

P value couldn’t be calculated due to small number of patients within the subgroups.
Comparing our study which was carried out on a group of Egyptian ITP patients and another one 
carried on a group of Greek ITP patients [13] regarding different alleles of IL1-RN gene using 
Fisher's Exact test, it was found that there is a statistically significant difference between both 
groups regarding the allele frequency (P<0.001) with more prevalence of  RN- I allele among the 
Egyptian patients. While comparing the genotype frequencies between the two studies couldn't 
be applied because of small number of patients in each subgroup of the studied Egyptian 
patients, however application of a statistical comparative study between Egyptian ITP patients 
and same Greek group; considering genotype I/I versus all other genotypes, revealed a 
statistically significant difference (P<0.001) (Table 4).

Discussion
Although emergence of B cell autoantibodies remains crucial in the pathophysiology of ITP, 
imbalance in cellular immunity and cytokine response may participate in the pathogenesis of the 
disease [11]. Altered cytokines levels have been observed in ITP patients [16]. Cytokine genes 
polymorphism explains the variable cytokine synthesis levels. Currently, it is admitted that both 
environmental and genetic factors are elaborated in the pathogenesis of ITP with a high impact 
for genetic and epigenetic interactions. Several studies have investigated so far the association 
between cytokine genes polymorphism and different immunoinflammatory diseases [6] and also 
its association with ITP [4].

Finding a genomic region that may contain pathogenic variants could possibly be of benefit in 
explaining ITP pathogenesis. Thus this study examined the influence of a polymorphism within 
intron 2 of IL-1RN on the susceptibility or severity of ITP among Egyptian patients.

Comparing ITP patients and control subjects regarding IL-1RN allele frequencies as well as 
genotype distribution revealed no statistically significant difference.
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DISCUSSION

Although emergence of B cell autoantibod-
ies remains crucial in the pathophysiology of 
ITP, imbalance in cellular immunity and cyto-
kine response may participate in the pathogen-
esis of the disease(11). Altered cytokines levels 
have been observed in ITP patients(16). Cytokine 
genes polymorphism explains the variable cy-
tokine synthesis levels. Currently, it is admitted 
that both environmental and genetic factors are 
elaborated in the pathogenesis of ITP with a high 
impact for genetic and epigenetic interactions. 
Several studies have investigated so far the as-
sociation between cytokine genes polymorphism 
and different immunoinflammatory diseases(6)

and also its association with ITP(4).

Finding a genomic region that may contain 
pathogenic variants could possibly be of benefit 
in explaining ITP pathogenesis. Thus this study 
examined the influence of a polymorphism with-
in intron 2 of IL-1RN on the susceptibility or se-
verity of ITP among Egyptian patients.

Comparing ITP patients and control subjects 
regarding IL-1RN allele frequencies as well as 

genotype distribution revealed no statistically 
significant difference.

In the present study, we investigated the as-
sociation between the IL-1RN-VNTR polymor-
phism and the risk of ITP, but no increased risk 
was significantly associated with any of the IL-
1RN genotypes. To be noted here that among our 
studied group of controls and ITP patients gen-
otype I/I and allele I were predominating with 
all other genotypes and alleles either minimally 
represented or totally absent.

In agreement, Ezzat et al., 2016(5)  reported 
that among Egyptian pediatric ITP patients, 
there was no statistically significant difference 
between acute and chronic ITP cases and con-
trols as regards IL1-Ra genotypes or allelic fre-
quencies.

Contrary to our results Galila et al., 2016(7) 
reported that A1A2 genotype of IL-1Ra possibly 
contribute to the susceptibility of childhood ITP 
among Egyptian children, being significantly 
higher in patients group compared to controls (P 
= 0.039, OR = 2.374, 95% CI = 1.03-5.4). Also 
IL-1Ra A1A1 genotypes were higher among 

Table 4: Comparison between Egyptian and Greek ITP patients regarding genotype and 
allele frequency of IL1-RN gene.

In the present study, we investigated the association between the IL-1RN-VNTR polymorphism 
and the risk of ITP, but no increased risk was significantly associated with any of the IL -1RN 
genotypes. To be noted here that among our studied group of controls and ITP patients genotype 
I/I and allele I were predominating with all other genotypes and alleles either minimally 
represented or totally absent.

In agreement, Ezzat et al., 2016 [5] reported that among Egyptian pediatric ITP patients, there
was no statistically significant difference between acute and chronic ITP cases and controls as 
regards IL1-Ra genotypes or allelic frequencies.

Contrary to our results Galila et al., 2016 [7] reported that A1A2 genotype of IL-1Ra possibly 
contribute to the susceptibility of childhood ITP among Egyptian children, being significantly 
higher in patients group compared to controls (P = 0.039, OR = 2.374, 95% CI = 1.03-5.4). Also 
IL-1Ra A1A1 genotypes were higher among chronic patients (P = 0.001) compared with newly 
diagnosed ones.

In contrast to our study findings Pesmatzoglou et al. (2012) [13] reported that genotype I/II was 
more frequently detected in Greek children with ITP than in controls and that the presence of 
allele II seems to increase 2.12 times the risk for disease development. Our study reported a very 
low frequency for IL-1RN I/II genotype among Egyptian ITP patients (4 out of 120 patients; 
3.3%) while it was not encountered in any of the controls. The different genetic profiles among 
different ethnic groups probably explain these confronting results.To be reported here that the 
current study and that Greek study carried by Pesmatzoglou et al. (2012) were significantly 
different regarding the allelic frequency, with more prevalence of RN I allele as well as RN I/I 
genotype among the Egyptian patients [13].

Genetics Studies about the Usko-Mediterranean Population reported that Greeks cluster with 
Sub-Saharan Africans and the Italians, while Egyptians, San (Bushmen) and Japanese cluster 
together [1] , same findings were reported by [King  et al.,  2007] who stated that Egypt, Oman 
and the Bedouin samples from the Negev tend to form an isolated genetic cluster, distinct from 
the Greek genetic data [10].

Table 4: Comparison between Egyptian and Greek ITP patients regarding genotype and 
allele frequency of IL1-RN gene.

Genotype Egyptian Greek P value
G

en
ot

yp
es

RN I/I 105(87.5%) 16(50%)

--------

RN II/II 1(0.8%) 2 (6.25)
RN III/III 1(0.8%) 0 (0%)
RN IV/IV 2(1.7%) 0(0%)
RN I/II 4(3.3%) 14 (43.75%)
RN I/III 2(1.7%) 0 (0%)
RN I/IV 4(3.3%) 0 (0%)
RN II/III 0(0%) 0 (0%)
RN II/IV 0(0%) 0 (0%)
RN III/IV 1(0.8%) 0 (0%)
RN I/I versus others
RN I/I 105 (87.5%) 16 (50%) < 0.001
Others 15 (12.5%) 16 (50%)

A
lle

le
s

RN I 220 (91.7%) 46 (71.9%) < 0.001
RN II 6 (2.5%) 18 (28.1%)
RN III 5 (2.1%) 0 (0%)
RN IV 9 (3.8%) 0 (0%)

(---) No p-value because of small no of cases within subgroups.

Regarding the current study, no statistically significant difference was noted when ITP patients 
with IL1- RN I/I were compared with patients with other IL-1 RN genotypes as regards different 
hematological data whether at time of diagnosis or at sampling time. These results point that IL-1
RN polymorphism mostly has no role on clinical course or severity of ITP among Egyptian 
patients.  

In consolidation to our results, Ezzat et al., 2016 [5] found no statistically significant difference 
between different genotypes of IL1-Ra gene as regards clinical signs and symptoms and 
laboratory findings (including Hb, TLC, and platelet count).

Thus, we can assume that IL-1RN polymorphism has no role in the pathogenesis or the 
progression of ITP among Egyptian patients.
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chronic patients (P = 0.001) compared with new-
ly diagnosed ones.

In contrast to our study findings Pesmatzo-
glou et al. (2012)(13) reported that genotype I/II 
was more frequently detected in Greek children 
with ITP than in controls and that the presence of 
allele II seems to increase 2.12 times the risk for 
disease development. Our study reported a very 
low frequency for IL-1RN I/II genotype among 
Egyptian ITP patients (4 out of 120 patients; 
3.3%) while it was not encountered in any of the 
controls. The different genetic profiles among 
different ethnic groups probably explain these 
confronting results. To be reported here that the 
current study and that Greek study carried by 
Pesmatzoglou et al. (2012) were significantly 
different regarding the allelic frequency, with 
more prevalence of RN I allele as well as RN I/I 
genotype among the Egyptian patients(13).  

Genetics Studies about the Usko-Mediter-
ranean population reported that Greeks clus-
ter with Sub-Saharan Africans and the Italians, 
while Egyptians, San (Bushmen) and Japanese 
cluster together(1) , same findings were reported 
by King  et al.,  2007 who stated that Egypt, 
Oman and the Bedouin samples from the Negev 
tend to form an isolated genetic cluster, distinct 
from the Greek genetic data(10). 

Regarding the current study, no statistically 
significant difference was noted when ITP pa-
tients with IL1- RN I/I were compared with pa-
tients with other IL-1 RN genotypes as regards 
different hematological data whether at time 
of diagnosis or at sampling time. These results 
point that IL-1 RN polymorphism mostly has no 
role on clinical course or severity of ITP among 
Egyptian patients.  

In consolidation to our results, Ezzat et al., 
2016(5) found no statistically significant differ-
ence between different genotypes of IL1-Ra 
gene as regards clinical signs and symptoms 
and laboratory findings (including Hb, TLC, and 
platelet count).

Thus, we can assume that IL-1RN polymor-
phism has no role in the pathogenesis or the pro-
gression of ITP among Egyptian patients. 
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التأثير المحتمل للIL1Ra  متعدد االشكال الجينيه علي مرض نقص الصفائح المناعي في المصريين

هاله فتحي شيبه - داليا جميل امين – مني عبد الهادي الحسيني السيد

يعد مرض نقص الصفائح المناعى اضطرابا مكتسبا ويندرج تحت مجموعة االضطرابات الذاتية فى المناعة ، كما انه أكثر 
سببا لنقص صفائح الدم (منفرده) ويمكن تشخيص هذا المرض إكلينيكيا استنادا إلى حدوث نقص الصفائح الدموية دون وجود 
تغيرات آخرى فى صورة الدم ودون وجود أسباب أخرى لهذا النقص. وترجع هذه الحالة المرضية إلى تكوين أجسام مضادة 
للصفائح الدموية وتقوم هذه األجسام بتمهيد صفائح الدم فيصبح من السهل تكسيرها عن طريق الطحال مما يتسبب فى نقص 
عدد الصفائح فى الدورة الدمويه  قد تم معرفه ان  اضطرابات المناعه الخلويه و السيتوكينات تلعب دورا هاما في  في التسبب 
في مرض ITPو يعد IL1Ra  وهو عضو رئيسي لألسرة IL-1 (تتكون من 11 عضوا في المجموع)، هو جزيء مضاد 
لاللتهابات الطبيعي , و ال بد من وجود توازن بين IL-1 و IL-1Ra, و ذلك  لللحفاظ على التوازن في الجهاز المناعي. ونتيجة 
لذلك فان التعدد الجيني لIL1Ra- يؤدي إلى تغييرات في هذا التوازن IL-1 و IL-1Ra وتترافق مع التعرض لمجموعة 
متنوعة من أمراض المناعة الذاتية، مثل التهاب المفاصل الرثياني، SLE، والتهاب الفقار الالصق وقد تم إجراء هذه الدراسة 
بهدف إكتشاف مدى تواتر تعدد األشكال الجينية فى جينات إنترلوكين IL1Ra promoter فى 120 مصريًا مصابين بمرض 
نقص الصفائح المناعى  و120 اصحاء يمثلون عينة ضابطة متماثلة فى العمر والجنس مع مجموعة المرضى فى محاولة 
إليضاح دورها كعالمات جينية دالة على احتماالت اإلصابة بالمرض وقد تم إستعمال تقنية تفاعل البلمرة المتسلسل المعكوس 
(PCR-RFLP) لتصنيف الطرز الجينى لجينات إنترلوكين  IL1Ra promoter.  كان IL-1RN * 1 أليل األكثر شيوعا 
بين المرضى ITP فضال عن الضوابط. IL-1 RN * 1/1 هو التركيب الوراثي السائد بين المرضى فضال عن الضوابط.  
وأظهرت نتائج البحث لتصنيف الطرز الجينى لgene promoter  IL1Ra  أن تعدد األشكال للجين ال يمثل دالله احصائيه 
بين المرضي و العينه الضابطه فيما يتعلق IL1-RN أليل أو التركيب الوراثي. لم تواجه هذه الدراسة أي عالقة بين تعدد 
األشكال -VNTR IL-1RN وخطر آي تي   بي. تعدد األشكال للجين IL-1RN -VNTRليس له دور في التسبب أو تطور 

ITP بين المرضى المصريين.
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