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Abstract: Background: Chronic infection with Hepatitis C virus (HCV) and Hepatitis B virus (HBV) are the
major risk factor for the development hepatocellular carcinoma (HCC) worldwide. Hepatitis C infection represents a
major health problem in Egypt with a reported prevalence of more than 20%. About 60 to 80% of patients develop
chronic infection, which may progress to complications. Different studies have illustrated a genetic predisposition
for viral infections and development of complications. The angiotensin-converting enzyme (ACE) gene is directly
involved in the process of cancer cell proliferation, differentiation, apoptosis and angiogenesis. It also plays a vital
role in inducing liver fibrosis and developing hepatocellular carcinoma. Aim: The aim of this study was to study
whether ACE insertion/deletion (I/D) gene polymorphism associated with risk of HCC in Egyptian HCV and HBV
patients. Patients and Methods: The study was conducted on one hundred and fifty subjects who were divided into
three groups: 60 patients with chronic HCV & HBV, 60 patients with HCV & HBV related HCC and 30 healthy
gender and age matched subjects. Full clinical examination and history were taken, Liver function tests, Alpha
fetoprotein by ELISA and polymerase chain reaction was used to determine the distribution of allele and genotype
frequency of ACE I/D polymorphism. Results: The results showed that there were a significant statistical difference
between HCC patients and healthy controls regarding the genotype and allele frequencies of the ACE I/D
polymorphism[ DD (OR = 26, 95% CI, 2.61- 259.32, P = 0.002) and DI (OR = 6.0; 95% CI, 1.26 – 28.55; P =
0.02)]. The D allele was correlated with a significant increased HCC risk when compared with the I allele (OR =
6.91, 95% CI, 2.45– 19.5 P> 0.001). The DD genotype were more frequently increased in HCC group than in
chronic HCV & HBV group with significant statistical difference (OR = 5.2, 95% CI, 1.25 - 21.57, P = 0.02)
between both groups, and the D allele was correlated with a significant increased HCC risk when compared with the
I allele (OR = 2.59, 95% CI, 1.24 – 5.41 P> 0.01).There were significant statistical differences between different
genotypes as regard tumor size in HCC group( P = 0.01).There were no significant statistical differences between
different genotypes as regards liver functions and alpha fetoprotein in HCC cases( P >0.05 ). Conclusion: The
results suggested The DD and DI genotypes were correlated with a significant increased HCC risk as compared with
the II genotype and the D allele was correlated with a significant increased HCC risk.
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to 7.2% over the last decade. This rising proportion
may be explained by the increasing risk factors such
as the emergence of HCV over the same period of
time, the contribution of HBV infection, improvement
of the screening programmes and diagnostic tools of
HCC. (5)
HCC is a complex disease with a variety of
underlying pathogenic anomalies caused by multiple
risk factors. The lack of ideal biomarkers for HCC
diagnosis, prognosis, and therapy have posed a major
challenge to HCC management. These complications
highlight the need to identify valuable biomarkers for
the diagnosis and treatment of HCC. Surgical
resection, liver transplantation and local ablation are
considered curative therapeutic practices for HCC.
Other modalities, such as targeted therapy and trans-

1. Introduction:
Liver cancer rapidly reduces quality of life and
typically causes death 6 months–1 year from
diagnosis. (1) Globally, it is the fifth leading cause of
cancer and the third leading cause of cancer death.
(1,2). This cancer varies widely in incidence
throughout the world, with rising incidence in Egypt.
The primary risk factors for hepatocellular carcinoma
(HCC) are hepatitis B virus (HBV), hepatitis C virus
(HCV), dietary aflatoxin exposure, and chronic
alcohol consumption. (1,2)
In Egypt, Hepatocellular carcinoma was reported
to account for about 4.7% of of chronic liver disease
(CLD) patients. (3) In 2005, El-Zayadi et al. (4)
reported a remarkable increase in the proportion of
HCC among chronic liver disease patients from 4.0%
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arterial chemoembolization (TACE) are palliative
treatments. Despite these curative or palliative
treatments, prognosis is still poor due to underlying
liver diseases and the unique biology of HCC. As a
result, biomarkers that better predict patients who are
at higher risk of recurrence and poorer prognosis
would help guide their treatment. (6) In addition to
imaging techniques including ultrasonography,
magnetic resonance imaging, and computerized
tomography, the assessment of circulating biomarkers
is used in the diagnosis of HCC without pathologic
confirmation.(7)
Some studies have shown that tumor
angiogenesis occurs at the early stage of tumor
formation, which plays a vital role in promoting
progressive tumor growth. (8) Any tumor, including
HCC, depends on the formation of a vascular network
to provide its with oxygen and essential nutrients.(9)
The tumor that has not acquired its own new blood
supply can not grow to more than a few millimeters in
size. (8)
The renin–angiotensin–aldosterone (RAS) axis is
a system which involves many essential regulations in
the human body for blood pressure, fluid and
electrolyte balance. (10) Studies have demonstrated
that angiotensin-converting enzyme (ACE), the
regulator of the renin-angiotensin system, is
overexpressed in several cancers including HCC, and
directly involved in the process of cancer cell
proliferation,
differentiation,
apoptosis,
and
angiogenesis. (11) It also plays a vital role in inducing
liver fibrosis and developing HCC (12). In addition,
ACE
inhibitors
(ACE-Is),
conventional
antihypertensive agents, were found to decrease the
cancer risk, and attenuate tumor growth via the
suppression of angiogenesis in vitro and in
vivo.(13,14) Several studies have confirmed that
ACE-Is may protect against the risk of HCC. (15,16)
The ACE gene is located on long arm of
chromosome 17 (17q23.3). The gene is 21 kilo bases
(kb) long and comprises 26 exons and 25 introns.
More than 160 ACE gene polymorphisms have been
reported so far and most of which are single
nucleotide polymorphisms (SNPs). Only 34 of those
polymorphisms are located in coding region of this
gene. (17) Rigat et al., [18] were the first to report the
insertion/deletion (I/D) polymorphism of ACE. This
polymorphism is characterized by the presence
(insertion) or absence (deletion) of a 287 bp AluYa5
element inside intron 16 producing three genotypes (II
homozygote, ID heterozygote and DD homozygote).
Although I/D polymorphism is located in a noncoding region (namely intron) of the ACE gene,
several investigators have found that the D allele is
related to the activity of ACE in blood. (19)

It was reported that the angiotensin-converting
enzyme gene I/D polymorphism accounted for 30–
50% of the ACE serum concentration variance. Some
studies have showed a link between the ACE I/D
polymorphism and the risk of various malignancies
such as breast, gastric, and pancreatic cancer.
(18,20,21,22) However, to our knowledge, the
relationship between the ACE polymorphism and the
risk of HCC has not been completely clarified.
Aim of the study:
The aim of this study was to study whether ACE
insertion/deletion (I/D) gene polymorphism associated
with risk of HCC in Egyptian HCV and HBV patients.
2. Patients and methods
1Study population:
The present study was carried out at Clinical
Pathology Department in collaboration with Internal
Medicine Department, Faculty of Medicine, Menoufia
and Benha University in the period between March,
2014 & September 2015.
The study was conducted on 150 subjects who
were divided into three groups: 60 patients with
chronic HCV and HBV (49 males and 11 females)
with a mean age ±SD of 50.83±6.34, 60 patients with
HCV & HBV related HCC (48 males and 12 females)
with a mean age ±SD of 51.23±6.80. In addition to 30
gender and age matched subject (26 males and 4
females) with a mean age ±SD of 49.27±5.80.
Exclusion criteria included cases of autoimmune
hepatitis, metabolic liver diseases (haemochromatosis,
Wilson’s disease, non alcoholic steatohepatitis),
history of alcohol consumption or having any other
cancer.
For all the subjects the followings were done:
history and clinical examination, routine liver function
tests, HBsAg, by third generation enzyme
immunoassay and positive cases were further
confirmed by real time PCR for HBV-DNA,HCV
antibodies by ELISA technique and positive cases
were further confirmed by real time PCR for HCVRNA, AFP for all cases, HCC cases were further
confirmed by abdominal Triphasic CT. Polymerase
chain reaction was used to determine the distribution
of allele and genotype frequencies of the I/D
polymorphism in ACE gene. Written informedconsents were provided by all participants and
accredited by our ethical committee.
Sampling:
Under complete aseptic conditions, 8 ml of
venous blood were collected after 12 hour fasting &
divided as follows: Tube A, 2 ml of blood collected in
EDTA (to prevent clotting and DNA degradation) for
DNA extraction and kept immediately at -20°C. Tube
B, 2 ml of blood collected in Sodium Citrate for
Prothrombin time, activity, concentration and INR.
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Tube C, 2 ml were collected, left to clot and serum
was separated and used for routine liver function tests
(serum albumin, bilirubin, AST, ALT, Alkaline
phosphatase) and AFP. Tube D, 2 ml were collected,
left to clot and serum was separated and used for
immediate assay of hepatitis viral markers.
Laboratory investigations:
Serum HBsAg, HCV Ab & AFP were done by
VIDAS systems (bioMérieux, Marcy l'Etoile, France)
which is an automated enzyme-linked fluorescent
immunoassay (ELFA) based on a one-step
immunoassay sandwich method and a final
fluorescent detection step for the quantitative
measurements, Biochemical tests for liver function
tests were done on AU- 480 autoanalyser using kit
supplied by Beckman Coulter (Beckman Instrument.
Inc. Fullerton, California USA).
DNA analysis:
DNA extraction:
DNA was purified from whole blood using
Axygen Prep Blood Genomic DNA Miniprep Kit for
the purification of genomic DNA from whole blood.
This method was based on the efficient release of
genomic DNA from anti-coagulated whole blood by a
special cell lysis and heme/protein precipitation buffer
coupled with the selective adsorption of the genomic
DNA to a special AxyPrep column. The purified
genomic DNA was eluted in a low salt Tris buffer
containing 0.5 mM EDTA which enhanced DNA
solubility and helped to protect the high molecular
weight DNA against subsequent nuclease degradation.
The eluted genomic DNA was kept immediately at 20°C subjected to PCR.
PCR amplification:
The DNA was then subjected to nested PCR
amplification of the insertion/deletion (I/D)
polymorphic site of the ACE gene DreamTaq™ Green
PCR Master Mix (Fermentas) was a ready to use
solution containing DreamTaq™ DNA polymerase,
optimized DreamTaq™ Green buffer, MgCl2 and
dNTPs. The master mix was supplemented with two
tracking dyes and a density reagent that allow for
direct loading of the PCR product on a gel.
Reaction mixture:
For a total 50 μl reaction volume: DreamTaq™
Green PCR Master Mix (2X) 25 μl, GIIS Primer 2μl,
GAS Primer 2 μl, Extracted DNA 10 μl, Water
nuclease-free 11 μl.
Primers:
The lyophilized primers (Fermentas Life
Sciences) were reconstituted by addition of sterile
water to a final concentration of 50 pmoles/μl and
distributed in aliquots and stored at –20°C. The primer
sequences were as follow:
Forward primer:
5′ CTGGAGACCACTCCCATCCTTTCT-3′.

Reverse primer:
5 GATGTGGCCATCACATTCGTCAGAT-3′.
Protocol of amplification:
The PCR conditions consisted of an initial fiveminute denaturation at 95°C, followed by 35 cycles of
30 s at 94°C, 90 s at 70°C, 90 s at 72°C, and 10 m at
72°C. Amplified ACE fragments were by
electrophoresis on 2% agarose gel stained with
ethidium bromide and visualized on a UV transilluminator. The 490-bp-long fragment amplification
indicated presence of the I allele, while the 190-bplong fragment amplification indicated presence of the
D allele. The ID genotype commonly showed a
double band at 490 bp and 190 bp. (Fig 1).
Statisticalanalysis:
The statistical analysis was undertaken using
SPSS software (version 17; SPSS Inc., Chicago, IL,
USA). Descriptive statistics in the form of mean and
standard deviation for parametric data were used. Chisquare test (χ2) was used for qualitative variables. Ttest for comparison between the two groups having
quantitative variables normally distributed, manwitteny test for comparison between two groups
having quantitative variables not normally distributed,
ANOVA test for comparison between the three groups
having quantitative variables normally distributed
followed by LSD (least signiﬁcant difference) and
Kruskal-Wallis test for comparison between three
groups not normally distributed having quantitative
variables. Odd ratios (ORs) and 95% conﬁdence
intervals (CI) were calculated by logistic regression
analysis. The signiﬁcance level was set at 0.05 or less.
3. Results:
There was no significant difference in age and
gender distribution between the cases and controls,
suggesting that subject matching based on these
variables was adequate as shown in table (1).
Comparison between the studied groups regarding
liver functions and AFP serum level:
There was a highly significant difference
regarding all measured liver function tests as well as
Alpha-fetoprotein between healthy control group and
HCC group ( P value in all > 0.001). Also,there was a
significant difference regarding all measured liver
function tests except AST serum level as well as
Alpha-fetoprotein between healthy control group and
chronic HCA and HBV group ( P value in all > 0.05).
Comparing between chronic HCV & HBV group and
HCC group; there was no significant statistical
difference regarding serum albumin, PT, INR,
bilirubin and alkaline phosphatase, while there was a
significant statistical difference regarding AST and
ALT serum level and a highly significant statistical
difference with P value > 0.001 regarding serum
alpha-fetoprotein level (table 2).
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more frequently increased in HCC patients than in
HCV & HBV patients with significant statistical
difference (OR = 5.2, 95% CI, 1.25 - 21.57, P = 0.02)
between both groups and the D allele was correlated
with a significant increased HCC risk when compared
with the I allele (OR = 2.59, 95% CI, 1.24 – 5.41 P>
0.01).
Comparison between different genotypes as
regards liver functions, alpha fetoprotein and
tumor size in HCC group:
The results showed that there were significant
statistical differences between different genotypes as
regard tumor size (P = 0.01) but no significant
statistical differences between different genotypes as
regards liver functions, alpha fetoprotein in HCC
group (P >0.05) table (6).

Gene polymorphism and allele among the studied
groups:
The results showed that there were no significant
statistical differences between Chronic HCV & HBV
patients when compared with healthy controls
regarding the genotype and allele frequencies of the
ACE I/D polymorphism (table 3). However, there
were a significant statistical difference between HCC
patients and healthy controls regarding the genotype
and allele frequencies of the ACE I/D polymorphism [
DD (OR = 26, 95% CI, 2.61- 259.32, P = 0.002) and
DI (OR = 6.0; 95% CI, 1.26 – 28.55; P = 0.02)], and
the D allele was correlated with a significant increased
HCC risk when compared with the I allele (OR =
6.91, 95% CI, 2.45– 19.5, P> 0.001) as shown in table
(4). Similarly, in table (5)The DD genotype were

Fig 1: Determination of ACE genotypes by PCR amplification. Amplified ACE gene fragments were separated on
2% agarose gels and visualized by ethidium bromide staining. The 490-bp-long fragment amplification indicated
presence of the I allele, while the 190-bp-long fragment amplification indicated presence of the D allele. The ID
genotype commonly showed a double band at 490 bp and 190 bp..bp, molecular-weight markers.
Table 1: Comparison between the studied groups as regards age and sex
The studied groups
chronic HCV & HBV
HCC
Test
Control N = 30
N = 60
N = 60
Age
X ± SD
Range

49.27±5.80
40 – 60
No
%

50.83±6.34
40 – 61
No

51.23±6.80
36 – 65
No
%

%

ANOVA
0.48

0.62

X2

Sex
Male
26
86.7
49
81.6
48
80.0
0.35
Female
4
13.3
11
18.4
12
20.0
2
X= mean, SD = Standard deviation, X = Chi squared test, P value >0.05 = non significant
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Table 2: Comparison between the studied groups as regards liver functions and alpha fetoprotein (AFP)
results
The studied groups
chronic HCV & HBV
Control
N = 30
N = 60

U or
t-Test

HCC
N = 60

P value

U
3.07
0.0021
28.53±3.56
53.53±24.33
69.6±14.57
5.37
<0.0012
23 – 35
15 – 92
34-90
2.45
0.013
U
AST (U/L)
2.61
0.0091
X ± SD
28.53±4.79
48.17±22.26
63.2±12.54
5.28
<0.0012
Range
21 – 37
15- 84
30 – 82
2.52
0.013
U
Alkaline phosphatase (U/L)
5.30
<0.0011
X ± SD
54.40±6.31
132.3±62.40
180.90±66.6
5.42
<0.0012
Range
45 – 66
58 – 274
68 – 310
2.80
0.0053
t-test
Prothrombin time (Sec.)
5.05
<0.0011
X ± SD
12.83±0.23
14.26±1.52
14.73±1.61
6.33
<0.0012
Range
12.5 – 13.3
12.5 – 18.2
12.8 – 18.2
1.14
0.263
t-test
INR
5.91
<0.0011
X ± SD
1.03±0.05
1.33±0.27
1.44±0.32
6.83
<0.0012
Range
1 – 1.1
1–2
1 – 2.1
1.44
0.163
t-test
Tot. bilirubin (mg/dl)
11.62
<0.0011
X ± SD
0.58±0.14
1.78±0.53
1.86±0.54
12.25
<0.0012
Range
0.4 – 0.90
1.1 – 2.9
0.5-2.8
0.58
0.573
U
Direct bilirubin(mg/dl)
5.43
<0.0011
X ± SD
0.14±0.04
1.30±0.38
1.32±0.45
5.07
<0.0012
Range
0.1 – 0.2
0.8 – 2.1
0.02 – 2.1
0.50
0.623
t-test
Albumin (g/dl)
4.45
<0.0011
X ± SD
4.06±0.26
3.19±1.0
3.09±0.78
6.15
<0.0012
Range
3.7 – 4.7
1.5 – 5.2
1.6 – 4.8
0.42
0.683
U
Alpha fetoprotein (ng/ml)
5.21
<0.0011
3.99±0.81
124.73±64.75
468.10±364.7
X ± SD
5.42
<0.0012
2.9 – 5.5
4 – 223
200 – 2000
Range
6.55
<0.0013
X = mean, SD = Standard deviation, t = t- test, U = Mann Whitney U 1 = Comparing between Control group and chronic HCV &
HBV group 2 = Comparing between Control and HCC groups 3 = Comparing between chronic HCV & HBV group and HCC
group
ALT (U/L)
X ± SD
Range

Table 3: Comparison between chronic HCV & HBV groupand control group regarding ACE genotypes and
allele
The studied Cases
chronic HCV & HBV
Control
N = 30
N = 60
No
%
No
%

Test

P value

OR

95% CI

X2

Polymorphism
DD
2
6.7
12
20.0
2.19
0.20
5.6
0.57 – 55.43
DI
8
26.7
24
40.0
1.67
0.31
5.0
0.51 – 48.75
II
20
66.7
24
40.0
-------N=60
N=120
Allele
D
12
20.0
48
40.0
3.60
0.06
2.67
0.95 – 7.49
I
48
80.0
72
60.0
2
X = Chi square test, P value >0.05 = non significant, P value < 0.05 = significant, OR =Odds ratio CI = confidence interval
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Table 4: Comparison between HCC and control groups as regards ACE genotypes and allele
The studied Cases
Control N = 30
No
%

Test

P value

OR

95% CI

HCC N = 60
No

%
X2
Polymorphism
DD
2
6.7
26
40.0
10.9
0.002
26.0
2.61- 259.32
DI
8
26.7
24
40.0
5.43
0.02
6.0
1.26 – 28.55
II
20
66.7
10
20.0
-------Allele
N=60
N=120
D
12
20.0
76
63.3
15.30
<0.001
6.91
2.45– 19.5
I
48
80.0
44
36.7
X2 = Chi square test, P value >0.05 = non significant, P value <0.05 = significant, OR =Odds ratio CI = confidence interval

Table 5: Comparison between chronic HCV & HBV and HCC groups as regards ACE genotypes and allele:
The studied Cases
chronic HCV & HBV N = 60
No
%

HCC N = 60
No
%

Test

P value

OR

95% CI

2

X
Polymorphism
DD
12
20.0
26
40.0
5.46
0.02
5.20
1.25 - 21.57
DI
24
40.0
24
40.0
1.74
0.19
2.4
0.64 – 8.94
II
24
40.0
10
20.0
-------Allele
N=120
N=120
D
48
40.0
76
63.3
6.54
0.01
2.59
1.24 – 5.41
I
72
60.0
44
36.7
2
X = Chi square test, P value >0.05 = non significant, P value <0.05 = significant, OR =Odds ratio, CI = confidence interval

Table 6: Comparison between different genotypes as regards liver functions, alpha fetoprotein and Tumor
size in HCC group

ALT (U/L)
X ± SD
Range
AST (U/L)
X ± SD
Range
Alkaline phosphatase (U/L)
X ± SD
Range
Prothrombin time (Sec.)
X ± SD
Range
INR
X ± SD
Range
Tot. bilirubin (mg/dl)
X ± SD
Range
Direct bilirubin(mg/dl)
X ± SD
Range
Albumin (g/dl)
X ± SD
Range
Alpha fetoprotein (ng/ml)
X ± SD
Range
Tumor size
X ± SD
Range
K = Kruskal Wallis test

K test

P value

72.6±14.8
56 – 90

4.41

0.11

66.8±14.6
30 – 82

64.6±11.6
48 – 77

4.17

0.13

160.7±57.3
68 – 245

200.9±65.0
92 – 310

185.4±90.5
85 – 274

2.42

0.30

13.9±0.9
12.8 – 15.3

15.2±1.5
`12.8 – 17.3

15.8±2.4
12.9 – 18.2

4.63

0.10

1.3±0.3
1.1 – 2.1

1.5±0.3
1 – 2.1

1.5±0.4
1.1 – 2

2.68

0.26

1.9±0.4
1.2 – 2.5

1.9 ±0.6
0.5 – 2.8

1.6 ±0.7
1.1 – 2.7

1.47

0.48

1.3±0.3
0.8 – 1.7

1.3 ±0.6
0.02 – 1.9

1.3 ±0.6
0.7 – 2.1

0.35

0.84

3.2±0.9
1.6 – 4.8

3.0±0.7
1.8 – 4.2

3.1 ±0.8
2.2 – 4.1

0.43

0.81

361.1±169.0
200 – 860

566.3±512.9
200 – 2000

510.8±294.7
210 – 1000

2.25

0.33

20.46±30.89
6 – 90

61.75±44.28
6 – 120

45.2±33.70
12 – 90

8.77

0.01

Genotypes in HCC
DD
DI
N = 26
N = 24

II
N = 10

64.2±13.8
35 – 86

74.2±14.6
34 – 88

59.4±10.5
38 – 73
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that the DD carriers are associated with increased
HCC risk compared with II carriers in a Chinese Dai
population.
Several new studies have been published to
investigate the associations between ACE gene
polymorphism with cancer risk. However, the results
were inconsistent and conflicting. Liu et al. (35)
reported the ACE DD genotype was related to a 5.46fold higher risk of developing oral cancer than those
with the II genotype in the Chinese Taiwan
population. Ruiter et al. (36) reported a correlation
between the D allele and an increased risk of prostate
cancer and postmenopausal breast cancer in a metaanalysis. Also Yigit et al. (37) reported DD genotype
and D allele may have statistically significant increase
in cancer prostate. On the contrary, Jin-Fei et al. (38)
found no significant association between the D/I
polymorphism of ACE gene and digestive system
cancer risk. Also, Gao et al.(39) did not detect any
significant
correlation
between
ACE
I/D
polymorphism and lung cancer risk in a meta-analysis
of six studies of 1183 lung cancer patients and 1065
controls. Similarly, Zhang et al. (40) found no
significant association between the I/D polymorphism
and lung cancer, breast cancer, prostate cancer,
colorectal cancer, gastric cancer risks through the
comparison of DD and DI vs II genotype in a metaanalysis of 25 case-control studies comprising 3914
cancer patients and 11,391 controls.
The discrepancy of the results might be
explained partially by cancer or ethnicity specific
effects. Cancer is multifactorial disease with complex
etiology, for which interplay of various genetic and
non-genetic factors is characteristic. Lukic et al. (41)
found that ACE I/D polymorphism may play a role in
the development of pancreatic cancer through
interaction with other genetic and environmental
factors. The ACE I/D polymorphism have been found
to influence serum ACE activity. (42) The presence of
the I allele gives rise to lower ACE activity in serum
and tissues, whereas DD carriers have increased ACE
levels. The increased ACE level plays a important role
in neovascularization of hepatocellular carcinoma via
stimulating angiotensin II production. (12,43)
Castellon et al. (44) supposed that the ACE I/D
polymorphism were associated with cancer
susceptibility through regulation of the ACE level and
angiotensin-II activity. Angiotensin-II would in turn
induce vascular endothelial growth factor (VEGF)
expression in the tumor cells and vascular endothelial
cells.
The ACE I/D polymorphism has also been
identified as a factor for predicting cancer progression
and clinical outcome. Rocken et al. (45) have found
that the gene polymorphism influence the metastatic
behavior of gastric cancer. On the contrary, De

4. Discussion:
Hepatocellular carcinoma is one of the most
frequently diagnosed cancers worldwide. The disease
is predominant in Asia and Africa, but its incidence is
steadily increasing throughout the rest of the world.
Most HCC develop in patients with a history of
chronic hepatitis or cirrhosis in which there is
continuous inflammation and regeneration of
hepatocytes. Unlike other solid malignancies, the
coexistence of inflammation and cirrhosis makes the
early diagnosis and prognostic assessment of HCC
much more difficult. (23)
Early detection of liver malignancy makes it
possible to provide the patient with the most optimal
therapy. For a long time, serum tumor markers have
been used as an effective method for detecting
malignant tumors (24-26) and they could be valuable
supplements to ultrasonography and computed
tomography in the diagnosis of HCC (27-29).
HCV infection is characterized by continuous
inflammation that slowly results in liver fibrosis that
eventually may result in the development of
hepatocellular carcinoma. Hepatic fibrosis in HCV
and HBV affected patients has been attributed to
increased cytokines production as a result of viral
infection and uncontrolled activation of the immune
system. Other factors independently associated with
more rapid liver fibrosis progression in chronic HCV
infection include: male gender, older age, longer
duration of HCV infection and alcohol abuse Reports
have revealed that the renin angiotensin system (RAS)
plays an important role in the liver fibrosis
development with RAS components significantly upregulated during the liver fibrosis development. (3031)
Furthermore, it has been reported that the
combination treatment with IFN in HCV or Antivirals in HBV and ACE blockers exerted a more
potent inhibitory effect on murine liver fibrosis
development than either single agent. Collectively
these reports point to an important role that RAS
system plays in the development of HCV and HBV
complications. (31)
Much evidence indicates that ACE associated
with the pathology of carcinoma. ACE is differentially
expressed in several malignancies and influences
tumor cell proliferation, tumor cell migration,
angiogenesis, and metastatic behavior. (32-33)
Our study showed that DD carriers were
associated with increased HCC risk compared with II
carriers. This finding suggests that the DD genotype
of ACE I/D polymorphism may alter the susceptibility
to HCC. This in agreement with the finding of George
et al (11) who provided support that the mutation of
RAS components contribute to the risk of developing
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Martino et al.(46) revealed that neither the ACE
genotypes nor alleles were associated with the tumor
stage or grade in renal cell carcinoma.
In summary, in spite of the limited sample size,
our results still suggest that the DD carriers are
associated with increased HCC risk compared with II
carriers on top of HCV and HBV infection in
Egyptian population. This study also implies the
possibility of prevention of HCC by manipulation of
ACE function once its effect is further confirmed.
Conclusion:
The results suggested The DD and DI genotypes
were correlated with a significant increased HCC risk
as compared with the II genotype and the D allele was
correlated with a significant increased HCC risk.
References:
Bosch FX, Ribes J, Cleries R, Diaz M.(2005):
Epidemiology of hepatocellular carcinoma. Clin
Liver Dis;9:191–211.
2. Yu MC, Yuan JM, Govindarajan S, Ross RK.
(2000): Epidemiology of hepatocellular carcinoma.
Can J Gastroenterol;14:703–709.
3. El-Zayadi AR, Abaza H, Shawky S, et al.(2001):
Prevalence and epidemiological features of
hepatocellular carcinoma in Egypt-a single center
experience. Hepatol Res; 19: 170–179.
4. El-Zayadi AR, Badran HM, Barakat EM, et al.
(2005): Hepatocellular carcinoma in Egypt: a single
center study over a decade. World J Gastroenterol;
11: 5193–5198.
5. El-Serag
HB.
(2001):
Epidemiology
of
hepatocellular carcinoma. Clin Liver Dis; 5: 87–
107.
6. Zhu K, Dai Z, Pan Q, et al (2011). Metadherin
promotes hepatocellular carcinoma metastasis
through induction of epithelial-mesenchymal
transition. Clin Cancer Res, 17,:7294-7302.
7. Trinchet JC, Chaffaut C, Bourcier V, et al. (2011).
Ultrasonographic surveillance of hepatocellular
carcinoma in cirrhosis: a randomized trial
comparing 3- and 6-month periodicities.
Hepatology, 54, 1987-1997.
8. Berz D and Wanebo H.(2011): Targeting the
growth factors and angiogenesis pathways: Small
molecules in solid tumors. J Surg Oncol; 103: 574–
586.
9. Carmeliet P and Jain RK.(2000) Angiogenesis in
cancer and other diseases. Nature; 407: 249–257.
10. Beyazit Y, Ibis M, Purnak T, et al.(2011): Elevated
levels of circulating angiotensin converting enzyme
in patients with hepatoportal sclerosis. Dig Dis Sci;
56: 2160–2165.
11. George AJ, Thomas WG, Hannan RD, et al. (2010):
The renin-angiotensin system and cancer: Old dog,
new tricks. Nat Rev Cancer; 10: 745–759.
1.

123

Journal of American Science 2016;12(3)

http://www.jofamericanscience.org

26. El-Houseini M E, Mohammed M S, Elshemey W
M, Hussein T D, Desouky O S, Elsayed AA.
(2005): Enhanced detection of hepatocellular
carcinoma. Cancer Control; 12:248-253.
27. Qin L X, Tang Z Y..(2004): Recent progress in
predictive biomarkers for metastatic recurrence of
human hepatocellular carcinoma: a review of the
literature. J Cancer Res Clin Oncol; 130:497-513.
28. Nguyen M H, Keeffe E B..(2002): Screening for
hepatocellular carcinoma. J Clin Gastroenterol;
35:S86-91.
29. El-Aneed A, Banoub J..(2006): Proteomics in the
diagnosis of hepatocellular carcinoma: focus on
high risk hepatitis B and C patients. Anticancer
Res; 26:3293-3300.
30. Ryder S..(2004): Progression of hepatic fibrosis in
patients with hepatitis C: a prospective repeat liver
biopsy study. Gut;53:451-455.
31. Mohamed Y Elsammak M, Hisham S El Banawy,
Manal Mahmoud (2011): Angiotensin Converting
Enzyme Gene I/D polymorphism correlates with
complications in HCV infected Egyptian Patients.
Global Journal of Medical research; Volume 11
Issue 5 Version 1.0:1-8.
32. Abali H, Gullu IH, Engin H, et al (2002). Old
antihypertensives
as
novel
antineoplastics:
angiotensin-I-converting enzyme inhibitors and
angiotensin II type 1 receptor antagonists. Med
Hypotheses, 59, 344-348.
33. Bauvois B (2004). Transmembrane proteases in cell
growth and invasion: new contributors to
angiogenesis? Oncogene, 23, 317-729.
34. Yong Zha, Ping Gan, Qin Liu and Jing Tan (2014):
Relationship
between
polymorphism
of
angiotensin-converting enzymegene insertion/
deletion and risk of hepatocellular carcinoma in a
Chinese Dai population. Journal of the ReninAngiotensin- Aldosterone System;2: 1–5.
35. Liu YT, Lin LW, Chen CY, et al. (2012):
Polymorphism of angiotensin I-converting enzyme
gene is related to oral cancer and lymph node
metastasis in male betel quid chewers. Oral Oncol;
48: 1257–1262.
36. Ruiter R, Visser LE, Van Duijn CM, et al. (2011):
The ACE insertion/ deletion polymorphism and risk
of cancer, a review and meta-analysis of the
literature. Curr Cancer Drug Targets; 11: 421–430.
37. Yigit B, Bozkurt N, Narter F, Yilmaz H, Yucebas E
and Isbir T,(2007): Effects of ACE I/ D

38.

39.

40.

41.

42.

43.

44.
45.

46.

3/25/2016

124

polymorphism on prostate cancer risk, tumor grade
and metastasis. Anticancer research; 27:933-936.
Jin-Fei Liu, Hao-Jun Xie and Tian-Ming Cheng.
(2013): Lack of any Association between
Insertion/Deletion (I/D) Polymorphisms in the
Angiotensin-converting Enzyme Gene and
Digestive System Cancer Risk: a Meta-analysis.
Asian Pac J Cancer Prev, 14 (12), 7271-7275.
Gao M, Wang Y, Shi Y, et al.(2012): The
relationship between three well-characterized
polymorphisms of the angiotensin converting
enzyme gene and lung cancer risk: A case-control
study and a meta-analysis. J Renin Angiotensin
Aldosterone Syst; 13: 455–460.
Zhang Y, He J, Deng Y, Zhang J, Li X, Xiang Z, et
al.
(2011).
The
insertion/deletion
(I/D)
polymorphism in the angiotensin-converting
enzyme gene and cancer risk: a meta-analysis.
BMC Med Genet.;12(1):159-164.
Lukic S, Nikolic A, Alempijevic T, et al (2011).
Angiotensin-converting
enzyme
gene
insertion/deletion polymorphism in patients with
chronic pancreatitis and pancreatic cancer. Dig
Surg, 28, 258-262.
Rigat B, Hubert C, Alhenc-Gelas F, et al.(1990):
An insertion/deletion polymorphism in the
angiotensin I converting enzyme gene accounting
for half the variance of serum enzyme levels. J Clin
Invest; 86: 1343–1346.
Kaji K, Yoshiji H, Ikenaka Y, et al. (2012).
Possible involvement of angiogenesis in chronic
liver diseases: Interaction among renin-angiotensinaldosterone system, insulin resistance and oxidative
stress. Curr Med Chem; 19: 1889–1898.
Castellon R and Hamdi HK. (2007): Demystifying
the ACE polymorphism: From genetics to biology.
Curr Pharm Des; 13: 1191–1198.
Röcken C, Lendeckel U, Dierkes J, et al.(2005):
The number of lymph node metastases in gastric
cancer correlates with the angiotensin I-converting
enzyme gene insertion/deletion polymorphism. Clin
Cancer Res; 11: 2526–2530.
De Martino M, Klatte T, Schatzl G, et al.(2011):
Insertion/deletion polymorphism of angiotensin Iconverting enzyme gene is linked with
chromophobe renal cell carcinoma. Urology; 77:
1005. e9–1005.e13.

