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ABSTRACT

ARTICLE HISTORY

Background: Phosphatase and tensin homolog (PTEN) is known as anti-oncogene that
is located on chromosome 10q23.3. This gene has high mutations frequency in different
human cancer. We investigated the prevalence of single-nucleotide polymorphisms
(SNP) in the PTEN gene rs2299939 in patients with hepatocellular carcinoma (HCC) and
cirrhosis associated with hepatitis C.
Material and Method: The study included 25 patients with HCC and 25 patients with
cirrhosis. All patients had chronic viral hepatitis C genotype 4. Molecular study of
SNP of PTEN rs2299939 polymorphism was carried out by restriction fragment length
polymorphism and polymerase chain reaction.
Results: There was a statistically significant increase in GG genotype OR 2.2
(95% CI, 0.8–5.6) in patients with cirrhosis and in patients with HCC compared to the
control group (p = 0.0001). There was a significant increase in GT genotype OR 1.9
(0.6–5.8) and TT genotype OR 0.7 (0.5–1.1) in control compared to patients with cirrhosis
and with HCC associated with hepatitis C virus (HCV) (p = 0.0001). The frequency of G
alleles had a statistically significant prevalence in patients compared to control (p = 0.0001)
while T alleles had a statistically significant increase in control compared to the patients
(p = 0.0001).
Conclusion: The GG genotype of PTEN gene rs2299939 showed a significant increase in
patients with HCC and cirrhosis associated with HCV genotype 4. On the other hand, the
TT and GT genotypes may be associated with the decreased risk of the development of
HCC. Further studies are required to validate these findings.
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Introduction
Hepatocellular carcinoma (HCC) is the fifth common malignancy worldwide affecting 1 million
patients each year [1]. In Egypt, it is the most common malignancy of all liver malignancies and represents 4.7% of chronic liver disease [2,3]. The
etiology of HCC includes chronic viral hepatitis C
and B viruses, alcohol use, and aflatoxins exposure
[4]. Besides these factors, human genetic predisposition plays an important role through abnormal
gene expression, epigenetic changes, and abnormal
chromosomal aberrations [5].
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Affection of cellular signals pathway that controls cell proliferation, survival, activity, and
adjustment of its functions may be involved in the
development of different types of cancer. The development of HCC includes the interaction between
different factors that lead to the imbalance between
the proto-oncogenes and anti-oncogenes. The previous studies summarized the consequences that
lead to HCC where environmental factors such as
viral hepatitis B and C lead to proto-oncogene activation, anti-oncogene inactivation [6]. This imbalance leads to an overgrowth of the mutant cells
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with clonal expansion and the development of cancer which occurs with the loss of the anti-oncogene
functions.
The common anti-oncogenes include P53 and
phosphatase and tensin homolog (PTEN). Both
genes have high mutations frequency in different
human cancer [5]. PTEN gene which has a total
length of 200 kb is located on chromosome 10q23.3.
The gene consists of nine exons and eight introns,
and encodes a protein composed of 403 amino acid
residues [7–9]. The protein encoded by the PTEN
gene has activities of protein phosphatase and lipid
phosphatase. The functions of this gene include
regulation of the normal physiological cell differentiation as well as the pathological process of tumors
as it is involved in the differentiation, invasion,
metastasis, and prognosis of tumors [10–13]. The
mutations of the PTEN gene have been associated
with the development of different tumors. However,
there are few studies about the association of mutations of the PTEN gene and liver cancer.

Material and Method

The study was a case control study. Twenty-five
patients with HCC associated with chronic hepatitis
C genotype 4 were included in the study. In addition,
25 patients with cirrhosis associated with chronic
hepatitis C virus genotype 4 were included. The
patients were recruited from Mansoura University
Hospital from January 2018 till December 2018.
The patients with HCC were recently diagnosed
according to clinical, radiological, and pathological examination. They were classified according to
the Barcelona classification of HCC (BCLC) [14].
The patients with cirrhosis were diagnosed by
clinical and radiological investigations. The study
excluded patients with HCC due to hepatitis B or
other malignancies of the liver. Moreover, patients
with cirrhosis due to etiology other than hepatitis C
virus (HCV) were excluded, including patients with
hepatitis B virus and patients with autoimmune
diseases. In addition to patients, 25 healthy control
subjects with normal liver function and negative for
hepatitis viruses B and C were recruited as a control group. The control group was selected within
the same age and sex distribution.
Ethical statement

The Institutional Review Board of Mansoura Faculty
of Medicine approved this study protocol (IRB NO:
R.19.04.486) and informed consent was obtained
from all participants.
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Laboratory investigation
Patients selection was done by performing HCV antibodies by immunoassay with the use of the Elecsys
system (Roche-diagnostic). They had been genotyped previously for HCV by using the Accupower
RT-PCR premix kit (Bioneer, Korea). Hepatitis B
was excluded by performing HBsAg by ELISA kit
(Human Biosource kit). Ten-milliliter blood sample
was obtained from each subject and divided into
two aliquots with ethylene-diamine-tetra acetic
acid (EDTA) and one aliquot without anticoagulant
for sera separation. The separated serum samples
were subjected to the full biochemical study of liver
function tests including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin, direct bilirubin by autoanalyzer Dialab 40, and
alpha fetoprotein (AFP) determination by enzyme
immunoassay by (ELISA—DRG International Inc.,
USA.). Complete blood counts were determined by
Sysmex system from blood samples with EDTA anticoagulant. DNA was extracted from blood samples
with EDTA for molecular study.
Molecular study of single-nucleotide polymorphisms
(SNP) of PTEN gene
DNA extraction
DNA was extracted from the whole blood by the use
of Qiagen extraction mini\Kit (Qiagen-Germany).
The extracted DNA was kept frozen at −20ºC for
further study by polymerase chain reaction (PCR).
Genotyping with PCR-restriction fragment
length polymorphism.
The primers used for the amplification of
rs2299939 are listed in Table 1.
The amplification premix was supplied from
Qiagen (Qiagen-Germany). The total amplification
volume was 20 μl including 2.0 μl 10× PCR/ buffer liquid, 1.5 μl MgCl2, 1.0 μl dNTP, 0.5 μl forward
primer, 0.5 μl reverse primer, 0.5 μl Taq DNA polymerase, 2.0 μl template DNA, and the rest was filled
with sterile water. PCR reaction condition included
the following cycles, predenaturation at 95°C for
6 minutes; denaturation at 94°C for 50 seconds,
annealing at 56°C for 50 seconds, and extension
at 72°C for 50 seconds (35 cycles); and extension
at 70°C for 5 minutes. The amplification products
were subjected to gel electrophoresis in 2% agarose gel for 30 minutes and the gel was stained with
ethidium bromide and the bands were visualized by
UV light.
Restriction endonuclease Nco I enzyme was
applied to digest the PCR Products (5 µl) according
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Table 1. The sequences of the primers, endonuclease enzyme, and the base pair
(bp) of the products.

PTEN

Sequences of the primers

Bp

Endonuclease
encymes

5’-CTCAAACTCCTGACCTCGGG-3’

277

Nico I

5’-TCACCCGAGGTCAGGAGTTT-3’

to the manufacturer’s instruction (ThermofisherUSA). Agarose gel electrophoresis (2%) was carried
out at 90 V for 30 minutes, with the running buffer
being 1× Tris acetic acid and EDTA [15].
Statistical analysis

The data were analyzed by SPSS 22. The qualitative
data were expressed as number and percentage
and the quantitative data were expressed as mean
± SD. The comparison was carried out by the use of
chi-square for qualitative data and by a Nova test
and Mann Whitney for non-parametric data. The p
was significant if it was <0.05.

Results

The study included three groups, normal control
subjects, patients with cirrhosis associated with
HCV genotype 4, and patients with HCC associated with HCV genotype 4. The basic demographic,
clinical, and laboratory data of the groups were
summarized in Table 2. There was statistically
significant in Child-Pugh classification B among
patients with HCC and Child-Pugh classification C in
patients with cirrhosis (p = 0.0001). Barcelona classification of HCC revealed that the high frequency
of the patients was in BCLC grade B followed by A.
The size of the tumor was > 5 cm in 18 patients with
HCC. There was the statistically significant elevation
of AST, total bilirubin, direct bilirubin, albumin, AFP
(p = 0.0001) ALT (p = 0.03) in patients groups
compared to the control group with a significant
reduction in the platelets counts (p = 0.0001)
(Table 2).
There was a statistically significant increase in
GG genotype OR 2.2 (95% CI, 0.8–5.6) in patients
with chronic hepatitis C with cirrhosis and in
patients with HCC associated with HCV genotype
4 compared to the control group (p = 0.0001). On
the other hand, there was statistically significant
increase in GT genotype with OR 1.9 (0.6–5.8) and
TT genotype OR 0.7 (0.5–1.1) in healthy control
compared to patients with chronic hepatitis C with
www.ajrms.com

bp

GG

87

GT

107, 87

TT

107

cirrhosis and in patients with HCC associated with
HCV (p = 0.0001) (Table 3).
There was no statistically significant prevalence
of any genotypes in relation to BCLs classification in
HCC patients or in relation to child classification in
both HCC and cirrhosis (Tables 4 and 5).

Discussion

Egypt has the highest prevalence rate of HCV in the
world. Hepatitis C causes chronic hepatitis infection in 60% up to 80% of the affected patients and
cirrhosis in 10%–20% of the infected patients over
the years [16].
There are studies that have shown that affection
of PTEN gene through deletion or polymorphism
leads to the low expression of its anti-oncogenic
activity which is associated with the development of
liver cancer. It has been proved that the PTEN gene
plays an important role in the occurrence and development of liver cancer [17,18].
In the present study, the GT genotype and TT
genotype appear to have protective effects from the
development of HCC and cirrhosis as these are the
mean genetics forms in the healthy control with a
significant reduction in the patients with cirrhosis
and HCC (Table 3). This was similar to the finding
of the previous study [15 ,19]. The unique finding
of the present study was the significant prevalence
of GG genotype among patients with HCC (OR 2.2,
95% CI) (p = 0.0001) and cirrhosis compared to
healthy control. This might reflect that these SNPs
in the PTEN gene might be involved in the occurrence and development process of liver cancer.
Furthermore, G haplotype has a significantly higher
prevalence in patients with HCC and cirrhosis, a
finding that suggests that this haplotype may be
associated with the reduction of PTEN gene activity.
The high frequency of the genotype GG and G alleles
in cirrhosis patients may reflect the predisposition
of this genotype with the process of cirrhosis, a
finding that needs an extensive study with a large
group of patients to be verified. Previous studies in
23
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Table 2. Comparison of demographic, clinical and laboratory findings among
the studied groups.
Control group
(n = 25)

Patients
with
cirrhosis
(n = 25)

Patients with
HCC
(n = 25)

51.1 ± 6.0

52.2 ± 5.2

50.2 ± 5.9

Male

18 72%

18

72%

18

72%

Female

7 18%

7

18%

7

18%

A (No- %)

3

12%

3

12%

B (No- %)

5

20%

12

48%

C (No- %)

17

68%

10

40%

O

3

12%

A

5

20%

B

13

52%

C

2

8%

D

2

8%

7

28%

18

72%

Age (years)

p

p = 0.8

Gender: (No.-%)

Child-Pugh classification
p = 0.0001

Barcelona classification

Size of the tumor
< 5 cm
>5 cm
HB (gm/dl)

13.1 ± 1.9

12.1 ± 0.2

11.0± 0.3

p = 0.1

WBCs × 10 /µl

7.6 ± 2.1

4.4 ± 1.5

7.8± 1.5

p = 0.003

Platelets ×10 /µl

221.5 ± 59.2

80.6 ± 37.3

146.8 ± 83.4

p = 0.0001

Total bilirubin (µmol/l)

13.6 ± 1.87

73.1 ± 25.5

39.1 ± 11.9

p = 0.0001

Direct bilirubin (µmol/l)

5.1 ± 1.7

39.1 ± 11.9

18.7 ± 6.8

p = 0.0001

AST (IU/l)

29.3 ± 4.8

66.2 ± 16.3

109.6 ± 11.7

p = 0.0001

ALT (IU/l)

28.9 ± 5.2

55.2 ± 18.1

85.2 ± 23.2

p = 0.03

Albumin (g/dl)

3.9 ± 0.5

2.9 ± 0.4

3.6 ± 0.5

p = 0.0001

AFP (µg/l) mean± SD

5.8 ± 2.2

12.5 ± 0.2

413 ± 110

p = 0.0001

3

3

Minimum
Maximum

mice had revealed that the loss of the PTEN function
was associated with massive hepatomegaly and steatohepatitis with triglyceride accumulation [20].
On the other hand, there was a statistically significant increase in GT genotype with OR 1.9 and
TT genotype OR 0.7 in healthy control compared
to patients with chronic hepatitis C with cirrhosis and in patients with HCC associated with HCV
(p = 0.0001) (Table 3). This finding was in agreement
with Li et al. [15] who concluded that
the GT genotype 0f rs2299939 probably decrease
the risk of hepatoma (OR = 0.483).
24

The development of HCC occurs due to the
interaction between predisposing genetic factors
and infections or other environmental risk factors
[21,22]. The genetic factors include inactivation of
tumor suppressor gene and activation of the proto-oncogene, epigenetic alteration, genomic instability, chromosome gain and deletion [23,24] of PTEN
gene with BCLC in HCC or with Child-Pugh classification in patients with cirrhosis and HCC (Tables 4 and
5). Similar result was identified in a previous study
that reported that PTEN mutation has no association
with BCLC classification [25].
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Table 3. Distribution of genotypes of rs2299939 polymorphism among the studied groups.
Control group
(n = 25)

Patients with
cirrhosis
(n = 25)

Patients with HCC
(n = 25)

p

GG
OR* (CI#-95%)
2.2 (0.8-5.6)

12

48%

20

80%

21

84%

p = 0.0001

GT
OR* (CI#-95%)
1.9 (0.6-5.8)

3

12%

2

8%

1

4%

p = 0.0001

TT
OR* (CI#-95%)
0.7 (0.5-1.1)

10

40%

3

12%

3

12%

p = 0.0001

G

27

42

43

T

23

8

7

p = 0.0001
p = 0.0001

*OR = Odd Ratio, #CI = Confidence Interval. The frequency of G alleles had statistically significant
prevalence in patients compared to control (p = 0.0001) while T alleles had a statistically significant
increase in control subjects compared to the patients (p = 0.0001)

Table 4. Distribution of genotypes of rs2299939 polymorphism among patients with HCC
according to BCLC.
BCLC
Genotypes

0

A

B

C

Total

D

No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

GG

1

4.8%

5

23.3%

11

52.4%

2

9.5%

2

9.5%

21

100%

GT

1

100%

1

100%

3

100%

TT

1

33.3%

1

33.3%

1

33.3%

p = 0.4

Table 5. Distribution of genotypes of rs2299939 polymorphism
among patients with HCC and cirrhosis according to Child-Pugh
classifications.
Genotype

Child-Pugh Classification
A

PTEN

Total

Total

B

C

GG

11

26.8%

12 29.3%

18 43.9%

41 100%

GT

1

33.3%

0

0%

2

66.6%

3

100%

TT

2

33.3%

2

33.3%

2

33.3%

6

100%

14

28%

14

28%

22

44%

50 100%

p = 0.8

The study of the genes associated with
susceptibility to HCC and cirrhosis can facilitate
the understanding of the pathogenesis of these
conditions and in the management of them.
These conditions may include the interaction of
various genes; therefore, there is a requirement
for further studies that involve multiple genes.
The present study highlights the significant
increase in the prevalence of GG genotype of PTEN
gene rs2299939 in patients with hepatocellular
carcinoma that may denote that this genotype
www.ajrms.com

is associated with the development of HCC
associated with HCV genotype 4. Moreover, the
same genotype is associated with cirrhosis. On
the other hand, the TT and GT genotypes may
be associated with a decrease in the risk of the
development of HCC. The limits of the present
study are the small number of the included
subjects and more genes should be studied and
linked with the environmental factors. Further
studies can be deepened to validate these
findings.
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