Bzl SPANDIDOS
7] ,§, PUBLICATIONS

WORLD ACADEMY OF SCIENCES JOURNAL 7: 8, 2025

Biochemical and molecular detection of
genetic instability of liver cancer

SHIMAA F. ELMEKAWY' ASHRAF Z. MAHMOUDZ, ELSAYED K. ABDELHADY' and AHMED M. ABOELENIN®

]Department of Zoology, Faculty of Science, Mansoura University, Mansoura 35516, Egypt;

2Department of Urology and Nephrology, Faculty of Medicine, Mansoura University, Mansoura 35516, Egypt;

3Department of Gastroenterology Surgery, Faculty of medicine, Mansoura University, Mansoura 35516, Egypt

Received August 10, 2024; Accepted November 11,2024

DOI: 10.3892/wasj.2024.296

Abstract. Liver cancer has become the third most common
cause of mortality worldwide. Random amplified polymor-
phic DNA analysis (RAPD) is used in cancer research. This
analysis was used in the present study in an aim to examine
the genetic instability of liver cancer. For this purpose, a total
of 20 patients with liver cancer between the ages of 45 and
80 years of both sexes were randomly selected in the present
study. Blood samples were collected for hematological and
biochemical analyses. Radiological, etiological and histo-
pathological data were analyzed and liver tissue biopsies
from the tumor and safe area were obtained for RAPD-PCR
testing. The results revealed that 50% of the patients had fatty
liver cirrhosis, 40% had hepatitis C virus infection and 10%
had hepatitis B virus infection. Of note, 85% of the patients
had hepatocellular carcinoma, 15% had mixed-type carci-
noma, 10% had fibrolamellar carcinoma and 5% had hepatic
adenoma. In addition, 80% of the patients had grade II disease,
15% had grade I1I disease and 5% had grade I disease, while
40% of patients had stage I disease, 30% of patients had
stage I1I disease, 20% of patients had stage II disease and 10%
of patients had stage IV disease. The analysis of radiological
data revealed that 50% of the patients had fatty liver cirrhosis,
85% had large tumors and 15% had smaller tumors. Of note,
10% of the studied patients had lymph node metastasis, and
90% of them did not have metastasis. All the values for the
hematological parameters were decreased; however, the white
blood cell count and the international normalized ratio (INR)
were significantly increased. The serum levels of bilirubin,
creatinine, potassium, alpha-fetoprotein, alanine transaminase
and aspartate aminotransferase were significantly increased,
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whereas those of albumin and sodium were significantly
decreased. The RAPD-PCR analysis of both normal and tumor
tissue biopsies revealed the marked appearance of a tumor
marker bandl, 150 bp in 26% of the normal tissue samples,
and in 57% of the tumor samples when primer A-01 was used.
Furthermore, tumor marker band 1,850 bp appeared in 24%
of the normal tissues and in 82% of the tumor tissues when
A-03 primer was used. On the whole, the present study demon-
strates the instability of liver cancer based on biochemical and
molecular detection aspects.

Introduction

The liver is the largest organ of the mammalian body, with
a highly varied and complex function. The role of the liver
is demonstrated by the fact that despite intensive efforts, its
action cannot be replaced by artificial technology. The liver
contributes to the maintenance of the homeostasis of an
organism as an active bidirectional biofilter. It is essential
for protein, carbohydrate and fat metabolism in the human
body (1). Liver cancer is associated with the third-highest
mortality rate worldwide. The global mortality rate from liver
cancer has reached 8.2%. The proper diagnosis of benign
and malignant tumors is essential for effective treatment (2).
Liver cancer is the fifth- and ninth-most prevalent malignancy
among both males and females. It is the second-highest
cause of cancer-related mortality worldwide. Furthermore,
secondary liver cancer is more prevalent than primary liver
cancer (3). Hepatocellular carcinoma (HCC) is a type of
primary liver tumor that develops in a setting of chronic liver
disease or cirrhosis. It has been responsible for the majority of
liver cancer diagnosis and deaths. HCC is associated with a
poor prognosis, with a 5-year survival rate of 20-40%, particu-
larly in individuals with advanced-stage disease (4).

In Egypt, liver cancer is the fourth most frequent type of
cancer. Numerous hospital researches have revealed an eleva-
tion in the incidence of HCC. This increased incidence may
be due to the advanced technologies used for screening and
diagnosis. These technologies increase the rate of survival of
patients suffering from cirrhosis, those at risk of developing
HCC, and hepatitis C virus (HCV)-related complications.
The most common risk factor for developing liver cancer in
Egypt, including HCC is HCV (5). Several liver function tests
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are performed on patients to assess and treat hepatic dysfunc-
tion. Alpha-fetoprotein (AFP) is the most commonly tested
biomarker for monitoring HCC. Other benign or malignant
illnesses can cause an increase in serum AFP levels. The spec-
ificity of AFP is hampered by its presence in other illnesses,
such as hepatitis B virus (HBV), intrahepatic cholangiocarci-
noma, and acute and chronic hepatitis (6).

The most effective techniques for identifying genomic
areas involved in the control of traits of interest are molecular
markers. They also make it easier to select target genomic
regions based on marker genotype rather than concerned trait
phenotype (7). For primer design, the random amplified poly-
morphic DNA (RAPD) approach does not require DNA probes
or prior sequence information. As random primers are widely
available, such sequence data information is irrelevant (8).
However, RAPD analysis has certain limitations and disad-
vantages, such as the fact that almost all RAPD markers are
dominant, i.e., it is not possible to distinguish whether a DNA
segment is amplified from a locus that is heterozygous (1 copy)
or homozygous (2 copies). The RAPD technique needs carefully
developed laboratory protocols to be reproducible. In addition,
the results from RAPD can be difficult to interpret. It lacks prior
knowledge on the identity of the amplification products (9).

The use of RAPD has been shown to be successful in
studying genetic polymorphisms of the specific breast cancer
related genes (10). The genomic alteration of renal tumors was
previously illustrated by RAPD analysis (11). RAPD-PCR
analysis is used to identify genetic alterations and polymor-
phisms in human tumors, such as neck and head squamous
cell carcinoma, lung cancer, ovarian cancer, lymphoma,
brain tumors, HCC and leukemia (12). RAPD-PCR provides
the potential to generate diagnostic markers for studying
genomic instability in bladder tumors (13). RAPD has been
used to identify a unique pattern of amplified DNA fragments
in the genomic DNA of patients with acute lymphoblastic
leukemia (14). Thus, the present study aimed to use RAPD to
perform the biochemical and molecular detection of genetic
instability in Egyptian patients with liver cancer, in order to
aid in the medical diagnostic sector.

Patients and methods

Clinical specimens. After obtaining approval from the Medical
Ethics Committee of Mansoura University (Mansoura, Egypt;
approval no. MS.22.11.2211), the present prospective study
was carried out on 20 patients with liver cancer. Informed
consent was obtained for the publication of their data.
Their ages were 45-80 years and they included both sexes
(16 males and 4 females). They were selected randomly from
the Gastroenterology Surgical Center, Mansoura University.
The selected patients had no other malignant tumors. From
April, 2022 to January, 2023, tissue true cut samples and blood
samples were collected from patients with different grades and
stages of liver cancer. From each liver cancer patient, tumor
and normal tissues (as a self-negative control) were collected
for the molecular analysis, while the blood samples were
collected for the biochemical analysis.

Data collection. Patient data, including age and sex were
collected from the files of the patients through the internal

network of Gastroenterology Surgical Center, Mansoura
University.

Histopathological characterization. Liver cancer histopa-
thology of tissues biopsies including, tumor type, staging and
grading was performed.

Etiological data. Data on viral infections, liver inflamma-
tion types and tumor classification were combined through
virology reports.

Radiological examination. Patients with liver cancer under-
went an abdominal ultrasound and a computerized tomography
(CT) scan.

Biochemical analysis. Blood was collected from all
the patients into different metal-free safety vacutainer
blood-collecting tubes containing heparin (Kemico) for
blood chemistry analysis, including serum creatinine (Creat),
sodium (Na*), potassium (K*), glucose (Gluc), albumin (Alb),
alanine transaminase (ALT), aspartate aminotransferase
(AST), total protein (TP), total bilirubin (T.Bil) and AFP.
The values of these tests were determined using a Cobas c311
autoanalyzer (Roche Diagnostics) and reagent cassettes were
purchased from Roche Diagnostics Egypt. The second type
of vacutainer blood-collecting tubes containing K2EDTA
(Kemico) were used for the analysis of complete blood count
(CBCQ), including red blood cells (RBCs), white blood cells
(WBCs), platelets (PLTs) and hemoglobin level (Hb); these
were measured using a Sysmex cell counter (Bioline 6500;
Sysmex America, Inc.) and all the reagents were purchased
from Sysmex, Egypt LLC. The third type of vacutainer
blood-collecting tubes contained sodium citrate (3.2%) as
an anti-coagulant (Greiener Bio-One) for the international
normalized ratio (INR) test, and was measured using the
Stago compact coagulation analyzer (Diagnostica Stago,
Inc.) and all the reagents were purchased from Stago, Etico,
Egypt. The normal references of all the biochemical tests
were determined from the data sheet that was provided with
the kit of each test.

Molecular analysis. Frozen true cut samples from tumor and
normal tissues were weighed exactly and were grounded homog-
enously using a tissue homogenizer (Mechanika Precyzyjna,
Poland; https://www.tachografy.kalisz.pl/kontakt/) and DNA
was extracted by Phenol-chloroform isoamylalcohol manual
method (15). The extracted genomic DNA concentration and
purity were assessed by nanodrop spectrophotometer (Thermo
Scientific 2000, USA). The optimum purity ratio was 1.8-2.0.
Extracted pure genomic DNA integrity was assembled
through gel electrophoresis in 0.7% agarose' (Industrias Roko
S.A)). Agarose was boiled in a microwave for 2 min in 1X
Tris Acetate EDTA (TAE) and mixed with 5 xl Midori Green
Advance DNA stain (Nippon Corp.). The extracted genomic
DNA was loaded in the prepared 0.7% agarose lanes and one
lane (the first or last lane) was loaded with lambda/DNA HindIII
marker (Sigma-Aldrich; Merck KGaA). Electrophoresis was
performed in a gel electrophoresis apparatus (Labnet) for
45 min at 100 Vin 1XTAE, and demonstrated on ultraviolet
light box (Fotodyne).



Table I. Kit-A primers sequences.
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Table I'V. Tumor grade.

Name Sequence Tumor grades No. of patients %
A-01 5-CAGGCCCTTC-3' Gradel 1 5
A-02 5-TGCCGAGCTG-3' Grade Il 16 80
A-03 5'-AGTCAGCCAC-3'  Grade III 3 15
A-04 5'-AATCGGGCTG-3'
A-05 5'-AGGGGTCTTG-3'
Table V. Tumor stage.
Table 1I. Age and sex of the patients. Tumor stage No. of patients %
Characteristic Statistics Stage 1 8 40
Stage I1 4 20
Number 20 Stage 11 6 30
Age in years, mean + SD (range) 63.3 (45-80)  Stage IV 2
Sex (male/female) 16/4 10%
Table III. Histopathological subtypes. Table VI. Radiology results.
Histopathological subtypes No. of patients %  Parameter No. of patients (%)
Hepatocellular carcinoma 17 85  Tumor size
Fibrolamellar carcinoma 2 10 Small (<3 cm) 3(15)
Hepatic adenoma 1 5 Large (>3 cm) 17 (85)
Lymph node invasion
Negative 18 (90)
Positive 2 (10)

DNA amplification was carried out with five primers
(A-01 to A-05) (Eurofins Genomics) to examine the efficiency
of the primer kit (Table I). The PCR mixture was prepared
in a 200 pl sterile PCR Eppendorf tube by mixing 1 ug pure
genomic DNA, 2 U Tag DNA polymerase enzyme (Viviantis,
Malizia; https://www.vivantechnologies.com/), 30 pm of
each primer, one PCR bead (Enzynomics) and sterile (free of
any salts and microorganisms) and distilled H,O was added
to reach a final volume of 20 ul. The PCR Eppendorf was
shaken and was spun at 13,000 rpm in an Eppendorf centri-
fuge (Beckman Coulter, Inc.). A total of 20 xl mineral oil
(Merck KGaA) was dropped over the PCR mixture. The PCR
Eppendorf containing the PCR components was transferred
to the PCR machine (Proflex Industries Pte. Ltd.) which was
programmed into three programs. The first program was
cycled for 40 cycles; each cycle was programmed as four
steps. The first step was set at 95°C for 1 min to denature the
DNA (initial), the second step was set at 95°C for 1 min to
denature the DNA (final), the third step was set at 30°C for
1 min to anneal the primer with DNA strands, and the fourth
step was set at 72°C for 2 min for the new DNA extension. The
first program was linked to the second program, which was
set as one cycle at 72°C for 7 min for the final extension of
the new DNA copies. The second program was linked to the
third program, which was programmed to terminate the reac-
tion by keeping the PCR Eppendorf tube at 4°C in the PCR
machine. The results of RAPD-PCR were analyzed through
gel electrophoresis as previously described (highlighted green)
with some modifications: The agarose gel was prepared as 2%,

and the DNA marker (GeneDirex) was a 1-kb DNA ladder.
DNA bands molecular weights were calculated using Gell App
software 1.2.7 android app.

Statistical analysis. GraphPad Prism 5.0 software (Dotmatics)
was used for all statistical analyses. The results were presented
as the mean = the standard error of the mean (SEM) (n=6),
where n is the number of patients in each group. One-way
analysis of variance (ANOVA) was used to perform statistical
comparisons followed by the Student-Newman-Keuls post
hoc test (16). The Chi-squared test and Fisher's exact test
(<20 cases) were used to analyze the association between
genomic instability, histological type and the grade of liver
cancer. A value of P<0.05 was considered to indicate a statisti-
cally significant difference. The Gell App analyzer program
was used to determine the molecular weight of the amplified
DNA fragments including normal and tumor DNA bands by
plotting a curve illustrating the detected fragment molecular
weight against the molecular weight of the marker fragments.

Results
According to the ages and sex of the patients, the inci-

dence of liver cancer among the male patients was ~4-fold
higher compared with that among the female patients and
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Table VII. Results of biochemical (hematologic and chemical) analyses.

Variable Normal control values (n=20) Tumor values (n=20) P-value
RBCs 5.253+0.5446 3421+1.070 0.0001
WBCs 5.11 2+0.4996 12.30+£2.577 <0.0001
PLTs 520.6+£71.99 119.8+34.79 <0.0001
Hb 13.90+1.148 11.71£0.7876 <0.0001
INR 1.009+0.07549 1.470+0.2214 0.0001
Alb 4.440+0.4037 2.720+0.7463 0.0019
Bil 0.8167+0.2229 1.60+0.3633 0.0011
Creat 0.7067+0.04274 1.563+0.3275 <0.0001
AFP 10.98+2.217 500.4+132.7 <0.0001
Na* 139.8+3.435 123.8+£7.997 <0.0001
K* 3.600+0.8380 5.740+0.7397 <0.0001
ALT 27.60+10.21 217.0+44.18 <0.0001

AST 27.20+5.263 130.4+42.00 0.0006

Data are presented as the mean + SD. Values in bold font indicate statistically significant differences (P<0.05). Na*, sodium; K*, potassium;
ALT, alanine transaminase; AST, aspartate aminotransferase; RBCs, red blood cells; WBCs, white blood cells; Hb, hemoglobin; INR, interna-

tional normalized ratio.

the age range of the patients was 45-80 years (Table IT). A
histopathological examination of the tumor tissues biopsies
was performed, revealing that HCC comprised the highest
frequency (85%) followed by fibrolamellar carcinoma (10%),
while hepatic adenoma (rare type) exhibited the lowest
percentage (5%) (Table I1I). As regards tumor grading and
staging, grade II exhibited the highest frequency (80%)
followed by grade I11 (15%) and grade I (5%) (Table IV), while
the majority of patients (40%) had stage I disease followed by
stage III (30%) and stage 11 (20%); only a minority of patients
(10%) had stage IV disease (Table V). As regards the liver
cancer etiology of the patients, ~50% of patients had fatty
liver cirrhosis, 10% of patients had HBV and 40% of patients
had HCV. According to radiological analyses, when patients
underwent radiological investigations, it was found that the
majority of the patients (85%) had large-sized tumors and
the remaining (15%) of patients had smaller-sized tumors.
On the other hand, the majority of the patients (50%) were
suffering from fatty liver cirrhosis, while in 10% of patients,
the lymph nodes were invaded by the tumor (metastasis) and
the remaining 90% of the patients did not have lymph node
metastasis (Table VI).

Biochemical analysis of the patients with liver cancer
included chemical and hematological analyses. Chemical
analysis revealed a significant decrease in both serum Alb
and Na* levels. A significant increase in serum Bil, Creat, K*,
AFP, ALT and AST levels was recorded in the tumor tissues
compared with the normal tissues (Table VII and Fig. 1).
Hematological parameters included CBC and INR analyses
of the patients with liver cancer. The CBC analyses exhibited
a significant decrease in the RBC count, PLT count and Hb
content in the tumor tissues compared with the normal control
values, whereas the WBC count was significantly increased in
the tumor tissues compared with the normal tissues. Moreover,
the INR level exhibited a significant increase in the tumor
tissues (Table VII and Fig. 2).

The results of molecular analysis included extracted
genomic DNA profile and RAPD-PCR pattern profile. Purified
extracted DNA of the patients with liver cancer was run on 0.7%
agarose gels (Fig. 3). RAPD-PCR was used for analysis with
five distinct primers of A-01 to A-05 (Table I). Two primers
(A-01 and A-03) were amplified and presented clear and firm
bands with the majority of the tested samples. The A-O1 primer
revealed several bands and eliminated others when used in the
RAPD-PCR approach. A 6,250-bp band was observed in 9% of
the tumor tissue samples and was completely absent in all the
normal tissue samples. While it was presented in 13% of all the
normal tissue samples, the 3,400-bp band was completely absent
from all the malignant tissue samples. In 4, 21, 39, 48 and 8%,
respectively of the normal tissue samples, and in 4, 30, 57, 26
and 30%, respectively of the tumor tissue samples, five common
bands 4,300, 2,900, 1,775, 1,550 and 850 bp were observed.
A distinctive significant appearance (P=0.036071) of a tumor
marker band of 1,150 bp in 26% of the normal tissue samples,
and in 57% of the tumor tissue samples was noted (Figs. 4-8
and Table VIII). When primer the A-03 was employed in the
RAPD-PCR approach, four bands of 9,850, 7,385, 1,550 and
1,200 bp were detected in 18, 24, 29 and 29%, respectively of
all the normal tissue samples however; they were completely
absent from all malignant tissue samples. The four common
bands 2,900, 1,950, 1,400 and 950 bp were found in 6, 6, 41
and 6 of the normal tissue samples, respectively, and in 29, 18,
29 and 24% of the tumor tissue samples, respectively. A highly
significant appearance (P=0.000591) of a tumor marker band of
1,850 bp was observed in 24% of the normal tissue samples, and
in 82% of the tumor tissue samples (Figs. 9-13 and Table IX).

Discussion
In the present study, the ages of the patients ranged between

45-80 years and included both sexes, where the male sex was
~4-fold more common than females combined with a previous
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Figure 1. Results of the analysis ofchemical parameters of all examined
samples using one-way ANOVA. "P<0.05, significant difference vs. normal
control values. Na*, sodium; K*, potassium; ALT, alanine transaminase; AST,
aspartate aminotransferase.
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Figure 2. Results of the analysis of hematological parameters of all examined
samples using one-way ANOVA. "P<0.05, significant difference vs. normal
control values. RBCs, red blood cells; WBCs, white blood cells; Hb, hemo-
globin; INR, international normalized ratio.

hypothesis (17,18). In addition, the present study demonstrated
that the HCC type comprised the highest frequency (85%)
followed by the mixed type (15%) and fibrolamellar carcinoma
(10%), while hepatic adenoma (rare type) was the lowest
percentage (5%). Another study indicated that 75-85% of cases
were HCC, followed by intrahepatic cholangiocarcinoma and
the remaining cases were less common tumors; grade II liver
cancer comprised the majority of cases (80%), while grade I
cancer comprised the minority (5%) (19). On the contrary,
previous research has revealed a significantly high percentage
of grade I and a low percentage of grade III liver cancer
tumors (20).

Compared to previous findings, the present study demon-
strated that 40% of the patients were in stage I, while in
another study, only 4.6% of patients had stage I disease (21).
The present study conducted the radiological analysis of
patients with liver cancer using CT scan and abdominal
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Figure 3. Extracted genomic DNA, electrophoresed in agarose gel (0.7%)
and TAE buffer (1X) for 45 min at 100 V. M, marker, HindI1I-digested DNA
(Lambda); T, tumor tissue, N, normal tissue. The asterisk (*) refers to the
genomic DNA band of 23 kb.
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Figure 4. Band molecular weight percentages, amplified by the A-0O1 primer
of liver tumor and normal tissues.The asterisk (*) refers to the significant
marker tumor band of 1,150 bp.

ultrasound. It was revealed that 85% of the patients had
large-sized tumors and the remaining 15% had smaller-sized
tumor. To a certain extent, these results are in accordance
with the findings of another study where 25% of the liver
cancer lesions are <3 cm and 50% of the tumors were >3 cm
in diameter (22). The present study found that fatty liver
cirrhosis comprised 50% of the cases, HBV comprised 10%
and HCV comprised 40% of the cases. Of note, in another
study, 95.7% of the cases had HCV or HBV infection, with
the incidence of HCV predominating (91.4%) (23). Egypt has
the highest HCV prevalence rate worldwide, with rates of 6
to 28% (23). The hematological findings of patients with liver
cancer have been demonstrated in previous studies (24-26);
in these patients, RBCs, the PLT count and Hb content were
significantly decreased compared to normal values, while
the number of WBCs was significantly increased (24-26).
Previous studies (27,28) have confirmed the biochemical
observations of the present study where, serum Alb and
sodium levels were significantly decreased in the serum
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Table VIII. Statistical analysis of amplified DNA fragments generated using the A-O1 primer for liver tumor and normal tissues.

DNA band Tumor tissue Normal tissue

molecular

weight (bp) No. of patients % No. % x° P-value
6,250 2 9 0 0.0 0.3566 0.550407
4,300 1 4 1 4 0.0 0.999
3,400 0 0.0 3 13 1.0952 0.295314
2,900 7 30 5 21 0451 0.50187
1,775 13 57 9 39 1.3939 0.237741
1,550 6 26 11 48 2.3327 0.126685
1,150 13 57 6 26 43938 0.036071
850 7 30 2 8 34535 0.06312

Values in bold font indicate statistically significant differences (P<0.05).

Figure 5. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 1-4 using the A-01 primer. N, normal tissue; T, tumor tissue; M, marker;
DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers to the
significant marker tumor band of 1,150 bp.
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Figure 6. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 5-8 using the A-01 primer. N, normal tissue; T, tumor tissue; M, marker;
DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers to the
significant marker tumor band of 1,150 bp.
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Table IX. Statistical analysis of amplified DNA fragments which generated by A-03 primer of liver tumor and normal tissues.

DNA band Tumor tissue Normal tissue
molecular
weight (bp) No. of patients % No. % X P-value
9,850 0 0.0 3 18 1.1333 0.287065
7,385 0 0.0 4 24 2.1103 0.146306
2,900 5 29 1 6 3.2381 0.071944
1,950 3 18 1 6 1.1333 0.287065
1,850 14 82 4 24 11.8056 0.000591
1,550 0 0.0 5 29 3.2381 0.071944
1,400 5 29 7 41 0.5152 0.472917
1,200 0 0.0 5 29 3.2381 0.071944
950 4 24 1 6 2.1103 0.146306
Values in bold font indicate statistically significant differences (P<0.05).
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bp
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Figure 7. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 9-12 using the A-0O1 primer. N, normal tissue; T, tumor tissue; M, marker;
DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers to the
significant marker tumor band of 1,150 bp.
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Figure 8. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 13-16 using the A-01 primer. N, normal tissue; T, tumor tissue; M, marker;
DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers to the
significant marker tumor band of 1,150 bp.
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Figure 9. Band molecular weight percentages, amplified by the A-03 primer of liver tumor and normal tissues. The asterisk (*) refers to the significant marker
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Figure 10. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 1-4 using the A-03 primer. N, normal tissue; T, tumor tissue; M, marker;
DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers to the

significant marker tumor band of 1,850 bp.

of patients with liver cancer compared to normal values.
However, the values of serum T.Bil, serum Creat, potassium,
serum AFP, serum ALT, AST and the plasma INR were all
significantly elevated and this finding has been corroborated
by previous studies (29-34).

The present study used the RAPD-PCR approach to
demonstrate the genomic instability of Egyptian patients
suffering from liver cancer by losing normal bands and
revealing new tumor-related bands. Additionally, other
researchers have supported these findings, where the RAPD
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Figure 11. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 5-9 usingthe A-03 primer. N, normal tissue; T, tumor tissue; M, marker;
DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers to the
significant marker tumor band of 1,850 bp.
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Figure 12. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 10-13 using the A-03 primer. N, normal tissue; T, tumor tissue;
M, marker; DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (¥) refers
to the significant marker tumor band of 1,850 bp.
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Figure 13. Agarose gel electrophoresis of RAPD-PCR products of liver tissue samples 14-17 using the A-03 primer. N, normal tissue; T, tumor tissue;
M, marker; DNA ladder (1 kb; 10,000-500 bp). Electrophoresis was carried out in agarose gel (2%) in TAE buffer (1X) for 2 h, at 100 V. The asterisk (*) refers
to the significant marker tumor band of 1,850 bp.
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investigation of patients with HCC revealed loss or gain of
bands, change in intensity and shifting in DNA band/s of the
tumor lane compared to the corresponding healthy DNA (35).
Genetic alterations were revealed in HCC that were discovered
by one primer at least, and the genetic mutations detectability
was ranged from 20 to 70% in each instance and 17.9 to 50% of
each primer (12). In a previous study on CCA, the RAPD anal-
ysis of chromosomes 2p25.3 and 7q11.23 appeared consistent
DNA fingerprints of tumor and normal tissue from the same
patient. Normal and tumor bands intensities were compared to
examine changes in DNA fingerprints (36). Furthermore, that
study discovered that the amplified CCA accounted for >70%
of the alterations in the genome. The significant prevalence
gain of the CCA sequence may suggest that changes in gene
copy numbers play a crucial role in this type of cancer (36).

In the present study, the RAPD-PCR analysis of the tumors
of patients with liver cancer and normal tissues by using the
A-01 primer revealed promising results, when a distinctive
significant appearance (P=0.036071) of a tumor marker band
of 1,150 bp appeared in 26% of the normal tissue samples and
in 57% of tumor tissue samples. Another notable result was
observed with the A-03 primer, where a highly significant
appearance (P=0.000591) of a tumor marker band of 1,850 bp
was observed in 24% of the normal tissue samples and in
82% of the tumor tissue samples. A number of DNA bands
appeared in the tumor and/or normal tissues; however, none of
these produced any significant findings.

In conclusion, the present study performed biochemical,
hematological, histopathological and radiological analyses
examine the phenotype of the cell. Thus, sharp and accurate
technology acting on the genotype of the cancer cell, such as
RAPD-PCR, is required to discover genetic instability. The
present study indicated that RAPD-PCR analysis succeeded
in producing diagnostic marker primers (A-01 and A-03) and
tumor marker bands specific for liver cancer. The present study
provides evidence of the potential promise of RAPD-PCR
analysis as a diagnostic molecular genetic marker technology,
apart from the traditional diagnostic approaches. However,
the present study was a preliminary study, and thus further
studies are required in the future to confirm these findings.
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