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Abstract. Epidemiological studies indicate that infections by 
certain types of human papillomaviruses (HPVs) are causally 
linked to the development of cervical cancer. It is also known 
that HPV infections alone do not cause progression to cervical 
cancer, as additional genetic changes such as loss of distinct 
chromosomal regions, inactivation of tumor-suppressor genes 
and activation of oncogenes must also occur in order for 
malignant transformation to take place. In the present study, 
78 patients diagnosed with cervical cancer and 36 cervical 
cancer-free cases (control) were analyzed for high-risk HPV 
genotypes (16 and 18) by polymerase chain reaction (PCR). 
Loss of heterozygosity (LOH) of the retinoblastoma gene (Rb) 
at two polymorphic intronic sites (intron 1 and 17) and the 
p53 polymorphism in codon 72 were detected by RFLP and 
allele-specific PCR, respectively. HPV 16 and 18 were found at 
frequencies of 93.6 and 8.3% in the cervical cancer and control 
samples, respectively. LOH was detected in 63% of patients 
in intron 1 and/or intron 17. p53 allele frequency for Arg/Arg 
was 43.6% (34/78), for Arg/Pro 37.2% (29/78) and for Pro/Pro 
19.2% (15/78). The relative risk (RR) of LOH and Arg/Arg 
alone was 1.7 and 1.1, respectively, while the combined RR for 
Rb LOH and p53 Arg/Arg was 2.5. The present study showed a 
significant association of the chromosomal allelic loss of Rb in 
Sudanese cervical cancer patients, while no such association 
was observed with other parameters, such as clinical stage and 
degree of differentiation; hence, it cannot be a determinant 
of tumor behavior in cervical carcinoma. Although the p53 
arginine allele is itself an important risk factor for cervical 
cancer, the combined risk with LOH of Rb, which appears to 
be greater, might indicate a possible epistatic effect of the two 
genes/polymorphisms.

Introduction

Strong epidemiologic evidence indicates that infections by 
certain types of human papillomaviruses (HPVs) are causally 
linked to cervical cancer development (1). Among the high 
risk HPV types, HPV 16 and 18 are recognized as the main 
causes of invasive cervical cancer and its precursor lesions. 
Little is known, however, about HPV prevalence in patients 
with cervical cancer and healthy women in Sudan, a country 
with a high incidence of cervical cancer.

In cervical cancer patients, alterations in many tumor-
suppressor genes have been reported (2). Among them, the two 
well-characterized tumor-suppressor genes, the retinoblastoma 
gene (Rb) on chromosome 13q and the p53 on chromosome 
17p, are both frequently inactivated in a broad range of human 
cancer types (3).

Data concerning mutations of the Rb gene are controversial 
with respect to cervical carcinoma. Most commonly, pRb is 
inactivated by mutation of its regulators. pRb is known to be 
inactivated by virally encoded oncoproteins such as E7 in high-
risk papillomaviruses (4,5). However, the genomic changes 
associated both with mutations of the Rb gene and HPV infec-
tion have not been fully established, mainly due to the limited 
number and low informative capability of the markers used.

A single nucleotide polymorphism in the p53 gene 
resulting in the substitution of arginine (Arg) by proline (Pro) 
at codon 72 was identified and shown to alter the primary 
structure of the p53 protein (6). Biochemical and functional 
differences between the two p53 forms have been identified 
(7). In light of the structural differences, it was hypothesized 
and subsequently demonstrated experimentally that the Arg 
form of the p53 protein was in fact more susceptible to binding 
and degradation by the HPV-E6 oncoprotein than the Pro form 
(8). In the same study it was found that women with invasive 
cervical cancer were more likely to be homozygous for Arg at 
codon 72 compared to controls, suggesting that the Arg/Arg 
genotype may confer greater susceptibility to cervical cancer. 
Numerous subsequent investigations of the possibility of an 
increased risk of cervical cancer associated with the Arg/Arg 
genotype have been conducted on various populations with 
controversial findings (9‑14).

In summary, the two genetic alterations we analyzed in this 
study have emerged as significant factors in the pathogenesis 
and progression of many types of tumors and are therefore 
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likely to provide relevant information to assess the risk of 
cervical cancer (15).

Materials and methods

Seventy-eight cervical cancer tissues and matched peripheral 
blood samples were collected from patients with cervical 
cancer. Patients were randomly selected regardless of age, 
ethnicity or duration of the disease. Also, 36 formalin-fixed 
paraffin-embedded tissues (PETs) of non-cancerous samples 
were used as control for the presence of HPV. The control for 
the p53 study was previously published data of 253 Sudanese 
individuals from different ethnic groups (17). DNA was 
extracted from fresh tissues using TRIzol reagent protocol, 
while DNA from PETs was extracted using the JETQUICK kit 
(Sigma-Aldrich). Histologically, the samples were diagnosed 
for two types of cellular cancer, squamous cell carcinoma 
(SCC) and adenocarcinoma (ADCA). The grades and stages 
were determined.

Detection of HPV-DNA sequence. The following primers were 
used: for HPV 16 (D, 5'‑TTTTGGGTTACACATTTACAA‑3' 
and R, 5'‑TGTCTGCTTTTATACTAACCG‑3'); for HPV 18 
(D, 5'‑GACACCTTAATGAAAAACGACG‑3' and R, 5'‑CGT 
CGTTGGAGTCGTTCCTG‑3'). Polymerase chain reaction 
(PCR) was performed in a total volume of 25 µl. The Master 
mix contained 1 µl of 10 mM dNTP mix (2.5 mM dATP, 
2.5 mM dGTP, 2.5 mM dCTP and 2.5 mM dTTP), 1.5 µl of 
25 mM MgCl2, 2.5 µl of 10X PCR buffer [10 mM Tris-HCl 
(pH 8.3), 50 mM KCl], 1 µl of Taq polymerase (~1 U), 1.5 µl 
forward primer and 1.5 µl reverse primer. The final volume 
was set to 25 µl per reaction mix with ddH2O. The amplifica-
tion was carried out by an initial denaturation stage at 95˚C for 
5 min, then 35 cycles of 95˚C for 1 min and 50˚C for 1 min, 
55˚C for 1 min and a final extension for 10 min at 72˚C followed 
by a final elongation stage at 72˚C for 5 min.

PCR for p53 polymorphisms (Arg/Pro). PCR was carried 
out for amplification of codon 72 in the p53 gene using the 
following sets of proline primers: D, 5'‑GCCAGAGGC 
TGCTCCCCC‑3' and R, 5'‑CGTGCAAGTCACAGACTT‑3'; 
and arginine primers: D, 5'‑TCCCCCTTGCCGTCCCAA‑3' 
and R, 5'‑CTGGTGCAGGGGCCACGC‑3'. The cycling 
profile, as well as agarose gel electrophoresis, followed a 
previous protocol by Soulitzis et al (16).

PCR-RFLP genotyping for Rb intron 1 and 17. Restriction 
fragment length polymorphism analysis (RFLP) was utilized 
in this study to screen for loss of heterozygosity (LOH) in two 
introns in the Rb gene (intron 1 and 17) using the primers: for 
intron  1 D, 5'‑CAGGACAGCGGCCCGGAG‑3' and R, 
5'‑CTGCAGACGCTCCGCCGT‑3'; and for intron  17 D, 
5'‑TCCCACCTCAGCCTCCTTAG‑3' and R, 5'‑GTAGGCCA 
AGAGTGGCAGCT‑3'. The PCR protocol for amplification of 
the Rb intron 1 and 17 was as follows: initial denaturation was 
at 95˚C for 5 min, followed by 30 cycles of denaturation at 
95˚C for 1  min and annealing at 58˚C for the primers of 
intron 1 and 65˚C for the primers of intron 17 for 1 min. One 
additional cycle for the elongation step at 72˚C for 5 min 
completed the procedure. Five microliters of each PCR product 

was added to 4 µl of loading dye and loaded onto a 2% agarose 
gel. DNA molecular weight marker of 1 kb ladder was loaded 
onto the same gel. The gel was examined under UV light to 
visualize the DNA. The size of the bands was measured 
according to the migration of the DNA ladder. Five microliters 
of the intronic polymorphism products was digested overnight 
each with the appropriate restriction enzymes – BamH1 for 
intron 1 and Xba1 for intron 17 (Fermentas Life Sciences). The 
resulting fragments were separated using 2% agarose gel elec-
trophoresis. The BamHI and Xba1 enzymes digest PCR 
products with mutated alleles.

Results

Histopathology. Histopathology revealed that 82.1% (64/78) 
of the cervical cancer cases were SCC and 17.9% (14/78) were 
ADCA. The cases were characterized by different grades: 
50% (39/78) were moderately differentiated, 25.6% (20/78) 
were well differentiated and 24.4% (19/78) were poorly differ-
entiated. Stage II was noted in 51.3% (40/78) of the tumors 
followed by 24.4% (19/78) of stage III. Stage I and IV accounted 
for 19.2% (15/78) and 5.1% (4/78) of the tumors, respectively. 
HPV was detected in 93.6% (73/78) of cancer samples while 
in non-cancerous samples these genotypes appeared in only 
8.3% (3/36) of cases. Sixty tumor samples harbored HPV 
genotype 18. Single infection with this genotype was found in 
40 samples (51.3%), while mixed infection was detected in 20 
samples (25.6%). The HPV genotype 16 was found in 33 tumor 
samples. Single infection with this genotype appeared in 13 
patients (16.7%), while 20 samples (25.6%) showed mixed 
infection. Genotype analysis of the p53 codon 72 showed Arg/
Arg in 43.6% (34/78), Arg/Pro in 37.2% (29/78) and Pro/Pro 
in 19.2% (15/78) of tumor samples. The P-values, confidence 
interval (CI) and odd ratios (OD) were calculated for homozy-
gous and heterozygote Arg allele. P-value was 0.015 and the 
OR was 2.4 (CI, 1.12-5.33) for Arg/Arg while the heterozygous 
P-value was 0.78 and the OR was 0.91 (CI, 0.43‑1.96). The rela-
tive risk for Arg/Arg was 1.1.

p53 genotype distributions and allele frequencies of cervical 
cancer patients were compared with data from a healthy 
Sudanese control population published in 2003 (17) (Fig. 1).

Figure 1. Frequency of Arg/Pro polymorphisms in cervical cancer patients 
(white cylinders) and controls (black cylinders).
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LOH analysis of Rb intron 1 and 17 using RFLP. LOH was 
detected in 25.6% (20/78) of patients in intron 1 and in 37.2% 
(29/78) of patients in intron 17. LOH was found in 62.8% of 
patients in intron 1 and/or 17. The relative risk for LOH was 1.7.

Analysis of Rb RFLP with the p53 polymorphism. The geno-
types of the p53 gene for patients wih LOH in Rb were 43.9, 
43.9 and 12.2% for Arg/Arg, Arg/Pro and Pro/Pro, respec-
tively, with a significant difference for the Arg allele among 
this group (P=0.012). Possible epistatic effect of the Rb RFLPs 
with the p53 Arg/Pro polymorphism was calculated and the 
relative risk was found to be 2.5.

Histopathology of patients with LOH in the Rb gene. SCC 
was noted in 80.5% of patients with LOH in the Rb gene. 
Histopathology revealed that 51.2% of the cases were moder-
ately differentiated, 26.8% were poorly differentiated and 22% 
were well differentiated. Stage II was predominant among the 
tumors with LOH in the Rb gene, which was found in 61% of 
tumors, followed by stage III in 24.4%, stage I in 9.8% and 
finally stage IV in 4.9% of tumors. Table I summarizes the 
molecular abnormalities found in patients compared with the 
healthy control subjects.

Discussion

The so-called ‘high-risk’ HPVs infect the anogenital tract 
epithelium and are associated with the appearance of cervical 
dysplasia in almost all cases of cervical cancer (18). In the 
present study, the frequency of high-risk types HPV 16 and 
18 is considered the etiological factor in Sudanese cervical 
cancer patients with predominance of HPV 18 (P=0.02). The 
tumor-suppressor protein p53 plays a critical role in cell cycle 
control and apoptosis and response to genome aberrations 

and environmental factors, including tumor viruses. Somatic 
mutations in p53 have been found to exist in more than 50% of 
human cancers (19). One of the most common variant associ-
ated with cancer development is the codon 72 single nucleotide 
polymorphism (SNP), which results in the substitution of 
proline for arginine. Codon 72 arginine homozygote in p53 
was reported to increase the risk of human papillomavirus-
associated cervical cancer (20). In this study we investigated 
the association of the p53 codon 72 with cervical cancer and 
the association between cancer and Arg/Arg was found to be 
significant (P=0.01 and OR=2.4) although not as strongly. 
The Rb as well as the p53 gene are thought to be the major 
target genes contributing to the malignant transformation of 
the cervical epithelium in relation to the role of HPV infec-
tion. We detected LOH of the Rb regions in 62.8% of our 
samples in intron 1 and/or intron 17 which is higher than the 
14% reported by Kim et al (21) and the 29% reported by Park 
et al (22). The same markers showed 55% LOH in informa-
tive cases of esophageal squamous cell carcinoma specimens 
from a high-risk population in northern China (23). Although 
it has been suggested that the LOH of the chromosome 13 
may be associated with a more aggressive tumor behavior in 
other types of cancer, in our cases the LOH of the Rb gene 
was not significantly associated with conventional clinico
pathological parameters, including clinical stage and degree 
of differentiation, but our data showed a significant association 
between LOH and histological type of the tumor. Infections by 
the high-risk human papillomavirus (HPV) genotypes 16 and 
18 are significantly involved in cervical cancer in Sudanese 
patients, and HPV 18 is the predominant one.

The p53 Arg/Arg polymorphism may be an important 
determinant of the risk for cervical cancer, but it does not 
appear to be sufficient for carcinogenesis. Furthermore, the 
Arg72-containing allele is preferentially mutated and retained 
in various human tumors, suggesting that polymorphic residue 
within p53 modifies mutant behavior and in the presence 
of LOH Rb acts as an additive factor increasing the risk of 
cervical cancer.

The LOH of the Rb gene was not significantly associated 
with other parameters, such as clinical stage and degree of 
differentiation and hence it cannot be a determinant of the 
tumor behavior in cervical carcinoma. Although the signifi-
cance of the chromosomal allelic loss of Rb in this study may 
suggest that it is a molecular marker for cervical cancer, further 
supportive evidence is required.
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