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Introduction

Cervical cancer is a major problem in women’s health.
It is the second most common cancer in the world and the
leading cause of cancer death among women in develop-
ing countries. Worldwide, an estimated 500,000 new
cases occur and 250,000 women die annually from this
tumor [1]. In Tunisia, the standardized cervical cancer
incidence is 5.91 per 100,000 women yearly [2]. Clinical,
molecular and epidemiological investigations have identi-
fied HPV as the major cause of cervical cancer and cervi-
cal dysplasia [3, 4]. This virus is sexually transmitted and
the male is the carrier. More than 100 HPV genotypes
have been described and 20 of them have been associated
with cervical cancer [5]. Among the high-risk types,
HPV16 and HPV18 are the most closely associated with
cervical carcinoma [6, 7]. HPV18 is particularly interest-
ing, since it is reported to be mainly associated with ade-
nocarcinoma (AC), while HPV16 is more frequent in
squamous carcinoma (SC) [8, 9]. Cytological examina-
tion of cervical smears is the most widely applied screen-
ing method for cervical cancer and its precursors.
However, success of the smear test is limited with respect
to sensitivity. Histological testing will be required in
order to evaluate HPV detection. Because of the strong
association between HPV infection and cervical cancer,
detection of HPV DNA in cervical samples may be an
available option to identify women at risk of developing

cancer [10]. Numerous molecular techniques have been
used, essentially the polymerase chain reaction (PCR)
which is widely used for routine clinical practice. For
comparison and additional evaluation, the detection of E6
and E7 transcripts of HR-HPV could serve as a better risk
evaluation factor than DNA detection for the development
of a high-grade squamous intraepithelial lesion and the
progression to cervical carcinoma [11]. Specific HR-HPV
transcripts E6 and E7 have been shown to act as onco-
genes [12]; E6 and E7 proteins inactivate the tumor sup-
pressor p53 and retinoblastoma (Rb) respectively and
induce the breakdown of cell cycle regulation. Hence,
HR-HPV infected cells develop genomic instability
which can lead to the progression of cancer [13, 14]. Due
to methodological reasons in large studies, we investigat-
ed in this work whether the origin of sampling affects
viral load and molecular presence of the main high-risk
viruses. Furthermore, we studied the screening impact on
AC and SC of the cervix in different tumor stages.
Ultimately the HPV16 E6-E7 transcripts were evaluated
to correlate with HPV16 DNA findings. 

Materials and Methods

Clinical samples

The study was retrospectively performed on 88 cervical
cancer specimens including biopsies and respective smears.
From each patient, cervical scraping was taken using an Ayre
spatula harvested at once with biopsy then collected in 1 ml
PBS (phosphate-buffered saline, pH 7.4). These samples were
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Purpose of investigation: The recognition of high-risk human papillomavirus (HR-HPV) as an etiological agent of cervical cancer has
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pathologic data; HPV16 was detected more in advanced stages of squamous carcinoma (SC) samples (20% Stage I, 62% Stage II and
80% Stage III), while HPV18 and double infection were found exclusively at advanced stages of SC and in adenocarcinoma (AC),
respectively (60%, 40% Stage III SC and 80%, 20% Stage II A and C). The prevalence of HPV16 E6-E7 transcripts was evaluated at
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light the presence of other regulating proteins serving as additional biomarkers.
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virus are listed in Table 1 [15]. Each PCR experiment was per-
formed with positive (HPV plasmids) and negative (water) con-
trols. The quality of DNA obtained was controlled by amplifi-
cation with primers detecting the housekeeping gene β-Globin.
Finally, amplified DNA obtained by PCR from each sample was
examined by electrophoresis on 1.5% agarose gels (Sigma)
stained with ethiduim bromide, visualized under ultraviolet
light and photographed. DNA bands with the appropriate size
were identified by comparison with a DNA ladder of known
molecular weight (promega).

Reverse transcription PCR for detection of HPV16 E6 and E7
transcripts

HPV16 positive samples were further subjected to amplifica-
tion of E6 and E7 transcripts. To control RNA integrity, PCR
reactions using β-actin specific primers were performed as
described previously [16] (Table 1). We processed 1 μg total
RNA that was reverse-transcribed using the one-step RT-PCR
Kit (Qiagen) in a 50 μl reaction containing 1X Qiagen one step
RT-PCR buffer, 400 μM of each dNTP, 0.6 μM random primers
and 2 μl Qiagen one-step RT-PCR enzyme. The reaction was
allowed to proceed for 30 min at 50°C for reverse transcription
and 15 min at 95°C for initial PCR activation step. Cycling pro-
grams performed are illustrated in Table 1. The amplified prod-
ucts were electrophoresed in 1.5% agarose gel, marked by a
100-pb DNA ladder (Gene Ruler, Fermentas), stained with
ethiduim bromide, and visualized under UV light.

Statistics

Statistical analyses were performed using Statistica, version
6.0, for windows. The relationships between the different vari-
ables were assessed using Fisher’s exact test. Differences in
detection of HPV16 DNA L1 and mRNA E6-E7 in biopsies
were evaluated using the two-tailed McNemar’s test. When the
p value less than 0.05 the difference was considered statistically
significant.

Results

Prevalence of HPV genotypes in cervical cancer cells 

The amount of DNA quantified by ultraviolet spec-
trophotometer varied widely, and the mean value was
56.2 μg. Variations in DNA quantities reflects the differ-
ence on number cells in each sample. The quantity of
PCR assay affects viral detection. Thus, in tumor biopsies

provided from 44 Tunisian patients with cervical cancer who
were being treated at the Department of Radiotherapy in Salah
Azaiez Institute (Tunis, Tunisia). The medium age of these
patients was 57 years with a range of 38-76 years. Histological
classification was done according to the World Health Organi-
zation (WHO) criteria and consisted of 39 SCs and five ACs.
Clinically, tumors were staged according to the guidelines of
the International Federation of Obstetrics and Gynaecology
(FIGO) classification of tumors and all patients had Stage I to
III of the disease. Control specimens were provided from ten
healthy women attending the Obstetrics and Gynecology
Department of La Rabta Hospital (Tunis, Tunisia) without any
previous history of cervical malignancy. Control samples con-
sisted of normal cervical scrapes which tested negative for
cancer by a smear test. They were derived from married women
aged between 20 and 53 years (median age: 36 years). All spec-
imens were collected in saline solution and stored frozen at
–20°C until processed.

Nucleic acid isolation

Viral DNA was extracted from cervical specimens using a
commercially available kit (QIAamp DNA Mini Kit, Qiagen),
according to the manufacturer’s instructions. Briefly, after enzy-
matic digestion by protease K (56°C, 2 hr), the lysates were
loaded onto the Qiamp columns. After two washes, total DNA
was eluted in 100 μl of elution buffer and stored frozen at -20°C
for subsequent virological examination. RNA extraction was
carried out using RNeasy Mini Kit (Qiagen) following the man-
ufacturer’s recommendations. The material was divided into
smaller pieces while it was kept on dry ice and transferred to
600 μl of lysis buffer, followed by 30 sec of homogenization
with disposable pestles. The pellets were vacuum dried for 15
sec and the RNA dissolved in 30 μl RNase free water. The
integrity, purity and the concentration of the target nucleic acids
was assessed by spectrophotometry.

PCR assay

The presence of HR-HPV in cervical cells was detected by
the PCR method using specific primers which were designed to
amplify the late L1 conserved region of HPV16 and HPV18
(synthesized by GENECUST, France). PCR was performed in
a final reaction mixture volume of 100 μl containing 15 μl of
DNA sample, 1.5 μl of each primer, 1.5 mM Mg Cl2, 50 mM
KCl, 10 mM Tris HCl, 200 μM of each dNTP (deoxynucleoside
triphosphate) and 2.5 U of taq polymerase (Fermentas). DNA
was amplified using a PCR thermocycler (Applied Biosystem).
Primers and thermal cycler programs for identification of each
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Table 1. — Polymerase chain reaction and reverse transcription primers, product length and programs.

Primers Designation Product length (bp) PCR program

BHPV 16 L1 sense 5’-GCAAGCAACAGTTACTGCGACGT-3’ 301 94°C 1’, 58°C 1’,72°C 1’; X 40
HPV16 L1 anti-sense 5’-GCAACAAGACATACATCGACCGG-3’
HPV18 L1 sense 5’-AAGGATGCTGCACCGGCTGA-3’ 217 94°C 1’, 66°C 1’,72°C 1’; X 40
HPV18 L1 anti-sense 5’-CACGCACACGCTTGGCAGGT-3’
β-globin sense 5’-CAACTTCATCCACGTTCACC-3’ 268 95°C 1’, 55°C 1’,72°C 1’; X 40
β-globin anti-sense 5’-GAAGAGCCAAGGACAGGTAC-3’
HPV 16 E6 sense 5’-TTACCACAGTTATGCACAGA-3’ 300 94°C 30s, 50°C 30s, 72°C 1’; X 30
HPV16 E6 anti-sense 5’-ACAGTGGCTTTTGACAGTTA-3’
HPV16 E7 sense 5’-AGAAACCCAGCTGTAATCAT-3’ 300 94°C 30s, 50°C 30s, 72°C 1’; X 30
HPV16 E7 anti-sense 5’-TTATGGTTTCTGAGAACAGA-3’
β-actin sense 5’-AGCCATGTACGTTGCTATCC-3’ 500 94°C 30s, 50°C 30s, 72°C 1’; X 30
β-actin anti-sense 5’-TTGGCGTACAGGTCTTTGC-3’
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Table 3. There was a significant correlation between the
frequency detection of HPV genotypes according to his-
tological types (p = 0.005, Table 3). Differences in fre-
quency between HPV16 and HPV18 were not statistical-
ly significant with regard to the various stages of cervical
carcinoma (Table 3). Meanwhile these data revealed that
there was a tendency of increased HR-HPV positivity
when the lesion was more severe. HPV16 L1 amplifica-
tion indicated that 20% (1/5), 62% (18/29) and 80% (4/5)
of cervical cancer tissues were Stage I, II and III of the
disease, respectively in SC. Exceptionally one case of
HPV16 was found at Stage II of AC (20%). However,
samples found positive for HPV18 or dually positive for
HPV16 and HPV18, were classified at advanced stages of
SC (60%, 40% Stage III respectively) and AC (80%, 20%
Stage II, respectively) (Figure 2). 

Prevalence of oncogene-derived transcripts for HPV16
compared with HPV16 DNA L1 finding

All samples were positive for the RNA control, β-actin,
used to avoid false-negative results that could be due to
degradation of RNA. Using the RT-PCR method, the
major E6 and E7 HPV16 transcripts were detected in 22
of the 44 (50%) cancer cases (Table 4). The transcription-
al activity of these oncogenes shows different levels of
expression. The discrepancy in finding HPV16L1 DNA
and HPV16 RNA E6-E7 (PCR and RT-PCR data) was not
statistically significant. 

Discussion

Epidemiological and molecular studies have shown that
cervical infection by certain types of human papillo-
mavirus is the precursor event in the genesis of cervical

the higher positivity for HPV16 (54.5%) and HPV18
(15.9%) was obtained using 687.4 ng of DNA. Among
smear specimens only HPV16 (31.8%) was found with a
lower DNA amount (157.2 ng). The relationship between
the detectability of HPV types in smears and biopsies is
approximated to a statistically significant level (p = 0.05)
(Table 2). In the cancer specimens, three cases were pos-
itive for HPV16 and HPV18 (6.8%). In all scraping sam-
ples of the control group, HPV DNA was not detected. 

HR-HPV infection was determined by the PCR
method. Figure 1 demonstrates the results of agarose gel
electrophoresis of PCR products. The β-globin gene was
used as an internal control to ensure the quality of DNA
in all samples. The desired strips were clear and conspic-
uous (Figure 1A). 

Using L1 primer, HPV DNA was detected according to
sampling origin. In Figure 1 B and C, HPV16 and HPV18
positive cases are shown as examples.

Correlation between HPV status and clinicopathologic
data

The prevalence of HPV types according to the histolog-
ical data and stages of cervical carcinoma is listed in
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Table 2. — Quantitative evaluation of DNA according to
cellular rates and prevalence of the HPV types on the level of
tumor biopsies and smears. 

Parameters Whole DNA Cells number DNA used for PCR HPV
recuperated (μg) X 106 (ng) in positive prevalence

Biopsies
HPV16 (24/44) 54.5%
HPV18 91.6 ± 24.4 15.2 ± 4 687.4 ± 182.9 (7/44) 15.9%
HPV16+HPV18 (3/44) 6.8%

Smears
HPV16 (14/44) 31.8%
HPV18 20.9 ± 22.9 3.2 ± 4 157.2 ± 178.4 0%

Data is presented as mean ± S.D.
P: value for the differences between HPV DNA types distribution in smears and biopsies. 
(P Fisher’s exact test).

Table 3. — Prevalence of HPV DNA types according to the
clinicopathologic data. 

Items Total no. HPV 16 positive HPV 18 positive p
of samples n (%) n (%) value

Pathologic type 
SC 39 23 (58.9%) 3 (7.6%) 0.005*
AC 5 1 (20%) 4 (80%)

Stage
Early (I, II) 39 20 (51.2%) 4 (80%)
Late (III) 5 4 (10.2%) 3 (60%) 0.17

SC = squamous carcinoma; AC = adenocarcinoma.
(P: Fisher’s exact test).

Table 4. — Comparison between L1 DNA and E6-E7 RNA for
HPV16 detection. 

HPV 16 Status
No. of specimens HPV positive HPV negative

PCR L1 gene 44 24 (54.5%) 20 (45.4)
RT-PCR E6-E7 transcripts 44 22 (50%) 22 (50%)
(P: two-tailed McNemar’s test).

β

Figure 1. — Gel electrophoresis of PCR products for HPVL1
typing. (A) β-globin as internal control. (B) Positive samples
for HPV-16. Lane 1-5: HPV16 in biopsies; lane 6-10: HPV16
in smears, (C) HPV-18 positive in biopsies, M; indicates size
markers of HaeIII-digested phage Φ X174 DNA, N; negative
control (water), C; positive control (HPV16 plasmid), C’; (Cer-
vical carcinoma previously proven to contain HPV18). 
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neoplasia [17], and identification of HPV genotypes in
clinical specimens is an important prognostic indicator
for clinical screening and disease management [18].
Walboomers et al. [19] reported that the association
between HPV and cervical cancer is high and up to
99.7%. Since papillomaviruses are difficult to culture and
poorly detected by serological assays, molecular tech-
niques remain the gold standard to detect the presence
[12]. HPV PCR, a frequently used diagnostic tool for epi-
demiological investigations, involves amplification of
HPV DNA by primers that bind to highly conserved
regions within the L1 open reading frame of all genital
HPV genotypes [20]. We wanted to rule out the possibil-
ity that the HPV late 1 region did not integrate into the
cellular genomic DNA, and therefore could not be detect-
ed by PCR. Our findings demonstrated that HPV16 was
the most prevalent type among HPV positive specimens
(38/88), and HPV 18 (7/88) was the second. These results
agree with the reported association of these genotypes
with malignancy [21-24]. Moreover, our data showed that
HPV16 was distributed differently in biopsies and smears
with a rate of 54.5% versus 31.8%, respectively. False-
negative rates for cervical premalignant lesions and cervi-
cal cancer in smears can be explained by the fact that the
initial infection requires access of infectious particles to
the cell in the basal layer [25] and therefore could not be
detected. The prevalence of multiple HPV infections is a
common phenomenon that can have clinical significance.
In our study group 6.8% of cervical cancer specimens
were found dually positive for HPV16 and HPV18. This
rate is lower than what has been reported in recent stud-
ies showing rates between 9% and 32%, depending on

ethnicity [26, 27]. Patients with multiple HPV types may
have a higher risk of persistent infection compared to
those with a single HPV type [28]. Persistent HPV infec-
tion, in turn, is necessary for the development of cervical
cancer [29, 30]. In our study, we found that DNA yield
recuperated varied widely. In fact, the quantity of DNA
affects molecular detection; therefore, it represents a lim-
itation for PCR assay. The higher positivity for HPV was
found in biopsies having the highest amounts of DNA.
This affectation could also be related to the viral type
since this limiting factor was seen especially for HPV18
detected in biopsies with a high DNA amount, however
with a lesser quantity of DNA extracted from smears
HPV18 was lacking. This result is also consistent with
Prétet et al.’s report. Their study confirmed that the pres-
ence of HPV is significantly associated with viral load
[31]. In relation to HPV16 and 18 distributions according
to the histological type we found statistically significant
differences (p = 0.005). These findings are in accordance
with several previous studies that have consistently found
HPV 16 to be preferentially associated with SC rather
than AC of the cervix [8]. HPV 18 has been associated
with more aggressive forms of cervical intraepithelial
neoplasia, invasive cervical cancer (adeno- and
adenosquamous carcinomas) higher genome integration
rate, and a greater likelihood of cancer recurrence and
lymph node metastasis [32, 33]. We agree with other
reports on concluding that HPV18 is strongly associated
with AC of the cervix, which rapidly progresses through
the preinvasive stages of cervical neoplasia [34, 35].
HPV18 plays a relatively minor role (15.9%) among HPV
infection in tumor biopsies, whereas it was absent in

Figure 2. — Frequency distribution of HPV DNA types in different histological types and stages of cervical carcinoma.
Abbreviations: St: Stage; SC: Squamous Carcinoma, AC: Adenocarcinoma. 
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smears. Hence, cytological screening entails substantially
lower protection against AC than SC of the cervix. A pos-
sible explanation could be that HPV18 infections prefer-
entially increase in cervical AC and more often are local-
ized in the endocervical canal [36, 37]. We agree with
others who have concluded [38] that the use of smears
might lower the sensitivity of HPV analyses and thus
underestimate the true HPV prevalence in our cohort. The
proportion of both HPV types clearly augments in accor-
dance with the stage of cervical carcinoma. This is sup-
ported by previous data of Schelcht et al., where the pres-
ence of HR-HPV types was higher as the lesion evolved
[39]. In the same way, such multiple HPV infections are
frequently in advanced stages and have recently been
detected in invasive cervical cancer [26, 27]. After screen-
ing cervical carcinoma specimens, the rate of HR-HPV
DNA types detection was found to be 31.8% and 63.6%,
respectively in smears and biopsies. On this basis, our
results prompted us to focus on mRNA HPV16 E6/E7
expression in biopsies, of which expression is required
for maintenance of malignancy. There are only minor dif-
ferences between the mRNA E6-E7 and DNAL1 HPV16
detection rates. It has been shown that E7 promotes the
formation of benign lesions whereas E6 works to com-
plete the malignant transformation [40]. Cuschieri et al.
recently reported that the detection of E6 or E7 transcripts
in baseline samples helped predict those patients who
were likely to carry a persistent infection [41]. Further
elucidation of these findings utilizing quantity of mRNA
could be more revealing. Therefore HPVL1 PCR is espe-
cially useful in screening, while the detection of onco-
gene transcripts could serve as a marker for risk of the
development of cervical cancer.

Conclusions

In summary, this study provides further insights into
Tunisian cervical cancer specimens with implications of
HPV-based prevention strategies. Further investigations
will be required to define more precisely the impact of
practical conditions on the quality of viral genome, and
on viral revelation. Nevertheless, type-specific HPV
testing is valuable to address the burden of HPV infec-
tions epidemiologically and to gain more insights into
the natural history and dynamics of HPV infections. To
further establish the potential of HPV E6 and E7 mRNA
other promising biomarker molecules that regulate these
viral oncogene expressions will be predictive for pre-
vention, early diagnosis, and treatment for cervical car-
cinoma.
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