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Prevalence of HPV-16 genomic variant carrying a 63-bp duplicated sequence within the E1 gene in Slovenian women
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ABSTRACT

High-risk HPV, particularly HPV-16, is etiologically associated with the development of cervical can-
cer and its precursor lesions - cervical intraepithelial neoplasia (CIN). However, most precancerous
lesions will not progress to cancer. Numerous studies have shown that HPV-16 consists of several
genomic variants, which differ in their association with cervical cancer, viral persistence and the
frequency of recurrence of cervical disease. Recently, a novel, presumably less pathogenic, HPV-
16 E6-T350G genomic variant has been identified, carrying a 63-bp in-frame insertion in the E1
gene. No data from Slovenian patients have so far been reported for this specific HPV-16 variant. In
the present study, therefore, a total of 390 HPV-16 positive samples obtained from the same number
of women with normal cytology, CIN I, CIN I, CIN Ill or cervical cancer, were analyzed. The HPV-16
E1 insert variant was detected using real-time PCR-amplification of a 146-210-bp fragment of the
E1 gene and PCR-sequencing of a 169-bp fragment of the E6 gene. The HPV-16 E1 insert variant
was identified in 7/48 (14.6%), 1/21 (4.8%), 2/20 (10.0%), 9/131 (6.9%) and 12/170 (7.1%) of women
with normal cytology, CIN I, CIN I, CIN Il and cervical cancer, respectively. All HPV-16 E1 insert
variants with an amplifiable E6 gene belonged to the European HPV-16 E6-350G variant group. No
statistically significant differences in the prevalence of HPV-16 E1 insert genomic variant in women
presenting with normal cytology and those with the different stages of HPV-16-induced disease
were found.

Introduction

(CIN), as well as in women with normal cytology (1, 2).

Human papillomavirus genotype 16 (HPV-16) is
the major etiological agent of cervical cancer, account-
ing for 50-60% of cases globally, and also the HPV
genotype most commonly found in women with its
precursor lesions - cervical intraepithelial neoplasia

The genomic diversity of HPV-16 has been partic-
ularly extensively studied and shown to be substantial.
Molecular-epidemiological studies have shown that
HPV-16 consists of several genomic variants, which
phylogenetically segregate and form five major genet-
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ic lineages: European, Asian-American, two African
branches (Afl and Af2) and an Asian branch (3). Mul-
tiple studies have demonstrated that HPV-16 genomic
variants differ in their association with cervical can-
cer, viral persistence and the frequency of recurrence
of cervical disease. For instance, it has been shown
in populations of North and Latin America and Asia
that non-European HPV-16 variants are associated
with stronger oncogenic potential than the European
HPV-16 variants (3, 4).

A novel HPV-16 genomic variant was recently
identified in Croatia, which harbored a 63-bp in-fra-
me insertion (duplication) in the E1 gene; specifically,
this variant was identified in 11.2% (48/429) of ana-
lyzed HPV-16 isolates (5). A comparison of cervical
lesion severity of Croatian women with the wild-type
or HPV-16 E1 insert gene showed that women with
high-grade disease had a significantly lower preva-
lence of insert variant, suggesting that the HPV-16
strains harboring this particular duplication might
have reduced oncogenicity. In addition, sequence ana-
lysis revealed that all HPV-16 E1 insert variants for

which the E6/E7 genomic region was analyzed, had
sequences identical to the European HPV-16 variant,
with T at the nt position 350 replaced with G, often
referred to as HPV-16 E6-T350G or the L83V variant
(5). Several studies have addressed the possibility that
HPV-16 E6-T350G may differ in its pathogenicity
from the HPV-16 prototype, because of its increased
association with persistent HPV infections (3).

In order to investigate the prevalence of the HPV-
16 E1 insert genomic variant in Slovenian women, a
total of 390 HPV-16 positive samples from women
presenting with different stages of HPV-induced di-
sease were analyzed in this study. Identification and
characterization of the HPV-16 El insert variant was
based on real-time (RT-) PCR-amplification of part of
the E1 gene and PCR-sequencing of part of the E6
gene.

Materials and methods

A total of 390 HPV-16 positive clinical samples
obtained from the same number of patients were in-
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Figure 1. Melting curve analysis of the RT-PCR amplicons of HPV-16 E1 wild-type
(146-bp; Tm=81.5°C) and mutant strains (210-bp; Tm=82.5°C).
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cluded in the study; all samples originated from our
previous studies on HPV in Slovenia and contained
HPV-16 as the single infection (6-8). According to the
cytological/histological results, 48 women had normal
cytology, 21 women had CIN I, 20 women had CIN
11, 131 women had CIN III and 170 women had inva-
sive cervical cancer.

In order to discriminate HPV-16 E1 variants, a pri-
mer pair 1258f (5-GCG GGT ATG GCA ATA CTG
AA-3, nt-1258-1277) and 1404r (5-TAA CAC CCT
CTC CCC CAC T'T-3, 1385-1404) was designed based
on the HPV-16 prototype genome (K02718), to amplify
a 146-bp (HPV-16 E1 wild-type variant) or 210-bp
(HPV-16 E1 insert variant) fragment of the HPV-16 E1
gene. Identification of HPV-16 E1 variants was done by
RT-PCR assay, which was performed in a 20 pl reaction
mixture containing water, 100 ng of template DNA,
10 pl QuantiTect SYBR Green PCR Master Mix (Qia-
gen, Hilden, Germany) and 0.5 pM of 1258f and 1404«
primers. The assay was performed on a LightCycler
1.5 RT-PCR Instrument (Roche Diagnostics GmbH,
Mannheim, Germany), under the following conditions:
95°C for 15 min (temperature transition rate of 20°C/s),
followed by 40 cycles of 94°C for 15 s (20°C/s) and
60°C for 1 min (2°C/s). RT-PCR amplification was
followed by melting curve analysis, which consisted of
four temperature steps: 0 s at 95°C (20°C/s) and 30 s at
70°C (20°C/s), and then 0 s at 95°C (0.1°C/s), with con-
tinuous monitoring of the fluorescence. The final step

consisted of cooling to 40°C (20°C/s) with a 30 s hold.
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Figure 2. Prevalence of the HPV-16 E1 insert genomic variant with
corresponding 95% confidence intervals in women with normal
cytology and those with the different stages of HPV-16-induced

disease.
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Expected melting peaks for HPV-16 E1 wild-type va-
riants and HPV-16 E1 insert variants were 81.5°C and
82.5°C, respectively.

In order to determine E6-T350G polymorphism
among the HPV-16 E1 insert variants, a primer pair
g16£-273 (5-GGA ATC CAT ATG CTG TAT GTG-
3, 273-293) and gl6r-441 (5-TCA GGA CAC AGT
GGC TTT T-3’, 423—441) was designed to amplify a
169-bp region of the HPV-16 E6 gene, including the
polymorphic site. The PCR protocol was set up on a
GeneAmp® PCR System 9700 (PE Applied Biosy-
stems, Foster City, USA) and performed using a Hot-
StarTaq Pius DNA Polymerase kit (Qiagen). The reac-
tion mixture contained 100 ng of template DNA, 2.5
ul of 10x Corall.oad PCR Buffer with 15 mM MgCl,,
200 uM of dNTPs, 0.625 U of HotStarTaq Plus DNA
polymerase, 0.2 uM of each primers and water up to
25 pul. The cycling conditions used were 95°C for 5
min, followed by 40 cycles of 94°C for 30 s, 60°C for
1 min and 72°C for 1 min. This was followed by a
final extension step at 72°C for 10 min and cooling of
the reaction mixture to 4°C. PCR products that ap-
peared as visible bands of the expected size were puri-
fied by a QI Aquick PCR purification kit (Qiagen) and
further processed for sequence analysis, as described
previously (0).

Statistical analysis was done using Fischer’s exact
test and the Chi-square test (MedCalc 12.0.4.0 for
Windows, MedCalc Software bvba, Mariakerke, Bel-
gium). P-values were two-sided and considered statis-
tically significant at a level of P<0.05, 95% confidence
limits for proportions were calculated using on-line
statistical package Epi Info™ Version 3.5.3 (http://
www.openepi.com/OE2.3/Proportion/Proportion.
htm).

Resulis

Using HPV-16 E1 type specific RT-PCR, HPV-
16 was successfully amplified from all 390 samples
included in the study. Melting curve analysis showed
the presence of the HPV-16 E1 insert genomic variant
in a total of 31/390 (8.0%) samples (Figure 1). Spe-
cifically, the prevalence of the 16 El insert genomic
variant was 14.6% (7/48; 95% confidence interval (CI)
for proportions, 6.61-26.73%) in women with normal
cytology, 4.8% (1/21; 95% CI, 0.42-21.32%) in wom-
en with CIN I, 10.0% (2/20; 95% CI, 1.71-29.29%)
in women with CIN II, 6.9% (9/131; 95% CI, 3.40-
12.64%) in women with CIN III and 7.1% (12/170;
95% CI, 3.88-11.69%) in women with cervical cancer
(Figure 2). Although some trend of decreasing preva-
lence of the HPV-16 El insert genomic variant with
the severity of lesions was observed, no statistically si-
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gnificant differences in the prevalence of the HPV-16
E1 insert genomic variant in women presenting with
normal cytology and those with the different stages
of HPV-16-induced disease, including cervical cancer,
were found (Figure 2).

In order to confirm the specificity of the newly
developed genotyping assay, HPV-16 E1 RT-PCR am-
plicons of 25 wild-type and 15 insert variants were se-
quenced. Complete agreement was observed between
the results of the novel assay and PCR-sequencing. As
previously described (5), the 63-bp insertion (dupli-
cate) was found after genomic position 1311 according
to the HPV-16 prototype (K02718).

Amplification and sequencing of the 169-bp frag-
ment of E6 gene was successful in 30/31 (96.8%)
HPV-16 E1 insert genomic variants, which all corre-
sponded to the European HPV-16 E6-T350G variant
lineage.

Discussion

The results of our study confirmed the previous
observation of Sabol et al. (5) that infection with the
HPV-16 E1 insert genomic variant is relatively rare in
this geographical region. Altogether, only 8% of 390
HPV-16 positive clinical samples contained HPV-16
isolates with a 63-bp insertion (duplication) in the E1
gene. When women with normal cytology were com-
pared with women with CIN III lesions or/and cervi-
cal cancer, the latter two groups had almost half the
prevalence of the HPV-16 E1 insert variant, although
these differences did not reach statistical significance
in our study. This is probably due to wide confidence
intervals as a consequence of the relatively small
number of patients in each study group and relatively
low prevalence observed. A similar falling trend in
the prevalence of the HPV-16 El insert variant with
the severity of CIN was also observed by Sabol et al.
(5), who found the HPV-16 E1 insert variant in 13%
(8/62), 12% (9/76) and 6% (5/80) of women with CIN
I, CIN II and CIN 111, respectively. However, Sabol
et al. (5) did not provide confidence intervals in their
papet, making a proper scientific judgment of the ob-
served difference in prevalence of the HPV-16 E1 in-
sert variant between study groups impossible. In addi-
tion, their entire CIN diagnosis was based on cytology

and not histology (gold standard for CIN classifica-
tion), opening a wide possibility of misclassification
of study subjects. Finally, in contrast to our study, the
Sabol et al. study (5) lacked a group of women with
normal cytology and a group of women with cervi-
cal cancer, which are indispensable in any research
of HPV pathogenesis. In order to resolve finally the
question of whether the HPV-16 El insert variant
has decreased oncogenicity compared to the HPV-16
E1 wild-type strains, future studies are required with
many mote enrolled subjects, especially women with
normal cytology.

Sequence analysis revealed that all 30 successful-
ly analyzed HPV-16 E1 insert variants had partial E6
sequence identity to the European HPV-16 genomic
variant with the nt substitution T350G (L83V) in the
E6 gene. Although this variant has been associated
with viral persistence and disease progression in some
countries, conflicting results have been found in
others (teviewed in 3). In Slovenia, the HPV-16 E6-
T350G variant accounts for about 60% of cases of
cervical cancer (4). However, the observed differences
between the pathogenicity of viral genomic variants
characterized as HPV-16 E6-T350G in different Eu-
ropean populations might be assigned to the new sub-
lineage containing the 63-bp duplication within the
E1 gene (5). Further studies are therefore needed to de-
fine the exact prevalence of this duplicate variant among
HPV-16 E6-T350G isolates.

The underlying mechanism for the proposed reduced
pathogenicity of the HPV-16 E1 insert variant is current-
ly unknown. The HPV El protein is a helicase, ATPase
and ATP-binding protein (9-11). Associated with the
E2 protein, it attaches to o7/ in the LCR region of the
HPV genome, forming an E1/E2 complex, which fa-
cilitates initiation of viral genome amplification (11-13).
Any kind of genetic disturbance, therefore, such as
insertions or deletions in the E1 gene, could theoreti-
cally affect the biological function of the E1 protein
and, consequently, viral replication and pathogenesis.

In conclusion, the results of our study and the pre-
vious study by Sabol et al. (5) suggest that the HPV-
16 genomic variant with a 63-bp insertion in the El
gene might have reduced pathogenicity compared to
the HPV-16 E1 wild-type strains, but further research
is needed finally to clarify this issue.
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