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A B S T R A C T

Sequence analysis of HPV16 isolates reveals the presence of genome variants with characteristic mutations. The
HPV16 variants have different geographical distribution and diverge into four phylogenetic lineages (A, B, C and
D) and 16 sub-lineages: A1, A2, A3 (previously known as European variants), A4 (Asian variant), B1, B2, B3, B4,
C1, C2, C3, and C4 (African variants), D1 (North-American variant), D2, D3 (Asian-American variants) and D4.
Population studies showed that infections with viruses belonging to specific HPV16 sublineages confer different
risks of viral persistence and cancer. In this study, 39 HPV16-positive cervical smears from European women
living in Calabria (Italy) were analyzed for the presence of HPV16 variants. Cervical DNA extracts were pro-
cessed by PCR to amplify L1, the Long Control Region (LCR), E6 and E7, which were sequenced. The sequences
were concatenated and the 3169 nucleotides long fragments were characterized by BLAST and phylogenetic
analysis. A total of 96 Single Nucleotide Polymorphism (SNPs) were detected, 29 of which mapping in the L1, 45
in the LCR, 15 in the E6 and 7 in the E7. The most common SNP was the T350G (29/39 samples, 74.4%), causing
the L83 V amino acid change in the E6. Most of the HPV16 isolates (89.7%) had 99% of nucleotide (nt) identity
to members of the A1 and A2 sublineages, while 4 isolates had 99% nt identity to members of the B2, B4, C1 and
D4 sublineages. In conclusion, viruses belonging to the A1, A2, B2, B4, C1 and D4 HPV16 sublineages were
found to circulate in the Calabria region.

1. Introduction

Infections with Human Papillomaviruses (HPVs) cause benign and
malignant lesions of the oral and genital tract. HPV16 is responsible for
61% of the cervical cancer (CC) cases (de Sanjose et al., 2010), is the
prevalent genotype in anal, vaginal, penile and vulvar tumors, and is
also associated with a subset of oral and oropharyngeal cancers
(Schiffman et al., 2016). It has been well established that CC is caused
by persistent infections of oncogenic HPV types, epidemiologically
classified as ‘high-risk” (HR-HPV) and categorized in either class 1 or
class 2A/2B, including possibly/probably human carcinogens, by the
International Agency for Research on Cancer (IARC) (Bouvard et al.,

2009). Despite the availability of vaccines against most HR-HPVs and
the implementation of a screening campaign for CC prevention in many
countries, CC remains a public health problem at a global level. The
most recent estimates indicate that, every year, almost 500,000 women
are diagnosed with CC worldwide, with 236,000 deaths (De Martel
et al., 2017). In Italy, it is estimated that 1515 new cases of CC occur
every year, with 697 deaths (Rossi et al., 2013). HPV16 infections are
very common in the sexually active population. However, only a small
fraction of these infections progress to cancer, where host and viral
factors are the leading causes for the development of cancerous lesions
(Burk et al., 2013; Burk et al., 2017). In immunocompromised and HIV-
positive hosts, HPV infections are more frequent and severe (Reusser
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et al., 2015).
HPV16 has a circular double-stranded (ds) DNA genome approxi-

mately 7900 bp long, divided into three functional regions: the Long
Control Region (LCR), also known as Upstream Regulatory Region
(URR), containing regulatory elements for viral replication and tran-
scription; an Early region encoding the E6, E7, E1, E2, E4, E5 proteins,
and a Late region encoding the L2 and L1 capsid proteins (Egawa et al.,
2015). The E6 and E7 proteins are the most important viral oncopro-
teins as they subvert the cell cycle control mainly through the impair-
ment of p53 and pRb tumor suppressor activities. L1 and L2 are re-
spectively the major and minor capsid protein and they are responsible
for the viral DNA packaging and assembly in an icosahedral structure.

Sequence analysis of viral isolates highlighted the existence of
genome variants with characteristic mutations. The L1 is the most
conserved gene within the HPV genome and is used for PV classifica-
tion. L1 nucleotide variability higher than 10% identifies a new HPV.
The analysis of complete genomes allows the HPV16 classification in
lineages and sublineages. A distinct HPV16 variant lineage has nt
variability between 1.0 and 10.0% compared to the prototype genome,
while a sub-lineage has nt variability between 0.5 and 1.0% (Burk et al.,
2013; Chen et al., 2015). The host-pathogen coevolution has been the
main evolutionary driving force of Papillomaviruses (Bravo and Felez-
Sanchez, 2015). DsDNA viruses have a lower rate of mutation, if
compared to RNA viruses, and this rate should be even slower in the
case of HPVs, because these viruses do not code for their own DNA
polymerase, but use the high-fidelity cellular enzymes. However, the
presence of> 500 HPV16 genome isolates in GenBank suggests that
further selective driving forces exist. Sequence and phylogenetic ana-
lysis have shown the presence of numerous silent mutations in the
HPV16 genomes, not all ascribable to sequencing errors. Several lines of
evidence suggest that cytosine deaminases of the APOBEC family act as
a mutator by targeting the HPV genome during the infection. The high
number of SNPs observed in HPVs could be ascribed to these enzymes,
which cause the C to T or C to G nt change (Warren et al., 2017; Hirose
et al., 2018). Furthermore, changes in the coding and non-coding re-
gions of HPV genomes progress at differential rates (Pimenoff et al.,
2016). The most informative regions for phylogenetic inference are the
E4 and E5 genes and the Long Control Region (Nicolás-Párraga et al.,
2017), suggesting that intracellular mechanisms along with the genetic
drift are the forces driving the HPV16 evolution.

The HPV16 variants show different geographical distribution and
diverge into the A, B, C and D phylogenetic lineages and the following
sublineages: A1, A2, A3 (previously named European variants), A4
(Asian variant), B1, B2, B3, B4, C1, C2, C3, and C4 (African variants),
D1 (North American variant), D2, D3 (Asian-American variants) and D4
(Burk et al., 2013; Mirabello et al., 2018). The HPV16 A1/A2/A3 sub-
lineages account for the largest proportion of HPV16 infections
worldwide (Cornet et al., 2012; Pimenoff et al., 2016). Importantly, the
frequency of B, C, and D (non-European) variants was reported to in-
crease with the severity of cervical lesions (Tornesello et al., 2004;
Freitas et al., 2014) and with progression to cancer (Mirabello et al.,
2016).

In Italy, the presence of HPV16 variants in cervical samples has
been previously studied in Caucasian (Cento et al., 2009; Tornesello
et al., 2004) and non-Caucasian women (Tornesello et al., 2007), in
men and in HIV-positive or -negative cohorts of few Italian Regions
(Garbuglia et al., 2007; Tornesello et al., 2008a; Tanzi et al., 2009;
Tornesello et al., 2008b). Overall, the results showed that A is the main
HPV16 lineage circulating in Italy, while the B and D lineages are often
associated with high-grade cervical lesions and cancer (Cento et al.,
2009; Tornesello et al., 2011; Tornesello et al., 2004). The data about
the circulation of high-risk HPV variants in a specific geographical re-
gion could be of great importance for planning cervical cancer pre-
vention interventions. Recently, we reported that HPV16 is the high-
risk type most frequently detected in Calabrian women (Galati et al.,
2017); in the present study, we analyzed by sequencing the variants of

HPV16 circulating in women of the same geographical region. A total of
39 samples of exfoliated cervical cells were collected in women with
different conditions of the cervix. The L1, LCR, E6 and E7 viral regions
were amplified from cervical cell DNA and sequenced by the Sanger
method. The L1-LCR-E6-E7 concatenated sequences were used as input
in BLAST search to detect the most related HPV16 genomes. A multiple
sequences alignment of the 39 L1-LCR-E6-E7 concatenated sequences,
their most related HPV16 genomes and the 16 HPV16 sublineage pro-
totypes, previously identified (Burk et al., 2013; Pimenoff et al., 2016;
Mirabello et al., 2018), was performed using Clustal W. Then, phylo-
genetic trees were inferred to show the relationship among the se-
quences. The analyzed viral region encodes proteins with relevant
functions in the virus life cycle and in the host immune response; in
addiction, it contains useful targets for HPV16 diagnostic kits and
vaccines and sufficient diagnostic SNPs to distinguish the variants.

2. Materials and methods

2.1. Sample collection and HPV detection

Thirty-nine HPV16-positive cervical specimens were selected
among 1298 samples subjected to HPV-DNA diagnosis at Polo Sanitario
Nord, Azienda Sanitaria Provinciale 5 of Reggio Calabria, from
February 2016 to June 2017. Cervical scrapes were collected with a
cytobrush in PCR Cell Collection Media (Roche) during clinical ex-
amination. The Linear Array HPV Genotyping® test (Roche, USA) was
used for HPV DNA testing, while E6 and E7 mRNAs from high-risk HPV
types (16, 18, 31, 33 and 45) were detected by a commercial Nucleic
Acid Sequence Based Amplification (NASBA) assay (NucliSENS EasyQ
HPV; BioMérieux, France). The women with a HPV-DNA test positive
for HPV16 were invited to participate in the study and the cervical
specimens were further analyzed, after an informed consent was signed.
Valid Pap smear results and some demographic information were col-
lected from the participating women. This study was approved by the
Regional Ethical Committee in compliance with the Declaration of
Helsinki.

2.2. PCR reactions, DNA sequencing, and analysis

DNA was extracted from endocervical cells collected in PCR Cell
Collection Media (Roche) by the automated system NucliSENS EasyMag
(Biomérieux). A cell suspension was processed by "specific B" protocol
of DNA extraction according to the manufacturer's directions. DNA was
quantified at 260 nm using a NanoDrop spectrophotometer
(ThermoFisher scientific). Cervical DNA extracts were subjected to PCR
amplification using oligonucleotides designed to amplify L1, LCR, E6,
and E7 of all HPV16 variants (Supplementary Table S1). The sequences
of the L1 gene (1595 bp) were obtained by sequencing three over-
lapping PCR-products; the sequences of the E6-E7 (867 bp) genes and
LCR (888 bp) were obtained by sequencing a single PCR-product. PCR
reaction contained 100 ng of DNA, AmpliTaq Gold® 360 Master mix
(ThermoFisher Scientific), reaction buffer 10% v/v, 3mM MgCl2,
dNTPs 0.8mM each, oligonucleotide primers 0.2 μM each, and auto-
claved distilled water, in a final volume of 50 μl. The PCR conditions are
in Supplementary Table S1 (column 5). PCR products were visualized
by 1.2% agarose gel electrophoresis and purified by the PCR reaction or
agarose gel using Illustra GFX PCR DNA and gel band purification kit
(GE Healthcare). Fragments were sequenced by an automated DNA
Sanger sequencer based on fluorescent dye terminator (genetic analyzer
Beckman Coulter Inc., Fullerton, CA). Double-stranded DNA sequencing
was performed using the same PCR primers. For the E6-E7 region, an
additional sequencing reaction was carried out using an internal primer
(Supplementary Table S1). Nucleotide sequences were manually edited
and assembled into the L1-LCR-E6-E7 whole region (3169 bp) using
Codon Code Aligner software (CodonCode Corporation, MA, US). The
L1-LCR-E6-E7 concatenated sequences were aligned to those of the
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NCBI GeneBank database (http://blast.ncbi.nlm.nih.gov/Blast.cgi),
using the Basic Local Alignment Search Tool (BLAST), and the most
related HPV16 genomes were retrieved from GeneBank.

The SNPs were visually interpreted using the Molecular
Evolutionary Genetics Analysis, MEGA software V 7.0. Nucleotide po-
sition of each SNP was given in the test, by convention, following the
numbering of K02718 HPV16 genome, taking into account the updates
contained in NC_001526.4. To identify new and already known SNPs in
the ISS-UMG samples, the sequences deposited either in GeneBank or
described in the inherent literature were considered. The ISS-UMG se-
quences of each LCR, L1, E6, and E7 fragment were aligned by Clustal
W, and the SNPs recorded.

HPV16 variant sequences previously isolated in Italy were searched
in the NCBI database. Records for 63 LCR, 57 E6, 56 E7, and 85 L1
partial sequences were found, downloaded by NCBI Batch-Entrez and
aligned by Clustal W with the ISS-UMG sequences to search conserved
SNPs. These partial HPV16 sequences were previously described (Tanzi
et al., 2009; Cento et al., 2009; Garbuglia et al., 2007). Since not all the
HPV16 sequences have been deposited in public databases, we cannot
rule out any error in the list of SNPs identified as new in this study.

Nucleotide sequences were translated into amino acid sequences by
MEGA software V 7.0 to record any amino acids (aa) change. The L1
gene was considered to start from the MSLW motif. To map the position
of the L1 amino acid changes in the secondary structure of the protein
(Table 2, last row) the sequence reported in Bishop and co-authors was
used (Bishop et al., 2007).

2.3. Phylogenetic analysis

The overlapping sequences of L1, LCR, E6 and E7 were assembled
by CodonCode Aligner into a unique region 3169 nt long, which was
then used to performe a Phylogenetic analysis by MEGA, software
version 7.0. The ISS-UMG sequences, their most related genomes as
found by BLAST analysis, the HPV16 reference genomes of A1, A2, A3,
A4, B1, B2, B3, B4, C1, C2, C3, C4, D1, D2, D3, and D4 variant sub-
lineages present in either PAVE (Papillomavirus Episteme database
https://pave.niaid.nih.gov/) or in Mirabello et al., 2018, were aligned
using the ClustalW algorithm. The best substitution model to apply in
the phylogenetic inference was assessed by the “Models” tool in MEGA:
the results showed T92+G to be the best fitting model for the dataset
analyzed, that included reference sequences. Phylogenetic tree re-
construction was performed using both the Maximum Likelihood and
the Neighbor-Joining methods.

To avoid any ambiguity, we followed the HPV16 variant termi-
nology and variants classification previously reported by Burk and
Mirabello (Burk et al., 2013; Mirabello et al., 2018).

The ISS-UMG ID 1-39 sequences were submitted to NCBI database
and their accession numbers in GenBank are from MH937376 to
MH937414.

The Accession Numbers of the HPV16 genomes, previously classi-
fied in sublineages, used as references for the phylogenetic analysis are:
KU053891 A1, KU053889 A1, KU053883 A1, HQ644268
A1,HQ644271 A1, KU053853 A1, K02718 A1, HQ644284 A1,
AF536179 A2, KU053896 A2, KU053903 A2, KU053895 A2,
HQ644236 A3, AF534061 A4, JQ004096 A4, KU053904 A4,
HQ644234 A4, HQ644293 B1, KU053907 B1, KU053907 B1,
KU053906 B1, KU053908 B1, KU053909 B2, KU053910 B2, HQ644298
B3, KU053915 B3, KU053911 B4, KU053912 B4, KU053913 B4,
KU053914 B4, KU053919 C1, KU053917 C1, KU053918 C1, AF472509
C1, KU053916 C1, HQ644244 C2, HQ644243 C2, KU053921 C3,
KU053925 C4, KU053922 C4, KU053923 C4, KU053924 C4, KU053929
D1, KU053930 D1, KU053928 D1, KU053926 D1, KU053927 D1,
HQ644257 D1, AY686579 D2, KU053935 D2, KU053936 D2,
KU053943 D3, KU053944 D3, AF402678 D3, KU053942 D3,
KU053941 D3, KU053940 D3, KU053933 D4, KU053934 D4,
KU053931 D4, KU053932 D4.

3. Results

3.1. Sequence analysis and phylogeny

Overall, 1296 women were subjected to HPV-DNA diagnosis in a
regional public surgery, during a period of 16months. Of these, 461
(35.5%) women were HPV-positive for one (n=266, 57.7%) or more
(n= 195, 42.3%) HPV genotypes. The most prevalent genotype was
HPV16 (n=75, 16.3%) followed by HPV53 (n=50, 10.8%), HPV31
(n= 49, 10.6%) and HPV66 (n=46, 10%). The HPV16-positive
women were invited to participate in the present study, and a total of
39 women were enrolled. All women were European, 34 of which born
in Italy, 4 in Romania and 1 in Ukraine (Supplementary Table S2); they
were in an age range 20–50 years (median age=33). Thirty-one
women showed a single HPV16 infection while 8 showed multiple in-
fections (Supplementary Table S2). The women had cervical lesions of
different grade. In 11 women, the Pap-test did not show any atypical
cells (Normal), 7 women had cell smears with atypical squamous cells
of undetermined significance (ASC-US), 12 had cell smears compatible
with a low-grade squamous intraepithelial lesion (L-SIL) and 9 had cell
smears compatible with high-grade squamous intraepithelial lesions (H-
SIL). The women with high and low SIL lesions followed the triage
established by the National guidelines for cervical cancer prevention.

The cervical DNA samples were subjected to PCR amplification to
obtain 5 overlapping fragments, of which 3 for the L1 gene, 1 for the
E6-E7 genes and 1 for the LCR region. These fragments were sequenced
and concatenated into 39 full-length sequences of 3169 bp (ISS-UMG
ID), which were analyzed by BLAST to find the best related sequences in
GeneBank. The Blast results are reported in Supplementary Table S2
(column 8), with the accession numbers of the best related HPV16
genomes identified (van der Weele et al., 2017; Makowsky et al., 2016;
Burk et al., 2013; Chen et al., 2015; Smith et al., 2011). Among the ISS-
UMG sequences, 17 sequences showed 100% of nt-identity and 22 se-
quences showed 99% of nt-identity with the HPV16 genomes in Gen-
Bank (column 8). The relationship among the sequences was visualized
by a phylogenetic tree reconstruction as described in Materials and
Methods. Fig. 1 shows the phylogenetic tree obtained by using the
Maximum Likelihood method, with the best substitution model
(T92+G). Only bootstrap values above 70 are reported in the figure.
Analysis of the same dataset by the Neighbor-Joining phylogenetic
approach, based on genetic distances corrected according to the
T92+G model, produced substantially similar results (see Supple-
mentary Fig. S1). The majority of women (35/39, corresponding to
89.7%) were infected with HPV16 isolates clustering with the A1/A2
sublineages. However, only some of them form a well-supported group
with the A1 or A2 prototypes. In fact, ISS-UMG 1, 15, 18 and 28 form a
well-supported clade (bootstrap value: 85) with the A1 prototype
K02718, while ISS-UMG 23 and 33 cluster with the A2 prototype
KU053903 (bootstrap value: 80). No sequences clustering with the A3
and A4 sublineages were found in ISS-UMG dataset. Four samples
cluster with HPV16 members of B, C and D lineages. Specifically, ISS-
UMG 21 sequence clusters with viruses belonging to the C1 sublineage
(bootstrap value: 86), in agreement with BLAST results that showed it
was identical to KY549209 sequence previously classified as C1 (van
der Weele et al., 2017). ISS-UMG 2 sequence clusters with viruses
classified in the D4 sublineage (bootstrap value: 96) and shows 99% of
nt identity with the KU053934 sequence (Mirabello et al., 2018). ISS-
UMG14 sequence clusters with viruses belonging to the B4 sublineage
(bootstrap value: 97) and shows 99% of nt identity with KU053911
(Mirabello et al., 2018). ISS-UMG 32 sequence shows 99% nt identity
with KU053910 classified in the B2 sublineage (Mirabello et al., 2018).
The phylogenetic tree reconstructed using the ML method groups ISS-
UMG 32 with KU053909 and KU053910 belonging to B2, but with a
bootstrap value< 70. Some ISS-UMG sequences belonging to the A
lineage were identical to each other: ISS-UMG 18 and 28; ISS-UMG 7
and 39; ISS-UMG 3, 10, 11, 12, 13 and 16. Out of the 39 ISS-UMG
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Fig. 1. Phylogenetic analysis of HPV16
sequences (n= 39) from women of
Calabria region. The tree was built using
the Maximum Likelihood method based on
T92+G model in MEGA 7 software. The
sequence dataset used for the analysis in-
cluded: 1) 39 ISS-UMG sequences; 2) 61
HPV16 reference sequences for lineages
and sublineages classification (Mirabello
et al., 2018; Burk et al., 2013); 3) 15 best
related HPV16 genomes with the ISS-UMG
sequences found by BLAST search. In the
tree, the ISS-UMG sequences are indicated
by a red circle; reference sequences by a
grey circle, accession number, lineage or
sublineage; the best related genomes by a
grey circle and accession number. The ac-
cession numbers of the reference se-
quences are reported in Material and
Method. The ISS-UMG 1-39 accession
numbers in GenBank are from MH937376
to MH937414.
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sequences, 28 showed at least one different SNP.

3.2. Genetic variability and SNPs characteristic of samples from Calabria

DNA sequence analysis of the 39 ISS-UMG samples compared to the
K02718 reference sequence revealed a total of 96 SNPs, 29 of which
mapping in the L1 (Table 1), 45 in the LCR (Table 2), 15 in the E6 and 7
in the E7 (Table 3). In all the Tables, the typical SNPs mutated in the
BCD variants are shown in the yellow columns, those not-lineage de-
pendent in the orange columns, the SNPs already detected in other
studies in the white columns and the SNPs detected for the first time in
this study are in the green columns.

Table 1 reports the 29 SNPs found in the L1 ISS-UMG genes. All the
sequences had an ATC insertion (aa S) at nt 6901, while the GAT triplet
(aa D) was deleted at nt 6950. All samples had a C6240G SNP causing
the H202D amino acid change. At the A6432 polymorphic site, 32
samples had G resulting in aa T instead of A. In the ISS-UMG 5, the
T6609C SNP causing the W325R amino acid change was found in this
study for the first time. Some SNPs typical of BCD lineages, causing six
amino acid changes in L1 protein, were found (Table 1, row AA-
Change). Premature stop codons were not detected in any samples. The
last two rows of Table 1 report the known L1 functions: the secondary
structure (Bishop et al., 2007), the B and T epitopes critical for the
immune response (Gurgel et al., 2015) and the sites for capsid assembly
(As) (Pillai et al., 2009).

Table 2 reports the 45 SNPs found in the LCR ISS-UMG samples
compared to the K02718 reference sequence. The specific combination
of SNPs in the LCR determines the HPV16 clustering in lineages and
sublineages (Cornet et al., 2012). The most commonly detected varia-
tions were the C7433 insertion and the A7863 deletion that were found
in 100% of the samples. Moreover, the G7193 T variation was found in
33/39 (84.6%) samples, followed by G7521A in 34/39 (87.2%) and
T7450C in 6/39 (15.4%) cases. Twenty-five nt changes were detected at
the putative binding sites of the TEF-1, GRE-YY1, OCT1 and E2

transcription factors (Table 2, row Function). The last row indicates the
functions corresponding to known regulatory elements of the URR map.

Regarding the E6-E7 genes, a total of 22 SNPs, 15 in E6 and 7 in E7,
were detected in the HPV16 Calabrian dataset compared to the K02718
reference (Table 3). Eight SNPs in E6 and 3 in E7 cause an amino acid
change. The most studied E6 SNPs for virus pathogenesis, namely
T350G causing the L83 V and A131G causing the R10G amino acid
change, were detected in 29 (74.4%) and 3 (7.7%) ISS-UMG samples,
respectively. In E7, the A647G and C757A SNPs, causing the N29S and
R66W amino acid change respectively, have already been described;
conversely, the C794T SNP causing the T78I amino acid change was
found for the first time in this study, to the best of our knowledge.

The ISS-UMG sequences were compared to the partial HPV16 se-
quences of the Italian isolates deposited in NCBI GenBank bank. These
sequences were from samples collected in Northern Italy (Milan; Tanzi
et al., 2009), Central Italy (Rome; Garbuglia et al., 2007; Cento et al.,
2009) and in Sardinia (Cagliari; Montaldo et al., 2007). In BLAST
analysis, the partial EU650438 URR sequence (Tanzi et al., 2009)
showed 99% of identity with the ISS-UMG 7, 17, 19, 34 sequences of
the A lineage; the partial EU650455–451-454 URRs (Tanzi et al., 2009)
showed 100% of identity with ISS-UMG18 and ISS-UMG 28. The T795G
and T789C E7 SNPs, present in the ISS-UMG 2, 14, 21, 32 E7-sequences,
were also found in the EF422131 (Montaldo et al., 2007; Garbuglia
et al., 2007) and FJ644988 sequences (Cento et al., 2009). ISS-UMG 2,
14, 21, 32 share several SNPs with EU650474 and EU650448 URR,
sequences previously classified as African-2 and now recognized as
belonging to the C1 sublineage.

4. Discussion

It has been well established that HPV16 is the most prevalent gen-
otype detected in cervical cancer,worldwide. However, the prevalence
of the A, B, C and D HPV16 variants is variable in the different con-
tinents (Pimenoff et al., 2016). Population studies demonstrated the

Table 2
The SNPs detected in the Long Control Region of ISS-UMG samples are shown. The rows report from the top: 1) nucleotides of the K02718 HPV16 reference genome;
2) nucleotide position in the K02718 sequence; 3) nucleotide mutations in ISS-UMG samples; 4) number of the samples carrying the mutation; 5) percentage of the
samples with the same mutation; 6) transcription factors binding to that position (Watts et al., 2014; Gurgel et al., 2015). The bottom row indicates the known
functions of the region: the Transcription Terminator signal of the late transcripts, the Enhancer and silencer elements and the E6 promoter.
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association between specific sublineages and an increased risk to de-
velop: 1) high-grade cervical lesions (C, D2 and D3); 2) squamous cell
carcinoma (A1 and A2) or adenocarcinoma (A4) of the cervix. In ad-
dition, also the genetic background of populations seems to be involved
in the harmfulness of some variants (Mirabello et al., 2016; Mirabello
et al., 2018).

In Italy, HPV16 is the prevalent genotype in cervical infections
(Giambi et al., 2013) and this is true also for the Calabria region (Galati
et al., 2017). Studies on the HPV prevalence in this Region exist, but
data on the circulating HPV16 variants are still lacking. Indeed, little is
known about the different oncogenic potential of HPV16 variants in
Italian women. In Italy, HPV DNA-test will become the primary test of
cervical cancer screening for women over 30 by the end of 2018. Since
HPV16 mutants could directly affect the proficiency of the genetic di-
agnostic kits, the monitoring of HPV variants is becoming a priority.

In the present study, to possibly shed light on the HPV16 genomes
currently circulating in Calabria, 39 cervical DNA samples HPV16-po-
sitive were sequenced in the 3169 nt viral region covering the L1, LCR,
E6 and E7. The obtained sequences were compared to those belonging
to previously identified HPV16 variant prototypes (Mirabello et al.,
2018). The sequence and phylogenetic analysis showed that the ISS-
UMG samples have 99–100% of nt identity with HPV16 variants be-
longing to the A, B, C, and D lineages. Most of the HPV16 isolates be-
long to the A lineages (89.7%), in agreement with previous data on the
Italian population (Tornesello et al., 2004; Cento et al., 2009). Four
HPV16 variants belonging to lineages B (ISS-IMG32, B2, ASC-US; ISS-
UMG14, B4, H-SIL), C (ISS-UMG21, C1, ASC-US), and D (ISS-UMG2,
D4, H-SIL) were also detected. The C lineage was previously identified
in Italy in HIV seropositive subjects and in high-risk immigrant women
from Africa, but not in the Italian general population (Tornesello et al.,
2008a, 2008b; Tornesello et al., 2007; Tanzi et al., 2009). Moreover, B
and D lineages were reported in Italian women with CIN lesions and
cancer, as well as in patients with penile carcinoma (Tornesello et al.,
2004; Tornesello et al., 2011; Tornesello et al., 2008b). The two ISS-
UMG14 and ISS-UMG2 sequences show 99% of nt identity with mem-
bers of B4 and D4, respectively, suggesting the presence in Italy of these

recently discovered HPV16 sublineages (Mirabello et al., 2016;
Mirabello et al., 2018), that were unknown at the time of the previous
Italian studies.

A total of 96 SNPs, of which 29 mapping in L1, 45 in the LCR, 15 in
E6 and 7 in E7, were found in the ISS-UMG sequence dataset. The most
common SNP was the E6 T350G leading to the L83 V amino acid change
(29/39 samples; 74.4%), which was found in all the spectrum of cy-
tological pap-test results. This E6 mutation has been studied for a long
time, since the late 90s. A recent in vitro study demonstrated that the E6
L83 V, in the absence of E7, can immortalize but not transform kera-
tinocytes and has the unique ability to down-regulate E-cadherin,
protein involved in cell-cell adhesion of epithelial cells and in their
transition to invasive cells (Togtema et al., 2015). Over the years,
epidemiological studies have given controversial results about the as-
sociation of this mutation with invasive CC and/or cervical lesion
progression to cancer. Such studies have clearly demonstrated that
populations of different geographic origin have a different prevalence
of the L83 V polymorphism (Zehbe et al., 1998a; Zehbe et al., 1998b;
Villa et al., 2000; Nindl et al., 1999; Zehbe et al., 2001a, 2001b;
Tornesello et al., 2004; Grodzki, 2006). This diversity suggests that the
risk conferred by the E6 L83 V mutation could be population-dependent
(Cornet et al., 2013; Nicolás-Párraga et al., 2016). In our study, the
prevalence of the T350G polymorphism is high (74.4%) for a European
population, where it usually ranges from 47% to 59% (Nicolás-Párraga
et al., 2016). The high prevalence found is similar to that reported for a
Greek population and might be representative of a higher prevalence of
this mutation in the southern European population (Tsakogiannis et al.,
2018). However, we cannot exclude a confounding effect due to the
sample size.

Regarding the LCR sequence characterization, G7521A was the most
frequent SNP, observed in 85.7% of the cases. As previously reported
(Kurvinen et al., 2000), this SNP maps in the transcription factor YY1
binding sites and it is the most frequently detected worldwide, espe-
cially in the European population (Ramas et al., 2018).

This is the first study reporting the circulation of HPV16 variants in
the Calabria region. Because of its geographical position in the

Table 3
The SNPs detected in E6-E7 genes of ISS-UMG samples are shown. The rows report from the top: 1) nucleotides of the K02718 HPV16 reference genome; 2) nucleotide
position in the K02718 sequence; 3) nucleotide mutations in ISS-UMG samples; 4) number of samples carrying the mutations above; 5) position of the amino acid
changes in the E6 or E7 proteins; 6) known functions of the amino acid: B and T epitopes involved in the immune response, p53 binding, NLS=Nuclear Localization
Signal and NES=Nuclear Export Signal function, formation of Zinc-finger domain (Pillai et al., 2009).
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Mediterranean area, Calabria is a crossroad for European, Asian and
African populations and can represent a privileged observation point to
study the geographical HPV16 variants circulation. Hence, larger size
studies on the circulation of HPV variants in the Calabria region would
be useful for a better characterization of the sub-lineages circulating in
this region.

5. Conclusion

HPV16 variants belonging to the four currently recognized A, B, C,
D lineages were found to circulate in Calabria, Italy. Although most of
the analyzed sequences were 99–100% identical to sequences pre-
viously described, 8 new SNPs, causing 2 amino acid substitutions, were
reported for the first time in this study, to the best of our knowledge.
Three SNPs were found in L1: T6609C, causing the W325R amino acid
change located in a β-sheet region of the protein, and A6059G and
A7070G, causing no amino acid change. In the LCR, three new SNPs
were identified: T7401G in the Transcription Terminator signal of the
late transcript, C7595T in the Enhancer region and C13G in the E6 early
promoter. Two new SNPs were found in the E6-E7 region: A93T and
C794T, the latter causing the Y/I substitution in the nuclear export
signal of the E7 zinc-finger domain. The study provides important in-
formation for guiding future investigations in the context of HPV16
variant diversity and cervical cancer prevention in Calabria.
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