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Abstract: HPV51 belongs to group I high-risk HPV (hrHPV) genotypes with a high prevalence of
infection in numerous epidemiological studies, although its occurrence varies across geographical
regions. To better understand the presence of variants and genetic variation of HPV51, this study
aimed to perform a phylogenetic analysis of the E6, E7 and L1 regions to detect the hrHPV variants
circulating in women referred to colposcopy in two different Italian regions (Lombardy and
Sardinia). Cervical samples were tested using Anyplex™ II HPV HR Detection. HPV51 positive
samples were further analysed using previously described PCR protocols to obtain sequences of E6,
E7 and L1. A positivity rate for HPV51 of 7.4% (26/351) and 13.6% (11/81) was found in Lombardy
and Sardinia, respectively. The majority (34 out of 35) of the analyzed sequences clustered into the
A lineage and only one sequence was grouped into B lineage. L1 capsid gene showed the presence
of different mutations but none under positive selective pressure. Three nucleotide polymorphisms
T6311G, A6312T and G6313A related to the two aminoacidic mutations V264G and G265S were
found among all analysed sequences. This study contributes to implement data regarding the
molecular epidemiology of HPV but additional analysis on a larger number of sequences is
necessary to better understand the role of HPV variants in cervical lesions development.
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1. Introduction

Human Papillomavirus is a small DNA virus with a genome of almost 8000 bases of length. The
genome is structured into three different regions: an upstream non-coding regulatory region (URR)
or Long Control Region (LCR) containing regulatory elements for viral replication and transcription;
an early region (E1, E2, E4-E7 genes) encoding E6 and E7 oncogenic proteins and a late region
encoding L1 and L2 capsid proteins [1].

This virus is responsible for the most common sexually transmitted infection worldwide and
causes more than 340 000 deaths each year for cervical cancer in women [2]. More than 200 genotypes
are known up to now but just twelve (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) are recognized
as carcinogenic for human by the International Agency of Research on Cancer (IARC), and in
particular persistent infection of one of these high-risk HPV (hrHPV) genotypes is associated with
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the increasing risk of cervical pre-cancer and cancer lesion development [3-6]. Luckily, most of the
infections are cleared spontaneously but some of them persist which may lead to the onset of cervical
dysplasia. Different virus-related risk factors have been suggested to be correlated to the persistence
such as: infection with specific genotype, high viral load, the over-expression of oncogenic transcripts
and also the presence of specific viral lineage variants [7-10].

A difference of the complete genome of a specific genotype between 1.0% and 10% defines a
distinct lineage and the further classification into sublineages is made if the nucleotide difference
between two variants from the same lineage is between 0.5% and 1.0% [7]. Presently, many mutations
have already been published for the different hrHPV genotypes and distinct lineages have been
described [8,11]. Even if the HPV genome exhibits a very low mutation rate compared to other viruses
[12], there are some specific parts of the genome that should be monitored because directly related to
the oncogenesis as the two oncogenes E6 and E7 or involved in the immune system activation such
as the L1 gene that encodes for the main surface capsid protein [5,13-16]. Indeed, currently available
vaccines are composed of virus-like particles (VLPs) made from L1 protein particles that are
characterized by the capacity of self-assembling and inducing the immune system to produce
genotype-specific antibodies. This protein has hypervariable immune-dominant regions that show
high levels of polymorphism in and among HPV types. The increase of non-synonymous mutations
in the L1 protein modifies the original structure of the protein and could lead to a subsequent
advantage to escape immune response [17,18].

Different studies have already reported the presence of variants, single nucleotide
polymorphisms (SNPs) and amino acid mutations for some hrHPV genotypes, especially for HPV16
and HPV18, the two genotypes associated with most of the cases of cervical cancer [19-22]. Less is
reported for less common tumor-associated hrHPV genotypes such as HPV51 [6,23-25]. HPV51 has
an worldwide prevalence of 1.1% in women with normal cervical cytology, 8.8% and 5.7% among
women with low and high-grade precancerous lesion, respectively, with rates differing depending
on the geographical area [26].

To better understand the presence of variants and genetic variation of HPV51, this study aimed
to perform a phylogenetic analysis of the E6, E7 and L1 regions, the study of single nucleotide
polymorphisms (SNPs) and amino acid mutations to detect the hrHPV variants circulating in the
women with a recent cervical dysplasia.

2. Results

2.1. Study population

353 patients were enrolled at the baseline at the Colposcopy Centre in Monza and 81 in Sassari.
The median age of women was 37 years (Interquartile Range (IQR): 30-45 years) and 45 (IQR:37-51)
at Monza (Lombardy Region) and Sassari (Sardinia) colposcopy centers, respectively. Data regarding
the cytological results is reported in Table 1 and classified as follow: HSIL (high-grade squamous
intraepithelial lesion); ASC-H (atypical squamous cells, cannot exclude HSIL); LSIL (low-grade
squamous intraepithelial lesion); ASC-US (atypical squamous cells of undetermined significance);
AGC (atypical glandular cells); and NILM (negative for intraepithelial lesion or malignancy).

Women found to be HPV-positive at the time of the colposcopy visit were 128 (128/353; 36.3%)
and 48 (48/81; 59.3%) at Monza and Sassari colposcopy centers, respectively.

Table 1. Cytological results of enrolled women.

Monza Sassari
Cytology n. women % n. women %
NILM 23 6.5% 0 0.0%
ASC-US 83 23.5% 26 32.1%
AGC 12 3.4% 2 2.5%
LSIL 160 45.3% 10 12.3%

ASC-H 26 7.4% 23 28.4%
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HSIL 49 13.9% 20 24.7%
Total 353 100.0% 81 100.0%

2.2. HPV DNA detection

Cervical samples were available for 351 women enrolled in Monza and for all 81 women enrolled
in Sassari. A positivity for HPV DNA was observed in 67% (235/351) and 56.8% (46/81) women in
Monza and in Sassari, respectively. Multiple hrHPV infections were found to be very frequent in both
colposcopy centers (43% and 39.1%) and HPV16 followed by HPV31 resulted the two most common
HPV genotypes detected (Figure 1).
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Figure 1. HPV genotype distribution among enrolled women.

Among women referred to the colposcopy center in Monza, a positivity for HPV51 of 7.4%
(26/351) of cervical samples has been demonstrated. 30.8% (8/26) and 69.2% (18/26) were single and
multiple infections, respectively. Six women infected with HPV51 were positive at colposcopy and
two showed Cervical Intraepithelial Neoplasia of grade 2 or higher (CIN2+). The positivity for HPV51
among women attending the center in Sassari resulted 13.6% (11/81). All detected infections were
hrHPV multiple infections excepted for one infection (Table 2).

Table 2. Data regarding HPV51 infected women.

Monza Sassari

n. women n. women

(351 total; 26 o (81 total; 11

1 %o 1 %o

with biopsy with biopsy

result) result)
HPV51 positivity 26 74% 11 13.6%
Single HPV51 infection 8 23% 1 1.2%
Multiple infection including HPV51 18 5.1% 10 12.3%
HPV51 positive women with <CIN2 24 92.3% 9 81.8%

HPV51 positive women with >CIN2 2 77% 2 22.2%
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2.3. HPV51 E6 and E7 genetic variation

E6 and E7 sequences (769 nucleotides, 151 and 101 aminoacids for E6 and E7, respectively) were
obtained from 35 patients (26 from Monza and 9 from Sassari). As reported in Figure 2 almost all the
sequences analyses clustered into lineage A. Only the sequence MO60 resulted similar to the Bl
reference sequence but including other mutations reported in Table 3. This infection was associated
with a LSIL cytology result.
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Figure 2. HPV51 E6-E7 Phylogenetic tree. The evolutionary history was inferred using the Neighbor-
Joining method. The optimal tree with the sum of branch length = 0.02521273 is shown. The tree is
drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to
infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 41
nucleotide sequences. Evolutionary analyses were conducted in MEGA?.

Table 3. Nucleotide and amino acids mutations among reference and MO60 sequences.

E6 gene (position: E6 gene
E7 gene (306 nt) E7 gene (101 aa)
97...552; 456 nt) (151 aa)
111|2(2|3[3]|3 1 55 6 6 7 7 7 7 7 8 8
6 7 3 3 6 7 7
position 05 4 9 0 1 5 0 7 8 5 7 5 8 9 9 9 3 4 9
5 2 39 6 7 9
2 0 0 1 2 1 9 0 4 4 6 4 6 9 4 5 6 2 1
M62877 Al CTTACACAOQKS AAAGGCGACCATI KEDSGT
KF436870 A2 T G .
KF436873 A3 . | . | . . . . . . .. .. A G C K
KF436875A4 . . . . . . T . . L ool of of T G . L
KF436883B1 T C€C C . . G . . R . . C G . Q
KF436886B2 T . C€ . . . T . . L . A[A] .| AL A G . K N E N
MO60HPV51 . C . C T/ G . H R . G C G . Q
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2.4. HPV51 L1 mutations and selective pressure analysis

L1 sequences (1515 bp) obtained from the same 35 cervical samples were also evaluated. The
phylogenetic tree of L1 sequences is reported in Figure 3 and confirmed the results observed from E6
and E7 lineage analysis that 34 out 35 sequences clustered into A lineage. On the contrary, a greater
variability was observed in the L1 gene compared to E6 and E7. Tables reporting specific nucleotide
and amino acid mutations detected are reported in Supplementary Tables S1 and S2. 37 nucleotide
polymorphism sites were identified (14 non-synonymous and 13 synonymous mutations) compared
to the M62777 reference sequence. All sequences have shown the presence of 3 nucleotide
polymorphisms T6311G, A6312T and G6313A that are related to the two aminoacidic mutations
V264G and G265S. The other most common nucleotide mutation found was A6167G detected in 7
analyzed sequences. No significant correlation was found between the detected mutation and the
clinical data (Supplementary Table S3). No sites under diversifying positive selection at p<0.1 were
defined using FEL analysis.
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Figure 3. HPV51 E6-E7 Phylogenetic tree. The evolutionary history was inferred using the Neighbor-
Joining method. The optimal tree with the sum of branch length = 0.04629420 is shown. The tree is
drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to
infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. Monza and Sassari HPV51
sequences are marked with green and red dots, respectively.

3. Discussion

HPV is well known to be the common sexually transmitted pathogen but luckily only few
infections tend to persist and cause pre-cancerous and cancerous lesions. The main cause associated
with the persistence is related to the HPV genotype that is infecting the cervix [13]. The IARC has
classified 12 hrHPV genotypes as carcinogenic for humans with HPV16 and HPV18 the most common
related to cervical and other cancers [19,22]. However, even among these two genotypes infections
the majority are transient and spontaneously resolve suggesting that other co-factors are necessary
to support viral persistence. Some studies have suggested that possible virus-related co-factors could
also be high viral loads, the over-expression of E6 and E7 oncogenic transcripts and the presence of
specific viral lineage variants [8]. Although different studies have previously reported the different
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viral variants distributions for HPV16 and HPV18 [27-31], less is known regarding the other hrHPV
genotypes such as HPV51 [8,23,25,32,33]. In our study we found a prevalence of 7.3% and 13.6% in
Monza and Sassari respectively, and most of these infections were found as co-infections with other
high-risk HPV genotypes and associated with <CIN2 lesions. These results are in keeping with other
data reported in literature regarding the HPV51 prevalence and the low risk associated with in
cervical lesion development related to infection with this specific hrHPV type [26]. Even if the results
obtained are limited, the higher HPV51 prevalence detected in Sardinia compared to Lombardy have
confirmed the data reported in a previous study conducted by Piana and colleagues [34].

From the analysis of HPV51 sequences obtained from the E6 and E7 oncogenes, we have
observed that most of the sequences were equal to the reference (M62777) and the phylogenetic
analysis confirmed that almost all were clustered into A lineage. These results confirmed what also
reported by Xu and colleagues [32] that E6 and E7 oncogenes are highly conserved. In the present
work, we found only one sequence with mutations in both genes. In particular, 4 nucleotide
polymorphisms were observed in the E6 gene (T150C, A291C, C302T, A311G) two of them associated
with an aminoacidic change Q65H and K75R. Regarding E7 three nucleotide mutations were
observed (A574G, A584C and A832G), one of them was a non-synonymous mutation associated to
the aminoacidic change K9Q. T150C, A311G and A584C are mutations in common with KF436883
reference sequence and associated to the Bl sub-lineage. The A832G mutation was also described
among sequences of two other studies conducted in China [25,32]. The analysis of the L1 sequence
obtained from the same samples shows the presence of higher rates of nucleotide mutations (A6167G,
T6311G, A6312T, G6313A, G6570A, A6580C, A6551G, A6681G, T6708C, A6784C, T6798C, A6807G,
A6882G) compared to other samples analyzed in this study. This infection was related to a LSIL
cytological result and a negative colposcopy visit. A significant risk of CIN3+ associated with HPV51
variant B compared to variant A was previously reported by Schiffman and colleagues [8].
Unfortunately, we do not have information regarding the clinical evolution of this infection to make
some hypotheses regarding the association of these mutations to the clinical data. Regarding the L1
aminoacidic mutations, all HPV51 analysed sequences showed the presence of V264L, G265S
mutations compared to the reference sequence. These changes together with I52L and T354P were
previously reported in literature [25,32,35]. No difference in viral variants was observed among the
two Italian regions. Even if this study reported the analysis of few HPV51 sequences, to the best of
our knowledge, no other data regarding HPV51 viral variants circulating in Italy have been
previously reported. This study contributes to implement sequence data related to the molecular
epidemiology of HPV51, but additional analysis on a larger number of sequences and associated
clinical data is necessary to better understand the role of HPV variants in cervical lesions
development.

4. Materials and Methods

4.1. Study population and sample collection

Women with a recent diagnosis of cervical dysplasia and attending the Colposcopy Clinic of
IRCSS San Gerardo dei Tintori, (Monza, Lombary, Italy) and of Coordinamento Consultori Familiari,
ASSL Sassari (Sardinia) were enrolled after signing the inform consent. A cervical specimen using
the L-shaped Endocervical/Esocervical FLOQSwab® (Copan Spa, Italy) was collected from each
woman during the colposcopy examination and resuspended into 20 ml of ThinPrep® PreservCyt®
Solution (HOLOGIC™). Clinical data regarding cytology, biopsy and conization were also collected.
Pap test was repeated in case of it has been performed over 6 months before the date of the colposcopy
and biopsy examination or conization treatment was performed depending on colposcopy result.
Cytological findings were classified according to the 2001 Bethesda System [36] [28] as follow: HSIL
(High grade squamous intraepithelial lesion); ASCH (Atypical squamous cells, cannot exclude HSIL);
LSIL (Low grade squamous intraepithelial lesion); ASCUS (Atypical squamous cells of un-
determined significance); AGC (Atypical glandular cells); NILM (negative for intraepithelial lesion
or malignancy). Histological finding was reported as Cervical intraepithelial neoplasia grade 1, 2 or
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3 (CIN 1, 2 or 3), squamous cell carcinoma, adenocarcinoma or adenosquamous carcinoma [37]. All
samples were transported and tested at the Clinical Microbiology Laboratory of the Department of
Medicine and Surgery, University of Milano-Bicocca.

4.2. DNA extraction and HPV detection

After arriving to the laboratory, samples were shaken vigorously for 30 seconds and aliquoted
in cryovials. One aliquot was used for nucleic acids extraction. The STARMag 96x4 Universal
Cartridge Kit (Seegene, Korea) on Microlab Nimbus was used for the extraction starting from 200 ul
of sample and using an elution volume of 100 ul. HPV detection and genotyping was performed
using a commercial kit, Anyplex™II HR HPV Detection, (Seegene, Korea) able to identify 14 hr-HPV
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) using CFX96 thermocycler (Bio-Rad). DNA
detection was performed with 5 ul DNA in 20 pl per reaction. Data recording and interpretation were
performed with the Seegene Viewer software, according to the manufacturer's instructions. Viral
variants analysis was conducted from cervical samples of women resulted positive for HPV51.

4.3. PCR Amplification and Sequencing

Previously described PCR protocols were used to obtain amplicons of E6, E7 and L1 genes of
HPV 51 [25]. HPV DNA amplification was performed in a 50 uL reaction mix containing GoTaq®
Long PCR MasterMix (Promega, Madison, WI, USA), 0.75 uM of primer (forward and reverse) and 5
uL of the template sample. Amplicons were visualized on 2% agarose gel. Nucleotide sequences were
obtained through the Sanger sequencing method.

4.4. Phylogenetic Analysis

Sequences were aligned using ClustalW software and Phylogenetic analysis was performed
using a distance-based neighbour joining method (NJ) [38] and Kimura two-parameter model [39]
implemented in the MEGA version 7 program [40]. Reference sequences of lineages A1 (M62877), A2
(KF436870), A3 (KF436873), A4 (KF436875), B1 (KF436883), and B2 (KF436886) were obtained from
Papilloma Episteme (PaVE, https://pave.niaid.nih.gov). The reliability of the observed clades was
proved with internal node bootstrap values (after 1000 replicates). All sequences were submitted to
the NCBI database and their accession numbers in GenBank are from (to be defined).

4.5. L1 sequences and selective pressure

Fixed effects likelihood (FEL) [41] using the DataMonkey 2.0 server [42] (www.datamonkey.org)
was used to better understand the presence of individual sites subject to pervasive positive (shown
by a dN/dS ratio>1) or purifying selection.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: title; Table S1: title; Video S1: title.
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