ONCOLOGY LETTERS 15: 2278-2286, 2018

Methylation of the L1 gene and integration of human
papillomavirus 16 and 18 in cervical carcinoma
and premalignant lesions
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Abstract. High-risk human papillomavirus (HPV) is the
primary cause of cervical carcinoma (CC). Viral integration
into the host chromosomes is associated with neoplastic
progression, and epigenetic changes may occur as a result. The
objective of the present study was to analyze HPV L1 gene
methylation and to compare the use of quantitative polymerase
chain reaction (QPCR), in situ hybridization (ISH) and L1
methylation analysis as methods for detecting HPV integra-
tion. Cervical scrapes or biopsy samples positive for HPV 16
or 18, from 187 female patients with CC, squamous intraepi-
thelial lesions (SILs) or no intraepithelial lesion (non-IL) were
analyzed. Methylation of the L1 gene was determined using
bisulfite modification followed by PCR, and HPV integration
was subsequently analyzed. HPV 16 L1 gene methylation
was revealed to increase with histological grade, with statisti-
cally significant differences observed as follows: Low-grade
SIL vs. CC, P<0.0001 and non-IL vs. CC, P<0.0001. HPV 18
L1 gene methylation also increased according to histological
grade, however, no statistically significant differences were
observed. Methylation at CpG site 5608 of the HPV 16 L1
gene was associated with all grades of cervical lesions,
whereas methylation at CpG site 5617 demonstrated the stron-
gest association with CC (odds ratio, 42.5; 95% confidence
interval, 4.7-1861; P<0.0001). The concordance rates between
the various methods for the detection of the physical status of
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HPV 16 and HPV 18 were 96.1% for qPCR and ISH, 76.7%
for qPCR and L1 gene methylation, and 84.8% for ISH and L1
gene methylation. In conclusion, methylation of the HPV 16
L1 gene increases significantly according to the grade of the
cervical lesion, and methylation at CpG sites 5608 and 5617
of this gene may be used as prognostic biomarkers. ISH and
L1 gene methylation have good concordance with qPCR with
regards to the detection of HPV integration. Therefore, these
are useful methods in determining the physical state of HPV.

Introduction

The primary cause of cervical carcinoma (CC) is persistent
infection with high-risk human papillomavirus (HR-HPV) (1).
The infecting HPV type, viral persistence, viral integration
status and viral load contribute to the pathogenesis of CC (1).
Among the HR-HPVs, HPV 16 and 18 are the most common
in cases of CC globally (2).

CC was the fourth most common type of cancer among
women globally in 2012 (3). In Mexico, it is the second most
frequent cancer type amongst women and the most common
female cancer type in women aged 15-44 years, with ~9.4% of
women in the general population estimated to harbor cervical
HPV infection, and 70.2% of all CC cases being attributed
to HPV 16 or 18 (4). In the state of Guerrero in Southern
Mexico, CC is the most common type of cancer in women.
This state also has the fifth highest mortality rate from CC in
the country (5). HPV 16 is the most common genotype in CC,
followed by HPV 18 (6).

Cytological screening of Papanicolaou smears has reduced
the incidence and mortality rates of CC. However, the low
sensitivity and low reproducibility of cytological tests, despite
the availability of HPV DNA testing as an adjunct procedure,
has resulted in a lack of discrimination between transient and
persistent infections (7).

HPV genomes replicate as episomal DNA during produc-
tive infections, and the integration of HR-HPV genomes into
the host chromosome has been associated with neoplastic
progression (8). The E2 HPV gene has been revealed to be



TORRES-ROJAS et al: METHYLATION OF L1 GENE AND HPV 16/18 INTEGRATION

broken more frequently compared with other sites (9-11). This
break results in a loss of the negative-feedback control for the
transcription of oncogenes E6 and E7 (12), enabling tumor
development and progression (13,14). Therefore, HPV integra-
tion into the human genome is considered to be a notable event
in cervical carcinogenesis. Although certain studies suggest
that integration is a late event (14,15), others have proposed that
integration may be an early event in carcinogenesis (16-20).

Based on this information, a quantitative polymerase chain
reaction (QPCR) analysis method that uses the PCR amplifi-
cation of the E2 and E6 open reading frames (ORFs) and a
calculation of E2/E6 ratios in order to measure integration
was developed (20). Identification of the integrated HPV has
been proposed as a useful biomarker for lesion progression.
Nevertheless, qPCR is a technically difficult method for use in
clinical practice.

HPV integration may render viral and cellular genes
susceptible to epigenetic changes, which may in turn regu-
late their expression (21). The L1 gene in HPV 16 and 18
has been observed to be frequently hypermethylated in
cancer, compared with the infrequent methylation observed
in premalignant lesions (18,22-26). It has been reported that
the methylation of the HPV 16 L1 gene indicates integration
and is associated with the grade of premalignant lesions and
cancer types, as well as being a potential clinical marker of CC
progression (18,27-29).

HPV integration and the grade of cervical neoplasia may
also be identified using a biotinyl tyramide-based in situ
hybridization (ISH) method. Punctate signals within the
nucleus are consistent with the integration of HPV into host
cell chromosomes, whereas diffuse signal patterns throughout
the nucleus are consistent with episomal DNA (30-33).

The use of novel tools alongside the cytological diagnosis
of premalignant lesions may improve the sensitivity of this
method, increasing its effectiveness, which would reduce the
number of misdiagnosed cases and prevent unnecessary inva-
sive treatments in women diagnosed with premalignant lesions.
As HPV integration is a viral marker for lesion progression, it
is important to use a technically simple and affordable method
for the detection of HPV integration in clinical practice.

The aim of the present study was to analyze L1 gene meth-
ylation in cervical lesions of various grades, and to perform
a comparative analysis between L1 methylation, ISH and
RT-gPCR as methods to determine the physical status of HPV
16 and 18. Additionally, the ease of use of these methods was
compared.

Materials and methods

Clinical specimens. A total of 187 female patients between
28-51 years of age were enrolled in the present study, selected
from the 1,115 female residents of the state of Guerrero in
Southern Mexico. The patients were admitted to the Unit
for Early Diagnosis of Cervical Cancer and HPV at the
Autonomous University of Guerrero (Chilpancingo, Mexico)
and the Cancer Institute of the State of Guerrero (Acapulco,
Mexico) between November 2013 and August 2015. Cervical
scrapes or biopsies were collected for cytomorphological
examination using liquid cytology or histological exami-
nation. Papanicolau smears were reviewed by a certified
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cytopathologist and biopsies by a certified histopathologist.
DNA was extracted from the cervical scrapes or biopsies using
the phenol-chloroform isoamyl alcohol method (34) for HPV
detection and genotyping with an INNO-LiPA genotyping kit
(Fujirebio Europe, Gent, Belgium) (35), without amendment
and according the manufacturer's protocol.

All patients included in the current study presented
with HPV 16 (n=154) or HPV 18 (n=33), and CC (n=33),
high-grade squamous intraepithelial lesion (HSIL; n=13),
low-grade squamous intraepithelial lesion (LSIL; n=102) or
no intraepithelial lesion (non-IL; n=39). Cytological diagnosis
was performed according to the Bethesda System (36), and
histological diagnosis was performed according to the classi-
fication system of the International Federation of Gynecology
and Obstetrics (37). Clinical data from the patients was
obtained from the database of the Molecular Biomedicine and
Cytopathology Laboratories at the School of Chemistry and
Biology, Autonomous University of Guerrero.

The present study was approved by the Bioethics Committee
of the Autonomous University of Guerrero. Written informed
consent was obtained from all patients prior to the study.

The samples were studied to analyze L1 gene methylation
in the different grades of cervical lesion and to compare L1
methylation, ISH and qPCR as methods for determining the
physical status of HPV 16 and 18.

Analysis of the methylation of the HPV 16 and HPV 18 LI
gene. Methylation of the L1 gene from HPV 16 and 18 was
analyzed using a bisulfite conversion reaction, wherein
unmethylated cytosine is converted into uracil, followed
by PCR amplification. DNA (400-1,200 ng) from cervical
samples was treated with bisulfite for 150 min at 64°C using
an EZ DNA Methylation-Gold™ kit (Zymo Research Corp.,
Irvine, CA, USA), according to the manufacturer's protocol.
The 5' and middle regions of the HPV 16 L1 gene, and
the 5' and 3' regions of the HPV 18 L1 gene were amplified
using PCR. Amplifications were performed using 100-150 ng
bisulfite-treated genomic DNA, 6 ul Amplitaq Gold® 360
Master mix (Applied Biosystems; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), 1 gmol sense primer and 1 gmol
antisense primer in a 15-ul final reaction volume. The
following primers were used for amplification: HPV 16 L1
5' region forward, 5-TTGTTGATGTAGGTGATTTTTATT
TATATTTTAGTTCCA-3' and reverse, 5'-CTAATACCC
ACACCTAATAACTAACC-3' as previously described by
Oka et al (28) at 59°C, HPV 16 L1 middle region forward,
5-ATTTAGATTATATTAAAATGGTGTTAGAAT-3' and
reverse, S-AAATAATTAATTACCCCAACAAATACC-3' as
previously described by Brandsma et al (27) at 54°C. HPV
18 L1 5' region forward, 5'-GGTTAGTTTTTAGGTGTT
GGT-3' and reverse, 5'-CACACAACTACCAAATAAAAC
A-3' (Tm, 54°C); and HPV 18 L1 3' region forward, 5'-TTA
TTAGTTTGGTGGATATATATTG-3' and reverse, 5'-AAA
ACATACAAACACAACAATAAATA-3' as previously
described by Badal et al (38), at 59°C. The thermocycling
conditions were as follows: 10 min at 96°C, followed by
40 cycles for 30 sec at 96°C, 30 sec at 54°C or 59°C, depending
on the primer used, and 7 min at 72°C. The PCR-amplified
fragments were sequenced using the Big Dye Terminator
version 3.1 Cycle Sequencing in an ABI PRISM 310 sequencer
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(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
methylation of 12 (5602 to 6580) and 18 (6015 to 7123) CpG
dinucleotides in the HPV 16 and HPV 18 L1 gene, respectively,
was analyzed using LALIGN online platform (http:/embnet.
vital-it.ch/software/LALIGN_form.html). For the analysis of
the L1 gene methylation variation in the samples, the L1 gene
methylation ratio (LIMR) was calculated using the formula
LIMR (%)=(number of methylated CpGs in the analyzed
region of the L1 gene)/(number of all CpGs in the analyzed
region of the L1 gene) x100. Oka et al (28) suggested that the
LIMR is associated with the grade of cervical intraepithelial
neoplasia (CIN) and indicates the HPV genome status in the
cell, as follows: A high LIMR value indicates HPV genome
integration, whereas a low LIMR indicates episomal HPV
genomes. Complete methylation (>80%) is considered to
indicate HPV integration, intermediate methylation (20-80%)
is considered to indicate a mixed status and low methylation
(<20%) is considered to indicate an episomal HPV genome (39).

Analysis of HPV 16 and 18 integrations using gPCR. The
physical state of HPV 16 was analyzed using qPCR, amplifying
two regions of the E2 gene and a region of the E6 gene using the
following primers and TagMan probes (Applied Biosystems;
Thermo Fisher Scientific, Inc.): E2A region (transactivation
domain) forward, 5-“-TGGATATACAGTGGAAGTGCAGTT
TG-3" and reverse, 5'-CCACAGTTACTGATGCTTCTTCAC
A-3' primers, and 5FAM-ATGGAGACATATGCAATACAA
T-NFQ probe; E2B region (hinge) forward, 5'-CAGCAACGA
AGTATCCTCTCCT-3' and reverse, 5'-GCGACGGCTTTG
GTATGG-3' primers, and 5FAM-AAGTGCTGCCTAATA
ATTTC-NFQ probe; and E6 region forward, 5'-ACCGTTGTG
TGATTTGTTAATTAGGTGTA-3' and reverse, 5'-GCTTTT
TGTCCAGATGTCTTTGCTT-3' primers, and SFAM-AAA
GCCACTGTGTCCTG-NFQ probe.

Similarly, the physical state of HPV 18 was analyzed by
amplifying two regions of the E2 gene and a region of the
E6 gene using the following primers and TagMan probes
(Applied Biosystems; Thermo Fisher Scientific, Inc.): E2N1
region (transactivation domain) forward, 5'-GCAACTAAT
ACGTTGGGAAAATGCA-3' and reverse, 5'-GCTGGCACC
ACCTGGT-3' primers, and 5FAM-CTGTATGCCATGTTC
CC-NFQ probe; E2H1 region forward, 5'-GATTGTAATGAC
TCTATGTGCAGTACCA-3' and reverse, 5'-CGGTGCCCA
CGGACA-3' primers, and FAM-ACGACACGGTATCCG
C-NFQ probe; and E6 region forward, 5" AAAACTAACTAA
CACTGGGTTATACAATT-3' and reverse, 5'-CTGCTGGAT
TCAACGGTTTCTG primers, and 5FAM-CACCGCAGG
CACCTTA-NFQ probe.

To calculate the number of cells, a region of the RNAse
P single copy gene was amplified using forward, 5-AGATTT
GGACCTGCGAGCG-3' and reverse, 5'-GAGCGGCTGTCT
CCACAAGT-3' primers, and a VIC-TTCTGACCTGAAGGC
TCTGCGCG-TAMRA RNAse P probe (cat no. 4403328
Applied Biosystems; Thermo Fisher Scientific, Inc.).

In all cases, PCR was performed in a final volume of 10 ul
containing 50 ng DNA, 5 ul Universal MasterMix II (Applied
Biosystems; Thermo Fisher Scientific, Inc.) and 0.5 ul of a
mix containing specific primers and probes for each gene
and region. DNA amplification by qPCR was performed in
an ABI-PRISM 7500 (Applied Biosystems; Thermo Fisher
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Scientific, Inc.) using the following thermocycler conditions:
50°C for 2 min, 95°C for 10 min, followed by 40 cycles of
95°C for 15 sec and 60°C for 1 min as previously described
by Zhang et al (40). All reactions were run in duplicate, and
the results were averaged for analysis. The positive control
consisted of DNA from the SiHa cell line which contains
1-2 integrated copies of the HPV 16 genome as previously
described by Flores er al (41) and Saunier et al (42), and
the HeLa cell line, which contains integrated HPV 18.
The negative controls consisted of the reaction components
without DNA.

A standard curve for the quantification of the RNAse P
gene was generated using the commercial kit Tagman Copy
Number Reference Assay RNAse P (Applied Biosystems;
Thermo Fisher Scientific) with genomic DNA obtained from
10,000, 5,000, 2,500, 1,250 and 625 cells. Standard curves
for the E2 and E6 genes were generated by determining the
quantification cycle (Cq) (43) value of detection with concen-
trations of 108, 107, 10°, 10°, 10*and 10° copies/ul of plasmids
containing the HPV 16 or HPV 18 genome as was performed
by Zhang et al (40). All assays were performed in duplicate.
The number of copies of each gene (x) in the sample was
calculated with the formula x=exp[(Y-b)/m] where Y is the Cq
value, and b and m are constant values obtained from the equa-
tion graph for the standard curve of each gene (44).

The physical state of HPV 16 was determined by calcu-
lating the ratios of E2A/E6 and E2B/E6. To ensure the validity
of the method, these ratios were determined using the standard
curves obtained from various dilutions of pUC8 and DNA
from SiHa cells; pUCS contains the complete HPV 16 genome,
representing the episomal form, and SiHa cells were used as
the integrated form (44). Viral genome integration was defined
by the absence of E2 or an E2/EG6 ratio of <0.0010. An E2A/E6
ratio of 0.0010-0.9270 was defined as a mixture of episomal
and integrated forms. A ratio of >0.9270 was defined as the
episomal form. An E2B/EG6 ratio of 0.0010-0.9116 was defined
as mixed form, and an E2B/EG6 ratio of >0.9116 was defined as
the episomal form (40).

The physical state of HPV 18 was determined by calculating
the ratios of E2N1/E6 and E2H1/E6. To ensure the validity
of this method, these ratios were determined using standard
curves obtained from various dilutions of a plasmid containing
the HPV 18 genome, representing the episomal form. Viral
genome integration was defined by the absence of E2 or an
E2/EG6 ratio of <0.0010. An E2N1/E6 ratio of 0.0010-0.9151
was defined as the mixed form, and >0.9151 was defined as
the episomal form. An E2H1/EG6 ratio of 0.0010-0.9206 was
defined as the mixed form, and an E2H1/E6 ratio >0.9206 was
defined as the episomal form (40).

Analysis of HPV 16 and 18 integration using ISH. Detection
of HR-HPV genome integration was performed using ISH
with a GenPoint Tyramide Signal Amplification system
(Dako; Agilent Technologies, Inc., Santa Clara, CA, USA).
Cytological samples were placed in a solution of acetone
for 5 min at room temperature. The monolayer smears were
digested for 1 min at 37°C with proteinase K (Invitrogen;
Thermo Fisher Scientific, Inc.; 1:1,000). Biotinylated viral
DNA with probes for 13 HR-HPV genotypes (types 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68) and individual
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Figure 1. L1 gene methylation rate in four distinct tissue types. (A) HPV 16 and (B) HPV 18 L1 gene methylation rate (LIMR, %) in non-IL, LSIL, HSIL and
CC tissues. ""P<0.0001 with comparisons indicated by lines. HPV, human papillomavirus; LIMR, L1 methylation ratio; non-IL, non-intraepithelial lesion;
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; CC, cervical carcinoma.

probes (Dako; Agilent Technologies, Inc.) directed at
HPV 6 and HPV 11 were subsequently applied. The slides
were denatured for 10 min at 95°C, hybridized with a bioti-
nylated HPV DNA probe (Dako; Agilent Technologies, Inc.)
for 20 h at 37°C and then placed in an astringent solution
(1:50) at 55°C for 20 min. Primary streptavidin peroxidase
(1:100) was added for 40 min at room temperature, followed
by biotinyl-tyramide for 20 min at 37°C, and horseradish
peroxidase conjugated streptavidin (cat no. N100; Thermo
Fisher Scientific, Inc.) undiluted, as the secondary antibody,
was subsequently added for 20 min at 37°C. The chromogen
3,3'-diaminobenzidene (Dako; Agilent Technologies, Inc.)
was then added and Mayer's hematoxylin (Merck KGaA,
Darmstadt, Germany) at 37°C for 10 sec was used as a
contrast dye. Positive reactions were visualized as brown
inside of the nucleus in a LEICA DM 1000 light microscope
and, according to the type of signal, were classified as diffuse
(episomal state), punctate (integrated state) or diffuse and
punctate (mixed state) (30,31,33). SiHa cell lines (containing
HPV 16) were used as positive controls to demonstrate an
integrated state; the same cell lines without probes were used
as negative controls.

Statistical analysis. LIMR was compared between groups
using one-way analysis of variance and Tukey's multiple
comparison test as a post-hoc test using GraphPad Prism
V5-03 software (GraphPad Software, Inc., La Jolla, CA, USA).
P<0.05 was considered to indicate a statistically significant
difference. Odds ratios (ORs) were calculated to determine the
risk of lesion progression due to the methylation of specific
CpG sites using STATA version 11 software (StataCorp
LLC, College Station, TX, USA; http://www.stata.com/).
Concordance between the various methods for the detection of
viral integration was also calculated (45).

Results

Methylation of the HPV 16 and HPV 18 LI gene in cervical
specimens from women with CC, SIL and non-IL. The
methylation status of the HPV 16 and HPV 18 L1 gene was
evaluated in 187 cervical specimens from women with CC,
HSIL, LSIL and non-IL. The median HPV 16 LIMRs were
20.2% for non-IL, 30.0% for LSIL, 33.0% for HSIL and 58.6%
for CC. The HPV 16 LIMR was associated with histological
grade, as statistically significant differences were identified

in the following comparisons: LSIL vs. CC (P<0.0001) and
non-IL vs. CC (P<0.0001; Fig. 1A). For HPV 18, the median
L1IMRs were 73.3% for non-IL, 64.1% for LSIL, 69.7% for
HSIL and 85.7% for CC; however, these differences between
histological grades were not significant (Fig. 1B).

A total of 12 CpG dinucleotides (from 5602 to 6580) in the
HPV 16 L1 gene and 18 CpG sites (from 6015 to 7123) in the
HPV 18 L1 gene were analyzed in specimens from patients
with non-IL, LSIL, HSIL and CC. In HPV 16, the methylation
of CpG sites 5608 and 5617 were associated with LSIL, the
methylation of CpG sites 5602 and 5608 were associated with
HSIL, and CpG sites 5608, 5617, 5709, 5726, 5926, 5962 were
associated with CC. The strongest association with CC was
CpG site 5617 (OR, 42.5; 95% confidence interval, 4.7-1861;
P<0.0001), followed by CpG sites 5926, 5608, 5709 and 5962.
Only CpG site 5608 was associated with all grades of cervical
lesions. In CC samples, the highest LIMR was at CpG site
5617 (71.4%) (Fig. 2A).

High L1MRs at CpG sites in HPV 18 were detected in all
grades of cervical lesions. 100% methylation was detected at
10 CpG sites in CC, 5 CpG sites in HSIL, 5 CpG sites in LSIL
and 5 CpG sites in non-IL samples. However, the methylation
differences in CC, HSIL, LSIL compared with non-IL were
not significant (Fig. 2B).

Analysis of HPV 16 and HPV 18 integration using gPCR, ISH
and L1 methylation. The physical statuses of HPV 16 and
HPV 18 were evaluated using qPCR, ISH and L1 methylation
in cervical specimens from CC, HSIL, LSIL and non-IL.
HPV 18 was more frequently integrated compared with HPV
16; HPV 18 was integrated in 50% (qPCR), 100% (ISH) and
67% (L1 methylation) of CC specimens, whilst HPV 16 was
integrated in 52% (qQPCR),92% (ISH) and 16% (L.1 methylation)
of CC specimens. Non-IL and LSIL demonstrated high rates
of integration of HPV 16, as follows: 50 and 39% by qPCR,
33 and 45% by ISH, and only 6 and 7% by L1 methylation,
respectively. HPV 18 was not integrated in non-IL, according
to the qPCR and ISH analyses, but did exhibit integration in
LSIL (10% by qPCR, 53% by ISH and 25% by L1 methylation;
Table I).

The concordance rate between qPCR and ISH for the
detection of the physical status of HPV 16 and HPV 18
was 96.1%. The concordance rates between qPCR and L1
methylation, and between ISH and L1 methylation were 76.7
and 84.8%, respectively (Table II).



2282 ONCOLOGY LETTERS 15: 2278-2286, 2018

A

100 v HPV 16

&0

Fa¥

g AN AN
& 60— A PaN
&
=
=
@
E
g
5 40
7]
=

20

o

T T T T T T T T T I T T
CpGste | se02 | se0s | se1r | se17 | st | s7ae | seee | soe2 | emes | edss | s4se | ese
OR (95%C1) / P-value

Non-IL 1 1 1 1 1 1 1 1" 1 1 1 1

LSIL 050 10.00 0.40 .00 2.40 120 550 0.40 118 1.01 170 080

O (0.7-3.7) | (1.4-431.00| (0.9-1.2) [{1.1-348.0)| (0.6-13.7) | (0.4-4.8) |(0.7-244.0)) (0.0-30.0) | 04-3.1) (04-26) | (0655 | (0.232)
0.3700 0.0090 0.0800 0.0200 0.1800 0.7000 0.0700 04700 0.7300 0.9500 0.2400 0.7200

HSIL 34,50 18.00 0.50 5.80 270 1.70 370 278 0.20 0.30 280 1.50
v (2.7-1651.0)] (0.5-980.0) | (04.38) | jp.2424) | (02-28) | (01147} | (0302) | (0-225) (0-1.9) (0-2) (04-18) | m211)

0.0002 0.0100 0.46 011 0.32 05 0.34 0.47 013 0.47 0.21 0.64

cc 0.23 16.00 0.75 42,50 16.00 6.30 19.80 12.90 1.50 160 220 3.00
A 027) | (18722 | (0225 |(47-1861) | (3.4-97) | (16-266) | (24-876) | (1.5586) | (0548 | 0554) | e7e) | (06136)

018 0.002 0.6 <0.0001 | <0.0001 0002 00005 0.005 0.43 0.34 0.16 0.08

*Reference group

B HPV 18
100 — v DA A A A AN £ - i FaN
7 / ~
v ¥, W ¥
g A { \ A
c
2 80 o ) FAN
o
=
£}
3 v A A
c
2
5 4
=
vy v
m —
0 v aN X
T T T T T T T T T T T T T T T T T T 1
CpGsite] 6015 | 020 | 6039 | 6143 [ 6145 | e162 [e3ed [ 6367 | se17 [ro1z[7oae [ 7oaz [ 7osa [ roee | 70e1 [ 7ina [ 7107 [ 7iz3
OR {95%Cl)/ P-value
Non-"" - - - - - - - - - - - - - . - - -
& 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 04 09 12 | o8 i1 | ez | 32 15 [oo|o7| 13 | o4z | 12 18 | o7 | 18 08
LSIL {0-627)| (0-7) (0-10) {0-12) (0-T) {0-13) | (0-3) | (0-212) | (0-136) | (0-9) | (0-8) | (0-17) {0-4) {0-20) {0-23) | (0-10) | (04T} (0-153)
0.08 045 0.96 0.86 0E1 0.92 0E o03r 0.8 091 | 074 k) 038 090 os7 orr 0.66 088
27 | o7 3 025 [ 025 | o7 [ o4 | 12 o5 | 3 oa| 2 5 2 15 | os | 15 1
HSIL | 0-198) | (0-78) | (0-196) | (0-9) | (0@ | (0-78) |(0-12)| (0-94) | (o-78) [(0-9)] (0-9)| (09) |(0-294) | (0-141) | (0-117) | (0-11) | (0-158) | [0-104)
v 048 o oa 034 034 081 048 080 0m 042 | 042 06 o220 Ry ora 05 0.81 1
CC 1 2 3 24 1.6 2 0.25 0.8 0.25 2 0.25 6.7 2 16 24 0z 1.3 03
A1 0117y | @147) | 0198 | ©457) | 0-117) | 0-147) [038) | ©70) | 0-15) [07) |07 | 0-392) [ 0-158) [ (0-117) | 0157y | 07y | 0117y | (013)
1 0a2 oa 0.51 073 082 043 0.88 041 0.63 | 0.31 013 [ Rix] ors 051 0.28 085 048
‘Reference group

Figure 2. Methylation in the L1 gene at various CpG sites in (A) HPV 16 and (B) HPV 18 in non-IL, LSIL, HSIL and CC. The x-axis indicates each individual
CpG site by the nucleotide position in the L1 gene. HPV, human papillomavirus; non-IL, non-intraepithelial lesion; LSIL, low-grade squamous intraepithelial
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Table I. Physical status of HPV 16 and HPV 18 determined by qPCR, ISH and L1 methylation.

A, HPV 16 physical status, n (%)

qPCR (n=100) ISH (n=140) L1 methylation (n=154)
Episomal Mixed  Integrated  Episomal = Mixed  Integrated  Episomal  Mixed Integrated
Diagnosis (n=2) (n=52) (n=46) (n=4) (n=66) (n=70) (n=51) (n=91) (n=12)
Non-IL 1(4) 12 (46) 13 (50) 3(10) 17 (57) 10 (33) 17 (52) 16 (48) 0 (6)
LSIL 1(2) 27 (59) 18 (39) 1(1) 43 (54) 36 (45) 28 (34) 48 (59) 6 (7)
HSIL 0(0) 1(33) 2 (67) 0(0) 4 (67) 2 (33) 4 (45) 4 (45) 1 (10)
CC 0 () 12 (48) 13 (52) 0(0) 2(8) 22 (92) 2(7) 23 (77) 5(16)
B, HPV 18 physical status, n (%)
gPCR (n=19) ISH (n=30) L1 methylation (n=33)
Episomal Mixed  Integrated  Episomal = Mixed  Integrated  Episomal  Mixed Integrated
Diagnosis (n=5) (n=12) (n=2) (n=1) (n=14) (n=15) (n=0) (n=23) (n=10)
Non-IL 2 (67) 1(33) 0 () 1(17) 5(83) 0 () 0 (0) 4 (67) 2 (33)
LSIL 1 (10) 8 (80) 1 (10) 0(0) 9 (47) 10 (53) 0(0) 15 (75) 5(25)
HSIL 2 (50) 2 (50) 0 0(0) 0(0) 2 (100) 0 (0) 3(75) 1(25)
CC 0(0) 1 (50) 1 (50) 0(0) 0 (0) 3 (100) 0 (0) 1(33) 2 (67)

HPV, human papillomavirus; qPCR, quantitative polymerase chain reaction; ISH, in situ hybridization; non-IL, non-intraepithelial lesion;
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; CC, cervical carcinoma.

Discussion

The purpose of the present study was to investigate L1 gene
methylation between various grades of cervical lesions posi-
tive for HPV 16 or HPV 18. Additionally, L1 methylation, ISH
and qPCR were compared as methods with which to determine
the integration of HPV 16 and HPV 18 in cervical specimens,
including CC, premalignant lesions and non-cervical lesions.

The results indicated that the HPV 16 L1 gene undergoes a
significant progressive increase in methylation rate according to
the increase of the grade of the cervical lesion, in concordance
with previous studies (23,28,46-48). However, higher methyla-
tion rates in non-IL and LSIL specimens were observed in the
present study compared with those in a previous study (28).
Methylation of L1 increases progressively through the four
pathological categories (non-IL, LSIL, HSIL and CC). However,
methylation is also present in the absence of a cervical lesion in
tissue positive for HPV 16 (LIMR, 20.2% in non-IL).

A progressive increase in the methylation of the HPV 18
L1 gene was detected in non-IL, LSIL, HSIL and CC samples,
with no significant differences observed between the different
grades of cervical lesion. There are certain differences
from the results obtained from various previous studies.
Badal er al (38) reported the presence of L1 methylation in
HPV 18-positive samples from CC and asymptomatic patients,
whereas Turan et al (25) reported unmethylated HPV 18 L1
genes in samples from asymptomatic infections and infections
with premalignant lesions, but strong methylation in all CCs.
Kalantari et al (47) reported that methylation of HPV 16 and

HPV 18 is lowest in cases of asymptomatic infection and
increases progressively during the progression into cancer.

Kalantari ef al (47) hypothesized that highly methylated
LSIL and HSIL samples are those that have undergone
certain molecular changes that predispose them to develop
into cancer. The present study concurs with this hypothesis,
however, the level of methylation should be taken into account
even in patients without cervical lesions, as this may indicate
the possibility of lesion progression.

The usefulness of specific sites of methylation in the HPV
genome in identifying women who are at an increased risk of
developing CC has been suggested previously (24,48-50).

In the present study, 12 methylation CpG sites of the HPV
16 L1 gene were analyzed in samples from non-IL, LSIL, HSIL
and CC tissues. Methylation of the 5608 CpG site was associated
with the development of LSIL, HSIL and CC, whilst the
methylation of the 5617 CpG site was associated with LSIL and
CC, and the methylation of the 5709, 5726, 5926 and 5962 CpG
sites was associated exclusively with CC. Mirabello et al (48)
identified a strong association between methylation at the
6457 CpG site and CIN2 (HSIL), and in a subsequent study
a strong association between methylation at the 5602, 5608,
5611 and 5617 CpG sites and cervical precancerous tissue was
revealed (50). Sun et al (29) revealed increased methylation
of the CpG sites in HPV 16 L1 associated with CIN1, CIN2
and CIN3 (LSIL/HSIL). Lorincz et al (24) reported a higher
methylation of the 6367 and 6389 L1 CpG sites in women
with CIN2/3. Brandsma et al (51) reported that the frequency
of methylation was the highest for CIN3, followed by CIN2
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Table II. Concordance rates of qPCR, ISH and HPV L1 methylation in the detection of the physical status of HPV 16 and HPV

18 in clinical samples.

A, qPCR/ISH (n=107)

qPCR
Physical status Mixed/integrated Episomal Positive concordance, %*
ISH 96.1
Mixed/integrated 98 2
Episomal 6 1
B, gPCR/L1 methylation (n=120)
qPCR
Physical status Mixed/integrated Episomal Positive concordance, %*
L1 methylation 76.7
Mixed/integrated 74 7
Episomal 38 0
C, ISH/L1 methylation (n=172)
ISH
Physical status Mixed/integrated Episomal Positive concordance, %*
L1 methylation 84.8
Mixed/integrated 123 2
Episomal 42 3

*Values of 60-80% were considered to indicate good concordance between the techniques and values >80% were considered to indicate very
good concordance. HPV, human papillomavirus; qPCR, quantitative PCR; ISH, in sifu hybridization.

and CIN1 at the 5602, 5608, 5709, 5726, 6367, 6389, 6581
(referred to as 5600, 5606, 5707, 5724, 6365, 6387 and 6579)
L1 CpG sites. The results of the present study coincide with the
aforementioned studies, and the observed differences in what
the sites of CpG methylation in the HPV 16 L1 gene have been
identified to be may be due to the circulating HPV 16 variants
in each geographical region. A previous study performed in
the state of Guerrero in Southern Mexico revealed 27 variants
of HPV 16 that belong to European and Asian-American
sub-lineages (52). Nucleotide differences between variants may
determine changes in HPV 16 methylation.

There is increasing evidence that the elevated methylation
of specific HPV 16 CpG sites in the L1 gene ORF may be
a biomarker of progression from premalignant lesions to CC.
The present study concurs with Mirabello et al (48) in that a
methylation assay in one or a small number of CpG sites would
be easier to perform, minimize costs and could potentially
serve as a prognostic biomarker to predict the development of
premalignant lesions and CC.

In HPV 18, analysis of 18 CpG sites was performed in all
grades of cervical lesions, revealing that none of the sites were

significantly associated with the development of CC or prema-
lignant lesions. However, high LIMRs in a number of CpG
sites were detected in non-IL, LSIL, HSIL and CC, which
may indicate that potentially certain changes have occurred
that predispose the tissue to develop into cancer, as proposed
by Kalantari ef al (47), considering that viral methylation
appears to occur years prior to the detection of premalignant
lesions (48).

The integration of HR-HPV genomes is a key event in
cervical carcinogenesis, as it contributes to neoplastic trans-
formation. The integration of viral genomes is a consequence
of chromosomal instability induced by deregulated E6
and E7 oncogene expression (53). There are several methods
that may be used in order to detect HPV integration in the
human genome, including qPCR (20), ISH (30,31) and L1
methylation (18). However, few studies have compared such
methods by which to determine the physical state of HPV.
Fujii et al (54) compared ISH with qPCR using SIL and CC
samples, reporting an 86% concordance rate between the two
methods. Biesaga et al (55) additionally compared ISH with
gPCR to assess the physical viral genome state in CC samples
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and revealed no significant difference between these methods,
concluding that ISH may be used for the assessment of viral
genome status.

To the best of our knowledge, no previous studies
comparing the use of qPCR, ISH and L1 gene methylation
assay methods have been performed in order to evaluate
HPV 16 integration. In the present study, these three methods
were compared. Good concordance was identified between
them, and each method possessed certain advantages. qPCR
is a useful technique for detecting integrated and episomal
forms of HPV. This method has the advantage of additionally
calculating the viral copy numbers for episomal and integrated
HPYV, making it a prognostic tool for determining the risk of
CC (20). L1 methylation is a frequent result of integration.
Therefore, it has been proposed that L1 gene methylation
indicates integration, and may be used as a potential
biomarker of cancer progression (18,56). ISH with signal
amplification by biotinyl tyramide to demonstrate HPV DNA
has the advantage of preserving the histological context of a
lesion and allows the detection of low-copy DNA (57). It is
generally accepted that a diffuse signal indicates an episomal
status and that punctate signals indicate integrated HPV (31).
The ISH assay with signal amplification by biotinyl tyramide
is convenient for clinical purposes (58). According to the
results of the present study, it has a high concordance rate with
qPCR (96.1%) and also with the HPV L1 gene methylation
assay (84.8%).

In conclusion, methylation of the HPV 16 L1 gene increases
significantly according to the grade of cervical lesion. CpG site
5608 is associated with premalignant lesions and CC, whereas
CpG site 5617 had the strongest association with CC; there-
fore, these two sites may be useful as prognostic biomarkers.
Furthermore, ISH and L1 methylation analyses have good
concordance with qPCR and are, therefore, useful methods for
determining the physical state of HPV. However, the combina-
tion of these techniques may provide more reliable results.
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