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Abstract

Background: Cervical cancer is the second most deadly cancer in the world after breast cancer. The cancer is
caused by infection of high risk Human Papillomavirus (HPV) type 16. It is often found in cervical cancer of which
the genome structure is composed of L1 proteins. The L1 protein makes up the viral capsid that has an important
role in causing the cervical epithelium. Several studies have found the differences in HPV nucleotides variants that
lead to changes in amino acids that disrupt the structure, the natural function of the virus itself, and ultimately lead to
changes in biological functions including host immunological recognition. Variation of the L1 gene also affects the
effectiveness of existing vaccines. Methods: This research was a descriptive study conducted at the laboratory of
microbiology, the Faculty of Medicine, Universitas Riau, Pekanbaru from February to August 2018. The study was
aimed at looking at the molecular variations of the L1 HPV type 16 gene and examining phylogenic kinship. Results:
The SNPs (Single Nucleotide Polymorphism) which occurred in 26 sample isolates are the substitution of C/G (6240),
A/G (6432), T/G (6686), C/T (6824). These variations also cause changes in amino acids, insertion of ATC nucleotide
bases (6902), and deletions of GAT bases (6954). Conclusion: There are molecular variations of the L1 HPV type 16
gene which can cause different host immune responses. Phylogenic kinship of HPV type 16 isolate in Riau is similar
to Asian-American isolate.
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There are many risk factors for cervical cancer and the
most importatn of them is Human papillomavirus (HPV)
infection (Kessler TA, 2017).

It is estimated that 5% of cancers in humans are caused
by Human papillomavirus (HPV) infections, some of these
cancers originate from cervical cancer. Type 16 HPV is a

Introduction

Cervical cancer ranks 4th for incidence and mortality
rates in women around the world (Bray et al., 2018).
Cervical cancer is the second most malignant disease
of women in Indonesia (Bruni et al., 2017). Based on

epidemiological data, there is a significant increase
in the number of cervical cancer cases. For instance
in 2012, 528,000 new cases and 266,000 deaths were
estiamte (Ferlay et al., 2015), and in 2018 these figures
increased to 569,847 new cases and 311,365 deaths (Bray
et al., 2018). With this trend, it is estimated that by 2025
cervical cancer in the world reaches 20 million new cases
(Ferlay et al., 2015). Recurrence and metastasis are still
the leading causes of cervical cancer death even though
cervical cancer has the ability to heal at an early stage
through surgery and chemotherapy (Rezai et al., 2019).

major cause of cervical cancer, which is responsible for
45.5% and 60% of cancer cases worldwide and in Indonesia
respectively (Bruni et al., 2017). In the case Riau province,
894 new cases of cervical cancer is expected every year
(Pangribowo, 2019). Based on observations using the data
in the Department of Gynaecology Oncology of Arifin
Achmad Regional General Hospital, there has been an
increase in the number of new cervical cancer patients in
the last 4 years, including 43 new cases in 2014, 117 new
cases in 2015, 113 new cases in 2016, and 219 new cases
in 2017. Itis reported that 70% of cervical cancer is caused
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by the infection of oncogenic type of HPV (high risk), and
itis associated with anogenital cancers in men and women
such as the penis, vulva, vagina, anal, and oropharyngeal
cancer (Pan et al., 2019). There are 12 different types of
high-risk HPV genotypes in the category of carcinogens
for humans, namely genotypes 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59 (International Agency for Research on
Cancer (IARC)). About 70% of cervical cancers are type
16 and 18 (Kovacevic et al., 2019).

Studies on cervical cancer samples have proven that
the presence of HPV deoxyribonucleid acid (HPV DNA)
in 99.7% cases dominated by types 16, 18,31 and 45. This
shows the role of high-risk HPV in the development of
cervical cancer (Zouheir et al., 2016).

Human papillomavirus (HPV) is a double-stranded,
non-envelope DNA viruses measuring around 7,200-8,000
base pairs. It is enveloped in a capsid protein which is
composed of L1 protein (major capsules) and L2 protein
(minor capsid). The viral genome is divided into three
regions, namely non-coding regions (initial regulation)
also known as long-control regions (LCR) of 400 — 1.000
bp. The second region is an initial region consisting of an
Early Protein Open Reading Frame (ORF) suchas E1, E2,
E4, E5, E6, and E7, the third region is the region of late
protein that encodes L1 and L2 proteins, which form a viral
capsids or viral envelopes where L1 and L2 capsids play a
role in the transmission of HPV viruses (Jing et al., 2018).

Viral genome replication is mediated directly by the
E1 viral helicase and the E2 DNA-binding protein, while
coordination of viral genome amplification and virulence
is performed by accessory proteins E4, E5, E6, E7. The
encoding of capsid proteins necessary for the final stage of
virion assembly and the entry of the virus into the host cell
is mediated by the L1 and L2 genes (Faraji et al., 2017).

The L1 and L2 proteins can make virus-like particles
which have an effective immune response.

this has been used as an ideal target for HPV
vaccines. The discovery of nucleotide differences
in HPV variants lead to changes in amino acids that
can interfere the structure, specific viral functional or
antigenic characteristics which are considered important
to distinguish potential transmission and to define epitopes
that are relevant to vaccine design (Schellenbacher et al.,
2017). Structural diversity presenting on the surface of
L1 protein between different papillomavirus species is
believed to depict the evolution of virus’s mutations that
are antigenic diversity (Choi and Park, 2016).

Several studies have proven that there are variations in
the HPV-16 L1 gene in several countries. These L1 gene
variations can affect viral binding, which in turn influences
the structure or adjustment of proteins and ultimately
leads to changes in biological function including host
immunological recognition. This affects the effectiveness
of existing vaccines. According to El aliani’s study, there
were 17 nucleotide chagnes in 35 samples, namely silent
mutation and five missense mutations. The five missense
mutations are A / C (6694), G / A (6801), G / A (6819),
ATG Insertion (6903), and GAT Deletions (6950).
However, none of the five missense mutations affected the
L1 immunogenic region, while A/C substitution (6694)
in loop H-1 showed the potential impact of mutations on

88 Asian Pacific Journal of Cancer Prevention, Vol 23

the effectiveness of existing anti-HPV vaccines (El-Aliani
etal., 2017).

Materials and Methods

Ethics Statement

This research was a descriptive design study with
ethical approval from the ethical committee, Faculty
of Medicine, Universitas Riau (089/UN.19.5.1.1.8/
UEPKK/2018). An informed written consent was signed
by each participant.

Sample Collection

From February 2018 to August 2018, 110 samples
of cervical tissue were collected using punch biopsy
technique from cervical cancer women in Arifin Achmad
Regional General Hospital, the Microbiology Laboratory
of the Faculty of Medicine, Universitas Riau, Pekanbaru.
The samples were taken from patients with cervical cancer
based on complaints, symptoms, clinical examinations
and Pap smear results. The samples from cervical tissue
biopsies were extracted using the Invitrogen kit.

Out of 110 samples, 86 were positive HPV and 24
were negative HPV. Out of the 86 positive HPV samples,
there were 35 sample isolates infected by HPV 16 and
successfully sequenced. From 35 HPV 16 samples, only
26 samples were detected for L1 HPV 16 protein.

HPYV Detection with Universal Primer

The HPV detection used DNA amplification. The
MY/GP primers used were cgtccacaagagggaatactgatc for
forward and gcaccagggatcataactaatgg for reverse. The total
volume of the PCR mixture was 50 ml consisting of 0.5
to 20.0 ml DNA, 50 mMTris-HCl (pH 8.4), 10 mM KClI,
2.0 mM MgCl,, 1% b-mercaptoethanol, 0.05% bovine
serum albumin, 0.2 mM deoxynucleoside triphosphate,
20 pmol from each primer, and 2.5 U of Taq polymerase
(Boehringer Mannheim). Amplification was done using
Mini kit PCR master mix (Invitrogen) and sequencing was
carried out using the primary walking method. The PCR
stage was started with a temperature of 94°C for 5 min,
followed by 40 amplification cycles (94°C for 30s; 450C
for 60s; and 72°C for 60s) and the final stage of extension
(72°C for 10min). The 450 bp PCR products were analyzed
using 1% agarose gel electrophoresis.

The primer was designed for the whole HPV genome
using Primer 3 Plus. Due to the large size of the virus,
three pairs of primers were designed with doubling at the
tip of the target region (Table 1).

To obtain nucleotide base sequence from the HPV-
16 L1 gene, the PCR results were processed through a
sequencing process. The process of analyzing the results
of sequencing data was done in Bioedit (version 7.0.4.1),
NCBI BLAST, and CLUSTALX. For the construction of
phylogenetic trees, we used software and MEGA 6 so that
phylogenetic trees were arranged. Phylogenetic trees were
made based on sequences of HPV-16 and their genetic
relationship through comparing the sequence of nucleotide
bases from the HPV-16 L1 gene isolates of cervical cancer
patients from other countries. The phylogenetic tree gene
L1 HPV 16 can be seen in Figure 1.



Results

Based on the results of the amplification using three
pairs of forward and riverse primers, DNA fragments
of different sizes were obtained namely primer I 718
bp, primary II 1000 bp, and primary III 751 bp (Figure
2a, 2b,2c). The sequence data of nucleotide base pairs
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isolates samples obtained from the sequencing results were
compared to the reference sequences of the HPV-16 L1
gene in the GenBank (K02718.1). The analyses yielded a
sequence size of 1596 bp. Based on sequencing analysis,
it was found that all isolates sample experienced SNPs
in their DNA sequences, while not all nucleotide bases
matched the reference sequence HPV-16 (K02718.1).
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Figure 1. The Result of Phylogenic Tree Construction Based on Nucleotide Sequence of L1 Gene from 26 Isolates
of HPV Type 16, Isolate Reference K02718.1, and three Other HPV Type 16 Variants Asia-America (AA), African
Variant (AF), and European Variant (E). This construction uses Neighbor-Joining method and Kimura2-parameter

model contained in MEGA program®

Table 1. L1 Primary Genes of HPV-16

Primer Type Primer Position

HPV-16 L1 Gene specific primary |

F: AGTTCCAGGGTCTCCACAAT

Primer Measurement
718 bp

R : TCAACCATATCACCATCCTGAA

HPV-16 L1 Gene specific primary 11

F: CTAGTG AGG CCACTGTCTACTT

1000 bp

R : TCCCCATGTCGTAGGTACTCCTTA

HPV-16 L1 Gene specific primary 111

F: AACCTTATTGGTTACAACGAG

751 bp

R : GCATGACACAATAGTTACACAAGC
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Table 2. The Variation of HPV-16 L1 Gene Isolate Samples Mutation

Mutation Position Total (%) Sample
ACT Insertion 6901 26/26 100 All isolate samples
SNPs C/G 6240 26/26 100 All isolate samples
SNPs A/G 6432 26/26 100 All isolate samples
SNPs T/G 6688 26-Mar 11,5 HPVO06, 17, 193
SNPs C/T 6823 23/26 88 HPV03,06,09,17,105,164,172,178,179,180,184,18
5,186,189,190,191,192,193,194,195,196,197,198
GAT Deletion 6953 26/26 100 All isolate samples
These SNPs have the potential to affect the amino acid
a composition (Table 2). These results were processed
using CLUSTALX and MEGA 6 programs. The genetic
relationship was analysed by making phylogenic trees of
HPV-16 L1gene using the variants from Asian-Americans
(AA), Europe (E) and Africa (Af). Overall, the sample
R;t': A i e isolates had a kinship relationship with Asian-American
. sample isolates (Figure 1).
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Figure 3. The Distribution of Cancer Stages
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Based on the results of cytological examinations
carried out on all samples of this study, almost all of
them were squamous cell carcinomas (95%). All samples
were at stage [IB cervix cancer, stage IIA, and IIIB in a
descending order (Figure 3).

Discussion

It was found that 74.3% of combined isolate samples
(26 isolates out of 35 isolates of the HPV DNA)
were infected by Human papillomavirus type 16. The
prevalence was reported by a research conducted in India
equal to 95.6% (221 positive HPV-16 out of 231 positive
samples of HPV) (Kumar N, 2016).

High-risk HPV DNA testing has a higher sensitivity
than cytology examination; while, it has a lower specificity
compared to persisted HPV infections or relapsed HPV
infections after eradicating (Costa et al., 2015). Cervical
infection by the oncogenic HPV genotype (high risk HPV)
is strongly associated with the diagnosis of pre-cancerous
lesions and cervical carcinoma, especially HPV 16, 18,
31, and 45 (T¢llez et al., 2015).

The HPV DNA testing is more cost effective when
compared to cytology examinations (Mendes et al., 2015).

The HPV type 16 is a type of HPV that often infects
cervical tissue and can cause cervical cancer. The HPV-16

3
=
IVA IVE

e



is the type that most frequently infects cervical tissue with
a prevalence almost the same as HPV-18 (70-80%). This
virus can infect cervical tissue with infecting one genotype
or several genotypes at once (Senapati et al., 2017).

The L1 of HPV-16 and HPV-18 is mostly used
in developing prolactive vaccines to suppress HPV
infections, which have been widely implemented in
various countries. This is based on the ability of the L1
gene to reproduce itself like the virus; however, it does
not have the viral genome to infect and instead elicits an
immune response. Previous studies in Morocco have found
that the diversity of HPV-16 is very high and illustrates
phylogenic to the regions of Europe (E), Africa (Af), and
North America (NA-1). However, there are no studies that
provide information on L1 variants in Morocco and its
effect on the effectiveness of existing vaccines. Genomic
analysis of the L1 HPV-16 sequence in the sample showed
changes from 17 nucleotides including missense mutations
A/ C(6694), G/ A (6801), G/ A (6819), ATG insertion
(6903), and GAT deletions (6950). In general, 12 sillent
mutations were found from various studies in India, the
Netherlands, and Brazil. The interesting thing is that
all samples analyzed are different from the reference
sequence with the insertion of the ATC codon at position
6903 and the deletion of GAT at position 6951 (El-Aliani
etal., 2017).

Based on the analysis of the 26 isolates sample
sequence compared to reference K02718.1, mutations
were found along the 1596 bp sequence tested. This causes
molecular variations, which occur in the form of SNPs
(Single Nucleotide Polymorphism) in all isolates of the
sample in the form of C / G (6240), A/ G (6432), T/ G
(6686), C / T (6823), C / T (6823) substrate sequences
occured along the length of the sample isolates observed.
This can cause changes in amino acids and the insertion
of nucleotide bases ACT (6901) followed by GAT base
deletions (6953) and T deletions (5786) (Table 2).

Research by Hirose et al., (2018). Reported changes in
certain nucleotide sequences, which indicate substitution
of C to T mostly produces missense mutations. However, it
does not affect the nature of the virus. Persistent infection
with high-risk HPV is associated with precancerous
growth in cervical cancer that is common in India. This is
due to the fact that there are variations in HPV type 16 in
HPV genes in certain geographical regions, which causes
different oncogenic functions and potentials (Griffiths et
al., 2015).

Researches in India have also reported an insertion
in 6901 by ATC seen at the genome level, resulting in
insertion at 448 in amino acids that produces serine. This
change has been also seen in all GAT removal / deletion
samples which occurres at 6590 genome level and causes
removal at 465 aspartate amino acids. This was seen in
100% of the samples. These insertions and deletions have
not been reported in previous studies (Pillai et al., 2009).

Among all the mutations that occurred along the isolate
sample sequence, it was found that the most common
insertion was the insertion of the ATC base of all the
isolate samples.Deletions of GAT nucleotide bases in all
isolatesamples was also observed. Substitution between
the purine base and other purines or the purine base with
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other pyrimidine bases also occurred in all 100% isolate
samples. In Gurgel et al., 2015, the occurrence of ATC
insertion and GAT deletions led to a change in amino
acids in 447-threonine / 448-serine and 445-aspartate in all
samples. Mutations that occur in these isolates are misense
mutations which mean changes that occur in nucleotides
also change the amino acids produced. Changes to the
HPV-16 L1 nucleotide gene can influence capsid structure,
introduction of the immune system, and neutralization of
the virus (Gurgel et al., 2015).

In this study, phylogenetic tree analysis showed that
HPV 16 sample isolate in Riau Indonesia had a kinship
with Asia America (AA). In contrast to the results of this
study, Fadhilah et al., 2015 showed that the isolates of
cervical cancer patients in Bandung Indonesia were in a
subgroup with HPV from Asia and East Asia. However, the
isolate kinship is far from the cluster of African, Thailand
, and Asian American ( Fadhilah et al., 2015). Studies
based on phylogenetic analysis show that HPV type 16
is most commonly found in line with European lineages
(Kabekkodu et al., 2015).

In summary, there are molecular variations in isolates
of HPV type 16 samples from combined samples in the
microbiology laboratory of Universitas Riau, Pekanbaru,
namely the insertion of ACT (6901) and Deletion (6953)
C / G substitution (6240), A/ G (6432) C/ T (6823) )
found in all isolate samples, and T/ G (6686) in the isolate
samples of HPV06, HPV17 and HPV 179, which can alter
the amino acids produced.
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