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Abstract

Background: Human Papillomavirus type 52 (HPV 52) is considered one of the threatening HPV types inducing
cervical cancer worldwide. This study was conducted to address strategies of an effective vaccine against cervical
cancer using computational approaches immuno-informatics and molecular docking. Methods: Major capsid protein
L1 and L2 HPV 52 (L1 and L2 HPV 52) sequences were investigated by multiple analyses including B and T cell
epitope, toxicity, allergenicity, Immunogenicity, epitope conservancy, population coverage, and molecular docking.
Results: L1 and L2 HPV 52 showed a conserved sequence among amino acid levels. Q307K, S383D/N, and D473E
are found as major mutations in L1, while mutations in L2 are S122T, Q247H, L247S, and E365D. Multiple epitopes
were identified and elicited strong immune responses against cross types of HPV in various HLA populations. To
enhance vaccine effectiveness that allows having cross-protection over HPV types, N terminus HPV L2 was analyzed
suggesting multi-candidates chimeric L1/L.2 vaccine design. Conclusion: This study shed a light on a useful pipeline

with robust analysis for effective vaccine production.
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Introduction

Human papillomaviruses (HPV) play a key role in
causing 85% of cervical death in developing countries.
They are responsible for 604,127 new cases with 341,831
deaths worldwide in 2020 (Sherris et al., 2001; Bafiuelos-
Villegas et al., 2021). Among them, HPV 52 is the top
three oncogenic HPV, which is considered one of the
threatening types that spread throughout the Indonesian
female population (http://www.hpvcentre.net/). In
addition, another study showed that HPV 52 was most
commonly found in HIV patients receiving antiretroviral
treatment in Indonesia (Risnawati et al., 2020). Thus the
introduction of HPV vaccination and massive screening
has become a national agenda to reduce the burden of
cervical cancer in the future. It was reported that more
than 100 countries have established HPV vaccination
as a national immunization program (Markowitz and
Schiller, 2021).

Currently, HPV vaccine designs are dominated by HPV

types 16 and 18 as the main contributors to oncogenic
HPV (Markowitz and Schiller, 2021). However, the
distribution of the virus and vaccine effectiveness may
differ in different areas. Thus this study was conducted to
propose effective vaccine design strategies against cervical
cancer that focus on the Indonesian population which can
also cover populations around the world.

The prophylactic HPV vaccine plays an important
role in reducing cancer by suppressing viral infection
(Garbuglia et al., 2020). Currently, much of the research
on the HPV vaccine focused on L1 capsid protein, which
can self-assemble to form virus-like particles (VLP). It
was reported to be highly immunogenic, induce high
neutralizing antibody titers, and is also safe (Stanley,
2007; Nooraei et al., 2021). The conserved region of the
L2 cross-type and its function in binding to the secondary
receptor of the host cell (Wang et al., 2015; Mikuli¢i¢ et
al., 2021), make the design of chimeric vaccines more
consistently studied (Huber et al., 2021). The chimeric
vaccine has the potential to enhance the effectiveness of
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the vaccine against a broad range of HPV types.

The prophylactic multivalent vaccine-based VLP
Gardasil, as well as Cervarix®, have been licensed and
shown to be highly effective in preventing viral infection
and associated diseases (Schiller et al., 2008; Pineo et
al., 2013). Although many approaches have been used to
produce HPV vaccines, the high cost of vaccine production
is currently unaffordable for most developing countries
(Moscicki, 2008).

To overcome that issue, several approaches have
been used including peptide-based vaccines which are
considered easy to design and manufacture, stable, and
also safe (Yang et al., 2016; Jabbar et al., 2018). This study
was conducted to address effective vaccine strategies
against HPV infection using computational approaches.
The current prophylactic and therapeutic progress of
epitope-based vaccine, in particular, L2 HPV were
described elsewhere (Olczak and Roden, 2020).

Despite the traditional protein characterization in a
laboratory setting, Immuno-informatics offers a shorter
time and lower production cost (Chukwudozie et al., 2021).
We applied immuno-informatics to dissect the sequences
of a major capsid protein HPV 52 as a major antigenic
component that potentially induces high titer of the
humoral and cellular immune system. The polymorphism
analysis, B and T cell epitopes predictions, epitope
conservancy, antigenicity, toxicity, and allergenicity were
carried out in this study, suggesting several strategies
for vaccine designs. The designed vaccine was focused
on Indonesian and worldwide coverage points of view,
which leads to the design of a potent vaccine for certain
areas that have wide coverage. This study highlights a
useful pipeline with robust analysis for the production of
an effective vaccine.

Materials and Methods

Retrieval of Capsid Protein L1 and L2 Sequences

Major capsid proteins L1 and L2 from the worldwide
sequence of HPV 52 isolates were retrieved from NCBI
(Supplementary file 1). The consensus sequence was
determined by alignment using BioEdit 7.2.5 (www.mbio.
ncsu.edu/BioEdit/BioEdit.html) RRID: SCR_007361. The
L2 HPV 52 was referred to Japanese isolate sequence
(BBA19628.1) with the L1 HPV 52 sequences (K1202)
showing 99% similarity to the Indonesian isolate
(KF225497). Polymorphism analysis of L2 was performed
in the full sequence, but only 120 amino acids are exposed
on the virus surface that was used for further design.

Linear and Conformational B-Cell Epitope Prediction
ElliPro (http://tools.immuneepitope.org/ellipro/) was
implemented to predict linear and conformation B cell
epitopes (Ponomarenko et al., 2008). To cover entire
sequences that were not elucidated in protein structure,
A BepiPred-2.0: Sequential B-Cell Epitope Predictor
(http://tools.iedb.org/beell/) was used in this analysis. the
prediction can be determining epitopes and non-epitopes
from the crystal structures (Jespersen et al., 2017). In
addition, Kolaskar and Tongaonkar B cell predictions
were also used to strengthen the prediction of other B
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cell epitopes. This method is a semi-empirical method
that has been used by a large number of proteins and is
considered to provide 75% better accuracy than other
methods (Kolaskar and Tongaonkar, 1990). The Predicted
B cell epitopes were mapped to the available L1 HPV
52 tertiary structure (PDB: 61GF) highlighting the most
common mutation.

T Cell Epitopes - MHC Binding Prediction

MHCI and MHCII binding prediction from IEDB
(http://tools.immuneepitope.org/main/tcell/) was used
to predict the L1 and L2 HPV 52 T cell epitopes.
The prediction used an IEDB NetMHCpan EL 4.1
recommendation method, with a cutoff <=1% of a
percentile rank for each MHC allele (Moutaftsi et al.,
20006). In terms of MHC-II, the binding prediction used
the IEDB recommendation method. The method uses a
consensus approach, combining NN-align, SMM-align,
CombLib, and Sturniolo. A consensus percentile rank of
10% was used as a cutoff for selected epitopes that were
considered to have a strong binding affinity (Wang et al.,
2010) (Southwood et al., 1998).

Toxicity, Allergenicity, Population coverage, and Epitope
Conservancy Prediction

Antigenicity, toxicity, and allergenicity of the epitope
sequences were respectively evaluated by Vaxijen v.2.0
(Doytchinova and Flower, 2007), Toxinpred (Gupta et
al., 2013), and AllerTOP v. 2.0 (Dimitrov et al., 2014).
Vaccine efficacy, population coverage, and vaccine
effectiveness in specific populations are also important
issues to be addressed. Thus population coverage (http://
tools.iedb.org/population/) (Bui et al., 2006) and epitope
conservation (http://tools.iedb.org/conservancy/) (Bui et
al., 2007) from IEDB were used for those examinations.

Epitope Shortlisting

The best epitopes were selected based on the strongest
binding affinity, overlapping profiles of B and T cells,
and profiles of non-toxic and non-allergenic agents.
In addition, the best epitope was selected for further
docking analysis, based on its cross-protection profile and
population coverage.

Docking and Interaction Analysis

A 3D structure of epitope was modeled using the PEP
FOLD 3 method which is available online (Lamiable et
al., 2016). The interaction of epitope and HLA proteins
was evaluated by docking analysis using Swarmdock
(https://bmm.crick.ac.uk/~sve-bmm-swarmdock/index.
html) (Torchala et al., 2013; Torchala and Bates, 2014).
This was performed by focusing on the binding pocket
of the most HLA prevalence in Indonesia. The strongest
binding affinity was selected following cluster standard
at Swarmdock. The antigen-receptor interaction was
analyzed in more depth using BIOVIA Discovery Studio
2016 (Dassault Sys-temes, BIOVIA Corp., San Diego,
CA, USA). All proteins were visualized using PyMOL
software.

Identification of candidate L2 Chimeric epitope
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The known neutralizing and non-neutralizing L2
HPV 16 epitopes described by (Karanam et al., 2009) were
used as a reference. The L2 HPV 52 consensus sequence
was generated using BioEdit 7.2.5 (www.mbio.ncsu.edu/
BioEdit/BioEdit.html) RRID: SCR_007361 and then used
to analyze epitope conservancy by IEDB (http://tools.
iedb.org/conservancy/) (Bui et al., 2007).

Results

Sequences Determination and Polymorphism Analysis

Both L1 and L2 HPV 52 showed a highly conserved
sequence among amino acid levels. Of all the
polymorphism found, three and four L1 and L2 HPV 52
mutations respectively showed major mutations with a
prevalence of more than 5% (Figure 1a and Figure 1c¢). It
was then analyzed by mapping each position to predicted
B cell epitopes, resulting in Q307K, S383D/N, and D473E
considered the major mutations in L1. In terms of L2,
S122T, Q247H, L247S, and E365D were found to be the
main mutations, with E365D mutations accounting for
40% of the sequences. The mutation was not found in
the Indonesia HPV 52 isolate sequences, except Q307K
which was most commonly found in Canada and was
phylogenetically different from Indonesia sequences
(data not shown).

Linear and Conformational B-Cell Epitope Prediction

The predicted B cell epitopes of BepiPred-2.0,
Kolaskar Tongaonkar, and Elipro are described in Figures
1b and 1d. Most of the L1 and L2 epitopes overlapped
with T cell epitopes, with the B cell epitope scattered
between the protein structures, mainly in the loops (Figure
2a). These B cell epitopes are exposed to the exterior of
the protein and potentially interact with immune cells
(Figure 2b). The polymorphisms of L1 and L2 HPV 52
were found across the predicted B cell epitope with the
three major mutations shown in Figure 2a.

a b

Worldwide distribution of the HPV L152 mutation
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c Worldwide distribution of the HPV L252 mutation d

Cytotoxic T-Cell Epitope Prediction

MHC-I and MHC-II binding epitopes were analyzed
using the most frequently available alleles in IEDB.
Analysis using the frequent alleles supports the
rationalization of vaccine designs across populations and
ethnicities. All the top predicted MHC epitopes showed
overlapping B and T cell epitopes. The predicted epitopes
could recognize not only the adaptive immune but also
the innate immune system.

Epitope Shortlisting

The top affinity lists of predicted epitopes that
potentially protect the broad type of HPV are described
in Table 1 and Table 2. The top 5 predicted epitopes of
each capsid protein sequence showed high population
coverage, with 82.04% and 97.37% respectively for
Indonesia and the world (referred to HLA I databases).
In terms of HLAII, the predicted epitope also showed a
high population covering up to 96.65% and 99.65% of
Indonesia and the world population respectively (Figures
4a and 4b).

Molecular Docking and Interaction Analysis

Out of the top 5 analyzed epitopes, the best epitopes
that showed highly bound to HLA-11 (PDB ID:
6JP3) were FVTVVDTTR, and GVFFGGLGI; while
GRKFLLQAGLQARPK and TTIADQLLKYGSLGV
were bound to HLA DRBI1-15 (PDB ID: 2wbj) (Figure
3). Interactions of HLA HLA-11 with FVTVVDTTR and
GVFFGGLGI were shown that amino acids T73, N66,
and Q156 of the receptor interacted with both ligands by
hydrogen bonds. It is generating electrostatic interactions
between ligand-receptor. Amino acids V76 and A150 are
two amino acids that mainly contributed to hydrophobic
interactions.

In terms of TTIADQLLKYGSLGYV,
GRKFLLQAGLQARPK, and HLA DRB1-15 interaction,

MVQILFYILVIFYYVAGVNVFHIFLOMSVWRPSEATVYLPPVPVSKVVSTDEYVSRTSIYYYAGS SRLLTVGHPYFSIKN
TSSGNGKKVLVPKVSGLOYRVFRIKLPDPNKFGFPDTSFYNPETQRLVWACTGLEIGRGQPLGVGISGHPLLNKFDDTET
SNKYAGKPGIDNRECLSMDYKQTQLCILGCKPPIGEHWGKGTPCNNNSGNPGDCPPLOLINSVIQDGDMVDTGEGCMDEN
TLOASKSDVPIDICSSVCKYPDYLOMASEPYGDSLEFFLRREQMFVRHFFNRAGTLGDPVPGDLY IQGSNSGNTATVQSS
AFFPTPSGSMVTSESQLFNKPYWLORAQGHNNGI CWGNQLFVTVVDTTRS TNMTLCAEVKKES TYKNENFKEYLRHGEEF
DLOFIFQLCKITLTADVMTYIHKMDATILEDWQFGLTPPPSASLEDTYRFVTSTAITCOKNTP PKGKEDPLKDYMFWEVD
LKEKFSADLDQFPLGRKFLLQAGLOARPKLKRPASSAPRTSTKKKKVKR

0 MRYRRSTRHKRASATQLYQTCKASGTCPPDVIPKVEGTTIADQLLKYGSLGVFFGGLGIGTGAGSGGRAGYVPLSTRPPT

SSITTSTIRPPVIVEPIGPLEPSIVSMIEETTFIESGAPAPSIPSATGFDVTTSANNTPAIINVTSIGES SVQSVSTHLN

PTFTEPSIIQPPAPAEASGHVLFSSPTISTHTYEEIPMDTFVTSTDSSSVTSSTPIPGSRPTTRLGLYSRATQQVKVVDP
AFMSSPOKLVTYNNPVFEGVDTDETIIFDRSQ11PAPDPDFLD ITALHRPALTSRRGTVRFSRLGNKATLRTRSGKQIGA
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Figure 1. HPV 52 Capsid Protein Mutation Distribution Worldwide and Consensus Sequence of L1 HPV 52 (a-b) and
L2 HPV 52 (b-c). Highlighted yellow indicates predicted B cell epitopes using Kolaskar and Tongaonkar. Red color
exhibits conformational epitope prediction by Elipro. And the underlined indicates linear B cell prediction by Bbrep.
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Table 1. The MHC I Epitope Prediction, HLA Coverage, and Percent Conservancy of Top L1 and L2 HPV 52 Epitopes

No Sequences Allele HPYV type conservansy persen conservansy
1 LPDPNKFGF  HLA-B*35:01, HLA-B*53:01, HLA-B*07:02, HLA-B*51:01, HLA- HPV39,68 (77.78%); HPV18,45,51,56,59,66,70 (88.89%); HPV52,16,31,33,34,35,58 (100%) 100.00% (16/16)
B*08:01
2 VLVPKVSGL  HLA-A*02:03, HLA-A*02:01, HLA-A*02:06, HLA-B*08:01 HPV45, 59 (55.56%); HPV31, 34, 35 (77.78%); HPV 16, 33 (88.89%); HPV31, 58 (100.00%) 56.25% (9/16)
3 YVSRTSIYY  HLA-A*01:01, HLA-B*35:01, HLA-A*30:02, HLA-A*26:01, HLA- HPV51, 68 (66.67%); 16,18,31,34,35,39,56,59,66,70 (77.78%); HPV45 (88.89%); 52, 33, 58 100.00% (16/16)
B*15:01, HLA-A*68:01, HLA-A*11:01, HLA-B*58:01, HLA-A*03:01 (100%)
4  FVTIVVDTTR HLA-A*68:01, HLA-A*33:01 HPV51 (77.78%); HPV34,39,59,68,70 (88.89%); HPV52,16,18,31,33,35,45,56,58,66 (100.00%)  100.00% (16/16)
5 LEIGRGQPL  HLA-B*40:01, HLA-B*44:03, HLA-B*44:02 HPV16,34,35,39,51 (77.78%); HPV18,31,45,56,59,66,68,70 (88.89%); 52,33,58 (100.00%) 100.00% (16/16)
6  ATILEDWQF  HLA-B*57:01, HLA-B*58:01, HLA-A*32:01, HLA-A*23:01, HLA- HPV34,45,56,66,68 (55.56%); HPV18,31,35,51 (66.67%); HPV16,33,58,59 (77.78%); 87.50% (14/16)
A*24:02, HLA-B*53:01, HLA-A*26:01 HPV52(100.00%)
7 GLQARPKLK HLA-A*03:01, HLA-A*30:01 HPV16, 34, 35, 59 (55.56%); HPV31, 58 (66.67%); HPV33 (77.78%); HPV52 (100%) 50.00% (8/16)
8 TSTAITCQK  HLA-A*68:01, HLA-A*11:01, HLA-A*03:01 HPV45,59,70 (66.67%); HPV16,18,34,35,39,56,66,68 (77.78%); HPV31,33,58 (88.89%); 93.75% (15/16)
HPV52(100%)
9  KVSGLQYRV HLA-A*02:06, HLA-A*02:01, HLA-A*02:03, HLA-A*32:01, HLA- HPV18,39,45,51,56,59,66,68,70 (77.78%); HPV52,16,18,31,33,34,35,58 (100.00%) 100.00% (16/16)
A*68:02, HLA-A*30:01
10 SASLEDTYR  HLA-A*68:01 HPV16,18,34,45,56,59 (66.67%); HPV35,59 (77.78%); HPV31,33,39,51,58,68,70 (88.89%); 100.00% (16/16)
HPV52(100%)
L2 HPV52
1 LLKYGSLGV  HLA-A*02:03, HLA-A*02:01 HPV1e, 31, 35 (66.67%), HPV34, 58 (77.78%), HPV33 (88.89%), HPV52 (100%) 43.75% (7/16)
2 VTVEPIGPL HLA-A*68:02, HLA-A*26:01, HLA-A*02:06 HPV16,18,31,34,35,39,45,59,68,70 (55.56%), HPV33,58 (66.67%), HPV52 (100%) 81.25% (13/16)
3 ETTFIESGA HLA-A*68:02 HPV34, 58, 66 (55.56%), HPV 16, 56 (66.67%), HPV33 (77.78%), HPV35 (88.89%), HPV52 50.00% (8/16)
(100%)
4 STRHKRASA  HLA-A*30:01, HLA-B*08:01 HPV18,51 (55.56%), HPV16,31,34,35,39,45,59,68,70 (66.67%), HPV56,66 (77.78%), 100.00% (16/16)
HPV33,58 (88.89%), HPV52(100%)
5 AGSGGRAGY HLA-A*30:02 HPV16,18,31,34,35,39,58,59,68,70 (66.67%), HPV33,45,51 (77.78%), HPV56,66 (88.89%), 100.00% (16/16)
HPV52 (100%)
6  VPLSTRPPT HLA-B*07:02 HPV34, 39,45,58,70 (55.56%), HPV33, 56, 66 (66, 67%), HPV16, 35 (77.78%), HPV31 75.00% (12/16)
(88.89%), HPV52 (100%)
7 RPPVTVEPI HLA-B*07:02, HLA-B*51:01 HPV31,56,59,66 (55.56%), HPV16,18,33,39,45,58,68,70 (66.67%), HPV35(88.89%), HPV52 87.50% (14/16)
(100%)
8 GVFFGGLGI ~ HLA-A*32:01 HPV 56,66 (66.67%), HPV18,39,45,51,59,68,70 (77.78%), HPV35 (88.89%), 100.00% (16/16)

HPV52,16,31,33,34,58 (100%)
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Figure 2. B Cell Epitope Mapping on L1 and L2 Protein Structure and Its Mutation Location (a). Surface pentamer of
L1 HPV 52 (b). The red color shows the predicted B cell epitope, the grey ball shows the polymorphism site.

the Q7, W232, and D242 (amino acids in the receptors)
interacted with both ligands through hydrogen bonds as
well. Other interactions were identified as hydrophobic
interactions via 1243, Y236, V63, A66, and W237. The
analysis found no similarity among all ligands in the
electrostatic interactions (Table 3).
Candidate L2 Chimeric epitope

Three main candidates were predicted as neutralizing
and non-neutralizing antibody epitopes (Figure 4).
Interestingly all of the predicted neutralizing epitopes
showed more than 50% identity in the template with
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16-QLYQTCKASGTCPPDVIPKV-35, showing the
highest similarity up to 80% (Table 4). All predicted
epitopes potentially induce a high immune response
against a wider range of HPV types.

Discussion

In this study, we emphasize vaccine design through
three different approaches including VLP, chimeric, and
peptide-based vaccines. The polymorphism of capsid
protein provides valuable information to determine
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Figure 3. Molecular Docking of Top Five Predicted Epitopes with HLA Receptor. HLA 11-L1 (a) HLA 11-L2 (b) HLA

DRBI-15-L1 (c) and HLA DRB1-15-L2 (d)

Asian Pacific Journal of Cancer Prevention, Vol 23 2247



Moh Egy Rahman Firdaus et al

Table 2. The MHC 1II Epitope Prediction, HLA Coverage, and Percent Conservancy of Top L1 and L2 HPV 52 Epitopes

No Sequences

Allele

HPV type conservansy

persen conservansy

L1 HPVS52
1 YRFVTSTAITCQKNT

2 VQILFYILVIFYYVA

3 MVQILFYILVIFYYV

4 EPYGDSLFFFLRREQ

5 GRKFLLQAGLQARPK

6 ILFYILVIFYYVAGV

7 PYGDSLFFFLRREQM

8 RKFLLQAGLQARPKL

9 FYILVIFYYVAGVNV

10 GKKVLVPKVSGLQYR

9 SLGVFFGGLGIGTGA

10 GSLGVFFGGLGIGTG

HLA-DRBI1*07:01, HLA-DPA1*02:01, HLA-DPB1*14:01, HLA-DRB3*02:02, HLA-DRB1*04:01, HLA-
DQA1%*01:02, HLA-DQB1*06:02, HLA-DRB1%*04:05, HLA-DRB5*01:01, HLA-DRB1*01:01

HLA-DQA1%*05:01, HLA-DQB1*02:01, HLA-DQA1*01:01, HLA-DQB1*05:01, HLA-DRB1*15:01, HLA-
DPA1*02:01, HLA-DPB1*01:01, HLA-DPA1*03:01, HLA-DPB1*04:02, HLA-DRB1*04:05, HLA-DPA1*01:03,
HLA-DPB1*02:01, HLA-DPA1*02:01, HLA-DPB1*05:01, HLA-DRB1*11:01, HLA-DRB3*01:01, HLA-
DRB4*01:01

HLA-DQA1%*05:01, HLA-DQB1*02:01, HLA-DQA1*01:01, HLA-DQB1*05:01, HLA-DRB1*15:01, HLA-
DPA1%*02:01, HLA-DPB1*01:01, HLA-DPA1*01:03, HLA-DPB1*02:01, HLA-DPA1*03:01, HLA-DPB1*04:02,
HLA-DRB1%*04:05, HLA-DRB3*01:01, HLA-DRB1*11:01, HLA-DRB4*01:01

HLA-DPA1*01:03, HLA-DPB1*04:01, HLA-DPA1*02:01, HLA-DPB1*05:01, HLA-DPA1*01:03, HLA-
DPB1*02:01, HLA-DPA1*02:01, HLA-DPB1*01:01, HLA-DQA1*01:01, HLA-DQB1*05:01, HLA-DRB1*11:01

HLA-DPA1*02:01, HLA-DPB1*14:01, HLA-DRB1*01:01, HLA-DRB3*02:02, HLA-DRB4*01:01, HLA-
DRB1*11:01, HLA-DPA1*01:03, HLA-DPB1*04:01, HLA-DRB1*04:01

HLA-DRB1#15:01, HLA-DQA1*01:01, HLA-DQB1*05:01,HLA-DQA1*05:01, HLA-DQB1*02:01, HLA-
DPA1%*02:01, HLA-DPB1*01:01, HLA-DPA1*03:01, HLA-DPB1*04:02, HLA-DRB1*04:05, HLA-DPA1*01:03,
HLA-DPB1*02:01, HLA-DPA1*02:01, HLA-DPB1*05:01, HLA-DRB1*11:01, HLA-DRB3*01:01, HLA-
DRB1*13:02

HLA-DPA1*01:03, HLA-DPB1*02:01, HLA-DPA1*02:01, HLA-DPB1*05:01, HLA-DPA1*01:03, HLA-
DPB1*04:01,HLA-DPA1*02:01, HLA-DPB1*01:01,HLA-DQA1*01:01, HLA-DQB1*05:01, HLA-DRB1*11:01

HLA-DPA1*02:01, HLA-DPB1*14:01, HLA-DRB1*01:01, HLA-DRB3*02:02, HLA-DRB4*01:01, HLA-
DRB1*11:01, HLA-DPA1*01:03, HLA-DPB1*04:01, HLA-DRB1*04:01, HLA-DRB5*01:01

HLA-DRB1#01:01, HLA-DRB1*15:01, HLA-DQA1*01:01, HLA-DQB1*05:01, HLA-DPA1*01:03, HLA-
DPB1*02:01, HLA-DPA1*02:01, HLA-DPB1*01:01, HLA-DRB1*13:02, HLA-DPA1*03:01, HLA-DPB1*04:02,
HLA-DRB1#07:01, HLA-DRB1*08:02, HLA-DRB1*04:05, HLA-DRB1*11:01

HLA-DRB1%*08:02, HLA-DRB1*12:01

HLA-DQAI1*05:01/DQB1*03:01

HLA-DQAI1*05:01/DQB1*03:01

HPV70 (53.33%), HPV39,51,66,68 (60%),
HPV34,35,56 (66.67%), HPV18,45,59 (73.33%),
HPV16,31,33,58 (80%), HPV52 (100%)

HPV52 (100%)

HPV52 (100%)

HPV34,51,56,66,70 (66.67%), HPV39,59,68
(73.33%), HPV18,45 (80%), HPV31,35 (86.67%),
HPV16 (93.33%), HPV52,33,58 (100%)

HPV56 (53.33%), HPV59 (60%), HPV18, 39,
51, 70 (66.67%), HPV34, 45, 58, 68 (73.33%),
HPV16, 31, 33, 35 (86.67%), HPV52 (100%)

HPV52 (100%)

HPV51,56,66,70 (66.67%), HPV34,39,59,68
(73.33%), HPV 18,45 (80%), HPV31,35 (86.67%),
HPV16 (93.33%), HPV52,33,58 (100%)

HPV59 (53, 33%), HPV18, 39, 51, 70 (60%),
HPV45, 68 (66.67%), HPV34, 58 (73.33%),
HPV16, 31, 35 (80%), HPVS6 (86.67%), HPVS52

(100%)

HPV56 (53.33%), HPV52 (100%)

HPV56, 59 (53.33%), HPV18, 39,66,68,70 (60%),
HPV45 (66.67%), HPV34, 35 (73.33%), HPV 16,
31 (80%), HPV33 (86.67%), HPV58 (93.33%),

HPV32 (100%)

HPV35,51,56,66 (73.33%),
HPV18,31,34,39,45,59,68,70 (80%), HPV16
(86.67%), PV33,58 (93.33%), HPV52 (100%)

HPV51 (73.33%),

HPV18,35,39,45,56,59,66,68,70 (80%),
HPV31,34 (86.67%), HPV16 (93%),

HPV52,33,58 (100%)

100.00% (16/16)

6.25% (1/16)

6.25% (1/16)

100.00% (16/16)

93.75% (15/16)

6.25% (1/16)

100.00% (16/16)

87.50% (14/16)

12.50% (2/16)

93.75% (15/16)

100.00% (16/16)

100.00% (16/16)
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Table 2. Continued

No

Sequences

Allele

HPV type conservansy

persen conservansy

L2 HPV52

1

10

ADQLLKYGSLGVFFG

TIADQLLKYGSLGVF

TTIADQLLKYGSLGV

FFGGLGIGTGAGSGG

GVFFGGLGIGTGAGS

GAGSGGRAGYVPLST

VFFGGLGIGTGAGSG

LGVFFGGLGIGTGAG

SLGVFFGGLGIGTGA

GSLGVFFGGLGIGTG

HLA-DRB1*15:01, HLA-DRB1*12:01, HLA-DRB1*13:02, HLA-DRB1*04:05, HLA-DRB1*07:01

HLA-DRB1*¥15:01, HLA-DRB1*12:01

HLA-DRB1#*15:01, HLA-DRB1*12:01

HLA-DQA1*05:01/DQB1*03:01

HLA-DQA1*05:01/DQB1*03:01

HLA-DQA1*05:01/DQB1%03:01

HLA-DQA1*05:01/DQB1*03:01

HLA-DQA1*05:01/DQB1%03:01

HLA-DQA1*05:01/DQB1*03:01

HLA-DQA1*05:01/DQB1%#03:01

HPV18, 39,45,56,59,606,68,70 (53.33%), HPV16
(73.33%), HPV31, 35 (80%), HPV34, 58 (86.67%),
HPV33 (93.33%), HPV52 (100%)

HPV18, 39, 45,59,68,70 (53.33%), HPV16, 35
(73.33%), HPV31, 34 (80%), HPV58 (86.67%),
HPV33 (93.33%), HPV52 (100%)

HPV18, 39, 45,59,68,70 (53.33%), HPV16,
35(66.67%), HPV34 (73.33%), HPV31 (80%),
HPV33, 58 (86.67%), HPV52 (100%)

HPV18,31,34,35,39,59,68,70 (80%),
HPV16,45,51,56,58,66 (88.67%), HPV33 (93.33%),
HPV52 (100%)

HPV18,35,39,56,59,66,68,70 (73.33%),
HPV31,34,45,51 (80%), HPV16,58 (86.67%), HPV33
(93.33%), HPV52 (100%)

HPV18,39,59,68,70 (60%), HPV16,51,58 (66.67%),
HPV33,34,35,45 (73.33%), HPV31,56,66 (80%),
HPV52 (100%)

HPV18,39,59,68,70 (73.33%),
HPV31,34,35,45,51,56,66 (80%), HPV16,58
(86.67%), HPV33 (93.33%), HPV52 (100%)

HPV35,56,66 (73.33%),
HPV18,31,34,39,45,51,59,68,70 (80%), HPV16
(86.67%), HPV33,58 (93.33%), HPV52 (100%)

HPV35,51,56,66 (73.33%),
HPV18,31,34,39,45,59,68,70 (80%), HPV16
(86.67%), PV33,58 (93.33%), HPV52 (100%)
HPV51 (73.33%), HPV18,35,39,45,56,59,66,68,70

(80%), HPV31,34 (86.67%), HPV16 (93%),
HPV52,33,58 (100%)

93.75% (15/16)

81.25% (13/16)

81.25% (13/16)

100.00% (16/16)

100.00% (16/16)

100.00% (16/16)

100.00% (16/16)

100.00% (16/16)

100.00% (16/16)

100.00% (16/16)
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Figure 4. Population Coverage of the Top List MHC I Epitopes (a) and MHC II epitopes (b) over different populations.
The putative binding site of neutralizing and non-neutralizing epitope of L2 HPV 52 (¢).

Table 3. Ligands Receptor Interaction of the best L1 and L2 HPV 52 Epitopes

Receptors  Ligands Binding Affinity, Amino acids involved and distance (A)
AG (kcal/mol) s . . . . .
Hydrogen-Binding Interaction Hydrophobic Interaction Electrostatic Interaction
6JP3 FVIVVDTTR -17.63 T73 (2.74), N66 (2.44; 2.90, V76 (4.97), A150 (3.67), A152 (4.76), Y159 (4.72), R163
2.86), Y99 (3.03), Q156 (3.05; W147 (4.74) 93.46)
2.79), R114 (3.38)
6JP3 GVFFGGLGI -21.23 T73(2.82), N66 (2.83; 3.15), K146 (5.01), V76 (4.81), A150 (4.66), W147 (3.90), R114
R163 (2.67), Q156 (2.78), Y99 (5.29), Y159 (4.99) (3.64), K146 (5.01)
W147 (3.90),
2WBJ TTIADQLLKYGSLGV -27.53 Q7(2.77,2.77), D234 (3.63),  A252(5.39), 1243 (4.73), Y236 (5.64), D242 (5.59), W232
W232 (2.82), Q246 (2.75; W237 (5.48), A66 (3.83), V63 (3.73; (4.82), R74 (4.45),
3.09), D242 (2.74; 3.34) 4.83; 5.48), A59 (5.43) D204 (5.11), E9 (5.39)
2WBJ GRKFLLQAGLQARPK -25.51 D242 (2.87), Q246 (2.92), A250 (4.68), 1243 (5.45), W237 (3.81; F52 (4.05), Y254

W232 (2.78), E53(3.19),
F52(4.05), Q7 (3.53)

5.30; 5.24; 5.31), Y236 (4.90), 170
(4.48), AGG (3.72), V63 (5.16; 4.26)

(4.14), D233 (4.53)

Table 4. The Homologous Monoclonal Antibody Region
of L2 HPV16 in HPV 52

No Type Position  Sequences Identity

1 HPVI16 17-36 QLYKTCKQAGTCPPDIIPKV  80.00%
HPV52 16-35  QLYQTCKASGTCPPDVIPKV

2 HPVI16 33-52  IPKVEGKTIAEQILQYGSMG  75.00%
HPV52 32-51  IPKVEGTTIADQLLKYGSLG

3 HPV16 69-81  RTGYIPLGTRPPT 76.92%
HPVS52 68-80  RAGYVPLSTRPPT

4 HPVI16 73-84  IPLGTRPPTATD 58.33%
HPVS52 72-83  VPLSTRPPTSSI

5 HPV16  89-100 VRPPLTVDPVGP 66.67%
HPV52 88-99  IRPPVTVEPIGP

6 HPV16 108-120 LVEETSFIDAGAP 61.54%
HPV52 107-119 MIEETTFIESGAP

7 HPV16 121-140 TSVPSIPPDVSGFSITTSTD 35.00%
HPV52  419-438 PFVPIAPTAPSTSIIVDGTD

2250 4sian Pacific Journal of Cancer Prevention, Vol 23

immune recognition for vaccine design in particular areas
(Wilson et al., 2016). VLP resembles a virus without
harming the genetic material that is indistinguishable
from its native form by the immune system (Chackerian,
2007). HPV VLP-based vaccines have also been shown
to provide strong immune memory and produce high
antibody titers (Stanley, 2007). In addition, the VLP
system is reported to be the best platform not only for
producing HPV vaccines but can also be used as a delivery
vehicle platform (Qian et al., 2020).

L1 protein has a critical role in initial attachment to the
host cell receptor and protects all genetic material from
degradation during infection. it facilitates endocytosis
of the viral body (Buck et al., 2013). L1 is present on
the exterior surface as VLP, exposed and targeted by the
immune system (Norman et al., 2013). Another capsid
protein that is also important in viral invasion is L2.
The conserved L2 region and its function in binding to
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the secondary receptor of the host cell (after the initial
contact) have been exploited to enhance the immune
response (Wang and Roden, 2013). L2 is more conserved
in a wide variety of HPV types, where the N terminus can
enhance the immune responses via cross-neutralizing and
non-neutralizing antibodies across HPV types (Rubio et
al., 2011).

Combining recombinant proteins as a cocktail in a
certain formulation, or generating a chimeric form are
useful strategies to achieve optimal vaccine production
with high immunogenicity (Greenstone et al., 1998;
Chabeda et al., 2019; Arribillaga et al., 2020). This strategy
has been used by several studies, showing that it has a
good impact on overcoming certain problems (Tumban
et al., 2012; Wang et al., 2015).

Despite focusing on prophylactic vaccines via
neutralizing antibodies, T cell-mediated immunity
does play a central role in controlling persistent viral
infections such as human immunodeficiency virus,
cytomegalovirus, and hepatitis C virus (Panagioti et al.,
2018). Through peptide-based vaccine design, selecting
the most immunogenic sequences and combining them
with specific adjuvant is also being continuously studied
(Malonis et al., 2020; TopuzoGullari etal., 2020; Stephens
et al., 2021).

Antibody production is stimulated by exposed epitopes
that are recognized by the immune system. The Exposed
epitopes have specific profiles including accessibility,
flexibility, and hydrophilicity (Haste Andersen et al.,
2006). The common prediction method was designed
based on a profile that matches the native state using
amino acid propensity scales (Potocnakova et al., 2016).
The epitopes and immune interaction required strong
affinity. This is facilitated by hydrogen bond, hydrophobic,
and electrostatic interactions as the main key to ligand-
receptor interaction (Patil et al., 2010; Chen et al., 2016;
Erbas et al., 2018). This study found that although all the
ligands did not share the same electrostatic interaction,
the strong affinity between epitopes and HLA molecules
was still possible.

Since Indonesia has a diverse society with about 633
ethnicities, humoral and cellular immune responses likely
vary among populations. In addition, several studies
reported that HLA was considered an important aspect
of vaccine design (Ovsyannikova et al., 2008; Stern
and Calvo-Calle, 2009). HLA has been known to have
a thousand polymorphisms that correspond to certain
populations across the world. The current Study-related
COVID-19 pandemics reported that HLA alleles can affect
susceptibility as well as the severity of viral infections
(Tavasolian et al., 2021). Epitope coverage and epitope
conservancy analysis in this study showed that the selected
epitopes were a great candidate vaccine component.
It showed high population coverage for Indonesia and
worldwide.

The ability to induce cross-neutralizing antibodies
makes the vaccine more potent and more considered.
Sharing epitopes among HPV types is an essential point
to produce board effective antibodies (Nakagawa et al.,
2015). It has the potential to reduce production costs,
particularly for developing countries. The selected

consensus sequence and epitopes in this study could be
further subjected to in vitro and in vivo studies to continue
developing an effective vaccine against HPV type 52. Thus
this study highlights a useful pipeline with robust analysis
for effective vaccine production.
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