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Abstract
A najor current challenge and constraint in cervical cancer research is the development of vaccines against
KXPDQSDSLOORPDYLUXV +39 HSLWRSHV$OWKRXJKPDQ\VWXGLHVDUHGRQHRQHSLWRSHLGHQWLÀFDWLRQRQ+39V
no computational work has been carried out for high risk forms which are considered to cause cervical cancer.
2IDOOWKHKLJKULVN+39V+39+39DQG+39DUHUHVSRQVLEOHIRURIFHUYLFDOFDQFHUVLQZRPHQ
ZRUOGZLGH ,Q WKLV ZRUN ZH FRPSXWDWLRQDOO\ SUHGLFWHG WKH SURPLVFXRXV HSLWRSHV DPRQJ WKH ( SURWHLQV RI
KLJKULVN+39V:HLGHQWLÀHGWKHFRQVHUYHGUHVLGXHV+/$FODVV,+/$FODVV,,DQG%FHOOHSLWRSHVDORQJZLWK
their corresponding secondary structure conformations. We used extremely precise bioinformatics tools like
&OXVWDO:0$3331HW0+&(SL-HQ(SL7RS$%&SUHG%&SUHGDQG36,3UHGIRUDFKLHYLQJWKLVWDVN
2XUVWXG\LGHQWLÀHGVSHFLÀFUHJLRQV¶)$)5 . '/·IROORZHGE\¶./3' 4 /&7(/·IUDJPHQWVZKLFKSURYHGWR
EHSURPLVFXRXVHSLWRSHVSUHVHQWLQERWKKXPDQOHXNRF\WHDQWLJHQ +/$ FODVV,FODVV,,PROHFXOHVDQG%FHOOV
DVZHOO7KHVHIUDJPHQWVDOVRIROORZHYHU\VXLWDEOHFKDUDFWHUWREHFRQVLGHUHGDVSURPLVFXRXVHSLWRSHVZLWK
VXSSRUWLQJHYLGHQFHVRISUHYLRXVO\UHSRUWHGH[SHULPHQWDOUHVXOWV7KXVZHFRQFOXGHWKDWWKHVHUHJLRQVVKRXOG
EHFRQVLGHUHGDVWKHLPSRUWDQWIRUGHVLJQRIVSHFLÀFWKHUDSHXWLFYDFFLQHVIRUFHUYLFDOFDQFHU
.H\ZRUGVHigh risk HPVs - E6 protein - computational - epitope - peptide vaccine
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Introduction
Approximately 500,000 women worldwide develop
cervical cancer and it is the most common cancer among
women in underdeveloped countries (Soliman et al., 2004)
with 274,000 deaths each year due to this disease. In India,
it has become the leading cancer among women with an
annual incidence of about 130,000 cases and 70-75,000
deaths (Agarwal et al., 2011). HPV infection is known
to be one of the important causes for the development of
cervical cancer in women, which also forms a major risk
factor for the development of anal, penile, and vulvar
FDQFHUV3DSLOORPD9LUXVHVDUHQRWFODVVLÀHGE\VHURW\SH
but by genotype, and to date, approximately 151 HPV
W\SHVKDYHEHHQLGHQWLÀHGLQKXPDQVDORQH %HUQDUGHW
al., 2010) with a circular genome of approximately 8 kbp.
On the basis of carcinogenicity, the HPVs can be divided
into two subgroups as low risk (e.g. HPV 6 and 11)
associated with benign genital lesions and high-risk (e.g.
HPV 16, 18 and 45) associated with invasive carcinomas
of the cervix (Jacob et al., 2003). HPV comprises of three
functional regions, namely, a non-coding region called
the long control region, involved in the regulation of both
HPV transcription and replication, the coding regions for

early genes (E1, E2, E4, E5, E6 and E7) which regulate
the vegetative and productive phases of viral cycle and
the late genes, L1 and L2, which codes for the major
DQGPLQRUFDSVLGSURWHLQVUHVSHFWLYHO\ %RFFDUGRHWDO
2010). The risk factors for tumor development include
persistent infection with high-risk viral types (Longworth
et al., 2004) and transforming potential of these high-risk
HPVs is due to viral oncoproteins, E6 and E7 (Fakhry
and Gillison, 2006). The E7 induces cell proliferation,
disrupting the cell cycle regulation by inactivating the
pRb protein, whereas E6 blocks cell apoptosis by directing
the p53 tumor suppressor protein to the proteasome.
Thus, the expression of high-risk HPV E6 and E7 results
in cellular proliferation, loss of cell cycle regulation,
impaired cellular differentiation, increased frequency
of spontaneous and mutagen-induced mutations, and
chromosomal instability (Munger and Howley, 2002).
According to the latest report (de Sanjose et al., 2010),
HPV types 16, 18, 31, 33, 35, 45, 52, and 58 should be
given priority when the cross-protective effects of current
vaccines are considered. It is also expected that the next
JHQHUDWLRQ RI FHUYL[ FDQFHU YDFFLQHV ZLOO VSHFLÀFDOO\
include each of the eight HPV types. Of these the most
common high-risk subtypes of HPV are 16, 18, and 45.
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Immunotherapeutic approaches based on prophylactic
and therapeutic vaccine development have made
tremendous efforts to prevent cervical cancer that plague
mankind (Waldmann, 2003). Though the prophylactic
vaccines prevent infection by induction of neutralizing
antibodies production, they have their limitations
like cost, coverage of HPV types, (Ma et al., 2010)
no safety, no immediate effect and no long lasting
protection (Gnanamony et al., 2007). Merck’s Gardasil,
a quadrivalent vaccine against HPV 6, 11, 16, and 18 and
GlaxoSmithKline’s Cervarix, a bivalent vaccine protective
against HPV 16 and 18 are two prophylactic vaccines
administered to prevent the HPV entry into the host
(Tumban et al., 2011). Nevertheless, it is estimated that
these two preventative vaccines will provide protection
against cervical cancer caused by HPV 16 and 18 only
(Govan, 2008). Also, administration of these vaccines in
developing countries like India has proved severe side
effects and even deaths in some cases which ultimately
OHDGDFRPSOHWHEDQIRUWKHXVDJHRIWKHVHYDFFLQHV%XWWKH
therapeutic vaccine on the other hand, which is considered
to be safe, stable and easily producible (Wu et al., 2010) is
the need of the hour as considerable population is already
suffering from HPV infection worldwide. HPV E6 and
E7 proteins though do not elicit strong immune response;
DUHWDUJHWHGE\WKHVFLHQWLÀFFRPPXQLW\ 0RUURZHWDO
  DV WKH\ SOD\ D VLJQLÀFDQW UROH LQ WKH PDOLJQDQW
transformation of HPV associated lesions (Ma et al., 2010)
and form the ideal choice for the therapeutic vaccines.
Different therapeutic strategies have been developed
which includes vector-based, peptide-based, protein based,
DNA based, cell based and combinational approaches
(Ma et al., 2010). Here we have focused on the prediction
of promiscuous epitopes for peptide based therapeutic
vaccination against subset of antigens which elicits the
immune response derived from high risk HPVs (De Groot,
2004). The possible mechanism why some women do
not eradicate HPV is due to defect in their cell-mediated
immune response (Mark et al., 2009). However due to
continuous effect on HPV research, well documents
reports are available mentioning the significance of
cell-mediated immune responses in eradicating the
HPV infections (Agnieszka et al, 2012). Thus, the HPV
immunotherapy has largely focused on cervical cancer
because of the poor prognosis for patients with advanced
disease (Smith, 2004). The in-depth understanding of
antigen recognition at the molecular level has become a
boon for the development of rationally designed peptide
vaccines. The basic idea behind the peptide vaccines lies
LQWKHSURGXFWLRQRIWKHLGHQWLÀHGLPPXQRGRPLQDQW%FHOO
DQG7FHOOHSLWRSHVWRLQGXFHVSHFLÀFLPPXQHUHVSRQVHV
(Patronov and Doytchinova, 2013). HPV immunotherapy
with peptide based vaccine has created a new dimension in
cancer treatment, as these vaccine candidates can be easily
LGHQWLÀHG E\ WKH KXPDQ FHOOV %XW +XPDQ /HXNRF\WH
Antigens (HLA) both class I and class II molecules being
highly polymorphic in nature, experimental approaches
in identifying the T-cell epitopes within these antigens,
are not applicable against all different HLA alleles.
Moreover as a result of this polymorphism, there is an
LQFUHDVHGFKDQFHRILGHQWLÀFDWLRQRIVHYHUDOHSLWRSHVIRU
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every pathogen to be recognized by individuals within the
population (Walshe, 2009).
 7KHÀHOGRILPPXQRLQIRUPDWLFVZKLFKGHDOVZLWKWKH
PDSSLQJRISRWHQWLDO%FHOODQG7FHOOHSLWRSHV 7RPDUDQG
De, 2010) has thus made the scientists to look forward in
search of promiscuous epitopes which not only minimizes
the number of experiments but also enables a systematic
LGHQWLÀFDWLRQ RI FDQGLGDWH HSLWRSHV %LDQ HW DO  
from which experimental testing could be made easier.
Also peptide based vaccines reduces the possibility of
provoking any reaction against self- antigens, thereby
proving to be a safer vaccine by inhibiting the stimulation
of auto immunity (Sirskyj et al., 2011). Epitopes are
regions present on the antigens that are easily recognized
by the antibodies (Yao et al., 2013) and thus epitope-based
techniques allow the accurate and precise characterization
of Immune responses (Peters et al., 2005). Moreover, the
main aim of epitope prediction is to design a molecule that
can mimic the structure and function of a genuine epitope
and replace it in medical diagnostics, therapeutics and
also in vaccine design (Pingping et al., 2011). In addition
to all these, the most important and prior advantage of
epitope based vaccines is that it eliminates the possibility
of using the whole deadly viral proteins (Shehzadi et
al., 2011). Predictions of reliable epitopes are vital for
UDWLRQDO YDFFLQH GHVLJQ ZKLFK LGHQWLÀHV WKH SRWHQWLDO
targets and in-turn paves way for immunotherapeutic
cancer treatment (Iurescia et al., 2012). The immunogenic
peptides presented by HLA class I molecules are mostly
endogenous proteins. These antigenic peptides are
generated by the proteasome and transported by the
transporter associated with antigen processing (TAP)
protein (Ackerman and Cresswell, 2004). The TAP protein
enables the viral peptide entry into the rough endoplasmic
reticulum so that these peptides could be made available
to the complex HLA class I molecules (Engelhard, 1994).
On the other hand, the peptides presented by HLA class II
molecules are mainly derived from exogenous antigens.
Thus, epitopes are useful in assessing dominant patterns
of immune recognition and precisely tracking immune
responses following natural exposure to pathogens or in
response to vaccination (Gallagher and Man, 2007). The
peptide based vaccine also has an added advantage of
increased safety, the opportunity to rationally engineer
epitopes for increased potency and the ability to focus
immune responses on conserved epitopes (Lin et al.,
2013; Oyarzun et al., 2013). Thus, the aim of our study
was to identify peptide(s) that are commonly recognized
DQGUHVWULFWHGE\ERWKWKH7FHOODQG%FHOOHSLWRSHVIRU
the E6 protein of the three high risk HPVs (HPV 16,
HPV 18, HPV 45) so that one common peptide based
vaccine can be developed against these viral genomes.
Therefore, in this work we dealt with epitope predictions
of E6 protein of three high risk HPVs namely HPV 16,
HPV 18 and HPV 45, as they are responsible for 94% of
cervical adenocarcinomas.

0DWHULDOVDQG0HWKRGV
Dataset
The E6 protein sequences for the three high risk HPVs,
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namely, HPV 16, HPV 18 and HPV 45 were retrieved
using Uniprot database [The Universal protein resource
(Uniprot) in 2010] whose accession numbers are P03126
(Seedorf et al., 1985), P06463 (Cole and Danos, 1987) and
P21735 (Delius and Hofmann, 1994) respectively. All the
E6 proteins taken for our study are the basic nuclear and
cytoplasmic protein of about 18 KDa with 158 amino acid
residues each (Androphyl et al., 1987). These sequences
were used for the epitopic prediction.

neural network predictions are given as actual IC50 values
(Nielsen et al., 2003) whereas PSSM predictions are given
as a log-odds likelihood scores. We also used the EpiJen
in which a source protein is passed through four steps:
proteasome cleavage, TAP transport, MHC binding and
epitope selection. At each stage, different proportions
RIQRQHSLWRSHVDUHHOLPLQDWHG7KHÀQDOVHWRISHSWLGHV
represents no more than 5% of the whole protein sequence
and will contain the true epitope.

Sequence alignment
We computed the conservation (Zhang and Niu, 2010)
of amino acid residues in each E6 protein sequence of
the three selected genomes using the ClustalW2 multiple
alignment program (Larkin et al., 2007; Sudandiradoss
et al., 2008). This is because the epitopic regions that are
highly conserved are less prone to antigen escape and
viral mutation (Shehzadi et al., 2011). The alignment
ÀOHZDVWKHQXVHGWRHVWLPDWHWKHHYROXWLRQDU\GLVWDQFH
among the HPV 16, HPV 18 and HPV 45 strains. We
followed Unweighted Pair of Group Method with
Arithmetic Mean (UPGMA) (Khan et al., 2008) which
is embedded in MEGA4 (Koichiro et al., 2007) program
for calculating the evolutionary distance. This program
evaluates the evolutionary distance by following the
Maximum Composite Likelihood (MCL) feature (Khan
et al., 2008) and provides the evolutionary distance for
all pairs of sequences simultaneously. Also, by following
this MCL feature, we reduced the errors obtained by
the Independent Estimation (IE) (Whelan et al., 2001)
approach considerably and reported the phylogenics with
more accuracy (Koichiro et al., 2007).

HLA class II epitope prediction
HLA class II epitope prediction is a critical immunoinformatic problem within vaccine design. We used
EpiTop 1.0 (Dimitrov et al., 2010) for this prediction
written in PHP, HTML, and integrating the MySQL
database environment. It deals with ligands binding to
a set of similar proteins. In a traditional QSAR analysis
(Hellberg et al., 1987), the X matrix of descriptors
only includes chemical information from ligands. The
proteochemometric X matrix (Lapinsh et al., 2001)
contains information from both proteins and ligands.
3URWHRFKHPRPHWULFV LV VSHFLÀFDOO\ GHVLJQHG WR VROYH
QSAR tasks where a set of ligands bind to a set of related
proteins. A single proteochemometrics model potentially
predicts peptide binding to a whole group of HLA class
II proteins.

HLA class I epitope prediction
We used three different bioinformatics tools namely
MAPPP (Hakenberg et al., 2003), NetMHC (Lundegaard
et al., 2008) and EpiJen (Doytchinova et al., 2006) for
predicting the epitopes at different levels of HLA I
processing. Each tool has its specialization for predicting
the epitopes at each levels of HLA class I molecules
dispensation. MAPPP is the MHC-I Antigenic Peptide
Processing Prediction tool for identifying the potential
antigenic epitopes presented on the cell surface by
Human Leukocyte Antigen class I molecules to CD8+
T-lymphocytes. This method combines proteasome
cleavage prediction with TAP transport. FragPredict is the
part of MAPPP package that deals with the proteasome
cleavage prediction. FragPredict consists of two
DOJRULWKPV7KHÀUVWDOJRULWKPXVHVDVWDWLVWLFDODQDO\VLV
of cleavage enhancing and inhibiting amino acid motifs
to predict potential proteasome cleavage sites (Holzhutter
et al., 1999). The second algorithm, which uses the results
RI WKH ÀUVW DOJRULWKP DV DQ LQSXW DQG SUHGLFWV ZKLFK
fragments are most likely to be generated. When the score
is 1 as an output, it indicates the cleavage prediction is
perfect and that particular peptide can be considered to be a
promiscuous epitope. Similarly, we used NetMHC tool for
predicting CTL epitopes which are potential candidates for
designing peptide vaccines for various diseases. This tool
IROORZV DUWLÀFLDO QHXUDO QHWZRUNV DQG SRVLWLRQVSHFLÀF
VFRULQJPDWULFHV 3660  1LHOVHQHWDO $UWLÀFLDO

Linear B-cell epitope prediction
 6LPLODUWR+/$FODVV,DQG,,HSLWRSHV%FHOOHSLWRSHV
also play a vital role in the development of peptide
YDFFLQH /DUNLQHWDO +HQFHSUHGLFWLRQRI%FHOO
epitopes is important to many immunodetection and
immunotherapeutic applications as they elicit humoral
LPPXQH UHVSRQVH % FHOO HSLWRSHV DUH FODVVLÀHG LQWR
two groups as: i) the linear or continuous epitopes and;
ii) conformational or discontinuous epitopes. We were
interested in continuous epitopes because, these are
considered to be highly potential for vaccines development
&KDQGUD HW DO   :H XVHG$%&SUHG 6DKD DQG
5DJKDYD DQG%&SUHGV <DVVHUHWDO WRROV
IRUSUHGLFWLQJOLQHDUHSLWRSHV$%&SUHGDSSOLHVDUWLÀFLDO
neural network (Nielsen et al., 2003) for predicting
continuous epitopes in protein sequences. The predicted
%FHOO HSLWRSHV DUH UDQNHG DFFRUGLQJ WR WKHLU VFRUH
obtained by trained recurrent neural network (Kavitha et
al., 2013). A default threshold value of 0.51 and amino acid
sequence length of 16 was set for the epitope prediction.
/LNHZLVH %&SUHGV DOVR SUHGLFWV OLQHDU %FHOO HSLWRSHV
XVLQJ6XSSRUW9HFWRU0DFKLQH 690 FODVVLÀHUV $OHVVLD
et al., 2006) trained on the homology reduced data sets of
%FHOOHSLWRSHV7KLVPHWKRGSUHGLFWVZLWKDFFXUDF\
for a linear epitope length of 20 amino acid residues.
Hence a default value of 20 amino acid length was taken
for the prediction. Greater the score, higher the reliability
for a peptide sequence to be considered as an epitope.
Epitope conformation by secondary structure prediction
According to the rule of thumb, epitopes that
are present either in the coil or helix regions of the
VHFRQGDU\VWUXFWXUHRIWKHSURWHLQDUHFRQÀUPHGWREHWKH
promiscuous epitopes. Hence, PSIPred tool (Jones, 1999)
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ZDVXVHGWRFRQÀUPZKHWKHUWKHSUHGLFWHGSHSWLGHVE\WKH
previously mentioned tools are the promiscuous epitopes.
PSIPred follow neural network which is used to predict
SURWHLQVHFRQGDU\VWUXFWXUHEDVHGRQWKHSRVLWLRQVSHFLÀF
VFRULQJPDWULFHVJHQHUDWHGE\36,%/$67 $OWVFKXOHWDO
1997). This method is divided into three stages as follows:
i *HQHUDWLRQRIDVHTXHQFHSURÀOHXVLQJ36,%/$67ii)
prediction of initial secondary structure and; iii ÀQDOO\
WKHÀOWHULQJRIWKHSUHGLFWHGVWUXFWXUH36,35('KDV
ÀOWHULQJRSWLRQVZKLFKÀOWHURXWORZFRPSOH[LW\UHJLRQV
likely transmembrane segments and coiled-coil regions.

5HVXOWV
The multiple sequence alignment for the E6 proteins
of high risk HPV 16, HPV 18 and HPV 45 was done using
Clustal W2 (Figure 1). The E6 protein sequences have the
following conserved regions KLPD(Q)LCTEL, FAFK(R)
DL, CVYCK, LLIRC, CQKPL and RRETQV(L) among
the high risk HPV genomes. Further, we also performed
the phylogenetic analysis using MEGA4 (Figure 2). It was
observed that HPV 45 is nearest neighbor of HPV 18 with
an evolutionary distance of 0.10 whereas HPV 16 is the
farthest neighbor estranged by distance 0.25. It is very
much evident that though HPV 16 is a distant neighbor for
HPV 18 and HPV 45 still six regions are highly conserved
among the three genomes. Of the six highly conserved
sequences, the two sequences namely KLPD(Q)LCTEL
and FAFK(R)DL have only a single amino acid residue
change in their fourth position. For instance, the fourth
position of conserved sequence KLPD(Q)LCTEL contains
glutamine in HPV 16 E6 protein whereas aspartic acid is
present in HPV 18 and HPV 45 E6 proteins. Similarly,
the FAFK(R)DL conserved sequence also varies at the
fourth position with Arginine in HPV 16 and Lysine in
HPV 18 and HPV 45 E6 proteins. For easy convenience,
we have shown the fourth residue of HPV 16 E6 protein
of both the conserved sequences KLPD(Q)LCTEL and
FAFK(R)DL in parenthesis. Having predicted the highly
conserved regions among the three high risk HPVs, we
further analyzed the proteasomal cleavage and epitope
prediction for both T-cell (HLA class I and HLA class
,, DQG%FHOOLQRUGHUWRFRQÀUPZKHWKHUDQ\RIWKHVH
sequences could act as promiscuous epitopes.
We pursued different tools: i) for the prediction
antigen preprocessing by proteasome and; ii) for the
prediction of promiscuous epitopes in HLA class I
molecules since the process of these molecules occurring
at different levels (Tong et al., 2006). The MAPPP tool
LGHQWLÀHV WKH UHJLRQV ./3' 4 /&7(/ DQG )$). 5
DL as peptide fragments processed by the proteasome
for all the three HPVs of interest (Table 1). It is also to
be noted that there are hydrophobic residues like alanine
and phenylalanine in FAFK(R)DL fragment; leucine and
proline in KLPD(Q)LCTEL fragment at second and third
positions respectively. This makes a strong evident that
these fragments could consider as promiscuous epitopes
since TAP transportation always favors a hydrophobic
residues at second and third positions. Thus, we narrowed
down our prediction analysis on these two fragments from
six fragments which were predicted in multiple sequence
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alignment analysis.
We retrieved the cytotoxic T cells (CTL) epitope
SUHGLFWLRQVIURP1HW0+&WRRO%DVHGRQWKHVFRUHYDOXHV
we categorized the predicted epitopes as strong binders
which showed values <50, as weak binders which showed
values range from 50-500 and non binders which showed
>500 (Table 2). From this analysis, we also found that
the fragments FAFK(R)DL and KLPD(Q)LCTEL were
predominantly restricted as promiscuous epitopes in all the
alleles of high risk Human Papilloma Viruses. Of these,
the four alleles HLA-A0201, HLA-A0202, HLA-A0203,
HLA-A0206 restricted both these fragments. Similarly,
we obtained the results from EpiJen tool which predicted
epitopes for 18 different alleles. Interestingly, we noted
that the same two fragments namely KLPD(Q)LCTEL and
FAFK(R)DL were predicted as promiscuous epitopes by
this tool among the alleles for high risk HPVs (Table 3).
We used EpiTop 1.0 for predicting HLA class II
epitopes. Surprisingly, almost all the alleles were shown
with the epitope fragments KLPD(Q)LCTEL and
FAFK(R)DL for HLA class II molecules (Table 4). Also,
WKHVH WZR IUDJPHQWV IXOÀOO PRVW RI WKH FRQGLWLRQV IRU
HLA-DR motifs reported by Sette et al. (1993).
In addition to the HLA I and HLA II molecules,
SUHGLFWLRQRILPPXQRJHQLFHSLWRSHVLQ%FHOOVZLOOEH
DYDOLGRXWFRPH7RDFKLHYHWKLVWDVNZHXVHG$%&SUHG
DQG%&SUHGVWRROIRUSUHGLFWLQJOLQHDU%FHOOHSLWRSHV7KH
UHVXOWVREWDLQHGIURP$%&SUHGUHYHDOVWKDWWKHHSLWRSH
fragment FAFK(R)DL exist as the most prominent epitope
in all the three high risk HPVs analyzed. In the case of

)LJXUH0XOWLSOH6HTXHQFH$OLJQPHQWIRUWKHWKUHH
+5+39VXVLQJ&/867$/:

)LJXUH3K\ORJHQHWLF$QDO\VLVE\83*0$'LVWDQFH
0DWUL[0HWKRGRI(3URWHLQRI7KUHH+LJK5LVN+39V
XVLQJ0(*$
7DEOHPrediction of Proteasomal Cleavage of High
5LVN+39(3URWHLQVE\0$3337RRO
Protein

Process

Peptide

Starting Cleavage
Position Probability

HPV 16 E6 Proteasome KLPDLCTEL
TAP
FAFRDLCIV
HPV 18 E6 Proteasome KLPDLCTEL
TAP
FAFRDLCIV
HPV 45 E6 Proteasome KLPDLCTEL
TAP
FAFRDLCIV
*TAP - Transporter associated with antigen processing

18
52
13
47
13
47

0.999
1.000
0.996
0.935
0.999
1.000
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7DEOH1DPHVRI3RPLVFXRXV(SLWRSHVDQGWKHLU+/$&ODVV,DOOHOHV3UHGLFWHGE\1HW0+&DQG(SL-HQ7RROV
Predicted Epitope

Prediction of HLA class
I molecules by NetMHC
HPV 16 E6
HPV 18 E6
HPV 45 E6

Prediction of HLA class
I molecules by EpiJen
HPV 16 E6
HPV 18 E6
HPV 45 E6

KLPD(Q)LCTEL

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A0211
HLA-A0216
HLA-A0250
HLA-A3201

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206

FAFK(R)DLCIV

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A0211
HLA-A0212
+/$$
+/$$
+/$$
HLA-A6901
+/$%
+/$%



HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A6801
HLA-A6802
+/$%
+/$%
+/$%

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A6801
HLA-A6802
+/$%
+/$%
+/$%

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A6801
HLA-A6802
+/$%
+/$%
+/$%



















HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A0211
HLA-A0212
HLA-A0216
HLA-A0219
HLA-A0250
HLA-A3201
HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A0211
HLA-A0212
+/$$
+/$$
+/$$
HLA-A6802
+/$$
+/$%
+/$%
+/$%

HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A0211
HLA-A0212
HLA-A0216
HLA-A0219
HLA-A0250
HLA-A3201
HLA-A0201
HLA-A0202
HLA-A0203
HLA-A0206
HLA-A0211
HLA-A0212
+/$$
+/$$
+/$$
HLA-A6901
+/$%
+/$%



7DEOH1DPHVRI3URPLVFXRXV(SLWRSHVDQGWKHLU+/$&ODVV,,$OOHOHV3UHGLFWHGE\(SL7RS
Allele
'5% 

HPV 16 E6
Position

Peptide

HPV 18 E6
Log (1/IC50) Position


52

52

18
BB


./34/&7(/ 
FAFRDLCIV
8.326
./34/&7(/ 
FAFRDLCIV
6.467
)$)5'/&,9

KLPQLCTEL
7.607
BB
BB
./34/&7(/ 

'5% 


52


./34/&7(/
FAFRDLCIV
./34/&7(/


7.814


'5% 



./34/&7(/



'5% 



./34/&7(/



'5% 
'5% 

BB

52

52

BB
BB
./34/&7(/ 
FAFRDLCIV
6.805
./34/&7(/ 
FAFRDLCIV
6.174

'5% 
'5% 
'5% 
'5% 
'5% 

'5% 

Peptide

HPV 45 E6
Log (1/IC50) Position

Peptide

Log (1/IC50)


13


)$).'/)99
KLPDLCTEL
./3'/&7(/


9.163



13


)$).'/&,9
KLPDLCTEL
./3'/&7(/


9.163



47


47

47

47


./3'/&7(/
FAFKDLFVV
./3'/&7(/
./3'/&7(/
FAFKDLFVV
./3'/&7(/
FAFKDLFVV
./3'/&7(/
FAFKDLFVV
./3'/&7(/


7.667


7.663

7.956

7.153




./3'/&7(/






./3'/&7(/
./3'/&7(/






./3'/&7(/




47
BB


./3'/&7(/
FAFKDLFVV
BB
./3'/&7(/


7.275
BB



47

47


./3'/&7(/
FAFKDLCIV
./3'/&7(/
FAFKDLCIV
./3'/&7(/


7.242

7.829





./3'/&7(/
./3'/&7(/





47

./3'/&7(/
FAFKDLFVV


6.294


44

./3'/&7(/
VYQFAFKDL


6.607

KLPD(Q)LCTEL fragment, it holds ninth in HPV 16, third
in HPV 18 and eighth position in HPV 45 E6 proteins
7DEOH 6LPLODUO\ZHREWDLQHGWKH%&SUHGVUHVXOWVIRU
OLQHDU%FHOOHSLWRSHV,WUHYHDOVHDFKHSLWRSHVIRU+39
16 and HPV 45 and two epitopes for HPV 18 E6 which
LQFOXGHVWKHVHWZRIUDJPHQWV 7DEOH )URPWKH%FHOO
epitope predictions, we understood that the fragments
FAFK(R)DL and KLPD(Q)LCTEL could be consider as
promiscuous epitopes against high risk HPVs.
To confirm whether the predicted promiscuous

epitopes follows an acceptable secondary structure or not,
we performed PSIPred analysis (Figure 3). It is known
that the epitopic regions should either lie in helix or in
coil regions. Intuitively, the predicted epitope FAFK(R)
DL lies in coil region and KLPD(Q)LCTEL lies in helix
UHJLRQ7KHVHUHVXOWVFRQÀUPWKDWRIDOOWKHRWKHUIUDJPHQWV
predicted, these two fragments namely, FAFK(R)DL
and KLPD(Q)LCTEL can certainly be considered as
promiscuous epitopes against E6 proteins of high risk
HPVs.
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HPV 16 E6

HPV 18 E6

HPV 45 E6

)LJXUH3UHGLFWLRQRI6HFRQGDU\6WUXFWXUHE\36,3UHG
7DEOH  3UHGLFWLRQ RI /LQHDU %FHOO (SLWRSHV E\
$%&SUHG


7DEOH  3UHGLFWLRQ RI /LQHDU % FHOO (SLWRSHV E\
%&3UHGV

Rank

$PLQRDFLGSRVLWLRQ

Sequence

+39(
1
VYDFAFRDLCIVYRDS
2
RDLCIVYRDGNPYAVC
2
FHNIRGRWTGRCMSCC
3
TAMFQDPQERPRKLPQ
4
YRDGNPYAVCDKCLKF
5
LKFYSKISEYRHYCYS
5
RWTGRCMSCCRSSRTR
6
YAVCDKCLKFYSKISE
7
QTTIHDIILECVYCKQ
8
ISEYRHYCYSLYGTTL
8
KPLCDLLIRCINCQKP
9
ERPRKLPQLCTELQTT
10
QRHLDKKQRFHNIRGR
11
CVYCKQQLLRREVYDF
12
PLCPEEKQRHLDKKQR
+39(
1
FEFAFKDLCIVYRDSI
2
LQDIEITCVYCKTVLE
3
TRRPYKLPDLCTELNT
3
HKCIDFYSRIRELRHY
4
YNLLIRCLRCQKPLNP
4
YGDTLEKLTNTGLYNL
4
IRELRHYSDSVYGDTL
5
CIVYRDSIPHAACHKC
6
YRGQCHSCCNRARQER
7
AEKLRHLNEKRRFHNI
8
NRARQERLQRRRETQV
9
CQKPLNPAEKLRHLNE
10
PDLCTELNTSLQDIEI
11
TCVYCKTVLELTEVFE
12
HNIAGHYRGQCHSCCN
+39(
1
YQFAFKDLCIVYRDCI
2
YGETLEKITNTELYNL
2
SRIRELRYYSNSVYGE
3
HKCIDFYSRIRELRYY
4
MARFDDPKQRPYKLPD
5
CVYCKATLERTEVYQF
5
PDLCTELNTSLQDVSI
6
RRHLKDKRRFHSIAGQ
7
YNLLIRCLRCQKPLNP
8
QRPYKLPDLCTELNTS
9
SIAGQYRGQCNTCCDQ
10
DCIAYAACHKCIDFYS
11
DQARQERLRRRRETQV
12
TLERTEVYQFAFKDLC
12
QKPLNPAEKRRHLKDK
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Start position

Score

49
55
132
6
61
74
138
67
27
80
101
14
123
37
116

0.87
0.86
0.86
0.85
0.84
0.83
0.83
0.82
0.79
0.78
0.78
0.73
0.72
0.69
0.68

45
25
8
66
99
86
75
53
134
115
143
108
15
31
128

0.89
0.86
0.82
0.82
0.78
0.78
0.78
0.75
0.74
0.72
0.65
0.64
0.59
0.58
0.54

45
86
73
66
1
32
15
118
99
9
129
58
143
38
109

0.87
0.85
0.85
0.83
0.82
0.81
0.81
0.8
0.78
0.77
0.74
0.72
0.69
0.67
0.67
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HPV 16 E6
38
59
7
117
HPV 18 E6
41
11
HPV 45 E6
43
79
107
6

(SLWRSHVHTXHQFH

%&3UHGVVFRUH

VYCKQQLLRREVYDFAFRDL
IVYRDGNPYAVCDKCLKFYS
AMFQDPQERPRKLPQLCTEL
PEEKQRHLDKKQRFHNIRGR

0.967
0.889
0.833
0.791

LTEVFEFAFKDLFVVYRDS
PYKLPDLCTELNTSLQDIEI

0.998
0.895

EVYQFAFKDLCIVYRDCIA
RYYSNSVYGETLEKITNTEL
RCQKPLNPAEKRRHLKDKRR
DPKQRPYKLPDLCTELNTSL

1
0.889
0.882
0.838

'LVFXVVLRQ
Prediction of immunogenic epitopes for HPV remains
vital and challenging task using bioinformatics tools.
Though there are various types of high risk HPVs, HPV 16,
HPV 18 and HPV 45 are responsible for 94% of cervical
adenocarcinomas. In this work we have made an attempt
to predict the promiscuous epitopes among the E6 proteins
of high risk HPVs. To achieve this task, we used different
types of highly accurate bioinformatics tools and retrieved
a huge amount of data and arrive at an interesting result.
Our work focused on identifying the conserved residues,
7FHOOV +/$ FODVV , DQG +/$ FODVV ,,  DQG %FHOOV
epitope and their corresponding secondary structure
information. From the multiple sequence alignment
results, the two sequences namely KLPD(Q)LCTEL and
FAFK(R)DL appeared as most conserved residues with
only one residue differing in their fourth positions. The
FAFK(R)DL sequence varies with Arginine in HPV 16 E6
protein and lysine in HPV 18 and HPV 45 E6 proteins.
The KLPD(Q)LCTEL fragment varies with glutamine
in HPV 16 E6 protein and aspartic acid in HPV 18 and
HPV 45 E6 proteins. The varying residue in HPV 16 E6
SURWHLQLVVSHFLÀHGLQSDUHQWKHVLV0RVWVXUSULVLQJO\WKH
same fragments FAFK(R)DL and KLPD(Q)LCTEL were
predominantly restricted by different alleles in all the high
risk HPVs. Also, the presence of hydrophobic residues,
alanine and phenylalanine in FAFK(R)DL fragment,
leucine and proline in KLPD(Q)LCTEL fragment at
second and third positions supports that these fragments
can be considered as promiscuous epitopes since TAP
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