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Abstract

Background

The persistence of influenza A virus H5SN1 among poultry in Indonesia, along with increasing numbers of
human infections by this virus, point to risk of a reassortment event with other prevalent influenza A sub-
types in Indonesia. In the absence of cross-protective antibody to the emerging strain, the presence of cel-
lular immunity might reduce the influenza iliness to subclinical level and could dampen the pandemic. This
study evaluated the degree of likely cross-protective T-cell mediated immunity against such hypothetical
emerging influenza A strains. All 11 protein sequences from Indonesian H5N1 isolates were evaluated for
the presence of T-cell epitopes restricted by Indonesian HLA types.

Results

Among 4433 possible nonamer peptides, 225 were predicted as good CTL epitopes (score < 1%) by
NetCTLpan and had strong binding affinity (IC50 < 50 nM) toward HLA molecules by IEDBann and
netMHCann. Epitope conservation analysis revealed that at least 60% of the H5N1 Indonesian isolates
contained the identical sequences of this 225 peptide set. Sixty-nine peptides were specific for HS5N1 and
156 were cross-reactive with other subtypes. Significant numbers (184) of peptides bound to more than one
HLA allele (promiscuous). Blast analysis showed that the majority (213) of peptides did not have similarity
with the human self peptides likely to induce autoimmunity if used for vaccination. Certain peptides can act
as a core for HLA Class Il molecules, and some superimposed with the putative linear B-cell epitopes.
Eighteen peptides emerged as likely vaccine components optimized to an Indonesian population but likely
also to be effective among most other ethnic groups.

Conclusions

Routine exposure to seasonal influenza A likely ensures some level of cross-protective immunity to H5N1
and most reassortment mutants. Identifying of such likely cross-reactive T-cell epitopes may aid in gauging
the threat of potential outbreaks and composing the vaccines that could contain them.

\

BACKGROUND

Inﬂqenza is p.reve.ntabl.e by vac.cination. However, the  4re presented by the major histocompatibility complex
continuous antigenic drift and shift threatens the efficacy (MHC) of infected cells. These viral proteins tend to be
of trivalent inactivated influenza vaccines. Pre-existing relatively conserved among strains and subtypes and may
virus-specific T-cell memory resulting from prior natural g represent ideal targets for vaccine formulations.
exposure to human influenza A or vaccination may pro-

vide pgrtial protection against poyel strains of the viru§. The major obstacle in the development of such broadly
H5NT influenza A remains a significant human and ani-  effective vaccines is the high polymorphism of MHC
mal health problem in Indonesia today despite its rela-  pgjecules (Human Leukocyte Antigen or HLA in hu-
tively low transmissibility between humans. The severe  pang) Each individual has their own unique set of HLA
morbidity and high risk of mortality associated With  ¢jags T and 11 alleles. The type and frequency of alleles
H5NI, along with concerns about possible reassortment ;10 very specific for each population. The HLA polymor-
of this strain in a manner that retains its virulence and phism that exists between ethnic groups will cause the
ramps up its human-to-human transmissibility, empha-  jndividuals of different ethnicities to focus the response
sizes the importance of vaccination strategies. T-cells, in  toward different T-cell epitopes. Therefore, probing the
particular cytotoxic T-cells, directed against such mutants repertoire  of T-cell specificities responses directed

may be especially vital given their demonstrated impor-  aeaingt influenza A viruses in the affected human popula-
tance in diminishing disease severity and promoting early  {ion is needed.

clearance of virus [1]. These cells are activated by pep-
tides derived from the internal protein of the virus and  The role of CTL in clearing up flu infection was first

Eiman Institute for Molecalor Biol - 9 Tak demonstrated in the study involving human volunteers
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absence of cross-protective antibody rapidly cleared in-
fection and reduced disease to subclinical levels. The
Cleveland family study showed that during the H2N2
pandemic of 1957, individuals that had experienced
HINI1 influenza A were less likely to develop severe
disease or succumb to infection with H2N2 [2].

The outbreak of avian influenza A virus HS5NI1 in
Hongkong in 1997 and again in southeast-Asia and China
in 2003 raised concern about the level of immunity that
the human population might have toward this virus. A
study by Jameson et al. [3] showed that people living in
the U.S., who are highly unlikely to have encountered
H5N1, have memory T lymphocytes that recognize epi-
topes on HSN1 viruses Hongkong isolates. Several other
studies showed that the adult population living in HSN1-
free countries, already had memory T-cells cross-react
with H5N1 which probably stemming from previous ex-
posure to seasonal human influenza either by vaccination
[4] or infection [5, 6]. One study comparing Viet Nam
and UK populations [7] found that both populations had
H5N1 cross-reactive CD8" and CD4" memory T-cells
presumably primed by seasonal influenza A infection.

The presence of cross-reactive T-cells against the pan-
demic swine origin influenza A virus (S-OIV) HINI
2009 was also observed in the majority of populations
evaluated [8, 9]. PBMCs archived the year before that
pandemic showed T-cells recognizing epitopes from S-
OIV HINI [10]. Immunoinformatics comparison of T-
cell epitopes contained in S-OIV HIN1 with epitopes in
2008 - 2009 conventional influenza vaccine also revealed
the high conservancy of CD8" and CD4" epitopes in HA
and NA [11]. Again, the studies support the proposition
that in the absence of cross-reactive antibody response to
the outbreak strain, cross-reactive T-cells induced by
vaccination or natural exposure may reduce disease dura-
tion and severity, as shown by the mild nature of the S-
OIV HINI 2009 pandemic.

The long recruitment time for cytotoxic T lymphocyte
responses might hinder the effectiveness of the pre-
existing cell-mediated immunity toward a highly viru-
lence virus such as HSN1. However, there is evidence in
human HS5NI1 disease that antiviral treatment-induced
viral clearance seems to improve clinical outcome even
when initiated late in the course of infection, suggesting
there is a considerable time window during which en-
hanced viral clearance may still affect clinical outcome
[12, 13]. The study in animal model revealed that pre-
exposure to seasonal influenza A strain protected mice
against lethal H5SN1 challenge [14] and boosting the pre-
existing cell-mediated immunity by vaccination will pro-
vide protection from H5N1 infection [15]. Thus, a possi-
ble clinical benefit of T-cell-targeted approaches cannot
be excluded and the vaccine that induced and strength-
ened the pre-existing cell-mediated immunity deserves
further exploration.

T-cell memory, in particular CD8" CTLs, recognizes

peptides derived from virus peptides bound to HLA class
I molecules on the exterior surface of infected cells.
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Recognition of this peptide-MHC complex prompts the
CTLs that recognize it to kill the presenting cell. Map-
ping such epitopes in influenza A virus provides insight
on probabilities of cross-protective T-cell responses to
novel virus strains or subtypes, and may aid in develop-
ment of more effective vaccine and diagnostics. Bioinfor-
matics tools for epitope mapping (reviewed in [16]) in
combination with the advancement of sensitive T-cell
assays such as ELISpot [17], tetramer staining [18] and
cytokine staining [19] and the concept of HLA super-
types [20, 21] paved the way to the development of
‘immunoinformatics’ for mining genome data for T-cell
epitopes most likely to be useful in vaccine development
[22].

Systematic bioinformatics approach has been used to
analyze protein sequences to find conserved region con-
taining T-cell epitopes that bind to HLA class I and II
molecules [23]. This approach has been used to predict T
-cell epitopes from the conserved protein sequences of
both avian and human influenza A viruses and then
matched the prediction results with the influenza epitope
sequences curated in the Immune Epitope Database
(www.immuneepitope.org) [24]. Others have performed
in silico genome-, pathogen-, and HLA-wide searches
followed by experimental in-vitro confirmation for new
CTL epitopes against influenza A viruses, including
H5N1 [25]. Some studies focus on identifying epitopes
from the HSN1 proteome only and verified the predicted
peptides binding to MHC alleles using molecular model-
ing [26]. Immunoinformatics has also been used to iden-
tify HSN1 epitopes from HA and NA proteins both from
human and poultry isolates [27].

Most studies exploring T-cell epitopes by screening
PBMC have employed predominantly European or North
American ethnic groups. The study by Lee at al [7] is
exceptional in this regard. Although in some studies [25]
the prediction was made for T-cell epitopes restricted by
HLA supertypes, the relevance to broader human popula-
tion of the identified epitopes is uncertain, especially
where the major HLA allele may not compose part of the
HLA supertype.

HS5NI1 presents an ideal model for evaluation of poten-
tially cross-protective T-cell epitopes, and to identify
novel epitopes of this relatively very new human virus.
Several studies mapped the antibody epitopes of H5N1
among the few survivors of this infection [28, 29, 30],
but only one study explored T-cell epitopes [31]. The
report identified CTL epitopes in H5 HA restricted by
HLA A*02:01 and demonstrated immune responses in
H5NT survivors. That epitope (KLYQNPTTYT) derived
from the poorly conserved HA protein of the virus. The
epitope was not recognized by a healthy control having
HLA A*02:01, thus demonstrating the unique character
of the epitope. CTL epitopes may thus be derived not
only from internal protein of the virus but also from sur-
face proteins such as HA.

The present study applied an immunoinformatic analysis
of the proteomes of HSN1 isolates from humans resident
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in Indonesia in order to identify candidate T-cell epitopes
(nonamer peptides) occurring on conserved internal virus
proteins and likely to induce memory immune responses
in an Indonesian population represented by Javanese and
Sundanese-Javanese ethnic groups. The HLA allele types
and frequencies of these two populations have been well
characterized [32].

METHODS

Virus and proteins used in this study

The A/Indonesia/7261/2008 (HS5N1) [GISAID:
EPIIS1.23815] virus genome sequence housed in the GI-
SAID database (http://platform.gisaid.org/) is the most
recent Indonesian H5N1 isolate available in the public
database. All 11 proteins encoded by the virus were used
in the current analysis to identify T-cell epitopes: HA
[GISAID: EPI162940], M1 [GISAID: EPI163111], M2
[GISAID: EPI163111], NA [GISAID: EPI163112], NEP
[GISAID: EPI163115], NP [GISAID: EPI163113], NSI
[GISAID: EP1163115], PA [GISAID: EPI163116], PB1
[GISAID: EPI163117], PB1-F2 [GISAID: EPI163117],
and PB2 [GISAID: EPI163118]. All other available
H5N1 Indonesian human isolates were obtained from
GISAID to be used in conservancy analysis. For conser-
vancy analysis against other subtypes, protein sequences
of the seasonal influenza A viruses H3N2, HINI1, and S-
OIV HINI regardless of the origin of the isolates were
extracted from the influenza virus resource at the NCBI

database  (http://www.ncbi.nlm.nih.gov/genomes/FLU/
FLU.html).

Prediction of T-cell epitopes using immunoinformatic
tools

The proteins listed above were analyzed for the cytotoxic
T lymphocyte epitopes using several algorithms:
netCTLpan, netMHCann, and IEDBann. All methods are
based on artificial neural network (ann) algorithm.
NetCTLpan (http://www.cbs.dtu.dk/services/
NetCTLpan/) is a state of the art prediction tool which
integrates predictions of proteasomal cleavage, trans-
porter associated with antigen processing (TAP) transport
efficiency, and MHC class I binding affinity into a MHC
class I pathway for identification of the immunogenic
epitopes. This tool, in particular, was chosen because it
can predict peptide binding to HLA Class I molecules
where experimental data is absent as long as HLA se-
quence is known. Therefore it can provide guidance for
identification of epitopes likely to bind to HLA alleles in
Javanese and Sundanese-Javanese population including
those that has not been characterized experimentally. The
nonamers peptides predicted by netCTLpan which score
highest (< 1%) was selected. The other two algorithms
used in the analysis were IEDBann (http:/
tools.immuneepitope.org/analyze/html/
mhc_binding.html) and NetMHCann (http://
www.cbs.dtu.dk/services/NetMHC/)  which predicted
peptides binding to 57 and 43 HLA class I alleles, respec-
tively. The nonamers peptides with IC50 < 50 nM (strong
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binding) were selected. Herein, we applied a high strin-
gency of choosing only the peptides that bound strongly
to the HLA molecules, because the stronger the binding,
the more likely the peptide to become T-cell epitopes.
The peptides which showed binding by all the three ana-
lytical procedures (netCTLpan, IEDBann, netMHCann),
were selected and subjected to further analysis.

Identification of predicted nonamers which were con-
served across H5N1 Indonesian isolates. The se-
quences of H5N1 Indonesian isolates were downloaded
from GISAID database (September 2010). The conser-
vancy analysis was done using epitope analysis tools
housed in the IEDB server (http://
tools.immuneepitope.org/tools/conservancy/iedb_input).
To avoid the bias, we eliminated the duplicate sequences
from the analysis. The nonamer peptides where the iden-
tical sequences were found in more than 60% of the iso-
lates were annotated and named Pepsetl.

Identification of the predicted nonamers that were
specific for HSN1 and those which were cross-reactive
with other influenza A subtypes. The sequences of sea-
sonal H3N2, HINI, and S-OIV HIN1 were downloaded
from NCBI (September 2010). Using the same epitope
conservancy analysis tool as above, we analyzed whether
the predicted nonamers sequences were also found in
other influenza A subtypes. The nonamers where the
identical sequences were found in more than 60% of any
of the other subtype isolates were annotated and named
Pepset2. The nonamers in which sequences were found
only in H5N1 subtypes were annotated and named Pep-
set3.

Analysis for the probability that the predicted
nonamers can act as a core peptide for HLA class II.
The analysis was conducted using netMHClIIpan predic-
tion tool (http://www.cbs.dtu.dk/services/NetMHClIpan/)
which can take nonamer peptides as the input and predict
peptides binding to all HLA class II including those that
are not well characterized. All HLA Class II alleles that
are found in Javanese and Sundanese-Javanese popula-
tion [32] were analyzed. The nonamer peptides predicted
as core for HLA class II molecules (IC50 < 500 nM)
were annotated.

Analysis for the sequence similarity with the human
self peptides. The peptides having similarity with the
self peptides can potentially induce autoimmunity if it is
used for vaccine. Therefore nonamer peptides derived
from HSN1 were blasted against the non redundant pro-
tein sequences of human [taxid: 9606] using NCBI
Blastp suite program (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). NCBI Blast parameters were: word size 2;
expectation value 30.000; matrix used PAM30; low com-
plexity filter disabled; composition-based statistics was
set to no adjustment. The Blast results were parsed using
excel program. Nonamers which shared 7 out of 9 (7/9)
identical amino acid sequences with the human peptides
with no gap and no mismatches residue were triaged and
not included in the vaccine construct.

Analysis for the presence of experimentally proven
epitopes. Using epitope search tools in the Influenza
Resources Database server (http://www.fludb.org), we

Page 3 of 11


http://platform.gisaid.org/
http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html
http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html
http://www.cbs.dtu.dk/services/NetCTLpan/
http://www.cbs.dtu.dk/services/NetCTLpan/
http://tools.immuneepitope.org/analyze/html/mhc_binding.html
http://tools.immuneepitope.org/analyze/html/mhc_binding.html
http://tools.immuneepitope.org/analyze/html/mhc_binding.html
http://www.cbs.dtu.dk/services/NetMHC/
http://www.cbs.dtu.dk/services/NetMHC/
http://tools.immuneepitope.org/tools/conservancy/iedb_input
http://tools.immuneepitope.org/tools/conservancy/iedb_input
http://www.cbs.dtu.dk/services/NetMHCIIpan/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.fludb.org/

Gustiananda. Immunome Research 2011, 7:3:3
http://www.immunome-research.net/

. Predicted epitopes
Proteins Length Possible numli_zr of
nonamer peptices Number Percentage
PB2 754 746 27 3.6%
PB1 757 749 62 8.3%
Table 1 — The number of predicted peptides
PB1-F2 a0 82 1 1.2% across HSN1 proteome.
o, The number of nonamer peptides identified as
PA 18 708 40 5.6% T-cell epitopes restricted by HLA alleles pre-
HA 568 560 23 4.1% dominant in Javanese and Sundanese-Javanese
population which was predicted by consensus
NP 498 490 27 55% method (netCTLpan score < 1%, IEDBann and
netMHCann IC50 < 50 nM) and conserved in
NA 444 436 12 2 8%, 60% of the H5N1 Indonesian isolates. The set
of 225 peptides was named Pepsetl throughout
M1 252 244 13 5.3% the manuscript.
M2 96 88 5 5.7%
NS1 225 217 10 4.6%
NEP 121 113 5 4.4%
Total 4433 225 51%

checked (September 2010) if the predicted nonamers had
been confirmed experimentally either by T-cell assay or
HLA binding assay. The nonamers that had been already
reported in the database and those that were newly identi-
fied (in this study) were annotated.

Analysis for the presence of putative B-cell epitopes.
Following Parida et al. [26], the B-cell epitope prediction
was done using ABCpred server (http://
www.imtech.res.in/raghava/abcpred/). The nonamer pep-
tides which significantly superimposed (> 7 amino acid
overlap) on putative B-cell epitope (decamer peptides)
was annotated. According to the relay hypothesis [33],
superimposition of CTL epitopes with B-cell epitope and
T helper epitope would ensure good T-cell response with
specific T-cell memory.

Selection of nonamers for vaccine candidates. The
peptides which are selected for vaccine formulation
should meet several criteria such as promiscuous binding
to HLA Class I and Class II, conserve in H5SN1 Indone-
sian isolates and other subtypes, do not induce autoim-
munity, and the peptides are present at the putative linear
B-cell epitopes of the proteins.

Calculation of the population coverage. The selected
nonamers and their restricted HLA alleles were uploaded
into the epitope analysis tools housed in IEDB server
(http://tools.immuneepitope.org/tools/population/
iedb_input). The server was used to calculate the popula-
tion coverage of the selected peptide for Javanese and
Sundanese-Javanese as well as for the other 11 major
ethnic groups in the world.

RESULTS AND DISCUSSION

Prediction of T-cell epitopes by consensus method and
analysis of epitopes conservancy across HSN1 Indone-
sian isolates

The A/Indonesia/7261/2008 (H5N1) virus genome se-
quence housed in the GISAID database (ID:
EPIISL23815) was the most recent Indonesian H5N1
isolate available in the public database at the time the
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author started the analysis. In principle, we can choose
any strain, but since we would like to asses T-cell re-
sponses to H5N1 in Indonesian population, then the lo-
cally circulating H5N1strain was used. This strain was
not included in the earlier studies [24, 26, 27] of T-cell
epitope prediction of influenza A viruses before. One
study only included strain from Thailand [26], while an-
other study [24] analyzed all influenza A viruses se-
quences published in the database as of September 2006.
Some of the epitopes predicted in this study match the
epitopes reported in earlier works [26, 27] and mapped to
the conserved region described in one paper [24].

All 11 proteins of HSN1 were used as a starting dataset
for prediction. Nine of the 11 proteins exist in the virion
(HA, M1, M2, NA, NP, NEP, PA, PBI1, and PB2) and 2
are expressed in the host-cells (PB1-F2 and NSI). All
overlapping nonamers peptides were generated from this
data set and were screened for potential T-cell antigens
using netCTLpan, IEDBann, and netMHCann algo-
rithms. IEDBann and netMHCann are among the best
prediction server available online that have been evalu-
ated [34], while NetCTLpan is a cutting edge methods to
predicts not only peptide binding to all HLA class I al-
leles with known protein sequence [35] but also peptide
processing inside the cells (proteasomal cleavage and
TAP transport efficiency).

In order to cover prediction for all HLA alleles, we used
NetCTLpan instead of using the server that predicts pep-
tide binding to HLA supertype. NetCTLpan server can
predict peptide binding to all HLA class I molecules in-
cluding those that has not been characterized previously.
One of the HLA allele that is important for Javanese and
Sundanese-Javanese population is HLA A*24:07 (allele
frequency of 22%). The peptide binding specificity of
this allele has not been characterized. Futhermore, the
allele is not classified into HLA A*24 supertype
(represented by HLA-A*24:02). Both A*24:07 and
A*24:02 have high homology with only one amino acid
difference (residue no 70 is histidine in A*24:02 and
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Figure 1 — The number of predicted peptides
across the HSN1 proteome.

Proportion of the Pepsetl (predicted nonamers
conserved in HS5N1 Indonesian isolates, total
225 peptides), Pepset2 (predicted nonamers
inducing T-cell cross-reactivity with other
subtypes: H3N2, HINT1, and S-OIV HINI1, total
156 peptides), and Pepset3 (predicted nonamers
specific for HSN1, total 69 peptides) across all
11 proteins of influenza A.

M2
NS1
NEP

glutamine in A*24:07). However, this one amino acid is
a contact residue which is part of the B pocket of the pep-
tide binding sites. The difference could have some impact
on binding specificity that makes A*24:07 differs from
the rest of the member of A*24 supertype.

The consensus method in choosing the peptides was ap-
plied here, following the paper which stated that better
prediction performance can be achieved by consensus
approach (selecting peptides that are predicted as binders
by several prediction tools) [36]. In total, there are 4433
possible nonamer peptides that can be generated from the
proteome of A/Indonesia/7261/2008 (H5N1). Consensus
prediction and conservancy analysis reduced this number
to 225 peptides (5.1% of 4433) (Table 1). This set of 225
peptides were among the top highest score (< 1%) of the
netCTLpan results and have high binding affinity (IC50
< 50 nM) toward HLA class I alleles in both IEDBann
and netMHCann algorithms.

We set a high stringency in selecting the peptides (IC50
< 50 nM, and netCTLpan score < 1%) to ensure that the
false positive is minimized. The peptides which have
higher affinity for HLA molecules are expected to be
more likely recognized by T-cells (the true T-cell epi-
topes). The peptides which score highest by netCTLpan
are more likely to be generated in vivo, because this tool
integrates the score for proteasomal cleavage, TAP trans-
port efficiency, and HLA binding affinity. The high strin-
gency in choosing the peptides has some advantage be-
cause false positive is minimized. However, the false
negatives were increased.

We calculated the conservancy level of these 225
nonamer peptides. The conservancy level is defined as
the number of the strains containing the epitope with
exact sequences identity level divided by the total num-
ber of strains. Our analysis revealed that the identical
sequences of each of these 225 peptides were found in
more than 60% of the isolates. Out of 225 predicted pep-
tides, 84 peptides have the sequences with 100% match
identity level in all HSN1 Indonesian isolates. 19 pep-
tides have 60-80% conservancy level and 206 peptides
have more than 80% conservancy level. The significance
of this information is that the epitopes predicted in this
study could cover almost all strains of Indonesian H5SN1
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and might still present in the next pandemic H5SN1 strain.

The number of predicted epitopes across H5SN1 pro-
teome

Our analysis revealed that all 11 proteins were capable of
contributing nonamers for T-cell epitopes (Table 1). This
is in agreement with other published papers [37] which
experimentally showed that T-cells recognize the epi-
topes generated from all influenza proteins. PB1 contrib-
utes most of the predicted epitopes (60 nonamers), fol-
lowed by PA, and then PB2 and NP. The proteins that
contribute the least are PB1-F2, M2, and NEP, which are
relatively small proteins. However, the number of the
predicted peptides does not always correlate with the
length of the proteins. Bigger protein does not always
give larger number of predicted binding peptides such as
in the case of PB2 (27 predicted nonamers out of 746
possibility). Also noteworthy is that nonamer peptides
potential to become CD8" T-cell epitopes come not only
from the internal protein, but also from the trans-
membrane surface protein HA, NA, and M2. One study
reported however, that HA is not a major target for CD8"
T-cell response [37].

Cross-reactive peptides and H5N1-specific peptides

We conducted an epitope analysis to elucidate whether
there could be some level of cross-reactivity from CD8"
T-cells between H5N1 and the other influenza A sub-
types (seasonal H3N2 and/or seasonal HINI and/or S-
OIV HIN1). The high level of cross reactivity between
HS5NI1 and seasonal influenza A virus could influence the
diseases outcome and provide partial protection from bird
flu infection. We identified that out of 225 predicted pep-
tides in Pepsetl, 156 of them (named Pepset2) also found
in other influenza A subtypes, while 69 of them (Pepset3)
were specific for HSN1. As shown in Table 2, there are
76 predicted peptides that are conserved across all the
influenza subtypes analyzed (HSN1, H3N2, HIN1, and S
-OIV HIN1) with conservancy level at least 60%. The
majority of the nonamers from the internal influenza pro-
teins (PB1, PB2, PA, NP, M1, and NS1) were cross-
reactive with other subtypes, while majority of those
from the surface proteins (HA, NA, and M2) were HSN1-
specific (Figure 1). Pepset3 peptides that were specific
from H5N1 were generated from HA (22 nonamers), M1
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Table 2 — The number of predicted nonam-

ers and cross-reactivity with other influenza
A subtypes.

The number of peptides from Pepset2 that
cross-reacted with HIN1 were 109, with

H3N2 were 108, and with S-OIV HINI1 were
135. The presence of H5N1 peptides in other

subtypes were indicated with ‘+’ symbol and

cells were highlighted in grey.

The number of Pepset? H1N H3aN2 S-01W H1N1 Note
peptides that cross react (109 (108) (135)
6 + + + 7B peptides cross react with all 3 subtypes
5] + + 4 peptides cross react with H1M1 and HIN2
16 + . + 16 peptides cross react with HIM1 and S-01 H1RM1
26 - + + 26 peptides cross react with HIN2 and S-01 HIN1
10 + 10 peptides cross react with H1M1 only
1 + 1 peptide cross reacts with HINZ only
18 - - + 18 peptides cross react with -0 HTN1 only

(4 nonamers), M2 (3 nonamers), NA (8 nonamers), NP (8
nonamers), NS1 (4 nonamers), PA (8 nonamers), PB1-F2
(1 nonamers), PB1 (9 nonamers), and PB2 (2 nonamers).

The fact that some H5N1 specific nonamers could be
generated from the internal proteins reflect that the se-
quence variations among influenza A subtypes exists
event in the region that is considered ‘conserved’ such as
the internal proteins. These sequence variation and sub-
type specificity of the internal protein suggests that de-
spite considered as ‘conserved; the proteins undergo evo-
lutionary change [38].

We identified that more epitopes were shared between
HS5N1 and S-OIV HINI than with the seasonal H3N2 or
HINI1 (Table 2). In total, out of 156 epitopes in Pepset2,
135 were cross reactive with S-OIV HIN1, 109 with sea-
sonal HIN1, and 108 with seasonal H3N2. 18 epitopes
were cross-reactive with S-OIV HINI1 only, 1 with sea-
sonal H3N2 only, and 10 with seasonal HIN1 only. The
fact that S-OIV HINI shared larger number of epitopes
with H5N1 is probably because one third of the S-OIV
genome comes from avian virus [39, 40] and that S-OIV
and H5N1 have high genetic compatibility [41]. It is
noteworthy that in our analysis we found one nonamer
(TYNAELLVL) from H5 HA which will induce T-cell
cross reactivity with H1 HA and S-OIV HA but not with
H3 HA. This epitope was found in the HA2 segment of
HA protein which is known to be a stalk region [42] and
relatively conserve across subtypes. As shown in Supl,
this nonamer was restricted by HLA A*24:07, HLA
A*24:02, and HLA A*24:10. Two of these alleles
(A*24:07 and A*24:02) are very common in Javanese
and Sundanese-Javanese population. The study needs to
be done to determine whether T-cells recognizing this
epitope will be identified in the patients of Javanese and
Sundanese-Javanese ethnic origin.

The conservancy of the epitopes across influenza A sub-
types also reflects that the region of the protein in which
these epitopes originated is of functional importance. It
was proposed that the region between amino acids 506
and 659 of the PB1 protein is involved in the interaction
with the PB2 subunit [43]. We found 9 nonamer peptides
in this region, in which 8 of them were cross-reactive
with other subtypes while one of them was H5N1 spe-
cific. Another region with functional importance was
PB2 between amino acid 1 and 269 and between amino
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acid 580 and 683 which involved in the interaction with
NP [44]. In this region we found 11 nonamer peptides in
which all of them were conserved across subtypes.

Binding specificity of peptides to HLA class I alleles
present in Javanese and Sundanese-Javanese popula-
tion

Immunoinformatic analysis carried out in this study re-
vealed that A*74:01 was predicted to bind the highest
number of peptides in the Pepsetl (44 out of 225) (Figure
2). However, this allele was not relevant for the target
population since it presents at a very low frequency in
Sundanese-Javanese (0.25%) and absent in Javanese
population. The four most frequent HLA A alleles in
Javanese and Sundanese-Javanese population are HLA
A*24:07 (21.52%), A*11:01 (16.03%), A*33:03
(15.61%), and A*24:02 (14.35%) which accounted for
67.8% of the total HLA-A alleles [32]. Immunoinfor-
matic analysis carried out in this study revealed that
A*24:07 bound 14 peptides, A*11:01 bound 31 peptides,
A*33:03 bound 39 peptides, and A*24:02 bound 15 pep-
tides (Figure 2). The two most common HLA B alleles
are HLA B*15:02 (11.6%) and HLA B*15:13 (11.18%)
which bound 15 and 18 peptides, respectively (Figure 2).
It will be worthwhile to investigate whether these pre-
dicted nonamers are recognized by the bird flu survivors
(some of them are Javanese and Sundanese-Javanese
ethnic origin), and to see the antiviral activity of CTL
recognizing these epitopes or to investigate its role in
immunopathology of bird flu infection.

HLA A*02:01, which is the allele that is mostly predomi-
nant among Caucasian population and covers around 7%
of the Javanese and Sundanese-Javanese population,
bound 30 peptides. Majority of these peptides were pro-
miscuous as they bound also to other allelic variants that
belong to HLA A*02 supertypes, as well as to HLA B
and HLA DRBI alleles (Supl). In Javanese and Sun-
danese-Javanese population, HLA A*02 is represented
by HLA A*02:01 (6.96%), A*02:03 (4.22%), A*02:06
(3.38%), and A*02:11 (0.21%). In total, the frequency of
the HLA A*02 supertypes is 14.77%, which implied that
the immunodominant epitope M1 (58-66) GILGFVFTL
which is restricted by HLA A*02:01 might be recognized
by 15% of the Javanese and Sundanese-Javanese popula-
tion, as the allele that belong to the same supertype will
bind to the same nonamers. However, our analysis re-
vealed that GILGFVFTL epitope bound to HLA
A*02:01, A*02:06, A*02:11, and A*32:01 only and not
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Figure 2 — The number of predicted peptides across HLA A and B alleles.

Proportion of the Pepsetl (predicted nonamers conserved in HSN1 Indonesian isolates, total 225 peptides), Pepset2 (predicted nonamers that will induce T-
cell cross-reactivity with other subtypes: H3N2, HIN1, and S-OIV HINI, total 156 peptides), and Pepset3 (predicted nonamers specific for H5N1, total 69
peptides) across all HLA Class I and II alleles found in Javanese and Sundanese-Javanese population.

to A*02:03 (Supl). This was because in the analysis we
selected only the nonamers which belong to the highest
1% of the netCTLpan score, while HLA A*02:03 -
GILGFVFTL pair had a score that belong to the top 4%
(data not shown). This indicated that the high stringency
in choosing the peptides would cause higher false nega-
tive rates.

HLA B*27 supertype has been associated with strong
efficiency in antiviral CTL responses to influenza A virus
and several other viruses such as HIV, EBV, mump, and
measles [45]. Relative to other class I molecules, HLA-
B27 is a dominant restricting element in antiviral re-
sponses [45]. However, in Javanese and Sundanese-
Javanese population, HLA B*27 is not predominant. The
member of HLA B*27 is represented by HLA B*27:06
(2.95%) which predicted to bind 4 peptides, B*38:02
(5.7%) bind 22 peptides, B*15:10 (0.21%) bind 21 pep-
tides, B*39:15 (0.21%) bind 24 peptides, and B*48:01
(0.21%) bind 23 peptides (Figure 2). The reported influ-
enza T-cell epitopes restricted by HLA B*27
(SRYWAIRTR, NP 383-391) [46] was not included in
the list of the predicted peptides, because of the high
stringency in the selection criteria that had been applied
in choosing the peptides, which was the highest 1% rank
of the epitopes score. The peptide SRYWAIRTR was
ranked as the 3% highest of the T-cell epitopes predicted
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by netCTLpan (data not shown). Again, this data implied
that false negative might occur if one applied high strin-
gency in the peptides selection step.

Binding of peptides to HLA Class 11

Binding of the H5N1 derived peptides to all HLA class 11
alleles present in the Javanese and Sundanese-Javanese
population had been carried out by using netMHClIIpan
prediction tool. This tool is the best individual predictor
for peptide binding to HLA Class II molecules [47] and
can be used to predict peptide binding to all HLA Class II
alleles including those where the experimental binding
data is lacking. It was found that 75 out of 225 predicted
nonamers capable of binding to the HLA Class II alleles
(Supl). This was in line with previous finding which
suggested that nonamer peptides restricted by HLA class
I was capable of becoming the core for HLA class II
[48]. The peptides binding to HLA Class II molecules
will be presented to the CD4" T-cell, which is important
in regulating B-cell and CTL responses. The three most
frequent alleles found in Javanese and Sundanese-
Javanese populations are DRB1%*12:02, DRB1*15:02,
and DRB1*07:01 with frequencies of 37.8%, 23%, and
13.1%, respectively and bound to 38, 12, and 32 pep-
tides, respectively (Figure 2). The two alleles that bound
the largest number of peptides were HLA DRB1*01:01
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and HLA DRB1*10:01 which bound 52 peptides and 60
peptides, respectively. These two alleles, however, pre-
sent at a low frequency in Javanese and Sundanese-
Javanese population (Figure 2).

Promiscuity of the predicted epitopes

Out of 225 predicted peptides, 41 peptides bind to only
one HLA allele, while the rest (184) were promiscuous
peptides. For the purpose of the vaccine development, it
is important that the chosen peptides cover as many HLA
alleles as possible to maximize the population coverage.
The peptide capable of binding the greatest number of
alleles was MQIRGFVYF, which could bind 29 HLA
class I alleles (Supl. The peptide capable of binding the
greatest number of HLA class I and II alleles was LTI-
TYSSSM (bound 26 alleles).

Cross-reactivity with the human peptides

The predicted peptides resulted in this study were com-
pared with human proteome sequences to investigate the
similarity to human self-antigens that could trigger an
autoimmune response. The 225 nonamer peptides were
blasted using the NCBI Blastp program (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) against non redundant
protein sequences of human (taxid: 9606). In particular
we would like to know the degree of overlap between the
predicted peptides and the human self peptides. Using the
Microsoft excell program, we parsed the Blast results to
identify peptides which have 100% identity with the pep-
tides from the human proteome, with no gap or mis-
matches residues. All peptides from Pepsetl had similar-
ity of 6 or less amino acid residues with human peptides.
Following Tan et al. [49], we disregarded search results
containing predicted sequences and human peptides with
fewer than six contiguous identical residues (< 6/9 simi-
larity) as the probability of matching five or less residues
were high and non-significant. 8-mer peptides were the
shortest that can bind to HLA molecules [50], therefore,
the peptides which shared 8 contiguous amino acids with
the human peptides were likely to induce autoimmune
response. However, none of the predicted peptides in
Pepset] had 8/9 similarity (89%) or higher. The longest
influenza A sequence with an identical human counter-
part was 7 amino acid long (Table 3). They showed
similarity to peptides of several human proteins such as
tetraspanin 33, microtubule-associated protein 2, cystatin
-11, dystrophin, myosin X, etc.

Selection of peptides for vaccine formulation and the
calculation of the population coverage

The predicted epitopes were rationally chosen to be in-
corporated into a multi-epitope vaccine. Out of 225 pre-
dicted peptides, we selected 18 peptides to be included in
the design of the influenza vaccine construct (Table 4).
We selected the peptides which posses certain criteria
such as: conserve in more than 60% of the HSN1 Indone-
sian isolates, cross-reactive with other subtypes, bound to
HLA class I as well as class 11, do not have similarity of
more than 6 contiguous amino acids with the peptides
derived from the human proteome, and superimpose with
the putative linear B-cell epitopes. Here, we selected
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nonamer peptides which significantly superimposed (> 7
amino acid overlap) on putative linear B-cell epitope,
because according to the relay hypothesis [33], superim-
position of CTL epitopes with B-cell epitope and T-
helper epitope would ensure good T-cell response with
specific T-cell memory and will be beneficial for the
formulation of the vaccine. The high conservancy of the
peptides epitopes over time and across subtypes may
reduce the incidence of the generation of escape mutant
and is useful for the universal vaccine formulation.

Of note is that peptides restricted by HLA A*24:07 did
not superimpose with the putative linear B-cell epitopes,
so they were not selected. Other major HLA alleles for
Javanese and Sundanese-Javanese population such as
HLA A*24:02, A*11:01, A*33:03, B*15:02, B*15:13,
DRB1*12:02, DRB1*07:01, and DRB1*15:02 bound to
the peptides in the selected set (Table 4). It might be
beneficial to include one or two peptides that were con-
served and restricted by HLA A*24:07 even though the
peptides did not fulfil the other selection criteria so as to
increase the population coverage of the peptides set.

Population coverage analysis was done considering all
the 18 peptides selected for the vaccine construct. The
population coverage of the chosen peptides for Javanese
and Sundanese-Javanese as well as for other 11 major
ethnic groups in the world (Australia, Europe, North Af-
rica, North America, North-East Asia, Oceania, Other,
South America, South-East Asia, South-West Asia, and
Sub-Saharan Africa) was calculated using the IEDB epi-
tope analysis tools. The results (Table 5) showed that the
set of 18 peptides to be included in the vaccine construct
had good population coverage for HLA Class I (87% of
the world population), but not so much for HLA Class 11
(62% of the world population). The coverage for Java-
nese and Sundanese-Javanese population are more than
99% for both Class I and Class II, since we based our
prediction on the peptide binding to HLA alleles found in
these populations.

CONCLUSIONS

Indonesia has had 176 (1 April 2011) confirmed human
cases of avian influenza A virus (AIV) H5N1, and 145
(82%) of those ended in death. More than half of these
cases occurred on the island of Java and thus most af-
fected people of Javanese and Sundanese-Javanese ethnic
origin. In this study, we did computational analysis for
possible T-cell epitopes likely to be recognized by Java-
nese and Sundanese-Javanese ethnic groups using state-
of-the art T-cell epitope prediction tools. This study is the
first effort to identify influenza A virus-specific T-cells
epitopes in these populations at high risk infection by
HS5NI1 virus. The epitopes identified in this study were by
consensus prediction, i.e., each epitope had to be pre-
dicted by at least two immunoinformatic methods. The
epitopes thus identified were conserved among influenza
A subtypes and this suggests functional significance of
these regions. The likelihood or diversity of viable mu-
tants may thus be considered relatively low compared to
antibody epitopes among hyper-variable surface proteins.

Page 8 of 11


http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://blast.ncbi.nlm.nih.gov/Blast.cgi

Gustiananda. Immunome Research 2011, 7:3:3
http://www.immunome-research.net/

Muerza | iuenzs | Humen Harman protein
GILGFYFTL 1 GILGFYF Tetraspanin 33
FEAYW AWLHY A EaNW AWK Microtubule-associated protein 2
CTELKLSDY MNP TELKLSD CDaADS
WASGYDFER MNP WASGEYDF Immunalobulin heawy chain wariable region
LOMNSOWESL MNP CMSOVES Star-related lipid transfer protein 9
Fraal QLLL MNEP QALCLLL Cystatin-11
T LERANKI P& YLERAMNK Dystrophin
EITGTMRREL PA ITGTWMRR Family with sequence similarity 79, member A, isoform CRA_a
SLPPMFSSL P& PPMNFSSL Cadherin-like protein VRS
FLLMDOALKL PA LLRAD ALK Methyltransferase 10 domain containing
DFLASLLEM FBZ2 DPLASLL Contactin associated protein-like 5
RTSGSSVTK FEZ2 TSESSVT Wy osin X

Table 3 — Cross reactivity with the human proteome.

List of the predicted influenza A virus epitopes that shared 7 contiguous amino acid sequences with the human peptides. 7 is the highest number of amino acid
residues shared between these influenza peptides and human proteins.

MNao. | Protein Peptide Sequences HLA alleles in which the peptide was predicted to bind

1 M1 {3 -11) LLTEVETYY AMZ:01; AMZ2:03; ATD2:06; AT2:11; DRE1*01:01; DRE1*10:01
ATE303; AT74:01; DRE110:01; DRE1™07:01; DRE1"12:02; DRE1*01:01; DRE1"14:04; DRE1™14:01;

2 M1 (B4 -72) FTLTVPSER DRB1*04:03; DRE1*04:06

3 MNP (35 - 47) FYIQMCTEL AT24:02; AT24:10; DRB110:01

4 MNP (55 - B3) RLIGNSITI ATE2:01; DRB1*13:02

5 NP (57 - B5) IGNSITIER ATT4:01; DRB1"10:01; DRE1™ 2:02; DRE1*14:05; DRE1™14:04; DRE1™14:01; DRE1D3:01

B MNP B3 -71) IERMYWLSAF B18:01; B718:02; B*40:02; B*41:01; B*44:03; DRE1™10:01; DRE1*01:01; DRE1715:02; DRE1716:02
AT2:01; ATD2:068; AT2:11; DRE1™15:01; DRE1™15:02; DRE1™01:01; DRE1™18:02; DRE1™12:02;

7 NS (123 -131) HILKARFSY DRE107:01; DRE1™0:01

8 PE1 (24 - 102) FLEESHPGI AT2:01; AM2:03; AT2:06; A02:11; DRB1"01:01; DRE1™2:02

g PE1 (165 — 174) FLKDYMESM A*D2:D*1; f‘x*D2:03; AT2:06; ATZ2:11; AT26:01; A%34:01; BY15:01; BX15:02; BX15:21; BY15:32;
DRB1*10:01

10 PE1 (340 - 348) APIMFSNKM B07:02, B*07:05; B*35:01; B*35:02; B*35:05; B*35:30; B"56:02; DRE1™10:01

Al PE1 (355 - 363) YMFESKSMK ATIE01; ATT:01; AT1:04; A™33:03; A™34:01; A74:01; DRE1™0:01
ATIZ:01; ATDZ:03; ATD2:06; A™DZ:11; B08:01; BY13:02; BM5:10; B°35:02; B737:01; B*36:02,

12 PE (407 - 415) MMMGMENML B*39:15; B*48:01; B*56:01, B*66:02; B*56:07; DRB1™10:01; DRE1*01:01

13 PE1 (413 - 4271) NWMLSTVLGY ATIZ:01; ADZ2:06;, ATD2:11; DRE1™12:02; DRE1™14:01; DRE1"07:01

14 PE1 (441 — 449) LASSDDFAL B™18:10; B739:15; B748:01;, DRE1"01:01; DRE1™10:01
ATIZ:01; ATDZ:06; B08:01; B*13:02; §*37:.01; B*35:02; B39:15; B™45:01; DRE1™12:02; DRE1™10:01;

15 PE2 (49 -57) WMMAMICHPI DRB1*02:01; DRBE1™01:01; DRB1™08:03; DRB1™14:04; DRE1™07:01; DRB1*14:01; DRE1™14:07

16 PE2 (38 - 96) RWIWEPLAY AT30:01; DRB1™10:01; DRBE1™09:01; DRE1™12:02; DRBE1"01:01; DRE1TO7:01

17 PE2 (50 - 98) MYWSPLAYTY AT32:01; BM3:01; B¥15:13; BM5:17; B35:01; B*E6:07; B*57:01; B*58:01; DRE1*01:01; DRB110:01
AFr4:01; DRB1"12:02; DRE103:01; DRB1*14:05; DRE1™1 4:01; DRB1*10:01; DRE1™1 4:04;

18 PEZ (201 - 209) LAY MLER DRE1"04:03: DRE104:06

Table 4 — List of candidate peptides for the development of multi-epitope vaccine construct.

Candidate peptides for vaccine should fulfil several criteria: promiscuous (bind to several HLA alleles), conserve across influenza A subtypes, do not share

sequence similarity of more than 6 amino acid with the peptides from the human proteome, and occur in the putative linear B-cell epitopes.
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Fopulation / Area Class | coverage Class Il coverage
Javanese 99.43% 99.69%
Sundanese-Javanese 94.70% 99.82%
Australia 99.96% 41.04%
Europe 96 658% 36 65%
Morth Africa 53.04% 71.40% Table 5 — Population coverage calculation
_ result.
Morth America 94.47% 19.52% The predicted population coverage is the
] fraction of individuals expected to respond to
Morth-East Asia 51.03% 74.74% a given epitope set. In this case, the calcula-
tion was based on the set of 18 peptides that
COceania O3 759, 78 999%, had been chosen for vaccine construct. The
population coverage was divided for HLA
Other 90 68% 57 32% Class T and Class II.
South America 58.62% 58.44%
South-East Asia 94 65% 591.64%
South-Yest Asia 86.14% 74 80%
Sub-Saharan Africa T6.32% 45 62%
Average (Standard deviation) 86.89% (15.07%) 62.28% (22 .96%)

The search for T-cell epitopes using Influenza Research
Database (http:/www.fludb.org/) revealed no experimen-
tal data available for flu virus specific T-cell epitopes
restricted by HLA A*24:07, A*11:01, A*33:03, and
A*24:02, which are the four most frequent HLA A al-
leles in Javanese and Sundanese-Javanese population.
Also there are no data for flu T-cell epitopes restricted by
HLA B*15:02 and HLA B*15:13, which are the two
most common HLA B alleles in these populations. In our
immunoinformatic analysis we found a number of epi-
topes predicted to bind to these alleles. The lack of ex-
perimental data on T-cell epitopes restricted by HLA
alleles predominant in Indonesian populations empha-
sizes the necessity of experimentally validating the find-
ing of epitopes predicted to bind to these alleles. While
some of the predicted epitopes in our analysis (mostly
those binding to HLA A*02:01) were in agreement with
the previous experimental studies (the data were curated
in fludb.org database). New epitopes (cross-reactive as
well as HSN1-specific) were also identified (Supl).

T-cell immunologic assays involving samples obtained
from H5N1 patients and survivors would serve to vali-
date the immunoinformatic findings reported here. At the
population level, the prevalence of cellular immunity
toward HSN1 may aid in outbreak risk assessments. The
prevalence of cellular immunity toward H5N1 has been
done for mainly Caucasian populations, but this is the
first such survey among a population living with endemic
H5NI1. The epitopes predicted in this study provide a
rational starting point for evaluating cell-mediated im-
mune responses against HSN1 in Indonesian patients.
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