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Vaccines are the only proven effective method for prevention of
human infectious diseases. Almostall traditional vaccines require
activatingimmunological memory B cells to secrete neutralizing
antibodies against invading pathogens. The complication with
influenza viruses is the high viral mutation rate that results in
immune escape through modification of the B cell epitopes.
Studies of T-cell immunity to influenza infection provide an
alternative vaccine strategy based on highly conserved T-cell
epitopes. In this review, we discuss the importance of T cell-
mediated immunity in influenza infection and the need for a
targeted vaccine approach focused on highly conserved T-cell
epitopes to mitigate immune escape. We propose 15 highly
conserved pan-influenza sequences as potential T cell epitopes-
based vaccine targets for broad protection and lasting immunity
against variant influenza strains.

Introduction

The emergence and rapid spread of the 2009 pandemic novel
swine-origin influenza HIN1 strain has resulted in a renewed
focus on the development of an alternative influenza vaccine
that is not subjected to annual update. Current influenza vac-
cines involve the production of neutralizing antibodies against
the viral structural glycoproteins, namely hemagglutinin (HA)
and neuraminidase (NA), by immunizing with inactivated or
live attenuated influenza viruses.! However, frequent muta-
tions in these glycoproteins allow new influenza virus strains to
escape the antibody-mediated immunity conferred by the vac-
cine. Thus, current influenza vaccines need to be updated annu-
ally to match the new circulating strains. Further, there is at
least a six-month delay after selection of strains to produce, test
and distribute the new influenza vaccines, leaving the general
population vulnerable to infection and disease. For example,
the delay in vaccine production against the novel 2009 HIN1
strain resulted in a worldwide concern at the height of the
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pandemic. Another drawback of current influenza vaccines is
that circulating strains may mutate and differ from the selected
vaccine strains during or after the production phase, thus pos-
sibly reducing their effectiveness against influenza outbreaks.??

In contrast to the highly mutable HA and NA surface glyco-
proteins, the nonstructural internal proteins of influenza, namely
matrix protein 1 (M1), nucleoprotein (NP) and polymerase pro-
teins (PB1, PB2 and PA), are more conserved. Furthermore, we have
previously reported that some sequences of nine or more amino
acids (aa) were found to be evolutionarily highly conserved among
avian and human influenza A viruses that had been recorded over
the past 30 years.* These conserved sequences are a potential source
of T-cell epitopes that would be common to almost all influenza
A viruses and provide a basis for an alternative influenza vaccine
strategy possibly effective against a broad spectrum of heterosub-
typic influenza strains. Herein, we discuss our research on iden-
tifying and characterizing selected highly conserved sequences as
targets for T cell epitopes-based influenza vaccine.

T-Cell Epitopes are Necessary Elements
for the Control and Clearance of Influenza Infection

The immune response to influenza virus infection is character-
ized by viral activation of B cells and two types of T cells: CD4*
helper T lymphocytes (HTLs) and CD8* cytotoxic T lympho-
cytes (CTLs). Helper and cytotoxic T lymphocytes mediate
cellular immune responses via their T-cell receptors (TCR) that
recognize T-cell epitopes presented by human leukocyte antigen
(HLA) molecules. HLA class I molecules of most nucleated cells
present epitopes of 8—11 aa to CTLs that kill the infected cells.>
The HLA class I epitopes are derived chiefly from endogenous
antigens that are processed by the cytoplasmic proteasomal sys-
tem. HLA class II molecules are expressed in professional antigen
presenting cells, such as dendritic cells, B cells and macrophages
and present mainly exogenous antigens that are endocytosed by
cell surface pattern recognition receptors and processed by endo-
somal/lysosomal proteases to epitope peptides of 12-25 aa. These
HLA class II epitopes are presented to HTLs, which upon activa-
tion, produce secondary signals that in turn activate CTLs and
B cells.”?
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Table 1. Percentage representations of the 55 highly conserved influenza A sequences among 2009 pandemic H1N1 strains

Protein Highly conserved sequences?® 2009 H1N1®

PB2 E)Ilzmifé%rRE ILT KTT VDH MAI IKK YTS GRQ 97.17% [15]
LRM KWM MAM KYP ITA DKR I, (19) 0.12% [11]
«sPER NEQ GQT LWS K,/ (13) 99.13% [7]
5 SPL AVT WWN RNG P, , (13) 99.08% [10]
E2216K)VE RLK HGT FGP VHF RNQ VKI RRR VD, 98.21% [13]
s VIEVLH LTQ GTCWEQ MYT PGG EV,,(23)  99.19% [7]
,5;NDD VDQ SLITAARNIVRR A, (19) 98.85% [12]
,7sASL LEM CHS TQI GG, (14) 99.54% [3]
5sLTGNLQTLK,, (9) 99.37% [5]
,sVHE GYE EFT MVG,_ (12) 99.65% [7]
,sRAT AILRKA TRR,  (12) 99.88% [3]
100VAM VFS QED CM,,  (11) 98.90% [12]
SZES\QES?FEZE\Q)\‘R ANQ RLN PMH QLL RHF 98.96% [11]
16sPMT PSTEMS,_, (9) 97.4% [11]
oRVS KMG VDE YS, (11) 98.79% [5]
5sGNV LLS PEE VSE TQG,, (15) 98.73% [5]
5o,LTI TYS SSM MWE ING PES VL, (20) 99.6% [3]
+sNTY QWIIRN WE,_ (11) 99.65% [3]
oMLY NKM EFE PFQ SLV PKA, (18) 99.6% [5]
QI KLL PFA AAP P_ (13) 99.88% [3]
s QSR MQF SSL TVN VRG SGMRIL,, (21) 0% [6]
cssGVE SAV LRG LI, (12) 99.83% [3]
LsRYG PALSIN_ .. (9) 99.6% [7]

PB1 ,MDV NPT LLF LKV P, (13) 0.23% [5]
$\?’LﬂéTl|iTQ'5l;PE:1£§7;DPP YSH GTG TGY TMD 99.42% [8]
%\/LQAQI\RT'RI\E/EEI;;'QG RQT YDW TLN RNQ PAA 99.31% [7]
10 TKK MVT QRT IGK KK, (14) 99.6% [8]
,5,LSI API MFS NKM ARL GKG YMF ESK, . (24) 0% [7]

REVIEW
Protein Highly conserved sequences?® 2009 H1N1®

PB1

;oMKLRTQIPAEMLA_ (13) 0% [5]

1:GIN MSKKKS YIN, . (12) 99.08% [2]

TGT FEF TSF FYR YGF VAN FSM ELP SFG

487 9

VSG,,,(30) 99.65% [7]

51sNES ADM SIG VTV IKN NMI NND LGP ATA

QMA LQL FIK DYR YTY RCH RGD TQl QTR  92.8% [20]

RSF E_ . (58)

osMEY DAV ATT HSW, (12) 99.31% [7]

«ssP KR NRS ILN TSQ RGI LED EQM YQ,,, (23) 99.31% [10]
PA ,oKIE TNK FAA ICT HLE VCF MYS DFH FI, (26) ~ 99.05% [10]

150Y YL EKA NKI KSE,, (12) 99.66% [6]

s THIHIF SFT GEE MA . (14) 99.83% [3]

1ssRGL WDS FRQ SER GEE TIE E, , (19) 0% [5]

,sHEG EGI PLY DAIKC,  (14) 99.44% [6]

+EFN KACELT DS, ,(11)
55 SRP MFL YVR TNG TSK

99.83% [3]

(15) 99.33% [10]

574

HA  , FGAIAGFIE,(9) 99.73% [5]
NP MASQGTKRS YEQ MET,, (15) 99.57% [5]
,,GIG RFY 1QM CTE LKL, (15) 99.95% [2]

MVL SAF DER RN, (11)
LoYLE EHP SAG KDP KKT GGP IY,, (20)

99.89% [2]
99.58% [7]

10LYD KEE IRR IWR QAN NG, (17) 0.05% [8]
MW HSN LND, . (9) 99.95% [2]
,,DQV RES RNP GNA EIE DL, (17) 99.68% [5]
1,QPT FSV QRN LPF , (12) 99.89% [2]
.-GRG VFELSDE,  (10) 100% [1]

M1 MSLLTEVETYVLSI,(14) 99.75% [3]
:GAL ASC MGL IYN RMG, (15) 99.9% [3]
sHEN RMV LAS TTAKAM EQM AGS SEQ AAE o 000 1o
AME,, (30)

QAR QMV QAMR,, (10) 0% [2]

208

*Highly conserved sequences are defined as sequences of nine or more amino acids with a minimal representation of 80% within database sequences

of human H1N1, HIN2, H3N2, H5N1, avian H5N1 and other avian subtypes that were identified by Heiny et al. (2007). The length of each sequence is
indicated in parentheses. "The percentage representation was calculated as the number of 2009 pandemic sequences that matched the highly conserved
sequences divided by the total number of sequences in the same aligned positions. The percentage representations of eight highly conserved sequences
that were not prevalent in the 2009 pandemic strains are in boldface. The numbers in square brackets indicate the total number of unique 2009 pandem-
ic peptides at the aligned positions. Variant peptides at an aligned position are defined as sequences having at least one amino acid different from the
highly conserved sequence present at the position. The numbers of 2009 pandemic HIN1 sequences extracted from the NCBI Influenza Virus Resource as
of June 2010 were: 1734 PB2, 1738 PB1, 1788 PA, 2607 HA, 1896 NP and 2019 M1.

Numerous studies have shown that CTL epitopes derived
from the internal proteins M1 and NP provided partial'®"
complete'>*?

or
protection of mice from heterosubtypic influenza
viruses. HTLs play several roles in influenza infection; for exam-
ple, cytokine secretion to recruit and activate other immune cells
in response to viral infection," perforin-mediated cytolysis of
virus-infected cells” and stimulation of antibody production by
B cells,' including antibody class switching.”” In the absence of
concurrent help from HTLs, clearance of residual virus in mice

www.landesbioscience.com
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was delayed and recall of CD8* T-cell memory was compromised
during secondary response.”® Detailed reviews of interactions
between CTLs and HTLs, and the responses of these cells to

influenza infection are available.'??

Influenza Virus Immune Escape
Influenza viruses escape the host immune system by mutations to

both surface glycoproteins and internal proteins. This immune
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Table 2. Low representations of eight highly conserved influenza A sequences among the 2009 pandemic HIN1 strains

Protein Variability of highly conserved No. of peptides % representation °
sequences among 2009 H1N1 *
PB2 4563 LRMKWMMAMKYPITADKRI 2 0.12%
......... Rovevrnnnn 1714 98.85%
......... R.....N 6 0.35%
......... R......R 3 0.17%
......... RH........ 2 0.12%
......... R.S....... 2 0.12%
......... R......E 1 0.06%
......... R.......K. 1 0.06%
......... Riov.oo... .V 1 0.06%
......... R....G. 1 0.06%
......... R..V...... 1 0.06%
PB2 625.648 QSRMOFSSLTVNVRGSGMRIL 0 0%
................. L. 1728 99.71%
B L. 1 0.06%
B L. 1 0.06%
B L 1 0.06%
......... A.......L... 1 0.06%
................. L..M 1 0.06%
PB1 113 MDVNPTLLFLKVP 4 0.23%
........... I. 1727 99.42%
........... T. 3 0.17%
........... L. 2 0.12%
......... V.I 1 0.06%
PB1 337360 LSIAPIMFSNKMARLGKGYMFESK 0 0%
B 1620 93.32%
B Ro..oo... 110 6.34%
Moo, Kivevuouonnn 2 0.12%
Moo, Toveiiinnnnn 1 0.06%
MooVttt e e 1 0.06%
MoVelaooaa. Rovoununn 1 0.06%
P 1 0.06%
PB1 362.374 MKLRTQIPAEMLA 0 0%
B 1733 99.77%
B I 1 0.06%
I...... K. 1 0.06%
I..... G. 1 0.06%
A S.... 1 0.06%
PA 185.203 RGLWDSFRQSERGEETIEE 0 0%
B 1779 99.72%
S V. 2 0.11%
N 1 0.06%
B T.. 1 0.06%
iS. B 1 0.06%
NP 110.126 LYDKEEIRRIWRQANNG 1 0.05%
......... Voo 1879 99.42%
........ KV...ooo.. 4 0.21%
....... K.Veeounn. 2 0.11%
Covvnnn Veewonnn 1 0.05%
......... V.....D 1 0.05%
...... L..Ve.oo.o... 1 0.05%
...... Vo.Vo..oo... 1 0.05%
M1 208217 OARQMVQAMR 0 0%
.T....H... 2012 99.70%
.TK...H... 6 0.3

2Residues in boldface and underlined were prevalent among human HIN1, HIN2, H3N2, H5N1, avian H5N1 and other avian subtypes but not in the
2009 pandemic HIN1 strains (as of June 2010). The amino acids substituted in the pandemic strains are reflected and identical residues are represent-
ed by periods. *The percentage representation was calculated as the number of identical peptide sequences divided by the total number of peptide

sequences analyzed in the same aligned positions.

escape is sometimes the result of a misdirected response by the
immune system. For example, antibody response upon infection
by a new influenza variant strain is directed to a previous strain.
This phenomenon, termed original antigenic sin,*** has also
been observed for T cells: memory CTLs trigger a previous T-cell
epitope response as opposed to the new variant epitope, lead-
ing to impaired clearance of variant viruses infecting the same
individual.*** Therefore, in subsequent variant strain infection,

the positions and types of amino acid substitutions surrounding
or within T-cell epitopes can result in a combination of events.
Mutation at flanking residues of T-cell epitopes can influence
antigen processing and abolish presentation.”®?' Within a T-cell
epitope, a single amino acid substitution can affect interactions of
the other residues to HLA or TCR molecules because of extensive
inter-residue T-cell epitope interactions.”** Thus, variations at
anchor residue positions can abolish or diminish binding affinity

404 Human Vaccines Volume 7 Issue 4



Table 3. Fifteen selected highly conserved influenza A sequences as T cell epitopes-based influenza vaccine targets

Protein Selected highly conserved sequences?® 2009 H1N1 %" Functional domain®

PB2 LMS QSR TRE ILT KTT VDH MAI IKK YTS GRQ EKN P, (34) 97 1-124:PB177

o 2 1-269:NP”™*

. KVE RLK HGT FGP VHF RNQ VKI RRR VD _,, (26) 98 1-269:NP™

558 YIEVLH LTQ GTC WEQ MYT PGG EVR NDD VDQ SLIIAARNIVRR A ' (43) 96 1-269:NP™

14s LTGNLQ TLK IRV HEG YEE FTM VG, (23) 99 -

100 VAM VFS QED CMI KAV RGD LNF VNR ANQ RLN PMH QLL RHF QKD AKV LF ,, (47) 98 -

o, LTITYS SSM MWE ING PES VLV NTY QWI IRN WE __, (32) 99 -

425 QSR MQF SSLTVN VRG SGMRIL ,,, (21) 0 (M>L 999 577-736:PB17
PB1 , MDV NPT LLF LKV PAQ NAI STT FPY TGD PPY SHG TGT GYT MDT VNR THQ YSE , (51) 0.23 (V->198) 1-48:PA7>76

. VQQ TRV DKL TQG RQT YDW TLN RNQ PAA TAL ANT [E ., (35) 99 -

.., LSLAPI MFS NKM ARL GKG YMF ESK ,  (24) 0 (I>M 93) 267-493:RNA”

ss MEY DAV ATT HSW IPK RNR SIL NTS QRG ILE DEQ MYQ , (36) 98 493-757:RNA”’
PA , KIE TNK FAA ICT HLE VCF MYS DFH FI _, (26) 99 1‘209;523;’;‘,‘;;'“”
NP ,g YLE EHP SAG KDP KKT GGP IY , (20) 99 1-180:RNA®°
M1 s HEN RMV LAS TTA KAM EQM AGS SEQ AAE AME ,, (30) 99 165-252:vRNP¥!

Residues in boldface and underlined had very low or no representation in the majority of 2009 pandemic HIN1 strains. PB1 and

1-51,337-360, 487-575
PB2,,, .., Were selected although they had low or no representation because the remaining length of 9 or more aa sequences was still recognizable as
potential T-cell epitopes because the binding core of HLA | and Il molecules is typically 9 aa. The length of each sequence is indicated in parentheses.
bPercentage representation of each highly conserved sequence among the 2009 pandemic HIN1 sequences analyzed as of June 2010. The amino acid

substitution that predominated in the 2009 pandemic HIN1 strains and its percentage representation. ¢Functional domain residues followed by the

molecule interacted or its function. vRNP, viral ribonucleoprotein.

to HLA molecules.”*® At TCR contact positions, variations can
lead to reduction of CD8* cytolytic activity,”” loss of epitope rec-
ognition®® or formation of altered peptide ligands (APLs). APLs
bear structural similarity to the original T-cell epitopes, allowing
them to bind to HLA but with amino acid substitutions that alter
their interaction with the TCR.* Effects of APL include failure
to activate T cells**** and induction of T-cell anergy.*** As an
approach to minimize these problems of mutational loss of T-cell
immunity and the formation of APLs, we focused on identify-
ing and characterizing highly conserved sequences of influenza
A viruses that were recorded over the past 30 years, both avian
and human, for consideration as potential T cell epitopes-based
influenza vaccine targets.

Proposal for Development
of a T cell Epitopes-Based Influenza Vaccine

Development of T cell epitopes-based vaccines that will induce
lasting T-cell immunity and protect against viruses with high
mutation rates, including HIV and hepatitis C virus, is currently
the goal of many research groups. An ideal T cell epitopes-based
vaccine would thus contain evolutionarily conserved T-cell epit-
opes that are antigenically stable, capable of being restricted by a
large number of highly polymorphic HLA molecules, and non-
identical or non-similar to human self-proteins.
Immunoinformatics plays several important roles in develop-
ing a T cell epitopes-based vaccine. It enables management of

www.landesbioscience.com
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HLA-A3

HLA-A11
HLA-DRB5*0101

‘ HLA-DRB1*0701 l

| HLA-DRB1*0701 N i
< 701,
17sHENRMVLASTTAKAMEQMAGS SEQAAEAME,, 04

Figure 1. Human HLA class | and Il T-cell epitopes mapped in the highly
conserved M1, . sequence. The reported T-cell epitopes were ob-

tained from the IEDB (www.immuneepitope.org) as of June 2010.

large number of influenza sequences retrieved from public and
specialized databases, performance of large-scale analysis of con-
servation of influenza sequences, prediction of T-cell epitopes
restricted by different HLA alleles and determination of non-
identity or non-similarity to human self-proteins. The NCBI
Influenza Virus Resource® (www.ncbi.nih.gov/genomes/FLU/),
a public specialized repository, provides a convenient platform
for bioinformatic analyses of reported influenza virus isolates
collected from samples worldwide with tools such as BLAST,
multiple sequence alignment and phylogeny programs. We had
previously identified highly conserved sequences of influenza
A from the analyses of about 36,000 sequences of pathogenic
human and avian subtypes that were recorded over the past 30
years." Conservation analyses of this large viral sequence data-
set that represents a long temporal period and wide geographical
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Figure 2. 163 putative HLA supertype CTL epitopes predicted by NetCTL-1.2 (www.cbs.dtu.dk/services/NetCTL). Default settings were used in the
prediction.
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distribution revealed 55 sequences highly conserved in at least
80%, many in 95 to 100%, of the human and avian influenza
virus isolates. Assessment of the conservation of these 55 histori-
cally stable sequences against all reported 2009 pandemic HIN1
sequences (as of June 2010, Table 1) demonstrated that the majority
of the sequences remained evolutionarily robust, with 47 sequences
present in an average of 99% of the reported pandemic strains. The
remaining eight highly conserved sequences were found in none
or less than 0.25% of all the reported pandemic strains (Table 2).
However, most of the mutations in the predominant 2009 HIN1
pandemic strain corresponding to these eight conserved sequences
were conservative substitutions. Furthermore, these mutations
were found at the beginning or the end of the conserved sequences,
leaving the remaining length of 9 or more consecutive aa recogniz-
able as potential T-cell epitopes where the binding core of HLA 1
and I molecules is typically 9 aa.

From the highly conserved sequences, we identified 15
sequences as vaccine targets based on several criteria. These 15
sequences had high representation in majority of the pandemic
2009 HINI strains and the six pathogenic influenza subtypes
(human HIN1, H3N2, HIN2, H5NI1, avian H5N1 and other
avian subtypes) (Table 3). Their high representation in the large
dataset of viral sequences spanning three decades increases the
probability that future circulating influenza strains-will contain
these sequences. Moreover, 11 of the 15 selected highly conserved
sequences are associated with functional domains that further
suggests they are likely to remain conserved as mutations in these
domains might disrupt protein function or affect viral fitness,
unless compensated functionally by multiple co-mutations.**4
The relatively long lengths of the 15-highly conserved sequences
(20—89 aa) make them relevant for both HLA class I and II epit-
opes for recognition by CTLand HTL, respectively. Furthermore,
a long peptide sequence containing multiple epitopes is more effi-
cient in stimulating epitope-specific cellular immune responses
in contrast to short epitopes alone.” Moreover, these sequences
may contain linear B-cell epitopes as suggested by studies of
mice immunized with NP which were protected against influ-
enza challenge.*® Multiple highly conserved sequences from dif-
ferent internal influenza proteins are included to increase the
breadth of T-cell responses. In addition, vaccination with mul-
tiple sequences, as opposed to a single sequence, would increase
the repertoire of epitopes available for selection based on HLA
restriction.

Within the 15 highly conserved sequences, 23 T-cell epitopes
had been mapped by use of HLA transgenic mice expressing
Class I A24 and Class II DR2, DR3 and DR4.” The Immune
Epitope Database (IEDB, www.iedb.org)*® also listed experi-
mentally characterized human HLA class I and II T-cell epi-
topes in the highly conserved M1, - where, just within the
30 aa, two HLA class I and three class IT T-cell epitopes were
clustered and overlapped (Fig. 1). It is likely that these 15 highly
conserved sequences (total of 537 aa) further contain other
HLA T-cell epitopes as the number of mapped human T-cell
epitopes restricted by different HLA alleles is currently small
but is growing as more research groups report data from stud-
ies with HLA transgenic mice or HLA-typed human peripheral

www.landesbioscience.com
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blood mononucleocytes.”** This is supported by several puta-
tive epitopes predicted by use of immunoinformatics tool such
as NetCTL-1.2,% which integrated predictions of proteasomal
C terminal cleavage, TAP transport efficiency and peptide-HLA
class I binding. A total of 163 CTL epitopes of 12 HLA super-
types were predicted where 36 were restricted by two or more
HLA supertypes (Fig. 2). HLA supertypes are classified groups
of HLA molecules sharing similar peptide binding specificity.”*®
Notably, PBI | FVANFSMEL, ; was predicted as restricted by
seven HLA supertypes (A1, A2, A26, B7, B8, B39 and B62). The
high number of promiscuous T-cell epitopes binding to multiple
HLA supertype alleles within the conserved sequences helps to
maximize human population coverage where the frequency at
which the supertype alleles are expressed in various ethnicities
is remarkably high.”® For example, the PA,, _, highly conserved
sequence containing the nonamer FMYSDFHFI was experimen-
tally shown to bind to at least five major HLA class I A2 super-
type alleles (A*0201, A*0202, A*0203, A*0206 and A*6802).”

Since HLA molecules are also involved in recognition of self
peptides, attention must be given to the possibility of “molecular
mimicry” between epitopes within the influenza highly conserved
sequences and human sequences, which may contribute towards
autoimmunity. Autoimmunity occurs when there is a breakdown
of self tolerance, resulting in the adaptive immune system attack-
ing itself. Currently, there is a limited understanding of the onset
of autoimmunity but genetic predisposition, environmental fac-
tors and chronic viral infections have been attributed.®® Although
influenza infection is rarely implicated as a trigger for autoim-
mune diseases, cases of adverse-autoimmune events have been
reported following fulminant influenza infection® and current
influenza vaccination.® None of our 15 selected highly conserved
influenza sequences was identical to human peptides in our
BLAST analyses as defined by 100% identity to at least seven
consecutive amino acids of human proteins. Our finding corrob-
orates that influenza peptide sequences overlap minimally with
human self-peptide repertoire.®** However, it should be noted
that viral antigens do not need a 100% identity with self antigens
to cross-react with self T cells.

In summary, our proposed 15 highly conserved sequences are
candidates for development of a broad and lasting T-cell epit-
opes-based influenza vaccine based on the following criteria:

(1) High representation in major pathogenic human and avian
influenza subtypes, including 2009 pandemic HINI strains.

(2) Potential relevance to CTL, HTL and linear antibody epi-
topes due to their relatively long sequence length (at least 20 aa).

(3) The evolutionary conservation and association with func-
tional domains indicate conservation in future circulating strains.

(4) Occurrence of known and putative HLA-supertype
restricted T-cell epitopes for broad coverage of human population.

(5) Non-identity to human self peptides to avoid molecular
mimicry.

Challenges for T Cell Epitopes-Based Vaccines

The paradigm of developing a T cell epitopes-based vaccine is
in its infancy. In a viral infection, the majority of host T-cell

407



populations are focused on a limited number of viral pep-
tides, termed immunodominant epitopes, at the expense of
subdominant epitopes which are recognized by less abundant
T-cell populations.® Antiviral responses to immunodominant
and subdominant epitopes form a hierarchy that is reproduc-
ible among individuals of an inbred mouse strain.®®®” The pro-
cess where dominant epitopes suppress the immunogenicity
of subdominant epitopes is called immunodomination.®® This
immunodominant phenomenon is observed for both CTLs and
HTLs.**7° The mechanisms underlying immunodominance
hierarchy are complex and poorly understood. A myriad of
factors determining immunodominance are involved, starting
from antigen processing, intracellular competitive binding to
HLA molecules, recognition of a diverse TCR repertoires, to
memory T cells. In humans, binding affinity to HLA molecules
alone does not dictate immunodominance.”! This difference
maybe ascribed to the complex history of repeated exposure to

different influenza strains in human adults. The effects on the
immunodominance hierarchy by repeated exposure to hetero-
subtypic influenza strains and vaccination followed by natural
viral infection in human need further investigation.

In addition, we need to identify and characterize a greater
repertoire of T-cell epitopes restricted by different HLA alleles
in human studies. Formulations and protocols for immuniz-
ing humans with T-cell epitopes also need to be explored with
the possible combination of DNA vaccines and peptides. For
DNA vaccines, there is also the possible development of more
efficient expression plasmid vectors and addition of cytokine
sequences for enhanced immune responses. Our laboratory is
investigating targeted delivery to HLA class II compartment of
a chimeric vaccine composed of the lysosomal associated mem-
brane protein and the highly conserved influenza sequences as
well as the efficacy of DNA expression via delivery by in vivo
electroporation.
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