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Abstract

A synthetic T cell immunogen (TCI) has been designed as a eandidate DNA-based vaceine against |
oxie T lymphoeytes (CD+ CTL) and T-helper lymphocytes (CD4* Th)

(HIV)-1 using
HIV Molecutar Immunology Database. The protein 392 amino
¢ and are totally restricted by ten different HLA class 1

aprokaryotic and a
d immunobloting
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1. Introduction

One of the promising approaches to the development of
a new generation of effective and safe vaccines is based on
identification of T and B cell epitopes in virus proteins for
use as a basis for synthetic polyepitope vaccines [1,2]. It
is expected that these vaccines will have none of the many
drawbacks that are inherent to the those based on native viral
proteins or live attenuated or whole inactivated pathogens.
In particular, synthetic polyepitope vaccines will have no
regions that induce immunopathology er inhibit protective
immunity.

To provide protection effectively. a vaccine should be
able to induce both humoral and cell immune responses.
Although new promising approaches to the induction of
neutralizing antibodies are still being developed [3], the

mainstream is the induction of cell immunity [4-8]. And tha
is for a reason, because convincing evidence exists that the
responses of cytotoxic T lymphocytes (CD8* CTL) assoe
ated with HIV infection are important mediators of antiviral
immunity and, therefore, induction of HIV-specific CTL
could be an important component of an effective vaccing
against HIV-1 [9,10]. For example, a reliable negaive corres
Jation has been found between the frequency of HIV-specifi
CTLs and the amount of virus RNA in the blood of
HIV-infected individuals [11]. It is hypothesized that CTLS
are capable of protecting the hosi against HIV infection, be
cause they would kill HIV-infected cells before they coul
produce new virions [12] and, furthermore, CTLs woul

release chemokines, which inhibited HIV infection [13,14
This work describes the engineering of a syntheti
poly-CTL-epitope T cell immunogen (TCI), which is con-
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Novel approaches in
polyepitope T-cell vaccine
development against HIV-1
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*‘*J RV144 clinical frial was modestly effective in preventing HIV infection. Mew alternative
approaches are needed to design improved HIV-1 vaccines and their delivery strategies. One

of these appr:nachrs is construction of 'y'l'l‘th!‘tl" p:nfy'nprt:npn HIV-1 immunogen using
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Our approach is based on the design of synthetic polyepitope
immunogens using wide range of protective T- and B-cell
epitopes of main virus antigens that can induce neutralizing
antibodies or CD8* and CD4* T-cell responses.

| This approach potentially allows us to cope with antigenic
variability of virus, focuses immune response on protective
determinants and enables to exclude from the vaccine
compound adverse regions of viral proteins that can induce
autoantibodies or antibodies enhancing infectivity of virus.
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When designing artificial polyepitope
Immunogens, It Is hecessary to optimize the
processing and presentation of contained
epitopes taking into account major steps of
MHC class | - dependent antigen processing.



MHC class |-dependent

antigen presentation pathway

As is known, CD8+ CTLs recognize the viral
protein antigens synthesized in the cell as
short peptides (8—12 amino acid residues)
associated with specific MHC class |
molecules rather than full-sized proteins.
These short antigenic epitopes are produced
from endogenously expressed protein
antigens by the proteasome-mediated
processing with subsequent transportation to
the ER lumen by TAP1/TAP2 heterodimers
(TAP — Transporters Associated with antigen
Processing) where they bind to the MHC class
| molecules. Obtained complexes [peptides-
MHC class | molecules] are transported
through the trans-Golgi network to the cell
surface where they are presented to CD8+
CTLs.
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We compared a number of parameters including different strategies for
fusing ubiquitin to the polyepitope and including spacer sequences
between epitopes to optimize proteasome liberation and TAP transport.
It was demonstrated that the vaccine construct that induced in vitro the largest
number of [peptide-MHC class I] complexes was also the most immunogenic in
the animal experiments. This most immunogenic vaccine construct contained the
N-terminal ubiquitin for targeting the polyepitope to the proteasome and
included both proteasome liberation and TAP transport optimized spacer
sequences that flanked the epitopes within the polyepitope construct.

EHEHE o
EELRLEELEELELE&ELHELEELEL o
E1 QIEN E2 E5 Pr+ Pr+ Pr+ pr+ WNSUMN Pr+  SHNFEKL
TAP TAP TAP TAP TAP TAP

Pr+
TAP

Pr+
TAP

Pr+
TAP

Pr +
TAP

HEEEHH o
EE.Pr.PrEPrEPr.PrE .
E...H.E.HE. o
E.Pr.PrEPrE .PrEPr

E10 SHNFEKL

Pr+ QN=UNN Pr+  SHUNFEKL
TAP TAP

Pr+
TAP

P+
TAP

Pr+
TAP

P+
TAP

Pr+
TAP

Pr +
TAP

Prt
TAP

Pr+
TAP

Pr+
TAP

Pr+
TAP

Pr+ Pr E10 Pr+  SHNFEKL
TAP A TAP
26

Pr +
TAP

Bazhan et.al., Mol Immunol. 2010




We compared a number of parameters including different strategies for
fusing ubiquitin to the polyepitope and including spacer sequences
between epitopes to optimize proteasome liberation and TAP transport.
It was demonstrated that the vaccine construct that induced in vitro the largest
number of [peptide-MHC class I] complexes was also the most immunogenic in
the animal experiments. This most immunogenic vaccine construct contained the
N-terminal ubiquitin for targeting the polyepitope to the proteasome and
included both proteasome liberation and TAP transport optimized spacer
sequences that flanked the epitopes within the polyepitope construct.
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The results were the basis for the development of
original software TEpredict and PolyCTLDesigner,
which we use as a universal platform for the
rational design of polyepitope immunogens -
candidate DNA vaccine for inducing T-cell
immunity against infectious diseases and cancer.

Author: Dr. Denis V. Antonets
antonec@yandex.ru

http://tepredict.sourceforge.net/PolyCTLDesigner.html.
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PolyCTLDesigner software.
A program for construction of polyepitope
immunogens

http://tepredict.sourceforge.net/PolyCTLDesigner.html.

Selection of minimal set of

epitopes with the known (or

predicted) specificity for ‘
various allelic variants of
MHC class | molecules
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| — Prediction of binding affinity of peptides to TAP and, if necessary, the addition of N-terminal flanking residues to optimize this

binding

Il - Engineering the optimal spacer sequences for each pair of peptides

Il — Creation of adirected weighted graph, where nodes represent target epitopes, and edges — possible variants of their

combining. Each edge has the following attributes: the spacer sequence and the weight vector corresponding to

a(rank) + B(length) + w(junk),

where rank corresponds to predicted efficiency of proteasomal cleavage; length is the spacer length and junk is the number of

predicted non-target epitopes.

IV —design of the polyepitope immunogen sequence (the resulting sequence is defined as the longest simple path in a graph that

has the least weight).




PolyCTLDesigner allows:

>

To select the minimal set of CD8+ T cell epitopes with
the known (or predicted) specificity towards various
allelic variants of MHC class I molecules;

To predict binding affinity of peptides to TAP and, if
necessary, the addition of N-terminal flanking residues
to optimize this binding;

At the next stage PolyCTLDesigner provides
engineering the optimal spacer sequences for each
pair of peptides.



Phase | clinical trials CombiHIVvac -
DNA-protein vaccine containing artificial
polyepitope immunogens

Karpenko et.al., Vaccine 2007; Karpenko et al. Russian Journal of
Bioorganic Chemistry, 2016



We have designed a vaccine named CombiHIVvac (Combined HIV-1 vaccine), which
combines TBI and TCI immunogenes in one artificial particle.

TCI
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The DNA vaccine pcDNA-TCI is encapsulated within a conjugate of TBI

protein with polyglucin-spermidine. These components self-assemble into
the artificial particle.

Transmission electron microsco
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O Q The CombiHIVvac particle dimensions are 40 -100 nm.

TBI protein is present in multiple copies on the particle surface,
and this allow the immunogenicity of the TBI protein to be
considerably enhanced. Additionally, the polyglucin coat
protects the DNA vaccine against nucleases and contributes to
the enhancement of the immunogenicity of the DNA vaccine by
improving the chances of intake by antigen-presenting cells.



ombination of two B- and T-cell immunogens (TBI and TCl) in
one construct results in a synergistic increase in the HIV
specific antibody response
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Abstract

HIV-1i

Immunogenic properties of the combined vaccine CombiHIVvac, c
protein TBI, containing the T- and B-cell epitopes from Eny and

being the artificial polyepitope

ag proteins, and the DNA vaccine construct peDNA-TCI coding for the artificial

protein TCI, carying over 80 T-cel epitopes (both CD+ CTL and CDS+ Th) rom En, Gag. Pol and Nef proteins, are sudied in this work.

The data
increase

clearly

of two B- and T-cell immunogens (TBI and TC1) in one construct results in a synergistic
the antibody response to both TBI protein and the proteins from HIV-1 lysate. The level of antibodies induced by immunization with
the constructs containing cither immunogen alone (TBI protein or the plasmid pcDNA-TCI) was signifi

ntly lower as compared to that induced

by the combined vaccine. The analysis performed suggests that the presence of CD4+ T-helper epitopes, which can be presented by MHC class 11,
in the protein TCI may be the main reason underlying the increased synthesis of antibodies to TBI protein due to a CD4-mediated stimulation of

B-cell proliferation and differentiation.
© 2007 Elsevier Ltd. All rights reserved.

Keywonds: HIV-1: T- and B-cell epitopes; Combined polyepitope DNA-protein vaccine; Virus-like particle: Immunogenicyty; Synergistic effect

L. Introduction

The demand for the vaccines against HIV and hepatitis C,
the infections spreading quickly all over the world, on the
background of the absence of any preventive vaccines, is exclu-
sively high. It becomes ever more evident that the Pasteur
principles, based on the use of attenuated or whole inacti-
vated virus, do not work in this case. Thus, it is necessary to
apply new approaches based on the state-of-the-art achieve-
ments in the field of immunology and molecular biology of these
viruses.

One of the most implies designing of
synthetic polyepitope vaccines containing viral T- and B-cell
epilopes (Bazhan et al., 2004; Firat et al., 2001; Hanke et al.,
1998: Karpenko et al., 2004; Lorin et al., 2005; Woodberry et
al., 1999). Such vaccines will be free of numerous shortcomings

* Corresponding author. Tel.: 47 3832 366511; fax: 47 3832 366511,
E-mail address: bazhan@vector.nsc.ru (S.1. Bazhan).

0161-5890/% — see front matter © 2007 Elsevier Lid. All rights reserved.
doi:10.1016/.molimm.2007.07.016

characteristic of the vaccines involving live attenuated or whole
inactivated pathogen as well as the vaccines based on individual
virus proteins.

Earlier we constructed two polyepitope proteins. The pro-
tein TBI (T- and B-cell epitopes containing immunogen) was
designed for stimulation of the humoral immune response
(Eroshkin et al., 1995; Loktev et al., 1996). This protein con-
tains four T-cell epitopes and five B-cell neutralizing epitopes
from HIV-1 proteins Env and Gag. Il h;\s been dcmomlmlcd
that TBI induces the antibodies di a HIV-
activity in variou: ies of Iahommry dmmal\ (Loktev et al.,
1996). The poly-CTL-cpitope T-cell immunogen (TCI), with a
length of 392 amino acid residues comprising about 80 opti-
mally selected CTL epitopes, was designed to stimulate the
HIV-specific cytotoxic response. TCI includes fragments from
the main virus proteins Env, Gag, Pol, and Nef, which contains
the epitopes inducing both CD8* CTL and CD4* Th (Bazhan
etal., 2004; Karpenko et al., 2004). The DNA vaccine pcDNA-
TCI, providing the synthesis of TCI protein in eukaryotic cells,
was produced.




Phase | Clinical trials

First of all we have got regulatory, ethical, and governance approvals.

This study was approved by the Russian Ministry of Health and Ethical
Committee.

All volunteers gave fully informed written consent, and the trial was
conducted according to the Russian Clinical Trials Regulations and Good
Clinical Practice guidelines. The trial was conducted at Hospital 163,
Novosibirsk, Russia.

Participants

Healthy men and women (20-50 years old) were suitable for
participation if they were not at high risk for HIV-1.

Group 1 (5 men and 10 women) received one intramuscular injection of
1 dose of vaccine

Group 2 (5 men and 10 women) received two intramuscular injections of
1 dose of vaccine



1 dose of vaccine :

StUdy DESIgn 50 mkg TBI protein;
75 mkg DNA vaccine pcDNA-TCI
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Protocol for the evaluation of the safety of vaccination with
CombiHIVvac in human volunteers

Local reactogenicity (including pain, tenderness, erythema, edema)

Systemic reactogenicity (including fever, chills, headache, nausea, vomiting, malaise)

Hematological parameters, including red and white blood cell counts, platelets, HCT,
WBC, hemoglobin concentration)

Biochemical Parameters Including:

Kidney function tests which are composed urea, createinen and uric acid.

Liver function tests which are composed of ALT, AST, Alkaline Phosphates and total
protein.

Urine analysis: visual, dipstick and microscopic exam; concentration of protein, sugar
and urea)

Immune status: CD3, CD4, CDS8, CD16, CD 14, CD 72 T -lymphocytes, 1gG, IgA, IgM ,
hypersensitivity of the slowed-down type , immunoregulatory index (IRI), NST-
reduction of monocytes, EA- phagocytosis of the monocytes

Subjects were controlled for adverse events, general health and clinical laboratory
parameters at each study visit.



Safety data

» Single and double CombiHIVvac injections were well-
tolerated without local and systemic reactogenicity.

» Neither single nor double intramuscular injection of vaccine
had persistent effects on the immunological, hematological

or biochemical parameters in the individuals.

» No pathological signs were observed at the site of the
vaccine injection.

» CombiHIVvac is safe and well tolerated



Cellular and humoral immunogenicity of CombiHIVvac
Methods

Humoral immunogenicity:

Western Blot Kit (New Lav blot, Bio-Rad)

ELISA

Pseudovirus neutralization assay using HIV-1 Env clones SF162.LS
and PVO.4 (clade B) and Env clones SP-2010 and SP-392 (clade A)

Cell immune response

INF-y ELISpot (BD)
Blasttransformation
MHC-pentamers (Proimmune)



Humoral immunogenicity:

Maximum immune response was detected on the 14-th day
after the second vaccine injection.

In the singly vaccinated group presence of antibodies was
detected in 60% of volunteers.

In the doubly vaccinated group antibodies at least to one
HIV-1 protein were detected in 100% of volunteers. The
second immunization stimulated immune response resulted
in increase of detected positive sera.



Virus neutralizing activity of sera were tested using
pseudovirus neutralization assay

>

Maximum neutralizing antibodies were detected on the 14 day
after the second vaccine injection. The level of neutralizing
anbodies (>1:100) is formed in 80% of vaccinated volunteers
(Group 2).

12 months later (at the and of clinical trials) level of antibodies in
sera 1:100 is observed in 25% of vaccinated volunteers.



Cellular Immunogenicity

INF-y ELISpot

More effective immune response was detected in group 2 ( two
weeks after second vaccination)

The singly vaccinated volunteers HIV-specific INFy- ELISpot response was
registered already two weeks after vaccination in 86%, after 3 and 6 months —in
33%, and after 12 months response was registered just in one volunteer.

* Inthe doubly vaccinated persons T-cell response was registered 14 days after the
second vaccination in all (100%) vaccinated volunteers. Six months after the second
vaccination response of CD8+ T-lymphocytes remains rather high and is registered
in 69% of volunteers.

 There were no positive responses to any peptide pool in volunteers before
vaccination (-3 days).



Cellular Immunogenicity
MHC-pentamers

MHC- pentamers

A*0201 SLYNTVATL - PE and A*0201 KLTPLCVTL- PE
(Proimmune)

* Since we used MHC-pentamers specific to HLA-A*02 of locus of HLA | class, at first
instance genotyping of volunteers was carried out.

* |Inthe group of singly vaccinated volunteers seven people have HLA-A*02 genotype.
In the group of doubly vaccinated persons five people have HLA-A*02 genotype.

* Background level before vaccination by CD8+/A*0201 SLYNTVATL-PE and
CD8+/KLTPLCVTL- PE was < 0.1 % of the total number of CD8+ lymphocytes.



MHC-pentamers
Results

* Maximum level was observed on 14th day both in singly, and
in doubly vaccinated volunteers (at average 1.1 and 1.8%,
correspondingly, of the total number of CD8+ cells) and was
11 and 20 times higher than background level before
vaccination (C.l. p < 0.01).

e HIV-specific CD8+ T-lymphocytes detected in vaccinated
volunteers using MHC-tetramers method are functional, as
confirmed by IFN-y production in response to their
stimulation by HIV-specific peptides in ELISpot test.



Phase | clinical trials
Conclusion

e CombiHIVvac is safe and well tolerated.

* The vaccine eliciting both cellular and humoral anti-HIV
responses.

* In the group of doubly vaccinated volunteers both
humoral, and cell responses were higher and more
prolonged compared to the group of singly vaccinates.
After the second vaccination HIV-specific antibodies and
CD8+ were detected in 100% of volunteers; 80% of
subjects had neutralizing antibodies.



Phase Il clinical trials was approved
but not stated yet
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MHHHUCTEPCTBO 3IPABOOXPAHEHHA
POCCHUICKOV ®EJEPALIAU

PASPEIIEHHUE Ne 621
Ha NpoBe/ieHNe K. YECKHX HCC

ot 1 oxktsiGps 2013 r.

HﬁCTOﬂmHM paspelaeTcs MmpoBe/icHHEe KIMHUYECKUX HCCIeI0BaAaHUN

KomouBWYsak (Bakuuna nporus BUY-1/CHUJT)

(HaumeHoOBaHWe TeKaPCTBEHHOTO Mpenapara)

Opraﬂusauna, OCYHIIECTBJIAIOLIAsT Oprasusanulo NpOBEACHU S KJIMHHYECKOro
HCCIICOBaHMs JIEKAPCTBEHHOI'O Mpenapara Ui MEJIHMIHHCKOro MNPUMCHEHHS

4 Eﬂnﬂﬁﬂ'l"ﬂﬂ( JEKAPCTBEHHOI0 npenapara cbegegam.uoe 6IOEEQ’I'HOC YapexKaeHue
HayKH «l"ogygagcrnelmuﬁ HaV4YHbIH UEHTD BHPVCOJIOIHH H 6“01‘0!“0"2!‘“

«Bekrop», Poccusi, 630559, HoBocubupcekas 06.1., Hopocubupeknii paiion, paGounii

noceaok Koabnoso.

JlexapcTBenHas GpopMa M JI03UPOBKA JIEKAPCTBEHHOTO MpenapaTa isi MeAHIIHHCKOTO

. DPUMCHEHHS: AHOMHIN3AT ISl NPUIOTOBJICHHSI DACTBOPA /LISl BHYTDHMbIIEYHOTO
sBegenust, 50 mxr/0,2 mu/nosa (ammny.er 0,5 mu).

: Hanmenopanye HpoTOKO/a KIMHUYECKOIO HMCCIE/I0BAHNS IEKAPCTBEHHOTO Mperapara
A menuuuHekoro npumenerns: Ne BK 003/13: «Orpannuennplie KIHHHYECKHE

- necnepopanns  pakumnnbl  «KomouBUYsak» (Bakumua nporus  BWY-1/CHWJL,

- JAHO@HIH3AT Sl NIPUTOTOBJICHHUS DacrBopa 51 B HMBIINIEYHOIO BBEICHHH )».
[lem, KJIHHHYCCKOI0 MCCIICA0BAHUS JIGKAPCTBEHHOrO Mpernapara /Ul MEIHIIHHCKOro

. IPHMCHCHHS: OUEHKA HMMYHOTCHHOH AKTHBHOCTH, PEAKTOICHHOCTH, (e30nacHOCTH
Bakuuubl «KomouBHYBaky, BbIGOD 0ONTHMAIBLHON CXEMbI MMMYHHU3AUHH.

CpokH HPOBECHHs KIMHHYCCKOTO HCC/IC/I0BAHAS JEKAPCTBEHHOTO Ipenapara Ui
MEAMIHHCKOTO IpuMeHenus: ¢ 01.10.2013 mo 31.12.2015 .

KoanuectBo nanmyeHToB, NPUHAMAIONMX YUYAacTHE B KIMHHYECKOM HCCIEAOBAHMH
JICKapCTBEHHOrO npernapara JUlsi MeJIHIMHCKOrO NpuMeHeHus: 240 nauueHToB (M3 HUX
oMu3HpoBaHHbIX 120 yeoBeK).

Ilepeyenh MEMIMHCKAX OPraHU3alMil, B KOTOPBIX OyJeT NPOBOANTHC KITHHAYECKOS
- HMCCIIC/IOBAHHE  JICKApCTBEHHOIO  npemnapara  juli  MEIMLHHCKOrO  HNpPHMEHCHH:

cornacHo npuiaoykenuio Ne 1 ua 1 a.

Jlannoe paspelienue IeHCTBUTEILHO B TEUEHHE BCETO CPOKA MPOBEICHHAS!
KIMHAYECKHX HCCIIe0BAHMM.

001437




Therapeutic vaccine
Polyepitope DNA-vaccines against cancer:

> DNA melanoma vaccine

» DNA vaccine against Breast Carcinoma

cell cancer cell




DNA-vaccine against
Spring Viremia of Carp

0CDNA3-G pBACarpVax - G

1540 pb

3’ leader ; S’

Scheme of constructs pcDNA-G based on the full-length SVCV glycoprotein
gene of the Russian reference isolate ZL4



VACCINATION CHALLENGE RESULTS

SVCV
i.p. injection (108 TCID,/ml)

E——— E———
10 weeks 8 weeks
pPBACarp-G PCDNA-G

80% of fish were survival.
I.m. injection All survival fishes

of 1ug of the plasmid DNA/g body weight are clinically healthy

Carp yearlings (Cyprinus carpio) with the average body weight 27g.

Schematic representation of immunization experiment
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