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State Research Center of Virology and 
Biotechnology Vector has been designing 
DNA-vaccines against  
a number of viral pathogens; 
DNA-vaccines against cancer (melanoma 
and  Breast Carcinoma); 
DNA-vaccine against Spring Viraemia of 
Carp 
 



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.   

Artificial polyepitope approach  



 

 

 

 

Selection  of the most 
interesting  T- and B- cell 
epitopes  of viral proteins

Design and synthesis 
of artificial gene 

coding for selected 
epitopes

Gene expression  
in bacterial or 

eukaryotic cells

Design and engineering of artificial 
polyepitope immunogens 

DNA vaccine 



 

When designing artificial polyepitope 

immunogens, it is necessary to optimize the 

processing and presentation of contained 

epitopes taking into account major steps of 

MHC class I - dependent antigen processing. 



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 I 
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 
I molecules.  Obtained complexes [peptides-
MHC class I molecules] are transported 
through the trans-Golgi network to the cell 
surface where they are presented to CD8+ 
CTLs. 
 

MHC class I-dependent  

antigen presentation pathway 



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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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. 



 
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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TAP 

TAP 

PolyCTLDesigner software.  
A program for construction of polyepitope 
immunogens            (Author: Denis V. Antonets  

http://tepredict.sourceforge.net/PolyCTLDesigner.html. 
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I – Prediction  of  binding  affinity of peptides  to TAP and, if necessary,  the addition  of  N-terminal flanking  residues to optimize this 

binding 

II – Engineering the optimal spacer sequences for each pair of peptides 

III – Creation of  a directed  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 

α(rank) + β(length) + ω(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). 

III 

epitope1 
epitope2 

epitope3 

Selection of minimal set of 

epitopes with the known (or 

predicted) specificity for 

various allelic variants of 

MHC class I molecules 



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 I clinical trials CombiHIVvac - 

 DNA-protein  vaccine containing  artificial 

polyepitope immunogens 

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



TCI 
TBI 

Cellular response 
 

Humoral response 
Virus neutralizing activity 

CombiHIVvac 

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



The DNA vaccine pcDNA-TCI is encapsulated within a conjugate of TBI 
protein with polyglucin-spermidine. These components self-assemble into 
the artificial particle. 

TCI 

 TBI 

polyglucin 

spermidine 

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. 

 Transmission electron microscopy 
with negative staining  



Combination of two B- and T-cell immunogens (TBI and TCI) in 
one construct results in a synergistic increase in the HIV 

specific antibody response 



• 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 

Phase I Clinical trials 
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Group 1 (n=15 )  

12 month 
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Group 2 (n=15)  

  1 dose of vaccine : 
 50 mkg TBI protein; 

 75 mkg DNA vaccine рсDNA-TCI  

Study Design 



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, CD8, CD16, CD 14, CD 72 T -lymphocytes, IgG, 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. 

 



 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  

Safety data 



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-γ 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.  
  



 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. 

 

 

Virus neutralizing activity of sera  were tested using 
pseudovirus neutralization assay 



INF-γ ELISpot  

    More effective immune response was detected in group 2 ( two 

weeks after second vaccination) 

      The singly vaccinated volunteers HIV-specific INFγ- 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. 

• In the 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 



 Cellular Immunogenicity  
MHC-pentamers 

МНС- pentamers  

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

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

• In the 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 СD8+/А*0201 SLYNTVATL-PE and 
СD8+/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.I. p < 0.01). 

 

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

 



• 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 I clinical trials  
 Conclusion 



 
 

Phase II clinical trials was approved  
but not stated yet 



Polyepitope DNA-vaccines against cancer:  

 DNA melanoma vaccine 

  DNA vaccine against Breast Carcinoma  

 

Therapeutic vaccine 
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Scheme of constructs pcDNA-G  based on the full-length SVCV glycoprotein 

gene of the Russian reference isolate ZL4  

DNA-vaccine against 
 Spring Viremia of Carp 



pcDNA-G 

10 weeks 

     

8 weeks 

80% of fish were survival. 

All survival fishes  

are clinically healthy 

VACCINATION                                        CHALLENGE                             RESULTS  

 Schematic representation of immunization experiment 

pBACarp-G 

i.m. injection 

of 1μg of the plasmid DNA/g body weight 

SVCV  

 i.p. injection (108 TCID50/ml) 
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