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Abstract

Effective therapeutic and prophylactic anti-HCV vaccines do not exist until now due to
the genetic variability of HCV and its ability to adapt to selective pressure, such as
immunological recognition and antiviral treatment. Unfortunately, investigation of HCV biology
has been hampered by the lack of efficient and reliable in vitro systems for virus propagation.

The alphaviruses, due to high level expression, broad host range, and cytoplasmic
replication provide an opportunity to develop a model system for HCV investigation in cell
cultures. Semliki Forest virus (SFV) (Liljestrom and Garoff, 1991) and Sindbis virus (Xiong et
al., 1989) are alphavirus expression species that are most commonly used for developing of
already existing genetic vaccines, which have greater efficacy than conventional genetic
vaccines.

The aim of our research is the development of the newer types of HCV vaccine
candidates, based on the general concept that one or several structural genes of the HCV are
incorporated into the genome of a viral carrier (in our case, SFV and Sindbis) for amplification
and expression of immunogenic proteins. For this purpose HCV core protein, E2 protein genes,
and genome fragment coding poly P (combined core-E1-E2-p7) genes were inserted into
expression vectors. Recombinant SFV particles were produced for each construct and used for
infection of BHK-21. HCV polyP fragment encoding structural proteins and protein p7 was also
cloned in pCytTS (Sindbis virus based) vector. The recombinant plasmid specified as pCyt/HCV
polyP was used for transfection of BHK-21 cells in order to express HCV proteins. High levels
of authentic, posttranslationally processed HCV core and E2 proteins have been provided in cell
culture by using recombinant alphaviruses. Specificity of HCV core and E2 proteins were
confirmed by immunocytochemical data, immunoprecipitation from cell lysates, and Western
blot analysis with appropriate anti-core and anti-E2 polyclonal antibodies. Electron microscopy
analysis revealed the formation of homogeneous HCV core-like particles of 35-37 nm in
diameter and HCV-like particles of 60 nm in diameter. Besides the immunogenesity of HCV core
and E2 structural proteins in mice were assessed using DNA immunization.

The model system described in this work can be used for further life cycle and biology of
HCYV study in cell culture using recombinant alphaviruses carrying HCV genes and allowed to

develop recombinant viruses as a new type of efficacious vaccine.



Actuality of the Research

Viral hepatitis C, caused by HCV, is a major public health concern worldwide with more
than 3% of the world’s population infected with the virus (Thomson et al., 2005). Current
therapy includes the use of pegylated interferon and ribavirin, but outcomes are unsatisfactory,
since only 42% of patients infected with HCV genotype 1 respond positively to treatment
(Saracco et al., 2003). Therefore, there is a compelling need to develop an effective anti-HCV
vaccine. Unfortunately development has been severely hampered by the lack of appropriate
experimental systems. The only animal that can be reliably infected with HCV is the chimpanzee
but owing to ethical reasons, high costs, and technical difficulties in working with large animals
restricts their use for such purposes. Moreover the greatest limitation for HCV research is the
lack of a cell culture system that supports the efficient and reliable propagation of this virus. The
model system for study of the HCV molecular mechanisms in cell culture would provide
valuable information regarding the pathogenesis and therapy of hepatitis C.

A recent development in vaccinology is the use of nucleic acid encoding a vaccine
antigen, generally termed genetic vaccination. Such genetic vaccination may offer a safer and
more cost-effective alternative to conventional vaccines, or indeed may be used where
conventional vaccine approaches have proven unsuccessful. Genetic vaccines are generally
cheap and easy to manufacture, and have proved to be immunogenic and effective in a number of
model systems. Same types of such vaccines are based on the genomes of these single-stranded
RNA viruses and ensure high-level transient expression of cloned genes in transfected cells.

The alphaviruses Semliki Forest virus, Sindbis virus and Venezuelan equine encephalitus
virus have been used for developing of same genetic vaccines, which have greater efficacy than
conventional genetic vaccines (Xiong et al., 1989, Liljestroém and Garoff, 1991, Pushko et al.,
1997, Fleeton et al., 2000).

The aim of our research is the development of the newer types of an anti-HCV vaccine
candidates, based on the general concept that one or several structural genes of the HCV are
incorporated into the genome of a viral carrier (in our case, SFV and Sindbis) for amplification
and expression of the immunogens. This system due to high level expression, broad host range,
and cytoplasmic replication provides a unique opportunity to further study the life cycle and
biology of HCV in cell culture using recombinant alphaviruses carrying HCV genes and allow
use of recombinant viruses as a novel type of efficacious vaccine (Caley et al., 1997, Leitner et

al.,1999).



Aims of the Thesis

The aims of this thesis were to develop new HCV-vaccines prototypes and an
experimental model for HCV life cycle investigation. To achieve these goals the following tasks
were formulated:

- to characterize the immunogenicity of HCV core protein gene in mice (using DNA
vaccination);

- to characterize the immunogenicity of HCV E2 protein gene in mice (using DNA
vaccination);

- to create recombinant alphaviruses (SFV based, Sindbis based) carrying HCV proteins genes;

- to develop a model virus system that supports the efficient and reliable expression of HCV
genes in cell culture system;

- to obtain HCV-like particles using cells infection by recombinant alphaviruses;

- to assess the possibility of recombinant SFV-based viruses carrying HCV proteins genes to

generate immunoresponses in mice.



Insight into HCV Investigation using Virus-based Expression Systems

Approximately 200 million chronic HCV infections have been estimated worldwide.
Infections with hepatitis C virus (HCV) are marked by frequent viral persistence, chronic liver
disease, and extraordinary viral genetic diversity. The understanding of the viral life cycle of
HCYV has been hampered by the lack of a satisfactory cell culture system, because HCV does not
replicate efficiently in cultured cells. Only recently a significant breakthrough could be achieved
with development of the infection-based cell culture systems and some replicon systems
(Lohmann et al., 1999, Yi et al., 2006). Despite this development, similar systems with other
HCYV strains have been difficult to establish. But study of the molecular mechanisms would
provide valuable information regarding the pathogenesis and therapy of hepatitis C. Detailed
investigation of viral protein function and exact mechanisms of HCV replication is actually for
antiviral treatment development.

A simplified outline of the HCV replication cycle can be summarized as follows:

1) attachment to the host cell and penetration;

2) release of the viral positive strand RNA;

3) translation of the ORF and processing of polyprotein;

4) assembly of a replicase complex;

5) production of positive strand RNA progeny via negative strand RNA intermediates;

6) formation of new virus particles that probably acquire their envelope via budding into the
lumen of the endoplasmic reticulum,;

7) release of virus progeny presumably via transport through the Golgi compartment.

All these steps take place in the cytoplasm where HCV proteins are found in close association
with intracellular membranes (Pietschmann et al., 2001). In principle, each step of the HCV life
cycle is a target for antiviral intervention.

The absence of a suitable cellular model for HCV propagation has led to the use of
various heterologous expression systems. Among these, the baculovirus—insect cell system has
proved useful for analysis of the production and maturation of HCV structural proteins
(Matsuura et al., 1992, 1994, Lanford et al., 1993, Hsu et al., 1993, Hiissy et al., 1996a, 1997)
and non-structural proteins (Hirowatari et al., 1993, Nishihara et al., 1993, Overton et al., 1995,
Suzuki et al., 1995, Hwang et al., 1997). In addition, this system is a valuable tool (i) for the
production of large amount of antigens for immunological studies (Chiba et al., 1991, Chien et
al., 1992, Inoue et al., 1992, Basset et al., 1999) and (ii) for the investigation of viral protein
interactions and assembly (Hiissy et al.,, 1996b, Wang et al.,, 1997). Using recombinant
baculovirus Baumert et al. (1998) showed that pseudovirus particles could be generated.

As a surrogate virus system pseudotype and recombinant viruses carrying HCV envelope
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proteins based on the Vesicular Stomatitis Virus (VSV) have been developed. Recombinant VSV
expressed the incorporated HCV gene products which became fully processed and assembled to
form HCV-like particles (Ezelle et al., 2002, Majid et al., 2006). Furthermore, recombinant VSV
carrying unmodified HCV E1 and E2 proteins was able to infect Huh7 cells (Tani et al., 2007).
Recently, the replication in vitro mammalian cell culture system was developed for HCV of the
genotype 2a JFHI strain (HCVcc) isolated from a fulminant HCV patient (Lindenbach et al.,
2005, Zhong et al., 2005, Yi et al., 2006). However, a robust cell culture system for HCV of the
la and 1b genotypes, the most prevalent genotypes in the world, has not yet been successfully
developed, except for the cell culture system of H77 or H77-S strain (1a genotype) (Kanda et al.,
2006, Yi et al., 2006) and the replicons derived from Conl, a genotype 1b strain (Lohmann et al.,
1999). However, adaptive mutations in the NS3, NS5A, and/or NS5B proteins are required for
efficient replication of these RNAs. Ikeda M. (Ikeda et al., 2002) demonstrated that a
subgenomic replicon (NNeo/3-5B) derived from an infectious molecular clone of a genotype 1b
virus HCV-N 1is also capable of efficient replication in Huh7 cells without any adaptive
mutations. Since these HCV replicon RNAs lacked most of the sequence encoding the structural
proteins (core and El, E2, and p7), they were not capable of producing infectious particles,
despite their robust replication in Huh7 cells.

Semliki Forest virus (SFV) (Liljestrom and Garoff, 1991) and Sindbis virus (SINV)
(Xiong et al., 1989) are the most commonly used alphavirus expression vectors. These viruses
have a wide host range and replicate in a variety of different species, ranging from mammals to
insects. Since all alphaviruses have very similar biology, the principle structural elements of
expression vectors are identical. The vectors are generated in such a way that the heterologous
gene insert should be placed instead viral structural genes under 26S subgenomic promoter. In
general, the vectors have the non-structural coding region, which is required for the production
of the alphavirus replicase complex (nsP1-4), 26S subgenomic promoter, and a polylinker with
several unique restriction sites for foreign gene insertion. An SP6 promoter is introduced
upstream of the recombinant replicon for RNA transcription in vitro. The recombinant replicons
could be packed inside viral envelopes provided in trans by co-trancfected defective “helper”
RNAs (Berglund et al., 1993, Smerdou et al. 1999). In the first generation of alphavirus
expression vectors, the high-level gene expression is coupled with a shut down of the host
proteins translation, followed by cell death within 12 to 24 h after infection (Frolov et al., 1996).
The cytotoxicity of the vector caused by p53 independent apoptosis (Glasgow et al., 1998),
which is induced by the non-structural region, is a major drawback for many applications, and
the first generation of RNA-based vectors could only be used for transient gene expression.

SFV expression system as infection-based cell culture systems for HCV investigation was



developed. HCV structural proteins (genotype la) were expressed by using recombinant SFV
replicon in mammalian cells. It was shown that this expression system to allow the visualization
of HCV budding events in sifu, but budding is abortive or slow in this system (Blanchard et al.,
2002, 2003, Greive et al., 2002, Hourioux et al., 2007).

In vaccine development, the SFV system was employed first as a DNA- or an RNA-
derived vaccine (Ying et al., 1999), where the SFV structural genes were replaced by a foreign
gene. In contrast to this approach, the use of recombinant SFV particles should permit an
enhanced transduction of cells compared with DNA- or RNA-based vaccines (Leitner et al.,
1999). These rSFV particles infect host cells but do not replicate: only the foreign gene
introduced is expressed at high levels. This approach has been shown to enhance humoral and
cellular immune responses in mice and monkeys in different virus models, such as influenza
virus, louping ill virus (LIV), human immunodeficiency virus (HIV) and human papillomavirus
(HPV), bovine viral diarrhea (Berglund et al., 1999, Brand et al., 1998, Daemen et al., 2000,
Fleeton et al., 2000, Reddy et al., 1999). Remarkable enhancement of cellular immune responses
has, nonetheless, been demonstrated recently in both mice and primates when DNA-based
vaccines were used in combined regimens, either with recombinant antigens or recombinant
viruses (Amara et al., 2001, Pancholi et al., 2000, Robinson et al., 1999).

In the Brinster’s study have been investigated the capacity of SFV-derived particles to

induce NS3-specific CD8'-mediated responses in comparison or in combination with a naked
DNA-based vaccine. All DNA/rSFV vaccine combinations evaluated induced specific CTLs,
which were detectable for up to 31 weeks after the first injection. Anti-NS3 antibodies could only
be detected following a combined vaccine regimen in non-transgenic BALB/c mice. SFV
replicon carrying HCV NS3/4A protein genes was used to enhance immunogenicity of NS3/4A
by mRNA amplification (Frelin et al., 2004). However, in Vidalin’s study replicating SFV-DNA
vaccines and rSFVs expressing HCV core or E2 antigens were compared with classical CM V-
driven plasmids (pCMV) in single or bimodal vaccine protocols, and comparison of different
injection modes did not show an increased efficacy of the core—SFV and E2-SFV plasmids or
rSFVs compared with the CMV-driven (Vidalin et al., 2000).

Infection of vertebrate cells with alphaviruses normally leads to prodigious expression of
virus-encoded genes and a dramatic inhibition of host protein synthesis. An identification of
mutations in the nsp2 gene of the viral replicase for both SIN virus and SFV (Dryga et al., 1997,
Frolov et al., 1999, Perri et al., 2000) that render the alphaviral replicase non-cytopathic led to
development of sophisticated non-cytopatic alphaviral-based expression vectors. Noncytopathic
Sindbis vectors express reasonably high levels of protein in nearly every cell and can be initiated

via either RNA or DNA transfection. These vectors should prove to be flexible tools for the rapid
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expression of heterologous genes under conditions in which cellular metabolism is not perturbed
and we have potential for long-term high-level heterologous gene expression. pCytTS expression
vector, which is based on Sindbis virus, is created specially for routine production of difficult or
toxic proteins (Boorsma et al., 2000).

We generated recombinant SFV variants for expression of structural HCV proteins by
insertion of the contiguous core, E1, E2 and p7 coding region of HCV into the context of SFV
replicon (pSFV1/HCVpolyP). An analogous construct was generated using SINV (pCytTS)
expression vector. HCV core gene and HCV E2p7 genes were introduced also separately into
SFV (pSFV1/HCVcore, pSFV1I/HCVE2p7) expression vector and expressed in BHK-21 cells
culture. These recombinant HCV genes containing viruses can be used as for in vivo
applications (for the investigation of viral morphogenesis, self-assembly process, virus-host
interaction, translation and processing of polyprotein), as are perspective for developing anti-
HCYV vaccines newer variants.

The possibility to obtain artificial HCV-like particles takes special significance in the
HCV investigation. Little is known about the in vivo assembly pathway or structure of the HCV
nucleocapsid and virion. Furthermore, it is currently not possible to obtain a sufficient amount of
HCYV particles for biological and physiochemical studies due to low viral load in the sera of
hepatitis C patients and the low yield of HCV particles in cell cultures. Despite this fact, virus-
like particles are attractive as a recombinant protein vaccine because they mimic closely the
properties of native virion. The synthesis of HCV-like particles (HCV-LPs) by using a
recombinant baculovirus that contains the cDNA of the HCV structural proteins (core/E1/E2)
was described by Baumert (Baumert et al., 1998). Reassembly of the structural proteins to form
HCV-like particles was described also by other authors (Blanchard et al. 2002a, 2002b, 2003,
Heller et al., 2005). It was also reported that BALB/c mice immunized with HCV-LPs generated
strong and broad humoral and cellular immune responses against HCV structural proteins
(Lechmann et al., 2001). Murata’s results suggest that HCV-LPs can induce humoral and cellular
immune responses that are protective in a surrogate HCV challenge model and that a strong
cellular immunity provided by both CD4 and CD8 effector lymphocytes may be important for
protection from HCV infection (Murata et al., 2003). Immunization by HCV-like particles
induces HCV-specific cellular immune response that can control HCV challenge in the
chimpanzee model (Elmowalid et al., 2007). Thus, the obtaining of HCV-like particles is cell
culture can help not only to study of HCV morphogenesis, HCV proteins interaction and budding
but has also practical significance.

Mentioned above information indicates that the recombinant SFV carrying HCV

structural protein genes developed in this study can be used to study HCV proteins with respect



to not only the biological functions in the virus life cycle but also development of an HCV

vaccine.



A short description of the methods

General DNA techniques. DNA experiments were carried out using conventional
procedures (Sambrook et al., 1989). Reaction conditions for polymerase chain reaction, DNA
restriction and ligation were those recommended by the enzyme manufacturer (Fermentas).
Escherichia coli (E. coli) strains DH-5 alpha and JM109 was used for cloning and propagation of
plasmids. Detailed description of each plasmid can be found in the individual publications.
pSFV1 and pCytTS based constructs carrying HCV proteins genes. Constructs used in this work
are represented in Fig.14. The HCV isolate 274933RU (GeneBank accession no. AF176573)
genome (Mokhonov at al., 2002) was used for target genes amplification with corresponding
primers. These HCV ¢cDNA fragments were cloned behind a SP6 promoter to construct a plasmid
pSFV1/HCVpolyP containing core, E1, E2 and p7 genes, as well as pSFV1/HCVcore gene and
pSFV1/HCVE2p7 gene separately. Recombinant plasmids were multiplied, linearized at the 3'
end of the HCV cDNA by Bcul (Spel) restriction endonuclease digestion. The linearized DNA
was then purified and used as a template for in vitro RNA transcription.

Primers for HCV core gene amplification to create pSFVI/HCV core recombinant
plasmid were: 5'-GTG AGA TCT GCA CCA TGA GCA CGA ATC CTA AAC-3" and 5'-GAT
CGT TAA CTA AGC GGA AGC TGG AAT GG-3'. After amplification, PCR fragment was cut
out with BglII and Hpal restriction endonucleases and ligated into pSFV1 vector, which has been
cleaved with Smal and then with BamHI restriction endonucleases.

Primers used for HCV c-E1-E2-p7 genes amplification in order to create
pSFV1/HCVpolyP recombinant plasmid were: 5'-GTG AGA TCT GCA CCA TGA GCA CGA
ATC CTA AAC-3" and 5'-CTC TAG ATC TTT AGG CGT ATG CTC GTG GTG GTA G-3".
After amplification, PCR fragment was cut out with Bgl II restriction endonuclease and ligated
into pSFV1 vector, which has been cleaved with BamHI restriction endonuclease and
dephosphorylated with bacterial alkaline phosphotase (Fermentas).

In order to construct recombinant pSFV1/HCVE2p7, DNA fragment carrying E2 and p7
genes was cut out with Sall and Hpal restriction endonucleases from plasmid pGMV-E2p7.9.3
(obtained from Maria Isaguliants, Ivanovsky Institute, Moscow). DNA fragment was treated with
Klenow fragment (Fermentas) to blunt the DNA end after Sall digestion and ligated into pSFV1
vector, which have been cleaved with Smal restriction endonuclease.

In order to construct recombinant plasmid pCyt/HCVpolyP containing core, E1, E2, and
p7 protein genes, vector pCytTS has been cleaved with Xbal and Xhol restriction endonucleases.
HCV genome fragment was amplified with primers 5-GCA TCT CTA GAC GTA GAC CGT
GCA CCATGA GCA CG-3'and 5'-GCA TCC TCG AGT TAG GCG TAT GCT CGT GGT GGT
AGT G-3’, cut out with Xbal and Xhol restriction endonucleases also and ligated into prepared
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vector pCytTS.

Recombinant plasmid pSFV1/EGFP containing Enhancer Green Fluorescence protein
(EGFP) gene was used as a control for infection of the BHK-21 cells. In order to generate this
plasmid, DNA fragment carrying EGFP gene was cut out from pEGFP-C1 (Clontech) with Nhel
and Hpal restriction endonucleases and treated with T4 DNA polymerase (Fermentas) to blunt
the DNA end after Nhel digestion. DNA fragment was ligated into pSFV1 vector, which has
been cleaved with Smal restriction endonuclease.

Cell culture. Baby hamster kidney (BHK-21) cells (ATCC) were grown in BHK medium
(Gibco-BRL) containing 5 % fetal calf serum, 10 % tryptose phosphate broth, 20 mM HEPES
and 2 mM glutamine. Cells were incubated in a 5 % CO, atmosphere at 37 °C.

Generation of recombinant viruses and cell infection. For in vivo packaging of
recombinant RNA into SFV particles, in vitro-transcribed RNA was electroporated into BHK-21
cells together with SFV helper RNA under above-mentioned conditions. After 24-48 h, SFV
particles in the culture medium were collected and frozen rapidly to be stored as a virus stock.
Titers of stocks were determined by infecting cells with serial dilutions of the stocks followed by
indirect immunocytochemistry assay. The achieved titres were from 1x107 to 5x10’ viral
particles per ml. The infection of BHK-21 cells was carried out in serum-free medium with
appropriate dilution of virus stocks, which infect 100 % of cells.

RNA transcription and transfection. RNA transcripts were produced in vitro from 3 mg
of Spel-linearized recombinant plasmids in reactions containing 7mG(5")ppp(5'G) (New England
Biolabs) using SP6 RNA polymerase (Fermentas). RNA (3—5 mg) was transfected into BHK-21
cells by electroporation at 850 V, 25 mF, pulsed twice, using Bio-Rad Gene Pulser apparatus
without the pulse controller unit. Electroporated cells were diluted in 15 ml complete BHK
medium, transferred into tissue culture plates and incubated at 37 °C (5 % CO,).

DNA transfection and selection of puromycin-resistant cell populations. Slightly sub-
confluent monolayers (60-70%) of BHK-21 cells in 30-mm tissue culture plates were used for
DNA transfection. DNA was transfected by using ExGene (Fermentas) according to the
manufacturer's recommendations. After transfection, cells were incubated 18-48 h at 37 °C. For
termoinduction of target gene expression, transfected cells were incubated at 29 °C. For
selection of puromycin-resistant cell populations in 18-24 h cells were passaged, then at 24 h the
media was changed to standard growth media containing 5 pg/ml puromycin (Sigma).
Thereafter, cells were maintained in media with puromycin and were passaged or frozen as
standard typical BHK-21 cells.

Cell lysis. Cell monolayers were lysed in buffer containing 1% Nonidet P-40 (NP-40), 50
mM Tris-HCI, pH 7.6, 150 mM NaCl, 2 mM EDTA, 1 pg/ml PMSF. After 10 min on ice, cell
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nuclei were removed by centrifugation. Supernatants were analysed by immunoprecipitation or
by Western blotting. For analysis of total cell lysates on SDS-PAGE Laemmli buffer was used for
lysis of cells.

Metabolic labelling of infected cells. At 16-20 h after infection, cell monolayers (on
30 mm diameter plates) were washed with PBS, overlaid with starvation medium (methionine-
free MEM, 2 mM glutamine, 20 mM HEPES) and incubated at 37 °C in 5 % CO2 for 30 min.
The starvation media was then replaced with the same media containing 100 uCi ml (3.7 MBq)
of [**S]methionine (Amersham Biosciences) and incubated at 37 °C (5 % CO2) for 2 h. Cells
were lysed with 300 pul lysis buffer (1 % Nonidet P-40 (NP-40), S0 mM Tris/HCI pH 7.6,
150 mM NaCl, 2 mM EDTA, 1 pg/ ml PMSF) and left to stand on ice for 10 min. Lysates were
transferred to microcentrifuge tubes for cell nuclei centrifugation at 3000 g for 5 min.
Supernatants were used for specific protein immunoprecipitation (IP) or for direct protein
analysis in 12% SDS- PAAG.

Immunoprecipitation (IP) of proteins from cell lysates. For IP of HCV core and HCV
E2  proteins, rabbit polyclonal anti-HCV core or anti HCV E2 antibodies (gift from
M.Isaguliants, Ivanovsky Institute, Moscow) were used. Cell lysates in amounts of 300 - 600 pl
were incubated for 2 h with appropriate antibodies (1-2 ul) on ice. After incubation, 40 ul
protein A Sepharose (Amersham) soaked in lysis buffer was added, and incubated with rotation
overnight at 4 °C. Protein A Sepharose was washed twice with buffer containing 0.2 % NP-40,
10 mM Tris/HCI1 pH 7.5, 150 mM NaCl, 2 mM EDTA; twice with buffer containing 0.2 % NP-
40, 10 mM Tris/HCI pH 7.5, 500 mM NaCl, 2 mM EDTA; and twice with 10 mM Tris/HCl
pH 7.5. Protein A Sepharose pellet was resuspended in 30 ul Laemmli buffer (Laemmli, 1970)
and analysed by 12 % SDS-PAGE. Gels were dried and exposed to autoradiography film
(Amersham) at —70 °C for overnight or longer.

Anti-HCV antibodies. The polyclonal rabbit anti-core and anti-E2 antibodies were
obtained from Maria Isaguliants (Ivanovsky Institute, Moscow) and used as described earlier
(Sominska et al., 2005).

Western blot analysis of HCV proteins. The protein samples prepared from
pSFV1/HCVcore- or pSFV1/HCVpolyP-infected and pCyt/HCVcore or pCyt/HCVpolyP-
transfected BHK-21 cells were separated by SDS-15% PAGE. The Prestained Protein Molecular
Weight Markers (Fermentas) were used as molecular mass markers. After electrophoresis,
proteins were electrotransferred to Hybond-P membranes (Amersham Pharmacia Biotech) with a
blotting apparatus. After transfer, membranes were incubated with blocking buffer (5% non-fat
dry milk in PBS). Anti-HCV core polyclonal rabbit antibodies (or anti-HCV E2 polyclonal rabbit
antibodies) diluted 1:1 000 in blocking buffer containing 2,5% of non-fat dry milk and 0.05%
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Tween 20 were used as primary antibodies. Membranes were subsequently treated with
horseradish peroxidase-conjugated anti-rabbit IgG (Amersham Pharmacia Biotech) at 1:3 000
dilution for 60 min at room temperature. Protein binding was detected with the ECL Plus system
(Amersham Pharmacia Biotech).

Indirect immunofluorescence microscopy. BHK-21 cells cultured on glass slides
(Nagle Nunc International) were infected with pSFVI1/HCVcore or pSFV1/HCVpoly P
recombinant viruses and fixed after designated culture periods. The fixed cells were first
incubated with antibody dilution buffer (1% bovine serum albumin (BSA), 2.5 mM EDTA,
phosphate-buffered saline) for 10 min at room temperature. The cells were then incubated for
60 min at room temperature with one of the following anti-HCV core or E2 polyclonal antibodies
as the primary antibodies at 1:1 000. After incubation, cells were washed three times with PBS.
Anti-rabbit TRIC-labelled antibodies were used as secondary antibodies in dilution 1:100. The
cells were then mounted with PermaFluor aqueous mounting medium (Immunon) and observed
under a fluorescence microscope Leica DM 6000 (Leica Camera AG). DAPI was used for
visualization of nucleus.

Purification of HCV-like particles. At 48 h postinfection or postelectroporation, cells
were lysed in buffer containing 1% Nonidet P-40, 50 mM Tris, 150 mM NacCl, 2 mM EDTA (pH
7.6) with 10 pg/ml of PMSF. The lysate was subjected to low-speed centrifugation (15 min at
4°C) to remove cell debris. The supernatant was layered over a 20% (wt/vol) sucrose (in TNE
buffer: 50 mM Tris/HCI (pH 7.4), 100 mM NaCl, 0.5 mM EDTA) cushion and centrifugated for
18 h at 4°C and 30 000 rpm, rotor TLS-55 (TL-100 centrifuge, Beckman). Pellet containing
HCV-like particles was resuspended in TNE buffer and analyzed by Western-blotting and
electron microscopy.

Immunization of mice. Female Balb/c mice (aged 6 to 8 weeks; obtained from the
Animal Breeding Centre of the Institute of Microbiology and Virology, Riga) were immunized

intravenously (i.v.) or subcutaneously (i.s.) injection with purificated SFVI/HCV core,

SFV1/HCV E2, SFV/HCVpolyP or control virus (SFV/GFP) at 6 x 10 PFU in PBS. A 200-ul
total volume of PBS-virus was administered in 5-week interval (at day 1, at day 35). For
monitoring of humoral response, animals were bled at day 0, 35, 42 (1 weeks after the boost), 49
(2 weeks after the boost), 56 (3 weeks after the boost), 63 (3 weeks after the boost).

For details of immunization by DNA see corresponding papers.

ELISA assays. Blood samples were collected from retro-orbital sinus of mice after the
primary and second immunization and the sera were analyzed for HCV core-specific antibody
titers in ELISA test on the 96-well plates (MaxiSorp, Nunc) coated overnight at 4 °C with 100 pl
of core derived peptide MS94-23 DVKFPGGGQIVGGGVYLLPRRGPRLGVRATRKTSER
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corresponding to aa 23-43 of HCV core (10 pg/: ml in 50 mM carbonate buffer, pH 9.6) or on the
96-well plates (PolySorp, Nunc) coated with recombinant core proteins M220-25 or M273-2
(kind gift from M.Mihailova, BMC, Riga) at the same concentration and in the same coating
buffer. After blocking with PBS containing 1% BSA for 1 h at 37 °C, serial dilutions of mouse
sera were added to the plates and incubated for an additional 1 h at 37 °C. After washing 3 times
with PBS containing 0,05% Tween-20, a horseradish peroxidase-conjugated anti-mouse antibody
(Sigma) was applied at a 1:7000 dilution. Following 1h incubation at 37 °C, plates were washed
and substrate OPD (Sigma) was added for color development. Results were checked in an
automatic reader (Multiscan) at 492 nm.

ELISA test from ORTHO also was used for analyses of immunizated mice sera.
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The overview of the results

The immunogenecity of HCV structural proteins core and E2 genes was assessed using
DNA-vaccination before starting to construct recombinant plasmid on the base alphaviruses
vectors. Structural HCV proteins genes seem to be perspective as a source of the immunological
antigens for the development of anti-HCV vaccine, especially when combination of two or more
proteins with different immunological properties in one genetic construction is possible. HCV
core and E2 structural proteins were chosen for our study. As known, HCV core protein is most
highly conserved among several HCV strains isolated in different regions worldwide (for review
see Alter, 1995, Krekulova, 2006). Antibodies to HCV core in the illness appears earlier that
antibodies to others HCV proteins (Van der Poel et al., 1991). HCV E2 is a 70-kDa glycoprotein,
which demonstrates large variation among HCV genotypes (Keck et al., 2004). HCV core
protein and hypervariable region 1 (HVRI) of E2 protein have been shown to contain as B cells
epitopes as T cell epitopes.

Design of chimeric E2/p7 containing plasmids. At first for the characterization of the
immunogenesity of the E2/p7 gene plasmids containing the full-length HCV 1b E2/p7 gene and
the modified version of E2/p7 were prepared. The E2/p7 cDNA of the Russian HCV 1b isolate
274933 RU (Mokhonov et al., 2002) with the engineered start and stop codons was cloned
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B)
Fig.1. Schematic structure of E2 gene variants: E2/p7-1 encoding aa371-383 of E1, 384-745 of
E2, and 746-809 of p7, all derived from 274933RU (pCMVE2/p7-1); E2/p7-2 encoding aa340—
370 of E1 of HCV strain H followed by MAVM, and aa371-809 of 274933RU (pCMVE2/p7-2); a
reference E2t gene encoding aa340-647 of HCV strain H (pCIE2t; Fournillier e tal., 1999).

under the control of CMV IE promoter and HPV 16 polyadenylation signal to yield the E2/p7-1
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gene. It encoded ATG, 13 C-terminal aa residues of E1 (aa 371-383), full length E2 and p7, and a
stop codon (Fig. 1). To optimize E2/p7 expression, we exchanged a part of the CMV promoter,
the 5-untranslated region and a part of the E1 sequence for the corresponding fragment of
pCIE2t, an extensively characterized plasmid for HCV E2 gene immunization (Fournillier et al.,
1999). The resulting E2/p7-2 gene encoded polyprotein constituted by the stop-transfer signal of
El and two repeats of E2 signal sequence, one from pCIE2t (Fournillier et al., 1999) and the
other from HCV 1b 274933 RU separated by a MAVM spacer, and followed by E2 and p7 of
HCV 1b 274933 RU (Fig. 1).

Eukaryotic expression of HCV E2/p7. Expression of E2 variants was confirmed in vitro
in rabbit reticulocytes (Fig.2) and in vivo in Cos-7 and HeLa cells (Figs.3 and 4). Several bands

were observed after gel electrophoresis and Western blotting of cell lysates. Processing of the
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Fig.2. Analysis of in vitro expression of HCVE2. Autoradiography of 12% PAAG of cell lysates
after  transcription/translation of pCMVE2t (lane2); pCMVE2/p7-2 (lane3); mock
transcription/translation (lane4); molecular mass marker (lanel) (4). Semi-quantification of E2
expression by autoradiogram scanning and image processing by Image J software (B). Areas

scanned and compared are given on the top of the diagram.

translated E2/p7 polyprotein was observed in vitro that led to a cleavage between E2 and p7
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generating 43.5 kDa protein (Fig.2, lane3).
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Fig.3. Analysis of expression of HCVE?2 in Cos-7 cells. PAGE of cell lysates with subsequent and

Western blotting using anti-E2 polyclonal rabbit antibodies and ECL detection of binding:
transfection with plasmid pCMVE2/p7-1 (lanel), pCMVE2/p7-2 (lane2), untrasnfected cells
(lane3) (A). Semi-quantification of E2 expression by X-ray film scanning and image processing
using Image J software (B). Arrows to the left show position of molecular mass markers
determining the selection of areas for scanning. Areas scanned and compared are given on the

right side of the diagram.

Expression of E2t encoding C-terminus truncated E2 generated protein with expected
molecular mass of 38.4 kDa (Fig.2, lane2). In transiently transfected Cos-7 cells, expression of
E2/p7-1 and E2/p7-2 generated proteins with molecular mass of 50-70 kDa detected as diffuse
bands specifically stained with anti-E2 rabbit polyclonal antibodies corresponding to different
glycosylated forms of E2 (Fig.3, lanes 1 and 2). Additional minor band of 44 kDa could be
attributed to non-glycosylated form of E2, and the shortest band of 30 kDa, to E2 degradation
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products. Expression level of E2/p7-2 and E2t (Fournillier et al., 1999) genes was compared in
the in vitro transcription—translation assay (as the respective plasmids carried the T7 promoter).
Both directed similar levels of E2 expression (Fig.3B). The levels of E2 expression from E2/p7-1
and E2/p7-2 achieved in Cos-7 cells were also similar (Fig.3B). Immunofluorescence staining of
HeLa cells expressing E2/p7 and the C-terminus truncated E2 (E2t using E2-specific polyclonal
antibodies showed that E2 encoded by the E2/p7-1 variant was localized mostly in the rough ER
(Fig.4A). E2 encoded by E2/p7-1 demonstrate defuse cytoplasmic staining similar to that of E2t
(Fig.4B and C).

Fig.4. Immunofluorescence staining of HelLa cells expressing E2 gene variants with E2-specific
rabbit antibodies. HelLa cells transfected with pCMVE2/p7-1 (A, panels I and Il); pCMVE2/p7-2
(B, panels I and Il); pCMVE2t (C, panels I and II). Images are over lays of images captured for
staining with secondary anti-rabbit FITC-conujgated antibodies, and for nuclear staining with

DAPI.

E2 gene immunization: antibody response. Balb/c mice were immunized
intramuscularly with E2/p7-1, E2/p7-2, or E2t genes. Mouse sera collected 2 weeks post each
plasmid injection was analyzed for the ability to recognize recombinant E2 and E2- and p7-
derived synthetic peptides in indirect ELISA. Specificity and potency of antibody response are
illustrated in Tablel. Mice immunized with E2/p7-1 or E2t recognized peptides encompassing aa
492-526, and aa 512-546, but not the recombinant E2 protein. E2/p7-2 gene elicited antibodies
reacting to peptides representing aa 399-411 (HVRI1), 552-586 of E2, and 774796 of p7, as
well as the recombinant E2 (Tablel). Immunization with full-length E2/p7 elicited antibodies
against transmembrane domain 2 (TM2) at the C-terminus of p7, aa 774—796 represented by both

linear and circular peptides (Tablel). They occurred more of ten in mice immunized with E2/p7-
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2 (p<0.05; Tablel). On the overall, mice immunized with E2/p7-2 demonstrated higher percent

of seroconversion than mice receiving the genes for E2/p7-1 or E2t (p<0.05).

Table 1. Antibody response against E2 and p7 proteins in the E2 gene-immunized H-2d mice

Speciﬁcity of Homology of antigen uscd for 0
Mouse group antibody screening and the encoded E2/p7 Average Responders, Overall % (_)f
immunized with response sequence (%) antlbo_dy tlte_:r in % (nn) sero-conversion
against reactive mice in the group
antigens® Identical aa Homologous aa
492-526 80 92 8500 14 (1) 57 (4)
512-546 72 92 4400+3300 28.5(2)
PCMVE2p7-1 (n=7)
774-796 100 100 7700 14 (1)
774-796¢ 91.7 91.7
E2 100 100 5500+3700 43 (3) 100 (7)
(31?12]—;101) 53.8 61.5 600+300 57 (4)
pCMYE207-2007) [ s35.5%5 76 88 400043500 28.5 (2)
774-796 100 100 450+300 1000 (7)
774-796¢ 91.7 91.7
381-394
(HVRN) 64 26 400 17 (1) 67 (4)
399-411
pCIE2t (n=6) (HVRQ) 54 69 200 17 (1)
492-526 96 100 900 17 (1)
512-546 96 96 7000+1300 67 (4)

E2 gene immunization: T-helper cell response. Splenocytes isolated from immunized
mice were stimulated with E2—derived peptides. The highest stimulation indexes were reached at
specific peptide concentration at approximately 10 mkg/ml (Fig. 5). The highest and broadest T-

cell response in terms of proliferation was raised in mice immunized with E2p7-1 gene (Fig. 5).

—— aa 472-506 —m— aa 492-526 —&— aa 397-417
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Fig.5. The degree of in vitro stimulation of pooled splenocytes of pCMVE2/p7-2-immunized mice
by E2-derived peptides depends on the peptide dose. No stimulation/concentration dependence

of stimulation is observed for the irrelevant control peptide (data not shown).

Responses in mice receiving the E2p7-2 gene were limited both in potency and number of

recognized epitopes; and mice receiving E2t gene proliferated in response to a single epitope at
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aa 472-506 of E2 (Fig.5).
T-cell proliferation was accompanied by secretion of IFN-y, IL-2, and IL-4
(Fig.6). Immunization with the E2/p7-1 gene induced low levels of in vitro IL-2 and IL-4

O 492-526

I El 532-566
T J .

pCMV pCMVE2p7- pCIE2t

E2p7-1 2

Pooled splenocytes from mice immunized with E2 encoding
plasmids

Fig.6. Mean stimulation indexes of pooled splenocytes of mice (three per group) 9 days after first
injection of E2-encoding plasmids. Peptides identified at the bottom of the graph by first and last

aa, were used for stimulation atl0 pg/ml.

production, but almost no IFN- y. Immunization with the E2/p7-2 gene induced T-cell response
demonstrated by potent IFN- vy, IL-2 and IL-4 production that increased after the second plasmid
injection (Fig.7). The E2t gene, on contrary, induced weak T-helper cell response, as indicated by

a low-level IFN-y production seen only after 2™ plasmid injection (Fig.7).
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Fig.7. Specificity of in vitro cytokine secretion by the T-cells of E2 gene-immunized mice after
stimulation with E2/p7-derived peptides 9 days after the I* injection (4); 9 days after the 2"
injection (B). Peptides are identified at the bottom of the graph by first and last aa. Secreted
cytokines: IFN-y (1), IL-2 (2), and IL-4 (3).

Plasmids for expression of the HCV core gene. Several investigators have reported that
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DNA immunization by HCV core can induce specific antibodies and specific CTL response
against HCV core protein (Nakano et al., 1997). However, DNA vaccination in many cases is
hampered by poor efficacy. Thus, various strategies are being developed to improve immune
responses induced by DNA vaccines (Leitner et al., 1999). One of these approaches is
optimization of antigens expressions. Increasing of antigens amount suggests evoking more
vigorous immune response. In our study three plasmids constructed for expression of HCV core
gene encoding aa 1-191 were used. The pCMVcore plasmid carried only HCV core gene. The
pCMVcoreKozak plasmid contained HCV core gene with an adjacent Kozak consensus, in order
to enhance translation of the appropriate mRNA. The pCMVcorelRES plasmid carried HCV
core with an adjacent 5’UTR sequence. The pcDNA3 plasmid encoding Hepatitis B surface
antigen gene was used as a negative control. All plasmids were purified by standard protocols, in
accordance with a GLP practice for preparation of DNA vaccines.

HCVcore protein translation in vitro. pPCMVcore and pCMVcoreKozak recombinant
plasmids were used as template for T7-driven mRNA transcription. Translation products of
around 23 kDa and 21 kDa which corresponded to the expected molecular mass of the HCV core
unprocessed and processed protein’s forms, were obtained from both plasmid DNAs (Fig. 8). As
expected, the translation level of the HCV core from pCMVcoreKozak mRNA was higher than

the translation level from pCMVcore mRNA, because of Kozak sequence consensus insertion.

Fig.8. In vitro translation of HCV core mRNAs using the Rabbit reticulocyte Lysate System
(Amersham Pharmacia Biotech). Core protein translation from RNA transcribed by T7
polymerase using plasmid pCMVcore as template (lane 1). Core protein translation from RNA
transcribed by T7 polymerase using plasmid pCMVcoreKozak as template (lane 2). Protein

translation from control RNA situated in the Rabbit reticulocyte Lysate System (lane 3).

HCYV core protein gene expression in vivo in mammalian cells. Expression of core
gene from plasmid pCMVcore, pCMVcoreKozak and pCMVcoreIRES was verified in Cos-7
and BHK-21 cells after transfection by purified plasmids. After 48-72 h of incubation, cells were
lysated in Laemmli buffer. Cells lysates were analyzed using Western-blot. Syntheses of HCV

core protein was shown in both cells cultures - as in BHK-21 cells as in Cos-7 cells, but the
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effectiveness of core protein synthesis in the case of BHK-21 was higher (Fig.9, lane 2, 3). The
considerable difference between levels of expression from pCMVcore andpCMVcoreKozak was

obtained as in Cos-7 cells as in BHK-21 cells. Thus sufficient amount of core protein was

pCMVcore pCMVcoreKozak pCMVcoreIRES

BHK-21
48h

BHK-21

- .
| |- 72h

_— | e | Cos7

72h

Fig.9. Expression of HCV core protein gene in BHK-21 cells at 48h and 72h after transfection
and Cos-7 cells at 72h after transfection with 0,5 mkg plasmid DNA using different amount of
lipofectamine in case of BHK-21 cells and ExGene 500 reagent in case of Cos-7 cells.

generated from pCMVcoreKozak and pCMVcoreIRES plasmids in BHK-21 cells already at 48 h
post transfection, but in the case of transfection by plasmid pCMVcore the expression of core
wasn't detected at 48 h post transfection (Fig.9, line 1). This difference can be explained by
Kozak sequence presence in recombinant plasmid pCMVcoreKozak and 5’UTR sequence in
plasmid pCMVcoreIRES. The role of Kozak sequence is critical for gene regulation. It is
important component for efficient gene translation in eukaryotic cells.

Species of HCV core protein with molecular size 21 kDa and 23 kDa in the cells total
lysate were identified. Both products can be observed only in the case of high expression level
and major product was protein with molecular mass of 21 kDa. The C-terminal end of p23 amino
acid 191 of the HCV polyprotein and p21 is produced as a result of processing between
aminoacid 174 and 191. Maturated form p21 of core protein was detected earlier and its quantity
is considerable. Unmaturated form p23 was appeared late and its amount can be different in
different condition. Similar amounts of two HCV core protein's form were observed during

expression of pCMVcoreKozak plasmid. In the same time in equivalent conditions from plasmid
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containing polyprotein's core-E1-E2-p7 gene HCV core protein was synthesized mainly in form
p21 and only insignificant amount of p23 form was detected (Fig.9, linel).

Immunocytochemical analysis of cells producing HCV core proteins from

pCMVcoreKozak plasmid showed cytoplasmic, granular distribution of core protein in

A

Fig. 2. Immunocytochemical detection of HCV core protein gene expressed in BHK-21 cells after
transfection with pCMVcore (field 1), pCMVcoreKozak (fields 2, 4), pCMVcorelRES (field 3). HCV core
protein detected by rabbit polyclonal anti-HCVcore antibody 35-7 using TRITC-conjugated anti-rabbit
immunoglobulin (IgG) as secondary antibody (A); nuclear staining by DAPI (B); merged of A and B (C);
BHK-21 cells nonproduced HCV core protein after staining with polyclonal anti-HCV core rabbit
antibody 34-7 and TRITC-conjugated anti-rabbit immunoglobulin  (IgG) (A4). HCV core protein
localizes in the cell cytoplasm. Fluorescent images with microscope Leica DM 6000 B and camera Leica

DFC 480 (41-4, B1-3, C1-3), confocal image with Leica TCS SP2 SE (C4).

the cells. Similar distribution was observed for HCV core protein produced from pCMVcore
plasmid and from plasmid pCMVcoreIRES, but level of synthesis was lower and the amount of

producing cells also was smaller (Fig.10).
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HCV core gene immunization: antibody response. Fig. 11 shows humoral immune
response in Balb/c mice immunized with pCMVcore, pCMVcoreKozak and pCMVcoreIRES
plasmids, protein M220-25 or with plasmid pCMVcoreKozak for prime injection and M220-25
for boost. We bled animals on days 21 and 35. Specific antibody response was significantly
higher at day 35. Response at day 21 was at the level given during immunization with empty
vector, which we could consider as negative control. Highest anti-HCV core titers were
demonstrated after DNA (pCMVcoreKozak) prime and protein M220-25 boost immunizations.
Insertion of Kozak sequence had only slight influence on antibody response, whereas the
positive influence had combination of Kozak sequence in a DNA vaccine against HCV with

subsequent boost with analogous protein.
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Fig.11. Anti-HCV core antibody titers at days 21 and 35 after Balb/C mice immunization. Serum

antibodies were tested in ELISA for specific binding to protein M220-25 (HCV core aa 1-98).

HCYV core gene immunization: T-cell proliferative responses. Stimulation was done
with HCV proteins M220-25 (aa 1-98), M273-2 (aa 1-171) and HCV peptide MS94-44 (aa 133-
142) (Fig.12). The level of proliferation was higher in all cases using as stimulator protein
M273-2 and showed maximum for immunization with protein M220-25. If compare DNA
immunizations the highest proliferation was achieved in case of immunization with

pCMVcoreKozak prime and M220-25 boost, whereas plasmid pCMVcoreKozak alone gave the

lowest proliferation.

24



g - @ core aa1-98 W core1-171 O peptide 133-142
7 T
6
5 T
n 4
3 T
2 _
il e —
0 I I I
) - Q -
L S v S _ b
o N £ <Y £
o5 X o~ =
sl g7 % &z 3
> = 3 £ T o P 2
= > @© o >
O = o) O ® =
Q o =9 i
Mouse groups Q

Fig.12. Stimulation indexes in vitro were calculated by use of recalling antigen (M220-25 and
M273-2) or peptide MS94-44 with concentrations from 0.1 to 1.0 ug/ml.

Figures 13 A and B show direct measurements of the Th1 cell-derived cytokines IL-2 and
IFN-y. The most efficient production of IFN- y and IL-2 was detected in case of immunization
with pCMVcoreKozak prime and M220-25 boost, so these data follow to the proliferation

response. All variants did not demonstrate IL-4 production.
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Fig.13. Cytokine production in Balb/C mice: against protein M220-25 (HCV core 1-98) (4);
against protein M273-2 (HCV core 1-171) (B).

We investigated the role of intramuscular immunization Balb/C mice with recombinant
plasmid DNA expressing HCV-core protein to induce potent HCV-core specific humoral and
cellular immune responses. We have shown that better results might have been obtained if the
Kozak sequence had been added to the gene, and we have shown that a boost injection of HCV
core protein is capable to enhance the Thl-type immune response primed with this DNA vaccine.
Antigen-specific IFN- y and IL-2 production in spleen cell cultures was augmented one and a
half- to fourfold by the protein boost compared to that for DNA vaccination, whereas
immunization with HCV core protein alone only marginal levels of these Thl cytokines,
highlighting the power of heterologous prime-boost-regimen.

Generation of recombinant plasmids SFV and Sindbis virus based carrying HCV
genes. In order to test ability of the SFV expression system for translation of HCV genes, we
generated constructs expressing poly P (core-E1-E2-p7), HCV core and E2p7 genes (Fig. 14).
DNA copies of poly P (core-E1-E2-p7), HCV core, and E2p7 genes were amplified and cloned in
the pSFV1 expression vector under the control of the SFV subgenomic 26S promoter. Resulting
plasmids pSFV1/HCVpolyP, pSFV1/HCV core, and pSFV1/HCV E2p7 were used as templates
for in vitro transcription of the recombinant SFV region by SP6 RNA polymerase. Subgenomic
RNAs carrying in our case different HCV sequences (depending on the construct) served as
templates for translation of HCV genes.

Recombinant SFV particles were produced for each construct by simultaneous

electroporation of cells with the subgenomic RNA of the appropriate constructs and helper SFV
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RNA. BHK-21 cells, which were used in these experiments, are not natural host cells for HCV.
However, they are optimal for infection with and production of recombinant SFV particles,

allowing the highest yields of recombinant proteins.

CEl1 E2 I[NS2 NS3 |NS4bhNS5a NS5b
p7

A NS4a
B
SP2 pSFV1/HCVpolyP
core E1 E2 p7
SP26

core r

pSFV1/HCVcore
E2 p7
pSFV1/HCVE2p7
pCytTS/HCVpolyP
core E1 E2
p7

Fig.14. Schematic diagram of recombinant SFV-driven constructs for analysis of HCV proteins
translation. HCV proteins: core, EI, E2 — structural proteins, NS2, NS3, NS4A4, NS4B, NS54,
NS5B -nonstructural proteins, p7 — small protein with unclear functions (4). HCV proteins genes

used in this study for recombinant plasmids construction (B).

HCV polyP fragment encoding structural proteins and protein p7 was cloned also in
pCytTS vector. The pCytTS is an expression vector based on Sindbis virus. The recombinant
plasmid specified as pCyt/HCV polyP was used for transfection of BHK-21 cells in order to
express HCV proteins using another alphavirus besides SFV (Fig.14).

We have used for our study the genotype 1b of HCV, because genotype 1 is widely
distributed, and specifically genotype 1b predominates in Latvia and has been reported to be
associated with higher HCV RNA levels, more advanced disease and a poor response to

treatment (Tanaka et al., 1996; Kobayashi et al., 1996).
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Expression of HCV genes in BHK-21 cells. HCV proteins presence were analyzed in
BHK-21 cell lysine in 24h after transfection with recombinant RNA or infection with
recombinant SFV viral particle. Pattern of proteins presented a band about 70 kDa
corresponding to E2 protein, 33 and 35 kDa bands corresponding to major glycosylated forms of
the E1 and bands corresponding to the HCV core (Fig.15, lane 3). The heaviest form of the HCV
core was not detected in all experiments, probably because the level of protein production was
not equivalent in different cases and minor forms of the HCV core protein remained
undetectable. The molecular mass of proteins expressed from a construct that encoded the HCV
core gene alone was identical to the molecular mass of the HCV core protein expressed from the

construct, which encoded HCV structural proteins (Fig.15; Fig.16a).
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Fig.15. HCV structural proteins genes expression in BHK-21 cells after infection by recombinant
viruses. BHK-21 cells lysate (NP-40 contained buffer) after infection by SFVI/EGFP as control
(lane 1); BHK-21 cells lysate (NP-40 contained buffer) after infection by SFVI1/HCVcore (lane
2); BHK-21 cells lysate (NP-40 contained buffer) after infection by SFVI/HCVpolyP (lane 3);
BHK-21 cells lysate (NP-40 contained buffer) after infection by rSFVI/HCV E2p7 (lane 4). The

Prestained Protein Molecular Weight Markers (Fermentas) was used as molecular mass markers.

Expression of HCV genes was analysed in BHK-21 cells also after transfection by
pCyt/HCVpolyP plasmid. Cells were lysed at 72 h after termoinduction in lysis buffer containing
NP-40 or in Laemmli buffer (Laemmli, 1970). Efficiency of expression of the HCV genes and
immunological specificity of the corresponding proteins were demonstrated by Western blotting.

Two species of HCV core protein with molecular mass 21 kDa and 23 kDa in the total cell lysate
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were identified. Bands, which were observed under major p23 and p21 forms of HCV core

protein, corresponded to HCV core form 16 kDa (Fig.16b).
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Fig.16. HCV core protein gene expression in BHK-21 cells: Western-blot with policlonal anti-
HCV core antibody from rabbit: (a) HCV core protein gene expression in BHK-21 cells after
infection by recombinant viruses rSFVI1I/HCVpolyP and rSFVI/HCVcore: BHK-21 cells lysate
(NP-40 contained buffer) after infection by SFVI/EGFP as control (lanel); BHK-21 cells lysate
(NP-40 contained buffer) after infection by SEFVI/HCVcore (lane 2); BHK-21 cells lysate (NP-40
contained buffer) after infection by rSFVI1/HCVpolyP (lane 3). (b) HCV core gene expression in
BHK-21 cells after plasmid pCyt/HCVpolyP transfection by commertial kit (Fermentas):
Western-blot with policlonal anti-HCV core antibody from rabbit. BHK-21 cells lysate (NP-40
contained buffer) after transfection by pCyt/HCVpolyP lysate (lanel); BHK-21 cells total lysate
(Laemmli buffer) after transfection by pCyt/HCVpolyP (lane 2); negative control — noninfected
BHK-21 cells lysate (Laemmli buffer) (lane3); purificated recombinant HCVcore protein from
E.coli-25 picomol (lane4). The Prestained Protein Molecular Weight Markers (Fermentas) was

used as molecular mass markers.

E2 and E2p7 proteins presence was shown in BHK-21 cells lysates after infection by
recombinant SFVI/HCVE2p7 and SFV1/HCVpolyP viruses (Fig. 17). Specificity of the E2
protein was confirmed by Western blotting, imunoprecipitation, and imunocytochemical analysis
with corresponding anti-E2 antibodies. In our study, both protein patterns after infection with
recombinant viruses were similar and E2 protein existed in glycosylated form of about 70 kDa
(Fig. 17a). Different E2 proteins forms represented by glycosylated E2 (about 70kDa), ngE2p7
(41 kDa), and ngE2 (36 kDa) were concentrated from cells lysates after infection with
recombinant SFV1I/HCVE2p7 virus using imunoprecipitation with corresponding anti-E2
antibody (Fig.17b). Localization of the HCV E2 protein in the cytoplasm of infected cells was

determined by immunocytochemical analysis (data not shown).
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Fig.17. HCV E2 protein gene expression in BHK-21 cells after infection by recombinant
viruses SFVI/HCVpolyP and SFVI/HCVE2p7. (a)Western-blot with policlonal anti-HCV E2
antibody from rabbit: BHK-21 cells total lysate (Laemmli buffer) after infection by
SFVI/HCVpolyP (lane 1); negative control — noninfected BHK-21 cells lysate (Laemmli buffer)
(lane 2); BHK-21 cells total lysate (Laemmli buffer) after infection by SFVI/HCV E2p7 (lane 3).
(b)Immunoprecipitation of E2 and E2p7 proteins from cells lysates after infection by
recombinant viruses SFVI/HCVpolyP and SFVI/HCVEZ2p7: Immunoprecipitation with different
polyclonal rabbit anti-E2 antibodies (lanes 1,2,3). The Prestained Protein Molecular Weight

Markers (Fermentas) was used as molecular mass markers.

Imunocytochemistry data, imunoprecipitation from cell lysate and data of Western blot
analysis with appropriate anti-core and anti-E2 polyclonal antibodies allowed us made such
conclusions: recombinant viruses expressed high levels of HCV core and E2, which were
authentically posttranslationally processed.

Localization of HCV core protein in the cells. Localization of the HCV core protein
was monitored by immunocytochemical analysis using binding of polyclonal rabbit antibody to
HCV antigens. Percentage of cells, which were stained positive, increased during the first 24 h
post infection. In most cases, it reached a maximum in 24 h. For all constructs, the number of
cells, which were stained positive, reached a value of up to 80%. HCV core protein was localized
mainly in the cytoplasm, but its localization was different at different times post infection. In 4 h
and 8 h after infection of cells with recombinant viruses, HCV core protein was found in
cytoplasm only. In 16 h after infection, HCV core protein concentrated in perinuclear region.
Only in 24 h after infection, about 15 % of the HCV core protein was found in the nucleus
(Fig.18). However, correlation of each HCV core protein form with its localization was not
established. At 4 h postinfection, only a p21 form was detectable in cell lysate. At 8 h

postinfection, the p21 form and the same amount of a p23 form were detected in cell lysate.
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Fig.18. Immunocytochemical detection of HCV core protein gene expression. BHK-21 cells were

infected were with recombinant virus SFVI1/HCVcore. Infected cells were stained with rabbit
anti-HCV core antibodies (1:1000) and secondary anti-rabbit TRITC-antibodies (1:100).
(a).Noninfected BHK-21 cells stained with rabbit anti-HCV core antibodies (1:1000) and
secondary anti-rabbit TRITC-antibodies (1:100). (b).The core protein’s distribution at 4 hours
post infection; (c).The core protein’s distribution at 8 hours postinfection, (d).The core protein’s
distribution at 16 hours postinfection; (e).The core protein’s distribution at 16 hours
postinfection. DAPI was used for nucleus's visualization; (f).The core protein’s distribution at 24
hours postinfection. DAPI was used for nucleus's visualization. Microscopy at Leika DM 6000
B.
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Fig.19. HCV core protein gene expression in BHK-21 cells after infection by recombinant virus
SFVI/HCYV core at different time postinfection: different forms of HCV core proteins detection by
Western-blot with policlonal anti-HCV core antibody from rabbit. HCV core protein p21 form in
BHK-21 cells total lysate (Laemmli buffer) at 4 hours post infection (lane 1); HCV core protein
p21 form and some amount of p23 form in BHK-21 cells total lysate (Laemmli buffer) at 8 hours
post infection (lane 2); HCV core protein p2l form, p23 form and pl16 in BHK-21 cells total
lysate (Laemmli buffer) at 24 hours post infection(lane 3). The Prestained Protein Molecular

Weight Markers (Fermentas) was used as molecular mass markers.
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The smallest form of the HCV core protein of p16 kDa was detected at 24 h postinfection only
(Fig.19).

Assembly of HCV structural proteins. To assess the ability of HCV structural proteins
to be associated into virus-like particles, clarified cell lysates after infection with recombinant
viruses pSFV1/HCVpolyP or pSFV1/HCVcore (or electroporation by the corresponding RNAs)
were subjected to centrifugation through a sucrose cushion. The pellets were dissolved in TNE
buffer and analyzed by Western blotting for two HCV structural proteins: core and E2. Both
proteins were found in pellets (data not shown). Viral HCV particles were visualized by electron
microscopy. First, HCV core particles of 35-37 nm in diameter were detected after infection with
SFV1/HCVpolyP recombinant virus or SFV1/HCVcore (Fig. 20a, b). HCV-like particles with a
diameter of 60 nm formed by HCV structural proteins were observed in the cells infected with
SFV1/HCVpolyP recombinant virus (or electroporated with the corresponding RNAs), but the

number of such particles in cell lysates was low (Fig. 20c).
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Fig.20. Electron microscopy of purified HCV-like particles. (a) HCV core particles in the NP-40
containing lysate of SFVI/HCVcore-transfected cells; (b) HCV core particle; (c¢) Immunogold
labeling of HCV-like particles with anti-E2 polyclonal antibodies. The bar represents 50 nm.

Blanchard’s EM observation in similar experiments also show that only a few particles

were fully released from ER membrane of cells (Blanchard et al., 2002, 2003a, 2003b). Probably,
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some host-cell factors are necessary for HCV-LP releasing and this SFV based model provides
an opportunity to identify potential role in HCV-like particles morphogenesis of viral elements,
such as the p7 or 5> NTR RNA and/or host-cell factors. Thus, HCV-like particles obtained in
SFV expression system may serve, after optimization, as a useful tool for development of tissue
culture model of HCV infection, for a better understanding of the mechanism of HCV assembly,
and for the study of HCV morphogenesis. Moreover, the HCV proteins in HCV-like particles
presumably are presented in a native, virion-like conformation and therefore represent excellent
candidates for an HCV vaccine.

Mice immunization by recombinant viruses: antibody response. Balb/c mice were
immunized with recombinant pSVF1/HCVcore, pSFV1/HCVpolyP, or pSFVI/EGFP viruses.
Two groups were immunized with each virus (one — subcutaneous, second - intravenous). Mice

sera collected each weeks post virus injection was analyzed for the ability to recognize
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Fig.21. Anti-HCV core antibody titers at days 42 and 49 after Balb/c mice immunization. Serum
antibodies were tested in ELISA for specific binding to protein M220-25 (HCV core aal-98): A.
Anti-HCV-antibody titers after mice immunization with recombinant SFVI1/HCVpolyP virus in
tail vein; B. Anti-HCV-antibody titers after mice immunization with recombinant SEFVI/HCYV core

virus subcutaneous.

recombinant core and synthetic peptides in ELISA. Significant level of anti-HCV core antibodies

was detected only for some mouse in each group. Obtained results indicate that maximal
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response was shown at day 42 (1 weeks after the boost) and at day 49 (2 weeks after the boost).
The antibodies titers were always higher in the case of intravenous immunization (Fig. 21 A, B).
Received data can solve as base ground for further study of recombinant alphaviruses
carrying HCV structural protein genes as possible candidates for developing anti-HCV vaccine.
It shows that necessary to optimize scheme of immunization. We supposed that using
heterologous prime-boost regimens help to enchance of immune response after immunization
and intend to combine immunization with recombinant SFV virus particles and DNA

immunization, or immunization with HCV-like particles or chimeras HCV particles.
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Concluding remarks
We have chosen for our study HCV E2 and HCV core protein genes as more
representative immunogens. First we assessed the immunogenecity of these HCV
structural protein genes using DNA vaccination. Three variants of plasmids containing E2
protein gene were constructed for mouse immunization and immune response evaluation.
Three plasmids containing HCV core protein genes in different context under CMV
promoter were also synthesized for this propose.
In its capacity to induce both B- and T-cell responses in Balb/c mice, full-length E2/p7
gene with extended E2 signal sequence (E2/p7-2) was superior to both E2/p7 with only
the C-terminal part of the E2 signal sequence (E2/p7-1), and to the reference E2 gene
encoding the truncated version of E2 with the C-terminal part of the E2 signal sequence
but devoid of the p7 stop-transfer signal. Manipulation with the E2 signal sequence
afforded increased immunogenicity through preservation of the full-length E2 and p7
sequences without the aid of external/heterologous signals, a feature important for
achieving a multi-specific anti-HCV immune response.
It was shown that introduction of the Kozak consensus sequence stimulated markedly the
synthesis of the HCV core in vitro translation system and in cultivated cell lines, but no
visible effect was detected in efficiency of immune humoral and cellular immune
responses by DNA immunization. DNA prime with protein boost immunization regimen
was found most efficient in induction of HCV core-specific immune responses.
In order to test ability of the SFV expression system for translation of HCV proteins, we
generated recombinant SFV-based constructs expressing poly P (core-E1-E2-p7), HCV
core and E2p7 genes. Recombinant SFV particles were produced for each construct and
used for infection of BHK-21 cells. HCV polyP fragment encoding structural proteins
and protein p7 was also cloned into the pCytTS vector system. The recombinant plasmid
herein referred to as pCyt/HCV polyP was used for transfection of BHK-21 cells in order
to express HCV proteins.
High level expression of authentic posttranslationally processed HCV core and E2
proteins have been provided in cell culture by using recombinant alphaviruses.
Specificity of HCV core and E2 proteins were confirmed by immunocytochemical data,
imunoprecipitation from cell lysates, and Western blot analysis with appropriate anti-core
and anti-E2 polyclonal antibodies.
Electron microscopy analysis revealed the formation of homogeneous HCV core-like
particles of 35-37 nm in diameter (Fig.7a, b). Moreover, HCV-like particles with the

diameter of 60 nm also were observed. This finding confirmed once again the ability of

35



correct processing of the HCV proteins in alphaviral expression systems and the results
of the current study have demonstrated the principal possibility of using HCV-like
particles on the basis of recombinant alphaviruses for creation of a new type of HCV
immunogen. Further work is required before conclusions on the perspectives of this
approach are to be made.

Recombinant pSVF1/HCVcore, pSFVI/HCVpolyP viruses were used for mice
immunization. The antibodies titers in sera of immunized mice were assessed. Data
herein can serve as a foundation for further study of recombinant alphaviruses carrying
HCV structural protein genes as candidates for an anti-HCV vaccine. These additional

efforts should be directed toward optimization of the immunization.
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Kopsavilkums

Sakara ar HCV genétisko mainigumu un sp&ju pielagoties atlases spiedienam, kuru rada,
pieméram, imunologiska atpazisana un pretvirusu terapija, lidz §im bridim neeksiste efektivas
terapeitiskas un profilaktiskas anti-HCV vakcinas. Par nelaimi, HCV biologijas pé&tijumus
apgritina efektivas un uzticamas in vitro sist€mas trukums virusa pavairoSanai.

Alfavirusi to augsta ekspresijas ITmena, plasa saimniekStinu spektra un citoplazmatiskas
replikacijas del nodrosina iesp&ju izveidot modela sisttmu HCV pétisanai Stinu kulttra. Semliki
Forest viruss (SFV) (Liljestrom & Garoff, 1991) un Sindbis viruss (Xiong et al., 1989) ir
alfavirusu ekspresijas sisttmu pieméri, kas visplasak izmantoti piedavato genétisko vakcinu
izstradei, kuram ir augstaka efektivitate par tradicionalajam genétiskajam vakcinam.

Promocijas darba meérkis ir jauna tipa anti-HCV vakcinu kandidatu izveidoSana,
pamatojoties uz vispargju koncepciju, ka viens vai vairaki HCV strukturalie géni tiek inkorporeti
virusa — nes€ja (miisu gadijuma, SFV un Sindbis virusi) genoma, nodroSinot imunogéno
struktiiru amplifikaciju un ekspreséSanu. Lai sasniegtu So meérki, ievietoSanai ekspresijas
vektoros tika izvéleti HCV kora proteina, E2 proteina géni un poliP kod&joSs genoma fragments
(apvienoti core-E1-E2-p7 géni). Katrai konstrukcijai tika izveidotas atbilstoSas rekombinantas
SFV dalinas, kuras izmantoja BHK-21 §iinu infic€Sanai. HCV polyP fragmentu, kas kodg&ja
strukturalos proteinus un proteinu p7, ieklongja ar1 pCytTS (izveidota uz Sindbis virusa pamata)
vektora. Rekombinanta plazmida pCyt/HCV polyP tika izmantota BHK-21 Siinu transficéSanai,
lai ekspresétu HCV proteinus. Izmantojot rekombinantos alfavirusus, Stinu kultiira bija paredzets
augsta Itmeni ekspresét autentiski posttranslacionali procesétus HCV kora un E2 proteinus. HCV
kora un E2 proteinu specifiskumu apstiprindja ar imunocitokimiskajiem datiem,
imunoprecipitaciju no Stnu lizatiem un Western blotu ar atbilstoSam anti-kora un anti-E2
poliklonalajam antivielam. Ar elektronu mikroskopijas palidzibu pieradits, ka veidojas
homogénas HCV kora veidigas 35-37 nm dalinas un HCV lidzigas dalinas, kuru diametrs bija 60
nm. Rekombinantie pSVF1/HCVcore un pSFV1/HCVpolyP virusi tika izmantoti pelu
imunizacijai, un, pamatojoties uz imunizacijas datiem, tika izstradata nakoSo eksperimentu
strategija. HCV kora un E2 strukturalo proteinu imunogenitate tika novertéta ari péc DNS
imunizacijas datiem.

Saja darba aprakstitas modelsistémas var izmantot talakajiem HCV dzives cikla un
biologijas pétijumiem, izmantojot rekombinantos alfavirusus, kuros ievaditi HCV géni, un

izveidot rekombinantos virusus ka jauna tipa efektivas vakcinas.
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Darba aktualitate

Virusu hepatits C, kuru izraisa HCV, ir nozimigaka vispasaules veselibas probléma, jo
vairak par 3% no visiem pasaules iedzivotajiem ir inficéti ar So virusu (Thomson et al., 2005).
Patlaban arst€Sana izmanto pegiléto interferonu un ribavirinu, bet iznakums ir neapmierinoss, jo
tikai 42% pacientu, kas ir inficéti ar 1. genotipa HCV, pozitivi reagé uz arstéSanu (Saracco et al.,
2003). Tade] ir akiita vajadziba izstradat efektivu anti-HCV vakcinu. Par nelaimi, tas izstradi
nopietni apgriitina atbilstosas eksperimentalas sist€mas trikums. Vienigais dzivnieks, kuru drosi
var inficét ar HCV, ir Simpanze, bet &tisku iemeslu, augsto izmaksu un griitibu stradat ar lieliem
dzivniekiem dél to izmantoSana Sadiem mérkiem ir ierobezota. Tomér, lielakas problémas HCV
petijumos rada S$tinu kultiiras trikums, kura varétu veikt efektivu un droSu virusa pavairosanu.
HCV molekularo mehanismu pétisanas mode]sistémai janodroSina pilnvertiga informacija par
hepatita C patogenézi un terapiju.

Nesenie atklajumi vakcinologija ir saistiti ar vakcinas antigénu kod&josu nukleinskabju
izmantoSanu, kuru visparéji nosauc par genétisko vakcingSanu. Sada genétiska vakcing$ana
piedava drodaku un izmaksu zina efektivaku alternativu tradicionalajam vakcinam. Sadu vakcinu
varétu izmantot gadijumos, kad tradicionalas vakcinas izmantoSana izradijusies neefektiva.
Genétiskas vakcinas visuma ir I€tas, un tas ir viegli sarazot. Vairakas modelsistémas ir pieradits,
ka tas ir imunogénas un efektivas. Dazi §adu vakcinu tipi izmanto So vienpavedienu RNS virusu
genomus un nodrosina efektivu klongéto génu ekspresiju transficétajas $iinas.

Alfavirusi — Semliki Forest viruss, Sindbis viruss un Venecuélas zirgu encefalita viruss —
ir izmantoti par tradicionalajam gené&tiskajam vakcinam efektivaku piedavato genétisko vakcinu
izstrade (Xiong et al., 1989, Liljestrom & Garoff, 1991, Pushko et al., 1997, Fleeton et al., 2000).
Promocijas darba mérkis ir jauna tipa anti-HCV vakcinu kandidatu izveidoSana, pamatojoties uz
vispargju koncepciju, ka viens vai vairaki HCV strukturalie géni tiek inkorporeti virusa — nesg€ja
(miisu gadijuma, SFV un Sindbis virusi) genoma, nodroSinot imunogéno struktiiru amplifikaciju
un ekspresésanu. ST sistéma tas augsta ekspresijas limena, plasd saimniek$inu spektra un
citoplazmatiskas replikacijas dél nodroSina unikalu iesp&ju Stnu kultira, izmantojot
rekombinantos alfavirusus, kuros ievaditi HCV géni, pétit HCV dzives ciklu un biologiju un
izmantot rekombinantos virusus ka jauna tipa efektivas vakcinas (Caley et al., 1997, Leitner et

al.,1999).
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Promocijas darba meérkis
Promocijas darba meérkis ir izstradat jaunas HCV vakcinas prototipu un eksperimentalo

modeli HCV dzives cikla pétijumiem. Lai sasniegtu Sos mérkus, tika uzstaditi $adi uzdevumu:

raksturot HCV kora protetna gé€na imunogenitati pel€s (izmantojot DNS vakcinaciju);

- raksturot HCV E2 proteina géna imunogenitati pel€s (izmantojot DNS vakcinaciju);

- radit rekombinantos alfavirusus (uz SFV vai Sindbis virusa pamata izstradatus), kuros
ievaditi HCV proteinu géni;

- izstradat modela virusa sist€mu, ar kuru Stnu kultiiru sistéma varétu veikt efektivu un drosu
HCYV génu ekspresiju;

- 1iegut HCV-veidigas dalinas, izmantojot Stinu infic€Sanu ar rekombinantajiem alfavirusiem;

- noveértét HCV proteinu génus saturo$o rekombinanto SFV virusu sp&ju radit imunologisko

atbildi pelgs.
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Ieskats HCV pétijumos, izmantojot uz virusu pamata izstradatas ekspresijas

sistémas

Visa pasaul€ ir apméram 200 miljoni hronisku HCV gadijumu. Hepatita C virusa (HCV)
infekcijai ir raksturiga izteikta virusa izturiba, hroniska aknu saslim$ana un arkart€ja virusa
mainiba. HCV dzives cikla izp&te ir apgriitinata apmierinoSas Stinu kultiiras sisteémas trikuma
del, jo HCV kultivgjamas Siinas efektivi nereplicgjas. Tikai nesen $ai joma tika sasniegts biitisks
izraviens, kas saistits ar infekciju saistitu Stinu kultiiru sistému un dazu replikonu sist€mu izstradi
(Lohmann et al., 1999, Yi et al., 2006). Tomer, neskatoties uz Siem sasniegumiem, lidzigas
sisttmas ar citiem HCV celmiem ir griiti izveidot. Bet molekularo mehanismu pétijjumiem
janodros$ina pilnvértiga informacija par hepatita C patogenézi un terapiju. Detaliz&ti pétijumi par
virusa proteinu funkcijam un precizi HCV replikacijas mehanismi ir bitiski antiviralas arstéSanas
izstrade.

VienkarSotu HCV replikacijas ciklu var izklastit $adi:

1) piesaistiSanas pie saimnieksiinas un iekl|tSana taja;

2) virusa pozitiva pavediena RNS atbrivoSana;

3) atklatas nolasiSanas fazes transléSana un poliproteina procesésana;

4) replikazes kompleksa izveidoSanas;

5) nako$as paaudzes pozitiva pavediena RNS sint€ze caur negativa pavediena RNS
starpproduktiem;

6) jaunu virusa dalinu veidoSanas, kuras, dro$i vien, iegiist savu apvalku endoplazmatiska tikla
limena;

7) nakosas paaudzes virusu atbrivosanas caur Goldzi kompleksu.

Visi §ie procesi norit citoplazma, kur HCV proteinus atrod cie$a saistiba ar intracellularajam
membranam (Pietschmann et al., 2001). Principa, katrs HCV dzives cikla posms var biit par
meérki pretvirusu iedarbibai.

Piem@rota Stinu modela trikums HCV pavairoSanai noved pie ta, ka tiek izmantotas
dazadas heterologas ekspresijas sist€mas. Ka piemérs ir minama bakulovirusu — insektu $tinu
sist€ma, kas izradijas piemerota HCV strukturalo proteinu (Matsuura et al., 1992, 1994; Lanford
et al., 1993, Hsu et al., 1993, Hiissy et al., 1996a, 1997) un nestrukturalo protetnu (Hirowatari et
al., 1993, Nishihara et al., 1993, Overton et al., 1995, Suzuki et al., 1995, Hwang et al., 1997)
producésanas un nobrieSanas pétijumiem. Bez tam $o sistému var izmantot (i) imunologiskiem
petijumiem nepiecieSama liela daudzuma antigénu sarazosanai (Chiba et al., 1991, Chien et al.,
1992, Inoue et al., 1992, Basset et al., 1999) un (i) virusa proteinu mijiedarbibas un savakSanas
pétijumiem (Hiissy et al., 1996b, Wang et al., 1997). Izmantojot rekombinanto bakulovirusu,

1998. gada Baumerts ar lidzautoriem paradija, ka var radit pseidoviralas dalinas.
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Ka aizstajjvirusu sistéma tika izstradata sist€ma ar vezikulara stomatita virusa
izmantoSanu, radot pseidotipa un rekombinantos virusus, kas saturéja HCV apvalka proteinus.
Rekombinantais VSV ekspres€ja inkorporétos HCV génu produktus, kuriem norit€ja pilnais
procesings un kuri savacas HCV lidzigas dalinas (Ezelle et al., 2002, Majid et al., 2006). Turklat,
rekombinantais VSV, kura ievaditi nemodificéti HCV E1 un E2 géni, bija spg&jigs inficét Huh7
stnas (Tani et al., 2007). Nesen paradijas informacija, ka no fulminanta HCV pacienta izolétam
2a genotipa JFH1 HCV (HCVcc) izstradata replikacijas sistéma, kas darbojas in vitro ziditaju
Stinu kultiira (Lindenbach et al., 2005, Zhong et al., 2005, Yi et al., 2006). Tomér vél joprojam
nav izstradata stabila $tinu kulttru sisttma HCV la un 1b genotipiem, kuri pasaulé ir visplasak
izplatitie. Ka izn€mumus var min&t $tinu kultiiru sistému H77 vai H77-S (1a genotipam) (Kanda
et al., 2006, Yi et al., 2006) un replikonus, kas iegiiti no Conl, genotipa 1b celma (Lohmann et
al., 1999). Tomer, efektivai atbilstoSo RNS replikacijai nepieciesamas adaptivas mutacijas NS3,
NS5A un/vai NS5B proteinos. M.lkeda ar Iidzautoriem (Ikeda et al., 2002) paradija, ka
subgenomiskais replikons (NNeo/3-5B), kas ieglits no HCV 1b genotipa infektiva molekulara
klona, arT ir spg€jigs efektivi replicéties Huh7 $iinas bez jebkadas adaptivas mutacijas. Ta ka So
HCYV replikonu RNS nesaturgja lielako dalu sekvences, kura kodgja strukturalos proteinus (koru,
E1l, E2 un p7), tas nebija sp&jigas radit infektivas dalinas, neskatoties uz to stabilo replikaciju
Huh7 §tinas.

Semliki Forest viruss (SFV) (Liljestrom & Garoff, 1991) un Sindbis viruss (SINV)
(Xiong et al., 1989) ir visplasak izmantoti alfavirusu ekspresijas vektori. Siem virusiem ir plass
saimnieku spektrs, un tie var replicéties butiski atskirigas dzimtas, sakot no insektiem un beidzot
ar ziditajiem. Ta ka visu alfavirusu biologija ir lidziga, to ekspresijas vektoru principialie
stukturalie elementi ir identiski. Vektori ir raditi ta, lai heterologo génu insertu zem 26S
subgenomiska promotora kontroles varétu ievietot kada virusa stukturala géna vieta. Vispar,
vektori satur nestrukturalu kodgjosu rajonu, kas ir nepiecieSams alfavirusu replikazes kompleksa
(ns1-4) radiSanai, 26S subgenomisko promotoru un polilinkeri ar vairakiem unikaliem
restrikcijas saitiem sveSo geénu insertéSanai. Pirms rekombinanta replikona esoSais SP6
promotors paredzéts RNS transkripcijai in vitro apstaklos. Rekombinantie replikoni jaievieto
virusa apvalka iekSpus€, ko nodroSina in trans ar ko-transficgto defektivo “helpera” RNS
(Berglund et al., 1993, Smerdou et al. 1999). Pirmas paaudzes alfavirusu ekspresijas sist€émas
augsta limena génu ekspresiju sasaistija ar saimniekSiinas proteinu translacijas apturéSanu, kam
sekoja Stinas nave 12-24 stundas péc inficéSanas (Frolov et al., 1996). Galvenais skerslis
daudzajiem praktiskajiem izmantoS$anas gadijumiem ir vektora citotoksicitate ar p53 neatkarigo
apoptozi (Glasgow et al., 1998), kuru izsauc nestrukturalais rajons, un pirmas paaudzes RNS

izmantojoSos vektorus vargja izmantot tikai 1slaicigai génu ekspresijai.
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HCV pétijumiem tika izstradata SFV ekspresijas sistéma ka ar infekciju saistita $tinu
kulttru sistéma. HCV strukturalie proteini (1a genotips) tika ekspreséti ziditaju $tinas, izmantojot
rekombinanto SFV replikonu. Tika paradits, ka $1 ekspresijas sisteéma, lai in situ nodroSinatu
HCV savakSanas procesa vizualizaciju, ir neveiksmiga, vai arl process Sai sistéma parak lens
(Blanchard et al., 2002, 2003, Greive et al., 2002, Hourioux et al., 2007).

Vakcinu izstradei vispirms SFV sistéma tika izmantota ka DNS vai RNS atvasinata
vakcina (Ying et al., 1999), kur SFV strukturalie géni bija aizvietoti ar sveSo génu. Atskiriba no
§1s pieejas, rekombinanto SFV dalinu izmantoSanai ir raksturiga paaugstinata Stinu transdukcija
salidzinajuma ar DNS vai RNS izmantojo$am vakcinam (Leitner et al., 1999). Sis rSFV dalinas
infic€ saimniekStnu, bet nereplic€jas: tikai ievaditais sveSais géns ekspres€jas augsta limeni. Ir
paradits, ka Sada pieeja uzlabo humoralo un celularo atbildi pelés un pértikos, izmantojot
dazadus virusu modelus, piem&ram, gripas virusu, aitu meningoencefalomielita virusu (LIV),
cilveka imunodefictta virusu (HIV) cilvéka papilomas virusu (HPV) un liellopu viralo caureju
(Berglund et al., 1999, Brand et al., 1998, Daemen et al., 2000, Fleeton et al., 2000, Reddy et al.,
1999). Nesen tomeér ieveérojamu Stnas imiinas atbildes uzlabojumu paradija pelé€s un primatos
pec DNS vakcinas izmantoSanas kombinéta veida vai nu ar rekombinantiem antigéniem vai arT ar
rekombinantiem virusiem (Amara et al., 2001, Pancholi et al., 2000, Robinson et al., 1999).
Brinstera pétijuma tika noskaidrota parveidoto SFV dalinu spé&ja inducét NS3 specifisko CD8"
radito atbildi salidzinajuma ar vai kombinacija ar tiru DNS vakcinu. Visas DNS/rSFV vakcinas
kombinacijas pastiprinati inducgja specifiskos CTL, kurus var€ja noteikt 11dz pat 31. ned€lai péc
pirmas injekcijas. Netransgénas Balb/c pelés anti-NS3 antivielas vargja noteikt tikai kombinétas
vakcinas gadijuma. HCV NS3/4A protetnu génus saturoS$s SFV replikons tika izmantots, lai
uzlabotu NS3/4A imunogenitati ar RNS amplifikaciju (Frelin et al., 2004). Tomér Vidalina
pétijuma replicgjosas SFV-DNS vakcinas un HCV kora vai E2 antigénus ekspresgjoss rSFV tika
salidzinats ar klasisko CMV tipa plazmidu (pCMV) vienkarSas vai divkarSas vakcin&Sanas
protokolos, un atSkirigi injic€Sanas rezimi neuzradija paaugstinatu core-SFV un E2-SFV
plazmidu vai rSFV efektivitati salidzinajuma ar CMV (Vidalin et al., 2000).

Mugurkaulnieku Stinu infic€Sana ar alfavirusiem parasti noved pie loti spécigas virusa
kodeto génu ekspresijas un dramatiskas saimniekproteinu sinté€zes inhibicijas. Mutacijas virusa
replikazes nsp2 géna, kas abu alfavirusu (SIN un SFV) replikazes padarija par necitopatiskam,
identifikacija noveda pie necitopatisko alfavirusu ekspresijas sistemu vektoru izstrades (Dryga et
al., 1997, Frolov et al., 1999, Perri et al., 2000). Necitopatiskie Sindbis vektori eksprese
pietickami augstus proteinu limenus gandriz katra Stna, un ekspresiju var iniciét ar RNS vai
DNS transfekciju. Sie vektori ir elastigi lidzek]i atrai heterologo génu ekspresijai apstak]os, kad

Stnas metabolisms netiek sajaukts, un rada iespgjas ilglaicigai augsta ITmena heterologo génu
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ekspresijai. Uz Sindbis virusa pamata izveidotais pCytTS ekspresijas vektors ir radits tiesi
vienkarSotai sarezgitu vai toksisku proteinu razo$anai (Boorsma et al., 2000).

Mgés radijam rekombinantos SFV variantus strukturalo HCV génu ekspresésanai, 1idzas
esoSo HCV core, E1, E2 un p7 kodgjoSo rajonu ievietojot SFV replikona (pSFV1/HCVpolyP).
Analogas konstrukcijas tika raditas Sindbis virusa sistéma, izmantojot SINV (pCytTS)
ekspresijas vektoru. HCV core géns un HCV E2p7 géns atseviski tika ievaditi SFV
(pSFV1/HCVcore, pSFV1I/HCVE2p7) ekspresijas vektora un ekspreséti BHK-21 §tinu kultira.
Sie rekombinantos HCV génus saturoie virusi var tikt izmantoti in vitro (virusu morfogengzes,
paSsavakSanas procesa, virusa-saimnieka mijiedarbibas, translacijas un poliproteina procesinga
pétfjumiem), jo biitiba ir perspektivi jaunu anti-HCV vakcinas variantu izstradei.

Iesp€ja iegiit maksligas HCV-veidigas dalinas ir biitiska HCV izpéte. Maz kas ir zinams
par in vivo savakSanas procesu vai HCV nukleokapsida un viriona struktiru. Turklat, patlaban
nav iesp&jams iegiit pietickamu HCV dalinu daudzumu biologiskiem un fizikali kimiskiem
petijumiem, jo hepatita C pacientiem asins seruma ir Joti zems virusu skaits. Tas pats attiecas uz
HCV iznakumu $tinu kultiiras. Tomer, virusveidigas dalinas ir interesantakas par rekombinanto
proteinu vakcinu, jo tas tuvu imiteé dabiga viriona 1paSibas. Baumerta darba (Baumert et al.,
1998) aprakstita HCV-veidigo dalinu (HCV-LPs) sintéze, izmantojot rekombinanto
bakulovirusu, kas satur HCV strukturalo proteinu (core/E1/E2) ¢cDNS. Strukturalo protetnu
savakSanos, veidojot HCV-veidigas dalinas, apraksta ari citi autori (Blanchard et al. 2002a,
2002b, 2003, Heller et al., 2005). Ir zinots ari, ka ar HCV-LP imuniz&tas Balb/c peles rada
spécigu un plasa spektra humoralo un Stinas imtino atbildi pret HCV strukturaliem proteiniem
(Lechmann et al., 2001). Muratas rezultati ierosina uz domu, ka HCV-LP var inducét humoralo
un Stinas imuno atbildi, kas ir protektiva HCV aizvietotajmodeli un ka sp&ciga Siinas imunitate,
ko nodroSina gan CD4, gan CDS8 efektoru limfociti, var but iz8kiroSi aizsardzibai pret HCV
infekciju (Murata et al., 2003). Imunizacija ar HCV-veidigam dalinam inducé HCV specifisko
Stinas imiino atbildi, kas var kontrolet HCV infekciju Simpanzes modeli (Elmowalid et al., 2007).
Tada veida, HCV-veidigo dalinu iegiSana $tnu kultara var palidzét ne tikai HCV morfogenézes,
HCV proteinu mijiedarbibas un savakSanas procesu pétijumos, bet tai var biit arT praktiska
nozime.

IepriekSminéta informacija norada, ka $aja petijjuma izstradatie rekombinantie SFV, kas
satur HCV strukturalos génus, var tikt izmantoti HCV proteinu p&tijumos, uzmanibu pieveérsot ne

tikai biologiskajam funkcijam virusa dzives cikla, bet ari HCV vakcinas izstradei.
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Iss metozu apraksts

Visparéjas DNS metodes. Eksperimenti ar DNS tika veikti, izmantojot standarta
procediras (Sambrook et al., 1989). Polimerazes kédes reakcijas, DNS restrikcijas un ligéSanas
reakciju apstakli tika izveleti saskana ar fermenta razotaja (Fermentas) ieteikumiem. Klonés$anai
un plazmidu pavairoSanai tika izmantoti E.coli celmi DHSa un JM109. Katras plazmidas
detalizets apraksts ir dots atbilstoSajas publikacijas.

Uz pSFV1 un pCytTS izveidotas konstrukcijas satur HCV proteinu génus. Saja darba
izmantotas konstrukcijas ir paraditas 14. att€la. Vajadzigo (merka) génu amplifikacijai ar
atbilstoSajiem praimeriem tika izmantots HCV izolata 274933RU (GeneBank pieejas Nr
AF176573) genoms (Mokhonov at al., 2002). Sie HCV ¢DNS fragmenti tika ieklonéti aiz SP6
promotora, izveidojot plazmidu pSFV1/HCVpolyP, kas satur kora, E1, E2 un p7 génus, ka ar1
plazmidas pSFV1/HCVcore un pSFV1/HCVE2p7, kuras satur atseviskus génus. Rekombinantas
plazmidas tika pavairotas un ar Bcul (Spel) restriktazi linearizétas to HCV cDNS 3’°gala. Péc tam
lineariz€tas DNS tika attiritas un izmantotas ka matricas RNS in vitro transkripcijai.

Lai iegiitu rekombinanto plazmidu pSFV1/HCV core, tika izmantoti $adi HCV géna
amplifikacijas praimeri: 5'-GTG AGA TCT GCA CCA TGA GCA CGA ATC CTA AAC-3" un
5’-GAT CGT TAA CTA AGC GGA AGC TGG AAT GG-3'. Péc amplifikacijas PCR fragments
tika saSkelts ar BglIl un Hpal restrikcijas endonukleazeém un ligéts pSFV1 vektora, kas pirms
tam bija secigi saSkelts ar Smal un BamHI restrikcijas endonukleazeém.

Lai raditu rekombinanto plazmidu pSFVI/HCVpolyP, HCV c-E1-E2-p7 génu
amplifikacijai tika izmantoti §adi praimeri: 5'-GTG AGA TCT GCA CCA TGA GCA CGA ATC
CTA AAC-3" un 5'-CTC TAG ATC TTT AGG CGT ATG CTC GTG GTG GTA G-3'. Péc
amplifikacijas PCR fragments tika saSkelts ar Bgl II restrikcijas endonukleazi un ligéts pSFV1
vektora, kas pirms tam bija saSkelts ar BamHI restrikcijas endonukleazi un defosforiléts ar
bakterialo sarmaino fosfatazi (Fermentas).

Lai konstruétu rekombinanto plazmidu pSFVI/HCVE2p7, ar Sall un Hpal restrikcijas
endonukleazém no plazmidas pGMV-E2p7.9.3 (iegtta no Dr. Marijas Isaguliants, D.Ivanovska
virusologijas institiits, Maskava, Krievija) iz§k€la DNS fragmentu, kas saturéja E2 un p7 génus.
Lai pec Sall apstrades apgrieztu “lipigos” galus, DNS fragmentu apstradaja ar Klenova
fragmentu (Fermentas) un lig€ja pSFV1 vektora, kas pirms tam saSkelts ar Smal restrikcijas
endonukleazi.

Lai konstruétu rekombinanto plazmidu pCyt/HCVpolyP, kas satur kora, E1, E2, un p7
proteiniem atbilstoSos geénus, vektora pCytTS tika saskelta ar Xbal un Xhol restrikcijas
endonukleazém. HCV genoma fragments tika amplificets ar praimeriem 5-GCA TCT CTA GAC
GTA GAC CGT GCA CCA TGA GCA CG-3"un 5'-GCA TCC TCG AGT TAG GCG TAT GCT
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CGT GGT GGT AGT G-3’, izskelts ar Xbal un Xhol restrikcijas endonukleazém un lig€ts
sagatavotaja vektora pCytTS.

BHK-21 stinu infekcijas kontrolei tika izmantota rekombinanta plazmida pSFV1/EGFP,
kas saturgja EGFP proteinu (Enhancer Green Fluorescence protein). Lai raditu So plazmidu,
DNS fragmentu ar EGFP génu ar Nhel un Hpal restrikcijas nukleazém izskéla no pEGFP
(Clontech) un apstradaja ar T4 polimerazi (Fermentas), lai p&c Nhel SkelSanas apgrieztu
,»lipigos” galus. DNS fragmentu lig€ja pSFV1 vektora, kas ieprieks tika saSkelts ar Smal
restrikcijas endonukleazi.

Siinu kultiira. Kamju nieres $inu kultiras (BHK-21) $iinas (ATCC) tika audzétas BHK
barotné (Gibco-BRL), kas saturgja 5% fetala tela seruma, 10% triptozes fosfata barotni, 20 mM
HEPES un 2 mM glutaminu. Siinas inkubgja 5% CO, atmosfera pie 37 °C.

Rekombinanto virusu radiSana un Siinu inficéSana. Lai pétitu rekombinantas RNS in
vivo iepakoSanu SFV dalinas, iepriekSminétos apstaklos in vitro transkribeétu RNS elektroporgja
BHK-21 sunas kopa ar SFV ,,palig” RNS. Péc 24-48 stundam no kultivéSanas vides savaca SFV
dalinas un atri iesaldéja. So materialu vélak uzglabaja ka virusa izejmaterialu. Virusa
izejmaterialu titrus noteica péc infic€to Siinu skaita ar izejmaterialu serijveida atsSkaidijumu
metodi un sekojo$u netie$o imunocitokimisko parbaudi. Sasniegtie titri bija no 1 x 107 lidz 5 x
107 virusu dalipdm mililitra. BHK-21 $@nu infic&$anu veica no seruma briva vidg, izmantojot
atSkaidijumu, kas inficgja 100% Stnu.

RNS transkripcija un transfekcija. RNS transkriptus in vitro ar SP6 polimerazes
palidzibu ieguva no 3 mg Spel linearizétas rekombinantas plazmidas reakcijas, kuras satur€ja
TmG(5")ppp(5'G) (New England Biolabs). RNS (3-5 mg) transficgja BHK-21 §Gnas ar
elektroporacijas palidzibu (850 V, 25 mF, atkartoti impulsi), izmantojot Bio-Rad Gene Pulser
aparatu bez impulsu kontroles iekartas. Elektroporétas Siinas atSkaidija 15 ml-os kompleksas
BHK barotnes, parnesa audu kultiiras plansetés un inkubgja pie 37 °C (5 % CO,).

DNS transfekcija un piromicinrezistentas Sinu populacijas atlase. DNS transfekcijai
tika izmantoti nedaudz neizaugusi (70% no monoslana biezuma) BHK-21 $tnu monoslani 30
mm audu kultiiru platés. DNS transfekcija tika veikta saskana ar razotaja rekomendacijam ar
iekartu ExGene (Fermentas). P&c transfekcijas Siinas inkub&ja 18-48 stundas pie 37 °C. Mérka
génu ekspresijas termoindukcijai transficétas Stinas inkubgja pie 29 °C. Piromicinrezistentas Siinu
populacijas atlasei Stinas tika parsétas péc 18-24 stundam, tad 24. stunda barotni nomainija pret
standarta barotni, kas saturéja 5 pg/ml piromicina (Sigma). P&c tam §tnas tika kultivétas barotné
ar piromicinu un talak parsétas vai iesaldétas ka standarta tipiskas BHK-21 §iinas.

Siinu lizé§ana. Stinu monoslanis tika lizéts buferi, kas saturgja 1% Nonidet P-40 (NP-

40), 50 mM Tris-HCI, pH 7.6, 150 mM NaCl, 2 mM EDTA, 1 pg/ml PMSF. Péc 10 mintsu
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inkubacijas ledus vanna S§tnu kodolus atdalija centrifuggjot. Supernatantus analizgja ar
imunoprecipitaciju vai Western blota. Lai summaros Stinu lizatus analizétu ar SDS-PAGE, Siinu
liz€8anai izmantoja Laemmli buferi.

Inficéto Siinu metaboliska ieziméSana. 16-20 stundas péc infic€Sanas Stinu monoslanus
(uz 30 mm diametra plates) nomazga ar PBS, parsedz ar minimalo barotni (bezmetiontna MEM,
2 mM glutamins, 20 mM HEPES) un 30 miniites inkubgé pie 37 °C 5% CO, atmosféra. Péc tam
minimalo barotni aizvieto ar to pasu barotni, kas satur 100 pCi/ml (3.7 MBq) [S*]-metionina
(Amersham Biosciences) un inkubg 2 stundas pie 37 °C 5% CO, atmosféra. Stnas lizé ar 300 pl
lizeésanas bufera (1 % Nonidet P-40 (NP-40), 50 mM Tris/HC] pH 7.6, 150 mM NaCl, 2 mM
EDTA, 1 ug/ ml PMSF) un 10 minttes atstaj ledus vanna. Lizatus parnes mikrocentrifigas
stobrinos, lai atdalitu $inu kodolus centrifuggjot 5 miniites pie 3000g. Supernatantus izmanto

Proteinu imunoprecipitacija (IP) no Sinu lizatiem. HCV kora un E2 proteinu
imunoprecipitacijai izmanto trusu poliklonalas anti-HCV kora vai anti-HCV E2 antivielas
(davana no M.Isaguliants, D.Ivanovska Virusologijas institats, Maskava, Krievija). 300-600 pl
Stnu lizata ledus vanna inkubé 2 stundas ar atbilstosam antivielam (1-2 pl). P&éc inkubacijas
pievieno 40 pl proteina A sefarozi (Amersham Pharmacia Biotech), kas nolidzsvarota ar lizes
buferi, un inkubg rot€jot pa nakti pie 4 °C. Proteina A sefarozi divas reizes mazga ar buferi, kas
satur 0.2 % NP-40, 10 mM Tris/HCI pH 7.5, 150 mM NaCl, 2 mM EDTA, divas reizes ar buferi,
kas satur 0.2 % NP-40, 10 mM Tris/HCI pH 7.5, 500 mM NacCl, 2 mM EDTA un divas reizes ar
10 mM Tris/HC] pH 7.5. Proteina A sefarozes nogulsnes resuspendé 30 pl Laemmli bufera
(Laemmli, 1970) un analiz€ ar 12% SDS-PAGE. Gé¢lus izzaveé un eksponé pa nakti vai ilgak uz
autoradiografijas filmas (Amersham Pharmacia Biotech) pie — 70 °C.

Anti-HCYV antivielas. Poliklonalas trusu anti-HCV kora un anti-HCV E2 antivielas tika
iegiitas no Dr. Marijas Isaguliants (D.Ivanovska Virusologijas institiits, Maskava, Krievija) un
izmantotas saskana ar agrak aprakstito (Sominska et al., 2005).

HCV proteinu analize ar Western blotu. Proteinu paraugus, kas iegtti no BHK-21
Stinam, kuras inficetas ar pSFVI/HCVcore vai pSFVI/HCVpolyP un transficétas ar
pCyt/HCVcore vai pCyt/HCVpolyP, sadalija ar 15% SDS-PAGE. Ka molmasas markierus
izmantoja Prestained Molecular Weight Markers (Fermentas). P&c elektroforgtiskas sadaliSanas
veica proteinu elektroparnesi blotéSanas iekarta uz Hybond-P membranam (Amersham
Pharmacia Biotech). P&c parneses membranas inkub&a ar blok&Sanas buferi (5% attaukots
sausais piens PBS bufer?). Ka primaras antivielas tika izmantotas anti-HCV kora poliklonalas
trusu antivielas (vai anti-HCV E2 poliklonalas truSu antivielas), kas tika atSkaiditas 1:1000

blok&Sanas bufert, kur§ saturgja 2,5% attaukota sausa piena un 0,05% Tween 20. Membranas péc
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tam istabas temperatira 60 minttes tika apstradatas ar anti-truSu IgG (Amersham Pharmacia
Biotech), kas konjugéts ar marrutku peroksidazi, 1:3000 atSkaidijuma. Proteinu piesaistiSanos
noteica ar ECL Plus sistému (Amersham Pharmacia Biotech).

NetieSa imunofluorescences mikroskopija. BHK-21 Siinas tika kultivétas speciala Stinu
kultiiras trauka ar segstiklinu (Nagle Nunc International), inficétas ar pSFV1/HCVcore vai
pSFV1/HCVpolyP rekombinantajiem virusiem un nofiks€tas pé€c noteiktiem kultivéSanas
periodiem. Nofiksétas Stinas vispirms 10 miniites istabas temperatiira inkub&ja ar antivielu
at$kaidisanas buferi (PBS ar 1% liellopu seruma albuminu (BSA) un 2.5 mM EDTA). Siinas péc
tam 60 minttes inkub&ja istabas temperatiira ar atbilstoSajam anti-HCV kora vai E2
poliklonalajam antivielam atSkaidijuma 1:1000. Péc inkub&Sanas Stinas tris reizes mazgaja ar
PBS. Ka sekundaras antivielas izmantoja anti-truSu TRITC iezimétas antivielas atSkaidijuma
1:100. P&c tam Siinas tika nofiksétas ar PermaFluor ©ideni saturos$u vidi (Immunon) un noverotas
fluorescences mikroskopa Leica DM 600 (Leica Camera AG). Kodola vizualiz€Sanai izmantoja
DAPL

HCV-veidigo dalinu attiriSana. 48 stundas péc inficéSanas vai elektroporacijas Stnas
lizéja bufert, kas satur€ja 1% Nonidet P-40, 50 mM Tris, 150 mM NaCl, 2 mM EDTA (pH 7.6)
ar 10 pg/ml PMSF. Lai atdalttu Siinu membranu atliekas, lizatu centrifug€ja pie zemiem
apgriezieniem (15 miniites pie 4 °C). Supernatantu uzslanoja virs 20% (svars/tilpums) saharozes
(TNE buferi: 50 mM Tris/HCI, pH 7.4, 100 mM NaCl, 0,5 mM EDTA) ,spilvena” un
centrifug€ja TLS-55 rotora (TL-100 centrifiiga, Beckman) pie 30 000 rpm 18 stundas pie 4 °C.
HCV-veidigo dalinu saturosas nogulsnes resuspend&ja TNE buferi un analiz&ja ar Western blotu
un elektronu mikroskopiju.

Pelu imunizacija. Balb/c Iinijas pelu matites (vecums 6-8 ned¢las, no Mikrobiologijas un
virusologijas institlita dzivnieku audz&$anas centra, Riga) tika imuniz&tas ar intravenozu (i.v.) vai

zem adas (i.s.) injekciju, izmantojot attiritu SFV1/HCV core, SFV1I/HCV E2, SFV/HCVpolyP

vai kontroles virusu (SFV/GFP) ar titru 6 x 109 PFU PBS buferi. 5 ned€lu intervala (1. diena un
35. diena) tika ievaditi 200 pl PBS-virusa preparata. Humoralas atbildes nov&roSanai asins
paraugi tika nonemti 0., 35., 42. (1 ned€lu p&c atkartotas imunizéSanas), 49. (2 ned€las péc
atkartotas imunizés$anas), 56. (3 nedélas péc atkartotas imunizé€Sanas) un 63. (4 ned€las péc
atkartotas imunizeésanas) diena.

Detalizeta informacija par imunizéSanu ar DNS atrodama atbilstoSajas publikacijas.

Imunofermentativas analizes (ELISA). No peles retro-orbitala sinusa péc primaras un
atkartotas imunizacijas tika iegiiti asins paraugi, un asins serumi, lai noteiktu antivielu titrus, tika
analizéti HCV core specifiska ELISA testa 96 bedrisu platé€s (MaxiSorp, Nunc), kas pa nakti pie
4 °C parklatas ar 100 ul kora atvasinajuma  peptidu MS94-23
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DVKFPGGGQIVGGGVYLLPRRGPRLGVRATRKTSER, kas atbilst HCV kora proteina 23.-
43. ask (10 pg/ml 50 mM karbonatu buferi, pH 9.6) vai 96 bedriSu platés (PoluSorp, Nunc), kas
parklatas ar rekombinantajiem HCV kora proteiniem M?220-25 vai M273-2 (M.Mihailovas
davana, BMC, Riga) taja pat koncentracija un taja pat parklasanas buferi. P&c 1 stundas
blok&Sanas pie 37 °C ar PBS, kas satur 1% BSA, platém pievienoja pelu asins seruma serialos
atSkaidijumus, un plates inkubg&ja vél 1 stundu pie 37 °C. P&éc 3 kart€jas mazgasanas ar PBS, kas
satur 0.05% Tween-20, uznesa ar marrutku peroksidazi konjugétas anti-pelu antivielas (Sigma)
atSkaidijuma 1:7000. P&c 1 stundas inkubacijas pie 37 °C plates skaloja, un krasas reakcijas
attistiSanai pievienoja substratu OFD (Sigma). Rezultatus nolasija ar automatisko nolasiSanas
iekartu (Multiscan) pie 492 nm.

Imunizeto pelu seruma analizé$anai tika izmantots art ORTHO ELISA tests.
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Rezultatu parskats

Pirms uz alfavirusu vektoru pamata veidoto rekombinanto plazmidu konstruéSanas
uzsakSanas HCV strukturalo proteinu - kora un E2 génu imunogenitate tika novértéta ar DNS
vakcinacijas palidzibu. Skiet, ka HCV proteinu géni varétu bt perspektivi ka imunologisko
antigénu avots anti-HCV vakcinas izstradei, seviski, ja iesp&jama divu vai vairaku atSkirigu
imunologisko Tpasibu proteinu apvieno$ana viena genétiska konstrukcija. Sim pétijumam tika
izveleti HCV kora un E2 strukturalie proteini. Zinams, ka HCV kora proteins ir
viskonservativakais starp individualiem virusa celmiem, kuri izoleti dazadas pasaules dalas
(apskatu skatit Alter, 1995, Krekulova, 2006). Slimibas laika antivielas pret HCV koru paradas
atrak par antivielam pret citiem HCV proteiniem (Van der Poel et al., 1991). HCV E2 ir 70 kDa
glikoproteins, kam ir raksturigas izteiktas variacijas starp dazadiem HCV genotipiem (Keck et
al., 2004). Ir paradits, ka HCV kora proteins un E2 proteina hipervariablais rajons 1 (HVRI)
satur gan B $iinu, gan T Stinu epitopus.

Himeéro E2/p7 saturoSo plazmidu konstruéSana. Vispirms E2/p7 génu imunogenitates
raksturoSanai tika izveidotas plazmidas, kas saturgja pilna garuma HCV 1b subtipa E2/p7 génu
un ta modific€to variantu. Krievijas HCV 1b subtipa izolata 274933 RU (Mokhonov et al., 2002)
E2/p7 cDNS ar maksligi raditiem sakuma un beigu kodoniem tika ieklonéta zem CMV IE

Spel SalGl
pCMVE27-1 | CMV promoter |1 E2 1p7 | HPV16 polyA ‘
371 384 746 809
pCMVE2p7-2 ‘ CMV promoter }_\/_{ 7 E2 p7|HPV16 ponA‘
intron 340 384 746 809
pCIE2t ‘ CMV promoter }_\/_{ 7 E2 | svao ponA‘
(A) intron 340 384 647
10 il 30 4@ i 0 k! 80
R R I E T T I T e T T N N IR E
Y 272 MAVMIVLLLFAGYDGTTHTTGGARARATQGFTSFFSLGPSQKIQLIN®
PCMVEZDT-2 M IAGAHWGYLAG I AYESMVGNWAEVLVYLLLFAGYD . .\ e ettt eesteetneeetneeeteeeteeannaens
pCIEX MIAGAHWGYLAG I AYFSMVGNWAEVLVVLLLFAGYD - - -« - .. RE..V...N.G.T.A.PVGLLTP.AK.N.....

(B)
1. att€ls. E2 gena variantu (E2/p7-1, kas kodé E1 371.-383. ask, E2 384.—745. ask un p7 746.—
809. ask (iegits no 274933RU (pCMVE2/p7-1); E2/p7-2, kas kode HCV celma H E1 340.-370.
ask, kam seko MAVM un 371.-809. ask no 274933RU (pCMVE2/p7-2); references E2t géns, kas
kodé HCV celma H 340.—647. ask) shematiska struktiira.

promotora un HPV 16 poliadeniléSanas signala kontroles, ieglistot E2/p7-1 génu. Ta kodgja E1
géna 13 C gala aminoskabes (371.-383.ask), pilna garuma E2 un p7 proteinus un stop kodonu (1.

att€ls). Lai optimiz&tu E2/p7 ekspresiju, més apmainijam dalu CMV promotora, 5’netransléto
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rajonu un dalu E1 sekvences ar atbilstoSo fragmentu no pCIE2t, kas ir labi raksturota plazmida
HCV E2 géna imunizéSanai (Fournillier et al., 1999). legiitais E2/p7-2 géns kodg&ja poliproteinu,
kas saturgja E1 translokacijas apturéSanas signalu, divas atkartotas E2 signalsekvences, vienu no
pCIE2t (Fournillier et al., 1999), bet otru no HCV 1b subtipa 274933 RU, kuras atdalija MAVM
speisers, kuram sekoja HCV 1b 274933 RU E2 un p7 (1. attels).

HCV E2/p7 ekspresija eikariotos. E2 variantu ekspresiju in vitro apstaklos apstiprinaja
trusu retikulocttos (2. att€ls), bet in vivo apstaklos - Cos-7 un HeLa Stnas (3. un 4. attéli). Veicot
Stnu lizatu elektroforétisko sadaliSanu un tai sekojoSu Western blotéSanu, noveéroja vairakas

zonas.

100 kDa ——— e

45kDa

30kDa

(A) control ———

B2 100 kDa area
M 35-45 kDa area

60

50

30

20

Mean grey values (by ImagelJ)

empty cells E2t E2p7-2
(B) WB of rabbit reticulocytes expressing

2. att€ls. HCV E2 in vitro ekspresijas analize. (A) Péc pCMVE2t (2. linija); pCMVE2/p7-2 (3.
linija); tuksa kontrole (4. linija); transkripcijas/translacijas iegitu Sunu lizatu 12% SDS-PAGE
autoradiografija; molekularas masas markieris (1. linija) (B) E2 ekspresijas puskvantitativa
novertésana péc autoradiografa skenesanas un attélu apstrades ar Image J programmatiiru.

Skenétie un salidzinatie laukumi ir doti diagramma augsaja daja.

In vitro apstaklos novéroja transléta E2/p7 poliproteina procesingu, kas noveda pie saSkelSanas

starp E2 un p7, radot vizualiz€jamu 43,5 kDa proteinu (2. attéls, 3. linija). Ekspres€jot no C-gala
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noskeltu E2 proteinu (E2t), ieguva paredz&tas molmasas (38,4 kDa) proteinu (2. attels, 2. Iinija).
Islaicigi transficétas Cos-7 $iinas E2/p7-1 un E2/p7-2 ekspresija radija proteinus ar molmasu 50-
70 kDa, kurus vargja detektét ka diftizas joslas, kas specifiski krasojas ar anti-E2 trusu
poliklonalajam antivielam, tada veida atbilstot E2 atSkirigam glikoliz&€tajam formam (3. attéls, 1.

un 2. Iinijas). Papildus minora 44 kad zona var€tu biit E2 neglikoliz&ta forma, bet 1saka 30 kDa
1 2 3

86—

47—

34—

(A)

90 -

80

70
8
—]
= 60 - O 100kDa
i
z 50 - [150-70 kDa
33 40 - 35-45 kDa
§ 30 - W 2930 kDa
= 20 4 9

T
0 T T 1

empty COS pCMVE2p7-1 pCMVE2p7-2
(B) cells

3. attéls. HCV E2 ekspresijas Cos-7 Sinas analize. (4) Sinu lizatu SDS-PAGE ar sekojosu
Western blotu, izmantojot anti-E2 poliklonalas trusu antivielas un ECL piesaistes detekciju:
transfekcija ar plazmidu pCMVE2/p7-1 (1. linija), pCMVE2/p7-2 (2. linija), netransficétas Siunas
(3. linija) (B) E2 ekspresijas puskvantitativa novértesana péc rentgenfilmas skenésanas un attélu
apstrades ar Image J programmatiiru. Bultas kreisaja pusé nordada atrasanas vietas molmasas
markieriem, péc kuriem izvelas laukumus skenéSanai. Skenétie un salidzindtie laukumi ir doti

diagrammas labaja puse.

zona veidojas ka E2 degradacijas products. E2/p7-2 un E2t génu (Fournillier et al., 1999)

ekspresijas limeni ir salidzinati in vitro transkripcijas—translacijas testa (jo atbilstosas plazmidas
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satur T7 promotoru). Abos gadijumos E2 ekspresijas Itmenis bija lidzigs (3B. attéls). Cos-7
Stinas iegutie E2/p7-1 un E2/p7-2 ekspresijas [imeni ari bija lidzigi (3B. attéls). E2/p7 un C-gala
noskelta E2t ekspres€josu HelLa Siinu imunofluorescenta krasoSana ar E2-specifiskam
poliklonalam antivielam paradija, ka E2/p7-1 varianta kodétais E2 bija lokalizéts lielakoties

graudainaja endoplazmatiskaja retikularaja tikla (4A. attels). E2/p7-1 kodgétais E2 uzradija difuzu

citoplazmatisku krasosanos, kas bija Iidziga E2t ainai (4B. un 4C. attéli).
A B C

4. attels. E2 gena variantus ekspresejoSu Hela Sinu imunofluorescenta krasosana ar E2
specifiskajam antivielam. Hela Stunas transficetas ar pCMVE2/p7-1 (A, sikattéli I un II);
pCMVE2/p7-2 (B, sikatteli I un II); pCMVE2t (C, sikatteli I un II). Rezultéjosos attélus iegiist,
attélus, kas iegiiti kodola krasosana ar DAPI, uzklajot virsi attéliem, kas nofikseti krasosanai ar

sekundarajam anti-trusu FITC-konjugétam antivielam.

E2 géna imunizacija: antivielu atbilde. Balb/c peles intramuskulari imunizg&ja ar E2/p7-
1, E2/p7-2 vai E2t gé€niem. 2 ned€las p&c katras plazmidas injic€Sanas savaktajos pelu serumos
ar netieSo ELISA metodi parbaudija sp&ju atpazit rekombinanto E2 un E2- un p7- atvasinatos
sintétiskos peptidus. Antivielu atbildes specifiskums un aktivitate paradita 1. tabula. Ar E2/p7-1
vai E2t imuniz&to pelu serums atpazina peptidus, kas atbilst 492.-526. ask un 512.-546. ask, bet
ne rekombinanto proteinu. E2/p7-2 géns radija antivielas, kas reag€ja ar peptidiem, kuri atbilst
399.-411. ask (HVR1), 552.-586. ask (E2) un 774.—796. ask (p7) ka ar1 ar rekombinanto E2 (1.
tabula). Imunizacija ar pilna garuma E2/p7 radija antivielas pret transmembranu doménu 2
(TM2), kas atrodas p7 C-gala (774.-796. ask), ko parstavgja gan linearie, gan cirkularie peptidi
(1. tabula). Pelés, kas imunizetas ar E2/p7-2, to izradijas vairak par desmit (p<0.05, 1. tabula)
Kopuma, ar E2/p7-2 imunizétas peles uzradija augstaku serokonversijas procentu neka peles, kas

sanéma E2/p7-1 vai E2t génus (p<0,05).
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1. tabula: Ar E2 imunizétu H-2d pelu antivielu atbilde pret E2 un p7 proteiniem

Pelu grupa, Antivielu Homologija starp Vidgjais Reaggjoso Vidgja
imunizéta ar atbildes skriningam izmantoto antivielu titrs pelu skaits, | serokonversija
specifiskums antigéna un kodéto E2p7 reaggjosa pelé % grupa, %
pret antigéniem sekvenci, (%)
identiskas homologas
ask. ask.
pCMVE2p7-1 492-526 80 92 8500 14 (1) 57 (4)
n=7 512-546 72 92 4400+3300 28.5(2)
774-796 100 100 14(1)
774-796¢ 91.7
pCMVE2p7-2 E2 100 100 55003700 43(3) 100(7)
n=7 339-411 (HVRC) 53.8 61.5 600+300 57(4)
552-586 76 88 400043500 28.5(2)
774-796 100 100 4504300 100(7)
774-796¢ 91.7 91.7
pCIE2t 381-394 (HVRN) 64 86 400 17(1) 67(4)
n=6 399-411 (HVRC) 54 69 200 17(1)
492-526 96 100 900 17(1)
612-546 96 96 7000£1300 67(4)

E2 géna imunizacija: T-helperu Siinu atbilde. No imuniz€tas peles izdaliti splenociti
tika stimuléti ar E2 atvasinatiem peptidiem. Augstakais stimulacijas indekss tika sasniegts pie
specifiskas peptida koncentracijas apméram 10 pg/ml (5. att€ls). Augstaka un plasaka T-Siinu

atbilde proliferacijas joma tika stimuléta pel€s, kas bija imunizetas ar E2/p7-1 génu (5. attéls).

—— aa 472-506 —m— aa 492-526 —&— aa 397-417

Stimulation indice,

SI

0 T
1 10 100
log peptide concentration, [Lg/ml
5. attéls. Ar pCMVE2/p7-2 imunizeéto pelu apvienoto splenocitu in vitro stimulacijas ar E2-
atvasinatiem peptidiem pakape ir atkariga no peptidu devas. NeatbilstoSa kontroles peptida

gadijumd netiek novérota stimuldcijas/koncentracijas atkariba (rezultati nav paraditi).

Atbilde pel@s, kuras bija sanémusas E2/p7-2 génu, bija ierobezota gan p&c lieluma, gan péc
atpazistamo epitopu skaita; pelém, kas bija sanémusas E2t génu, proliferacija bija novérojama
pret linearu E2 472.-506. ask epitopu. (5. attls).

T-§tinu proliferaciju pavadija IFN-y, IL-2, un IL-4 sekrécija (6. att€ls). Imunizacija ar
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E2/p7-1 génu inducgja zemus in vitro IL-2 un IL-4 produkcijas Iimenus, bet gandriz nekadu

SI
s
(aa). 397-417
4 o 472-506
O 492-526
I 1 532-566
. _ [T ( |
pCMV pCMVE2p7- pCIE2t
E2p7-1 2
Pooled splenocytes from mice immunized with E2 encoding

plasmids

6. attels. Pelu (grupa tris dzivnieki) apvienoto splenocitu vidéjie stimulacijas indeksi 9 dienas
péc pirmas E2 kodejoSas plazmidas injekcijas. Grafika apakséja dala ar pirmo un pédeéjo

aminoskabi noraditie peptidi stimulacijai tika izmantoti koncentracija 10 ug/ml.

IFN-y [imeni. Imunizacija ar E2/p7-2 génu inducgja T-Stnu atbildi, ko pieradija izteikta [FN-y,
IL-2 un IL-4 produkcija, kas pieauga péc atkartotas plazmidas injic€Sanas (7. attels). Gluzi
otradi, E2t géns inducgja vaju T-helpersiinu atbildi, ko pieradija zema Itmena IFN-y producésana,

kas redzama tikai péc atkartotas plazmidas injic€Sanas (7. attels).
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7. attels. Ar E2 génu imunizéto pelu in vitro T-Siinu sekretéto citokinu specifiskums peéec
stimulacijas ar E2/p7 atvasinatiem peptidiem 9 dienas péec pirmas injicéSanas (A), 9 dienas pec
otras injiceSanas (B). Grafika apakséja dald ar pirmo un pédéjo aminoskabi noraditi izmantotie

peptidi. Sekretetie citokini: IFN-y (1), IL-2 (2), un IL-4 (3).
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HCYV kora géna ekspresijai paredzétas plazmidas. Vairaki p&tnieki ir zinojusi, ka DNS
imunizacija ar HCV core var inducét specifiskas antivielas un specifisko CTL atbildi pret HCV
kora proteinu (Nakano et al., 1997). Tomér daudzos gadijumos DNS vakcinacija tas zemas
efektivitates d€] ir apgritinata. Lai uzlabotu gen&tisko modificéto vakcinu imiino atbildi, ir
izstradatas dazadas stratégiskas pieejas (Leitner et al., 1999). Viena no $§adam pieejam ir saistita
ar antigénu ekspresijas optimizaciju. Antigéna daudzuma palielinasanas varétu izsaukt
intensivaku imiino atbildi. Musu pétijuma tika izmantotas tris plazmidas, kas tika konstru€tas
HCV core géna (1.-191. ask) ekspresijai. Plazmida pCMVcore satur tikai HCV core génu. Lai
uzlabotu atbilstosas mRNS translaciju, plazmida pCMVcoreKozak satur HCV core génu ar
Kozak konsensus sekvenci. Plazmida pCMVcoreIRES satur HCV core génu ar S’UTR sekvenci.
Ka negativa kontrole tika izmantota pcDNA3, kas kode hepatita B virusa virsmas antigénu. Visas
plazmidas tika attiritas saskana ar standarta procedtru atbilstosi DNS vakcinu razoSanas GLP
prasibam.

HCV Kkora proteina translacija in vitro. Rekombinantas plazmidas pCMVcore un
pCMVcoreKozak tika izmantotas par matricam T7 regul€jamai mRNS transkripcijai. No abu
plazmidu DNS tika ieguti 23 kDa un 21 kDa translacijas produkti, kuri atbilst paredz€tajiem
HCYV procesétas un neprocesétas proteinu formas produktiem (8. att€ls). Ka jau bija sagaidams,
HCV kora translacijas Itmenis no pCMVcoreKozak mRNS bija augstaks neka translacijas

limenis no pCMVcore mRNS, jo to ietekméja konsensus Kozak sekvences insercija.

8. attels. HCV core mRNS in vitro translacija, izmantojot trusu retikulocitu lizata sistemu
(Amersham Pharmacia Biotech). Kora proteina transldcija no RNS, kas transkribéta ar T7
polimerazi, izmantojot plazmidu pCMVcore par matricu (1. linija); kora proteina transldcija no
RNS, kas transkribéta ar T7 polimerazi, izmantojot plazmidu pCMVcoreKozak par matricu (2.

linija), proteinu translacija no kontroles RNS trusu retikulocitu lizata sistéema (3. linija).

HCYV kora protelna géna ekspresija ziditaju Sunas in vivo. Core géna ekspresija no
plazmidam pCMVcore, pCMVcoreKozak un pCMVcorelRES tika parbaudita Cos-7 un BHK-21
§tnas péc to transfekcijas ar attiritam plazmidam. P&c 48-72 stundu inkubacijas $iinas tika liz&étas

Laemmli buferi. Stinu lizati tika analizéti Western blota. HCV kora proteina sintéze tika paradita
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abas stunu kultiras — BHK-21 un Cos-7 §unas, bet efektivitate BHK-21 $iinas bija augstaka (9.
attels, 2. un 3. linija). Abas Sunas tika noveérotas ievérojamas pCMVcore un pCMVcoreKozak

ekspresijas Iimena atSkiribas. Ta, jau 48 stundas péc transfekcijas ar plazmidam

pCMVcore pCMVcoreKozak pCMVcoreIRES

BHK-21
48h

BHK-21
Pe— .‘ 72h

Cos-7

I 72h

9. attels. HCV kora proteina gena ekspresija BHK-21 Sinas 48 un 72 stundas péc transfekcijas
un Cos-7 Sinas 72 stundas pec transfekcijas ar 0,5 ug plazmidas DNS, izmantojot atSkirigus

daudzumus lipofektamina BHK-21 Siunu gadijumd un ExGene reagenta Cos-7 Sinu gadijjuma.

pCMVcoreKozak un pCMVcoreIRES BHK-21 $iinas radas ievérojams daudzums kora proteina,
bet taja pat laika péc transfekcijas ar plazmidu pCMVcore kora proteina ekspresija nebija
nosakama (9. attéls, 1. linija). So atskiribu var izskaidrot ar Kozak sekvences klatbiitni
rekombinantaja plazmida pCMVcoreKozak un 5’UTR sekvences atrasanos plazmida
pCMVcorelRES. Kozak sekvence ir butiska géna regulacija. Eikariotiskajas $tinas ta ir svariga
sastavdala efektivai génu translacijai.

Kopgja stinu lizata tika identificéti HCV kora proteina varianti ar atsSkirigu molsvaru - 21
kDa un 23 kDa. Abus produktus novéroja tikai augstas ekspresijas gadijuma, un galvenais
sintézes produkts bija 21 kDa proteins. Vispirms sintez€jas p23 jeb 191 aminoskabi garais HCV
poliproteins, bet p21 (ar atSkeltu C-galu) rodas procesinga rezultata starp HCV 174. un 191.
aminoskabi. Kora proteina nobriedusa forma p21 tika noteikta atrak, un tas daudzums ir
ievérojams. Nenobriedust forma p23 paradas velak, un tas daudzums dazados apstaklos var bt
atskirigs. pCMVcoreKozak plazmidas ekspresijas gadijuma novéroja lidzigus abu HCV kora

proteinu daudzumus. Tai pat laika ekvivalentos apstaklos no plazmidas, kas kod€ja poliproteinu
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— kora-E1-E2-p7 génus, HCV kora proteins tika sintez&ts galvenokart p21 forma, un detektet

vargja tikai nelielu p23 formas daudzumu (9. attéls, 1. linija).
No pCMVcoreKozak plazmidas HCV kora proteinu sintez€joSo Siinu imunocitokimiska

analize paradija citoplazmatisku, granularu kora proteina novietojumu $tnas. Lidzigu

A B

C

10. attels. BHK-21 Sundas péc transfekcijas ar plazmidam pCMVcore (1. rinda),
pCMVcoreKozak (2. un 4. rindas) un pCMVcorelRES (3. rinda). HCV kora proteins tika
detektets, izmantojot trusu poliklonalo anti-HCV core antivielu 34-7 un TRITC-konjugeétu anti-
trusu imunoglobulinu G (IgG) (A kolonna), kodola krasosanai tika izmantots DAPI (B kolonna);
A un B parklajums (C kolonna); BHK-21 Siunas, kas neproducé HCV kora proteinu péc
krasosanas ar poliklonalam anti-HCV kora antivielam 34-7 un TRITC-konjugeétu anti-trusu
imunoglobulinu G (IgG) iegiitas HCV kora proteina géna ekspresijas imunocitokimiska detekcija

(4. rinda, A kolonna). Mikroskopija veikta uz iekartas Leika DM 6000 B.
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sadaltjumu noveroja no pCMVcore un pCMVcoreIRES plazmidam sintezéta HCV kora proteina
gadijuma, bet sint€zes Itmenis bija zemaks, un produc€joso Siinu skaits ar1 bija mazaks (10.
attels).

HCV kora géna imunizacija: antivielu atbilde. 11. attela paradita humorala imtna
atbilde Balb/c pelés, kuras imuniz€tas ar plazmidam pCMVcore, pCMVcoreIRES un
pCMVcoreKozak, protetnu M220-25 vai plazmidu pCMVcoreKozak sakotngjai imunizacijai un
M220-25 atkartotai imunizacijai. Asinis dzivniekiem tika nogemtas 21. un 35. diena. Specifiska
antivielu atbilde 35. diena bija butiski augstaka. Atbilde 21. diena bija tada pat limeni, kadu
nodros$ingja tikai pats vektors, kuru eksperimenta uzskatija par negativo kontroli. Augstakie anti-
HCYV core titri tika novéroti péc DNS (pCMVcoreKozak) izmantoSanas sakotngjai imunizacijai
un proteina M220-25 izmantoSanas atkartotajai imunizacijai. Kozak sekvences inserté€Sana tikai
nedaudz ietekmgja antivielu atbildi, kamér DNS vakcinacija pret HCV Kozak sekvencei

kombinacija ar sekojoso atkartoto imunizaciju ar lidzigu proteinu bija pozitiva ietekme.
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11. attels. Anti-HCV kora antivielu titri 42. un 56. diend pec Balb/c pelu imunizacijas. Seruma

antivielas tika parbauditas ELISA testd pret specifisko proteinu M220-25 (HCV core 1.-98. ask).

HCYV core géna imunizacija: T-Siinu proliferativa atbilde. StimuléSana tika veikta ar
HCYV protetniem M220-25 (1.-98. ask), M273-2 (1.-171. ask) un HCV peptidu MS94-44 (133.-
142. ask) (6. attels). Visos gadijumos proliferacijas limenis bija augstaks, ja par stimul&joSo
proteinu izmantoja M273-2, bet maksimalo Itmenis sasniedza, ja imunizacija izmantoja proteinu

M?220-25. Ja salidzina DNS imunizacijas rezultatus, visaugstako proliferaciju sasniedza
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12. attels. Stimulacijas indeksi in vitro tika aprékinati, izmantojot antigénus (M220-25 un

M273-2) vai peptidu MS94-44 koncentracijas no 0,1 lidz 1,0 ug/ml.

gadijuma, kad sakotn&jai imunizacijai izmantoja pCMVcoreKozak, bet atkartotajai imunizacijai
— protetnu M220-25, kamer viena pati plazmida pCMVcoreKozak deva viszemako proliferaciju.
13A. un 13B. attélos paraditi Th1 Stinu izcelsmes citokinu IL-2 un IFN-y tieSie m&rijjumi
(ELISA). Visefektivaka IFN-y un IL-2 produkcija tika konstatéta gadijuma, kad
pCMVcoreKozak tika izmantota sakotn€jai imunizacijai, bet M220-25 — atkartotai, kas norada

uz proliferativo atbildi. Neviena varianta netika konstatéta IL-4 produc€sana.

IFN-g and IL-2 secretion / protein M220-25 stimulation
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IFN-g and IL-2 secretion / protein M273-2 stimulation
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13. att€ls. Citokina producésana Balb/c peles: pret protetnu M220-25 (HCV core 1-98) (A);
pret proteinu M273-2 (HCV core 1-171) (B).

Darba tika pétita Balb/c pelu intramuskularas imunizacijas ar rekombinanto HCV kora
proteinu saturoSas DNS ietekme uz sp&ju inducét HCV-core specifisko humoralo un cellularo
imiino atbildi. Tika paradits, ka, iesp&jams, labakus rezultatus varétu sasniegt, ja Kozak sekvence
tiktu pievienota génam, un ka atkartota HCV kora proteina injic€Sana var paaugstinat Thl tipa
imino atbildi, kas sakotngji iegiita ar So DNS vakcinu. Antig€nspecifiska IFN-y un IL-2
producésana liesas Stinu kultiiras piecauga 1,5-4 reizes péc atkartotas imuniz€Sanas ar proteinu
salidzinajuma ar DNS vakcinéSanu, kamér péc imunizéSanas tikai ar HCV kora proteinu
noveéroja tikai marginalus So Thl citokinu Itmenus, uzsverot heterologas sakotngjas-atkartotas
imunizacijas prieksrocibas.

Rekombinanto HCV geénu insertus saturoSo SFV un Sindbis virusu plazmidu ar
radiSana. Lai parbauditu SFV ekspresijas sist€émas sp&ju translet HCV genus, tika raditas
plazmidas, kas ekspres€ja poly P (core-E1-E2-p7), HCV core un E2p7 génus (14. attéls). Poly P
(core-E1-E2-p7), HCV core un E2p7 génu DNS kopijas tika amplificétas un ieklongtas pSFV1
ekspresijas vektora zem SFV subgenomiska 26S promotora kontroles. legiitas plazmidas
pSFV1/HCVpolyP, pSFVI/HCV core un pSFVI/HCV E2p7 tika izmantotas ka matricas SFV
rajona in vitro transkripcijai ar SP6 RNS polimerazi. Subgenomiskas RNS, kas kod€ja dazadas
HCV sekvences (atkariba no konstruétas plazmidas), kalpoja par matricam HCV génu
translacijai.

Katras konstrukcijas gadijuma rekombinantds SFV dalinas tika ieglitas ar vienlaicigu
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sinu elektroporaciju ar atbilstosas konstrukcijas subgenomisko RNS un palig SFV RNS. Siem
eksperimentiem izmantotas BHK-21 Stinas nav dabigds HCV saimniekSiinas. Tomer, tas ir
optimalas infic€Sanai un rekombinanto SFV dalipu radiSanai, dodot iesp&ju sasniegt augstus

rekombinanto proteinu iznakumus.

CEl E2 [INS2 NS3 |NS4b NS5a NS5b

A p7 ” NS4a

SP2 pSFV1/HCVpolyP

core E1 E2 p7
SP26

core r

pSFV1/HCVcore
E2 p7
pSFV1/HCVE2p7
pCytTS/HCVpolyP
core E1 E2 p7

14. attels. HCV proteinu translacijas peétijumiem paredzeto rekombinanto SFV konstrukciju
shematisks attelojums. HCV proteini: kors, El1, E2 — strukturdlie proteini, NS2, NS3, NS4A4,
NS4B, NS54 un NS5B — nestrukturalie proteini, p7 — mazs proteins ar nezinamam funkcijam (A).

HCYV proteinu geni, kas Saja pétijuma izmantoti rekombinanto plazmidu konstruésanai (B).

HCV polyP fragmentu, kas kod€ja strukturalos proteinus un proteinu p7, ieklongja ari
pCytTS vektora. pCytTS ir ekspresijas vektors, kas atvasinats no Sindbis virusa. Rekombinanta
plazmida pCyt/HCV polyP tika izmantota BHK-21 $iinu transficéSanai, lai ekspresétu HCV
proteinus ar citos alfavirusos (ne tikai SFV) (14. attels).

Petijuma tika izveleéts HCV genotips 1b, jo tas ir plasi izplatits, un tiesi 1b genotips
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doming Latvija, ka ar1 ir zinams, ka tas ir saistits ar augstaku HCV RNS Iimeni, smagaku
slimibas gaitu un sliktaku reakciju uz arsté€Sanu (Tanaka et al., 1996; Kobayashi et al., 1996).
HCYV geénu ekspresija BHK-21 Siinas. HCV proteini tika analizéti BHK-21 §tinu lizata
24 stundas péc transfekcijas ar rekombinanto RNS vai infic€Sanas ar rekombinanto SFV viralo
dalinu. Protetnu elektroforétiskaja sadalijuma 70 kDa zona atbilst E2 protetnam, 33 un 35 kDa
zonas atbilst galvenajam glikozilétajam E1 formam un atlikusas zonas atbilst HCV core (15.
attéls, 3. linija). Neviena eksperimenta netika detektéta smagaka HCV kora proteina forma,
iesp&jamais c€lonis varétu biit atSkirigais sintez€td proteina Itmenis, un mazakas HCV kora
proteina formas palika nedetektéjamas. No tikai HCV core génu ekspresg€josas konstrukcijas
legiitas proteinu molmasas bija identiskas HCV kora proteina molmasai, kura tika iegita no

konstrukcijas, kas kodeja HCV strukturalos proteinus (15. un 16A. atteli).

«— E1/E
— 2
55kDa-

33kDa
26kDa-

< E1

<+—

— HcV
core

1 2 3 4

15. att€ls. HCV strukturalo proteinu genu ekspresija BHK-21 Sunas péc inficesanas ar
rekombinantajiem virusiem. BHK-21 sinu lizats (buferis ar NP-40) péc inficésanas ar
SFVI/EGFP ka kontrole (1. linija); BHK-21 Sunu lizats (buferis ar NP-40) péc inficésanas ar
SFVI/HCVcore (2. linija); BHK-21 sunu lizats (buferis ar NP-40) péc inficesanas ar
SFVI/HCVpolyP (3. linija); BHK-21 Ssunu lizats (buferis ar NP-40) péc inficésanas ar
rSFVI/HCV E2p7 (4. linija). Ka molmasas markierus izmantoja Prestained Protein Molecular
Weight Markers (Fermentas).

HCV génu ekspresija tika analizéta BHK-21 Stnas arT pec transficéSanas ar

pCyt/HCVpolyP plazmidu. Siinas tika lizétas 72 stundas péc termoindukcijas lizé$anas bufer,
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kas saturgja NP-40, vai Laemmli buferT (Laemmli, 1970). HCV génu ekspresijas efektivitate un
atbilstoSo proteinu imunologiskais specifiskums tika pieradits ar Western blotu. Kopé&ja Stnu
lizata tika identificéti HCV kora proteina varianti ar atSkirigu molsvaru - 21 kDa un 23 kDa. Zem

galvenajam p23 un p21 HCV kora proteina zonam novérojamas zonas atbilst 16 kDa HCV kora

A B

- 25kDa
HCV core HCV core - 26kDa
-s
- 19kDa -.. - 20kDa
HCV core T
] 1 2 3 4

proteina formai (16B. attéls).

16. attels. HCV kora proteina génu ekspresija BHK-21 Sunas: Western blots ar trusu
poliklonalajam anti-HCV kora antivielam. (a) HCV kora proteina gena ekspresija BHK-21
Siinas pec inficeSanas ar rekombinantajiem virusiem rSFVI/HCVpolyP un rSFVI/HCVcore:
BHK-21 sunu lizats (buferis ar NP-40) péc inficesanas ar SFVI/EGFP ka kontrole (1. linija);
BHK-21 sinu lizats (buferis ar NP-40) péc inficésanas ar SFVI/HCV core (2. linija); BHK-21
sunu lizats (buferis ar NP-40) péc inficéesanas ar rSFVI/HCVpolyP (linija 3). (b) HCV core géna
ekspresija BHK-21 Sinas peéec plazmidas pCyt/HCVpolyP transfekcijas ar komerciala
komplekta (Fermentas) palidzibu: Western blots ar trusu poliklonalajam anti-HCV kora
antivielam. BHK-21 siinu lizats (buferis ar NP-40) péc transfekcijas ar pCyt/HCVpolyP lizatu (1.
linija); BHK-21 sinu kopejais lizats (buferis ar NP-40) pec transfekcijas ar pCyt/HCVpolyP
(linija 2); negativa kontrole — neinficetu BHK-21 Sunu lizats (Laemmli buferis) (3. linija);
attirits rekombinantais HCV kora proteins no E.coli, 25 pikomoli (4. linija). Ka molmasas

markierus izmantoja Prestained Protein Molecular Weight Markers (Fermentas).

E2 un E2p7 proteinu klatbutne tika pieradita BHK-21 Stnu lizatos péc infic€Sanas ar
rekombinantajiem SFV1/HCVE2p7 un SFVI/HCVpolyP virusiem (17. attéls). E2 proteina
specifiskumu pieradija ar Western blotu, imunoprecipitaciju un imunocitokimisko analizi ar
attiecigajam anti-E2 antivielam. P&tjjuma abi proteinu spektri péc inficESanas ar
rekombinantajiem virusiem bija vienadi, un E2 proteins eksistéja glikoziléta forma ar molmasu
ap 70 kDa (17A. attels). Atskirigas E2 proteina formas, kas attiecas uz glikozilétu E2 (apméram
70 kDa), ngE2p7 (41 kDa) un ngE2 (36 kDa), tika sakoncentrétas no Stinu lizatiem péc
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infic€$anas ar rekombinanto SFV1/HCVE2p7 virusu, izmantojot imunoprecipitaciju ar atbilstoso
anti-E2 antivielu (17B. attéls). HCV E2 proteina lokalizacija infic€to Stnu citoplazma tika

noteikta ar imunocitoktmisko analizi (rezultati nav paraditi).

A

v T77]- 85kDa R
] e
gE2p7 - ~ gE2p7 66kDa- - - gE2+gE2p7
- 55kDa

— 45kDa- .

p
- - E2
! 2 3 30kDa-

17. attels. HCV E2 proteina gena ekspresija BHK-21 Sunas péc inficeSanas ar
rekombinantajiem virusiem SFVI/HCVpolyP un SFVI/HCVE2p7. (a) Western blots ar trusu
poliklonalajam anti-HCV E2 antivielam: BHK-21 Sinu lizats (Laemmli buferis) péc infekcijas ar
SFVI/HCVpolyP (1. linija); negativa kontrole — neinficétu BHK-21 sunu lizats (Laemmli buferis)
(2. linija); BHK-21 sunu lizats (Laemmli buferis) péc inficésanas ar SEFVI/HCV E2p7 (3. linija).
(b) E2 un E2p7 proteina imunoprecipitacija no JSiunu lizatiem péc inficéSanas ar
rekombinantajiem virusiem SFVI/HCVpolyP un SFVI/HCVE2p7: imunoprecipitacija ar
dazadam trusu poliklonalajam anti-E2 sntivielam (1., 2. un 3. linijas). Ka molmasas markierus

izmantoja Prestained Protein Molecular Weight Markers (Fermentas).

Imunocitokimijas dati, imunoprecipitacija no Stnu lizata un Western blota dati ar
atbilstosam anti-kora un anti-E2 poliklonalajam antivielam deva iesp&u izdarit Sadus
secindjumus: rekombinantie virusi augsta Itmeni eksprese¢ HCV koru un E2, kas p&c tam tiek
autentiski posttranslacionali proceséti.

HCV Kkora protelna lokalizacija Sanas. HCV kora proteina lokalizacijai sekoja ar
imunocitoktmiskas analizes metodém, izmantojot poliklonalo truSa antivielu saistiSanos pie HCV
antigéniem. Pozitivi krasojosos Stnu procentualais skaits pieauga pirmo 24 stundu laika pec
infic€Sanas. Vairuma gadijumu maksimums tika sasniegts péc 24 stundas. Visu konstrukciju
gadijuma pozitivi krasojoSos Stinu skaits sasniedza lidz pat 80%. HCV kora proteins atradas
galvenokart citoplazma, bet ta atrasanas vieta dazados laikos p&c infic€Sanas bija atSkiriga.
Ceturtaja un astotaja stunda p&c Siinas inficéSanas ar rekombinanto virusu HCV kora proteins
tika atrasts tikai citoplazma. 16 stundas p&c infic€Sanas HCV kora proteins koncentrgjas
perinuklearaja rajona. Tikai 24 stundas péc infic€Sanas apméram 15% HCV kora proteina tika

atrasti kodola (18. attéls). Tomer korelaciju starp dazadajam HCV kora proteina formam un to
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lokalizaciju neizdevas atrast.
a b c
d e f

18. attels. HCV kora proteina gena ekspresijas imunocitokimiska detektesana BHK-21 Siinas

tika inficetas ar rekombinanto virusu SFVI/HCVcore. Inficétas Sunas krasoja ar trusu anti-
HCV kora antivielam (1:1000) un sekundarajam anti-trusu TRITC antivielam (1:100). (a).
Neinficétas BHK-21 sinas krasoja ar trusu anti-HCV core antivielam (1:1000) un sekundarajam
anti-trusu TRITC antivielam (1:100). (b). Kora proteina sadalijums 4 stundas péc inficésanas,
(c). Kora proteina sadaljums 8 stundas péc inficesanas, (d). Kora proteina sadalijums 16
stundas péc inficésanas, (e) Kora proteina sadalijums 16 stundas péc inficéSanas. Kodola
vizualizéSanai izmantoja DAPI; (f). Kora proteina sadalijums 24 stundas péc inficéSanas.

Kodola vizualizeSanai izmantoja DAPI. Mikroskopija veikta uz iekartas Leika DM 6000 B.

- .1 <+—HCV core

1 2 3

19. attels. HCV kora proteina géna ekspresija BHK-21 Sindas péc inficeSanas ar rekombinanto
virusu SFVI/HCVcore daZados laika periodos péc inficeSanas: atskirigu HCV kora proteina
formu noteikSana ar Western blotu ar trusSu poliklonalajam anti-HCV kora antivielam. HCV
kora proteins no BHK-21 sinu kopéja lizata (Laemmli buferis) 4 stundas péc inficesanas(1.
linija); HCV kora proteina p21 forma un neliels daudzums p23 formas BHK-21 Sunu kopéja
lizata (Laemmli buferis) 8 stundas péc infekcijas(2. linija); HCV kora proteina p21, p23 un pl16
formas BHK-21 Sinu kopéja lizata (Laemmli buferis) 24 stundas péc infekcijas (3. linija). Kd
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molmasas markierus izmantoja Prestained Protein Molecular Weight Markers (Fermentas).

v

Cetras stundas péc inficéSanas tikai p21 formu vargja detektét Stinu lizata. Astonas stundas péc
inficé3anas p21 formu un tadu pasu daudzumu p23 formas vargja detektét $tinu lizata. Isaka
HCYV kora proteina forma (16 kDa) tika detektéta tikai 24 stundas pec inficesanas (19. attgls).
HCYV strukturalo proteinu savaksanas. Lai noveértétu HCV strukturalo proteinu sp&ju
savakties virusveidigas dalinas, dzidrinatus Stnu lizatus péc inficéSanas ar rekombinantajiem
virusiem pSFV1/HCVpolyP vai pSFVI/HCVcore (vai atbilstosds RNS elektroporacijas)
centrifug€ja caur saharozes “spilvenu”. Nogulsnes izskidinaja TNE bufer, un divu HCV
strukturalo proteinu — kora un E2 klatbiitni analiz&ja ar Western blotu. Abus proteinus atrada
nogulsnés (rezultati nav paraditi). Viralas HCV dalinas tika vizualizétas ar elektronu
mikroskopiju. Vispirms, péc inficeSanas ar SFV1/HCVpolyP rekombinanto virusu vai
SFVI/HCVcore tika detektetas 35-37 nm HCV kora dalinas (20A. un 20B. atteli) HCV
strukturalo proteinu veidotas 60 nm diametra HCV Iidzigas dalinas tika novérotas §iinas, kas
inficétas ar SFV1/HCVpolyP rekombinanto virusu (vai elektropor€tas ar atbilstoSo RNS), bet

Stnu lizatos $adu dalinu skaits bija mazs (20C. attls).

20. attels. Attirito HCV-veidigo dalinu elektronu mikroskopija. (a) HCV kora dalinas
SFVI1/HCVcore transficetu Sunu lizata ar NP-40; (b) HCV kora dalina; (c) HCV lidzigo dalinu
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imunozelta ieziméSana ar anti-E2 poliklonalajam antivielam. Svitra atbilst 50 nm.

Blancarda elektronmikroskopiskie noveérojumi lidzigos eksperimentos ari paradija, ka
tikai dazas dalinas bija pilniba atdalijusas no Stinu membranu endoplazmatiska tikla (Blanchard
et al., 2002, 2003a, 2003b). Iespgjams, HCV Iidzigo dalinu atbrivoSanai nepiecieSami kadi
saimniekstinas faktori, un darba piedavatais SFV modelis dod iesp&ju identificét viralo elementu,
tadu ka p7 vai 5’NTR RNS un/vai saimnieksiinas faktoru, potencialo lomu HCV lidzigo dalinu
morfogenézé. Tada veida SFV ekspresijas sistéma iegitas HCV lidzigas dalinas péc
optimizacijas var tikt izmantotas par audu kultiras modeli HCV infekcijai, pilnigakai HCV
savaksanas procesu izpratnei un HCV morfogenézes petijumiem. Turklat, HCV proteini HCV
lidzigas dalinas, iesp&jams, eksisté nativa, virionveidiga konformacija, un, tadejadi, var kalpot
par lielisku HCV vakcinas kandidatu .

Pelu imunizacija ar rekombinantajiem virusiem: antivielu atbilde. Balb/c Iinijas
peles tika imunizétas ar rekombinantajiem pSVF1/HCVcore, pSFV1/HCVpolyP, vai

pSFV1/EGFP virusiem. Divas grupas tika imuniz&tas ar katru virusu (viena — zem adas, otra —

A
intravenous inj. with rSFV1/HCV polyP
1500
O week 0
Ab 1000 — 0O week 6
titer = O week 7
O week 9
11 4 11 5 5 [
0 AT RNTRiER AT ‘
1 2 3 4 5 6 7
mice
B
subcutaneous inj. with rSFV1/HCV core
1000
Ab 800 — 3 week 6
titer 600 O week 7
0 1] | | | —|—|_ | = week 9
1 2 3 4
mice

21. attels. Anti-HCV kora antivielu titri 42. un 49. diend péc Balb/c pelu imunizacijas. Seruma
antivielas tika parbauditas ELISA testa pret specifisko proteinu M220-25 (HCV core 1.-98. ask):
A. Anti-HCV antivielu titri péc pelu imunizésanas ar rekombinanto SFVI1/HCVpolyP virusu peles
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astes vena, B. Anti-HCV antivielu titri péc pelu imunizacijas ar rekombinanto SFVI1/HCVpolyP
virusu zem adas.

intravenozi). Pelu serumos, kurus savaca katru nedélu péc virusa injicéSanas, ar ELISA metodi
tika noteikta spgja atpazit rekombinanto kora proteinu un sintétiskos peptidus. Katra grupa tikai
dazam pelém noveroja butiskus anti-HCV kora antivielu [imenus. legltie rezultati norada, ka
maksimalo atbildi novéro 42. diena (1 nedélu péc atkartotds imunizacijas) un 49. diena (2
nedélas peéc atkartotds imunizacijas). Antivielu titri vienmér bija augstaki intravenozas
imunizacijas gadijuma (21A. un 21B. attels).

Iegiitie dati var kalpot par pamatu talakiem HCV strukturalo protetnu gé€nus nesoSiem
rekombinanto alfavirusu pétijumiem, jo $adi rekombinantie alfavirusi vartu tikt izmantoti ka
iespgjamie kandidati anti-HCV vakcinas izstradei. Acimredzams, ka nepiecieSams optimizet
imunizacijas shému. M@s uzskatam, ka heterologa sakotn&jas-atkartotas imunizacijas shémas
izmantoSana palidz uzlabot imunologisko atbildi p&c imunizacijas un vélams kombinét
imunizaciju ar rekombinantajam SFV virusa dalinpam un DNS imunizaciju vai imunizaciju ar

HCV veidigam dalinam vai himeram HCV dalinam.
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Secinajumi
Savam pétijumam ka visperspektivakos imunogénus més izvélgjamies HCV E2 un kora
proteina génus. Vispirms, izmantojot DNS vakcinéSanu, més noveértg§jam So HCV
strukturalo proteinu génu imunogenitati. Pelu imunizacijai un iminas atbildes
izvertesanai tika konstrugti tris E2 proteina génu saturo$u plazmidu varianti. Sim
mérkim tika izveidotas arT tris plazmidas, kas atSkiriga konteksta zem CMV regulacijas

saturéja HCV kora proteina génu.

P&c savas sp€jas inducét B un T $iinu atbildi Balb/c pelés pilna garuma E2/p7 géns ar
pagarinatu E2 signalsekvenci (E2/p7-2) bija paraks par E2/p7, kas satur€ja tikai E2
signalsekvences C-galu (E2/p7-1), un par atskaites E2 génu (E2/p7), kas kodg&ja E2
saisinato variantu ar E2 signalsekvences C-galu, bet nesaturgja p7 translokacijas
apturéSanas signalu. E2 signalsekvences izmainas deva iesp&u pastiprinat
imunogenitati, saglabajot pilna garuma E2 un p7 sekvences un, attiecigi
argjos/heterologos signalus, 1pasibu, kas ir svariga multispecifiskas anti-HCV imiinas

atbildes sasniegSana.

Tika paradits, ka Kozak konsensus sekvences ieklausana ievérojami stimule HCV kora
sint€zi in vitro translacijas sisttma un kultiv§jamo S$tnu Iinijas, bet tai nebija
noveérojama efekta uz humoralo un Stnu imino atbildi péc DNS imunizacijas.
Sakotn&ja imunizacija ar DNS ar sekojoSo atkartoto imunizaciju ar proteinu tika atzita
par visefektivako imunizacijas shému HCV kora specifiskas imiinas atbildes

inducé$anai.

Lai parbauditu SFV ekspresijas sistémas sp€ju translet HCV proteinus, tika raditas
rekombinantas SFV konstrukcijas, kas ekspresgja poly P (core-E1-E2-p7), HCV core
un E2p7 geénus. Katrai konstrukcijai tika izveidotas atbilstoSas rekombinantas SFV
dalinas, kuras izmantoja BHK-21 $iinu infic€$anai. HCV polyP fragmentu, kas kodgja
strukturalos proteinus un proteinu p7, ieklongja ari pCytTS vektora. Rekombinanta
plazmida pCyt/HCV polyP tika izmantota BHK-21 Stinu transficéSanai, lai ekspresétu
HCV proteinus.

Izmantojot rekombinantos alfavirusus, Stnu kultira bija paredzets augsta limeni
ekspresét autentiski posttranslacionali procesétus HCV kora un E2 proteinus. HCV kora

un E2 proteinu specifiskumu apstiprindja ar imunocitokimiskajiem datiem,
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imunoprecipitaciju no $iinu lizatiem un Western blotu ar atbilsto$am anti-kora un anti-

E2 poliklonalajam antivielam.

Ar elektronu mikroskopijas palidzibu pieradits, ka veidojas homogénas HCV kora
veidigas 35-37 nm dalinas (7A un 7B. attéls). Bez tam tika novérotas HCV-veidigas
dalinas, kuru diametrs bija 60 nm. Sis atklajums v&lreiz apstiprinaja HCV proteinu
speju alfavirusu ekspresijas sist€tma pareizi proceséties, un apliikota petijuma rezultati
ir paradijusi principialu iesp&ju izmantot alfavirusu sisttmu HCV-veidigo dalinu ka
jauna veida HCV imunogénu radiSanai Tomér pirms $adu secinajumu izdariSanas par

§as pieejas perspektivam nepiecieSams turpinat petijumus.

Rekombinantie pSVF1/HCVcore un pSFVI/HCVpolyP virusi tika izmantoti pelu
imunizacijai. Tika novertéti antivielu titri imuniz€to pelu asins seruma. legiitie dati var
kalpot par pamatu talakiem HCV strukturalo proteinu g€nus nesoSiem rekombinanto
alfavirusu pétjjumiem, jo $adi rekombinantie alfavirusi varétu tikt izmantoti ka
iespejamie kandidati anti-HCV vakcinas izstradei. Papildus piles biitu javelta
imunizacijas shémas talakai optimizacijai: saskana ar atskaites datiem visperspektivaka

ir heterologa sakotngjas-atkartotas imunizacijas shéma.
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