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The technology “virus against virus” was first real-
ized in 1997 by two research groups from Yell Univer-
sity (the United States) [4] and Federal Research Center
for Virus Diseases of Animals in Tubingen (Germany)
[3] using HIV as a model. In this study, the above-men-
tioned technology was realized on the model of hepati-
tis C virus (HCV).

The method of selective elimination of cells infected
with HCV and HCV RNA, using antiviral genetic pro-
gram (AGP), first described in 2001 [2, 6, 7], allows
avoiding the stage of immunological recognition of
infected cells with CD

 

8

 

+

 

 lymphocytes and uses RNA-
dependent RNA polymerase HCV-specific activity for
the activation of genetically programmed elimination.
The mechanism of elimination is triggered by HCV
RNA polymerase, which recognizes the 3'- and
5'-untraslated terminal regions (UTRs) of AGP and
synthesizes on the antisence sequence a complimentary
sense copy that programs the formation of the subunit
A of diphtheria toxin (DT_A). The synthesis of sense
RNA copy for DT_A and its subsequent translation
results in the expression of highly-toxic enzymatic
activity in infected cell.

This sequence (hereafter called AGP) can be deliv-
ered using noninfectious RNA-containing HCV-like
particles (the so-called HCV bellerophonts), whose
defective genomes contain AGP. The defective-genome
cDNA, obtained using an RNA template of infectious
HCV genotype 1B (accession number 156973), con-
tained the 5'- and 3'-UTRs and a fragment of ORF
encoding the morphogenetic program of HCV (proteins C,
E1, E2, and p7), i.e., was truncated. An essential ele-
ment of cDNA obtained was the presence of a unique

 

Hind

 

III site immediately after ORF, in which an AGP

DNA fragment could be inserted (Fig. 1). Figure 1
shows the structures of genomes and their cDNAs:
infectious HCV (Fig. 1a), truncated HCV-like genome
(Fig. 1b), and HCV bellerophont (Fig. 1c). The struc-
ture shown in Fig. 1b was truncated by eliminatin of
part of ORF, encoding nonstructural proteins. As a
result, the 

 

Hind

 

III site occurred at the boundary
between the ORG and 3'-UTR. HCV bellerophont was
obtained by inserting AGP into the 

 

Hind

 

III site of the
truncated HCV-like genome in the antisence orienta-
tion.

The ability of the truncated AGP-containing HCV-
like genome to form HCV bellerophonts and exhibit
anti-HCV activity was corroborated in two series of
experiments. In the first series, HCV bellerophonts
were obtained. The only way to obtain HCV bellero-
phonts was cotransfection of cells with two plasmids,
one of which contained a truncated AGP-containing
HCV-like genome and the other served for accumula-
tion of excessive amount of the virion proteins. The
strategy of the experiment on constructing HCV belle-
rophonts reduced to selection of such molar ratio
between the two types of plasmid DNA, at which the
formation of RNA-containing noninfectious HCV-like
particles was the most effective. The results of these
experiments are shown in Fig. 2. It is seen that, in the
preparations containing HCV bellerophonts, the ratio
between total protein content (white columns) and AGP
RNA (black columns) was almost 100-fold greater than
that predicted for HCV. This indicates that these prepa-
rations contained at least 97–99% of the aggregates of
RNA-free HCV-specific protein. Indeed, according to
the electron-microscopic data (Figs. 2b, 2c), the per-
centage of HCV bellerophonts among the defective
RNA–protein aggregates was not more than 0.5%. Nev-
ertheless, taking into account the titer of aggregates
(about 

 

10

 

9

 

/ml), the titer of HCV bellerophonts could be
taken 

 

5 

 

×

 

 

 

10

 

6

 

/ml. This value of confirmed by RT-PCR,
using AGP-transducing RNA-containing bacteriophage
MS2 as a standard [1].
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In the second series of experiments, we estimated
the anti-HCV potential of the plasmid 

 

pHCVbell

 

, which
encodes HCV bellerophonts. For this purpose, HepG2
hepatocarcinoma cells were treated with a mixture of
calcium-phosphate precipitate of 

 

pHCVbell

 

 DNA and
HCV RNA (genotype 1A), isolated from blood of
patients with hepatitis C. The results of these experi-
ments are shown in Fig. 3. Figure 3a shsows intact cul-
ture of HepG2 cells, transfected with HCV RNA and

 

pHCVbell

 

 DNA (Figs. 3b and 3c). Addition of 10 

 

µ

 

M
ApU, an inhibitor of toxic activity, decreased the lethal
effect (Fig. 3c). As seen from Fig. 3b, 90% of the cell
population died on the day 3 after the treatment with the
mixture of calcium-phosphate precipitate of 

 

pHCVbell

 

DNA and HCV RNA. Addition to the reaction medium
of the dinucleotide ApU, an inhibitor of enzymatic
activity of the subunit A [5], decreased the number of
dead cells in three times (Fig. 3b).

Three days after the transfection of HepG2 human
hepatocarcinoma cells with RNA isolated from blood
of patients with hepatitis C (

 

10

 

8

 

 genome-eqv/ml, geno-
type 1A) and simultaneous addition of HCV bellero-
phonts (one particle per cell), the number of dead cells
was 95–97%. Addition of the inhibitor ApU to the reac-
tion medium decreased the lethal effect of HCV belle-
rophonts in three times (data not shown).

In the case of penetration of HCV bellerophonts into
all cells potentially sensitive to HCV, lethal effect
caused by them will be observed only in the cells
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Fig. 1.

 

 Scheme of (a) infectious HCV genome, (b) truncated HCV-like genome, and (c) HCV bellerophont genome. Terminal
sequences are shown in the form of two dimeric structures. Polyproteins, fragmented to individual proteins, whose amino acid
sequences were encoded by ORFs of genomic RNAs, are shown under the genomes. The precursor was cleaved at protease-sensitive
sites (shown with arrows in part a). Black and white arrows show the sites of hydrolysis of the polyprotein with cell and viral pro-
teases, respectively.
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Fig. 2.

 

 (a) Dependence of the occurrence frequency (expressed in hundredth parts of percent) of HCV-like RNA-containing virions,
HCV bellerophonts, on the molar ratio between DNA of

 

 pHCVbell

 

 and helper plasmid (from 1:1 to 1:1000, respectively) in calcium-
phosphate precipitates (DNA concentration, 1.2 

 

µ

 

g/ml), shown with dashed line connecting the experimental values. Black columns
show the results of determination of the RNA titer by RT-PCR [2]; white columns, protein titer by immunoassay (using a commer-
cial preparation of HCV-specific serum). (b) Morphology of the aggregate of HCV-specific protein. (c) Morphology of HCV belle-
rophont.

 

Fig. 3.

 

 Intact HepG2 cells (a) and HepG2 cells transfected with the 

 

pHCVbell

 

 plasmid and HCV RNA in the absence (b) and pres-
ence (c) of the inhibitor ApU (the method see in [2]).
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infected with HCV, irrespective of the genotype of per-
sisting HCV.
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