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Abstract

Vaccine avipoxviral strains FK (fowl) and Dessau (pigeon) were adapted for replication in heterologous for them
mammalian cells from the embryonic bovine trachea cell line EBTr. A proof for their successful adaptation was the
cytopathic effect (CPE) on mammalian cell cultures, expressed in appearance of cells with round shape, cytoplasmic
vacuolization and detachment of the cells from the substrate. In application of low initial infections titers of 103
CCIDso/ml (high initial dilutions of 10-3 CCIDso/ml, respectively) of the viral suspension for both eventually attenuated by
many passages from the heterologous for mammals and mammalian cells avian vaccine strains, but no CPE was
established. In freezing of the so inoculated with the diluted viral suspensions mammalian cells after addition of cryo-
protector Dimethylsulfoxide (DMSO), thawing and re-incubation in fresh cultivation medium, signs of activated cell
proliferation (as decreased monolayer density and formation of internal “islands” of cells in the monolayer) were noted.
One of the possible explanations could be eventual transfer of nucleotide sequences from viral particles to separate cells
because of activated fusion processes on the influence of DMSO in drastic temperature changes. The results obtained
proposed a possibility about application of the described methods as available alternatives for production of gene-
engineering vaccines, and were in confirmation with scientific references. Furthermore, a possibility for production of
membrane glycoprotein receptors and other immune molecules from non-immune cells in appropriate conditions
(presence of viral particles) was suggested, which was also in agreement with literature findings. Future studies are

necessary in this direction, directed mainly to isolation and purification of the eventually received recombinant viral
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vaccines from the cultural fluids of the infected cell cultures, as well as subsequent investigations on their immunogenic

potential in vitro and in vivo.
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Introduction

Many literature data about the role of viruses as
appropriate vectors for gene transfer have been obtained
for both viruses, which genome is DNA and/or RNA, both
in vitro and in vivo, have been proved [1-4]. Messages
about application of mixed recombinant DNA-constructs,
composed by DNA-fragments have also been obtained
containing components from different viral strains [5-7]
or from different organism origin (viral, bacteria plasmid,
yeast and/or other eukaryotic cell types) [8,9]. For this
goal, appropriate promoter gene should be inserted,
necessary to provide the expression of the respective
inserted gene of interest. The other main component is a
marker gene, localized to immediate nearness to the
tested gene of interest, necessary for selection of the cells,
positive of the last. Most often, as marker genes could be
used such, which code color proteins (for example,
fluorescent protein, as GFP, YFP, RFP) or products,
participating in a color reaction (enzymes luciferase or
timidinkinase), or is connected in any way resistance to
any antibiotic preparation. The described gene sequences
should be connected by treatment with specific ligases,
but the used initial vector constructs should contain
specific restriction sites, which is necessary the withed
DNA-fragments of interest be obtained by treatment with
respective restriction enzymes (most often bacterial
endo-nucleases). Other important components are the
reverted end DNA-repeats. Poxviral DNA-genome has
been characterized among the most appropriate and
applicable material for production of gene-engineering
vaccines [10]. On the other hand, the property of the cryo-
protector Dimethylsulfoxide (DMSO), as well as of other
organic detergents, to activate the fusion processes
mainly by changing the properties of the biological
molecules, has been proved [11-14].

In this connection, the main goal of the current study
was directed to development of methods for maximally
safe application of gene-engineering viral vaccines.
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Materials and Methods

Methods for safe applications of avipoxviral strains FK
(fowl) and Dessau (chicken) (Poxviridae family) as initial
material for design of appropriate vectors for
immunization and gene-engineering manipulations with
mammals and mammalian cells, were developed. Cells of
embryonic bovine trachea were used. EBTr cell line from
embryonic bovine trachea, derived by Kniazeff, et al., was
used [15]. The cells were incubated in combination of
Modified Eagle’s Medium (MEM) (Sigma) and Dulbecco’s
Modification of Eagle’s Medium (DMEM) (Sigma), in
ration 1:1, supplemented with 5% mixture of Fetal Bovine
Serum (FBS) (Sigma) and Normal Bovine Serum (NMS)
(Sigma), as well as of antibiotics mixture of (100 Ul/ml
Penicillin and 100 pug/ml Streptomycin) (Sigma), at 37°C
in incubator with 5% CO; and 95% air humidification.
Three main steps for development of strategy about safe
application of both viral strains were evaluated:
application of heterologous for mammals and cells from
them avian viral strains; of attenuated vaccine forms of
both strains by many passages in cell cultures and chicken
embryos, as well as of comparatively low initial infections
titers of 103 CCIDso/ml viral suspension (high initial
dilutions of viral suspensions of 103 CCIDso/ml,
respectively) [16-18]. Separated sub-populations of
mammalian cells, inoculated with the same low dilutions
of the suspensions of both viral vaccine viral strains, were
freezed at -80°C or at -196°C (liquid nitrogen) after
previous addition of respective volume from the cryo-
protector DMSO (Sigma), added directly to the inoculated
cell cultures, for 1-2 weeks. After thawing, the so
prepared cultures were re-cultivated in the described
above incubation conditions. For this aim, all thawed cell
suspensions were centrifuged, and after turning-off of the
supernatants, the pellets were washed with PBS (Sigma),
resuspended, and the cell suspensions received were put
in fresh cultivation medium, composed of the gradients,
described above. All cell cultures were observed as native
preparations, by inverted light microscope, supplied with
mega-pixel CCD-camera.
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Results

Cytopathic effect (CPE), expressed by cytoplasmic
vacuolization, shape changing (rounding) and detachment
of from the substrate, was observed in the cell cultures,
infected with undiluted suspensions (10° CCIDso/ml) of
both vaccine avipoxviral strains (Figures 1B & (),
compared with the control uninfected mammalian cells
(Figure 1A). This effect was stronger in the cells,
inoculated with the fowl strain FK (Figure 1B) than in
these, infected with the pigeon strain Dessau (Figure 1C).
In the cell cultures, inoculated with initial dilutions of
initial infections titers of 103 CCIDso/ml (high initial
dilutions of viral suspensions of 103 CCIDso/ml) of both
strains (Figures 1D & E), for the first time CPE was not
observed by light microscopy assay and no significant
differences in comparison with the control non-infected
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cells (Figures 2D) were established. In application of 3 Igs
lower initial infectious titer of 106 CCIDso/ml (of 3 Igs
higher initial viral suspension dilutions of 10-¢ CCIDso/ml,
respectively) for both vaccine viral strains, not only no
cyto-pathogenic changes were observed, but signs
activated cell proliferation in both cases (Figures 1F & G)
in comparison with the non-inoculated control were
noted (Figure 1A), as increased cell density, decreased pH
of the medium in comparison with the cells, inoculated
with the non-diluted viral suspensions of both strains
(Figure 1B & C) and formation of internal cellular
“islands” in the monolayer. One of the possible
explanations was eventual insertion of viral genetic
material in the cellular genome of separated cells because
of activated fusion process on the influence of cryo-
protector DMSO in drastic temperature changes.

G

Figure 1: EBTr mammalian in vitro-cell cultures, inoculated with vaccine avipoxviral strains FK (fowl) and Dessau
(pigeon): A - control non-inoculated culture; B, D, F - inoculated with FK, C, E, G - inoculated with Dessau; B, C - with
non diluted viral suspensions of both strains (10°CCIDso/ml); D-F - with dilutions of both strains 103CCIDso/ml; D, E -
non-passed through freezing in the presence of DMSO, subsequent thawing and re-incubation, F, G - passed through
freezing in the presence of DMSO, subsequent thawing and re-incubation (Native light-microscopy preparations,

magnification: 100 x).

Discussion

The proved high self-renewal potential of the stem
cells in in vitro-conditions makes them strong candidates
for delivering of genes, as well as for restoring organ
systems function have been found to be included in these
processes [6,7,9]. The obtained data were in agreement of
many literature data about proved ways for safe
applications of avian viral strains on non-permissive for
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them mammalian cells [19,20]. One of the probable
explanations about the limited viral replication
possibilities could be the non-permissive for avian strains
mammalian cells, which is in agreement with the
literature data, as well as with these, obtained in our
previous studies. The potential of viruses as appropriate
vectors for development of various therapeutic strategies
has been proved in many literature sources - for both
immunization by application of recombinant vaccines and
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therapeutic procedures in different disorders by
substitution of appropriate cell nucleotide sequences
[2,3,5,6,21]. In this connection, the lack of CPE in
mammalian cells, inoculated with initial dilutions of 103
CCIDso/ml (with viral suspensions dilutions of 1073
CCIDso/ml, respectively), but the presence of immature
viral particles, could suggest a possibility about
application of the strains in this form as material in
vaccine production, including for the goals of the
immunotherapy of malignancies. The higher amount of
immature virions in cells, inoculated with the vaccine
viral strain FK in comparison with this in the cells,
infected with strain Dessau, was in support of our
previous results about the proved stronger in vitro-CPE,
induced by the fowl vaccine strain than the induced by the
pigeon vaccine strain, as well as with other literature data
[10,17,18]. In this way, a possibility for application of the
vaccine fowl pox viral strain FK as a usable source for
preparation of vaccines for immune-prophylaxis and
immune-therapy was supposed, also in agreement with
the literature finding about the high immunogenic
potential of this strain [21]. On the other hand, the
proposed transfer of nucleotide sequences from viral
particles to mammalian cells as a result of activated fusion
on the influence of DMSO in drastic temperature changes
was in support of the reference data about such effects of
this cryo-protector, but also of other organic detergents
[11-13]. As a main reason, underlining the fusion
activation between membrane structures in these
conditions, was suggested the changes in the properties of
the membrane-building molecules, as well as in the inter-
molecular interactions, on the influence of some organic
substances [14]. Besides the influence of DMSO and of the
drastic temperature changes, helping action of the fusion
process by activated production of membrane
glycoproteins and other immune molecules from non-
immune cells in appropriate conditions (on the influence
of the infectious agent), proved in the scientific literature.
The last reaction could be explained with mentioned in
many literature messages “intrinsic antiviral immunity”
changes, as internal protection of the cell in response to
its infection [22,23]. Another explanation could be
connected with eventual appearance of early signs of
immune cell differentiation of immature embryonic cells
on the influence of the foreign for them viral particles,
which has been shown in several scientific references, as
well as in our previous studies [24-28]. Further studies
are necessary in this direction, connected with
development of methods for isolation and purification of
the eventually received recombinant viral vaccines from
the cultural fluid of the inoculated cells, as well as
subsequent investigations on their immunogenic
potential in vitro and in vivo.
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