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ABSTRACT

Ability of the continuous cell lines to evolve enables generation of new transformed cell cultures with unlimited life potential and different from the original
prototypes in the process of sequential cultivation. There are practically no universal mechanisms and methods for new cell line generation. But it was noted that
cell immortalization is associated with chromosomal rearrangements (chromatid morphology) and changes in the number of chromosomes. The paper presents
the results of the generation of a new Testis Capra hircus (TCh) cell line, suitable for effective replication of dermatotropic and other types of animal viruses, in order
to scale up viral material used for the manufacture of the means for animal disease specific prevention and diagnosis. The monolayer TCh cell line was transformed
from the continuous YaDK-04 cell line as a result of more than 50 passages in the growth medium supplemented with 10% of lanthanide-treated bovine serum.
Use of the bovine serum purified and supplemented with lanthanides during the cultivation of the continuous cell line YaDK-04 led to significant chromosomal
rearrangements and contributed to the formation of a stable and productive new TCh cell line, which differed in cytomorphological and karyological characteristics
and had unlimited potential for passaging without changing the cell karyotype and morphology. The novel continuous cell line proved to be suitable for effective
reproduction of such disease pathogens as lumpy skin disease, sheep pox, peste des petits ruminants agents. These are mainly viruses of dermatotropic origin.
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[lonyyeHne KNeToUHOM NTUHUM KO3bero

npoucxoxaenuna (Capra hircus) TCh Kak pe3ynbrar
Kapuonornyeckoil  Mopdosornyeckomn TpaHcGopmaLmm
[J1K ALK-04 npu cybKynbTUBMPOBAHUM C NPUMEHEHNEM
CbIBOPOTKM KPYMHOr0 pOraToro ckota, 00paboTaHHoit
fIaHTaHOUZaMMK

E. A. TpodumoBa, C. B. KonoHoBa, U. H. llymunoga, b. 1. Manun
OIBY «DefepanbHblii LieHTp oXpaHbl 380poBbA XnBOTHBIX» (OTBY «BHUI3X»), r. Bnagumup, Poccua

PE3IOME
Cnoco6HoCTb nepesnBaembIxX JIAHWIA KNETOK K 3BOMIOLMI JaeT BO3MOXKHOCTb C03/1aBaTh B npotecce nocyie0BaTesIbHOr0 KynbTBUPOBAHIA HOBbIE Tpchd)op-
MUWPOBAHHbIE KJIETOUHbIE KYNbTYPbI, o6na,ua|0ume HEOrpaHYEHHbIM XU3HEHHbIM NOTEHLMANOM I OTIUYAKOLLECA OT UCXOAHBIX MPOTOTUNOB. yHI/IBep(aﬂbeIX
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MeXaH3MOB U CN0co60B NONYYeHNA HOBIX KNETOUHDIX IMHUI NPAKTUYeCKM He cyLuecTBYeT. Ho 6bino 3ameyeHo, UTo IMMOpTaNK3aLma KNeToK (BA3aHa ¢ Xpo-
MOCOMHBIMY NiepecTpoitkamu (Mopdonorua XpomaTind) 1 U3MeHeH!eM KoNMYeCTBa XpOMOCOM. lpeCcTaBneHbl pe3ynbTaTbl NoNyueHA HOBOV KNETOUHOI IMHUN
TeCTUKYN Ko3neHka Testis Capra hircus (TCh), npurogHoii ana 3pdeKTMBHON penpoayKLMY [epMaTOTPONHBIX 11 APYTiX BUZOB BUPYCOB XUBOTHBIX, C LIENbH Ha-
paboTKy BUPYCHOro MaTepuana, NpuMeHAEMOro AnA U3roTOBNeHNA CPeaCTB cneLuduyeckoi npodunakTukin u AarHoCTKKM 3a60neBaHuii XuBOTHbIX. MoHo-
cnoitias nunua knetok TCh TpaHcdopmmpoBanach u3 nepesuBaemoil inHun knetok fi1K-04 B pesynsrate npoBefeHna 6onee 50 naccaxeil KynbTUBMPOBaHNA
B pocTOBOIi cpepe ¢ fobasneHrem 10% CbIBOPOTKY KPOBM KPYMHOr0 poraToro ckota, 06paboTaHHoil naHTaHouAamu. lpuMeHeHwe CbIBOPOTKM KPOBIN KpYMHOTO
POraToro CKOTa, 0YMLLEHHO 11 060raLLeHHOI TaHTaHOMAAMM, NPU KYNIbTUBUPOBAHIA NOCTOAHHOI IMHUK KneToK f[1K-04 npuBeno K 3HauMTeNbHbIM XPOMOCOMHbIM
nepecTpoiikam 1 cnoco6cTBoBaN0 GopmupoBaHIto CTabunbHOI 11 NPOLYKTUBHOI HOBOI KneTouHoit nukum TCh, KoTopas oTAMYanach no LUTOMOponornyeckium
1 KapuonoruyeckimM npu3Hakam v obnagana HeorpaHUUeHHbIM NOTEHLMANOM K MaccupoBaHIK 6e3 n3MeHeHna kapuoTvna v mopdonorum knetok. Hoas nepe-
BUBaeMas MHUA KNETOK 0Ka3anacb NPUroAHoi Ana 3gdeKTuBHOI penpoyKuun Bo36yauTeneli Takix 6onesHeil, kak 3apasHblil y3eNKoBbIi fepMaTiT, 0CNa OBeLl,
4yma MesKIX XBauHbIX UBOTHbIX. B 0CHOBHOM 3T0 BUPYCbI AEPMATOTPONHOTO NPOUCXOXKAEHUA.

KnioueBble cnoBa: nepesuBaemas (HOCTOHHHaﬂ) JINHNA KNETOK, HpOﬂM¢epaTMBHaﬂ AKTUBHOCTb, UMMOPTaN3aLuA, LuTonaTnyeckoe HeiicTBIe, I/IH(I)eKLlI/IOHHaﬂ
dKTUBHOCTb
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INTRODUCTION

The mechanisms of formation of continuous cell
lines (CCL) have not been fully established. But due
to quite frequent appearance of infinitely dividing (im-
mortal) CCL, it can be assumed that the mechanism
of formation of the continuous cell lines has some pat-
terns, manifested in changes in the cell karyology and
morphology during in vitro cultivation. One of such pat-
terns involves the increase in proliferative activity — a sign
of immortality (immortalization), which occurs by pas-
sage 50 after trypsinization of tissues or organs [1, 2, 3].
Changes occurring at the chromosomal and genetic lev-
els of the cells under the effect of various physico-chemi-
cal and biological factors are likely to accumulate [4, 5, 6].
The mechanism of stable heterochromatin methylation
in metacentric sections of chromosomes is formed
and thereby the ability to unlimited division of the main
population of cell lines develops under stable cultivation
conditions [3, 7, 8, 9].

In veterinary virology, three lines of goat-derived cell
lines (Capra hircus) obtained from goat gonads are known:
CG-91 [10], YaDK-04 [11], TCh [12]. In fact, these lines are
derivatives of the single trypsinization, which was carried
out in the late 1980s. They were formed under different
cultivation conditions and effect of additional chemical
factors. Whereas the first two lines have low prolifera-
tive activity (split ratio 1:2, 1:4), instability of cultivation
and a near-diploid chromosome complement), the third
line (TCh), obtained using lanthanide treated bovine
serum, has significant chromosomal rearrangements
and surpasses its predecessors in performance and sta-
bility. This report provides an example of the evolution
of the goat gonad cell line and describes the proposed
mechanism for the formation of a stable and productive
CCL suitable for the effective reproduction of dermatotro-
pic and other animal viruses.

The work was aimed at the study of the karyological
and cultural transformation of the TCh cell line obtained
by subcultivation of the continuous YaDK-04 cell line,
as well as at the assessment of the degree of sensitivity of
the new cell subline to the viruses — agents of the animal
diseases.

MATERIALS AND METHODS

The cells were cultured according to the generally ac-
cepted technique in glass and plastic flasks using classical
media MEM, DMEM, DMEM/F-12 supplemented with 10%
of the lanthanide treated bovine serum.

Phenotyping of the cell lines was carried out using
Olympus CX41 phase contrast microscope (Japan) and
ML-2B fluorescent microscope (Russia).

The cell cultures were identified by the karyological
method of metaphase spread preparation according
to P.S. Moorhead technique [13].

Viral material. Lumpy skin disease virus strain LSD Cattle/
Dagestan/2015 with infectivity 5.0 Ig TCID, /cm?, pro-
duction sheep pox virus strain “ARRIAH” with infectiv-
ity 5.5 Ig TCID, /cm?® and production peste des petits
ruminants virus (PPRV) strain “ARRIAH” with infectivity
5.01g TCID, /cm?® were used in the study [14, 15, 16, 17].

Cell culture. Cultivation of the viruses was carried out
in the cell cultures of various origin, which were obtained
from the Cell Cultivation Unit of the Federal Centre for Ani-
mal Health.

The infectivity of the obtained viral material was deter-
mined by titration using YaDK-04 cell line.

RESULTS AND DISCUSSION

There are no any patterns in the formation of the con-
tinuous cell lines of goat origin (Capra hircus). Use of a va-
riety of nutrient media and sera, duration of passaging
do not allow identification of any significant factor that
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would affect the karyological and genetic transformation
of the cell lines. The first two variants described below
have a unique origin, however they turned out to be simi-
lar in characteristics.

It is well known that the effectiveness of cell cultiva-
tion is associated with the quality of the nutrient medium,
the growth properties of which are largely dependent on
the quality of animal serum in its composition. Lanthanide
treated bovine serum was used in this study [18]. The use
of lanthanides in serum at the stage of its production
leads to flocculation of latent microorganisms and endo-
toxins, which settle and can be removed by separation
and ultrafiltration. The lanthanides themselves remain in
the medium and participate in the biochemical processes
of cultivation. The duration of passaging under homoge-
neous conditions can lead to certain changes observed
in the further study of the cell cytomorphology.

Characteristics of the continuous goat gonad cell line
CG-91. The only continuous goat gonad cell line (Capra hir-
cus) CG-91, which has no analogues in other countries, was
obtained at the Federal Centre for Animal Health in 1990
(RF Patent No. 2061753) [10]. This CCL is quite difficult to
cultivate as the split ratio is no more than 1:2-1:4 and the
modal class is 59 chromosomes. The CCL subcultivation
resulted in almost immediate elimination of the small me-
tacentric Y-chromosome, and the culture was formed as
a pseudodiploid.

The CCL is derived (established) from the organs spon-
taneously, as a result of the long passaging with a variety
of nutrient media, as well as with supplementation with
animal sera and using some other technological approa-
ches associated with cultivation temperature, subculture
methods, duration of cultivation, use of conditioned me-
dia, etc. [19, 20, 21]. In this particular case, the CG-91 cell
line was stabilized as continuous when cultured in DMEM.
As an additive, 10% of different types of bovine sera, includ-
ing fetal one, were used. Morphological features of CG-91
CCL lie in the fact that spindle-shaped cells predominate
in the cell population along with a small number of epithe-
lial and fibroblast-like cells. When the culture is reseeded,
the spindle-shaped cells undergo a fibroblast-like transfor-
mation under the effect of the dispersing solution or be-
gin taking a spherical shape, while up to 20% of the total
number of cells die (Fig. 1). To mitigate the process of tryp-
sinization, 0.5% glucose solution is added to the dispers-
ing solution. The cells survived after the reseeding repair
during sedimentation and adhesion to the substrate and
form a confluent monolayer in 3-4 days.

CG-91 cell line was found to be sensitive to type A, O, C,
Asia-1 foot-and-mouth disease virus, as well as to African
horse sickness causative agent.

Characteristics of continuous goat gonad subline
YaDK-04. The continuous cell subline YaDK-04 was de-
rived from CG-91 CCL by targeted selection aimed at
the increase of the cell biomass and their sensitivity to
animal viruses [11]. The selection was carried out using
limiting dilution of the cell suspension when reseeded us-
ing Eagle’s medium supplemented with 0.25% lactalbumin
hydrolysate.

Using the limiting dilution method during the cell
line reseeding, the subline performance was increased
at passage 36 and amounted to 100 million cells from
300 cm? culture vial. The morphology of the cells and
monolayer remained the same and spindle-shaped cells

Fig. 1. YaDK-04 cell line morphology

prevailed (Fig. 1). The karyotype became more variable
and amounted to 57-60 chromosomes (Fig. 2, 3). The pre-
dominant population is the modal class of 59 chromo-
somes (58%).

As aresult of the selection, the list of the viruses efficient-
ly reproduced on this subline was extended. Thus, Aujesz-
ky’s disease virus titer reached 8.00-8.75 Ig TCID, /cm?,
sheep pox virus titer - 5.5-6.0 Ig TCID, /cm?, pneumovirus
titer - 5.0 Ig TCID, /cm?.

Both described variants of goat gonad cells are prac-
tically diploid cultures with minimal transformations in
karyotype and morphology, the split ratio of which does
not exceed 1:4. These CCLs periodically demonstrated
suppressed growth activity, therefore, change of growth
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Fig. 2. YaDK-04 cell line karyogram

Fig. 3. Metaphase spread of YaDK-04 cell line — 59 chromosomes
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ingredients and recovery from the cryobank were re-
quired. Propagation of these variants for the production
of the specific vaccine products required large material
and labor costs.

Production of new continuous TCh cell line. When ana-
lyzing YaDK-04 karyogram, we noted sufficient chromo-
some variability in cell populations - from 54 to 120. This
fact suggests that culture selection is possible to isolate
cells different from the previous clones. A monolayer goat
gonad CCL (YaDK-04) was used as a starting material for
this purpose, which was characterized by variable split ra-
tio stability ranging from 1:2 to 1:4.

Use of lanthanide treated bovine serum in the culture
technology resulted in the signs of stabilization of the con-
tinuous cell line proliferation. Long-term serial cell culture
passaging was performed with 72-96 hours cycle and
without cryo stage. The activities aimed at the adjust-
ment of the lanthanide treated bovine serum properties
was carried out in parallel. Using the tested cell culture,
information was obtained about the serum toxicity, its
adhesive properties and growth activity. This allowed
the serum manufacturers to eliminate latent viruses and
endotoxins thus significantly improving the quality of the
formed YaDK-04 monolayer and increasing the cell perfor-
mance [18, 21, 22].

The long-term serial passaging of YaDK-04 without
cryo stage was carried out under standard conditions

74 75 76 77 78 79 80 81 82 83 84 85 88 100

Number of chromosomes in populations

Fig. 5. TCh CCL karyogram (passage 70)
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with 10% of the lanthanide treated bovine serum. By pas-
sage 44, the cell morphology began to change: the epi-
thelial-like cells prevailed and they became dense by
the end of the logarithmic growth phase (Fig. 4). During
passages 44 and 55, the karyological examination was
carried out, whose results demonstrated significant rear-
rangements in the karyotype (Fig. 5, 6). Populations with
a hyperploid set of chromosomes and 2-4 metacentric ele-
ments predominated (Fig. 6, 7). The split ratio increased
to 1:6 or higher and maintained by passage 70.

Cultivation for over 50 passages without cryo stage,
split ratio increase, morphological and karyological
changes indicated production of a new stable lamb tes-
ticle subline, which was named TCh (Testis Capra hircus).
This CCL consisted of predominant epithelial-like cells;
spindle-shaped and fibroblast-like cells in smaller num-
bers concentrated on the substrate amongst the main
population.

After the obtained subline was subjected to over 70 se-
rial passages (within 18 months), no signs of degeneration
were observed and the CCL was characterized by stable
cultural parameters.

Long-term cultivation with lanthanide treated
blood serum resulted in a significant transformation of
the karyotype. For karyological analysis of the TCh cell
subline, chromosomal preparations were prepared us-
ing P. S. Moorhead method [13], 100 metaphase spreads

Fig. 6. TCh-2 CCL metaphase spread (passage 70)
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Fig. 7. Percentage of cell populations with different number
of metacentric chromosomes in TCh CCL
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were photographed, the chromosomes were counted
and a karyogram was compiled. According to the analy-
sis results, it was found that the TCh cell subline formed
a karyologically heterogeneous population of cells, main-
ly hyperploid ones. The modal class of the cells in 50 se-
rial passages was 117 chromosomes - 14%, near-tetra-
ploid population - 70%, near-diploid population — 29%.
Karyotype variability was 57-122 chromosomes. During
passage 66, a new population with predominant cells
of the modal class of 82 chromosomes appeared - 24%.
The subline stabilized at this karyological level. This po-
pulation had unlimited potential for passaging without
a significant karyotype changes.

By means of karyological analysis, modal class indica-
tion and appearance of marker chromosomes, the culture
was identified as lamb testicle cells (Capra hircus L.).

Characteristics of continuous TCh cell line. The proli-
ferative activity of the resulting cell population was high,
which indicates the suitability of the subline for cultiva-
tion on an industrial scale. Biotechnological properties
of the CCL differed significantly from similar properties
of the original cell lines. Possibility of cultivation in roller
bottles made it possible to significantly increase the effi-
ciency of the manufacture of the specific antiviral drugs.
The potential of the culture turned out to be such that
the population recovered from the“foam”to the complete
monolayer in case any cells remained after the primary cell
subcultivation.

In addition to hyperploidy (modal class — 82 chromo-
somes), a reliable indicator of the new cell population
included the emergence of 2 to 4 metacentric chromo-
somes (Fig. 6, 7).

The selection with lanthanide treated bovine serum re-
sulted in CCL transformation, and the morphological sta-
tus of TCh subline cells differed significantly from YaDK-04
and CG-91. The permanent morphology of the TCh CCL
was observed during 40 passages of continuous cultiva-
tion without cryo stage.

When the TCh CCL was used as a control during
the studies of the cytopathic effect (CPE) of various viru-
ses without changing the medium, morphological chan-
ges along with the signs of cell and monolayer aging were
reported: cytoplasm granulation increased, the intercel-
lular space thickened, vacuoles appeared, small amounts
of cellular detritus were localized on the monolayer. All
these trophic changes differed from the specific cell de-
generation caused by exposure to viruses.

Methods and conditions of TCh cell subline cultiva-
tion. TCh monolayer is cultivated in the nutrient medium
in two ways: on stationary horizontal surfaces (in culture
flasks) and in roller bottles.

Monolayer cultivation in stationary conditions at
(37 £ 0.5) °C is the most popular method for the manufac-
ture of culture vaccines and virological studies. TCh cell line
is grown in culture flasks with a growth area of 300, 175,
75,25 cm?. If necessary, the cell line is used in a microneu-
tralization tests in the plates of various size.

Serial passaging starts with defrosting of the 5 cm?
ampoule containing cells at the concentration
of 5-7 million/mL. In case of the produced TCh subline,
there is no need to change the medium every 24 hours. Af-
ter 72 hours, the cell culture forms a complete monolayer,
which can be subcultivated at 1:6. For serial passaging,
the semisynthetic nutrient medium + 199 (or DMEM/F-12)

Table 1
Biotechnological specifications of TCh CCL

Growth area
of the culture
flask, cm?

Monolayer for-
mation, hours

Surface type

Split ratio

300 Glass, plastic 1:4 48

Monolayer
characteristics

Dense, with cell
layering

300 Glass, plastic 1:6 72

Dense, with cell
layering

300 Glass, plastic 1:8 72-96

Dense, with cell
layering

850 Glass, plastic 1:6.6 72

Dense

850 Glass, plastic 1:8.5 72

Dense

(orrugated

1700 plastic

1:12 72-96

Dense

is used at 1:3 and 10% of the lanthanide treated bovine
serum.

During the serial passaging with the cycle
of 72-96 hours, a dense monolayer is formed with partial
layering with epithelial-like and spherical cells.

Active proliferation of TCh CCL occurred at pH rang-
ing from 7.3 to 6.8. Acidification of the growth nutrient
medium below 6.8 is a sign of the depletion of the stock
of ingredients and the need for reseeding or changing
the medium.

Roller cultivation of the TCh subline cells is carried out
in stationary conditions. Using the same conditions and
components, the cells are transferred from the stationary
flasks with the growth area of 300 cm? into roller bottles
with the growth surface of 850 and 1,700 cm?. The split
ratio in this case can reach 1:6.6-1:12 (Table 1). The op-
timal split ratio for the complete and stable monolayer
is 1:6. The culture grown by the roller method is especially
in demand for PPRV cultivation.

Reproduction of animal viruses on TCh CCL. The main
advantage of the new TCh cell line production involved
stability of its cultivation. The TCh cell line began to be ac-
tively used for large-scale cultivation of the substrate for
the manufacture of vaccine products against such disea-
ses as LSD, sheep and goat pox and PPR. Each of the agents
of the above-mentioned infectious animal diseases made
its own specific CPE in the TCh cell culture.

During lumpy skin disease virus (LSDV) reproduction
in the TCh cell culture, detachment and degeneration of
a part of the cell monolayer occurred in the terminal stage.
The degenerated cells assembled into aggregates, but part
of the monolayer remained on the substrate. There were
also spherical, not completely destroyed cells in the sus-
pension (Fig. 8).

The cytopathic effect of the sheep pox virus differed
from the CPE of the LSDV and it was manifested by the de-
tachment of the major part of the spherical cells that as-
sembled into aggregates. Degenerative changes were
observed in the cells remaining on the substrate: they
became spindle-shaped and vacuolated (Fig. 9).

The PPRYV totally affected the TCh CCL that was mani-
fested by the degeneration of the individual cells and
the whole monolayer to an amorphous state (Fig. 10).
In most cases, the monolayer destruction reached 100%.
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Fig. 8. TCh CCL monolayer cells post infection with LSDV

Comparative analysis of LSDV reproduction in va-
rious cell cultures. The following cell lines were used
in the comparative analysis: TCh, FBN (continuous fetal
bovine nasal septum cell culture), MDBK (continuous
bovine kidney cell culture), Taurus-2 (continuous calf
kidney cell culture), SIRC (continuous rabbit corneal cell
line), PO (continuous sheep kidney cell culture), PT (calf
kidney cell subculture) and TYa (lamb testicle cell sub-
culture).

The infectivity of the obtained viral material was deter-
mined by titration in 96-well culture plates using YaDK-04
cell suspension. Titration results were recorded according
to the virus cytopathic effect during 96-120 hours. The
virus titer was calculated by Reed & Muench method and
expressed in Ig TCID, /cm’.

The data in Table 2 demonstrate that the maximum
accumulation of the LSDV was recorded at the level
of passage 7 in the homologous continuous TCh cell
culture (5.48 + 0.16 Ig TCID, /cm?®) and TYa cell subcul-
ture (5.17 £ 0.15 Ig TCID, /cm?®). In FBN and SIRC cell cul-
tures, the infectivity titer amounted to 4.00 + 0.16 and
4.00 £ 0.12 Ig TCID, /cm?, respectively. MDBK, Taurus-2
cell cultures, PO and PT turned out to be insensitive to
the LSDV [23, 24].

Table 2
LSDV replication in various cell cultures (n = 3)

Fig. 9. TCh CCL monolayer cells post infection with sheep
pox virus

In order to optimize the parameters of the LSDV culti-
vation in TCh and TYa cell cultures, the effect of cultivation
period on the virus reproduction was studied.

The data in Table 3 demonstrate that the level
of LSDV accumulation in TYa and TCh cell cultures af-
ter 72 and 96 hours of cultivation did not differ signifi-
cantly and ranged from 5.00 + 0.00 to 5.08 + 0.18 and
from 5.25+0.17t0 5.33 £ 0.14Ig TCID, /cm’, respectively,
but significantly exceeded the values recorded after 24,

Fig. 10. TCh CCL monolayer cells post infection with PPRV

Virus infectivity, lg TCID, /cm?

culture

Number of passages

e | s

Tch 3.33£0.00 416£0.16 425+0.18 525+0.17 530+0.14 5.47£0.16 548 +0.16
TYa 3.02+0.14 4.20+0.16 4.17+0.25 450%0.15 517x0.14 5.14%0.15 517£0.15
FBN 3.01£0.12 335£0.15 3.30%0.16 417015 4.25+0.16 412+0.18 4.00+0.16
SIRC 3.01+0.14 3.15+£0.17 3.25%0.12 4.01+0.12 415+0.13 4.00+0.15 4.00+0.12
PT 3.02+£0.12 220£0.25 215%0.17 135£0.17 n/d n/d n/d
MDBK 125+0.16 1.15+0.13 n/d n/d n/d n/d n/d
Taurus-2 1.27£0.13 1.12£0.14 n/d n/d n/d n/d n/d
PO 3.05£0.15 217£0.15 1.35£0.17 n/d n/d n/d n/d

n/d - not detected.
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48 and 120 hours of cultivation. The data obtained show
that the optimal period of the virus cultivation should be
taken as 72-96 hours.

Thus, it was experimentally proved that, despite the fact
that the degree of the LSDV accumulation in the TCh cell
culture does not statistically differ from that in the TYa sub-
culture, the TCh is a more promising cultivation system for
industrial purposes, since this cell line is the most stable
and combines such properties as high proliferative activity,
sensitivity to LSDV and homology of its origin.

Comparative analysis of sheep pox virus reproduc-
tion in various cell cultures. The following cell lines were
used in the comparative analysis: TCh, PO, PS (continuous
saiga kidney cell culture), PB (ram kidney subculture) and
TB (ram testicle subculture) [22, 24, 25, 26]. Three serial
passages were performed.

The infectivity of the obtained viral material was deter-
mined by titration in 96-well culture plates using YaDK-04
cell suspension. Titration results were recorded according
to the cytopathic effect of the virus during 72-120 hours.
The virus titer was calculated by Reed & Muench method
and expressed in Ig TCID, /cm’.

The data in Table 4 demonstrate that the maximum
accumulation of the sheep pox virus was observed
in TCh, PB and TB cell cultures. By passage 3 the vi-
rus titer amounted to 5.50 + 0.18, 5.50 £ 0.25 and
5.50 + 0.25 Ig TCID, /cm’, respectively. In PO and PS
cell cultures, the level of the virus infectivity was low
and by passage 3 it amounted to 3.25 + 0.12 and
3.25 £ 0.25 Ig TCID, /cm?, respectively.

Thus, the resulted data indicate that the combination
of high proliferative activity, sensitivity to the virus and ho-
mology of the origin makes TCh CCL indispensable for
the manufacture of the products for sheep pox specific
prevention.

Comparative analysis of the PPRV reproduction
in various cell cultures The following cell lines were used
in the screening process: TCh, PO, PS, TK (goat testicle
subculture) and SPEV (continuous pig embryo kidney cell
culture). Five serial passages were performed for each cell
culture.

The virus was harvested at 80-90% destruction of
the cell monolayer. The virus-containing material of each
passage was titrated in penicillin vials in YaDK-04 cell cul-
ture by the serial 10-fold dilutions. The virus titer was calcu-
lated by Ashmarin modified Karber method and expressed
inlg TCID, /cm?.

Already at the first passages, the virus CPE was report-
ed for all cell cultures, and it was most clearly expressed
in the TCh cell line (Fig. 10). Cytopathic manifestations of
the PPRV in the TCh cell culture consisted in the fact that al-
most all cells were deadhered on day 3 of cultivation, their
membranes and cytoplasm lost their native structure, and
partial aggregation of cells occurred.

It was found that at all passage levels the highest virus
accumulation was observed in the TCh cell line (virus ac-
tivity ranged from 5.25+0.00t0 5.33 +0.18 Ig TCID, /cm?’).
The virus titer in TK and SPEV cell cultures was sig-
nificantly lower and amounted to 3.50 + 0.00 and
4.33 £ 0.18 Ig TCID, /cm’ by passage 5, respectively. At
passage 1, the virus infectivity was quite high in PO and
PS cell cultures (4.58 £ 0.14 and 5.00 + 0.18 Ig TCID, /cm?,
respectively), but later a stable and consistent decrease
in the level of the virus accumulation was observed. So,

Table 3
Effect of LSDV cultivation period in various lamb testis cell cultures
andTCh (n=3)

Virus titer, I TCID, /cm’

TYa cell culture TCh cell culture

Cultivation period,
hours

24 2.66 +0.14 2.83+0.22
48 3.78£0.00 3.75+0.17
72 5.08+0.18 5.25+0.17
96 5.00+0.00 533+0.14
120 4.75+0.08 5.00+0.00

Table 4
Sheep pox virus accumulation in various cell cultures (n = 3)

Virus infectivity, Ig TCID /cm?’
Number of passages

Tch 5.00£0.25 5.48+0.16 550+0.18

PO 4.20+0.16 450%0.25 3.25%£0.12

PS 2.50£0.25 3.08+0.18 3.25+£0.25

PB 5.00£0.25 514%0.15 5.50+0.25

8 5.00+0.25 517+0.14 550+0.25
Table 5

Dynamics of PPRV accumulation in various cell cultures (n = 3)

Virus titer, I TCID, /cm’

Passage 1 Passage 5

Cell culture

Tch 5.25+0.00 533+0.18
TK 4.20+0.16 3.50+0.00
SPEV 415+0.13 433+0.18
PO 458+0.14 2.08+£0.14
PS 5.00+0.18 3.33£0.18

by passage 5, the virus titer in PO cell culture amoun-
ted to 2.08 + 0.14 Ig TCID, /cm?, in PS cell culture -
t03.33+£0.18Ig TCID, /cm? (Table 5).

Thus, the study results indicate that the optimal cell line
for the PPRV reproduction is the TCh cell culture [12]. The
virus titer obtained in this culture was consistently high
during five serial passages and ranged from 5.25 + 0.00
t05.33 £0.18 g TCID, /cm?, thus indicating the possibility
of using this cell culture for the production of the viral raw
material for large-scale manufacture of the vaccines based
on the tested virus.

CONCLUSION

Long-term use of lanthanide treated bovine blood
serum during cultivation of YaDK-04 CCL resulted in
the formation of a new TCh cell line, which signifi-
cantly differed in cytomorphological and karyological
features from the original one. We assume that lan-
thanides, bearing high electrical charge cations, affect
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the formation of chromosomal variability and instability
of the nucleosomes, especially at the distal ends of acro-
centric chromosomes. Two processes occur: emergence
and stable reduplication of the hyperploid cell popu-
lation, as well as accumulation of acrocentrics along
with the formation of stable metacentric chromosomes.
These rearrangements are correlated with the increase in
the proliferative activity of the line and stability of culti-
vation during long-term passaging.

An important result of the production of the new cell
line is the fact that sensitivity to dermatotropic and other
viruses did not change. And high productivity of the cell
populations enabled cost-effective production of culture
vaccines.
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