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SUMMARY

Preparation ofimmortalized cell lines obtained from organs and tissues of farm animals is an essential area of biotechnology. The paper presents results of continuous
(immortalized) cell line preparation from a primary trypsinized cell culture of an adult rabbit kidney. Cytomorphologic analysis and karyotyping were performed
during the process of subcultivation in the cell culture at passages 1, 3, 24, 31, 38, 56, 66, 75, 86, 101. Dynamics of spontaneous continuous cell line formation
during long-term serial passaging was examined using standard nutrient media and fetal serum. Contrary to the known cell lines of rabbit origin (Oryctolagus
cuniculus L.),immortalization was not accompanied with enhanced cell production and cell size reduction. The prepared continuous cell line in its adhesive phase
was up to 200 pm in size and its productivity was about 7,000 cells/cm?. Significant differences (compared to the known cell lines) in the karyotype were detected
during passaging. The formed genotype was found to be near-tetraploid when the CCL cultural properties were stabilized at passages 66—101. The known cell
lines — rabbit kidney (RK-13) and rabbit cornea (SIRC) — can be characterized as pseudotriploid basing on their karyotype. This culture demonstrated low sensitivity
to viruses — causative agents of rabbit diseases and sensitivity to heterologous porcine and bovine viruses.
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PE3IOME

[onyueHune IMMOPTaN30BaHHbIX KNETOYHDBIX IMHUI, NPONCXOAALLMX 13 OPraHOB I TKAHEI CeNIbCKOXO3ANCTBEHHBIX XUBOTHBIX, ABNAETCA AKTYaNbHbIM HanpaBe-
Huem 6roTexHonoruu. B cratbe npescTaBneHbl pesynbratbl ofy4eHa NOCTOAHHOI (MMMOPTaNn30BaHHON) KNETOUHOI IMHUN U3 NEPBIUYHO TPUNCUHU3NPOBAHHON
KynbTypbl KNETOK MUK B3pOCNIOro Kponka. B npowecce cybkynsTvBIpOBaHIA NPOBOAMAN LUTOMOPYONOTUYECKINe U KapUOAOTuyeckine uccnefoBanua Ha 1,3, 24,
31,38, 56, 66,75, 86, 101-m naccaxax. lpu npoBeAeHNM AAUTENbHbIX NOCNIE0BATENbHBIX Naccaxeil Obina NpocnexeHa AMHaMIKa CNOHTAaHHOT0 GOPMUPOBAHNA
MOCTOAHHOI KNIETOUHO IMHUN C UCIONb30BAHNEM CTAHAAPTHBIX NUTATENbHBIX CPes N IMOPUOHANLHON CHIBOPOTKU. B 0TAMUME OT U3BECTHBIX KNETOUHBIX MMHMIA,
npou3oLLeaLLnX oT 06bIKHOBEHHOrO omaluHero kponuka (Oryctolagus cuniculus L.), 6bino 0TMeUeHo, UTo MIMMOPTaNU3aLUA He CONPOBOXAANACH YBENYEHH-
€M NpoAYKTUBHOCTM KNETOK 1 yMeHbLUeH!eM WX pa3MepoB. Pa3mepbl KNeTOK NoNyYeHHOil NepeBUBaeMOil MM JOCTUTAN) B aare3npoBaHHOM COCTOAHMN
200 MMKPOMETPOB, MPOAYKTUBHOCTb cocTaBAAna 7000 KNeToK Ha KBaApaTHbIA CAHTUMETP. 3HaunTeNbHble OTANYNA (B CPABHEHIN C U3BECTHBIMYU IMHNAMM)
B NpoLiecce naccupoBaHua 06HapyKUBanNCbL 1 B Kapuotune. lpu cTabuan3aumm KyabTypanbHbIX CBOICTB MOCTOAHHOI IMHUN KNeTOK Ha 66—101-m naccaxax
reHoTUN chopMUPOBANCA KaK OKONOTETPANNOUAHDIN. I3BeCTHbIE KNeTouHbIe NMHUN — noyka kponuka (RK-13) u porosuua rnasa kponuka (SIRC) — no kapuotu-
My 0Ka3anucb NceBAOTPUNNONAHbIE. [laHHaA KynbTypa Oka3anacb ManouyBCTBUTENbHOI K BUpycam — Bo36yautenam 6oneHeii Kpoankos 11 YyBCTBUTENbHOI
K reTeposIori\yHbIM BUpyCaM CBUHEIA 11 KpYMHOTO POraToro cKoTa.

KntoueBble cnoBa: NoCTOAHHAA NIMHNA KNETOK, NEPBUYHO TPUNCUHU3NPOBAHHASA KyNbTYpa, UMMOPTAN3aLis, anonTo3, TenoMepbl.
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INTRODUCTION

Immortalization of subcultured cells of mammalian
organs can be considered as a shift away from terminal
proliferation arrest which is eventually observed in all nor-
mal somatic cells. In early 60s of the last century L. Hay-
flick and P. S. Moorhead discovered that normal diploid
human fibroblasts proliferate in vitro only a certain num-
ber of times and subsequently they stop dividing and start
aging [1-3]. Given that the process of aging clearly differs
from any form of a cell’s death, for instance, apoptosis, it
is essential to distinguish these statuses during succes-
sive passages. Studies, performed by researchers in 1990s
demonstrated that immortalization is associated with
activation of telomere maintenance mechanism via telo-
merase activity or other unknown process [2, 4]. Immor-
talization is a complex process associated with many ge-
netic modifications a part of which may not be related to
telomere maintenance [4]. There is evidence for existence
of three basic compensatory mechanisms of maintaining
viability and stimulating cell line proliferation in case of
the genetic material (telomere) loss: polyploidization of
the initial cell clone, oncogene amplification, and ampli-
fication of whole autosomes or their fragments.

Cell culture specialists know only a small amount of
stable and high performance continuous cell lines (CCL)
of rabbit origin (Oryctolagus cuniculus L.). The most wide-
spread lines are: RK-13 (rabbit kidney, obtained in 1963),
SIRC (rabbit cornea, obtained in 1965), RSK (rabbit skin).
Methods of karyotyping used for identification of the RSC
continuous cell line obtained from the VIEV revealed that
it belonged to porcine cell lines [5]. The rest cell lines from
the Catalogue of the Russian Cell Culture Collection (RCCC),
split ratio 1:2, have the status of subcultures [6]. Prepara-
tion of non-malignant continuous (immortalized) mam-
malian cell lines, including those from rabbit organs, is
not performed by stereotypical manipulations. Stable CCL
develop spontaneously: through long-term passaging in
stable conditions or through changing cultivation condi-
tions — change of media, sera and other components.

Organs of newborn animals or their embryos are used
for long-term passaging of mammalian cells. The status of
these cells is indicative of their longer mitotic activity in vitro.

The aim of the research was preparation of the primary
cell culture, sensitive to rabbit viruses, from a kidney of an
adult animal, maintaining of the subculture during long-
term successive passages, and studying the degree of the
prepared cell line transformation.

MATERIALS AND METHODS
Kidneys of a 4-5 month old rabbit weighing 2.0-2.5 kg
were taken for the test. The primary cell culture was pre-

pared using a modified method of fractional trypsiniza-
tion [7-9]. Following testing of primary and subcultured
cells for sensitivity to rabbit viruses, the cells were subcul-
tured on DMEM/F-12 (pH 7.1-7.2) with 0.1% lactalbumin
hydrolysate, containing 5-10% bovine fetal serum [10].
Subsequently the subculture was adapted to the MEM-
like medium.

Rabbit kidney cells were cultured in a thermostat accor-
ding to the generally accepted method in glass and plastic
vessels with different growth areas at (38.0 + 0.5) °C.

Cell morphology tests. Morphology of native cells from
the primary trypsinized culture was studied using a
phase-contrast microscopy technique.

For cell culture identification P. S. Moorhead's method
for formed metaphase plate karyotyping (1960) was used.

Lifetime cytochemical detection of mycoplasma con-
tamination and cell morphology studies were performed
using 0.001% acridine orange dye.

Comparative studies of two stable widespread cell lines
of rabbit origin: RK-13 - rabbit kidney and SIRC - rabbit
cornea cells, were performed.

RESULTS AND DISCUSSION

Any process of primary cell subcultivation includes
long-term continuous passaging of the prepared popu-
lations [11]. In this respect monitoring of cytogenetic and
cultural characteristics of cells derived from an adult rab-
bit kidney was performed. For this purpose subculturing
was performed twice a week starting with passage 4, split
ratio 1:2, 1:3. Herewith, the monolayer confluence was
100%, cells remained large — up to 50 um in diameter [10].
Besides DMEM/F-12 MEM-like (1/3) was added to the cul-
ture medium starting with passage 4, and starting with
passage 45 the culture was grown on MEM-like medium
with 10% bovine fetal serum (Germany).

Cytomorphologic analysis and karyotyping were per-
formed during the process of subcultivation in the cell
culture at passages 1, 3, 24, 31, 38, 56, 66, 75, 86, 101.
The cells were subject to cryopreservation at approxi-
mately the same passages and afterwards their ability
to revive was observed. Vials with cells derived from an
adult rabbit kidney (RK) concentrated to the density of
(2.0-5.0) x 10° cells/ml in the fresh growth medium with
10% dimethylsulphoxide, were frozen using a programma-
ble freezer and stored in liquid nitrogen. The cells were
thawed by intense agitation in a water bath at 37-38 °C.
The survival rate was 80-90%. The optimal level of the cell
culture proliferative activity observed prior to freezing was
achieved already at passage 2 after thawing (Fig. 1).

The level and dynamics of proliferation have become
stable by passage 38. By the same passage population
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polymorphism decline was observed. In contrast to the
primary subcultured populations epithelioid and spindle-
shaped cells began to prevail (Fig. 2). In case the culture
was kept over three days pseudo-syncytia (Fig. 3) were
formed which hindered examination and studying of cy-
toplasmic structure. Cells grown in culture vessels of diffe-
rent volume had an equal morphological status.

Micrometry of the RK confluent monolayer was per-
formed at passage 101. Figure 4 shows a micrometer grid
used for cell size measuring (minimal cell size = 10 um). The
average size of epithelioid cells was 30-50 um. The size of
spindle-shaped cells reached 100 pm. During pseudosyn-
cytium formation the number of cells did not increase, the
cells remained alive for up to ten days at 37 °C, pH did not
demonstrate any critical change and was about 6.9-7.0.

As seen from the Table the productivity of the subcul-
ture and the forming continuous cell line was not very
high. Growth rate on the flat surfaces (300 cm?) reached
4.1 within four days and 1.7 — in rotating vessels (800 cm?)
within three days. When in 4 hours the seeding concen-
tration was 40,000 cells/ml adherent cells covered the
entire surface of the culture vessel. In 72 hours the mono-
layer became dense and the productivity increased up to
100,000 cells/ml.

Cell micrometry data correlated with the produc-
tivity of the prepared cell line which did not exceed
130,000/cm?.

The prepared cell culture was used in different
FGBI“ARRIAH" units for virological testing. It turned out to

be sensitive to infectious bovine rhinotracheitis, classical
swine fever, and Aujeszky's disease viruses. Cytopathic ef-
fect was detected in the RK cell culture after the first pas-
sage of the myxomatosis virus. The decrease of the virus
cytopathic effect (CPE) was observed during subsequent
passaging. CPE of the rabbit haemorrhagic disease virus
was not observed in RK cell culture.

The main objective of the research was not achieved
as the prepared cell line had low sensitivity to the viruses —
agents of rabbit diseases. Although many heterologous
viruses reproduced effectively with titer increase at pas-
sages. That is why studies of cytological and karyotypic
changes in the new continuous cell line were continued.

Cytokaryotypic transformation. The studies of cytokary-
typic signs of the most common CCLs derived from rabbit
organs and tissues — RK-13 (rabbit kidney) and SIRC (rab-
bit cornea) - revealed that both of these cultures have a
near-triploid karyotype (Fig. 5, 6) and a distinct cell mor-
phology with a predominance of epithelial-like cells in
RK-13 (Fig. 7) and spindle-shaped cells in SIRC (Fig. 8).

In appropriate cultivation conditions the SIRC cell line
produces extracellular matrix (presumably, of protein
origin) which aggregates cells during trypsinization and
monolayer formation. In this case one of the reasons for
continuous cell line formation derived from different rab-
bit organs is gene amplification by 40-47% due to auto-
some extracopying. Probably this is the reason for telo-
merase activity increase and formation of stable cell line
immortalization.
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Table
Dynamics of the RK continuous cell line proliferation in different culture media

Tabnuua
Jlunamuka nponndepauun nocToaHHo nuHUK Knetok MKp B pasHbIX KyNbTypanbHbIX cocyaax

LI ] el concen}tratlon, Cultivation time, days | Cell productivity, min | Cell productivity, 1 cm? Growth rate
growth on a monolayer min/cm
0.02 4 25.0+0.2 83,000 4.1
Glass culture vessel
(cultvation flask), 0.04 3 300402 100,000 25
volume 1,500 ml
2!
(300 cm’) 0.05 3 400+0.1 130,000 26

Near-triploid chromosome set in comparison with nor-
mal, diploid karyotype is a consistent and specific sign of
a long-term passaging of RK-13 and SIRC continuous cell
lines. Split ratio of these “old” CCLs reaches 1:4, 1:8.

Immortalization of cell lines considerably changes
cytomorphological and physiological properties of tis-
sue-derived primary cells. This particularly affects the CCL
sensitivity to viruses. Very often continuous cell lines be-
come non-sensitive to homologous viruses and sensitive
to heterologous viruses.

Thus, RK-13 cells are sensitive to African horse sickness,
swine vesicular disease, cowpox and at the same time to
myxomatosis and rabbit pox viruses. SIRC CCL is used for
roseola virus reproduction.

As previously noted the prepared RK cell line exhibited
immortalization signs starting from passage 30. Performed
karyotyping analysis demonstrated the tendency for RK
cell hyperdiploidization starting from passage 38 (Fig. 9).
Starting from passage 56 near-tetraploid population pre-
valence was observed (Fig. 10). The performed karyotyping

Fig. 1. Morphology of RK cells, passage 2
Puc. 1. Mopgponoeus knemok MKp, 2-U naccax

Fig. 2. Morphology of RK cells, passage 38-56
Puc. 2. Mopgonozus knemok MKp, 38-56-u naccax

Fig. 5. RK-13 metaphase (62 chromosomes) Fig. 6. SIRC metaphase (65 chromosomes)

Puc. 5. Memacpaza RK-13 (62 xpomocomsl)

Puc. 6. Memadpasa SIRC (65 xpomocom)

Fig. 3. RK pseudosyncytium
Puc. 3. lcesdocuHyumuti lKp

Fig. 4. Micrometer grid, cell size — 10 um

Puc. 4. Mukpomempuueckas cemka, pasmep 00H020
OesnieHusA 10 MKM

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPUA CETOLHA, AEKABPb No4 (35) 2020

Fig. 7. RK-13 CCL morphology
Puc. 7. Mopgonoaus /1K RK-13

Fig. 8. SIRC CCL morphology
Puc. 8. Mopgponoeus lNJIK SIRC
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Fig. 9. RK cell line ideogram, passage 38
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Fig. 10. RK cell line ideogram, passage 56

Puc. 10. Kapuoepamma knemouHou nuHuu MKp, 56-U naccax
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at passages 66, 75, 86 and 101 demonstrated stability of
near-tetraploid population (77-83 chromosomes) in the
karyotype (Fig. 11).

Variability of the RK cell line populations basing
on the amount of chromosomes was consistent with

Fig. 11. Metaphase plate of the RK cell line,
passage 56, 83 chromosomes

Puc. 11. MemadpazHas nnacmuHka knemoyHoU auHuu Kp,
56-t naccax, 83 xpomocomebi

the variability of the immortalized cell line with stable

cytomorphological and cultural characteristics. It should

be noted that the number of polyploids at long-term pas-
saging in standard optimal conditions and keeping for up

to 10 days at 37 °C was 1%.

The cytochemical analysis of the CCL derived from an
adult rabbit kidney demonstrated polymorphism both of
cell and nucli (Fig. 12). This method did not detect myco-
plasmas in the intercellular space and on the cell mem-
branes. Absence of latent contamination allows perfor-
ming long-term passaging of the CCL without changing
split ratio, culture conditions, and without a cryo stage.

This culture turned out to be sensitive to viruses of in-
fectious bovine rhinotracheitis, classical swine fever, and
Aujeszky’s disease viruses. Cytopathic changes detected
in the RK culture were caused by the rabbit myxomato-
sis virus and the titer increase was not observed during
passaging.

CONCLUSION

Immortalization of cell cultures derived from organs of
farmed animals has several patterns which are the reason
for rather a small amount of permanent cultures. There
are, for instance, only five cell lines derived from a Europe-
an rabbit (Oryctolagus cuniculus L.). It is well known that
the probability of spontaneous formation of continuous
cell lines from organs and embryos and newly-borns is
higher than from organs of adult animals and such cell
lines are more preferable as they contain a large amount
of stem cells with an increased proliferation activity [3].
As demonstrated by E. L. Duncan and R. R. Reddel sponta-
neous immortalization of non-tumorigenic origin can have
unpredictable ways of cell transformation in vitro [2, 11].
The results of the research for rabbit kidney CCL stabili-
zation at the tetraploidy level bring new perspectives to
use of adult animal organs. It was established that the pre-
pared subculture was not highly productive but it can be
used as a substrate for cultivation of porcine and bovine
heterologous viruses.
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