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Aim. We do analyze of the dynamics of morphometabolic changes in transformed cells (of susceptoible lines)
demonstrating resistance to picrnaviral infection. Methods. The study was performed by application of cell
culture technology and a complex of cytochemical and cytophotometric assays. Were used picornaviruses from
various genu. Results. According to the results obtained, resistant to picornavirus infection cells of different
susceptible lines have similar changes in the phenotype. They have decreased number of nucleoli and increased
percentage of euploidy (and near euploid). In resistant cells of all cultures the reduction in amount of DNA and
RNA both in nucleus and in cytoplasm was found. All these data correlated with the increased euploidy (and near
euploid) of the resistant population. All picornavirus resistant cells had a less transformed phenotype, and
decreased proliferative activity. Decreased nucleolar status becomes apparent by reduction of all nucleolar
indices. Conclusions. Picornaviruses on the susceptible cells produce 2 types of changes — selection and
modification. Whatever the mechanism, it is specific for an individual virus, since no restrictions occur in case of

infection caused by another picornavirus.
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Introduction. Although selection for host cells that
resist viral infection during picornaviral persistence
has been reported, their role in persistence has not been
elucidated, and the basis for host cell resistance is not
clear [1, 2]. We analyze the possibility of complex me-
tabolism changes in resistant cells as a protecting factor
against virus infection.

Aim of this research is the analysis of the dynamics
of morphometabolic peculiarities of the becoming re-
sistant cells as well as the comparison of phenotype of
picornavirus resistant cell of sensitive to the cytotoxic
activity lines.

Materials and methods. Cells. HEp-2, HEK293,
Caco-2, BHK cells, continuous transformed cultures,
were cultivated as described (ATCC).

Viruses. EMCV (Columbia-SK strain) was used at
multiplicity of infection 0.1 TCD, per cell. Poliovirus-
1 /Sabin/: was used at multiplicity of infection 0.1
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TCD,, per cell. Foot-and-mouse disease virus (strains
O NKR-194; A-22; Asia-1 — FMDV-O, FMDV-A,
FMDV-Asia) was used at multiplicity of infection 0.1
TCD,, per cell. Viral titers were calculated by the me-
thod of Karber. As a control the parallel conducted pas-
sages of noninfected cultures were used.

After lytic viral infection in some flaks were pre-
sent isolated cells which have resistance against corres-
ponding virus. Resistant cells were received by one ti-
me infection.

The second method of receiving the resistant cells
was described by Taber et al. [3]. Chronic viral infec-
tion was received by one time infection of 48-hour mo-
nolayers of cultures CaCo-2 and HEp-2 by poliovirus-1
/Sabin/. The multiplicity of infection was 0.000001
TCD, per cell. Infected cells were incubated at 36.5—
37 °C. After 5-11 passages some cultures become free
from virus and cells received resistance to a correspon-
ding virus. Chronic infections were repeated 3 times
and summarized data were presented.
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Table 1
Amount of DNA in control, resistant cells of the RD, Hep-2, HEK293, HeLa, CaCo-2, BHK-21 cultures («c» units)
Ie EMCYV acute Poliovirus acute Poliovirus chronic FMDV-O acute FMDV-A acute FMDV-Asia acute
ultures Control «c» . . X . . - . . . . . .
infection «c» infection «c» infection «c» infection «c» infection «c» infection «c»
RD 3.9+0.6 2.5+£0.2% - - - - -
Hep-2 44+04 3.4+0.2% 3.8+0.2% 3.6+0.1% - - -
HEK?293 59+0.8 4.1+0.5%* - — - — -
HeLa 5.7+0.8 4.6+0.8 4.0 £0.4%* - - - -
CaCo-2 5.6£1.0 - 32+0.7 41+04 - - -
BHK-21 2.8+0.4 — - — 2.0+0.8 3.0+0.2 1.8+0.1*

*Significant compared to control, p < 0.05-p <0.01; **7=1.88; r=1.89.

Cytochemical and cytophotometric analysis. For si-
multaneously staining DNA and RNA the methyl green,
pyronin Y method was used. DNA quantification was do-
ne by Feulgen staining. For quantification of RNA was
used gallocyanin chromalum stain. In gallocyanin chroma-
lum preparation the control data were defined as 100 %.

Cell viability test. Was used the trypan blue exclu-
sion test, cells were incubated for 5 min with 0.04 %
trypan blue («Sigmay, USA).

Results and discussion. The received chronically
infected cultures were characterized by insular and slo-
wer growth (approximately twice), lack of the capa-
city to form monolayer and constant decreased produc-
tion of a virus. After 5—11 passages some cultures beca-
me free from poliovirus and cells received resistance to
it. In microscopic examination of chronically infected
cultures we revealed a gradual change towards small
round cell morphology.

The received resistant cells survived under the in-
fection with analogical virus, but did not survive under
the infection with other viruses.

Proliferative activity of the resistant to picornavirus
cells of susceptible cultures was lower than that of the
cells of control populations. It happens due to about 2—
3-fold increase of the interphase of mitotic cycle com-
pared to the control populations.

According to the results of cytophotometric analy-
sis of the acute picornaviral infection of Hela, CaCo-2,
HEK293, RD and HEp-2 cultures had similar morpho-
logical changes. The survived cells had similar pheno-
typical characteristics. This was evidenced by the pre-
sence of binucleate cells, and the decreased number of
nucleoli in each nucleus, which is visible using MGP
staining. Those cells were smaller and had a round sha-
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pe, in comparison with the control ones. The reduction
in sizes applies to both the cells and theirs nuclei. The
resistant cells had significantly decreased DNA amo-
unt (Table 1). The similar changes were noticed under
the influence of chronical picornaviral infection.

The nucleoli number in investigated cells was redu-
ced compared to the control population, which testifies
the oppression of translational activity (Table 2).

The percent of euploid cells among the resistant cells
in RD, Hep-2, HEK293, BHK-21 and HelLa, signifi-
cantly increased under the acute infection of EMCV. In
case of an acute and chronic poliovirus infection among
the resistant cells in Hep-2 cells the percentage of eu-
ploid cells also significantly increased, whereas in the
CaCo-2 cells such changes are insignificant (Table 3).
The disparity in viral effects observed in CaCo-2 cells
can be explained by diverse levels of differentiation [4].

It can be noticed that in all cases of resistant cells,
the number of nucleoli in the nuclei has tendency to de-
crease. This data correlates with the increased per-
centage of euploid cells in resistant populations. The
reduction in the nucleoli number testifies oppression of
metabolic activity in common and translational activity
in particular.

The structure of euploid population also changed.
In control population of CaCo-2, RD and Hep-2 cells
prevailed over the tetraploid cells with a few number of
octaploid and 16 «c» cells. In resistant to picornavirus
cells appeared a great deal of diploid cells and disappea-
red the population of 8 «c» and 16 «c» cells. In resistant
HEK?293 cells the tetraploid population increased, the oc-
tapoid disappeared and in HeLa aroused diploid cells.

In resistant cells of all cultures is found the reducti-
on of DNA, RNA amount, in both nucleus and cyto-
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Table 2
Changes in nucleoli number in control and resistant cells of the RD, Hep-2, HEK293, HeLa, CaCo-2 cultures
EMCYV acute Poliovirus acute Poliovirus chronic FMDV-O acute FMDV-A acute FMDV-Asia acute
Cultures Control . . . X . . . . . . . .
infection infection infection infection infection infection
RD 2.7+0.3 1.6+0.1* - - - - -
Hep-2 26+0.2 1.3+0.2% 1.6+ 0.1* 1.5+0.1% - - -
HEK?293 23+0.2 2.0+0.1 — - - — -
HeLa 2.5+0.2 1.9 £0.2* 2.0+0.2 - - - -
CaCo-2 29+0.3 - 2.1+0.1% 2.0+ 0.2% - - -
BHK-21 2.1+0.2 - - - 1.1+0.1% 1.1+0.1* 0.9+0.1*

*Significant compared to control, p < 0.05-p < 0.01.

gzzlleoiiiy in control and resistant cells of the RD, Hep-2, HEK293, HeLa, CaCo-2, BHK-21 cultures (%)
s | comose | BMCUaws | Plbiesse | v | EMDUOwe | PMDVAuwe | POV s
RD 20.4+3.5 35.4+5.9% - - - - -
Hep-2 13.0+4.1 24.2 + 3.8*% 31.0+7.7* 34.0+5.1% - - -
HEK293 26.8+3.8 42.1 £4.3* - - - - -
HeLa 23.6+3.2 355+5.8 32.8 +£3.3* - - - -
CaCo-2 50.1+4.1 - 48.2+6.8 57.5+7.3 - - -
BHK-21 22.0+£5.2 - - - 33.0+4.9 46.2 + 8.7 42.8+6.0

*Significant compared to control, p < 0.05—p < 0.01.

plasm. All these data correlated with the increased eu-
ploidy of the resistant population. In the meantime, the
percentage of euploidy in a cell culture at control and vi-
ral infection is closely invert correlated to the number
of nucleoli. So resistant cells of all cell lines such as
HEK?293, RD, HeLa, HEp-2, showed decreased num-
ber of nucleoli and increased percentage of euploidy.
The percentage of euploid cells resistant to the picorna-
viral infection increases in all cultures (except CaCo-2).

We can also conclude that picornaviruses not only
do selective action but also can modify the cells. Modi-
fication consisted of the occurrence in survived cells
(RD, Hep-2) of diploid population absent in control. In
favour of modification testify the changes of cell pheno-
type that have survived after an acute and chronic infec-
tion of picornaviruses. The main selective factor is
apoptosis induced in the infected cells. Modification of
cells occurs by deblocking the cells in phase G, and by
stimulation of their division. In general, the phenotype
of resistant cells can be characterized as less transfor-
med compared with the intact cell populations.

Resuming the action of picornaviruses on the sus-
ceptible cells we can define 2 types of changes — selec-
tion and modification. Possibly, the viruses induced
apoptosis selectively in multinucleolar aneuploid cells.
In favour of this assumption testify the data obtained by
Taylor, Martin-DeLeon [5] that the number of nucleo-
lar-forming regions is genotypically determined, so dif-
ferences among subgroups of multinucleolar cells are
more likely than the production of new clones. By La-
badie et al. [6] was shown that CaCo-2 cells which are
partially resistant to poliovirus induced apoptosis can
be selected during persistent virus infection. Castedo et
al. [7] described that diploid cells were more stable to
the apoptotic influence.

Although the presence or absence of virus receptors on
the cell surface remains a major determining factor of the
susceptibility of a cell to virus infection, there is now incre-
asing evidence that the intracellular environment plays
an important role in the outcome of viral invasion [8].

Important metabolic characteristic of resistant to pi-
cornavirus infection cells is a significant decrease in cel-
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lular RNA amount. This phenomenon is described in
all investigated parts of cells — nucleoli, nucleus, cyto-
plasm. Undoubtedly first of all the synthesis of TRNA,
the major part of total cellular RNA, is oppressed. All
picornavirus resistant cells had a less transformed phe-
notype, such as decreased proliferative activity, redu-
ced DNA amount, increased euploid population and de-
creased nucleolar status. Decreased nucleolar status be-
comes apparent by reduction of absolute and relative
nucleolar indices. Consequently the viral titers reduc-
tion in resistant cells could be the direct result of dimi-
nished activity of the RNA synthesis machinery.
Whatever the mechanism, it is specific for individual
virus since no restrictions occur in infections with other
picornaviruses.

3. A. Kapansn, I'. P. Asazsin

CeneKTHBHA IIMTOTOKCHYHICTD 1 MOAN(iKyI04a Jist MIKOPHABipycCiB Ha

TpaHc(hHOPMOBAHUX KIIITHHHUAX JTHISIX

Pestome

Mema. Mema darnoi pobomu noasieana y ueueHHi OUHAMIKU MOppoo-
2IYHUX | (DIZIONOSTUHUX 3MIH MPAHCHOPMOBAHUX KILIMUH, Pe3UCTEeHM -
HUx 00 nikopHasipycHoi ingexyii. Memoou. /[ocniodcenHs 6UKOHAHO
3@ YMO8 in Vitro i3 3acmocy8anHaM Yumoximiuno2o i yumogomomen-
puuHo20 ananizy. Y pobomi uKopucmano nikopHasipycu pisuux po-
0ig. Pesynemamu. Bcmanosneno, wo cmitiki 00 iHpiKysanHs nikop-
Hagipycamu KAIMuHY Pi3HUX 4YYMAUeux Ninil Habyeaome aHAI02IYHUX
3MiK Y penomuni. Y pesucmenmuux Kiimunax ycix Kyibmyp K y a0pi,
maxk i yumonnazmi euseneno 3uudicenns emicmy JAHK i PHK. Yci yi
O0aHi Kopenioms 3 NIOSUWEHHAM eyni0i0HOI (ma 6inseynioionol) no-
nyaayii 3a popmyeanns pesucmenmuocmi. Yci pesucmenmui 00 ni-
KOpHABIPYCi8 KAIMuHU 0yIu MEHWUMU 3 POSMIDAMU NOPIGHAHO 3 NO-
YAMKOBUM MPAHCPHOPMOBAHUM PEHOMUNOM MA OEMOHCMPYBANU 3HU-
JHCEHHSL NPONIhepamuenol akmueHoCmi. 3MeHWeHHs AKMUBHOCMI si0e-
peyb cynpogooANCyEMbCs 8ipOIOHUM NAOIHHAM YCIX 10epyesux NoKdA3-
Hukie. Bucnoexu. Ilikopnasipycu nposensiroms noO8iiuHy 0ito Ha 4ym-
UL KNIMUHU, AKA BUPANCAEMBCA Y CENeKMUBHIL YUMOMOKCUUHOCMI T
moougikyrowomy enauei. Ilpu yvomy mexauizmu ixuvoi 0ii € cneyu-
QiuHUMU 01151 KOJHCHO20 OKpemo2o nikopHasipycy. Tax, pe3ucmenmui
CIMOCOBHO OOHO20 NIKOPHABIPYCY KAIMUHU SUABNAIOMbCS HECMIUKUMU
00 iH@hexyii, cnpuyuHeHol IHUUMU RIKOPHABIPYCAMU.
Knrouosi cnosa: nikoprasipycu, eynnoiois, a0po, soepye.
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CenexTuBHas IOHUTOTOKCUYHOCTh U Mo;m(bnunpy}omee ILCI‘/'ICTBI/IC

MKOPHABUPYCOB Ha TPAaHC(HOPMUPOBAHHBIX KJIETOUYHBIX JIMHUAX

Pesrome
Lens. Lenvio oannoii pabomol A6UNOCHL U3YHeHUe OUHAMUKU MOPHO-

J02UHECKUX U PU3UONOSULECKUX USMEHEHUN MPAHCHOPMUPOBAHHBIX
KIemoxK, pesucmeHmHolx K NUKOPHABUPYCHoU ungexyuu. Memoowl.

380

Hccneoosanue nposedeno 6 yciosusx in vitro ¢ npumeHenuem yumo-
XUMUYECKO20 U Yyumopomomempuiecko2o anaiusos. B pabome uc-
NONbL308AHI NUKOPHABUPYCHL PA3TUUHBIX p0o0os. Pesynomamet. Yc-
MAH0BNEHO, YMO YCMOUuYUsble K UHPUYUPOBAHUIO NUKOPHABUDYCAMU
KAeMKU PasIuiHbIX 4Y6CMEUMENbHbIX JUHULL NPUOOpemaiom aunaio-
2UYHble UBMEHeHUs 6 (enomune. B pesucmenmuvix Kiemrax 6cex
KYIbMyp Kax 6 aope, max u yumonjasme Gbla61eH0 CHUdICEHUe cooep-
orcanus JJHK u PHK. Bce smu dannvle koppenupylom ¢ nogviuieHuem
IVNIOUOHOI (U OKOLOIYNAOUOHOU) NORYAAYUU NPU POPMUPOSAHUU pe-
sucmenmuocmu. Bce pesucmenmmuvle K RUKOPHABUPYCAM KIEeMKU
ObLIU MeHbUe NO PA3MePAM 8 CPABHEHUU C HAYATTbHLIM MPAHCHOpMU-
POBAHHBIM (PeHOMUNOM U OEMOHCIPUPOBATU CHUJICEHUE npoaudepa-
MUGHO  aKMUSHOCMU. Y MeHbuenue s0pbIUKO8OU aKMUGHOCMU
CONPOBOANCOAEMCsl OOCIOBEPHBIM NAJEHUEM 8CEX SOPBIUKOBLIX NOKA-
sameneil. Boteoowt. [Tuxopnasupycel nposensitom 06otiHoe deticmaue
Ha 4YBCMEUMENbHbLE KIeMKU, GbIPANCAIOUeecs 8 CeeKMUBHOU Yumo-
moKcuuHocmu u Moouguyupylowem gausnuu. Ilpu smom mexanuzmoi
ux Oelicmeus AGNAIOMCA CREYUDUUHBIMU OISl KAHCO020 OMOENbHO20
nukopnasupyca. Tax, pesucmenmuvie 8 OMHOUEHUU OOHO20 NUKOPHA-
suUpyca Kiemku 0Kazvl8aomces HeycmouuugbLMu K ungexyul, gul36am-
HOU OpyeuMU RUKOPHABUPY CAMU.

Knrouesvie cnosa: nuxopragupycel, 3ynioudus, a0po, s0pblKo.
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