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Introduction

Aim. To investigate whether the cisplatin treatment of C6 rat glioma in vivo impacts the copy number altera-
tions (CNAs), proliferation and colony formation efficiency (CFE) of tumor-derived cisplatin-resistant cells.
Methods. The glioma modeling was performed by means of intracerebral stereotactic implantation of rat gli-
oma C6 cells into the striatum region of rats. The rats received 20 % dimethyl sulfoxide DMSO (C6R1) or
cisplatin (C6R4CIS and CO6RSCIS) injected intraperitoneally (5 mg/kg) three times per week. After 10 injec-
tions, gliomas were resected and the cells were cultured for in vitro analysis. CNAs were analyzed by array
comparative genome hybridization, proliferation by direct cell counting in hemocytometer, CFE by soft agar
assay. Results. No significant changes in the CNAs and CFE of cisplatin-treated rat glioma C6R4CIS and
C6RSCIS cell lines were observed compared to the vehicle-treated control C6R1 cells. However, COR5CIS
but not C6R4CIS had a reduced proliferation. Interestingly, both cisplatin- and vehicle-treated brain-grown
cells had a reduced proliferation and CFE in comparison to the parental C6 cells. Conclusions. Despite numer-
ous reports on the destabilizing effects of cisplatin on genome and phenotype, the cisplatin treatment of C6
cells in vivo did not affect genome stability, CFE, and had an inconsistent effect on the proliferation in vitro.
The rat brain microenvironment may potentially impact the growth characteristics of rat glioma cells.
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sus the extracellular space. Mono-/bi-aquated forms
of cisplatin are highly electrophilic and form cova-

Cisplatin (also called cisplatinum or cis-diammi-
nedichloroplatinum(II) is a platinum inorganic coor-
dination compound with a square planar geometry. It
is chemically inert until one or both of its chloride
atoms are displaced spontaneously by water mole-
cules into the cytoplasm due to the relatively low
concentration of chloride ions in the cytoplasm ver-

lent bonds with methionine and cysteine-containing
peptides. Cisplatin binds with high affinity to DNA,
especially to nucleophilic N7 sites on purines, pro-
moting the formation of protein-DNA complexes as
well as intra- and inter-strand DNA adducts. Thus,
cisplatin exerts its cytostatic/cytotoxic effects in both
nuclear and cytoplasmic compartments with the pri-
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mary role of the latter as high cytotoxicity was ob-
served in enucleated cells [1-2] The cisplatin treat-
ment resulted in the inhibition of mitochondrial res-
piration and efflux of calcium from the mitochon-
dria, induced endoplasmic reticulum stress, reactive
oxygen species formation and oxidative stress, lead-
ing to the depletion of reduced glutathione (GSH)
and nicotinamide adenine dinucleotide (NADH) and
peroxidation of polyunsaturated lipids and proteins
(reviewed in [1, 2]).

Cisplatin has been used in clinics since the 70s of
the XX century for the treatment of multiple types of
solid cancers. Noteworthy, cisplatin is significantly
efficient only against germ cell cancers, resulting in
a durable complete remission in >80 % of the pa-
tients; the biological reasons of this are still not com-
pletely understood. In contrast, the clinical response
elicited by cisplatin in the patients affected by other
solid tumors is very temporary, and the use of cispl-
atin-based chemotherapeutic regimens is restricted
due to intrinsic or acquired resistance as well as con-
siderable systemic side effects [1, 2].

The glioma clinical trials also demonstrated a low
efficacy or even inferior outcome in the high-grade
glioma patients after the treatment with cisplatin-ba-
sed chemotherapy. On the contrary, the in vivo mod-
els showed that the treatment with cisplatin or cispl-
atin-loaded mAbCx43- or BSAT1-conjugated nano-
gels significantly inhibited rat glioma C6 and 101/8
tumor growth and increased survival of animals [3,
4]. Similarly, a combination of cisplatin with other
therapeutic approaches demonstrated a high inhibi-
tory effect in the in vivo glioma models [5-7]. The
reason for this obvious discrepancy is that the drug-
mediated stress may actually foster the tumor evolu-
tion by both selecting genetic variations and generat-
ing novel variations through the induction of genome
reorganization [8—13]. An increase in chromosomal
aberrations during and after chemotherapy was
found to associate with an increased tumor aggres-
siveness [9]. The ability of cisplatin to induce chro-
mosome abnormalities has been known since the
time of its approval for the clinic use [14]. For exam-
ple, the cisplatin treatment induced a significant in-
crease in the chromosome breakage at all stages of
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spermatogenesis in Drosophila melanogaster [15]. In
Saccharomyces cerevisiae, the cisplatin treatment in-
duced chromosomal aberrations, although the degree
of instability was lower than that induced by other
DNA damaging agents (e.g., bleomycin, camptothe-
can, or y-irradiation) [16]. A comparison of the paren-
tal human ovarian cancer cells to sublines selected for
resistance to cisplatin revealed that the acquired re-
sistance to cisplatin was associated with the numerical
and structural chromosome aberrations and substan-
tial copy number alterations (CNAs) [17, 18].

The intrinsic or acquired resistance is another
significant contributor to the therapy failure. The
cell culture models revealed that cisplatin resist-
ance is attained by several complex molecular and
cellular mechanisms. They include but are not con-
fined to the activation of multiple signal transduc-
tion pathways, reduction of cisplatin accumulation
by either active efflux or impaired influx, detoxifi-
cation by cellular antioxidant systems, increase in
DNA damage repair, inactivation of apoptosis pa-
thway, alterations of the membrane protein traf-
ficking due to the cytoskeleton defective organiza-
tion, activation of the epithelial-mesenchymal tra-
nsition, overexpression of chaperones, deregulati-
on of miRNA and transcription factors, the impact
of stroma cells and components of extracellular
matrix [1, 2, 19]. An overall abnormal phenotype
after the cisplatin treatment results from an in-
crease in DNA mutation load and profound chang-
es in the DNA methylome, transcriptome, proteo-
me, metabolome and kinome (kinase activity pro-
file) [20]. Altogether, these data reveal a complex
multilevel mechanism of tumor cells self-defence
against the cisplatin cytotoxicity.

Here, we have investigated whether the cisplatin tre-
atment of C6 rat glioma in vivo impacted CNAs, pro-
liferation and colony formation efficiency (CFE) of
the tumor-derived cisplatin-resistant cells in vitro.

Materials and Methods

Cell lines

Rat glioma C6 cell line was grown in DMEM (Hy
Clone, Thermo Scientific, UK) supplemented with
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10 % FBS (HyClone, Thermo Scientific) and 100 pg/
ml penicillin/100 u/ml streptomycin (Sigma, USA)
in the environment of 95 % air / 5 % CO,,.

Cisplatin treatment of rats
with intracranial C6 gliomas

The animals were kept and treated in accordance
with the Guidelines on Laboratory Practices ado-
pted by the Ministry of Health of the Russian Fe-
deration (Order 267, 19 June 2003), and the prin-
ciples of bioethics adopted by the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986). A glioma modeling and
tumor volume measurement were performed as
described previously [3, 4]. After five days of C6
glioma cells inoculation, rats received 20 %
DMSO (n = 1, namely C6R1), which served as a
solvent for drug, or cisplatin (n = 2, namely
C6RA4CIS and C6RS5CIS) injected intraperitoneal-
ly three times per week at a dose of 5 mg/kg. Rats
were sacrificed after 10 injections of cisplatin/
DMSO. Gliomas were harvested aseptically and
disaggregated mechanically. The cell suspension
was seeded on plates with growth medium. Cells
were used at passage numbers 3—10 for analysis.

C6R1

C6R4CIS

Array comparative
genome hybridization (aCGH)

Total DNA was isolated using NucleoSpin Blood
DNA extraction kit (Macherey-Nagel, Germany) ac-
cording to the manufacturer’s instructions. DNA qua-
lity was assessed using NanoDrop 1000 Spectropho-
tometer (Thermo Scientific, USA). aCGH was perfor-
med as detailed previously [12]. Rat cell lines were
analyzed on 180K microarray (Agilent Technologies,
Santa Clara, CA, USA). Image analysis was carried out
with Agilent CytoGenomics, edition 2.9.2.4 (Agilent).

Cell proliferation analysis

Cells were seeded onto 6 cm dishes at the density 1 x
x 10* and grown in the high-glucose DMEM with
10 % FBS. On the 7th day of seeding, medium was
carefully removed; cells were washed with PBS,
trypsinized, harvested, incubated with trypan blue,
and calculated using a hemocytometer. The test was
repeated at least three times.

Soft agar colony formation assay

5 x 10° cells were placed in 1.5 ml of 0.35 %/ 10 %
FBS/DMEM low gelling temperature agarose (Gib-
co, Life Technologies, Grand Island, USA) with

C6RS5CIS

Fig. 1. Brain magnetic resonance imaging (MRI) using a ClinScan MRI scanner with field strength of 7T was carried out for C6 rat
gliomas after 2 weeks of cisplatin treatment. A morphometric analysis of C6 gliomas after this period of time showed that tumor
volumes of C6R1, C6R4CIS and C6R5CIS gliomas were ~80 mm?®, = 35 mm?® and = 60 mm’, respectively. Rats with C6 gliomas
received cisplatin at a dose of 5 mg/kg (C6R4CIS and C6R5CIS) or 20% DMSO (control C6R1), injected intraperitoneally three
times per week. The animals were sacrificed after 10 injections of cisplatin/DMSO
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Fig. 2. Chromosomal ideograms with the drawn color bars ali-
gned along chromosomes show the areas of genetic gain/loss.
Red bars represent areas of copy number loss, whereas blue bars
represent areas of copy number gain. The major detected aberra-
tions were loss of 16q12.1-g24.3 and gain of 7p21.1-q31.1
(marked by arrows). CNAs were identified by array comparative
genome hybridization (aCGH)

212

DMEM supplemented with 10 % FBS. 0.35 % top
agarose was poured on 1.5 ml of solidified 0.5 %
base agarose/10 % FBS/DMEM. Cells were seeded
in triplicates in 35-mm dishes of 6-well plates and
grown at 37 °C for three weeks to allow colony for-
mation. Colonies were visualized by staining with
0.005 % crystal violet, photographed, and counted
using OpenCFU software [21]. Test for each cell line
was repeated three times.

Statistics

The Student’s t-test was used to analyze the signifi-
cance of variability between the results of each group
and its corresponding control (Statistica 7 Software,
San Diego, USA). Results with *P < 0.05, **P <
< 0.01, and ***P < 0.001 were considered signifi-
cant. All experimental data are reported as the mean
and the error bars represent the experimental stand-
ard error (+ standard deviation, SD).

Results and Discussion

Cisplatin-treated C6R4CIS, C6RSCIS and vehicle-
treated control COR1 cell lines were established from
the parental C6 cell line by injecting cisplatin (or a
vehicle 20 % DMSO) intraperitoneally three times
per week at a dose of 5 mg/kg. A morphometric analy-
sis of C6 gliomas after two weeks of treatment showed
that tumor volumes of C6R1, C6R4CIS and C6R5CIS
gliomas were ~ 80 mm?, = 35 mm® and = 60 mm’,
respectively (Figure 1). After 10 injections, the vehi-
cle-treated control and surviving cisplatin-resistant
cells were tumor-derived and analyzed in vitro.
Despite the numerous reports on genotoxic effects of
cisplatin [2,15-18,22], the copy number alterations
(CNAs) of parental C6 cells, control C6R1, and cispl-
atin-treated C6R4CIS and C6RSCIS cell lines were
essentially similar with minor variations in the gene-
depleted chromosome loci. The major detected aber-
rations were loss of 16ql12.1-q24.3 and gain of
7p21.1-q31.1 (Figure 2). It should be noted that in
contrast to conventional cytogenetics/karyotyping,
aCGH is based on the average profile of genetic
changes in thousands of cells; this underestimates
structural chromosome complexity and heterogeneity
of tumor cells [12, 23].
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There was no difference in proliferation rates be-
tween COR1 and C6R4CIS; however, COR5CIS had
a moderately reduced proliferation (Figure 3). Fur-
ther, no difference in CFE between C6R1 and C6
R4CIS or C6RSCIS cells was observed (Figure 4).
The data that cisplatin treatment reduces tumor growth
and increases survival of C6 glioma-bearing rats [4]
but does not obviously influence chromosome stabil-
ity and in vitro growth characteristics of C6 cells,
which survived/resisted cisplatin treatment, suggest
that cisplatin has a cytostatic rather than profound
genotoxic and cytotoxic effects on C6 cells in vivo.
Interestingly, we have observed reduced prolifera-
tion and CFE of the control and cisplatin-treated
cells in comparison to the parental C6, suggesting
that the rat brain microenvironment may select for
slow-dividing C6 cells. The alternative explanation
is that in brain, C6 cells are adapted to different nu-
trients, oxygen levels, growth-stimulating and other
factors; therefore they undergo a stress when reintro-
duced to in vitro culture. Finally, we cannot exclude
an effect of a vehicle (20 % DMSO) as DMSO treat-
ment in vivo induced cytotoxicity at certain concen-
trations ([24] and refs. herein). However, we have
injected substantially lower DMSO volume and con-
centration than those used in these studies.

Previously, we and others have shown that cispla-
tin or combination of cisplatin with other therapeutic
approaches demonstrated a high inhibitory effect in
in vivo models, including rat glioma C6 and 101/8
tumor models [3—7]. Unfortunately, the encouraging
laboratory observations do not agree with the effi-
ciency of treatment of the high-grade glioma pa-
tients. There were many frustrated clinical trials as
exemplified below that ultimately did not justify the
addition of cisplatin to the chemotherapeutic regi-
men of the high-grade glioma patient treatment.
Cisplatin and carmustine followed by radiation did
not improve median survival, survival at one year, or
time-to-progression of patients with newly diag-
nosed glioblastoma. Furthermore, this treatment was
associated with more serious toxicities than standard
therapy [25]. Similarly, cisplatin administered con-
currently with carmustine and radiotherapy resulted
in a higher toxicity but provided no significant im-
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Fig. 3. Cisplatin treatment of C6 glioma in vivo did not consist-
ently affect proliferation of tumor-derived C6 cells. However,
significantly reduced proliferation of control C6R1 and cispla-
tin-treated C6R4CIS and C6RS5CIS cell lines in comparison to
parental C6 was observed. To analyze the rate of proliferation,
cells were seeded at the density 1 x 10* cells. The number of
cells was calculated after 7 days of growth. All experiments we-
re performed at least three times and results are presented as the
means + SD. *P < 0.05, ***P < 0.001, NS = non-significant

provement in survival [26]. The estimation of re-
sponse rate, the rate of disease stabilization, and the
probability of one-year survival of the patients with
high-grade glioblastomas who received radiotherapy
concurrently with cisplatin/carmustine chemothera-
py did not support the routine use of concurrent cis-
platin and carmustine [27]. The progression-free sur-
vival and overall survival of glioblastoma patients
treated with the radiotherapy, cisplatin and carmus-
tine were comparable with those obtained with the
radiotherapy and temozolomide but the toxicity was
more frequent and persistent. The results argued
against future use of this combination in the treat-
ment of patients with glioblastoma [28]. Although
the median survival time with the cisplatin/nimus-
tine neoadjuvant chemotherapy followed by the ra-
diotherapy and adjuvant temozolomide was incre-
ased in patients with newly diagnosed glioblastoma,
a high frequency of serious hematological toxicity
limited its use [29]. Further, none real advantage of
neoadjuvant cisplatin and etoposide after surgery
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Fig. 4. Cisplatin treatment of C6 glioma in vivo did not affect colony formation efficiency (CFE) in soft agar of tumor-derived C6
cells. However, reduced CFE of control C6R1 and cisplatin-treated C6R4CIS and C6R5CIS cell lines in comparison to parental C6
was observed. For colony formation, 5x10° cells were seeded in soft agar and grown for 3 weeks. Colonies were stained with crystal
violet and calculated using OpenCFU software. (A) The representative photographs of plate wells with stained colonies are shown.
(B) The graph compares CFE of the designated cell lines. All experiments were performed three times and results are presented as

the means + SD. *P < 0.05, NS = non-significant

and prior to radical radiotherapy was obtained in the
treatment of high-grade gliomas if compared with
the standard adjuvant chemotherapy [30]. Cisplatin
combined with cytosine arabinoside and hydroxyu-
rea did not improve the six-month survival rate in
patients with relapsed or progressive high-grade
glioblastomas. Significant hematological toxicities
were observed [31]. Finally, the recent medulloblas-
toma trial demonstrated that the cumulative cisplatin
dose was not associated with overall survival [32].
Recently, we have shown that the long-term treat-
ment of tumor cell lines with a DNA damaging drug
temozolomide, which is widely used for glioma pa-
tients, promoted the clonal and non-clonal chromo-
some aberrations, CNAs and diverse phenotype
changes affecting survival, CFE, migration, and in-
vasion ([12], Stepanenko et al., in preparation).
Furthermore, many chemotherapeutics, which have
been used previously or are exploited currently in
clinic for cancer treatment, were evidenced to in-
duce/promote the chromosome instability/aneuploi-
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dy in rodent and human cells. These include nocoda-
zole, a microtubule-depolymerizing agent; paclitaxel
and taxol, microtubule-stabilizing agents; platinum
compounds cisplatin and carboplatin; etoposide and
doxorubicin, topoisomerase I and II inhibitors; bleo-
mycin that causes breaks in DNA; actinomycin D
which interferes with transcription and replication;
S-fluorouracil, a thymidylate synthase inhibitor; im-
atinib and nilotinib, multiple kinase inhibitors; ra-
pamycin, an mTOR inhibitor; tamoxifen, an estro-
gen receptor inhibitor, and many others (reviewed in
[9]). This should be seriously taken into account as
the cancer cell genome instability, promoted by
drug-mediated system stress, fosters genomic, epi-
genetic, and non-genetic heterogeneity, intensifies
profound transcriptome and proteome changes, and
rewires metabolic and signaling network, altogether,
giving rise to the diverse drug-resistant phenotype
variants. The genome instability significantly corre-
lates with inherent and acquired multi-drug resist-
ance, and chemoresistance acquisition is accompa-
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nied by newly evolved chromosome imbalances (re-
viewed in [8—11, 13, 33-38]).

Conclusion

Despite the numerous reports on genome and pheno-
type destabilizing effects of cisplatin, we have not ob-
served any changes in CNAs, CFE and consistent
changes in proliferation in vitro of in vivo cisplatin-
treated rat glioma C6 cells. However, we have revealed
that brain-grown C6 cells have a reduced proliferation
rate and CFE in comparison to the parental C6 cell
adapted to grow in vitro for decades. The versatile com-
plex mechanisms of intrinsic/acquired resistance and
considerable systematic side effects significantly re-
duce the efficacy of cisplatin in clinic. The failure of
phase II and III clinical trials with the cisplatin-based
therapeutic regimens does not support the use of cispla-
tin in further high-grade glioma trials.
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Tepanis nucniatunom kiaitun C6 riaiomu mypa

iN Vivo He BILIMHYJIA HA 3MiHM YHCJIA KOMii
XPOMOCOMHHUX JIOKYCIiB Ta IAT€PH POCTY BUAIJIEHUX
3 MyXJHHHU Pe3UCTEHTHUX KJIITHH

O. A. Crenanenxo, B. I1. baknayes,
€. C. Bacenpkuii, B. B. JImutpenko

Mera. [lepeBipuTy, 94U BIUTMBAE TEparlis HUCIUIATHHOM KIiTHH
C6 miriomu 1rypa in ViVO Ha 3MiHM 4KCIIa KOl XPOMOCOMHHUX
JIOKYCiB, Tponideparito i epeKTUBHICT (HOPMYBAHHS KOJIOHIH
LHUCIUIATUH-HEYy NINBUMH KiTiTHHaMu. MeToau. MojieiroBaHHs
DTioMH OyJIO BUKOHAHO 32 JJOTIOMOTOIO BHYTPIIIHBOMO3KOBO CTe-
peoTakcH4HOI iMIUTaHTaLl Hypstaux Kiitud riiomu C6 B obactb
cMmyracroro Tina mrypa. Illypam BBOmWIM BHYTpIIlIHBOOUEpE-
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BuHHO 20 % JAMCO (C6R1) a6o 5 mr/xr nucrutarus (C6R4CIS
i C6R5CIS) Tpu pasu Ha TwxaeHs. [licns 10 16 exii, KIITHHI
rTioMH OyIH BITydeHi i HOMIIIEH] B POCTOBE CEPEIOBHUINE TS
MOJIANTBIIIOTO aHaIi3y iN Vitro. 3MiHM KiTBKOCTI KOMil XpOMO-
COMHHX JIOKYCiB OyJIO MpPOaHANi30BaHO 32 JOIOMOTIOIO TOpiB-
HsUTbHOI TeHOMHOT riOpui3altil, anai3 mposidepaii 3niicHIOBaIM
NPSIMUM TTIJIPaXyHKOM KJIITHH B TeMOLIUTOMETPI, a e(heKTUBHICTD
¢dopmysanns kononiit (EOK) — ananizom pocty B M’sikoMy ara-
pi. PesysnbraTn. Hiskux icTOTHHX 3MiH 9HCIIa KOl XPOMOCOM-
HUX JIOKYCiB, mpomigeparnii Ta EOK mix minismu CO6R4CIS,
C6RS5CIS 1 C6R1 ne cnoctepiranocs. Oxnak C6RSCIS, ane He
C6RACIS ninist 3ur3uIa npodidepaniro npu nopiBastHHI 3 COR1.
Likaro, mo writuaHi diHii COR4CIS, CORSCIS i CO6R1 maroTh
HIDKYMH piBeHb npoiideparnii Ta EQOK npu nopiBHIHHI 3 BUXiI-
HOIO 0OaThKiBChKOIO siHiero C6. BucHoBku. Hespaxatounm Ha
YHCJICHH] TIOBITOMJICHHS TIPO eCTa0Ii3yr0YHii BIUIUB [IUCILIA-
TUHY Ha T'€HOM 1 ()eHOTHN KJIIiTHH, Tepamis mucruatuHoMm C6
DIiOMH 1rypa iN ViV He BIUTHHYJIA Ha TEHOMHY CTiliKicTs, EOK
Ta Majo CYIepeyHHil BINIMB Ha mpomidepaltito KiiTuH in Vitro.
MIiKpOOTOUECHHSI IyPSTI0TO MO3KY ITOTSHIIHHO MOXKE BIUIMBATH
Ha POCTOBI XapaKTEPUCTUKU MyXJIUHHHUX KIIITHH TTIOMH.

KawuyoBi cuo0Ba: aneymioizis, XpOMOCOMHa HECTaOIbHICTb,
JKapchKa CTiHKiCTh, €BOJIOLS TyXJIMHU, TeTePOTCHHICTb.

Teparmsl HHUCIJIATHHOM KJIeTOK C6 riimombl
KPbICBI iNn Vivo He MoOBJIMSLIIA HA M3MEHEHHS YHCiIa
KONt XPOMOCOMHBIX JIOKYCOB U MMATTEPH POCTA
BBIJICJICHHBIX U3 OITYXO0JIH PE3UCTEHTHBIX KJICTOK

A. A. Crenanenko, B. I1. bakmnaymes,
E. C. Baceuxkuii, B. B. JImutpenko

Heasw. [IpoBeputs, BausieT i Tepanus uucriaruaom C6 rimo-
MBI KPBICHI IN VIVO Ha U3MEHEHHs YKCIIa KOMHHA XPOMOCOMHBIX

JIOKYCOB, mposudepanuo 1 3PpPeKTHBHOCTh 00pa30BaHUs KO-
JIOHWH IMCIUIATHH-HEYYBCTBUTEIBHBIMU KJICTKaMH. MeToasl.
MopnenupoBaHue ITHOMBI OBIIO BBIMOJHEHO C ITOMOINBIO CTe-
PEOTaKCHYECKOH MMITTAHTAINHN AJTIOT€HHBIX KPBICHHBIX KJICTOK
oMbl C6 B o0acTp kaynomyTaMmeHa. Kpeicam ¢ sxcriepumen-
TanpHOH oMol BBOAMIAM BHyTpuOprommHuO 20 % JAMCO
(C6R1) mmm 5 mr/kr nucrumatua (C6R4CIS n CO6RSCIS) tpu
pasa B Henemo. [locne 10 MHBEKIMNA, KICTKH TIIMOMBI OBLTH
U3BATHI ¥ TIOMEIIEHBI B POCTOBYIO CPey U JaJbHEHIIero ana-
nm3a in Vitro. 3Menenune uncia KOmuid XpOMOCOMHBIX JIOKYCOB
OBIIO TIPOAHATM3UPOBAHO C TOMOIIBIO CPABHUTEIBHON TE€HOM-
HOW TMOpUIM3alfH, aHAIN3 NPOIUQepai OCYIECTBISUIN TIpsi-
MBIM IIOJICUETOM KJIETOK B TeMOLUTOMETpe, a dP(HEKTUBHOCTD
obpasoBanust kononui (DOK) — aHanmm30M pocTa B MATKOM ara-
pe. PesyabTarsl. HUKakux CyIecTBEHHBIX W3MEHEHHH YHCIIa
KOTIHI XpOMOCOMHBIX JIOKycoB 1 DOK mesxmy muansmu COR4CIS,
C6RS5CIS u C6R1 e nabdmomanocs. Ongnako C6RS5CIS, Ho He
C6RACIS nuHust cHE3WIa Nponudepaluo Mpu CpaBHEHUH C
C6R1. UuTepecHo, uto knerounsie muaun COR4CIS, CORSCISS
u COR1 umeror Gonee HU3KHUI ypoBeHb nponudepanuu u JOK,
yeM ucxoiHas poaurtenbckas juHus C6. BoiBoabl. HecmoTps
Ha MHOTOYHCIICHHBIE COOOMIEHHS O 1eCTaOMIN3HPYIONIEM BIH-
SIHUM IIMCTITIATHHA Ha TeHOM M (DeHOTHITH KIIETOK, TEpAITHs IHC-
wiaTiHOM C6 IIHOMBI KPBICHI iN VIVO He MOBIHsIA HA TEHOM-
Hy!0 ycToiunBocTs, DOK U oka3blBaia MpOTUBOPEUHUBOE JIeiic-
TBHE Ha nposideparuo in Vitro. MUKpOOKpYKEHHE KPBICHHOTO
MO3ra HOTEHINAIBHO MOJKET BIIUSTH HA POCTOBBIC XapaKTEePHC-
THKH OIYXOJIEBBIX KJIETOK TITHOMBI.

KiawueBbie cnoBa: AHCYIUIOU s, XPOMOCOMHAasL Hecradu-
JIbBHOCTDB, TEPAINICBTUYCCKAs PE3UCTCHTHOCTD, SBOJIIOIUA OIIyXO-
JIi, TETEPOr€HHOCTD.

Received 03.02.2015

217



