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Long-term cultivation of cell lines inevitably leads to genetic and epigenetic changes. Aim. A comparative ana-

lysis of karyotype and level of the expression of reparative enzyme O
6
-methylguanine-DNA-methyltransferase

(MGMT) at different stages of establishment and stabilization of human cell line 4BL and cell line of mouse germ

cells G1. Methods. The set of methods was used to research the dynamics of karyotypes changes: the differential

staining of chromosomes, FISH-method and comparative genomic hybridization. The level of MGMT expression

was analyzed by PCR reaction and Western blot analysis. Results. General trends of establishment of mouse and

human cell lines were revealed: at the first stage, which is characterized by increased structural instability of the

genome, an increase in the MGMT expression was revealed while at the second stage of stabilization – a

decrease in the expression. Therefore, almost complete disappearance of MGMT protein in unmodified form (24

kDa) is observed. Conclusions. Statistically significant correlation between MGMT repair enzyme and muta-

tions induction processes during mammalian cell adaptation and cell line establishment to in vitro was des-

cribed.

Keywords: cell line, karyotypic evolution, O
6
-methylguanine-DNA-methyltransferase (MGMT), genomic instability.

Introduction. Cell lines of different origin are widely

used in many laboratories all over the world, beginning

with fundamental research in science and ending with

biotechnological synthesis in industry and cellular the-

rapy [1, 2]. Nearly 4 000 cell lines are maintained in

cell bank of ATCC. Majority of human permanent cell

lines are of cancer origin, malignant and characterized

by considerable karyotypes changes, disruption of mito-

tic spindle and aberrant regulation of mitotic apparatus

[3, 4]. Most of human permanent cell lines were either

obtained from tissues of embryonic origin, or immorta-

lized by viral transformation or by introducing vector

designs with specific genes, for instance, telomerase ge-

ne [5, 6]. Only about 30 cell lines are normal, but they

are primary cultures. Therefore, the novel cell line 4BL,

obtained from peripheral blood of healthy donors in our

department, is of particular interest. The cell line 4BL

successfully passes Hayflick limit and is cultivated for

more than 220 passages.

We also derived novel mouse embryonic germ cells

lines G1, G4, G6 and G7 from genital bumps of 12.5-

day embryos of laboratory mouse of inbred line BALB/c.
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An adaptation of cells to artificial support in vitro and

lack of immune system inevitably lead to the change in

primary characteristics of cell, including the karyoty-

pic one. The clones of cells with selective advantages are

characterized by higher genetic instability [3]. They

tend to give rise to the cell line due to their better survi-

val rate, and act as a source of further genetic and

epige- netic changes [3, 7].

DNA methylation is a major mechanism of epige-

netic regulation of genes [8, 9]. Undesirable DNA me-

thylation occurs upon the action of endogenous and exo-

genous alkylation compounds. Methylation of O6 po-

sition of guanine is especially dangerous, as O6-methyl-

guanine is recognized as adenine, so it binds with thy-

mine instead of cytosine [10]. As a result, the transitions

GC > AT are generated [11]. Reparative enzyme O6-

alkylguanine-alkyltransferase (AGT), better known as

O6-methylguanine-DNA-methyltransferase (MGMT),

repairs this type of damage, transferring methyl residue

to its own cysteine residue [12]. We have investigated

the expression of MGMT at different stages of the de-

velopment of the human and mice cell lines to test the

activity of reparative system in response to mutational

processes that occur during the adaptation of cells to

cultivation conditions in vitro. The cytogenetic analy-

sis was performed to determine the nature of chromo-

somal rearrangements at different stages of the forma-

tion and stabilization of cell lines, and also after the treat-

ment of cells with stress factors. Thus, the aim of the re-

search was a comparative analysis of the karyotypes and

the level of expression of MGMT at different stages of

formation and stabilization of the human cell line 4BL

and the line of embryonic germ cells of mouse G1.

Materials and methods. We used the cell popula-

tion of the new cell lines 4BL obtained from the peri-

pheral blood of a healthy donor [13] and a new line of

embryonic germ cells of mouse G1 derived from geni-

tal bumps of 12.5-day embryos of laboratory mouse in-

bred line BALB/c [14]. The cells were cultivated in

standard medium DMEM («Sigma», USA) with the ad-

dition of 100 U/ml penicillin, 100 �g/ml of streptomy-

cin and 10 % fetal calf serum.

Chromosome preparations for cytogenetic studies

were obtained according to the standard protocol [6,

15]. Metaphase chromosomes were stained by 10 % of

Giemsa stain, GTG-staining and differential QFH/AcD-

coloring. Chromosomes were analyzed at the magnifi-

cation of 1000 times, using a light microscope Olym-

pus BX41, equipped with automated analysis system

«CytoVision 4.01». 200 metaphase plates (m. p.) of each

passage were examined. The chromosomes structure

was analyzed at the level of 400–550 bands per haploid

set. To determine the structural rearrangements, the in-

ternational cytogenetic nomenclature ISCN-2013 was

used [16].

For Western-blot analysis, the proteins were isola-

ted from the samples and concentration was measured

by Bradford’s method [17]. The protein extract was stu-

died using SDS-electrophoresis in 12 % of polyacryl-

amide gel by Lemmli [18]. We used monoclonal antibo-

dies against MGMT («Novus Biologicals Littleton»,

USA) and secondary species-specific antibody conju-

gated with horseradish peroxidase («Jackson Immuno-

Research», USA). Identification of MGMT in cells ex-

tract was conducted according to the recommendation

of the antibodies manufacturer. Control of the unifor-

mity of protein application was carried out by densito-

metric evaluation of the total amount of protein transfer-

red to the membrane, by the program Origin Pro 8.5.

Establishment of mouse germ cell line G1. To iden-

tify common patterns of genomic evolution during the

establishment of cell line G1, the standard cytogenetic

analysis was conducted at 24, 53, 68, 104 and 140 pas-

sages. The distribution of frequency of individual ka-

ryotypes is presented in Fig. 1.

The normal mouse karyotype includes 19 pairs of

autosomes and one pair of sex chromosomes, so diploid

set of chromosomes 2n = 40. At 24
th passage slight di-

vergence of distribution curves was observed with peaks

in near-diploid and near-hexaploid area. By 53 passages

the frequency of near-diploid cells decreased, and by

68 passage distribution pattern changed dramatically:

the distribution curve became asymmetric, with a peak

in near-diploid region and subsequent almost linear de-

crease of frequency of karyotypes with high number of

cells. However, at 104 passage the frequency of near-di-

ploid cells dropped sharply, modal class of near-hexa-

ploid cells was detected. At 140 passage near-hexaploid

modal class remained, a small peak in near-tetraploid area

and a trace pool of near-diploid cells were observed.

It is known, that the Hayflick limit for most primary

cultures of human and mouse cells is 30–50 divisions
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[19]. Reaching this limit is accompanied by the aging

of cell culture, and the onset of the stage of terminal

stop of proliferation. Probably, in case of cell line G1,

the high-ploid cells reached the Hayflick limit earlier,

so in cell population, close to 68 passage, the selection

took place in the direction of near-diploid cells. During

the immortalization of cell line, the aging stage is chan-

ging to the stage of crisis [20]. The majority of cells die,

but a small percent of cells survive and become capab-

le of unlimited division due to the karyotype rearrange-

ments, changes in gene dosage and aberrant regulation

of the mitotic apparatus.

Thus, dramatic change in the distribution of frequen-

cy of individual karyotypes and pivotal change in the

direction of karyotypic evolution during short period of

time from 53 to 68 passages are most probably explai-

ned by the crisis of cell line G1, and its transition to the

immortalized state.

During further development of the cell line G1, the-

re was no stabilization of near-diploid karyotype, and

the trends to polyploidization were observed: most of

the cell population had a near-hexaploid karyotype to

140th passage. As shown previously [21], this phenome-

non is due to the weakening of mitosis checkpoint and

mutation of one allele of the gene Trp53, which leads to

the functional inactivation of p53.

This protein is involved in regulation as a regulator

of a number of cellular processes, including – DNA

repair [22]. The expression of the reparative enzyme

MGMT is indirectly regulated with the involvement of

p53. It has been shown, that p53-deficient cells have a

reduced baseline of MGMT [23].

Analysis of the MGMT expression at the protein

level in the cell line G1 was performed (Fig. 2, A). At

early stages of the evolution of cell line a steady increa-

se in the MGMT expression was detected. The maximum

value of this index was fixed at 71 and 75 passages – that

is, at approximately the same stage of the cell line, at

which a sharp change in direction of karyotypic evolu-

tion was observed.

We revealed that the functional inactivation of p53

did not cause the deficit of MGMT. We have sugges-
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Fig. 1. Distribution of karyo-

types frequencies at different

stages of karyotypic evolu-

tion of mouse cell line G1.

Passages: A – 24; B – 53; C –

68; D – 104; E – 140
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Fig. 2. Expression of reparative enzyme MGMT at different stages of

the establishment of mouse cell line G1(Western blot analysis) (A)

and genetic instability and level of the expression of reparative enzyme

MGMT at different stages of the establishment of mouse cell line G1

(the coefficient of variation of karyotypes frequencies and densitomet-

ric analysis of western blot hybridization of MGMT expression)

(B:grey – 23 kDa; black – 50 kDa; 1 – cv, %)



ted that this phenomenon was associated with the pre-

sence of a powerful factor that causes the induction of

MGMT – namely, genetic material lesions [24], which

accompanied the establishment of cell line G1. These

injuries were manifested in the form of cells polyploidi-

zation and were accompanied by numerous structural

rearrangements, including a significant percentage of

Robertsonian translocations.

As an indicator of genetic instability of the culture

was chosen the coefficient of variation, calculated for

distribution of karyotypes frequencies at different

stages of the cell line establishment. The comparison of

these data with the data of Western blot analysis is

shown in Fig. 2, B. Both analyzed parameters increased

at the early passages, reached maximum values at

70–80 passages, and declined at the later (< 100)

passages.

Since the data obtained did not allow direct calcula-

tion of the correlation coefficient between these two pa-

rameters, an interpolation of the curves was performed,

using software OriginPro8.1. The data were also used to

calculate the Pearson correlation coefficient.

The calculated value of the correlation coefficient

for unmodified form of MGMT was 0.41, with a signifi-

cance level p � 0.05 – whereas the reliable correlation

for this enzyme in modified form was not found.

Interestingly, that the dynamics of frequencies of Ro-

bertsonian translocations had distinct inverse correla-

tion with the coefficient of variation of the distribution

of frequencies of karyotypes. It was maximal at the sta-

bilization stage of the cell line. This is probably due to

the fact that the formation of Robertsonian transloca-

tion is the mechanism of reduction of the number of

chromosomes in the process of polyploidization.

Thus, two main stages of the evolution of the cell li-

ne G1 are described:

– establishment stage, accompanied by increasing

structural instability and induction of reparative enzy-

me MGMT;

– stabilization stage, characterized by the formation

of near-hexaploid modal class, and lower levels of the

expression of MGMT protein.

Establishment of human cell line 4BL. The same re-

search was carried out on material of cell populations of

the line 4BL. Analysis of the distribution of karyotypes

frequencies at different stages of karyotypic evolution

of the cell line is presented in Fig. 3.

In contrast to the mouse germ cell line G1, polyploi-

dization was not typical for karyotypic evolution of the

cell line 4BL: near-diploid modal class remained at all

stages of karyotypic evolution. At 133 passages the na-

ture of distribution changed: a curve of disturbance be-

came asymmetric with maximum in near-diploid area,

almost complete lack of hyperploid, and pronounced

peak in the area of 11–20 chromosomes were observed.

Thus, we can assume that this stage of the cell evolu-

tion was a crisis stage and cell line became immortali-

zed, then the stabilization stage followed.

Similarly to the mouse germ cell line G1, the estab-

lishment stage of karyotypic evolution of the cell line

4BL was also accompanied by the increase of structural

instability, then came the stabilization phase.

The comparative data on the coefficient of varia-

tion of karyotypes frequencies and the level of the ex-

pression of MGMT protein at different stages of cultiva-

tion of the cell line 4BL are presented on the Fig. 4. The

Pearson correlation coefficient was calculated, it was

0.59 (p � 0.001).

It should be noted that, as opposed to the mouse cell

line G1, the MGMT protein in unmodified form com-

pletely disappeared at the stabilization phase of the cell

line 4BL. To exclude the possibility of a complete dele-

tion of the gene MGMT, the comparative genomic hyb-

ridization was conducted at the 205 passage of cultiva-

tion of the cell line 4BL. The presence of MGMT pro-

moter and its methylation status were studied by PCR

analysis.
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Fig. 3. Distribution of karyotype frequencies at different stages of

karyotypic evolution of human cell line 4BL. Passages: A – 70; B –

122; C – 133; D – 206



The results of comparative genomic hybridization

indicate the presence in the cell population of deletion

in 10q26 region, where the MGMT gene is located, but

this deletion has mosaic character, confirming the re-

sults of PCR analysis. Thus, the total loss of this gene in

the cell line 4BL does not occur at any stage of its ka-

ryotypic evolution.

The study on the promoter methylation level de-

monstrates that in the cell population 4BL both methy-

lated and unmethylated alleles were revealed (the re-

search was performed by Iatsyshyna in the laboratory

of B. Kaine). So, it cannot be postulated that the MGMT

protein in unmodified form (24 kDa) disappears due to

the lack of transcription of this gene.

We can conclude that although the nature of chro-

mosomal and genomic mutations in the cell lines G1

and 4BL differ significantly, the stages of structural

instability and stabilization had different duration, but

in both lines there was observed a correlation between

the level of structural genomic instability and the level

of expression of reparative enzyme MGMT.

Perhaps this is one of the compensatory mecha-

nisms activated by the genome destabilization and the

stress factors, associated with the adaptation of the cells

to cultivation in vitro. This assumption is confirmed by

the data of [12], which showed the key role of MGMT

in the survival of the cell population under stress condi-

tion and under the influence of mutagens with different

mechanisms of the damaging effects.

To verify the above-mentioned assumption, the cell

line 4BL, which was on the early phase of stabilization

(passage 165) was subjected to the stress of destabili-

zing factor: cultivation for 24 h in medium M2, which

has altered ionic composition, and is characterized by

increased ionic strength. Karyotyping was performed at

the 160 passage (before stress factor action) and at the

205 passage. Nullisomy or monosomy of 10th and 13th

chromosomes and monosomy of chromosomes 4, 8,

11, 15, 17, 21, X were observed; six regular marker

chromosomes were revealed. The most representative

were such aberrations: t (1, 11) (q12; p15) – 63 % of m.

p., del (2) (p11 ~ 12) – 46 % m. p., t (5; 15) (p10; q10) –

23 % m. p., t (12, 15) (p10; q10) – 10 % m. p. and t (16;

21) (q13; p11) – 5 % m. p. Modal class karyotype at

160th and 205th passages was 42–43 chromosomes.

Percentage of polyploid cells increased from 2.8 to 36 %.

Changes in the coefficient of variation of karyo-

typic evolution are presented in Fig. 5. From 160th pas-

sage the coefficient of variation for this characteristic

noticeably decreased, but after exposure to stress fac-

tors, sharp rise of the curve with the formation of a new

peak, higher than the previous one, was observed. Ac-

cording to the results of cytogenetic analysis, the cells

processing with the stress factor probably led to the re-

conversion of the cell population to the state of struc-

tural instability.

At the same time, the analysis of MGMT expres-

sion in the cell lines, that were exposed to the same

stress factor (Fig. 6) was performed. Immediately after

treatment, clear inhibition of the MGMT expression

was observed with the almost complete disappearance

of the protein, but within 10 days after treatment this

phenomenon changed to induction of the expression of

MGMT protein in modified form, this pattern persisted

through the next 5 days, and in 26 days the appearance

of enzyme in unmodified form was revealed.

Based on our and literature data presented above,

we can assume that complete inhibition of expression

of MGMT in both modified and unmodified forms un-

der the influence of the medium M2 with high ionic

strength led to the disruption of cells adaptation to culti-

vation in vitro that, in turn, caused the re-emergence of

structural genomic instability. On the other hand, the in-

creased genome structural instability led not only to in-

creasing the expression of MGMT protein in modified
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form, typical for the cell line 4BL at the stabilization sta-

ge, but also to the induction of the expression of MGMT

in unmodified form, which was typical for the cell line

4BL at the establishment stage, characterized by high

structural instability of the genome.

Conclusions. The adaptation of cells to cultivation

in vitro is accompanied by the induced mutation process

associated with the period of structural genomic instabi-

lity. The immortalization of cell lines is accompanied by

the crisis stage, which is characterized by the sharp in-

creasing of genomic instability and intensive selection

in the cell populations. During further evolution of the

cell lines, the stage of structural instability is changed by

the stabilization stage, with the formation of dominant

modal class with a certain number of chromosomes.

Statistically significant correlation of the MGMT

expression with the degree of genomic instability du-

ring spontaneous immortalization and establishment of

the cell lines was revealed.

Complete inhibition of the MGMT expression un-

der the stress factor on the stage of cell line stabilization

led to the re-growth of genomic instability in the cell po-

pulations, indicating the essential role of this enzyme in

the maintenance of adaptation of the established cell

lines to cultivation in vitro. The re-growth of genomic

instability after exposure to the stress factor, in turn, led

to the increased expression of MGMT, in particular, to

the induction of expression of this protein in its cano-

nical (24 kDa) form.

Ë. Ë. Ìàöåâè÷, Â. Î. Êóøí³ðóê, À. Ï. ßöèøèíà, Ê. Â. Êîöàðåíêî,

Â. Â. Ëèëî, Ã. Ð. Àêîïÿí, Í. Ë. Ãóëåþê, Ä. Î. Ìèêèòåíêî, Ë. Ë. Ëóêàø

Êîðåëÿö³ÿ çì³í ð³âíÿ ìóòàãåíåçó ³ åêñïðåñ³¿ ðåïàðàòèâíîãî

ôåðìåíòó Î
6
-ìåòèëãóàí³í-ÄÍÊ ìåòèëòðàíñôåðàçè çà

ñòàíîâëåííÿ êë³òèííèõ ë³í³é in vitro

Ðåçþìå

Òðèâàëå êóëüòèâóâàííÿ êë³òèííèõ ë³í³é íåìèíó÷å ïðèçâîäèòü äî

âèíèêíåííÿ ãåíåòè÷íèõ òà åï³ãåíåòè÷íèõ çì³í. Ìåòà.Ïîð³âíÿëü-

íèé àíàë³ç êàð³îòèïó ³ ð³âíÿ åêñïðåñ³¿ ðåïàðàòèâíîãî ôåðìåíòó

Î
6
-ìåòèëãóàí³í-ÄÍÊ ìåòèëòðàíñôåðàçè (MGMT) íà ð³çíèõ åòà-

ïàõ ñòàíîâëåííÿ òà ñòàá³ë³çàö³¿ êë³òèííî¿ ë³í³¿ ëþäèíè 4BL ³ ë³í³¿

åìáð³îíàëüíèõ ãåðì³íàòèâíèõ êë³òèí ìèø³ G1. Ìåòîäè. Çì³íè êà-

ð³îòèïó â äèíàì³ö³ äîñë³äæóâàëè, âèêîðèñòîâóþ÷è äèôåðåíö³éíå

çàáàðâëåííÿ õðîìîñîì, FISH-ìåòîä ³ ïîð³âíÿëüíó ãåíîìíó ã³áðè-

äèçàö³þ. Ãåí MGMT òà éîãî åêñïðåñ³þ âèâ÷àëè çà äîïîìîãîþ ÏËÐ

òà Âåñòåðí-áëîò àíàë³çó. Ðåçóëüòàòè. Ïåð³îä ñòàíîâëåííÿ ë³í³é

êë³òèí ìèø³ òà ë³í³é êë³òèí ëþäèíè ìàº çàãàëüí³ òåíäåíö³¿: íà

ïåðøîìó åòàï³, ÿêèé õàðàêòåðèçóºòüñÿ ï³äâèùåíîþ ñòðóêòóðíîþ

íåñòàá³ëüí³ñòþ ãåíîìó, âèÿâëåíî çðîñòàííÿ ð³âíÿ åêñïðåñ³¿ ãåíà

MGMT, à íà äðóãîìó – åòàï³ ñòàá³ë³çàö³¿ – çíèæåííÿ ð³âíÿ åêñïðåñ³¿

äàíîãî ãåíà. Ïðè öüîìó ñïîñòåð³ãàëè ïðàêòè÷íî ïîâíó â³äñóòí³ñòü

íåìîäèô³êîâàíî¿ ôîðìè á³ëêà MGMT (24 êÄà). Âèñíîâêè. Âñòà-

íîâëåíî äîñòîâ³ðíó ïîçèòèâíó êîðåëÿö³þ ð³âíÿ åêñïðåñ³¿ ðåïàðà-

òèâíîãî ôåðìåíòó MGMT ç ìóòàö³éíèìè ïðîöåñàìè, ÿê³ âèíèêà-

þòü ïðè àäàïòàö³¿ êë³òèí äî óìîâ êóëüòèâóâàííÿ ó ïåð³îä ñòàíîâ-

ëåííÿ ë³í³é êë³òèí ññàâö³â.

Êëþ÷îâ³ ñëîâà: êë³òèííà ë³í³ÿ, êàð³îòèï³÷íà åâîëþö³ÿ, Î
6
-ìå òèë-

ãóàí³í-ÄÍÊ ìåòèëòðàíñôåðàçà (MGMT), ãåíîìíà íåñòàá³ëüí³ñòü.

Ë. Ë. Ìàöåâè÷, Â. Î. Êóøíèðóê, À. Ï. ßöèøèíà, Ê. Â. Êîöàðåíêî,

Â. Â. Ëûëî, Ã. Ð. Àêîïÿí, Í. Ë. Ãóëåþê, Ä. À. Ìèêèòåíêî, Ë. Ë. Ëóêàø

Êîððåëÿöèÿ èçìåíåíèé óðîâíÿ ìóòàãåíåçà è ýêñïðåññèè

ðåïàðàòèâíîãî ôåðìåíòà Î
6
-ìåòèëãóàíèí-ÄÍÊ

ìåòèëòðàíñôåðàçû ïðè ñòàíîâëåíèè êëåòî÷íûõ ëèíèé in vitro

Ðåçþìå

Äëèòåëüíîå êóëüòèâèðîâàíèå êëåòî÷íûõ ëèíèé íåèçáåæíî ïðèâî-

äèò ê âîçíèêíîâåíèþ ãåíåòè÷åñêèõ è ýïèãåíåòè÷åñêèõ èçìåíåíèé.

Öåëü. Ñðàâíèòåëüíûé àíàëèç êàðèîòèïîâ è óðîâíÿ ýêñïðåññèè ðå-

ïàðàòèâíîãî ôåðìåíòà MGMT íà ðàçíûõ ñòàäèÿõ ñòàíîâëåíèÿ è

ñòàáèëèçàöèè êëåòî÷íîé ëèíèè ÷åëîâåêà 4BL è ëèíèè ýìáðèîíàëü-

íûõ ãåðìèíàòèâíûõ êëåòîê ìûøè G1. Ìåòîäû. Èññëåäîâàëè èç-

ìåíåíèå êàðèîòèïà â äèíàìèêå ñ èñïîëüçîâàíèåì äèôôåðåíöèàëü-

íîé îêðàñêè õðîìîñîì, FISH-ìåòîäà è ñðàâíèòåëüíîé ãåíîìíîé

ãèáðèäèçàöèè. Ãåí MGMT è åãî ýêñïðåññèþ èçó÷àëè ñ ïîìîùüþ

ÏËÐ è Âåñòåðí-áëîò-àíàëèçà. Ðåçóëüòàòû. Ïåðèîä ñòàíîâëåíèÿ

êëåòî÷íûõ ëèíèé ÷åëîâåêà è ìûøè õàðàêòåðèçóåòñÿ îáùèìè òåí-
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Fig. 5. Induction of genetic instability in cell line 4BL by medium with

high ionic strength M2: 1 – intact; 2 – treated by M2
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Fig. 6. Cnange of the expression of reparative enzyme MGMT in cont-

rol cells and in cells, treated with medium M2: 1 – control; 2 – cells cul-

tivation with M2; 3 – next passage after incubation with M2; 4 – positi-

ve control (cell line U937); 5 – control to variant 6; 6 – 10 days after

treatment; 7 – control to variant 8; 8 – 15 days after treatment; 9 – cont-

rol to variant 10; 10 – 26 days after treatment with M2 medium
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äåíöèÿìè: íà ïåðâîì ýòàïå, ãäå íàáëþäàåòñÿ ïîâûøåííàÿ ñòðóê-

òóðíàÿ íåñòàáèëüíîñòü ãåíîìà, âûÿâëåíî âîçðàñòàíèå óðîâíÿ

ýêñïðåññèè ãåíà MGMT, à íà âòîðîì – ýòàïå ñòàáèëèçàöèè – ñíè-

æåíèå óðîâíÿ ýêñïðåññèè óêàçàííîãî ãåíà. Ïðè ýòîì îòìå÷åíî

ïðàêòè÷åñêè ïîëíîå îòñóòñòâèå íåìîäèôèöèðîâàííîé ôîðìû

áåëêà MGMT (24 êÄà). Âûâîäû. Îáíàðóæåíà äîñòîâåðíàÿ ïîçè-

òèâíàÿ êîððåëÿöèÿ óðîâíÿ ýêñïðåññèè ðåïàðàòèâíîãî ôåðìåíòà

MGMT ñ ìóòàöèîííûìè ïðîöåññàìè, âîçíèêàþùèìè ïðè àäàïòà-

öèè êëåòîê ê óñëîâèÿì êóëüòèâèðîâàíèÿ â ïåðèîä ñòàíîâëåíèÿ

êëåòî÷íûõ ëèíèé ìëåêîïèòàþùèõ.

Êëþ÷åâûå ñëîâà: êëåòî÷íàÿ ëèíèÿ, êàðèîòèïè÷åñêàÿ ýâîëþ-

öèÿ, Î
6
-ìåòèëãóàíèí-ÄÍÊ ìåòèëòðàíñôåðàçà (MGMT), ãåíîìíàÿ

íåñòàáèëüíîñòü.
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