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Cytogenetic anal y sis of the spon ta ne ously im mor tal ized mouse cell line G1 has been car ried out on pas sages 15, 24, 53,
68, 104, and 140 of in vi tro cul ti va tion. G1 cells were re vealed to have quan ti ta tive chro mo some changes, dif fer ent chro -
mo somal ab er ra tions, and a par tic u larly high per cent age of Robertsonian translocations. The het er o ge ne ity of cell pop u -
la tion was ob served to di min ish dur ing long-term cell cul ti va tion. The karyotypic evo lu tion of cells lasted not less than
140 pas sages on the stage of es tab lish ment.
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Rapid de vel op ment of mod ern novel biotechnologies
in volv ing mam ma lian cul ture cells (in clud ing dif fer ent
kinds of stem cells) and their prac ti cal ap pli ca tion in
cell ther apy are the es sen tial fac tors of in ten sive

cytogenetic in ves ti ga tions of cells in cul ture.
The knowl edge and un der stand ing of gen eral cell

karyotypic vari abil ity prin ci ples al lows fore cast ing the
be hav iour of any par tic u lar cell line even be fore in vi tro
cul ti va tion, i.e. on the stage of es tab lish ment. This fore -
cast ing be comes sig nif i cant us ing per ma nent cell lines
in both var i ous mo lec u lar and ge netic ex per i ments and
in bio tech no log i cal re searches. The pro cess of
karyotypic evo lu tion of cell line is known to con sist of

two qual i ta tively dif fer ent stages, namely, the stage of
es tab lish ment and the stage of sta bi li za tion [1, 2]. The
first stage is known to be the least stud ied one as at this
stage the adaptative changes of chro mo somal ap pa ra tus 
of cell line take place, i.e. quan ti ta tive and struc tural re -
ar range ment of chro mo somes and cell pop u la tion is
karyotypically heterogenous. The char ac ter is tic fea ture 
of the stage of sta bi li za tion is in sig nif i cant vari abil ity of 
the num ber of chro mo somes, ex pressed by modal class
of the num ber of chro mo somes and the karyotype bal -
ance.

The study of karyotypic vari abil ity prin ci ples, com -
mon for both in vivo and in vi tro cells, is of great im por -
tance now a days. The “hotspots”-spread ing pat tern on
the chro mo somes and change in num ber of some chro -
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mo somes are the mor pho log i cal dem on stra tions of mo -
lec u lar and bio chem i cal pro cesses, con nected to
changes in quan tity and struc ture of spe cific genes, the
onco genes in par tic u lar. This cir cum stance con di tions
the per spec tive for the ap pli ca tion of cell lines in or der
to study the role of spe cific chro mo some changes in
ma lig nant trans for ma tion of cells [1, 2]. The study on
chro mo somal in sta bil ity dur ing es tab lish ment of cell
lines in vi tro may serve as a model of spon ta ne ous
trans for ma tion of cells in vivo.

The pur pose of cur rent work was to in ves ti gate the
cytogenetic changes, which oc cur in mouse stem cells
of em bry onic or i gin, in the course of long-term
monolayer cell cul ti va tion in vi tro.

Ma te ri als and Meth ods. The work was per formed
on mouse cell line G1, ob tained from a BALB/c mouse
em bryo ma te rial line [3, 4]. The cells were cul ti vated in
DMEM me dium (Sigma, USA), add ing 100IU/ml of
pen i cil lin, 100?g/ml of strep to my cin, and 5% of fe tal
bo vine se rum (Sangva, Ukraine).

Chro mo somal Analysis
Chro mo some prep a ra tions were made in ac cor -

dance to com monly ac cepted method [5], mod i fied in
our lab, with out colchicine or any other mi totic poi sons, 
and cells were hypotonized for 30-40 min in the
deionized wa ter, 37°C [3, 4]. The prep a ra tions were
stained for 10-20 min with 5% so lu tion of Giemsa’s
stain, pre pared on phos phate buffer (pH 6.8). The
metaphase spreads anal y sis was per formed us ing
Jenaval mi cro scope (Carl Zeiss, Aus tria) (lenses  r40
and r100).

Karyotypic anal y sis
Karyotypic anal y sis was per formed on pas sages 15, 

24, 53, 68, 104, and 140 of cells cul ti va tion in vi tro.
Qual i ta tive and quan ti ta tive chro mo some changes were 
an a lyzed, i.e. two types of aneuploidy (hypodiploidy,
chro mo some num ber less than 40, and hyperploidy,
chro mo some num ber more than 40), euploidy, chro mo -
somal ab er ra tions (chromatid and chro mo some breaks,
frag ments, ring chro mo some, in ter changes and
translocations), Robertsonian translocations. In or der
to de ter mine the modal class and vari abil ity of cells by
the num ber of chro mo somes, 100 to 1000 of metaphase
spreads were an a lyzed in each vari ant.

Micropicturing

Microobjects were pic tured us ing photo cam eras
Kyiv and Zenit, col our films Ko dak-100 and Ko -
dak-200, black-and-white films Svema-64 and
Svema-100.

Sta tis ti cal anal y sis
The sta tis tic re sults were worked out ac cord ing to

Plokhinsky’s method [6].
Re sults and Dis cus sion. The mor pho log i cal and

growth char ac ter is tics of new mouse cell line G1 were
stud ied pre vi ously by us [3, 4]. The mor pho log i cal het -
er o ge ne ity of the men tioned line with the dom i nant cell
type – fibroblast-like cells – and the fea tures of neo plas -
tic cell trans for ma tion were re vealed. The sig nif i cant
per cent age of multinucleate cells and the cells with
micronuclei, as well as dif fer ent forms of ab er rant
mitoses, were de tected in cell pop u la tions of the men -
tioned line, which tes ti fies to the in creased chro mo -
somal in sta bil ity of G1 cell line and cell di vi sion de reg -
u la tion [4].

G1 cell line re ar range ment anal y sis by the num ber
of chro mo somes at dif fer ent stages of in vi tro cul ti va -
tion re vealed sig nif i cant het er o ge ne ity of cell pop u la -
tion and its grad ual de crease in the course of long-term
cul ti va tion. In par tic u lar, the cell pop u la tion of the 15th

pas sage of cul ti va tion was highly het er o ge neous by the
quan ti ta tive com po si tion of chro mo somes, which was
re vealed by the pres ence of about 15 classes of cells by
a chro mo some num ber (Fig.1, a). Such high karyotypic 
het er o ge ne ity of cells is a spe cific fea ture of cell cul -
tures at the ear li est stages of cul ti va tion; how ever, fur -
ther cul ti va tion usu ally re sults in its di min ish ing and
iso la tion of modal class of chro mo somes [7].

The num ber of chro mo somes on the 15th pas sage
var ied from hypodiploids to hy per ploids (con tain ing
over 100 chro mo somes). The dom i nant clones of cells
with hypodiploid (28-30), hyperdiploid (46),
hypertetraploid (88), near-pentaploid (102) chro mo -
somes, and the groups of near-hexahyploid line
(112-124) can be dis tin guished. These six groups of
dom i nant cells are most likely to have a ten dency to
form a modal class at es tab lish ment of mouse cell line
G1 in vi tro. The ab sence of the dis tin guished modal
class and the modal num ber of chro mo somes shows
that the cells of the 15th pas sage of cul ti va tion are still at
the stage of cell line es tab lish ment. 
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On the 24th pas sage of in vi tro cul ti va tion pop u la -
tion of mouse cell line G1 was re vealed to be highly
het er o ge neous in a chro mo some num ber, up to 20
modal classes (Fig.1, b). How ever, the num ber of
groups, pos sess ing the ten dency to form the modal
class was di min ished down to 4, namely, near-dip loid

(42-48), near-tetraploid (80-88), near-pentaploid
(94-98), and near-hexaploid (118-122) (Fig.1, b). It is
note wor thy that on the 24th pas sage, as well as on the
15th pas sage, sig nif i cant vari abil ity in the num ber of
chro mo somes (from near-hap loids to hyperhexaploids
with sig nif i cant num ber of cells of near-pentaploid
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group) and the ab sence of dis tin guished modal chro mo -
some num ber and modal class were de tected.

Mouse G1 cell pop u la tion of the 53rd pas sage of in
vi tro cul ti va tion had about 13 cell modal classes by the
num ber of chro mo somes in them (Fig.1, c). Karyotypic
het er o ge ne ity re mained, how ever, the de crease in the
num ber of cell groups of pos sess ing the ten dency to
form modal class was ob served – the dom i nance of
cells of near-pentaploid group, among which there were 
2 near-pentaploid groups (92-98 and 108-112) and one
near-hexaploid group (118-122), was ob served. The
group of near-diplod cells (38-44) was also dis tin -
guished.

On the 68th pas sage of in vi tro cul ti va tion the
change of dom i nant pop u la tions of near-penta- and
near-hexaploid cells took place. This phe nom e non is
not rare dur ing long-term cul ti va tion [7]. The num ber
of modal classes de creased to nine and the dom i nant
pop u la tions were of near-hap loid (18-28), hypodiploid
(30-38), hyperdiploid (46-57), and near-triploid
(60-66) groups hav ing the sig nif i cant ad van tage of cells 

with dip loid num ber of chro mo somes (40) (Fig.1, d).
How ever, in this case the cells of greater ploidy,
namely, near-tetraploid, near-pentaploid, and some of
near-hexaploid groups, were also pres ent in small
amounts.

In ves ti gat ing next pas sages, the res to ra tion of
near-penta- and near-hexaploid cell pop u la tions dom i -
nance and the de crease of het er o ge ne ity of the cells by
the num ber of chro mo somes was ob served. The num -
ber of cells with less than 80 chro mo somes de creased
and the rapid in crease of near-pentaploid part was re -
vealed (Fig.1, e, f). In par tic u lar, the 104th pas sage
showed that near-pentaploid cells dom i nated in G1 cell
line pop u la tion and five modal classes could be dis tin -
guished (Fig.1, e); on the 140th pas sage two modal
classes (num ber of chro mo somes 94-98 and 102-108
(Fig.1, f)) as well as two modal num bers of chro mo -
somes (98 and 102) were dis tin guished. It may be con -
sid ered as the ini tial sta bi li za tion stage of G1 cell line.

The in ves ti gated cell line, re gard less of its clonal
or i gin, showed the karyotypic het er o ge ne ity in the wide 
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Ta ble 1. 
The dis tri bu tion of mouse G1 cells by the chro mo some num ber on dif fer ent pas sages

Passage
The number of

analyzed
metaphases

Number of cells, %

Diploid set of
chromosomes

(2n=40)
Euploids

Aneuploids
High diploids (2n

> 100)Hypodiploids (2n
< 40)

Hyperploids (2n >
40)

15 121 0.83±0.83 4.13±1.82
8.26±2.51 86.78±3.09

47.93±4.56
95.04±1.98

24 345 0.58±0.41 4.06±1.06
11.59±1.73 83.77±1.99

30.14±2.47
95.36±1.13

53 176 0.57±0.57 1.14±0.80
14.20±2.64 84.09±2.76

41.48±3.72
98.30±0.98

68 635 4.41±0.82 3.31±0.71
35.43±1.90 56.85±1.97

6.93±1.01
92.28±1.06

104 221 1.81±0.90 4.07±1.33
8.14±1.84 85.97±2.34

52.04±3.37
94.12±1.59

140 93 – 3.23±1.84
1.08±1.08 95.70±2.11

33.33±4.91
96.77±1.84

Note: “–” – were not ob served



ranges and was char ac ter ized by fre quent change of
dom i nant clones. There fore, the pro cess of its es tab lish -
ment lasted long and the sta bi li za tion be gan at the 140th

pas sage, com par ing to immortalization of cell lines, ob -
tained from 14 days p.c. em bryos of BALB/c mouse
strain, which oc curred till the 20th pas sage, as well as
with the be gin ning of cell sta bi li za tion, ob tained dur ing 
long-term in vi tro cul ti va tion of mouse
rhabdomyosarcoma cells which oc curred on pas sages
30-50 [7, 8].

The sub di vi sion of cells into big groups ac cord ing
to ploidy re vealed a sig nif i cant per cent age of
hyperploid cells (2n > 40) on all the stages of es tab lish -
ment of mouse G1 cell line (Ta ble 1). How ever, the
fluc tu a tions of high-ploid cells (2n > 100) with very
rapid de crease of their num ber on the 68th pas sage were
ob served (Ta ble 1). The dom i nance of near-dip loid cell
line and the high est num ber of cells hav ing dip loid
num ber of chro mo somes (app. 4% in com par i son to 1% 
at ear lier stages and their ab sence at the be gin ning of
sta bi li za tion of cell line) were ob served on this pas sage. 
The num ber of euploid cells (?20) dur ing cul ti va tion
did not fluc tu ate much – some in sig nif i cant changes in
their num ber were ob served on the 53rd pas sage of in vi -
tro cul ti va tion, app. 1% in com par i son to 3-4% on other 
pas sages (Ta ble 1). 

The sig nif i cant per cent age of cells with
Robertsonian translocations of chro mo somes was re -
vealed in the pro cess of in vi tro cul ti va tion of mouse G1 
cell line pop u la tion (Ta ble 2). From one to five

Robertsonian translocations (RT) per metaphase were
ob served (Fig.2). Thus, on the 15th pas sage more than
60% of cells with RT were found. Far ther cul ti va tion
re sulted in de crease amount of cells with RT to app.
18% on the 68th pas sage. How ever, their num ber in -
creased rap idly to over 70% on the 140th pas sage.
There fore, high fre quency of cells with RT is a spe cific
fea ture of G1 cell line.

Cytogenetic anom a lies due to innerchromosomal
dam ages are known to be typ i cal for BALB/c mouse
strain, e.g. chro mo somal ab er ra tions and RT. There -
fore, in ac cor dance to Va gina et al. in bone mar row of
BALB/c mouse strain, the cell line un der study was ob -
tained from, the RT fre quency amounted to app.7% [9].
Interchromosomal as so ci a tions of ho mol o gous and
non-ho mol o gous chro mo somes ac cord ing to RT are
also known to be de ter mined by the ad ap ta tion of cells
to cul ti va tion and are very con ve nient chro mo somal
mark ers of cor re spond ing cell lines [10]. It is pos si ble
to sup pose that the em bry onic cells ob tained from
BALB/c mouse strain were ini tially bi ased to RT for -
ma tion.

Hav ing com pared the re sults of chro mo somal anal -
y sis of cell sub di vi sion by the chro mo some num ber,
ploidy, and amount of RT, the con clu sion can be made
that high ploid G1 cells, near-pentaploid and
near-hexaploid ones, in par tic u lar, RT per cent age in -
creases, i.e. the pro cess of polyploidisation of mouse
ge nome is ac com pa nied by nu mer ous as so ci a tions of
acrocentric chro mo somes into metacentric ones. The
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Ta ble 2. 
The dis tri bu tion of mouse G1 cells by the num ber of Robertsonian translocations (RT).

Passage
The number of

analyzed
metaphases 

Number of cells with RT, %

Total
Number of RT per one metaphase spread

1 2 3 4 5

15 96 64.58±4.91 55.21±5.10 8.33±2.84 1.04±1.04 - -

24 222 36.47±3.24 31.53±3.13 4.05±1.33 0.45±0.45 - 0.45±0.45

53 176 23.30±3.20 21.02±3.08 1.70±0.98 0.57±0.57 - -

68 635 18.11±1.53 15.43±1.43 1.42±0.43 0.94±0.38 0.31±0.22 -

104 213 53.99±3.42 37.56±3.33 15.02±2.45 0.94±0.66 0.47±0.47 -

140 93 74.19±4.56 38.71±5.08 24.73±4.50 8.60±2.92 1.08±1.08 1.08±1.08

Note: “–” – were not ob served



ge nome of the cell is try ing to de crease the num ber of
chro mo somes with out the loss in ge netic ma te rial. At

cell ploidy in crease the num ber of var i ous genes in -
creases cor re spond ingly, i.e. the per cent age of genes,
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Ris2.

Ris3.



onco genes, in par tic u lar, in creases. Due to this fact, the
cells of higher ploidy are char ac ter ized by in creased
adap tive po ten tial and se lec tive ad van tages at in vi tro
con di tions in com par i son to the cells of nor mal
karyotype.

Hav ing in ves ti gated HyperCLDB (Cell Line Data
Base hy per text; http://www.biotech.ist.unigue.it) we
found out that 582 of cell lines were ob tained in to tal,
among which 111 were out of the BALB/c mouse strain 
(http://www.biotech.ist.unigue.it/cldb/spestr.html).
More over, the cell lines ob tained from these mice are
myelogenous pre dom i nantly [11] and only an in sig nif i -
cant amount is fibroblast-like cul tures with monolayer
growth.

Among the lines, pre sented in the cat a logue of Rus -
sian col lec tion of cell cul tures [12], ac cord ing to
karyotypic char ac ter is tics, their vari abil ity by the chro -
mo some num ber is in the bor ders of 50-80 chro mo -
somes and rarely around 60-100, some of them have got 
minichromosomes, chro mo somal mark ers, i.e.
metacentrics or submetacentrics. Struc tural re ar range -
ments of chro mo some 15 are marked in mouse cell lines 
the most fre quently, and rather rare they are marked on
chro mo somes 1, 6, and 12 [1]. How ever, the most ac -
tive part in RT in bone mar row cells of BALB/c mouse
strain is shown for chro mo somes 1, 12, and 5 [13]. Pre -
vi ous re sults of de tailed karyotypic anal y sis of G1 cell
line in di cate that the ten dency to dom i nant par tic i pa tion 
of the big gest chro mo somes of mouse ge nome, i.e. 1, 2,
and 3, in RT for ma tion is ob served.

Other chro mo somes ab er ra tions were re vealed at
the anal y sis of metaphase chro mo some prep a ra tions of
mouse G1 cells [3, 4, 14], chromatid and chro mo somal
breaks with for ma tion of acentric, sym met ric and
asym met ric ex changes and translocations (Fig.3), in
par tic u lar, as well as the rings, minichromosomes with
func tional centromers and big re ar ranged chro mo -
somes.

Var i ous forms of ab er rant mitoses, dis cov ered in
mouse G1 cell line, tes tify to the func tional dis or ders of
both chro mo somes proper and the whole mi totic ap pa -
ra tus [4, 15]. The in creased chro mo somal in sta bil ity
and in ten sive course of the karyotypic evo lu tion of
cells of the in ves ti gated cell line, along with mi totic pa -
thol o gies, point out the dam age of mi to sis reg u la tion,
i.e. the loss of the mi totic check point, or the spin dle

check point. Misregulation of the nor mal course of cell
cy cle re sults in disbalancing of re ac tion cas cades of all
cell pro cesses that they de pend on.

Last but not the least is the fact that DNA re pair sys -
tems of G1 cells were also dam aged, which is ev i -
denced in var i ous chro mo somal ab er ra tions (breaks, in
par tic u lar). The euploid cells and aneuploids of dif fer -
ent groups of ploidy, as well as chro mo some ab er ra -
tions, in clud ing RT, cre ate the va ri ety of ge net i cally
dif fer ent clones and, there fore, pro vide the ma te rial for
the se lec tion of the most adapt able cell clones to the
con di tions of the cul ture. And such cells are the trans -
formed cells with the dam aged ge nome sta bil ity reg u la -
tion.

The ques tion arises – do the anal o gous changes of
chro mo somal ap pa ra tus ap pear at cul ti va tion of hu man
stem cells, sug gested for ther a peu tic us age? As even
keep ing up to the ba sic con di tions of stem cells cul ti va -
tion, in mouse G7 cell line, ge nome mu ta tions are ob -
served also [3], more over, there are data of ac cu mu la -
tion of the mu ta tions in em bry onic stem cell pop u la -
tions dur ing cul ti va tion [16].

Con clu sions. In ten sive karyotypic evo lu tion, ac -
com pa nied by in creased chro mo somal in sta bil ity, and
the long-term es tab lish ment from the mo ment of cell
line sta bi li za tion on the 140th pasage are spe cific to
mouse G1 cell line. The dom i na tion of high ploid cells
(near-pentaploids, in par tic u lar) and the sig nif i cant per -
cent age of cells with RT on all the stages of es tab lish -
ment of the in ves ti gated cell line were re vealed.
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