
Expl Cell Biol. 55: 69-73 (1987)
© 1987 S. Karger AG, Basel 

0304-3568/87/0552-0069$2.75/0

Chromosomal Aberrations in Early Stages of Development of 
Methotrexate Resistance in HeLa Cells

J.G. Delinassios, M.J. Talieri
Hellenic Anticancer Institute, Papanicolaou Research Center, Athens, Greece

Key Words. Methotrexate resistance • Chromosomal aberrations • HeLa cells

Abstract. High incidence of dicentrics, rings, double rings, acentric rod-like fragments and 
double minutes in polyploid cells during the early stages of development of methotrexate 
resistance in HeLa cells suggests that hypertetraploid cells are precursors of cells with higher 
resistance levels.

Introduction

Development of resistance to methotrex­
ate (MTX) in vitro accompanied by an over­
production of dihydrofolate reductase 
(DHFR) is due to an amplification of the 
corresponding gene, carried by homoge­
neously staining region (HSR) or double 
minute (DM) [3-6], It has previously been 
reported that during early developmental 
stages of MTX resistance in HeLa cells, non- 
random cytogenetical abnormalities include 
double minutes and dicentrics, which are 
associated with the potential of further resis­
tance development [1, 2]. In this report fur­
ther observations are described concerning

chromosomal aberrations induced by MTX 
at early stages of the development of drug 
resistance.

Materials and Methods

HeLa cells were treated with gradually increasing 
concentrations of methotrexate (Lederle, USA) for the 
establishment of resistance as previously described 
[ 1). Early stages in the process of development of resis­
tance are considered to be the initial 1—10 days of a 
culture transferred to a higher concentration of MTX 
than the previously well-tolerated concentration of the 
drug. In the present study, HeLa cells transferred from 
0.3 to 0.5, 1.0 to 2.1, and 10.0 to 100.0 pg/ml MTX 
and cultured in the new dose for 2-5 days were exam­
ined. Additionally, sensitive (untreated) HeLa and
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HeLa treated with 0.01 pg/ml MTX for 20 h were used 
as controls. The procedure for metaphase preparations 
has been previously described [2].

Results and Discussion

In view of the high frequency of chromo­
somal aberrations seen in the early stages 
during the development of resistance to

gradually higher doses of MTX [2], it was 
decided to further analyze the types of ab­
normalities with the purpose of identifying 
any specificities related to MTX-resistance. 
More than 300 metaphases were examined 
in the early stages of cultures transferred 
from 0.3 to 0.5, 1.0 to 2.1, and 10.0 to 
100.0 pg/ml MTX. The results are shown in 
table I and supplement those previously pre-

Table I. Chromosomal aberrations in HeLa cells acquiring resistance to methotrexate by gradual dose 
increases

MTX, pg/ml 0 0.0 l a

Predominant chromosome number 64, 66 64, 66

% of metaphases with chromosomal aberrations 1.5% (5/330)b 18.4% (58/310)b

% of hypertetraploid cells 10.3% (34/330)c 9.0% (28/310)c

Percentage of metaphases containing chromosomal aberrations

Number of chromosomes <91 > 9 2 <91 > 9 2

(Total cells) (3) (2) (50) (8)

Dicentrics - ( l ) d 0 0 -  (2)d

Rings 0 0 0 - 0 )

Double rings 0 0 0 0

Breaks -(2 ) - ( 0 64% (32) -(1 2 )

Fragments - 0 ) 0 38% (19) - (6 )

Triradials 0 - (1 ) 22% (11) - (3 )

Quadri radiais 0 0 4% (2) - (1 )

Acentric rod-like fragments 0 0 0 - (1 )

Pulverized chromosomes and ‘doty or 
elongated'chromosomes

0 0 4% (2) - (6 )

% of metaphases containing DM' 
(range/cell; mean)

0 0 0 0

a Sensitive HeLa cells were treated for 20 h with MTX, transferred in MTX-free medium for 2 h and then 
treated with Colcemid.
b (Metaphases with abnormalities/total metaphases counted). More than 300 metaphases were examined in 
each case. Metaphases were prepared 2-5 days after transfer of the cells to a higher MTX dose.
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sented [2]. The mechanism of resistance in 
HeLa cells involves overproduction of 
DHFR, since determinations of DHFR ac­
tivity by PAGE showed gradually increasing 
levels which paralleled resistance to doses 
from 1.0 pg/ml and higher [1,2].

A significantly higher percentage of hy- 
pertetraploid cells was found in cell popula­
tions at MTX dose levels 0.5 and 2.1 pg/ml

as compared to sensitive HeLa (untreated) 
or HeLa treated with 0.01 pg/ml MTX. Hy- 
pertetraploid cells exhibited a profoundly 
high frequency of dicentrics at all MTX dose 
levels above 0.5 pg/ml, as compared to hypo- 
tetraploid HeLa within the same cell popula­
tion. Dicentrics were extremely rare in sensi­
tive HeLa. It is obvious from these results 
that dicentrics constitute a specific feature of

0.5 2.1 100.0

67 82 62, 63

22.1% (72/325)» 24.7% (84/340)» 22.4% (74/330)»

18.7% (61/325)c 24.1% (82/340)c 15.4% (51/330)c

Percentage of metaphases containing chromosomal aberrations

«91 > 9 2 « 9 1 > 9 2 «91 > 9 2

(26) (46) (38) (46) (48) (26)

15.3% (4)« 89.1 % (41)d 28.9% (11)d 78.2% (36)d 10.4% (5)d 65.3% (17)d

7.6% (2) 6.5% (3) 18.4% (7) 2.1 % (1) 10.4% (5) 0

34.6% (9) 0 21.0% (8) 0 2.1 % (1) 0

23.0% (6) 10.8% (5) 10.5% (4) 19.5% (9) 18.7% (9) 23.0% (6)

7.6% (2) 2.1 % (1) 10.5% (4) 17.3% (8) 8.3% (4) 0

3.8% (1) 6.5% (3) 10.5% (4) 2.1 % (1) 18.7% (9) 7.6% (2)

0 0 0 2.1 % (1) 4.1% (2) 0

30.7% (8) 28.2% (13) 42.1 % (16) 47.8% (22) 37.5% (18) 61.5% (16)

11.5% (3) 17.3% (8) 0 4.5% (2) 2.0 (1) 19.2% (5)

5.5% (15) 34.4% (21) 60.8% (157) 71.9% (59) 97.4% (272) 90.1 % (46)
(2-40; 8) (2-78; 26) (2-112; 32) (12-168; 44) (6-160; 81) (12-260; 88)

c (Hypertetraploid metaphases/total metaphases counted). 
d (Number of metaphases containing one or more of the respective aberrations). 
c DM were considered as a specific feature examined separately.

D
ow

nloaded from
 http://karger.com

/pat/article-pdf/55/2/69/2764868/000163400.pdf by Lund U
niversity Libraries user on 16 M

ay 2023



72 Delinassios/Talieri

the cell population in the process of develop­
ment of resistance to MTX. The high fre­
quency of occurrence of ring chromosomes 
(fig. 1) is also of interest. The remarkable 
presence of double rings (fig. 2) perhaps indi­
cates that ring configurations may have an 
increased potential for duplication. Double 
rings were observed exclusively in hyperte- 
traploid metaphases. Metaphases with dis­
torted ‘dotty’ or ‘elongated’ chromosomes 
(fig. 3) were frequently found during very 
early stages of resistance development. 
Abundance of ‘interconnected dots’ or ‘dots 
in groups’ together with DM (fig. 4) were 
also observed in hypertetraploid cells during 
early or advanced stages of resistance. Acen­
tric rod-like fragments, which were fre­
quently observed in both hypotetraploid and 
hypertetraploid cells, may be considered as 
elongated DM.

Other types of aberrations were not found 
to occur preferentially in resistant cells as

Fig. 1. Metaphase of a hypotetraploid HeLa cell 
prepared 5 days after transfer from MTX 1.0 to 
2.1 pg/ml. Numerous DM and one ring chromosome 
(arrow) are present. Giemsa staining.

Fig. 2. Metaphase of a HeLa cell prepared 2 days 
after transfer from MTX 1.0 to 2.1 pg/ml. Seven dis­
tinct sets of double rings of various sizes are indicated 
by arrows. Several DM of various sizes are also 
present.

Fig. 3. Partial metaphase of a hypertetraploid 
HeLa cell prepared 5 days after transfer from MTX 
0.1 to 0.3 pg/ml. Several dicentrics (one shown) and 
distorted chromosomes (arrow) are present. Distinct 
DM are not present.

Fig. 4. Metaphase of a hypertetraploid HeLa cell 
prepared 5 days after transfer from MTX 0.2 to 
0.5 pg/ml. Pulverized chromosomes (arrow) and nu­
merous groups of dots are present.
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compared to sensitive HeLa treated with 
0.01 pg/ml MTX for 20 h prior to metaphase 
preparations. The main aberrations ob­
served in sensitive HeLa treated with 
0.01 pg/ml MTX were breaks, fragments, 
and triradials. The fact that these types of 
aberrations were less frequent in the resis­
tant cells indicates that resistant cells escape 
the clastogenic effects of MTX, even at high 
doses, obviously due to blockage of large 
quantities of the drug by the overproduced 
DHFR [6], Furthermore the level of aberra­
tions in resistant cells maintained in MTX 
(0.5, 2.1, 10.0, or 100.0 pg/ml) for 6 months 
or longer resembled that in sensitive un­
treated HeLa (DM are excluded).

The various sizes of DM observed 
within single cells (Fig. 2) precipitates the as­
sumption that the potential of the gene am­
plification process varies in different ge­
netic locations within the same cell. Small 
DM may carry less dhfr gene copies than 
larger ones [4],

Dicentrics, rings, acentric rod-like frag­
ments, and double rings are abnormalities 
which characterize cytotoxic effect in gener­
al. The high frequency of incidence of these 
abnormalities during the early stages of de­
velopment of MTX resistance suggests them 
as mediators in the process of DM produc­
tion, and the cells that carry them as precur­
sors of the resistant cell population. These 
abnormalities were not observed at MTX 
0.01 pg/ml but only after MTX 0.5 pg/ml, 
while simultaneously the more common ab­
normalities (breaks, fragments, triradials) 
were substantially decreasing. It would be 
interesting to investigate the type of genes 
carried by these abnormal chromosomal ele­
ments, and the manner in which these genes 
are affected by the gradual increase of MTX 
concentrations.
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