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ABSTRACT

Cytogenetic analysis at the 15th, 34th, 50th, and 56th passages of an
SV40 immortalized human uroepithelial cell line (SV-HUC-1) showed

continuous chromosome change and marker formation. Throughout these
passages the transformed cells maintained their epithelial morphology,
were SV40 T antigen positive, did not shed infectious SV40 virus, and
were repeatedly found to be nontumorigenic when innoculated into
athymic nude mice. Each of the passages studied was characterized by
extensive karyotypic changes due to formation, rearrangement, and dis
appearance of different markers. A marker involving chromosome 1 was
stable at three of the passages studied, whereas markers involving the X
chromosome changed at each passage studied. Because of the incorpo
ration of several chromosomes or chromosome arms into markers, the
karyotype was genetically balanced in the first passage studied, with no
net loss or gain of chromosomal material despite a modal number of 44.
In subsequent passages, despite continued instability and generation of
new markers, there was a slight but additive loss of genomic balance
which increased with time in culture. Since continued karyotypic re
arrangements did not lead to tumorigenic conversion, it is probable that
genetic instability coupled with selection for the most balanced genome
may be important for the immortalization of this cell line.

INTRODUCTION

Many recent studies have analyzed the morphological, cyto-
genetic, and growth properties of cells transformed in vitro by
SV402 to provide clues to early mechanisms of carcinogenesis
(1-9). Such studies have generally found great chromosomal
instability among the transformants, with no consistent pat
terns, and often with many unidentifiable marker chromosomes
and/or new karyotypes emerging at each successive passage (2,
4-9). Although the role of chromosome change in neoplasia is
well established, because of the diversity of changes occurring
in SV40-transformed cell lines it has generally been impossible
to relate specific changes to a particular transformation event.
Furthermore, although SV40 transformation of cultured hu
man cells imparts many properties related to autonomous
growth, including an increased lifespan in culture, decreased
nutritional requirements, and growth in semisolid medium (re
viewed in Ref. 10), such transformed cells are not capable of
forming tumors when innoculated into athymic nude mice (11,
12). Since the autonomous growth and genetic instability char
acteristic of SV40-immortalized nontumorigenic human cells
are also seen in neoplastically transformed human cell lines
(13), perhaps analysis of the specific Cytogenetic changes fol
lowing SV40 transformation may provide some insight into
why these transformed human epithelial cells are not tumori
genic.
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In this paper we describe the chromosome changes occurring
from passages 15 through 56 of an SV40-transformed human
uroepithelial cell line (SV-HUC-1), using extended banding in
order to identify highly rearranged marker chromosomes. Since
most of the work on human SV40-transformed cell lines has
not used extended banding procedures, it is our purpose in
using these techniques to determine if there is a specific pattern
of chromosome change or if specific chromosomes are prefer
entially rearranged in the establishment and propagation of this
SV40-transformed human uroepithelial cell line. It is also our
purpose to examine the nature of the Cytogenetic instability
associated with propagation of SV40-transformed human cells
in culture (4-9).

MATERIALS AND METHODS

The details of the SV40 immortalization of a normal HUC have
been described by Christian et al. (12), and are as follows. After infection
with SV40, the transformed cells were selected on the basis of their
ability to survive senescence (which normally occurs in HUC between
passages 4 and 6). Early passage SV-HUC-1 were cultured on collagen
substrates in Ham's F12 medium (GIBCO, Grand Island, NY) supple

mented with 10 iig/ml insulin (Squibb-Novo, Inc., Princeton, NJ), 5
Mg/ml transferrin (Sigma, St. Louis, MO), 1 ng/m\ hydrocortisone
(Merck, Sharpe, and Dohme, West Point, PA), 2.0 mM L-glutamine
(GIBCO), 0.1 mivi nonessential amino acids (Microbiological Associ
ates, Walkersville, MD), and 2.7 mg/ml D-glucose (Amend Drug and
Chemical Co., Irvington, NJ). This medium (F12+) was also supple

mented with 1% fetal bovine serum (Sterile Systems, Inc., Logan, VT).
From approximately passages 5-15, the SV40-infected cultures showed
a heterogeneous morphology and grew in patches with many open
areas, and were passaged at about every 2-3 weeks at a 1:3 split. With
continued propagation, the cells grew with increasing vigor and by P20
were capable of growing in confluent sheets so that they could be split
at a 1:10 ratio when passaged approximately every 2-3 weeks. The
transformed cell line maintained its epithelial morphology throughout,
despite progressively acquired altered growth characteristics such as an
ability to grow on plastic, loss of dependence on medium supplements,
and an ability to grow in soft agarose. The line was 100% positive for
SV40 T antigen and keratin, but did not shed infectious SV40 virus.
At approximately every 10th passage the cells were tested for tumori
genicity by injection into athymic nude mice, and consistently proved
negative for this characteristic (12).

The cells were serially passaged, with a number of cultures cryopre-
served at PIO. Chromosome studies were performed on the continu
ously growing cultures at P34, P50, and P56 (Fig. 1). In addition, the
cells frozen at PIO were retrieved and grown to P15, at which time the
chromosomes were also characterized. Chromosome preparations were
made by treating subconfluent growing cultures with colcemid (GIBCO)
at a final concentration of 0.1 ME/â„¢'for 6 h. The cells were then
exposed to a hypotonie treatment of 0.075 M KC1 at 37'C for 10 min,

followed by fixation in 3:1 methanol-glacial acetic acid overnight. Slides
were made by changing the fixative three times and then dropping the
fixed cells onto cold wet slides, which were allowed to air dry. The
slides were banded by immersion in a 1.2% trypsin solution (DIFCO,
1:250) for 5 s, rinsed in two changes of Deaven-Peterson pH 7 NaCl
buffer and stained with Giemsa (12). C banding (performed on PI 5 and
P56 cells) was done by immersing the slides in 5% barium hydroxide
at 50Â°Cfor 3 min followed by l h in 2x SSC at 60'C and staining in

2% Giemsa.
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Fig. l. Flow chart of SV-HUC-1. Broken arrow, period of instability following
SV40 infection when the cells changed from normal to partially transformed.
P15 cells were grown up from cells which had been frozen at PIO, while the other
passages were studied while in continuous growth. Left, approximate time frames
(not to scale); right, cytogenetic characteristics of each passage.

Table 1 Description of marker chromosomes in different passages ofSV-HUC-1

Detailed karyotypes for each passage are shown in Figs. 2, 4, 6, and 7.

Passages

Markers"Ml

der(5)t(5;15)(pl3.1;qll.2)M2*der(6)t(6q;14q)M3der(9)t<6;9)(pll.l;q31.2)M4der(ll)t(5;ll)(pl3.1

;pl5.5)M5del(15)(ql3.2)M6rder(l9)t(9;15;19)M7f

der(X)t(X;15)(p22.3;ql3.2)M8rder(l)t(l;2;13)M9

del(2)(q3S)M10der(5)t(Sp;llp)Mil

der(10)t(10q;13q)MI2der(ll)t(llq;21q)M

13 der(12)t(8;12)(p11.1;p13.3)MI4
der(20)t(l;20)(q32.1;ql3.3)M15rder(X)t(X;18)M16cder(X)t(X;8;18)M17der(14)t(10p;l4q)M18der(21)t(9q;21q)M19del(7)(q32-34)M20der(ll)t(llq;14q)M21cder(X)t(X;ll;18)M22der(21)t(10p;21q)P152082017141919P3421212222182322911P50910107109878P5619212020181619161717

Total cells karyotyped 20 23 10 21
" Markers involve whole chromosome arms unless specific break points are

given.
* This marker was seen in eight of 11 diploid cells, but was not present in the

nine tetraploid cells karyotyped.
' Complex markers (M6, M7, M8, M15, M16, and M21 ) are described in Figs.

2, 3, and 5.

The cells were examined using a Zeiss photomicroscope. Modal
numbers were based on counting at least SOcells, and 10-23 metaphases
with high-quality G banding were completely karyotyped in order to
determine the modal karyotype.

RESULTS

At PI 5 the SV-HUC-1 cell line showed much polyploidy,
with only 53% of the cells being in the diploid range with a
modal chromosome number of 44. Seven characteristic chro
mosome markers were seen in most of the cells (Table 1 and
Fig. 2) although nine of the 20 cells karyotyped showed unique
translocations in addition to the consistent markers. Markers

3216

1 and 4 (Ml and M4) resulted from translocations between
chromosome 5, 11, and 15 [t(15;5;ll) (qll.2;pl3.1;pl5.5)] in
which the long-arm of 15 translocated to 5pl3.1 to form Ml,
while 5pl3.2â€”Â»Sptertranslocated to Ilpl5.5 to form M4.
Marker 2 is composed of a translocation between 6q and 14q;
however, because three of the diploid and all of the tetraploid
cells showed a 6p- and a no. 14 existing as separate chromo
somes, the 6q and 14q must have fused after the 6p material
was translocated to 9q to form M3. In the course of the
(6;9)(pll.l;q31.2) translocation, material from 9q(9q31.2->
qter) was translocated to 19pl3.3 to form M6. It is likely that
the no. 15 pericentromeric region which was lost in the course
of the 15/5/11 translocation, was integrated into M6 along
with the 9q material, since C banding demonstrated a promi
nent C band at the translocation site (Fig. 2). Because the 6/14
translocation occurred after M6 was formed, the no. 14 could
not have supplied the M6 C band material attributed here to
no. 15. A balanced translocation between the X and 15q,
t(X;15)(p22.3;ql3.2), resulted in a 15q- (M5) and an Xp+ (M7)
(Fig. 3/4). Thus, seven different markers involving nine chro
mosomes were formed in the course of five different transloca
tion events. There is no apparent duplication of any genetic
material or any loss except for the centromere and acrocentric
short arm lost in the 6/14 translocation, as well as possible loss
of the 19p telomere.

At the next passage investigated cytogenetically, P34, the
rearrangements resulting in marker formation are more com
plicated, with the modal number now being 42. Although fewer
cells showed unique rearrangements (seven of 23 karyotyped),
and there is only 15% polyploidy, all of the original seven
markers seen in PI5 are gone, and there are nine new markers
instead (Table 1 and Fig. 4). These new markers arose as a
result of four separate translocation events. Formation of mark
ers 8, 9, and 14 resulted from a single translocation event
involving chromosomes 1, 2, 13, and 20 (Fig. 5). Like P15, P34
contains a translocation between chromosome 5 and lip
(M10), but this time with 11p 11.1â€”>ptertranslocated to 5p 15.3
and a chromosome 21 translocated to 11pi 1.1 to form M12.
Although chromosome 8 appears to be missing, material resem
bling a no. 8 short arm is translocated to the short-arm of a no.
12 with the no. 8 centromere at the top producing a dicentric
chromosome (Ml 3). The long arm of the missing no. 8 appears
to be inverted and inserted into M16 (Fig. 3C). Marker 11 is
composed of a translocation between lOq and 13q with apparent
loss of 10p. One chromosome no. 18 appears to be missing but
is instead integrated into M15 or M16 (Fig. 3, B and C); half
of the cells have M15 while the other half have M16 instead.
The M15 (X/18 translocation) was present in the karyotype
shown in Fig. 4, with the alternate X marker (Ml6) shown in
brackets. Thus the cell shown in Fig. 4 is monosomic for 8q
(unlike the cells with the more complex M16). In summary,
except for possible loss of 10p and an extra copy of 13q, and
despite a modal number of only 42, the modal P34 cell line
with M16 is balanced, while the other line (with M15) is lacking
an 8q. All of the P34 cells are lacking two acrocentric short
arms. However, unlike PI 5, chromosomes 6, 9, and 19 are now
structurally normal, and both no. 15 chromosomes are again
present as separate entities.

At P50 the modal number of the immortalized cell line was
still 42 with 14% polyploidy, and three often cells karyotyped
showed unique rearrangements. This passage had nine charac
teristic markers (Table 1 and Fig. 6), seven of which were
present in P34 (including the X marker illustrated in Fig. 3C
and the three rearranged chromosomes associated with M8
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Fig. 2. Modal karyolype at PIS (GTG-
banded) with 44 chromosomes including seven
rearranged markers: 44,Y,t(X;15)(p22.3;
ql3.2). t(15;5;ll)(qll.2;pl3.1;pl5.5), t(6;9)
(pll.l;q31.2), t(6q;14q), t(9; 15;19)(9qter->
9q31.2::15qll.2-Â»15pl2::19pl3.3-.19qter).
The integration of the pericentromeric region
of no. 15 into the 19p-t- is demonstrated by the
presence of a prominent C band in this marker
as shown in M6 from another cell (in brackets
on left).
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Fig. 3. Rearrangements involving the X
chromosome results in different markers at
each passage, with two different X markers (h
and c) seen at P34. Top line, appearance of
these markers with GTG banding; bottom line,
origin of the different X markers: .1. M7 in
volves translocation between X and most of
ISq. The 5/15 translocation on the left is
shown to illustrate the homology of the trans
located ISq regions, as there are no free no. 15
chromosomes at this passage. The designation
of M7 is I(X;1S) (Xqterâ€”Xp22.3:: ISq 13.2â€”
ISqter). B, in P34 chromosome 18 has re
placed the ISq which was translocated to the
X in PIS, thus forming MIS. The designation
of MIS is t(X,18)(Xqter-Â»Xp22.3::18pll.l-Â»
ISqter). C, M16 which is found in half of the
cells at P34 and all cells at PSO, involved
integration of an inverted 8q into M15. Thus
its designation would be t(X;8;18) (Xqterâ€”Â»
Xp22.3::18pll.l-Â»18q23::8qll.l-Â»
8ql2::8q22.2-Â»8ql3::8q22.3-Â»8qter). D, fur
ther evolution of the X marker to M 21 is seen
at P56, where the inverted 8q was replaced
with chromosomal material most closely re
sembling llq. C banding (rectangle) demon
strates presence of two centromeres, indicating
thai most of no. 18 is still integrated into M2I.
The designation of M21 is t(X;l l;I8)(Xqter->
Xp22.3::llq25.3->l I
18qter).

illustrated in Fig. 5). The two new marker chromosomes each
arose through translocation with an acrocentric chromosome.
Marker 17 contains the lOp segment which was displaced when
M11 was formed; however, instead of centric fusion with chro
mosome 14, the lOp centromere appears to be terminal (result
ing in a dicentric chromosome). Marker 18 is composed of
centric fusion between 9q and chromosome 21, which had
previously been translocated to llq, while both no. 11 chro
mosomes now appear to have normal morphology. Unlike PI5
and P34, there are no normal no. 13 chromosomes, as both of
these are integrated into markers. Thus this modal karyotype
appears to be balanced except for an extra copy of 9q (in M18)
and an extra copy of lip (in Ml0), as well as loss of four
acrocentric short arms.

Passage 56 was characterized by still lower polyploidy (10%)

and only a single cell out of 21 karyotyped with a unique
translocation. The modal number is now 43 with ten consistent
markers, of which four were new (Table 1 and Fig. 7). Although
the marker chromosomes associated with the chromosome 1
rearrangement (M8, M9, and M14) were unchanged from the
previous two passages described, the X marker had undergone
yet another rearrangement (Fig. 3D) in which the inverted
chromosome 8 segment was replaced with what appears to be
material from llq (M21). This change was accompanied by a
reappearance of two normal no. 8 chromosomes in the modal
P56 karyotype, making for an extra copy of 8p (since 8p is
present in M13) as well as an extra copy of llq (due to its
presence in M21). The second new marker chromosome, M19,
resulted from a small interstitial deletion of 7q (7q32-34), while
M20 appears to have arisen from centric fusion of an 1Iq and
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Fig. 4. Modal karyotypc of P34 (GTG-
banded) with 42 chromosomes including
nine rearranged markers: 42,Y,t(X;18)
(p22.3;pll.l), -8. t(l,2:13)(2qter-Â»2q35::lp
36.3-Â»lp22.2::lq32.1-Â»lp21::13ql2.1-Â»
13qter), t(l ;20)(q32.1;ql 3.3), t(5;ll)
(p 15.3;p 11.1),t(8; 12)(p 11.1;p 13.3),t( IOq;13q),
t(llq;21q). M16 (brackets) is from another
cell, and is described in detail in Fig. ÃŒC.
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Fig. 5. A complex rearrangement involving chromosomes 1. 2, 13, and 20
resulted in formation of M8, M9, and M14, all three of which were present in
P34, P50, and P56. Arrows, origin of the markers; brackets, specific regions from
each of the involved chromosomes which participated in formation of M8, as well
as the other markers formed as a result of this complex rearrangement, including
complete integration of chromosome 13 resulting in its apparent loss.

14q. M22 also resulted from centric fusion in which the 10p
(previously on the no. 14 which was translocated to 1Iq in P56)
fused with 21q, with the 10p centromere (which was terminal
in M17) now providing the centromere for this composite
chromosome. Thus, at P56 the karyotype is still essentially
balanced except for extra copies of 8p, 1Iq, and 14q, with loss
of the extra 9q segment from the previous passage, as well as
loss of three acrocentric short arms and a distal portion of a
no. 7 (7q32-4).

DISCUSSION

A summary of the apparently missing chromosomes or chro
mosomal segments involved in markers is shown in Table 2.

The fact that none of the markers seen in the PI5 cells were
present in cells of the other passages studied can most likely be
explained by the extensive period of cultivation (19 passages)
separating the PI5 and P34 cultures. Also, the formation of
four new marker chromosomes between P50 and P56 indicates
that the rapid cytogenetic change which resulted in continuous
generation of new markers could well explain the replacement
of seven markers between PI 5 and P34. The rapid karyotypic
changes were most likely facilitated by selection of some non-
modal cells present at the earlier passages, for although the
markers listed in Table 1 were present in most cells, 45% of
the PI 5 cells also had unique markers not present in any of the
other cells. Only 30% of the cells at P34 and P50 had unique
markers, while this declined to 5% at P56, suggesting that
either instability decreases with increasing adaptation to in vitro
growth conditions or else there is increased selective pressure
leading to more efficient elimination of noncompetitive mu-
tants. In fact, since the cells with unique rearrangements were
genetically unbalanced, whereas the modal karyotypes of each
passage studied were more balanced, it would appear that
selection favors those karyotypes which are closest to having a
balanced genome.

Extended chromosome banding of the rapidly growing SV-
HUC-1 cell line has clarified the make-up of the markers, but
has raised questions as to why some markers are continually
rearranged (such as the markers involving the X chromosome)
while others appear to be quite stable once they are established.
For example, M8, first seen at P34, is a stable marker involving
chromosomes 1,2, 13, and 20. This marker had to have arisen
as a result of one complex event occurring in a single cell in a
single passage, with subsequent selection of the altered cell
containing the interrelated group of chromosome changes as
sociated with the formation of M8 (loss of the 13, deletion of
2q, and translocation of Iq material to 20q). The fact that M9
and M14 (both associated with formation of M8) were also
retained in all of the subsequent passages studied suggests that
this interrelated group of chromosome changes conferred some
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MIO

Fig. 6. Modal karyotype of P50 (GTG-
banded) with 42 chromosomes including nine
rearranged markers: 42,Y,t(X;8; 18)(Xqter->
Xp22.3::18pll.l-Â»18q23::8qll.l-Â»
8q 12::8q22.2-Â»8q13::8q22.3->8qter), t( 1;2; 13)
(2qter-Â»2q35::lp36.3-Â»lp22.1::lq32.1-Â»
Ip21::13ql2.1->13qter), t(l;20)(q32.1;ql3.3),
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Fig. 7. Modal karyotype of P56 (GTG-
banded) with 43 chromosomes including IO
rearranged markers: 43,Y,t(X;l 1;18)(Xqter->
Xp22.3::llq25.3->llql3.1::I8pll.l-Â»
ISqter), t(l;2;13)(2qter->2q35::lp36.3->
Ip22.1::lq32.1-Â»lp21::13ql2.1;ral3qter),
t(l;20)(q32.1;ql3.3), t(5;ll)(P15.3;pll.l),
del(7)(q32-34), t(8;l 2)(pl 1.1 ;pl 3.3),
t( 1Op;21q), t( 1Oq;13q), t( 11q; 14q).
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important advantages. It is unfortunate that we were not able
to study the chromosomes at a passage intermediate between
PI5 and P34, as it is possible that these markers arose at about
the time the cells were progressively adapting to growth in vitro,
since by P20 the cells no longer grew in patches (as in P15) but
were now capable of growing in confluent sheets (see "Materials
and Methods") (12).

Stability of some markers in SV40-transformed cells has been
previously noted by Rodgers et al. (6). The stability of M8 as
well as the associated M8 and M14 is demonstrated by the fact
that once formed they were seen in all subsequent passages, in

marked contrast to the X markers (Fig. 3). For example, M7
at PI5 involves X and most of 15q, with 15q replaced by no.
18 at the subsequent passages. This association of X and 18
must have had some adaptive advantage as it is retained in all
of the subsequent passages, although other chromosomal seg
ments were also involved in this marker and inserted between
the X and the 18 (for example, 8q was inserted in M16 seen in
P34 and P50, while it was replaced by llq material in M21
seen in P56). Loss of the 18, or its integration into markers,
was observed to be the most frequent event in an SV40-trans-
formed prostatic epithelial cell line (5), and the fact that once
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Table 2 Overview of chromosomal loss and gain in different passages ofSV-HUC-1

Passage15

34
50
56Diploid

no.44

42
42
43No.

of
markers7

9
910No.

of new
markers7

92

4Apparently

missing
chromosomes or
segments present

inmarkers0X,

5p, 6p, 14, 15, 15
X, 1,8, Up, 13, 18,21
X, 1,8, 10p, 13, 13, 18
X, 1, 10p, 13, 13, 18, 21Missing

chromosomes
or segments not

present inmarkersSq.*

10p

7q32-34Extra

chromosomes
or segments due to
presence inmarkers13

llp,9q
8p, llq, 14q

" Refers only to chromosomes or large chromosome segments present in markers which are so rearranged that without careful examination of the markers they

appear to be missing from the karyotype. Missing centromeres, telomeres, or acrocentric short arms also are not included in this table.
* Only one-half of the cells (those with M15 instead of M16) are lacking an 8q.

it occurred here the 18 remained intact (or nearly so) despite
the overall instability of the marker is most interesting. The
presence of an almost intact no. 18 is confirmed at P56 by C
banding (Fig. 3D), in which the inactive 18 centromere is shown
in the complex M21.

One aspect of the SV-HUC-1 chromosomal instability de
scribed here, which has been noted previously (4-9), is that
most of the rearrangements involve large chromosomal seg
ments such as whole arms or even apparently intact chromo
somes, with telomere fusions leading to apparently stable di-
centric or pseudodicentric chromosomes. Walen has suggested
some kind of affinity between SV40 and centromere and telo
mere regions (9), and this is supported by our data. Although
some of the SV-HUC-1 chromosomal rearrangements involve
smaller segments, few of the breaks occurred adjacent to the
sites of any known oncogenes. Since this is not the case, for
example, with the balanced translocations associated with lym-
phomas and leukemias [reviewed by Rowley (14)], this may
explain why SV-HUC-1 was repeatedly found to be nontu-
morigenic.

The mechanisms involved in the observed instability are
beyond the scope of this paper. However, the presence of unique
chromosome rearrangements in different cells, ranging from
45% of the cells analyzed at PI5 to 5% at P56, suggests that
the genetic instability characteristic of this line leads to contin
uous production of nonmodal cells, with continuous selection
from among these cells leading to the different modal kary-
otypes seen at each of the four passages studied. Thus the
observed genetic instability permits loss of markers together
with acquisition of new markers, followed by selection of cells
bearing such markers, not necessarily because all of the markers
are advantageous but because some are associated with a more
adaptive overall genome.

The fact that the karyotypic changes which were initially
selected, as shown in P15, were those which conferred the most
balanced karyotype (i.e., those involving no major net losses or
gain of genetic material) is most unexpected, especially since
this occurred against a background of extreme cytogenetic
instability. If genetic balance is needed for optimal cellular
adaptation of SV-HUC-1 to in vitro conditions, one would not
expect continuing instability once such balance had been at
tained, nor would one expect deviations from such balance to
increase with time in culture. Yet genetic instability appears to
be a characteristic of all SV40-transformed human cell lines
(2-9), suggesting that continuous cytogenetic change may play
an important role in immortalization of such cell lines. Perhaps
the genetically balanced or near-balanced nontumorigenic cells
described here owe their extended lifespan to continual genetic
recombination, which keeps the DNA from "aging," just as

meiotic crossing-over and genetic recombination in the forma
tion of gametes in eukaryotic organisms leads to the "rejuven
ation" of the DNA which forms the zygote (15).

In conclusion, the present study, which used extended band

ing procedures for characterizing different passages of an SV40-
immortalized human uroepithelial cell line, was able to show
that the extensive cytogenetic heterogeneity which has long
been known to characterize such cell lines (2-9), and which
often appeared random in earlier studies which did not use
banding or did not study serial passages, actually involved clonal
evolution of marker chromosomes with selection for the most
balanced karyotype. Finding small but additive deviations from
genomic balance to occur with increasing passages is not unlike
the situation in some leukemias and lymphomas, which start
out with conservative chromosome changes such as a single
balanced translocation, and later acquire increasingly unbal
anced changes associated with progression. In fact, the similar
ity of the cytogenetic changes in this line to changes seen in
hematological malignancies, where it has been possible to ob
serve early cytogenetic changes, suggests that this line may
provide a valuable tool for studying early events in tumor
adaptation and progression.
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