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ABSTRACT

Using a well-defined in vitro model system for neoplastic progression,

we have examined two basic characteristics in the acquisition of amplifi
cation potential. Since Syrian hamster embryo fibroblasts can be trans
formed by a variety of methods (spontaneously, chemically, virally, or by
transfection with oncogenes). we determined whether the method of trans
formation affects the capability of a cell to amplify. In addition, since
variants can be isolated from cell populations as they progress toward
tumorigenicity, we can monitor changes in amplification potential during
this multistep process. We find that the capability to amplify is indepen
dent of the method of transformation and that the acquisition of this
ability occurs in a defined step in the transformation process. In this model
system, acquisition of amplification ability occurred concomitantly with
the loss of tumor suppression function.

INTRODUCTION

The multistep nature of tumor formation is now a widely accepted
paradigm for carcinogenesis (1-5). and it has been hypothesized that

the acquisition of genomic instability is an important component of
this process (6). Large-scale chromosomal aberrations, including ane-

uploidy. translocations, and deletions, have been frequently observed
in a variety of tumor cells but rarely in normal cells (7). The mani
festation of gene amplification, observed as homogeneously staining
regions or double-minute chromosomes, is a widespread occurrence in
neoplastically transformed cells (8-10) but undetectable in normal

diploid fibroblasts (11, 12). These chromosomal alterations may gen
erate the biochemical and cellular heterogeneity that is characteristic
of neoplastic tissue. Therefore, control mechanisms that maintain
chromosomal integrity may be prevented from functioning properly at
some point during the development of malignancy. Information about
the mechanisms that safeguard chromosomal stability might help in
understanding the initiation and progression of neoplasia.

In our recent studies, we have examined the relationship between
tumorigenicity and one type of genomic instability, gene amplifica
tion. In our studies we used PALA4 resistance as a probe for gene

amplification. PALA specifically inhibits the aspartate transcarbamy-

lase activity of the CAD enzyme, a trifunctional protein carrying
carbamyl-P synthethase. aspartate transcarbamylase, and dihydro-oro-

tase, the first three enzymes of UMP biosynthesis (13). The major
reported mechanism by which cells may achieve resistance to PALA
is by amplification of the CAD gene (14). Therefore, we used the
incidence of resistance to PALA as a direct indicator of the ability of
cells to amplify DNA.

Received 1/25/93; accepted 4/28/93.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1This work was supported by National Institutes of Health grant CA5I9I2 to T.D.T.
- Permanent address: Polish Academy of Sciences. Institute of Biochemistry and

Biophysics, ul. Rakowiecka 36. 02-532 Warszawa. Poland.
1To whom requests for reprints should be addressed, at CB 7295, Room 3()9.

Lineberger Comprehensive Cancer Center. University of North Carolina. Chapel Hill, NC
27599.

4 The abbreviations used are: PALA. /V-(phosphonoacetyl)-i -aspartate: SHE. Syrian

hamster embryo; SSC. standard sodium citrate; LDW, 50% lethal dose of drug.

Earlier studies demonstrated that, while a spontaneously trans
formed SHE cell line (FOL-T1 ) amplified the endogenous CAD gene
at a frequency of 10~5, the normal, diploid SHE population, from

which this transformant arose, lacked detectable ability to amplify
(<10~9) (11). To more closely examine the potential for gene ampli

fication in multistep neoplastic development, we chose to use an in
vitro cell culture system that has been developed for the dissection of
transformation at the cellular and genetic levels. One of the best
cellular systems suitable for such studies was developed by Boyd and
Barrett (4). They used primary SHE cells to clearly demonstrate
discrete multiple events leading from normal to tumorigenic status.
This cell culture system has several advantages for studying neoplastic
transformation (2). First, transformation of these cells occurs sponta
neously at a very low frequency (< 10~9). but this frequency is greatly

elevated by chemical carcinogens, viruses, or transfection of onco
genes. Second, the non-neoplastic cells have a stable, near diploid

karyotype. Third, these cells progress to neoplastic transformation
through a multistep progression, and cells in different stages of these
processes are available. Because of this last property, one can identify
and isolate intermediate or preneoplastic cells that have acquired
some, but not all, of the mutations necessary for tumorigenicity. The
most common pathway for neoplastic progression in this system re
quires at least four heritable changes. The earliest changes effect
morphology and growth requirements. The cells alter their shape,
demonstrate a criss-cross growth pattern, and show increased baso-

philia and increased nucleus to cytoplasm ratio. The second identifi
able change is the loss or inactivation of a senescence gene, a gene
which limits the proliferative capacity of cell populations in culture
( 15). A third clearly identifiable change is the loss of tumor suppressor
genes. During early passage, these immortalized cells retain the ability
to suppress tumorigenicity of tumor cells in cell-cell hybrids (supB ' ).

At later passages, the populations become heterogeneous, with the
tumor suppressor phenotype lost in some of the cells (supB~) (16).

Individual subclones have been isolated and fused with the highly
tumorigenic BP6T cell line. Some subclones (supB *) were similar to

parental diploid SHE cells in that fusion with BP6T cells resulted in
hybrids suppressed for tumorigenicity. Other subclones (supB~) had

lost this property. The loss of the suppressor function has been cor
related with biochemical and growth control changes (17, 18). The
supB~ cells express wild-type retinoblastoma (19) and p53 proteins

(20), indicating the involvement of another tumor suppressor gene.
Down-regulation of the tropmyosin-1 gene occurs concomitantly with
the loss of the tumor suppressor, and expression of the TM-I gene in
an antisense orientation results in loss of anchorage-independent
growth control of the supB ' cells ( 18). Finally, activation of various

oncogenes is observed in those cell populations that emerge as tum
origenic (4).

In this study, we used SHE fibroblasts transformed spontaneously,
chemically, virally. or by oncogene transfection to ask whether the
method of transformation affects the gene amplification potential of
the SHE cells. We found that each of these cell lines displayed a
comparable ability to amplify, whereas the normal cells lacked this
ability. We examined the effects of neoplastic progression on the
potential of a cell to amplify. In these studies two independent pre-
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neoplastic lines, DES4 and 10W, were monitored for gene amplifica
tion ability during the early steps of neoplastic progression. A matched
set of variants from the immortal, preneoplastic cell populations pos
sessing and lacking tumor suppressor activity was found to differ in
the ability to amplify. We find that the ability to amplify is indepen
dent of the method of transformation. In this model system, acquisi
tion of amplification ability occurred concomitantly with the loss of
tumor suppression function.

MATERIALS AND METHODS

Cells and Culture Conditions. We used SHE cell lines in various states of
transformation. The parental populations are stable, diploid isolates from SHE.

Two independently isolated, nontumorigenic cell lines isolated from priman.
SHE cells treated with either asbestos (10W) or dielhylstilbestrol (DES4)
(21-23) are immortal and retain the ability to suppress tumorigenicity (supB ' )
when fused with lumorigenic BP6T cells (supB~). The highly tumorigenic cell

line BP6T was obtained by benzol a (pyrene treatment of hamster cells and
serves as a cell line to measure tumor suppression function (24). Isolation of
the individual supB* cell lines (lOWsup"* and DES4sup*'l. as well as their

supB" derivatives (10Wsup~* and DES4sup~'). and their different abilities to

suppress highly tumorigenic BP6T cells in somatic cell hybrids have been
previously described (16, 24). All of these lines have been extensively char
acterized for their phenotypic stability and degree of heterogeneity (16). The
six other cell lines used in this study were tumorigenic with short latency
periods. They were generated by transforming SHE fibroblasts with various
carcinogens: chemically, BapST Ibenzo(a)pyrene) (25) and DES4T (diethyl-
stilbestrol) (21); by viral oncogene transfection (SHEsrcT) (26). and by poly-

oma virus transformation (Pyt) (23); some were transformed spontaneously
(FolTl and BHKA) (27). All tumorigenic cells transformed by these various
methods are established cell lines. The BHKA cell line was generated by
culturing the tumor resulting from the s.c. injection of spontaneously trans
formed baby hamster kidney cells obtained from the American Type Culture
Collection into nude mice. All cell lines were grown in complete medium
consisting of a-minimal essential medium deficient in deoxyribo- and ribonu-

cleosides. supplemented with 10% (v/v) dialyzed fetal bovine serum (GIBCO).
PALA was obtained from the Drug and Synthesis Branch. Division of Cancer
Treatment. National Institutes of Health.

Plating Efficiencies and Drug Selection. The plating efficiency was de
termined as described by Otto e! al. (28). The drug selection experiments were
performed using the protocol described previously (28).

Subcloning PALA-resistant Cell Lines. Cells from individual PALA-re-

sistant colonies were carefully scraped from the bottom of culture dishes using
a sterile micropipette tip and were transferred to the new 100-mm-diumeter
culture dish. These cells were expanded in the same concentration of PALA-

containing medium until appropriate numbers of cells were obtained for further
analysis.

Soft Agar Assay and Tumorigenicity Assay. The potential for anchorage-

independent growth is an accurate indicator of tumorigenicity in the SHE cell
system, and the assay was performed as previously described ( 16). The cells
were also tested for their tumorigenic potential by s.c. injection of cells into
BALB/c (nu/nu) nude mice.

Preparation of Metaphase Spreads. Cell cultures. 40-60% confluent,
were incubated in 0.25 fig//xl Colcemid (Gibco) for 1-1.5 h. Mitotic cells were
dislodged with a tap. or the plates were treated with trysin-EDTA, 0.25%

(Gibco). for I min at room temperature. The cells were collected, exposed to
0.075 M KCI for 15 min. fixed in fresh Carnoy's fixative (methanol:glacial

acetic acid. 3:1 ), dropped onto clean, wet microscope slides, and baked at 60Â°C

overnight.
Probe Preparation. Two cosmids, c64 and c8l (29). in equal proportions

were used as probe. The cosmids. each approximately 40 kilobases in length,
represent the 5' and 3' ends, respectively, of a contiguous 90-kilobase region

of the Syrian hamster CAD gene. DNA was labeled w ith biotin-dATP by nick
translation using the Bionick labeling system (BRL). Labeled probe. 50-500

base pairs in size, was isolated using Centricon 3 microconcentrators
(Amicon).

Fluorescent in Situ Hybridization. The FISH protocol of Trask and Ham-

lin (30) was used with minor modifications. Chromatin was treated with 100

l RNase A in 2x SSC (pH 7.0) for I h at 37Â°C.dehydrated in 70. 85. and

100% ethanol, and air dried. DNA was denatured in 70% (v/v) tbrmamide
(BRL). 2x SSC (pH 7.0) at 72Â°Cfor 2 min, dehydrated, and dried as above.

The slides were treated with proteinase K (Sigma). 60 ng/ml. in 20 imi
Tris-HCl, 2 m.\i CaCl: (pH 7.5) for 4 min at 37Â°C.dehydrated, and dried as

before. The hybridi/ation mixture contained 2 ng//j.l probe. 55% tbrmamide.
1x SSC (pH 7.0). 10% dextran sulfate. 0.5 fig/fil salmon sperm DNA (Sigma),

and 0.5 fig/fil sonicated genomic Syrian hamster DNA to suppress probe
repetitive sequences. DNA in the hybridi/ation mixture was denatured at 72Â°C

for 2 min and chilled on ice. Hybridization mixture was applied I MX)Â¿il/slide).
and a coverslip (24 x 50 mm; Corning) was attached with rubber cement and
incubated in a moist chamber overnight at 37"C. Following 3 washes, 42Â°C,5
min each in 50% formamide. 2x SSC (pH 7.0); 3 washes, 42Â°C,5 min each

in 2X SSC. and a quick rinse in 4X SSC. the slides were incubated in blocking
solution (4x SSC. 3% bovine serum albumin) for 30 min at 37Â°C.Probe was

detected using fluorescein-labeled avidin-DN (Vector Labs) at 5 ng/nl in 4x
SSC. 1% bovine serum albumin, and 0.1% Tween 20. for 30 min at 37Â°C.After

3 washes in 4X SSC-0.1% Tween 20 and 3 washes in O.I Msodium bicarbon-
ate-0.5% Nonidet P-40. each for 5 min at 37Â°C.the intensity of the hybrid

ization signals was amplified using hiotinlylated anti-avidin antibody (Vector
Labs) at 5 fig/fil in phosphate-buffered saline, followed by another incubation
in fluorescein-labeled avidin. Chromosomes were counterstained with 0.5

fj.g//il propidium iodide (Sigma).
Microscopy. Slides were viewed with a Nikon Microphot FXA microscope

equipped with filters for fluorescein and propidium iodide. B-2A and G-1B.

respectively. Visualization was at XIOO magnification using a Nikon Fluor
xlOO DL objective. Photographs were taken with Kodak Ektar 125 or 1000

film.

RESULTS

Determination of PALA Resistance in SHE Tumorigenic Cell
Lines. We determined the frequency of generation of PALA-resistant

variants in SHE cells transformed by various carcinogens (Fig. I ). Six
independently derived tumorigenic hamster cell lines that were used in
this study and their characteristics are listed in Table I. These cell
lines produce malignant fibrosarcomas with short latency periods
when injected into syngeneic hamsters or nude mice. Anchorage-

independent growth in soft agar was reconfirmed (data not shown) and
was identical with previously published characterizations ( 16). In the
SHE cell system, the ability to grow in soft agar correlates very well
with tumorigenicity (31). As a control cell line, we used parental
normal, diploid SHE fihroblast cells at passage 3 that were nontum
origenic and senesced after 10-15 passages. Two of the four cell lines.

BapST and DES4T. were chemically transformed (Table 1); SHEsrcT
was transformed by transfection with r-.v/r. and Pyt was transformed

by infection with polyoma virus. Of the remaining two cell lines.
FolTl was spontaneously transformed from SHE cell cultures, while
BHKA was spontaneously transformed from baby hamster kidney cell
cultures. Using this panel of tumorigenic cell lines, we were able to
determine whether the method of transformation affects the amplifi
cation potential of the neoplastic cells.

All cell lines were initially characteri/.ed for their plating efficiency
and sensitivity to the drug PALA (Table 2). The mean LDM) was
determined for each cell line and allowed the normalization of results
between different experiments as well as between different samples. A
minimum of IO7cells per experiment from each cell line was selected
in 9 x LD5I1of PALA at the cell densities ranging from I X 105-2 X
IO5 cells/150-mm plate. We found that these highly tumorigenic cell

lines demonstrated a frequency of CAD gene amplification ranging
from 1.5 X |(r5-3.6 X Ifr" (Table 2). We concluded that the rate of

gene amplification (at least 2-3 orders of magnitude higher than in

normal, diploid cells) is comparable in all tumorigenic cell lines
independent of their method of transformation. In contrast to the
transformed SHE cells, no colonies were observed in any plate with
primary SHE cells exposed to 9 X LD,0 of PALA (Table 2). Thus, the
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Fig. I. Schematic representation of the multislep
transformation of the primar)- diploid Syrian ham
ster embryo fibroblasts. tum~, nontumorigenic;
turn*, tumorigenic; SA", cannot grow in soft agar;
SA *, can grow in soft agar; sen ', senescent com
petent: sen", immortal: sup*, has tumor suppressor

activity when hybridized with Bap5T tumorigenic
cell line: sup", lost tumor suppressor activity; amp",
amplification ability is undeteclable: amp". demon

strates the ability to amplify.

Primary
SHECells
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sup""
amp"

Activated
Oncogene

(DES4)

Early
Passage

turn"
SA'
sen"1"
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amp"

Later
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SA"

BAPÃ•T
PYT
SHE SrcT
FOLTI
DES4T

-*- Tumorigenic
cells

\
sup
amp"

sup"
amp+

sen"
sup-
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Table 1 Churticleri:.tintm of the SHE tnmoh^enic ceil tines

Cell
lineSHEFolTIBIIKABapSTDES-4TPytSHEsrcTMethod

of
transformationNoneSpontaneous

transformantSpontaneous
transformantBenzoUi
IpyreneDiethvlstilbestrnlPolvoma

virusv-src
transfcctionLatency

(days)NA"20-30II7-14105-207Growth
in

soft agar(%)02-54-52-5>IO1-56-7

' NA, not applicable.

Table 2 Detenninarion of PALA resistance in tumorigenic SHE eel! lines

CelllinePrimary

SHEfibroblastsSpontaneouslv
transformedFOLTIBHKAChemically

transformedBap5T'DES4TVirali)'

transformedPytTransformed

withoncogeneSHEsrcTPE(%)28753560508080PALALD5â€ž(flM)51530202017II)Frequency

ofCAD
geneamplificationat

9 xLDioND"
Â«IO""'')2.5x10-"

Â±2.1xlir"2.5xlO-6Â±2.1
xlir6l.-xl()-5Â±0.7xlO-54

xKr53.6xlO-fiÂ±2.6

xHP'1l.5xl(>-5Â±0.8

xlO""5"

ND. not detectable.

frequency of CAD gene amplification was reconfirmed as <IO 9 in

these cells ( 11 and this report).
FISH Analyses of PALA-resistant Tumorigenic Cell Lines. Lo

calization of the CAD gene by FISH verified that gene amplification
rather than aneuploidy or some other mechanism was responsible for
the observed PALA resistance. The CAD gene was localized in
metaphase chromosomes for each parental cell line and various sub-

clones resistant to PALA. All of the CAD gene copies we detected
were intrachromosomal. In the unselected (parental) cells, the probe
bound as two dots directly across from each other on the p arm of the
B9 chromosomes, the normal location of the hamster CAD gene (32).
These signals represented single-copy CAD genes on each sister chro-

matid of the homologous chromosomes (Fig. 2. A and B). In the
PALA-resistant subclones, more than two sets of signals were visu
alized (Fig. 2, C-F). Approximately 40 metaphase spreads were

viewed for each cell line or subclone, and the pattern of the amplified
genes was consistent for each particular cell line or subclone with only

minor variations, which is expected since heterogeneity is a hallmark
of tumorigenic cell populations.

Determination of PALA Resistance in Preneoplastic SHE Cell
Lines. The results published previously ( 11, 28) and those presented
above show a parallel between the ability of cell lines to yield variants
resistant to PALA and the ability of these same cells to form tumors.
It was previously reported (II. 28) that primary diploid cell popula
tions exhibit no detectable amplification frequency (<lfrs) and was

confirmed in this study. Because of the progressive nature of tumor-

igenicity, we can speculate that somewhere during the process that
leads to the generation of neoplastic cells the acquisition of genetic
instability occurs. It may be acquired gradually or all at once. We used
the SHE model system to determine at which step(s) in the multistep
process of tumorigenicity these cells acquire the ability to exhibit gene
amplification.

We used matched pairs of preneoplastic cell lines that differed in
their tumor suppressor activity to determine whether the activity
which suppresses the tumorigenic phenotype also suppresses the abil
ity to amplify the CAD gene. The cell lines used in this study were all
nontumorigenic and immortal. The lOWsup'" and DES4sup*' cell

lines were able to suppress the tumorigenic phenotype of BP6T cells
in cell hybrids, while their subcloned derivatives lOWsup"1 and
DES4sup^' did not have tumor suppressor activity as measured in cell

hybrids. We determined the ability of each cell line to generate PALA-

resistant colonies. The incidence of PALA resistance, calculated from
the results of three independent experiments, are presented in Table 3.
Results of these experiments indicate that the cell lines that lack tumor
suppressor activity give rise to colonies resistant to PALA at a fre
quency at least 2 orders of magnitude higher than the cell lines that
retain tumor suppressor function.

Examination of Tumorigenicity in PALA-resistant Preneoplas
tic SHE Cells. The cell lines that lack tumor suppressor activity were
initially nontumorigenic as determined by growth in soft agar and
injection into nude mice. We examined the tumorigenic potential of
these cells after they demonstrated amplification of the CAD gene to
determine whether they remained preneoplastic (i.e., nontumorigen
ic). Subclones of lOWsup"' and DES4sup~' were expanded in the

same concentration of PALA in which they were selected, and aliquots
were tested for tumorigenicity. Cells were injected i.p. into nude mice
(107/injection), and the animals were monitored for tumors for 6

months. No tumors were evident during this time. Cells that have
demonstrated their ability to amplify are not automatically tumori
genic.
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Fig. 2. Fluorescence in situ hybridization anal
ysis using a hamster CAD gene probe. Meiaphase
spreads from two unselected parental cell lines,
SHEsrcT (a) and Pyt {/'). have single-copy CAD

gene sequences at the normal locus on each chro
mosome B9. An example of a clone from each
method of transformation resistant to 9 X LDÂ«)is
shown, c. BapST 135; d. Pyt 153-1; e. FOLTI
I08-1:/ SHEsrcT 90-1. CAD gene is amplified in
the PALA-resistant clones.

Table 3 Determination of PAIA resistance in Â¡trenettpltistic SHE cell lines

CelllinelOWsup^*lOWsup-'DES4sup+<DES4sup-'PE<â€¢*)80626080PALALuso-MM14III49Frequency

ofCAD
amplificationat

9 xLDi(,ND"
Â«5 xI(T")3.7xlO~6Â±

1.4xlO"6ND

Â«5 xKr7)4.5xlO"5
Â±I.9xl0"5

' ND. not detectable.

DISCUSSION

Genomic instability is a near universal characteristic of neoplastic
cells. The molecular mechanisms and regulations that are involved in
the generation of the chromosomal abnormalities are just now coming
to light and the relationship of these changes to the neoplastic process
is under investigation. In this study, we demonstrated that the gener
ation of one type of genomic instability, gene amplification, is inde
pendent of the method of transformation. In vitro model systems have
proven invaluable for the study of neoplastic initiation and progres
sion. Physical as well as chemical carcinogens have been applied, and
common characteristics of the process of neoplastic progression have
been studied. One of the common characteristics observed after the

application of chemical carcinogens or the infection of viruses is the
multitude of chromosomal abnormalities that emerge. Since many
chemical carcinogens are known to be mutagens, an increased muta
tion rate or increased frequency of gene amplification might be ex
pected with this method of transformation. On the other hand, viruses,
efficient in their transforming abilities, could conceivably bypass the
random generation of mutations and progress to malignancy through
a different pathway. Similarly, cells transfected with mutated onco-

genes. already possessing at least one of the necessary changes, might
not find the generation of genetic instability an obligatory step. It is for
these reasons that we chose to examine amplification potential in cells
transformed by various methods. Our data indicate that the acquisition
of genetic instability, the ability to amplify endogenous genes, is a
common change no matter the path to neoplastic transformation.

Since a significant difference in amplification potential was exhib
ited by normal, diploid SHE cells compared to the transformed vari
ants, we sought to determine whether the conversion was an early
event or a later event in the SHE transformation pathway. The earliest
stable population we could obtain was of cells that had already un
dergone morphological changes and had escaped senescence. These
immortal preneoplastic cells contain a tumor suppressor function that
is displayed in cell-cell hybrids. These cells, when placed in PALA,

entered a state of growth arrest and lacked a detectable ability to
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amplify. The growth arrest has been previously observed in normal
human and rodent cells (33. 34). These same hamster cells have
generated ouabain-resistant variants in previous studies (35, 36), and
hence, our inability to detect PALA-resistant colonies is not due to a

clonogenic insufficiency. As these cell populations are passaged in
culture, they become heterogeneous with respect to their ability to
suppress tumorigenicity after fusion with BP6T cells. We found that
the loss of tumor suppressor ability was concomitant with the acqui
sition of the ability to amplify. This concomitant change in phenotype
was seen in two independent transformation series, suggesting a pos
sible linked relationship.

It is interesting to note that previous work has identified the p53
tumor suppressor gene as one of the components of a pathway that can
modulate gene amplification (33, 34). Both the supB * and the supB~

cells have been shown to contain functional wild-type p53 by analysis

of DNA. RNA, and protein expression (20). The retinoblastoma gene
product is also expressed and regulated in a wild-type fashion in the
supB ' and supB" cells ( 19). The molecular basis for the suppression
of amplification potential in supB ' cells remains unknown. If one

postulates a pathway for the regulation of gene amplification that
depends on the expressed products of several genes, then the molec
ular defect in these supB" cells may lie in upstream or downstream

components of the pathway.
The relationship between immortality and the suppression of gene

amplification is further elucidated in these studies. Our previous work
(37) using human-human somatic cell fusions demonstrated that the

suppression of immortality segregated independently of the suppres
sion of amplification ability. In these hybrids, the chromosomes con
taining genes that suppress immortality are lost, while the chromo
somes that carry the gene(s) suppressing gene amplification are
retained. Until the present study, however, all immortalized cell lines
we examined demonstrated an ability to amplify, keeping open the
possibility that a cell must become immortal before it could acquire
the ability to amplify, and conversely, immortalization itself obligated
a change in genetic stability. The lack of demonstrable gene amplifi
cation in the immortal DES4supB ' and lOWsupB ' cells indicates

that immortalization itself does not obligate a release from suppres
sion of gene amplification.

In summary, we find that the acquisition of the ability to amplify the
endogenous CAD gene in this /'// vitro hamster model system is inde

pendent of the method of transformation and that in two independent
instances this acquisition occurred as the cell population changed from
supB ' to supB".
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