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ABSTRACT

A positive correlation was found between the presence of amplified
DNA in the form of homogeneously staining regions (HSRs), and the
formation of spontaneous mÃ©tastasesby the human melanoma cell line
MeWo. HSR* and HSR~ MeWo sublines and clones were injected s.c.

into BALB/c nude mice. All MeWo lines produced primary tumors that
were allowed to grow to a similar size before the animals were sacrificed
and examined for the presence of metastatic nodules in the lungs and
abdominal cavity. HSR* lines gave extensive mÃ©tastases(>lllll nodules)
in the lungs and/or liver and abdomen in 18 of 19 animals. The HSR"

MeWo lines were effectively nonmetastatic, producing mÃ©tastasesin 3
of 20 animals, two of which had only a single metastatic lung nodule
each. Evidence for the presence of HSRs in the primary tumors and
metastatic nodules was obtained by DNA dot-blot hybridization to a
sequence (1)15/1) amplified in the HSRs, flow cytofluorometry for
cellular DNA content, and quinacrine staining of metaphase spreads. The
HSR* clones also colonized the lung to a much greater extent than I INK
clones following i.v. injection. In addition, the HSR* clone had a selective

advantage in lung colonization, since i.v. injection of a 50:50 mixture of
HSR* and HSR" clones resulted in extensive mÃ©tastasespopulated
exclusively by HSR* cells. The results suggest that DNA sequences

amplified in the HSRs of human melanoma MeWo cells may confer
enhanced metastatic properties to these cells.

INTRODUCTION

Amplified DNA sequences in the form of HSRs3 and double

minute chromosomal fragments have been observed in numer
ous tumor cell lines and direct chromosome preparations from
fresh human tumors (1-3). In many cases the nature of the
DNA sequences involved has not been established. In several
cultured tumor cell lines, however, genes of the myc and ras
families as well as other oncogenes have been found to be
amplified (4-6). Thus the presence of amplified genes of the
myc family in neuroblastomas (7) is closely associated with
particularly malignant cancers and fatal outcome of the disease.

Whereas DNA amplification has been correlated with tu-
morigenicity (8-10), little is any, information is available on
the relationship of this phenomenon to metastasis. Metastasis
is a multistep process and a variety of genes may influence one
or more steps of the metastatic cascade (11). It is conceivable
that amplification of such genes may enhance the metastatic
capacity of cells.

We have been studying the role of DNA amplification in
tumor growth and progression in the human melanoma line,
MeWo. Previously (12), we demonstrated that HSR+ MeWo
cells were more tumorigenic than HSR" MeWo cells as judged

by tumor incidence, latency, size, and tumor take values. In
addition, HSR* cells exhibited a selective advantage during
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tumor growth since s.c. injection of a mixed cell population
(40% HSR*) resulted in primary tumors consisting of >90%
HSR* cells.

Here we present the results of a study on the possible role of
the HSRs found in the human melanoma line MeWo in the
formation of spontaneous mÃ©tastases.We used two sublines of
MeWo with and without HSRs, as well as HSR* and HSR~

MeWo cloned lines. We present data which suggest that am
plified DNA in the form of HSRs correlates with an augmented
metastatic phenotype in MeWo cells.

MATERIALS AND METHODS

Animals. BALB/c nude (nu/nu) mice were bred in the Queen's

University pathogen-free barrier unit. Three-month-old females were
used in all experiments.

Cell Lines and Culture Conditions. MeWo is a pigmented cell line
derived from a lymph node metastasis in a patient with malignant
melanoma (13). Examination of chromosomes from the earliest avail
able in vitro passage, the MeWo-A, revealed cellular heterogeneity, but
all cell types were hypodiploid and shared complex marker chromo
somes indicating a common origin. Homogeneously staining regions
were present on chromosome 15, der(15,9), and 19 and appeared
unstable for the following reasons.4 Two separate ampules of frozen
cells were obtained from Dr. J. Fogh at the Sloan-Kettering cell bank
on two separate occasions over a 2-year interval. One was passaged
only 43 times ;'// vitro, the MeWo-B, and gained a hypotetraploid

population (30%) but lost its HSRs. The other, MeWo-C, was passaged
90 times and gained a hypotetraploid population as well (60%), but
maintained its HSR on chromosome 15 and a large new one appeared
on the X chromosome, probably due to a translocation event. A detailed
chromosome analysis of the cell types present in MeWo-B and MeWo-
C cultures is presented by Holden et al.5 A third line, MeWo-CPl,
derived from a MeWo-C-induced tumor (12) contained >90% HSR*
hypodiploid cells. Two cloned cell lines were derived from MeWo-C:
MeWo-Cd-16 is a hypodiploid HSR+ cell line, and MeWo-Ct-1 is an

HSR hypotetraploid line (14). These cloned derivatives had the same
chromosome constitution as the subpopulations of MeWo-C from
which they arose. The chromosome constitution of MeWo-C is pre
sented in Shtromas et al. (12). Cell cultures were established from
primary tumors and metastatic nodules by dispersing cells and sus
pending them in culture medium. They were grown in vitro for 1
passage (1-3 weeks) before analysis.

Reagents. Radioactively labeled [a-32P]dCTP was obtained from New
England Nuclear, quinacrine-HCl was from BDH Chemicals, and Gun-
buffer tablets (pH 6.8) were from DME Diagnostics.

Cytogenetic Analysis. Metaphase spreads were analyzed after staining
with solid Giemsa and/or quinacrine-HCl.

DNA Extractions from MeWo Cells and Placenta. DNA was extracted
from MeWo cells and placenta as described previously (12). Primary
and metastatic tumors were cultured in vitro (1 passage) prior to DNA
extraction.

DNA Dot Blotting. Sheared genomic DNA was dot blotted onto
nitrocellulose paper and probed with 015/1, a 1.8-kilobase Kpn\
repetitive sequence which is amplified in the HSRs as described (15).

Flow Cytofluorometry. Cultured MeWo parent lines and cultured
cells from primary and metastatic tumors were stained with propidium

4J. J. A. Holden, et al., unpublished observations.
*J. J. A. Holden, D. L. Reimer, J. C. Roder, and B. N. White. Rearrangements

of chromosomal regions containing ribosomal RNA genes and centromeric het-
erochromatin in the melanoma cell line, MeWo, submitted for publication.
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iodide (50 f/g/ml) and analyzed for DNA content by flow cytofluoro-
metry as described (12).

RESULTS

Experimental Design. HSR* and HSR" MeWo sublines and

clones were injected s.c. into BALB/c nude mice. The growth
of primary tumors was monitored by measuring tumor volume,
which was calculated as length x height x width. Four to 6
months following injection the animals were sacrificed and
examined macroscopically for the presence of spontaneous
metastatic foci in the organs of the thoracic and peritoneal
cavities. Metastatic tumors were explanted for culture, and the
cells were analyzed by DNA dot-blot hybridization to D15Z1
(a DNA sequence amplified in the HSRs), flow cytofluorometry
for DNA content, and cytogenetic analysis.

The cell lines used in the experiment were as follows: MeWo-
B, HSR~ subline of MeWo containing two subpopulations:

70% hypodiploid, and 30% hypotetraploid (12); MeWo-CPl, a
cell line derived from a MeWo-C-induced primary tumor (12)
containing two subpopulations: 90% HSR+ hypodiploid cells
and 10% HSR" hypotetraploid cells; MeWo-Cd-16, a 100%
HSR+ hypodiploid clone of MeWo-C (12); and MeWo-Ct-1, a
100% HSR" hypotetraploid clone of MeWo-C (12).

Tumorigenic and Metastatic Properties of Different MeWo
Cell Lines. Metastasis represents the final stage of tumor pro
gression and not all tumor lines that are tumorigenic in nude
mice are capable of metastasis. This is especially true of tumor
lines of human origin. For equally tumorigenic cell lines the
difference in metastatic potential is simple to examine. But for
an adequate comparison between lines of diverse tumorigenic-
ity, it is important that the animals are exposed to a similar
number of cells, thus ensuring that there is an equal chance for
metastasis to occur.

Two sets of HSR+ and HSR" sublines of MeWo were com
pared for their metastatic potential. MeWo-B (HSR") and
MeWo-CPl (>90% HSR+) cell lines constituted the first set,

and their comparative tumorigenicity at the primary injection
site is shown in Table 1. MeWo-CPl cells were more tumori
genic as judged by latency, tumor size, and growth rate in the
period of the first month following the injection. After 3
months, however, all the tumors reached a similar size. The
animals given injections of MeWo-B cells were sacrificed 6
months after injection, and those given injections of MeWo-
CPl were sacrificed after 4 months. They were then examined
macroscopically for the presence of metastatic nodules. The
MeWo-B cell line (0% HSR) gave no mÃ©tastases(Table 2),
while MeWo-CPl (90% HSR+) metastasized extensively, pro

ducing multiple (>!()()) pulmonary and/or extrapulmonary
nodules (liver and abdominal cavity) in 6 of 6 animals (Fig. 1;
Table 2).

In the second set of experiments we compared two cloned

Table 1 Comparative tumorigenicity ofMeWo-B and MeWo-CPl cells

Table 2 Incidence of MeWo metastasis from a s.c. site
Mice were given s.c. injections of IO6cells/mouse.

Cells
injectedMeWo-B

MeWo-CPlTumor

incidence'Latency*20.25

Â±3.2
0.75 Â±0.1I

mo4/6

6/63

mo4/6

6/6Tumor

size"1

mo6Â±2153

Â±333

mo1376

Â±981285
Â±458

* Time, in days, to development of I â€¢mm1tumor volume; test of equal latency
hypothesis between MeWo-B and MeWo-CPl by analysis of variance gave P <
0.0001.

* Number of mice that developed tumors after injection of 10*cells/mouse s.c.
' Average (per group) tumor size Â±SE in mm3; test of equal volume hypothesis

between MeWo-B and MeWo-CPl by analysis of variance gave P< 0.0001.

% of HSR* cells in

parent line
Incidence of metas

tasis*

No. of lung nodulesMeWo-B0

0/6

0MeWo-CPl90

6/6

>100MeWo-Cd-16

MeWo-CM100

12/13

>1000

3/14

>100, 1, 1*
" Number of tumor-bearing mice that developed pulmonary and/or extrapul-

monary mÃ©tastases.
* Of 3 mice that developed mÃ©tastases,2 had only 1 lung nodule each.

Fig. I. Appearance of lungs populated with metastatic nodules. MÃ©tastases
induced by the MeWo-CP 1 cells approximately 4 months following s.c. injection.
Note the dark nodules produced by these pigmented melanoma cells.

MeWo cell lines. The clone MeWo-Cd-16 was derived from
the HSR+ subpopulation of MeWo-C cells, and the clone
MeWo-Ct-1 was derived from the hypotetraploid HSR" sub-

population of MeWo-C cells by limiting dilution. When the
two clones were injected s.c. at a dose of 10' cells/mouse and
tumors were grown to equal size (approximately 4500 mm3),

numerous metastatic nodules were found in 12 of 13 animals
given injections of the HSR+ MeWo-Cd-16 clone. In contrast,
only 3 of 14 animals given injections of the HSR" MeWo-Ct-1
cloned cell line (HSR") developed mÃ©tastases(Table 2). Of

these three mice, only one had multiple pulmonary metastatic
nodules and the other two had only a single nodule each.
Histopathological analysis of lungs that had not shown any
macroscopic nodules from five randomly selected mice given
injections of MeWo-Ct-1 did not detect any evidence for micro
scopic mÃ©tastaseseither. In contrast, the HSR+ clone, MeWo-
Cd-16, induced extensive (>100) pulmonary nodules and often
extrapulmonary mÃ©tastases.

Under microscopic examination (Fig. 2) the metastatic nod
ules induced by different MeWo cell lines showed similar fea
tures. They were composed of pleomorphic cells with moderate
eosinophilic cytoplasm with nuclei showing prominent nucleoli
in relatively clear nucleoplasm. Most of the lesions were sub-
pleural and showed evidence of either perivascular location or
vascular plugging consistent with hematogenous spread.

Copy Number of D15Z1 in Primary and Metastatic Tumors.
We have previously shown that the D15Z1 probe (15) contains
sequences amplified in the HSRs and thus can be used to
indicate the proportion of HSR cells in a culture or tumor
sample (12). DNA was extracted from primary and metastatic
tumor cells and probed with D15Z1. In order to compensate
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Fig. 2. Histopathological analysis of MeWo-Cd-16-induced metastatic nod
ules. I, Pulmonary vessels with tumor emboli. Note RBC in upper right. Hema-
toxylin. phloxine, and safranin, x 400; li. Section showing hematogenous spread
and tumor extension into lung parenchyma. Hematoxylin. phloxine. and safranin,
x 50.

Table 3 Hybridization ofMeWo DNA from primary tumors and mÃ©tastasesto
D15ZÃŒ

CelllinePlacentaMeWo-BMeWo-B

(pt)*MeWo-CPlMeWo-CPl

(pt)MeWo-CPl
(sm)MeWo-Ct-1MeWo-Ct-1

(pt)MeWo-Ct-l
(sm)MeWo-Cd-16MeWo-Cd-lo(pt)MeWo-Cd-lo(sm)No.

of tumor
samples analyzed6712612312Relativehybridization*110.51010100.50.50.5101010

* DNA from placenta, parent lines, and the individual primary and metastatic
tumors was diluted in 10-fold 0.15 M sodium chloride-0.15 M sodium citrate and
sheared to produce random fragments 2 to 5 kilobases long. Five 2-fold dilutions
of sheared DNA (10 to 0.5 ng) was applied to Gene Screen Plus Tillers in duplicate
and probed with "P-labeled nick-translated D15Z1 and total placenta! DNAs to

control for the actual amount of DNA applied to the blot. This was necessary
since melanin tends to interfere with accurate determination of DNA concentra
tions at OD2M. The hybridization intensity was estimated visually. The results
shown are normalized per hybridization/genome.

* pt, primary tumor; sm, spontaneous metastatic nodule.

for possible inaccuracy in determining DNA concentration
(A26o), due to the presence of melanin, the DNAs were dot
blotted in duplicate and one copy was probed with placental
DNA to quantitate the total amount of DNA applied to the
blot. The results for parent lines and for primary and metastatic
tumors from each of the groups are summarized in Table 3.
The hybridization intensities of DNA from MeWo-B (HSR~)

was similar to the placental control. MeWo-B induced tumors,

"3 Â«M
o

i_ 5
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E

B
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5 IO K

fluorescence
(arbitrary units)

Fig. 3. DNA content of cells in primary and metastatic tumors. Peripheral
blood lymphocytes (â€¢),cells from a MeWo-Cd-16-induced metastatic nodule (A),
a MeWo-Ct-1 primary tumor (B), and a MeWo-Ct-1 metastatic nodule (C) were
stained with propidium iodide and analyzed in the Coulter Electronics EPICS or
FACS IV cytofluorometer. Tumor cells were established in culture for 3 weeks (1
passage) prior to analysis. Ten primary tumors and 24 metastatic nodules induced
by HSR* cell lines were analyzed. The results were similar to that shown in A.

Twelve primary tumors and 12 metaslatic nodules induced by IIS K cell lines
were analyzed. The results for the primary tumors are similar to that shown in B.
The results for the metastatic nodules were similar to that shown in C.

MeWo-Ct-1 cells, and the derived primary and metastatic nod
ules showed hybridization intensities consistent with the pres
ence of one copy of 15p per genome of hypotetraploid cells6

and indicating no HSRs or amplification of D15Z1. Hybridi
zation to DNA from the MeWo-CPl- and MeWo-Cd-16-in-
duced primary tumors and spontaneous mÃ©tastaseswere similar
to those of parental MeWo-Cd-16 cells (100% HSR*). This

indicated a copy number of the D15Z1 sequence consistent
with most or all of the cells in the tumors containing HSRs.

Ploidy and Cytogenetic Analyses. Since HSRs are found only
in the hypodiploid subpopulation of MeWo-CPl and in the
clone MeWo-Cd-16, we measured the relative DNA content of
cells from primary and metastatic tumors by flow cytofluoro-
metry. For each mouse the primary tumor and 3 to 7 metastatic
nodules were cultured and the cells were analyzed. Cells from
primary tumors induced by MeWo-B contained approximately
twice the normal diploid amount of DNA consistent with a
hypotetraploid genome (Fig. 3B). Cells from the primary and
metastatic tumors induced by both MeWo-CPl and MeWo-
Cd-16 contained approximately diploid amounts of DNA, con
sistent with a hypodiploid genome (Fig. 3/4). The presence of
HSRs in CP1- and Cd-16-induced primary tumors and metas
tasis was further confirmed by cytogenetic analysis.

The cells from the rare metastatic nodules (in 3 mice) induced
by Ct-1 cells exhibited considerable variability with respect to
DNA content (Fig. 3C).

*This paper is the second in a series. The first paper was Shtromas et al.,
Cancer Res., 45: 642-647, 1985.
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Lung Colonization Assay of ( i-I and Cd-16. Since HSR ' cells

are more metastatic from the primary site, the question arises
as to what stage in the metastatic cascade the advantage is
conferred. Is it prior to or following the entrance of the tumor
cells into the blood stream? To address this question we com
pared the ability of HSR* and HSR" cells to colonize the lung

following i.v. injection. Cd-16, Ct-1, or a 50:50 mixture of the
two were injected i.v. (tail vein) and approximately 3 months
later the animals were sacrificed and tested for the presence of
metastatic nodules in lungs. As shown in Table 4, the HSR
clone generated multiple mÃ©tastasesin all animals (8 of 8),
whereas the HSR" clone produced mÃ©tastasesin only 2 of 8

animals, both of which had relatively low numbers of nodules,
3 and 11, respectively. The results are consistent with those
obtained in the spontaneous metastasis assay of these clones,
and suggest that the HSR cells are more metastatic than the
HSR" cells. The latter can produce rare metastatic variants,

possibly due to the inherent instability of some cells in the
parent line. The simplest explanation of the data would suggest
that Ct-1 cells fail to metastasize due to their inability to
colonize lungs. However, the possibility cannot be excluded
that the HSR* cells are more metastatic from the primary

tumor site due to their enhanced capacity to intravasate.
Another question asked in this experiment was whether the

selection of HSR-bearing cells, observed during primary tumor
growth of the MeWo-C cells, would also take place in the
process of experimental metastasis. All of the animals (8 of 8)
given injections of the mixture of HSR+ and HSR" clones

developed multiple metastatic nodules in lungs. To test whether
HSR* or HSR" cells, or a mixture of both types, generated

these mÃ©tastases,11 nodules (from 4 different animals) were
explanted, and the extracted DNA was hybridized to D15Z1.
DNAs from single nodules generated by HSR* (10 nodules)
and the HSR" clones (3 nodules) were used as a control. As

summarized in Table 4, the hybridization intensity of DNA
from all 11 nodules given injections of equal numbers of HSR*
and HSR" clones was similar to the signal produced by DNA
from nodules generated by the HSR+ cells alone. Also, the

nodules produced by the two types of cells could be distin
guished phenotypically. Thus, the HSR" clone is highly nielan -
otic and produces extremely dark tumors, while the HSR* cells
have a very low level of melanin and thus generate light-colored
tumors, consistent with the idea that more differentiated cells
(in this case indicated by high melanin levels) are less malignant.
Mice given injections of a mixture of the two all had light-
colored tumors, typical of HSR* cells. These results suggest
that the HSR* cells have a selective advantage over the HSR~

cells in colonization of lungs following i.v. injection.

Table 4 Lung colonization by HSR* and HSR- MeWo subclones

Ct-1 Cd-16 Ct-1 + Ct-16

Cell dose
(i.V.)-

No. of No. of No. of
Incidence* nodules' Incidence nodules Incidence nodules

IO5
5x IO3

D1SZ1 probe"

0/4
2/4

4/4
4/4

>100
>100

4/4
4/4

>100
>100

Relative copy no. (no. of nodules)
0.5(3) 10(11) 10(11)

Â°Groups of 4 animals each were given injections i.v. of the indicated cell dose

and autopsied 3.5 months later.
* Number of animals showing evidence of metastasis.
'' Average number of metastatic nodules in those animals positive for metas

tasis; in the case of Cd-16 and the Cd-16 plus Ct-1 mixture the lungs of each
mouse were heavily loaded with metastatic tumors.

J DNA was extracted from metastatic lung nodules (number shown in paren

theses). Values represent the mean relative copy number per genome, estimated
as described in the legend to Table 3.

DISCUSSION

This is the first report of a positive correlation between the
presence of amplified DNA in a tumor cell line and its meta
static capacity in nude mice. Our study suggests that HSRs
present in a subpopulation of the human melanoma line,
MeWo, may confer upon these cells an enhanced metastatic
capacity.

Comparison of HSR* and HSR" MeWo cell lines and clones

demonstrated a significant correlation between HSRs and me
tastasis. The HSR* MeWo subline (MeWo-CPl), as well as the
HSR* clone (MeWo-Cd-16) exhibited an increased incidence

of spontaneous metastasis (6 of 6 and 12 of 13) as compared
to their respective HSR" counterparts, MeWo-B and MeWo-

Ct-1, which were essentially non met ;istatic (0 of 6 and 3 of 14).
The enhanced metastatic capacity of the HSR+ cells was prob

ably not due to their higher tumorigenicity, since the primary
tumors induced by the HSR" cells were allowed to reach sizes
similar to those induced by the HSR* cells prior to analysis,

thus ensuring that the animals compared were exposed to
similar tumor burdens. The only HSR" cells that produced

metastasis (in 3 of 14 tumor-bearing animals) were from the
cloned line MeWo-Ct-1. A highly variable ploidy was detected
in these HSR" cells, which is indicative of augmented hetero

geneity within this metastatic cell population.
Another piece of evidence for the association of HSRs and

metastasis was provided by the lung colonization assay. HSR"

MeWo subclones produced relatively few lung nodules in 2 of
8 inoculated animals, whereas the HSR* subclone populated

extensively the lungs of all 8 mice. Furthermore, when a 50:50
mixture of the HSR* and HSR" cells was used for i.v. inocu
lation, only the HSR* cells colonized the lungs, as detected by
dot-blot hybridization of DNA extracted directly from 11 in
dependent lung tumors (4 animals) with the cloned 1.8-kilobase
Kpn\ sequence. This indicated that the HSR* cells have a
selective advantage over the HSR~ cells in the formation of

metastasis, at least at its later stages, e.g., target organ coloni
zation. One limitation of the lung colonization assay as a test
for metastatic capacity of tumor cells is that it only poorly
reflects the naturally occurring process of metastasis, because
it circumvents the initial, and perhaps more critical, stages of
invasion and intravasation. However, in the present work the
results of the lung colonization assay are in good agreement
with the spontaneous metastasis tests.

While we cannot rule out the possibility that factors other
than HSR are responsible for the high malignancy of the HSR*
cells as compared to HSR" cells, such factors do not include

ploidy or other chromosomal abnormalities detectable by cy-
togenetic analysis, as shown previously (12). For example, in
the absence of HSR in the hypodiploid cells, it is the hypote-
traploid cells that show increased tumorigenicity (12). Also,
from extensive cytogenetic analysis (12), it is clear that the
HSR is the only chromosomal marker that consistently corre
lates with the malignant phenotype.

The hypothesis that DNA amplification plays a role in ma
lignancy is supported by several lines of evidence. First, DNA
amplification in neuroblastomas and small cell lung carcinomas
is associated with particularly advanced stage of the disease (7,
8). Second, probing DNA from tumors and tumor cell lines
with known oncogenes has revealed many instances of gene
amplification (16). Third, HSRs or double minute chromo
somal fragments have been found in direct preparations from
different cancers; for example, retinoblastomas (9), breast car
cinomas (17), and melanomas (18). Finally, Gilbert et al. (IO),
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Levan and Levan (19), and Shtromas et al. (12) observed a
relationship between DNA amplification and increased tumor-

igenicity in experimental systems.
The possible mechanisms for generating metastatic variant

cells are still under much debate. It is clear that the metastatic
phenotype is reversible, in that highly metastatic cells such as
FIO subline of B16 mouse melanoma can generate lung nodules
in which the majority of cells are nonmetastatic (20). Recently
(20), a dynamic heterogeneity model for the generation of
metastatic variants has been proposed, in which unstable gene
amplification is proposed as one possible mechanism respon
sible for reversibility of the metastatic properties of tumor cells.
The question then arises as to whether stable gene amplification
could give rise to a cell population with a stable metastatic
phenotype. The large body of research on the role of oncogene
amplification in cancerous transformation suggests that it may
be possible to find genetically stable metastatic subpopulations
of tumor cells. The results presented here suggest that HSR*

MeWo cells may represent one such subpopulation.
It is interesting that the HSRs enhance both the tumorigenic

(12) and metastatic potentials of the MeWo cells. Properties
necessary for progression through some stages of the metastatic
sequence are probably different from those required for the
formation of primary tumors. However, it is conceivable that
abnormal expression of a regulatory gene could initiate a chain
of events leading to an increase in both tumorigenicity and
metastasis. In this context it is interesting that the recent work
from a number of laboratories has shown that an activated c-
Ha-ras oncogene can both transform and render 3T3 cells
metastatic as well as tumorigenic in nude mice (21).

The cause of the increased metastatic potential of the HSR"1"

cells is unknown. We have characterized approximately 80% of
the DNA amplified in the MeWo HSRs, and have shown that
it contains centramene heterochromatin and actively tran
scribed nucleolar organizer regions derived from chromosome
15 (22). These sequences probably do not contribute directly to
the observed biological phenomena. However, the centromeric
heterochromatin may be involved in the amplification process
by promoting unequal crossing over between chromatids (23).
We are attempting to identify the sequences involved in metas
tasis by transfection of HSR containing DNA into nonmeta
static recipient cells.
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