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ABSTRACT

The high mobility group (HMG ) proteins I and Y are well characterized
nonhistone chromosomal proteins which bind to A-T-rich regions of DNA,

and may regulate gene expression and/or DNA replication. We utilized a
series of mouse mammary epithelial preneoplastic and tumor cell lines to
explore the relationship between neoplastic transformation and HMG-

I(Y) gene expression. The cell lines used in this study were originally
derived from a single hyperplastic outgrowth, and exhibit a distinct gra
dient of preneoplastic to highly metastatic transformation states. We mea
sured the levels of HMG-K Y ) gene expression in these cell lines during the

different phases of cell growth in culture. At both subconfluent and con
fluent cell densities, elevated levels of HMG-KY) mRNA were directly

correlated with the relative degree of neoplastic transformation and met
astatic progression of these cells. HMG-KY) mRNA levels were always
highest in proliferating cells. However, the differences in HMG-KY) gene

expression between the cell lines were greatest at confluent cell density,
when the cells were not actively proliferating. HMG-KY) mRNA was

detectable in normal primary mouse mammary epithelium proliferating
in culture. However, the amount was much less than that measured in the
cell lines, indicating that elevated HMG-KY) gene expression was also

directly correlated with the conversion of normal mammary epithelium to
the preneoplastic immortalized state. Southern blot analysis showed that
alterations in HMG-KY) loci are also associated with the preneoplastic to

neoplastic conversion of these cell lines, and this change may involve a
gene conversion event between two different HMG-KY) loci. These results
indicate that there is a strong correlation between elevated HMG-I(Y)

gene expression and the progressive transformation of mouse mammary
epithelial cells.

INTRODUCTION

HMG-KY) proteins bind specifically to A-T-rich regions of DNA
with a high affinity (1-4), and are thought to be involved in the
regulation of chromosome structure and function (5-12). The HMG-

KY) class of nonhistone chromosomal proteins were first identified in
HeLa cells (13). HMG-KY) mRNA and proteins are also abundant in

other tumor cell lines, but are found at only very low levels in normal
tissues (10, 14. 15). High levels of HMG-K Y) proteins have also been

measured in tissue extracts from various tumors in vivo (16), and
elevated expression of HMG-I(Y) proteins were correlated with viral
transformation of cells in culture ( 17. 18). Therefore, increased HMG-

KY) gene expression has been proposed as a general diagnostic
marker for neoplastic transformation (16-18), and the metastatic po

tential of prostatic cancer cells ( 19). We have investigated the changes
in HMG-KY) gene expression which are associated with the multi-

step transitions that characterize the neoplastic transformation and
metastatic progression of mouse mammary epithelial cells.
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primary mouse mammary epithelial cells; CL-S1, mouse mammary epithelial preneoplus-
tic cell line; -SA. low metastatic (soft agarose negative) mouse mammary epithelial tumor
cell line; +SA. high metastatic (soft agarose positive) mouse mammary epithelial tumor
cell line; SDS. sodium dodecyl sulfate; SSC. sodium citrate/sodium chloride saline solu
tion. cDNA, complementary DNA.

Tumors are complex mixtures of cell types which are heteroge
neous in their degree of neoplastic transformation. It is thought that
metastatic tumors arise from these complex cell populations through
processes of progressive cell selection (20, 21). Therefore, it is im
portant to characterize the changes which occur in different cell pop
ulations derived from the same tissue in order to better understand the
phenotypic and genetic changes that are associated with tumorigenesis
i/i vivo. By using closely related, but functionally distinct cell popu
lations, we hope to determine the role of selected cell properties and
the associated changes in gene expression that are involved in mam
mary tumorigenesis.

We previously isolated three mouse mammary epithelial cell lines
from a single hyperplastic outgrowth (22, 23), called the Dl line,
which arose spontaneously in BALB/c mice in vivo (24). These three
cell lines, which were derived from the same hyperplastic parent cell
population, were selected in culture by using several parameters
which reflect their various degrees of neoplastic transformation. The
CL-SI preneoplastic cell line is immortal in culture, but does not grow
in soft agarose or form tumors in vivo (22). The -SA and +SA cell

lines were derived from an adenocarcinoma which developed spon
taneously from the original DI line when these cells were retrans-

planted in vivo, and were later selected according to their ability
( + SA) or lack of ability (-SA) to grow in soft agarose (23). Both the
-SA and +SA cells eventually develop into metastatic tumors when

injected into syngeneic mice. However, +SA cells metastasize more
quickly, which correlates with their ability to grow in soft agarose.
-SA cells grow as differentiated adenocarcinomas. while +SA cells

form undifferentiated adenocarcinomas in vivo. Taken together, these
cell lines provide a distinct gradient of transformed states ideal for the
study of mammary neoplasia and tumor progression.

Cell density is an important aspect of growth regulation in most
eukaryotic cells. Lack of contact inhibition, foci formation, and an
chorage-independent growth are often associated with neoplastic

transformation and the metastatic progression of cancer cells. Inter
estingly, HMG-I(Y) mRNAs are expressed at much higher levels in

exponentially growing murine NIH 3T3 cells than in confluent cell
cultures, but this cell density-dependent regulation of HMG-K Y) gene

expression was reduced in erythroleukemia cells (10). Alterations in
the cell density-dependent regulation of HMG-KY) gene expression

during tumorigenesis may be important for understanding the rela
tionship of HMG-I(Y) gene expression to the growth and metastatic

properties of tumor cells. Therefore, in this study, we measured the
levels of HMG-I(Y) mRNAs expressed by CL-S1, -SA, and +SA

cells in subconfluent and confluent cell cultures. We also measured the
level of HMG-K Y ) mRNA in normal primary mouse mammary epi

thelium proliferating in culture. In addition. Southern blot analysis of
HMG-KY) gene organization in CL-S1, -SA. and +SA cells was
performed to test for any possible alterations in HMG-KY) gene loci

which may be associated with the neoplastic transformation of these
mouse mammary epithelial cell lines.

MATERIALS AND METHODS

Materials. All of the reagents used in these experiments were obtained
from Sigma unless designated otherwise.

Cell Culture. The mammary epithelial cell lines were serially passaged at
subconfluent cell density and passages 35 through 45 were used in these
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experiments. For subculturing, the cells were rinsed twice with calcium/
magnesium-free phosphate-buttered saline and incubated in 0.05% trypsin

containing 0.025% EDTA in calcium/magnesium-free phosphate-buffered
saline for 5-15 min at 37Â°C.The released cells were then diluted in Dulbecco's
modified Eagles/F-12 (Flow) 1:1 "growth medium" containing 10 m.M 9-

(2-hydroxyethyl)-l-piperazineethanasulfonic acid, O.I mg/ml penicillin G, 0.1

mg/ml streptomycin sulfate. 10% bovine calf serum (HyClone), and 5 ug/ml
insulin. The cells were then triturated and centrifuged for 10 min at 1500 rpm
(500 x g). The cell pellets were resuspended in growth medium. Aliquots were

stained in crystal violet dye, vortexed, and counted in a hemocytometer. The
remaining cells were then plated at a density of 5 X 10s cells/100-mm tissue

culture plate. All cultures used in this study were incubated in a humidified
incubator at 37Â°Cin air containing 5% carbon dioxide. The culture medium

was changed every other day.
Primary mouse mammary epithelium was isolated from 12- to 14-day

midpregnant BALB/c mice by collagenase digestion and differential filtration,
and cultured in collagen gels as previously described (25). These epithelial
organoids were cultured in 100-mm tissue culture plates containing growth

medium for 2 days before reisolation of the epithelial cells from the gels by
collagenase digestion and differential filtration to remove any remaining stro-

mal cells. RNA was immediately extracted from the cells after they had been
pelleted for 10 min at 1500 rpm. Subsequent RNA extraction and isolation
were performed as described below.

For the cell line growth curves, 8.3 X IO4 cells were plated per well in

6-well tissue culture plates. On the indicated days, triplicate samples for each

cell line were trypsinized. stained with crystal violet dye, and counted with the

use of a hemocytometer.
RNA Isolation and Northern Blot Analysis. Standard techniques for

guanidine isothiocynate extraction and cesium chloride ultracentrifugation
were used to isolate RNA (26), with some modifications. Cell lines cultured for
4 and 10 days were washed once with cold Hanks' balanced salt solution and

immediately dissolved in guanidine isothiocynate solution. Nine ml of the
lysate were layered atop 3 ml of cesium chloride solution and centrifuged at

35.000 rpm for 20 h in a Beckman ultracentrifuge. The RNA pellets were
resuspended in diethylpyrocarbonate-treated water, ethanol precipitated, and

quantified spectrophotometrically. Twenty ug of total RNA per lane were

loaded in 1% agarose gels containing formaldehyde and electrophoresed at 20
mA constant current for approximately 24 h. The gels were stained with
ethidium bromide and photographed before blotting for 24 h by capillary
transfer atop a sponge and blotting paper onto Nytran nylon filters (Schleicher
& Schuell) in IOX SSC buffer. The blots were baked for 2 h at 80Â°Cin a

vacuum oven and stored sealed at room temperature.
A mouse HMG-KY) (Y form) cDNA probe, which hybridizes to both

HMG-I and HMG-Y mRNAs (14), was labeled with either ["PJdATP or
[3-P]dCTP by using the random primer extension method according to the
labeling kit manufacturer's instructions (Promega). The labeled HMG-KY)

cDNA probe was separated from unincorporated nucleotides by using either a
Sephadex G-50 gravity or spin column. Probes with specific activities ranging
from approximately 2 X IO8 to 2 X Iff cpm/ug DNA were used in these

experiments.
The blots were prehybridized in a plastic container with 20 ml hybridization

solution containing 5x SSC, 50% formamide, 5x Denhardt's solution. 50 mu

potassium phosphate. 0.1% SDS. and 100 ug/ml denatured salmon sperm DNA
for 2-12 h with mild agitation at 42Â°C; IO7 cpm/ml (final concentration)

32P-labeled HMG-KY) cDNA probe was then added to the hybridization so
lution, and the blots were hybridized for 24 h at 42Â°C.The blots were washed

2 times in 2x SSC plus 0.1% SDS for 15 min at room temperature, and 2 times
in 0.25 X SSC plus 0.1% SDS for 15 min at 42Â°C.The washed blots were
exposed to Fuji X-ray film with intensifying screens for 2-14 days at -70Â°C

before developing in Kodak D19 developer.
The blots were then stripped by washing twice in 5 imi Tris containing 0.2

HIMEDTA, 0.05% pyrophosphate, and 0.1 x Denhardt's solution for 30 min at

65Â°C.The blots were rehybridized with a l::P-labeled human 28S rRNA probe

as described above for the HMG-KY) labeling and hybridizations, with an
additional 2 washes in 0.1 x SSC plus 0.1 % SDS for 15 min at 65Â°C.The blots
that were hybridized with '-P-labeled 28S rRNA probes were exposed to X-ray
film from 6 h to 4 days at -70Â°C. The levels of HMG-I mRNA and 28S rRNA

were quantified by using an LKB Ultrascan XL laser densitometer. HMG-I(Y)

mRNA levels were normalized to the levels of 28S rRNA.

DNA Isolation and Southern Blot Analysis. Standard techniques were
used to isolate genomic DNA from CL-S1, -SA, and +SA cells, and Southern

blots were prepared with the use of standard procedures (27). with some
modifications. Ethidium bromide (0.5 ug/ml final concentration) was added
directly to the agarose gel before polymerization; 20-ug samples of total
genomic DNA were digested for 2 h at 37Â°Cwith 40 units of the appropriate

restriction enzyme and buffer (Gibco/BRL). The reaction was stopped by
addition of 100 imi EDTA (final concentration), and subsequent incubation for
10 min at 65Â°C.The digested DNA samples were electrophoresed in 1%

agarose gels in Tris/borate/EDTA buffer at 20 mA constant current for approx
imately 16 h. Acid treatment and depurination were avoided, and transfer of the
DNA onto the blot was done atop a sponge and blotting paper, as described
above for the Northern blotting. The hybridizations and washes were per
formed as described above for the Northern blots, using a 3-P-labeled mouse

HMG-I(Y) (Y form) cDNA probe (14).

RESULTS

Growth Characteristics of CL-S1, -SA, and +SA Cells in Cul
ture. We performed our analysis by using the mouse mammary ep
ithelial cell lines at both subconfluent and confluent cell densities for
comparison. The morphologies of these cell lines are quite different at
low and high cell densities (Fig. 1). At low cell density, the CL-S1

preneoplastic cells do not appear as cuboidal as the SA tumor cell
lines. The -SA cells spread out more than do the + SA cells at low cell

density, and only the +SA cells form large multilayered foci at high
cell density. This ability of +SA cells to form foci at confluent cell
density is consistent with their ability to grow in soft agarose and their
high level of metastasis in vivo (23). Using indirect immunocytochem-

istry, we measured high levels of cytokeratins in all three cell lines,
confirming that all three cell lines are epithelial (data not shown).

Growth curves for the cell lines are shown in Fig. 2. The doubling
times for the CL-S1, -SA, and +SA cells were 30, 26, and 23 h,
respectively. The CL-S1 cell line reached only 50% of the saturation

density of the SA cell lines. The saturation densities of the two SA cell
lines were equivalent. Therefore, the ability of the +SA cells to form
foci does not appear to significantly affect their saturation density, or
represent extensive continued proliferation at confluent cell density in
culture.

HMG-I(Y) Gene Expression in CL-S1, -SA, and +SA Cells in

Culture. Northern blot analysis was performed by using the total
RNA isolated from the three cell lines on days 4 and 10 of the culture
period. These time points correspond to the exponential and quiescent
phases of cell growth in culture, respectively (Fig. 2). Northern blots
hybridized with "P-labeled HMG-I(Y) cDNA probes (which hybrid

ize to both HMG-I and HMG-Y messages) showed only one band at

approximately 1.9 kb (Fig. 3/1). which corresponds to the sizes of the
HMG-I(Y) messages found in mouse cells (10, 14). These blots were
reprobed with 32P-labeled 28S rRNA probes (Fig. 35), which allowed

us to precisely quantitate HMG-I(Y) mRNA levels (Fig. 4). At both
low and high cell densities, HMG-I(Y) mRNA levels directly corre

lated with the relative degree of transformation of these three cell
lines. While HMG-KY) mRNA levels in a particular cell line were
always highest in proliferating cultures, the differences in HMG-KY)

mRNA levels were always greatest between the cell lines when they
were measured at confluent cell density (Fig. 4).

Immunoprecipitation of HMG-I(Y) proteins extracted from cell
cultures labeled with ['Hjlysine showed much higher levels of HMG-

KY) proteins in -SA and +SA tumor cells than in CL-S1 cells (data
not shown). More extensive quantitative comparisons of HMG-I(Y)

protein levels in these cell lines are now in progress, and will be
presented elsewhere.

HMG-I(Y) Gene Expression in Primary Mouse Mammary Ep
ithelium in Culture. We wished to determine if HMG-K Y) messages

were detectable in normal mammary epithelium. In order to compare
the results obtained by using CL-S l, -SA, +SAcell lines with normal
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Fig. I. Morphology of CL-S1. -SA. and +SA cells in monolayer culture. Phase contrast micrographs of the three mouse mammary epithelial cell lines that were used in this study
are shown on day 4 during the exponential growth phase (A. C and Â£).and on day 10 at confluency (B, D, and Fi. CL-S1 preneoplastic cells (A and ÃŸ);-SA low metastic tumor
cells (C and D); +SA high metastatic tumor cells (Â£and F). Bar, 100 UM.

mammary epithelium, we measured the levels of HMG-I(Y) mRNAin sary to set up experiments using proliferating cells to maximize the
PMME cells growing in collagen gel cultures. Since HMG-I(Y) amount of HMG-I(Y) mRNA in PMME cells. It has been well estab-
mRNA levels are always highest in growing cells (10), it was neces- lished that normal PMME cells do not proliferate well in monolayer
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6 8

in Culture

Fig. 2. Growth curves for CL-SI, -SA, and +SA cells in monolayer culture. CL-S1
cells (O); -SA cells (â€¢); + SA cells (A). Bars, SD for triplicate determinations.
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Fig. 3. Expression of HMG-K YI mRNA in CL-SI. -SA. and + SA cells at low and high
cell densities in culture. Northern blots containing 20 ug total RNA per lane were
hybridized with "P-labeled HMG-KY) cDNA (A }and 28S rRNA (fi) probes. CL-SI cells
(Lanes I and 4): -SA cells (Lanes 2 and 5); +SA cells (Lanes 3 and 6). Cells at low cell
density (Lanes 1-3); cells at high cell density (Lanes 4-6).

culture on tissue culture plastic substrata, necessitating the use of the
collagen gel culture system for the growth of PMME cells in culture
(28, 29). HMG-I(Y) mRNA was barely detectable in PMME RNA
samples in blots that were probed with high specific activity 32P-

labeled HMG-I(Y) cDNA probes (Fig. 5). The normalized HMG-I(Y)
mRNA levels in proliferating PMME cells were less than one-fourth
of those measured in proliferating cultures of CL-SI cells. Therefore,
although HMG-KY) mRNA was detectable in PMME cells, these

levels were significantly lower than those expressed by the cell lines.
Southern Blot Analysis of HMG-I(Y) Genes in CL-SI, -SA, and

+SA Cells. In order to investigate the possibility that alterations in
HMG-I(Y) gene loci, such as amplification, may be associated with
the changes in HMG-I(Y) gene expression observed in -SA and -I-SA

tumor cells, we prepared Southern blots containing Bam\\\-. EcoRl-.
and Wwi/III-digested fragments of genomic DNA isolated from CL-
Sl, -SA, and +SA cells. These blots were probed with 32P-labeled

HMG-I(Y) cDNA probes (Fig. 6/1). Equal loading of the DNA was

confirmed by ethidium bromide staining of the gel before transfer to
the blot (Fig. 6ÃŸ).Although the sizes and combined intensities of
HMG-I(Y)-hybridizing bands were equivalent in the different cell

lines, the relative intensities of different bands were altered in both

-SA and +SA cells compared to the CL-SI cells. This result was

similar for all three restriction patterns generated with the use of
different restriction enzymes. These results suggest that some alter
ations in the structure of HMG-I(Y) loci are associated with the

preneoplastic to neoplastic transition, which has occurred between the
CL-SI preneoplastic cell line and the two SA tumor cell lines.

DISCUSSION

The HMG-I(Y) proteins bind specifically to A-T-rich regions of
DNA both in vitro and in vivo (1-4, 9). There are at least two isoforms
of HMG-K Y (-related proteins translated from different messages

which are formed by complex differential splicing of the primary
transcript (30). In addition, extensive posttranslational modifications
of HMG-I(Y) proteins, such as phosphorylation, acetylation, glyco-
sylation. and poly(ADP)-ribosylation occur within erythroleukemia
cells (31). Several functions for the HMG-KY) proteins have been
proposed, including nucleosome phasing (1), involvement in the 3'-

end processing of mRNA transcripts (3, 5), and the amplification of
autonomously replicating sequences (8). HMG-I(Y) proteins may be

involved in the transcriptional regulation of genes containing, or in
close proximity to, A-T-rich regions of DNA. For example, HMG-I(Y)
proteins bind specifically to the 3'-untranslated regions of lymphokine

and growth factor genes (3), to the enhancer/promoter regions of rat
ribosomal genes (6), to the human immunoglobulin light chain gene
(7), to the mouse lymphotoxin (tumor necrosis factor ÃŸ)gene pro
moter (11), and to the human ÃŸ-interferongene promoter (12). Bind
ing of HMG-I(Y) proteins markedly increased the rate of rat riboso
mal gene and ÃŸ-interferongene transcription in vitro and in vivo (6,
12). HMG-KY) proteins also appear to bind specifically to regions of

putative mammalian cell origins of replication (32), and to G/Q and

CL-S1 -SA +SA

Fig. 4. QuantitÃ¤ten of HMG-KY) mRNA levels in CL-SI. -SA. and + SA cells at low

and high cell densities in culture. The values calculated from densitometry scans of the
blots presented in Fig. 3 are shown for the three cell lines at low and high cell densities
in culture. HMG-KY) mRNA levels were normalized to the levels of 28S rRNA, and the
values were expressed relative to the lowest value measured, i.e., in CL-SI cells at high
cell density. Cells at low cell density (D); cells at high cell density (â€¢).

1 2 B

28S*-

Fig. 5. Expression of HMG-I(Y) mRNA in normal primary mouse mammary epithe

lium in culture. RNA extracted from PMME cells proliferating in culture was compared
with RNA extracted from CL-SI cells proliferating in culture. Northern blots containing
20 ug total RNA per lane were hybridized with "P-labeled HMG-KY) cDNA (A ) and 28S

rRNA (ÃŸ)probes. Higher specific activity probes were used in these experiments than
those shown in Fig. 3. PMME cells (Lane /); CL-SI cells (Lane 2).
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Fig. 6. Organization of HMG-KY) genes in CL-
Sl, -SA, and + SA cells. Southern blots containing
20 ug/lane of restriction enzyme digested genomic
DNA were hybridized with '-P-labeled HMG-KY)

cDNA probes (A I. Ethidium bromide staining of the
gel used for the blot shown in A (BÃ¬.CL-S1 cells
(Lanes I, 4, and 7); -SA cells (Lunes 2, 5, and 8);
+ SA cells (Lanes 3, 6. and t>): BamHl digests (Lanes
1-3}; EcoRl digests (Lanes 4-6): Hind\\\ digests
(Lanes 7-9). Ordinales, 21.2, 5.2, 5.0, 4.3, 3.5. 2.0,

1.9, and 1.6 kilobase pairs from top to bottom, re
spectively.

1 23456789 B 123456789

. . .

C-bands of metaphase chromosomes (9). We have recently shown that
HMG-K Y) proteins are phosphorylateci in a cell cycle-dependent man

ner by cdc2 kinase in vitro, and this modification reduces the binding
affinity of HMG-K Y) proteins for DNA (33). All, or any combination,
of these molecular interactions involving HMG-KY) proteins could be
related to the increases in HMG-I(Y) gene expression which are

associated with neoplasia in many different cell types.
This is the first report of elevated HMG-K Y ) gene expression in

mammary epithelial tumor cells. Our model system of mammary
tumorigenesis offers several advantages for this type of study in that
the mammary epithelial cell lines used were originally derived from a
single hyperplastic parent cell population, and represent the preneo-

plastic to neoplastic stages that occur during the spontaneous evolu
tion of mammary tumors in vivo. Comparison of HMG-KY) gene
expression in normal mammary epithelium with that in CL-Sl cells
showed that HMG-KY) mRNA was detectable in normal proliferating

primary mammary epithelial cells: however, these levels were sub
stantially lower than those measured in any of the cell lines. This
indicates that elevated HMG-KY) gene expression is associated with

the conversion of normal mammary epithelium to the preneoplastic
state. Comparison of CL-Sl cells with -SA and +SA cells showed
progressive increases in HMG-KY) mRNA levels, which correlate

with the neoplastic transformation and metastatic progression of these
mammary epithelial cell lines. Therefore, elevated levels of HMG-

KY) mRNA correlate with a full range of transformation states that
culminate in the formation of frank metastasis from normal mammary
epithelium.

Other studies, utilizing rat prostate cell lines, have demonstrated
that elevated levels of HMG-KY) gene expression correlated consis

tently with the relative degree of metastatic potential of the cell lines,
independent of their relative rates of cell proliferation (19). In the
present study, we found that elevated HMG-KY) gene expression

correlated with neoplastic potential, whether or not the cells were
actively proliferating. In fact, the greatest differences in HMG-KY)

mRNA levels were observed between cell lines which had been main
tained at confluent cell density, when the cells were not proliferating
to a significant degree. Further, HMG-KY) mRNA levels were much
higher in confluent -SA and +SA cells than in subconfluent CL-Sl

cells, and were higher in confluent +SA cells than in subconfiuent
-SA cells. These observations suggest that elevated levels of HMG-

KY) gene expression are more likely to be related to their stage of
neoplastic transformation than to their rate of cell proliferation.

The differences in HMG-KY) mRNA levels between CL-Sl, -SA,

and + SA cells were consistently greatest at confluent cell density. The
ratio of HMG-KY) mRNA levels at low cell density to that at high cell
density, taken from Fig. 4, for CL-Sl, -SA, and +SA cells, equalled

1.95, 1.37. and 1.35, respectively. This may reflect differential den

sity-dependent regulation of HMG-KY) gene expression during neo

plastic transformation and tumor progression. Increased saturation
density in culture is often associated with increased metastatic poten
tial of tumor cells m vivo. While the mechanisms by which changes in
cell density regulate proliferation are not well understood, further
studies of genes whose expression is density dependent may shed
some light on this aspect of cell growth regulation. In addition, sub
traction hybridization experiments have recently shown that HMG-
KY) genes are part of a set of growth factor-responsive delayed early

genes that are expressed directly following stimulation of the imme
diate early genes (e.g., nuclear oncogenes) (34). We have recently
found that transforming growth factor a stimulates HMG-KY) gene

expression in normal mammary fibroblasts in culture, and that the
promoter region of an HMG-KY) genomic clone contains ci'.s tran-

scriptional regulatory elements which are responsive to this growth
factor.4 Therefore, the expression of HMG-KY) genes are responsive

to a variety of growth-regulatory stimuli, including changes in cell

density and growth factors.
One murine HMG-KY) gene. Hmgi. has been genetically localized

in the t-complex region of mouse chromosome 17 (35). Two related
genes, Hmgi-rsl and Hnif>i-rs2, have been localized to mouse chro

mosomes 11 and 6. respectively (35). The location of the Hmgi gene
on mouse chromosome 17 is of interest because it appears to be near
regions of the chromosome abundant in embryonic lethal genes and
genes activated in embryonic and carcinoma cells. It is not yet clear
if only one, or all, of these different HMG-KY) loci give rise to

functional transcripts. We investigated whether the different cell lines
used in this study might have amplified their HMG-KY) gene loci, and

if amplification correlated with the observed differences in their level
of HMG-KY) gene expression. Southern blot analysis of HMG-KY)
genes in CL-Sl, -SA, and +SA cells showed that alterations in
HMG-K Y ) gene loci are associated with the preneoplastic to neoplas
tic conversion of CL-Sl cells to -SA and +SA cells. Comparisons of

our results with previous studies (35) indicate that the largest and
intermediate sized Bam\\\ restriction fragments shown in Fig. 6/4
correspond to Hmgi and Hmi>i-rsi loci, respectively. The smallest-

sized BamHl restriction fragment shown in Fig. 6/4 corresponds to
another locus that was seen in some mouse strains (including a
BALB/c strain) previously, but was not reported in their study (35).5

The alterations we see in HMG-K Y ) loci in these cell lines appear to
involve a reciprocal exchange of a portion of the two smaller HMG-
KY (-hybridizing restriction fragments seen for all three restriction

enzyme digests. Simple polymorphisms, translocations, amplifica
tions, or changes in DNA methylation would not generate such recip-

4 Manuscript in preparation.
5 K. Johnson, personal communication.
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rocal alterations. These same results were seen for a number of rep
resentative DNA samples digested with three different restriction
enzymes in different experiments, indicating that these observations
were not a result of incomplete digestion or another artifact. These
data raise the interesting possibility that an alÃelefor Hmgi-rsl was

specifically amplified concurrent with a diminution of an alÃelefor
another HMG-I(Y) locus found in the smallest HMG-I(Y)-hybridizing

bands. It is possible that such reciprocal changes may represent a gene
conversion event between these two loci. However, much further
work will be required to substantiate such a hypothesis. In any event,
while these genetic changes in HMG-I(Y) loci may be involved in the
alterations in HMG-KY) gene expression seen between CL-S1 and SA

cells, these changes would not account for the full range of alterations
in HMG-I(Y) gene expression seen in PMME, CL-S1, -SA, and +SA

cells.
Our present study extends earlier findings that demonstrated cor

relations between elevated HMG-I(Y) mRNA or protein expression

and the neoplastic transformation of many different types of rodent
tumor cells, including those of the thyroid, lung, and prostate gland.
We have now established that progressive increases in HMG-I(Y)

gene expression are also correlated with the multistep transformation
of mammary epithelium from completely normal to increasingly ab
normal and malignant phenotypes. This study, in conjunction with
earlier reports, suggests that the high level expression of HMG-I(Y)

genes may serve as a consistent prognostic marker for the assessment
of neoplastic potential in many different types of mammalian tumors.
However, further screening of HMG-I( Y) mRNA and protein levels in
human tumors will be required to critically assess the value of HMG-

I(Y) gene expression as a reliable marker for the determination of
metastatic potential in human tumors, an area of further investigation
in our laboratory. Transfection experiments are also under way to
determine if these correlations reflect a causative influence of HMG-

I(Y) gene expression on cell proliferation and/or metastasis.
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