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ABSTRACT

The TM preneoplastic mammary outgrowth lines were established in
vivo from mammary epithelial cell lines and have been characterized with
respect to their tumorigenic, morphological, and functional properties.
The TM outgrowth lines were then established as in vitro cell lines. A
comparison of the growth factor dependencies of the TM preneoplastic
lines and their progenitor cell lines grown in monolayer cell culture indi
cated that the TM preneoplastic cell lines exhibited a decreased depen
dence on epidermal growth factor for growth in vitro. The exception to this
result was the TM3 cell line which still exhibited a marked dependence on
epidermal growth factor for growth. An examination of several genes for
niKNA levels indicated that the expression of c-neu, c-H-ras, f-myc, and

retinoblastoma was not elevated in those TM preneoplasias which exhib
ited a decreased dependence on epidermal growth factor. Additionally,
there was no evidence that c-H-ras was activated in the preneoplastic

outgrowths or tumors. In contrast, mouse mammary tumor virus long
terminal repeat niKN V was increased in preneoplasias and tumors,
whereas gelsolin mRNA was decreased in tumors but not in preneoplasias.
The down-regulation of gelsolin mRNA is consistent with recent reports in

human breast cancers. These results together with those reported in an
other paper (D. Medina et al.. Cancer Res., 53: 663-667, 1993) indicate

that the TM3 outgrowth line is a minimally deviated preneoplasia which
does not share many of the molecular alterations exhibited in tumorigenic
TM preneoplastic outgrowth lines. These data, along with other recent
data, are interpreted in a hypothesis which views the three essential char
acteristics of the mammary preneoplastic state as independent and disso
ciable genetic alterations. Importantly, each of the three characteristics is
independently isolated in one or more of the in vivo outgrowth popula
tions. These outgrowth lines should allow identification of the nature and
function of the molecular alterations associated with each stage of mam
mary preneoplasia.

INTRODUCTION

Mouse mammary tumors develop from intermediate lesions which
are judged to be preneoplastic by a variety of morphological and
functional criteria ( 1). The molecular basis for the unique properties of
preneoplasias and their derivative tumors are largely unknown. Re
cently, a series of preneoplastic outgrowth lines in vivo, termed TM,
were established from the FSK mammary epithelial cells carried
in vitro (2). The ability to establish in vitro mammary epithelial cell
lines reproducibly and the documented potential of the mammary
epithelial cell lines to produce ductal or alveolar outgrowths in vivo
provided a situation where several preneoplastic outgrowth lines of
recent origin could be evaluated for specific molecular alterations. We
undertook to identify specific genes and gene products associated with
mouse mammary preneoplastic and neoplastic development.

Among the genes which have been implicated in mammary tumor-

igenesis either because their endogenous gene expression has been
altered [c-H-ras (3-5), RB (6), c-neu (7), MMTV-LTR2 (8), gelsolin
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(9, 10), c-mvc (11)] or retroviral infection/transfection experiments
have led to enhanced tumorigenesis [activated c-H-ras (12, 13), c-myc
(14), c-neu (15)], very few have been examined in mammary alveolar
preneoplasias, the well-documented preneoplasias in mouse mam

mary tumorigenesis. The results reported herein describe 3 molecular
alterations associated with preneoplastic and neoplastic development
and suggest that common protooncogenes such as c-mvc, c-H-ras, and
c-neu are not involved in this model of mammary tumorigenesis.

MATERIALS AND METHODS

Cell Lines

The TM cell lines were established from preneoplastic outgrowths grown in
female BALB/c mice by the procedure described in Ref. 2. Briefly, 2-4

mammary fat pads containing the outgrowths were finely minced and then
dissociated with collagenase. The digestion product was plated and grown in a
collagen I gel in DMEM:F12 (1:1) supplemented with insulin (10 ug/ml), EOF
(5 ng/ml), linoleic acid (5 ug/ml), and bovine serum albumin (100 ug/ml). After
3-4 weeks, the cells were collected from the gel and plated at IO4 cells/cm- on

plastic Petri dishes in DMEM:F12 supplemented with insulin (10 ug/ml), EOF
(5 ng/ml), and 2% adult bovine serum. Epithelial cells were passaged using the
enzyme Dispase (Boehringer-Mannheim, Inc.). The TM cell lines were epi

thelial as judged by morphological appearance and positive immunostaining
for keratin intermediate filament protein.

Growth Factor Deletion Experiments

The growth factor experiments were performed as described in Ref. 2.
Briefly, cells were plated at 2.5 x IO4 cells/well in 12-well Falcon plates in

DMEM:F12 medium supplemented with insulin, EGF, and 1% ABS. After
overnight attachment, the medium was changed and specific growth factors
were deleted from each group. In the experiments with bFGF, this growth
factor was added at different concentrations in place of serum. The medium
was changed every 2 days. The cells were collected and counted using the
3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide assay (16).

Blots and Hybridizations

For Northern analysis, RNAs were denatured with formaldehyde in the
presence of formamide, separated by electrophoresis through a 1.4% agarose
gel, and transferred to nitrocellulose paper (Schleicher & Scimeli. Keene, NH)
as described in Refs. 17 and 18. For slot blots. RNAs were denatured with
formaldehyde and applied to nitrocellulose paper using a Minifold II apparatus
according to manufacturer's directions (Schleicher & Schuell).

All blots were baked at 80Â°Cin a vacuum for 2 h. Prehybridization and

hybridization conditions included 50% formamide, 5X standard saline-citrate;
50 nui phosphate buffer, pH 6.8; IX Denhardt's solution; 0.1% SDS; and 250

ug/ml yeast tRNA at 42Â°Cas described by Schwartz and Medina (18). Hy
bridization probes were a-12P-labeled (3000 Ci/mmol; ICN Radiochemicals,

Cleveland, OH) by random priming (Prime-a-Gene; Promega Corp., Madison,
WI) to a specific activity of approximately 1 x IO9 cpm/ug. The probe was
used at 2-3 X IO6 cpm/ml of hybridization buffer. Stringent washing condi

tions included two 20-min incubations in O.lx standard saline-citrate-0.1%
SDS-0.1% sodium pyrophosphate at 55Â°C.Less stringent washing conditions.

epidermal growth factor; I, insulin; RB. retinoblastoma gene; DMBA, 7,12-dimethylben-
zanthracene; ABS, adult bovine serum; bFGF, basic fibroblast growth factor; SDS, sodium
dodecyl sulfate: poly(A)+ RNA. polyadenylated RNA; cDNA. complementary DNA;
PCR. polymerase chain reaction; TGFo. transforming growth factor a.
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used for the ÃŸ-actinprobe, were carried out in the same solution at room

temperature. The blots were air dried and exposed to Kodak XAR film at
-80Â°C with intensifying screens.

Slot blots were quantified using a Belagen blot analyzer (Belagen, Waltham,

MA) and accompanying software. Each blot was hybridized at least twice, first
with gelsolin. MMTV-LTR, c-mvc, c-neu, c-H-ros, or RB and subsequently
with ÃŸ-actin.Quantification of RNA was related to levels of ÃŸ-actin.The

control tissue to which the levels of mRNA were compared was midpregnant
(10-12-day) mammary gland, when possible, or lactating mammary gland.

Probes

ÃŸ-Actin. Two kilobases of chicken actin cDNA were cloned into the Pst\

site of pBR322 (19).
Gelsolin. A full length cDNA clone of murine cytoplasmic gelsolin was

generously provided by Dr. J. Bryan (Department of Cell Biology, Baylor
College of Medicine). We blunt end subcloned a 360-base pair Bagli fragment,
corresponding to nucleotides 848 to 1212 (20), into the EcoRV site of pGEM-5.

MMTV-LTR. A 4.5-kilobase Pstl fragment from C3H exogenous MMTV

was cloned into pBR322 (18).
c-Myc. A 6.3-kilobase BamHl/Xhol fragment of A Momyc was cloned into

the Damili and Sa/I sites of pSP64 and contains c-mvc exons 2 and 3 (21).
c-Neu. A 5.1-kilobase insert of neu cDNA was cloned into the Pstl site of

pSV2 (22)
c-H-ras. A 460-base pair fragment of cDNA from Harvey murine sarcoma

virus was cloned into the EcoRI site of pBR322 (23).
Retinoblastoma. pmRB102 contains a 4.5-kilobase cDNA isolated from a

BALB/c pre-ÃŸ-celllibrary, inserted into the EcoRI site of pUC. It includes all

the coding information of the murine RB gene but lacks about 30 codons at the
extreme 5' end [a GC-rich noncoding region (24)].

RNA and DNA Extraction

RNAs were extracted using RNAzol ÃŸaccording to the manufacturer's

directions (Biotecx, Friendswood, TX). Briefly, tissues were homogenized in
RNAzol ÃŸand extracted with chloroform, and the RNA was precipitated with
an equal volume of isopropyl alcohol. Poly(A)+ RNA was isolated using an

ExpreSEPTRAK kit (Biotecx).
For DNA extraction, tissues were digested with proteinase K (200 ug/ml) in

the presence of 10 min EDTA and 0.1% SDS at 37Â°C.The solution was

extracted sequentially with phenol and with phenol:chloroform:isoamyl alco
hol (24:24:1) until the interface was clear. The resulting aqueous phase was
dialyzed against several changes of 50 mw Tris (pH 8.0)-10 ITIMNaCl-1 nui

EDTA, as described in Refs. 17 and 18.

Assay for Point Mutations in c-H-ras

A 98-base pair segment of c-H-ros, including the 61st codon, was amplified
by PCR using primers 5' - TAC CGC AAA CAG GTG GTC AT - 3' and
5'-ATG TAC TGG TCC CGC AT GC-3' (4). A 100-ul PCR reaction mix

contained 1 ug of genomic DNA, 0.2 mm concentrations of each of the
deoxynucleotide triphosphates, 50 ITIMKCI, 1.75 ITIMMgCl2, 10 min Tris-HCl

(pH 8.3), 0.25 ug of each of the primers, and 2 units of Taq polymerase
(Perkin-Elmer/Cetus). The reaction was overlaid with mineral oil. Forty cycles
of amplification were performed using a Perkin-Elmer/Cetus thermal cycler.
Each cycle consisted of denaturation (94Â°Cfor 1 min), annealing (52Â°Cfor 2
min), and polymerization (72Â°Cfor 3 min). The time of the polymerization
stage was increased by 5 s in every cycle. PCR products were stored at -20Â°C.

Restriction Fragment Length Polymorphism

To assay for point mutations, 23 ul of the PCR reaction were combined with
3 ul of 10X buffer, 3 ul of bovine serum albumin (1 mg/ml), and 1 ul of
enzyme ( 10-20 units; Promega). Restriction mixes containing 5au96I and Xbal
were incubated at 37Â°Covernight and those containing Taql were incubated at
65Â°Covernight. The wild-type sequence for the H-ras 61st codon is CAA.

SaÂ«96Iwill restrict if the codon is CCA, Xbal if the codon is CTA, and Taql
if the codon is CGA.

Polyacrylamide Gel Electrophoresis

Twenty-three ul of amplified DNA or 30 ul of amplified, restricted DNA

were electrophoresed through a 20% nondenaturing polyacrylamide (30:0.8
acrylamide/bis) gel. Electrophoresis was carried out for 500 V h in IX Tris-

acetate EDTA. Gels were stained with ethidium bromide, destained as neces
sary, and photographed.

RESULTS

Growth Factor Dependency. The TM outgrowth lines were es
tablished as permanent cell lines in vitro by the method described in
Ref. 2. These lines are referred to as TM "cell" lines to distinguish

them from their donor in vivo TM outgrowth lines and from the
progenitor FSK lines which gave rise to the TM outgrowth line.

A set of experiments evaluated the growth factor dependencies of
the FSK and TM cell lines. The results are illustrated in Figs. 1-4. As

reported previously in Ref. 2, the FSK cell lines 2, 3, 4, and 6 were
highly dependent upon the presence of EOF and serum for growth
(10-35% growth in the absence of EGF) and moderately dependent on
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Fig. I. Growth factor dependency of FSK2 and TM2 cell lines in monolayer cell
culture. Data are expressed as the mean percentage of growth in control cultures; bars.
SEM). Columns with different letters are significantly different from each other (P <
0.05). The control cultures contained complete growth medium (EGF, insulin, \9f ABS).
D. control; â€¢¿�,no EGF; O no insulin;^, no senjm;H . no EGF and insulin; p.. passage.
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Fig. 2. Growth factor dependency of FSK3 and TM3 cell lines. The groups follow the
description in Fig. I.
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Fig. 3. Gruwih t'acuir dependency of FSK4 and TM4 cell lines. The groups follow the

description in Fig. 1.

insulin tor growth (60-85% for FSK2, -3, and -4; 35% for FSK6). In
contrast, five of the TM lines (TM2, -4,-6,-9, and -10) grew very well
in the absence of EOF (70-90% growth). The exception was cell line

TM3 which exhibited a marked dependency for EOF [20% of control
growth (Fig. 2)]. All TM cell lines exhibited a lesser requirement for
serum than the FSK cell lines. The FSK.3 cell line was also examined
at mid- and late passages (passages 13 and 34. respectively). The
growth factor dependencies for the mid- and late passage FSK3 cells

were identical for EOF (13 versus 22%, respectively) and insulin
(43 versus 53%, respectively). The late passage TM3 requirement for
serum was less (21% midpassage versus 67% for late passage). The
growth factor requirements for late passage FSK3 were identical to
that for cell line TM3.

Previous experiments have shown that the requirement for 1% ABS
could be replaced by conditioned medium from fibroblast FSK3S cells
(2). In a separate set of experiments, the ability of bFGF to support
growth of the FSK and TM cell lines was examined. Figs. 5 and 6
illustrate the results. For the FSK4 and FSK6 cell lines. 20 ng bFGF
almost replaced the requirement for 1% ABS. The two cell lines grew
to 82 and 90% of control cells, respectively. Interestingly, increasing
the bFGF concentration to 50 ng/ml did not result in additional growth
over the 20-ng/ml level. The effects of bFGF and 1% ABS in the

presence of EGF and insulin were additive. In these groups, FSK4 and

FSK6 showed 136 and 140% of control cell growth. Early passage
FSK3 (passages 10-19) responded differently to bFGF than late pas

sage FSK3 (passage 39). Whereas up to 50 ng bFGF had no effect on
early passage FSK3 in the presence or absence of 1% ABS, late
passage FSK3 cells responded in the same manner to bFGF as did
FSK4 and FSK6. In addition, the interaction of bFGF and 1% ABS
suggested synergistic rather than additive effects since the growth was
161% of control growth. These results demonstrate a distinct differ
ence between FSK3 at early and midpassages.

TM3 and TM4 cell lines were evaluated for their response to bFGF
(Fig. 6). Interestingly, 50 ng/ml bFGF were needed to obtain a sig
nificant stimulation of cell growth in the TM cell lines. In addition,
whereas 20 ng/ml were synergistic with 1% ABS forTM3 cells (174%
of control growth), there was no indication of any effect when 20 ng
bFGF were added in the presence of 1% ABS for TM4 cells.

Gene Expression in TM Outgrowth Lines. Since the TM3 cell
population (in both the TM cell and outgrowth lines) represented a
transformation stage distinct from the other TM cell populations, we
examined the TM outgrowth lines and tumors for alterations in mRNA
expression which might be associated with specific stages in trans
formation.

We examined the TM outgrowth lines for the mRNA expression of
6 specific genes: c-neu; c-Ha-ras; c-wivt" RB; MMTV-LTR; and
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Fig. 5. Effect of bFGF on the growth of FSK cell lines in serum free medium. Data are
expressedas the mean percentageof growth in control cultures; bars, SEM. Cttliwm\ with
different letters are significantly different from each other (P < 0.05). The control cultures
contained complete growth medium (EGF. insulin, lÃf-ABS). LI, control; O. no serum;

H. no serum. 20 ng/ml bFGF.
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Fig. 4. Growth factor dependency of FSK6. TM6. and
TM9 cell lines. The groups follow the description in
Fig. 1.
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Fig. 6. Effect of hFGF on Ihe growth of TM cell lines in serum-tree medium. The

groups follow the description in Fig. 5 with the additional group 88, no serum, 50 ng/ml
bFGF.

gelsolin. The expression of each of these genes has been shown to be
altered in some transformed mammary epithelial cells. Since three of
the outgrowth lines (TM2, -4, -10) were originally derived from
7,12-dimethylbenzanthracene-treated cell cultures and DMBA treat

ment of mammary gland in vivo results in point mutations in the 61st
codon of the c-H-ra.v gene (3, 4), we examined for mutational acti
vation of c-Ha-ra.v as well as for mRNA levels. Fig. 7 illustrates a

band shift assay of restriction fragment length polymorphisms in
PCR-amplified DNAs from a spectrum of TM outgrowth lines and

their derivative tumors. The band shift assay is diagnostic of single
point mutations in the 61st codon of c-H-ras gene. Lanes DMBA 57X
represent de novo DMBA-induced BALB/c mammary tumors which

represented a positive control. The Xha\ generated band shifts evident
in the positive controls were not observed in the progenitor FSK cell
lines; in the TM4, -6, -9, and -10 cell lines or in tumors from TM4, -6,
-9, and -10. However, occasional band shifts were detected with 2

other enzymes (Fig. 7). A total of 38 samples were analyzed for
c-H-ra-v mutation. Table 1 summarizes the results for cell lines, TM
tumors, and the DMBA-induced mammary tumors. Whereas the
DMBA-induced mammary tumors were 100% positive, theTM series
of mammary tumors showed only 1 of 15 positive for c-H-ra.v muta

tion. The cell lines exhibited mutations at a 25% frequency (5 of 20).
None of the mutations was at the Xbal site which was the site seen
in the DMBA-induced tumors. These data indicate that neither the

in vivo passage of FSK or TM cell lines nor tumor formation in vivo
selected for cells with mutations at the 61st codon of c-H-ras.

Table 2 summarizes the levels of RNA of 6 genes during different
stages of normal and neoplastic mammary gland development. Total

RNA was used for all genes except for c-neu, where poly(A)+ RNA

was assayed. HOG tissue is most appropriately compared against
midpregnant mammary gland since these two tissues stages are similar
morphologically. HOG and tumor samples from TM lines 2, 3, 4, and
6 were used for the majority of these analysis. For a given gene, as
many different TM lines of either HOG or tumor were analyzed as
possible, but not all. Table 3 provides the combined data for outgrowth
lines and tumors for each TM line. A general inspection of the data
suggests that the expression of c-H-ra.v, c-myc, and c-neu genes was
not altered in preneoplastic or neoplastic stages, c-neu has not been

shown to be expressed in lactating mammary glands, the control
sample for this gene. Northern analysis of poly(A)+ RNA (data not
shown) failed to produce a specific transcript, suggesting that the
levels detected were background levels. The conclusion remains that
c-neu RNA levels were not found to be elevated in these preneoplasias

or tumors. The expression of RB was very variable in TM preneopla
sias and although RB mRNA may have increased slightly in preneo
plasias compared to midpregnant, there clearly was not a loss of
expression. The expression of MMTV-LTR was at least 7 times higher

in preneoplasia and in tumors than midpregnant and almost that seen
in lactating tissues. In this respect the data confirm the earlier data of
Knepper et al. (8) that the expression of MMTV-LTR in preneoplasias

reflects the elevated levels seen in lactating gland rather than the lower
levels seen in pregnant gland.

Table I Summary nf c-H-ras codon 61 mutations

Tissue No mutation .SViu%I Xba\ Tag

No.
positive/total

samples

Cell lines
FSK3
FSK4
FSK6

TM4
TM6
TM9
TMIO

Tumors
TM4T
TM6T
TM9T
TMIOT

+DMBA

1/4
1/5
0/1

2710

2/3
0/3
1/3
(I/I

3/10

0/8
0/3
1/3
(I/I

1/15

3/3

Fig. 7. Restriction fragment length polymor
phisms analysis for point mutations in \\-nts codon
61. A 98-base pair segment of H-ra.v which includes
codon 61 was amplified by PCR, restricted with
.$'(11(961(S). Taal (T), or Xbal (XY. electrophoresed

through a 20r/< nondcnaturing polyacrylamide gel;

and stained with ethidium bromide. U. unrestricted
PCR product; 50-base pair and 100-base pair si/e
markers are indicated (M). Samples are from FSK4
cells in \'ilni. TM4 cells in vilnt. a TM4 tumor, a

tumor induced by treatment of the animal with
DMBA. and aTM9 tumor. Armwhemls, bands gen
erated by en/yme restriction due to point mutations
in citdon 61.

FSK 4 T M 4 TM4T DMBA TM9T

MUSTXUSTXUSTXSTXSTXM
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Table 2 Gene expression in normal and TM mammarycellsGeneH-rash

c-mvr

RB
MMTV-LTR

Gelsolin
c-neuVirgin1.2

(1)

1.2 Â±0.25 (2)

2.0 Â±0.1 (2)

0.6 (1)

1.0 Â±0.10 (2)
ND'Midpregnant1.0

(1)

1.0 (2)

0.90 Â±0.4 (6)

0.87 Â±16 (7)

0.93 Â±0.08 (6)

NDStage

of mammary glanddevelopmentLactating2.0

(1)

1.8 Â±0.25 (2)

1.12 Â±0.4(3)|

16.1 Â±7.1 (5)|0.37

Â±0.07 (3)

1.0Â±0.1 (3)ITM

HOG2.2

Â±(3)

1.5 Â±30 (6)

2.66Â± 1.5(13)6.6

Â±3.5 (11)|0.71
+0.18(11)0.6

Â±0.1 (2)TM

tumors0.9

Â±0.05 (10)

1.1 Â±0.09 (20)

0.88Â±0.14(13)8.2

Â±9.0(13)0.19Â±0.02

(13)I.I

Â±0.2 (4)
" Data are expressed as mean Â±SEM where n > 2. Numbers in parentheses, number of individual samples. Groups with boxed values are considered the genes with altered expression

compared to midpregnant.
h All samples were total mRNA except the Ã§-neucomparisons which were poly(A) + RNA.
' ND. not done.

Table 3 Summary of the properties of TM series hyperplastic outgrowth lines

OutgrowthlineTM2TM3TM4TM6TM9TM10Phenotype
K6/K14"Ductular

+/+Alveolar
-/-Alveolar
-/-Alveolar
-/-Alveolar
-/-Alveolar-ductular

+/+Growthin

vivoNSlowNNNNOncogene/tumor

suppressor geneexpressionT-IHZeroHHLLH-DNoYesNoNoNoNoCaseinYesNoYesYesYesYesGFDISEISISISISISneuNNNNDNDNrasNNNNNDNDorfNHNHNHN

HNDNDRBNNNNNDNDmycNNNNNDNDgelsolinNNNNNDND

" K6/K14. keratin 6/keratin 14 immunostaining; T-I, tumor incidence; H-D, hormone dependency; GFD, growth factor dependency in vitro; orf, MMTV LTR; EIS, EGF, insulin,

\% serum; N, normal; H. high; L, low; ND, not done.

The most interesting change in mRNA expression was observed in
TM tumors which exhibited a down-regulation of gelsolin gene ex

pression compared to preneoplasias and midpregnant gland. Figs. 8
and 9 illustrate the RNA slot blot and the Northern blot, respectively,
for gelsolin indicating the low levels of mRNA in tumors. The mes
sage size of gelsolin in normal gland, 2.5 kilobases, was similar to
what has been reported in the literature (25).

DISCUSSION

A summary of the tumorigenic, morphological, functional, and
molecular properties of the TM hyperplastic outgrowths is illustrated
in Table 3. Several general conclusions are apparent from the sum
mary. First, it is evident that the TM hyperplastic outgrowths have
achieved an independence of EGF for growth in monolayer culture.
Cells from 5 of the 6 TM hyperplasias grow to 70-90% of control

levels in medium supplemented with only insulin and 1% serum. EGF
is a known growth factor which is important for normal mouse mam
mary gland development as evidenced by both in vivo and in vitro
experiments (26-30). In the absence of EGF, mammary ductal devel

opment is impaired even in the presence of estradici and progesterone
(29). Conversely, EGF receptor responsiveness to EGF and EGF
mRNA remains intact in ovariectomized mice (30). However, stimu
lation of lobuloalveolar development by EGF still requires the pres
ence of estradici and progesterone (28). Interestingly, TGFa which
operates via the EGF receptor does not require estradici and proges
terone for stimulation of lobuloalveolar development (28).

Loss of responsiveness to EGF has been correlated with enhanced
production of TGFa in the ras-transformed mouse mammary cell line

NMuMG (31) and with the activation of autocrine factors in rat
mammary tumors (32). In human mammary tumors, c-neu (ErbB2),
an EGF receptor-related molecule, is overexpressed. In the TM lines,

B B

Fig. 8. Levels of gelsolin and actin RNAs in different
tissues. Total cellular RNA was linearized with formalde
hyde, slotted onto nitrocellulose, and hybridized with a 32P-

labeled gelsolin (/) or actin (2) probe. A. B. and C. 1.2, and
4 ug of RNA, respectively. RNAs were taken from the
following tissues: V, virgin mammary gland; P. pregnant
mammary gland; L lactating mammary gland; 3H. TM3
hyperplasia; 4H, TM4 hyperplasia; (Â¡H,TM6 hyperplasia;
4T, TM4 tumor; 6T, TM6 tumor.
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V
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Fig. 9. Northern blol of gelsolin expression. Total cellular RNAs (10 ug) from (Lane
I) pregnant mammary glands; (Lane 2} lactating mammary glands; (Lane 3} TM6
hyperplasia; (Lanes 4 and 5) TM tumors were denatured with formaldehyde, electro-

phoresed through a 1.4* agarose gel. transferred to nitrocellulose paper, and hybridized
with a (2P-labeled gelsolin probe. Arrowheads, positions of 28S and I8S rRNAs.

levels (8). Furthermore, there was no evidence of mutated c-H-ras in

the majority of the TM hyperplasias and tumors, although occasional
mutants were detected. In contrast, the 3 tumors induced in situ by
DMBA treatment of normal cells exhibited a ras mutant phenotype.
Despite these negative findings, the results with MMTV-LTR mRNA

were similar to the results with Dl preneoplasias where the levels of
MMTV-LTR message were elevated significantly. The meaning of

overexpression of this gene for mammary tumorigenesis is not under
stood although such overexpression has been consistently reported for
mammary preneoplasias (8, 38).

Of the two other genes, the level of RB was not decreased as has
been reported for human breast tumors (6); however, the level of
gelsolin was virtually absent in the tumors examined in this study.
This result supports and extends the observations in human breast
tumors where gelsolin RNA and protein have been reported to be
significantly decreased (9, 10). Gelsolin is a protein involved in actin
filament polymerization (20). The low levels of gelsolin mRNA might
be reflected in altered microfilament structure, altered motility, or
altered adhesiveness. It would be informative to understand what
pathways regulate gelsolin transcription and whether the decrease in
gelsolin mRNA is a consequence of the neoplastic state or causally
involved in the genesis of the neoplastic state.

The data presented herein suggest some molecular alterations which
might be significant in the development of mammary preneoplasias
and neoplasias. At the tissue level, the results suggest at least 2 states
of preneoplasia that arise from normal cells. This concept is illustrated
as:

we examined for the overexpression of c-neu mRNA and could not

detect overexpression in TM3 and TM4 hyperplasias or in TM4 and
TM10 tumors. The interesting result appears to be the association of
ovarian independence and EGF independence in TM 2, -4, -6, -9, and
-10 preneoplasias, all of which are tumorigenic to a moderate to high

degree. In contrast, the TM3 hyperplasia is markedly ovarian depen
dent for growth and alveolar differentiation, remains EGF dependent
in growth in vitro, and has not produced any mammary tumors up to
11.5 months after transplantation (33).

The dependency on EGF for growth in monolayer cell culture
occurs both in late passage FSK3 cell line (passage 34) and in the
TM3 cell line (passage 8). Whereas progression to EGF independence
was not observed with passage of the FSK3 progenitor cell line and in
TM3 hyperplasia, progression in two other properties, responsiveness
to bFGF (Fig. 5) and colony-forming ability on plastic3 was observed

with passage of FSK3. Thus, the dependency on EGF may reflect a
fundamental property of mammary cells which is linked to ovarian
dependence and/or the preneoplastic phenotype.

The second general conclusion relates to the overexpression of
specific genes which have been associated with mammary neoplastic
development. Although c-H-ras and c-mvc genes have been demon

strated to be oncogenic for mouse mammary cells in transgenic sys
tems (12-14, 34-36) and c-H-ras activation is a consequence of

DMBA treatment in normal (37) and preneoplastic (3, 4) mammary
tissues, neither an overexpression of c-H-ras (8) or c-myc (8) nor
mutated c-H-ras has been reported in mouse mammary cells under

other conditions. Since some of our cell lines arose under conditions
of DMBA treatment, it was important to determine if expression of
c-H-ras was altered in any manner. The results reported here extend

those reported with Dl preneoplasias and tumors and document again
that the expression of c-H-ras and c-mvc mRNA was within normal

Normal

' Unpublished observation.

-> Preneoplasia I
(EGF-dependent)

â€”¿�>Preneoplasia II
(EGF-independent)

Alternatively, the two stages could be independent from each other as:

Normal
-> Preneoplasia I

-> Preneoplasia II

For convenience, these have been termed type I and type II. The
important concept is that both hyperplasias are immortalized mam
mary epithelial alveolar hyperplasias. The correlation among ovarian
dependence, EGF dependence, and nontumorigenicity on the one hand
and EGF independence and tumorigenic potential on the other hand
may indicate that the EGF pathway with its closely related factors
(i.e., TGFa) may be important pathways in the genesis of mammary
preneoplasias which have measurable tumorigenic capabilities. Future
experiments will focus on these pathways to determine their signifi
cance for mammary preneoplastic development.

Finally, it is worth noting that TM3, a nontumorigenic, slow grow
ing, ovarian-dependent alveolar hyperplasia, behaves like an immortal
cell population. This result suggests that the immortality and hyper-

plastic properties are dissociated from the tumorigenic property char
acteristic of mammary preneoplasias. This observation supports and
extends the observations by Miyamoto et al. ( 13) on the association of
mammary hyperplasia and immortality but from a different perspec
tive. In their results, they described alveolar hyperplasias which were
not immortal, thus providing evidence for disassociation between the
two phenotypes. It is a tenable hypothesis that the 3 essential char
acteristics of mammary preneoplasia reflect independent and disso
ciable genetic alterations. This hypothesis is supported by the recent
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description of immortalized cell populations which produce hormone-

dependent ductal outgrowths in vivo (39). The observations in tow
suggest that the preneoplastic transformation can be divided into
several stages as suggested in the following schemes:

Normal
cells

immortalized
ductal
cells

prencoplasia I preneoplasia II

Future experiments with the TM3 outgrowths and other mammary cell
populations might shed light on the genetic alterations underlying the
immortality and hyperplastic phenotypes.
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