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ABSTRACT

We have developed, by microinjection of SV40 DNA into human milk
epithelial cells, a new mammary cell line, Iln-MI, which exhibits the
pin-not) pr of luminal cells or so-called "breast cancer precursor cells."

This cell line retains the phenotype of primary cells as demonstrated by
the expression of keratins 18 and 19 and of polymorphic epithelial
mucins. However, the cells do not grow in agar after more than 80
passages, nor do they form tumors in nude mice. Established cells contain
2 copies of SV40 DNA integrated into the cellular genome and up to 14
copies of free SV40 DNA. A deletion of the short arm of chromosome
11 (llplS) including the c-Ha-r<w and the 0-globin genes was found in
the immortalized cells when the DNA from these cells was compared to
the DNA from peripheral blood mononuclear cells obtained from the
same donor. In addition, this cell line showed a good transfection effi
ciency for other DNA sequences using classical transfection and selection
techniques with a neomycin resistance gene (pKOneo). Selective microin
jection of DNA into tumor precursor cells may prove useful for the study
of the molecular mechanisms involved in breast carcinogenesis. The
possible significance of the loss of 1Ipl3-15 in malignant progression of
breast cancer is discussed.

INTRODUCTION

Recent advances in the genetic analysis of neoplasms have
emphasized the role of chromosomal alterations in oncogenesis
( 1-4). In human breast cancer the amplification and overexpres-
sion of oncogenes, chromosomal rearrangements, and specific
allelic losses have been described (5-7). Amplification of the
protooncogenes c-myc, c-erbB-2, and int-2 are relatively fre
quent and in some cases may be clinically significant in selected
subgroups of patients (8-30). The loss of heterozygosity at
specific loci, which is thought to reveal recessive mutations or
deletions in tumor suppressor genes in the corresponding re
maining alÃele,appears to occur in breast cancer at specific
chromosomal sites (31-36). Most previous genetic analyses of
human breast cancer have been based on the analysis of primary
tumors themselves and from cell lines derived from human
cancers (37). Neoplastic cells may show complex combinations
of genetic alterations. The relationship between a single change
and a corresponding modification in growth, development, or
differentiation may be difficult to determine.

One possible experimental approach to the problem of eval
uating complex genetic alterations in cancer cells has been the
development of cell lines which retain many of the phenotypic
characteristics of the normal cells from which they were derived.
The genomic basis of immortalization may be examined. In
addition, cell lines may be used as substrates for transfection
experiments, facilitating the study of the stepwise progression
of genetic alterations in oncogenesis.
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Various techniques have been used to establish cell lines from
normal cells. These include the immortalization of cells by viral
infections, transfections, or microinjection of transforming
DNA. The microinjection technique has been associated with a
higher rate of success for the selective immortalization of a cell
type (38, 39). While these techniques have been applied in other
systems there has been a relative lack of progress in establishing
cell lines from normal mammary cells and these are not widely
available.

The normal ductal luminal cell is a likely candidate for the
development of cell lines and subsequent studies on the mech
anism of oncogenesis. Evidence suggests that transformed cells
in breast carcinoma are of ductal origin (40, 41). These cells
may be distinguished from other mammary cells by their phe
notypic characteristics, e.g., the expression of intermediate fil
aments such as keratin proteins 8, 18, and 19 (42, 43). Desqua
mated ductal luminal cells are present in human milk during
the first days of lactation. However, normal ductal luminal cells
have only a limited life span in cell culture and for longer term
studies it is essential to develop immortalized cell lines.

Previous investigations have shown that immortalized cell
lines may be developed from mammary cells isolated from
rabbits and from humans. We have obtained selective immor
talization or transformation of rabbit ductal cells by microin
jection of SV40 DNA or SV40 DNA and the c-Ha-ras oncogene
into primary mammary epithelial cells. The immortalized cells
retained functional characteristics of normal cells such as pro-
lactin receptor expression whereas transformed cells lacked the
prolactin receptor but were able to form tumors in nude mice
(38). Other groups using SV40 have established cell lines from
human milk cells. Three cell lines have been described, one
established by microinjection of SV40 DNA and two others by
infection with SV40 virus (44-46).

In the present study we report the establishment of a human
mammary luminal epithelial cell line (Hu-MI) by microinjec-
tion of SV40 DNA. The cell line has been cultured continuously
for 2 years and 110 passages. The immortalized cells were not
tumorigenic nor did they form colonies in soft agar. Genetic
analysis revealed a loss of heterozygosity for the short arm of
chromosome 11 (llplS) including the c-Ha-ras and the ÃŸ-
globin genes. In addition, the cells could be transfected with
other DNA sequences with a good efficiency of transfection.
The Hu-MI cell line is a useful model system for the study of
oncogenesis in breast neoplasia.

MATERIALS AND METHODS

Primary Cultures of Milk Epithelial Cells

Epithelial cells and macrophages were isolated from early lactation
milk collected from donors by gentle aspiration with a Kitet-vacuum
system (Inject+Matic, Geneva, Switzerland). Cells were plated on 60-
mm tissue culture dishes in RPMI 1640 containing 15% PCS3 (Ser-

1The abbreviations used are: PCS, fetal calf serum; EGF, epidermal growth
factor; PBS, phosphate-buffered saline; PBMC, peripheral blood mononuclear
cells; RFLP. restriction fragment length polymorphism.
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Table 1 Antibodies used in the present study and results of immunostaining of
Hu-MI cells

Antigen Antibody* Result Ref.

Keratin 18

Keratin 19

L61
CK2
AE1/AE3

KC19

Polymorphic epithelial mucin HMFG-1
HMFG-2
EMA

Carcinoembryonic antigen CEA

Stratified squamous epithelia SSE

SV40 large-T antigen SV-T

49
50
51

52

53

54

55

56

38

"Antibodies were kindly donated by Dr B. Lane (L61), J. Taylor-Papadimi-
triou (HMFG-1, HMFG-2), and H. Turler (SV-T). The others were purchased
from Amersham.

omed), 10% human serum, 10 /jg/ml of insulin (Sigma), 5 Mg/ml of
hydrocortisone (Sigma), and 50 ng/ml of cholera toxin (Schwarz/
Mann), according to the method of Chang et al. (45), and modified by
the addition of 50 ng/ml of EOF (Gibco). After 2 weeks of culture,
most macrophages had detached from the plastic and epithelial cell
colonies with different morphologies were observed. Immunofluores-
cence staining to determine the phenotype of the cells and the expres
sion of keratins 18 and 19 was performed after 15 days with fixed cells.

Microinjection of Cloned Genes

Primary milk epithelial cells were cultured for 2 weeks and then
selected colonies were microinjected with different cloned DNAs. The
whole genome of a wild type SV40 DNA (provided by Dr. P. Bear,
ISREC, Lausanne, Switzerland) suspended in 10 m\i Tris hydrochlo-
ride, pH 7.2, at 0.20 mg/ml was injected. The human c-Ha-rai oncogene
pEJ (47) and the v-myc oncogene (48) were prepared in a similar
manner. Microcapillary pipets were prepared with an Inject+Matic
Puller. Microinjections were performed with an Inject+Matic auto
matic microinjector and a Zeiss phase contrast microscope at x320.
Using the microinjection apparatus, the same volume of solution was
injected at constant pressure and for a defined period of time into each
cell (38). DNA-containing solutions were injected into about 300 cell
nuclei/dish in 3 experimental dishes.

Immunohistochemistry

Immunofluorescence Studies. Cultured normal milk epithelial and
immortalized epithelial cells attached to the surface of plastic Petri
dishes were washed with PBS, pH 7.2, and fixed in a precooled (-20Â°C)
solution of methanol/acetone (3/1, v/v) at â€”20Â°Cfor 20 min. Fixed

cells were rinsed in PBS containing 1% FCS and then preincubated
with 10% FCS in PBS at 37Â°Cfor 30 min. Cells were then incubated
for I h at 37Â°Cwith one of the antibodies listed in Table I. Plates were
then washed with PBS and incubated for 1 h with fluorescein isothio-
cyanate-conjugated sheep anti-mouse immunoglobulin. The controls
included cultured primary breast cancer cells and colon tumor cell line
WIDR (57). The number of cells expressing antigen was evaluated
following immunoperoxidase staining trypsinized and fixed cells.

Immunoperoxidase Studies. For immunoperoxidase studies the fol
lowing protocol was used. Cytological smears were prepared with
trypsinized cells (Cytospin, Shandon, England). The smears were fixed
in acetone at -20Â°C for 5 min and then rinsed in PBS. Following

incubation in PBS containing 5% bovine serum albumin (15 min) at
20Â°C,the cells were incubated with the primary monoclonal antibody
for 30 min at 20Â°Cin a humidified chamber. The antigen-antibody

reaction was revealed using a streptavidin-biotin peroxidase technique
(58). The substrate was diaminobenzidine. The presence of brown

precipitates in the appropriate cellular localization was interpreted as
a positive reaction. Appropriate negative controls (replacement of the
primary antibody with PBS-bovine serum albumin or another monoclo
nal antibody with no known specificity for human cells) were run
simultaneously. The following monoclonal antibodies were used: AE1/
AE3 (antikeratin, Hybritech. San Diego, CA); HMFG-2 (polymorphic
epithelial mucin, Seward Labs, England) (Table 1).

Doubling Time and the Effect of Hormone Stimulation

Immortalized epithelial cells were cultured in RPMI 1640 with 10%
FCS, in the presence of various combinations of 10 Mg/ml of insulin. 5
Mg/ml of hydrocortisone, and 50 ng/ml of EGF. Cells were plated in 6-
well plates at a density of 3xl04 cells/well. After 24, 48, and 72 h, the

cells from 3 wells were trypsinized and resuspended in culture medium,
and the number of cells in an aliquot was counted in a hemocytometer.

Anchorage Independence Assay on Soft Agar

Single cell suspensions containing IO4, 2xl04. and 5xl04 cells in
0.3% agarose were layered onto a 0.5% agar base in 100-mm bacterio
logical Petri dishes. Both agarose layers contained RPMI 1640 with
10% FCS. Plates were incubated at 37Â°Cin a humidified atmosphere

containing 5% CO2 in air for 4 to 6 weeks. Fresh medium was added
to the agar cultures every 4 days. WIDR cells (57) were used as the
positive control; a colony was defined as containing 20 or more cells.

Tumorigenicity Assay-

Suspensions containing IxlO7 immortalized cells were injected s.c.

into 7 nude mice (nu/nu). The animals were regularly observed for over
5 months to detect tumor formation.

Nucleic Acid Extraction and Hybridization

DNA extractions and hybridizations were performed as reported
previously (22, 59). Briefly, DNA was recovered from cultured cells
and PBMC by treatment of cells with 0.5% sodium dodecyl sulfate and
0.2 mg of proteinase K/ml, followed by phenohchloroform (1:1) ex
traction and ethanol precipitation. DNAs were digested with different
restriction enzymes, electrophoresed in 0.8% agarose gels, transferred
onto nylon filters, and fixed by UV light. SV40 DNA, a Sad fragment
from pEJ plasmiÂ«!containing the human c-Ha-raj gene, a ft/I fragment
of the ff-globin gene cloned in pBR322 (60), and a 0.714-kilobase
fragment from the c-Ã-rftB-2human complementary DNA probe (61)
were used as probes. They were labeled with "P by the random primer
method (62). Autoradiography was performed with Hyperfilms-TM
(Amersham) and two Kiokko intensifying screens at â€”70Â°Cfor various

lengths of time.

Transfection Assays and Selection of Resistant Cells

The protocol used for DNA transfection was a modification of the
calcium phosphate-DNA method described by Graham and van der Eb
(63). Cells were subcultured by adding 1x10* cells to 60-mm culture

dishes 24 h before the transfection procedure. The transfection mixture
was prepared by mixing 5 Mgof DNA, 1 fig of pKOneo plasmid, 4 Mg
of salmon sperm carrier DNA, 25 M'of 2.5 M CaCl2, and distilled water
to give a final volume of 300 n\. The second solution, 300 n\ of 2 x
A',A'-bis-2-hydroxyethyl-2-aminoethanesulfonic acid and saline, pH

6.95 (64) (Stratagene, Heidelberg, Germany), was gently added and the
mixture was incubated for 15 min at room temperature. The transfec
tion mixture was added dropwise to the cells which were then incubated
for 4 h at 37Â°C.The cells were washed with RPMI 1640 and subse

quently incubated for 24 h in RPMI 1640 containing 10% FCS.
Following incubation the cells were trypsinized, split 1:10 and. after a
further 24 h of incubation, the medium was replaced with medium
containing 400 Mg/ml of the antibiotic G418 (Gibco). The death of
human milk epithelial cells that presumably had not taken up the
pKOneo gene was observed following 10 days of exposure to G418.

RESULTS

Microinjection of Transforming DNAs into Human Milk Ep
ithelial Cells. In order to immortalize one specific type of
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mammary epithelial cell, we adapted the technique of selective
microinjection of DNA into nuclei of subconfluent human
epithelial cells. Colonies of cuboidal epithelial cells, morpho
logically similar to those previously shown by immunohisto-
chemistry to express keratins 18 and 19, were utilized as recip
ients. Fig. 1 illustrates one of the colonies following microin
jection. We introduced either SV40 DNA, the pEJ plasmid
containing activated c-Ha-ras gene (47), or the v-myc oncogene
(48). Approximately 500 circular molecules of each DNA were
inoculated into each epithelial cell nucleus. Cells treated by
injection of \-myc or c-Ha-ras were maintained in culture for 6

Fig. 1. Phase contrast photomicrographs illustrating morphology oÃ(A) one
primary milk colony following nuclear microinjection and (B) and (C) immortal
ized Hu-Ml cells at different states of confluence at passage 30. A, x 320; B, x
200; c, x 100.

to 8 weeks, at which time cell growth ceased. In comparison,
cells treated by injection of SV40 DNA (3 plates with about
300 microinjected cells each) showed an enhanced life span.
However, cells from only one of the three plates could be
maintained in long-term culture. Cells with an extended life
span were easily selected after three or four passages since
normal cells died after a few divisions and one or two passages.
Growing colonies were amplified and cells proliferated as an
established epithelial cell line. These cells, referred to as the
Hu-MI immortalized cell line, have been maintained in contin
uous culture for 2 years and 110 passages. Hu-MI cells were
subcloned at passage 50, first by serial limiting dilution on
multiwell Petri dishes and secondly by transfection and selec
tion as described below. Seven Hu-MI (Hu-MI 1 to 7) cell lines
were propagated and characterized together with the original
cell strain.

Morphology and Growth of Hu-MI Milk Cells. Hu-MI mam
mary cells displayed a typical cuboidal epithelial-like morphol
ogy and formed monolayers (Fig. 1). Prior to confluence, there
was a mixture of cuboidal cells and elongated cells. At conflu
ence cuboidal cells were predominant. After cell cloning this
heterogeneity was maintained in individual cell lines. No strat
ification was observed in immortalized cells which were contin
uously propagated for more than 2 years and no crisis stage
was observed until late passages (approximately 100). The seven
individual cell clones derived at passage 50 by limiting dilution
(Hu-MI 1-5) and by transfection (Hu-MI 6 and 7) were cultured
simultaneously. At confluence the saturation density was
1.2xl05 cells/cm2. The average doubling time of Hu-MI cells

was 26 h. The doubling time was always greater in cell clones
than for the original cell population and ranged from 27 to 45
h. The addition of either insulin, hydrocortisone, or EGF to
the medium was not required for cell growth, although EGF
enhanced the proliferation rate. No effect was observed when
either insulin or hydrocortisone alone was added to the medium.

Expression of Keratins and Membrane Antigens. The expres
sion of specific epithelial antigens by Hu-MI cells was analyzed
by immunohistochemistry. All Hu-MI cells strongly expressed
keratin 18 in all passages tested (passages 3 to 110). The
staining pattern was a typical network distribution throughout
the cytoplasm. Keratin 19, a specific characteristic of cells of
luminal origin, was also expressed by Hu-MI cells in all pas
sages (Fig. 2A). However, the proportion of positive cells de
creased from 100% in the earliest passage to 40% at passage
80. In the selected clones Hu-MI 1 to 7, keratin 18 was always
present. Keratin 19 expression was lost in 4 of the clones but
was maintained and homogeneously expressed in the 3 others.
No immunofluorescence staining was obtained with antibodies
against high molecular weight keratins present in stratified
epithelium (56).

Three different antibodies (HMFG-1, HMFG-2, and EM A)
were used to examine the expression of polymorphic epithelial
mucins which are mainly expressed in luminal cells of lactating
breast and by breast carcinoma cells (Table 1) (53, 54). Epithe
lial mucins were expressed by Hu-MI cells, antibody HMFG-1
giving the most intense surface membrane immunostaining
(Fig. IB). In the original Hu-MI cell line, about 5% of the cells
expressed HMFG-2. However, the distribution was very differ
ent in cell clones. One of the clones was HMFG-2 negative,
two expressed the HMFG-2 antigens in all cells, and in the
other cell lines about 5, 10, and 25% of cells were positively
stained, respectively. There was no immunostaining of Hu-MI
cells by the anti-carcinoembryonic antigen antibody (55).

Since the immortalized cells were obtained from lactating
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Fig. 2. A, indirect immunofluorescence staining of Hu-MI cells with anti-
keratin 19 showing intermediate filaments characteristic of epithelial cells of
luminal phenotype; II. indirect immunofluorescence staining of polymorphic
epithelial mucin detected by the antibody HMFG-1 in immortalized Hu-MI cells.

human glands, we tested whether they expressed lactogenic
hormone receptors. Prolactin hormone receptors were analyzed
by a radioligand binding assay (65). No prolactin receptors were
detected in cells obtained at passage 30.

Anchorage Independence and Tumorigenicity. Hu-MI cells did
not form anchorage-independent colonies in soft agar immedi
ately after they were established or after more than 80 passages.
This suggested that they were anchorage dependent.

We tested the tumorigenic potential of immortalized cells by
inoculating lOxlO6 cells s.c. into nude mice and scoring the

development of tumors. Cells were obtained from late passages
(80). In animals followed for more than 5 months, no tumor
growth was observed, suggesting that Hu-MI cells were not
tumorigenic in nude mice.

Characterization of SV40 DNA in Hu-MI Cells and Expres
sion of Viral Antigens. The presence and the physical state of
SV40 DNA in Hu-MI cells were evaluated by Southern blot
hybridization (59). DNA isolated from immortalized cells was
digested with various restriction enzymes and an SV40 DNA
probe was used to detect viral DNA sequences. Following
digestion of genomic Hu-MI DNA with the EcoRl restriction
enzyme a major band with a molecular weight of 5.2 kilobases
which comigrated with linearized SV40 DNA was detected.
There was a second band of higher molecular weight (10 kilo-
bases) which indicated the presence of one or two integrated
copies of SV40 DNA (Fig. 3). Digestion of cellular DNA with
the BamHl restriction enzyme revealed the same pattern.
Digestion with Xbal enzyme which does not cut within the

SV40 genome resulted in two minor bands of high molecular
weight, probably corresponding to two integrated SV40 DNA
copies, and two bands of 5.5 and 3.1 kilobases corresponding
to circular and supercoiled SV40, DNA respectively. These two
bands were revealed after hybridization of undigested genomic
DNA (Fig. 3). The number of copies was estimated by compar
ing the intensity of the hybridizing bands with standards con
taining a known amount of SV40 DNA. Our results showed
that two copies of SV40 DNA seem to be integrated into the
cellular genomic DNA. The majority of the viral DNA was
found to be free or unintegrated (12 to 14 copies/cell). Finally,
the transcriptional activity of the viral DNA present in Hu-MI
cells was examined by studying the expression of large-T viral
antigen. All nuclei of Hu-MI cells were immunoreactive for the
large-T antigen as detected by an indirect immunofluorescence
technique (Fig. 4).

Loss of Heterozygosity for the Short Arm of Chromosome 11
(llpIS) in Immortalized Cells. The c-Ha-ras locus (llpIS) in
immortalized Hu-MI cells and PBMC isolated from the same
donor was examined using RFLP analysis following restriction
enzyme digestion of genomic DNA with BamHl. Following
hybridization with a c-Ha-ras probe, two DNA fragments of
6.7 and 7.8 kilobases corresponding, respectively, to the c-Ha-
ras locus were detected in genomic DNA from PBMC (Fig.
5ÃŸ).In contrast, analysis of DNA from Hu-MI cells yielded a
unique 6.7-kilobase fragment, suggesting that a deletion of one
c-Ha-ras alÃelehad occurred. While RFLP analysis following
digestion of PBMC DNA and Hu-MI DNA by EcoRl or

VK 1234567

9.6

5.2

1.7

1.1

Fig. 3. Analysis of SV40-specific DNA sequences in the genome of immortal
ized Hu-MI cells. Cellular DNA (10 Â¿ig)digested with: Lane I, EcoRl; Lane 2,
BamHl; Lane 3, Xba\; Lane 4, ///Will: Lane 5, Hpall; and Lane 6, Mspl
restriction enzyme or Lane 7, undigested, was hybridized with SV40 DNA. Kb,
kilobase.
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Fig. 4. A. immunofluorescence staining of Hu-MI cells with anti-large-T
antibody; H. phase contrast photomicrograph of the same immunostained cells.
X600.

Hind\\\ both yielded one fragment, the apparent concentration
of the fragment in PBMC DNA was 2-fold greater than the
concentration of the fragment in digests of Hu-MI DNA (Fig.
5). This result also suggested the absence of one of the c-Ha-
ras alÃelesin Hu-MI cells.

A similar pattern was observed when DNA from PBMC and
Hu-MI cells were analyzed with a probe for /i-globin. PBMC
were homozygous for the /i-globin gene. Following restriction
analysis with Hind\\\, a band corresponding to 2 copies of the
0-globin gene was observed. This was in contrast to Hu-MI
immortalized cells which contained only one copy of this gene.
In contrast, the results of RFLP analysis of PBMC DNA and
Hu-MI cell DNA for the protooncogene c-erbB-2 were identi
cal. This indicated that another chromosomal region (chromo
some 17qll-12) frequently altered in breast cancers was not
modified in the immortalized Hu-MI mammary cell line.

Transfection of Hu-MI Cells. Since immortalized Hu-MI cells
were selected on the basis of their extended proliferation in
vitro, it had not been necessary to introduce a gene for antibiotic
resistance. The cells were sensitive to G418 antibiotic and they
were destroyed after 10 days of exposure to 400 Mg/m' of G418.
Cells were transfected with the pKOneo plasmid by a modified
calcium phosphate-mediated DNA transfection method in or
der to determine whether immortalized epithelial cells could be
used as recipients for other genes when selected by G418.
Epithelial cells were sensitive to the transfection mixture and
prolonged exposure of cells (for longer than 6 h) resulted in
their detachment and death. Stable transfectants were selected

KB23.8-'

H

I N

9.6-

6.6-

4.3-

r
Fig. 5. Loss of heterozygosity at the c-Ha-ros locus in immortalized Hu-MI

cells (/) when compared to PBMC (,V) from the same donor of milk cells. DNA
(10 0g) was digested with EcoRl (E) BamH\ (B) or ///m/lll (//) restriction
enzymes and hybridized with a c-Ha-ras probe. i:>irri\\\ digestion shows hetero
zygosity in normal DNA and one unique band in DNA from immortalized cells
or homozygosity at the c-Ha-raj locus.

by G418. The transfection frequency of plasmid pKOneo in
Hu-MI cells was approximately 5x10~4. Two of the selected

clones were maintained in culture and partially characterized.
The two new cell lines showed uniform expression of keratin
18 and HMFG-2 antigens but heterogeneous expression of
keratin 19.

DISCUSSION

Breast cancer represents a heterogeneous group of lesions
which are thought to be composed of transformed epithelial
cells originating in the terminal ductal lobular units and be
longing to the luminal epithelial lineage (40, 43, 66). The Hu-
MI cell line, developed by the microinjection of SV40 DNA
into primary epithelial cells isolated from human milk, shares
many of the characteristics of luminal epithelial cells. These
include, as determined by immunocytochemistry, the expres
sion of keratin proteins 18 and 19 as compared to basal cells
which predominantly express keratins 4 and 14. While keratin
18 expression was stable, keratin 19 expression progressively
decreased in Hu-MI cells with increased passages. In contrast
to normal luminal epithelial cells, Hu-MI cells are immortal
and have been maintained in in vitro culture for more than 110
passages. Importantly, Hu-MI cells were not tumorigenic when
injected into nude mice nor could they form colonies in agar.
These results were similar to those previously obtained with
immortalized rabbit mammary epithelial cells (38) and to those
observed in studies of an immortal human milk cell line estab
lished by microinjection of SV40 DNA and exhibiting the
phenotype of breast luminal cells (44). Thus immortalization
appears to be a discrete, intermediate, and necessary but not
sufficient step between normal and malignant cell behavior.
Immortalization is likely initiated by the expression of the viral
DNA, specifically, the large T-antigen, which is known to be
responsible for a continuous growth signal in other cell systems
(67, 68). This is supported by the establishment of mammary
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cell lines by infection with SV40 or microinjection of SV40
DNA (44, 45). However, the continued expression of large-T
antigen may not always be required for cell growth maintenance
as indicated by the loss of its expression in successive passages
in an SV40-transformed rabbit mammary cell line (38).

Immortalization itself may be a preliminary and destabilizing
step at the level of the cellular genome, affecting oncogenes and
tumor suppressor genes. The development of colorectal tumors
has been shown to be related to the progressive accumulation
of genetic modifications which affect at least one oncogene and
several suppressor genes (69). In breast carcinoma, alterations
of the c-myc oncogene are frequent. In addition, amplification
or increased expression of the c-erbE-2 oncogene, found in
approximately 30% of carcinomas, may be related to poor
patient prognosis in selected groups (9-18, 22, 23). While
genetic analysis of Hu-MI cells did not reveal alterations in the
neu, c-myc, c-erbB-1, or c-mos oncogenes,4 the short arm of

chromosome 11 was deleted. This was indicated by the loss of
heterozygosity for the c-Ha-ras and a decrease in the copy
number of c-Ha-ras and 0-globin genes. The size of the deleted
fragment and its genetic composition including the presence of
putative tumor suppressor genes is currently under investiga
tion.

In breast cancer, loss of heterozygosity for chromosome
llplS occurs in approximately 25% of tumors and may be
associated with aggressive lesions and poor survival (22, 31,
32). We have recently reported that 4 of 7 patients whose
carcinoma cells showed a loss of an alÃeleat the c-Ha-ras locus
were dead 10 to 30 months after surgery as compared to 2 of
21 patients whose carcinomas did not demonstrate this deletion
(/>=0.016) (22). These important clinical observations suggest

that 1Ipl5 may be a candidate region for the presence of tumor
suppressor genes involved in growth regulation in breast and
other types of cancer. Loss of heterozygosity of the short arm
of chromosome 11 has been implicated previously in the patho-
genesis of a variety of neoplasms including Wilm's tumor (70).
Mutation of the putative Wilm's tumor suppressor gene at

1Ipl3 following loss of the normal alÃelehas been proposed as
the principal genetic abnormality responsible for Wilm's tumor

development (71). The short arm of chromosome 11 may
represent a "hot spot" or fragile site which becomes altered at

an early stage in the carcinogenesis process and may contribute
to tumor cell progression (72).

The present results confirm both our previous observations
(38) and those recently reported (44) demonstrating the advan
tage of the microinjection procedure in order to selectively
introduce a gene into a defined subpopulation of cells obtained
from primary cultures of heterogeneous phenotype. In addition,
Hu-MI cells could be easily transfected and selected by intro
ducing the pKOneo gene conferring the resistance to antibiotic
G418. Therefore, they can be used as recipients for the inves
tigation of the effects of oncogenes and tumor suppressor genes
in malignant progression.

In conclusion, the significance of this study is 3-fold: (a) the
confirmation of the use of a DNA microinjection technique to
selectively immortalize specific cell types in order to establish
cell lines; (b) the establishment of a well-characterized stable
mammary cell line which may be easily transfected facilitating
further studies of carcinogenesis; (c) the demonstration in this
cell line (Hu-MI) of a specific chromosomal alteration, the loss
of part of the short arm of chromosome 11 which may have
biological and clinical significance.

' I. Garcia el al., manuscript in preparation.
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