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ABSTRACT

In order to determine whether human breast epithelial cells undergo
malignant transformation when treated with chemical carcinogens in
vitro, and how host factors, such as degree of gland development, affect
their response to that treatment, twenty-two reduction mammoplasty

specimens from women ranging in age from 18 to 63 years and with
different parity history were studied in their morphology and in their
response to carcinogen treatment in vitro. Fixed tissues were processed
for whole mount preparations; it was found that the lobules of the
nonpregnant or resting breast tissue could be classified into three types
based upon their size and number of alveolar buds composing each one
of them, lobules type 1 being the least and lobules type 3 the most
differentiated ones. Breast tissues were classified according to the relative
proportion of lobules composing it and the reproductive and clinical
history of the patient into groups A, B, or C. Fresh tissues from these
three groups were digested for obtention of mammary epithelium orga-
noids, which were plated in Dulbecco's minimal essential medium:! lam's

F12 (1:1), with 5% horse serum to enhance attachment. When they
reached confluence, the cells were replated in serum-free medium; 48 h
postplating they were treated with 1.0 Mg/ml 7,12-dimethyl-
ben/(a)anthracene for 24 h, or with 1.0 Mg/ml W-methyl-nitrosourea for

3 h. At every passage, the cells were monitored for colony formation
efficiency, survival efficiency in agar-methocel, multinucleation assay,

karyotyping, immunocytochemical detection of tumor associated anti
gens, let-tin reactivity, and tumorigenic assay by injection into nude mice.

By the fourth passage after treatment, both carcinogens induced increased
survival, colony formation in agar-methocel, multinucleation, and in

creased reactivity with the tumor associated antigen Bl:l, an epitope of
carcinoembryonic antigen, and the lectins concanavalin A, Dolichos biflo
ras, and soybean agglutinili. This response was observed only in human
breast epithelial cells obtained from less differentiated breasts (Groups
A and B), whereas human breast epithelial cells from breasts exhibiting
good lobular development (Group C) did not exhibit those changes. No
karyotypic abnormalities were detected in treated cells, and they failed
to induce tumors when injected into nude mice. It was concluded that
mammary gland development is independent of age but is strongly
influenced by both the reproductive and clinical history of the donor. The
observed phenotypic changes were manifested not as a random event, but
as specific characteristics of the host, indicating that the developmental
stage of the gland with its intrinsic properties modulate the response of
the cells to carcinogen exposure.

INTRODUCTION

Environmental carcinogens have been estimated to be the
cause of 80-90% of human cancers (1), and carcinogenic com
pounds are found in the environment, food, and in cigarette
smoke (2). Some carcinogens, such as benzo(a)pyrene, secreted
and concentrated by the mammary alveolar ductal system, have
been detected in the milk of nursing mothers who smoke (2-6)
and have been reported to immortalize human breast epithelial
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cells treated in vitro (7); however, it has not been possible up to
now to determine whether environmentally derived chemicals
are potential factors in the causation of human breast cancer.

Nevertheless, it has been shown that polycyclichydrocarbons
such as DMBA,3 benzo(a)pyrene, and methylcholanthrene (8-

10), nitrosamides such as MNU (11), aromatic amine deriva
tives (12, 13), and nitroquinolines (14) induce breast cancer in
experimental animals. It could be speculated that the lack of
direct evidence that these or other chemical carcinogens are
etiological agents of breast cancer could be due either to the
fact that they are not actually responsible in the causation of
the human disease, to the inadequacy of the models utilized to
test the carcinogenicity of these compounds on human breast
epithelium, or to the need of an initiation event prior to carcin
ogen exposure, or a subsequent or second event has to be
operational for the manifestation of the transformed phonotype,
and/or that chemical carcinogens to be metabolically active
require an adequate susceptible target as an inherent property
of the tissue.

In order to determine whether chemical carcinogens are
causal agents of human breast cancer, there is a need of an in
vitrosystem in which transformation of normal breast epithelial
cells is inducible by a specific carcinogenic agent under con
trolled circumstances. Although culture conditions for human
breast epithelial cells have greatly improved in the last 5 years,
and both normal and carcinogen treated cells have been main
tained in vitro for several passages using a serum-free medium
(7,15, 16), and increased HBEC life span has been observed as
a random event in two different systems, in vitro treatment of
HBEC with a chemical carcinogen (7) and treatment with SV40
(17), the conditions for reproducibly inducing transformation
of HBEC have not been established as yet, and no tumorigenic-
ity has been demonstrated. We postulate that the failure in
obtaining HBEC transformation under reproducible and stand
ardized conditions might result from the lack of consideration
of host factors. Therefore, the selection of the adequate suscep
tible population becomes an important consideration since,
based upon experimental animal studies the susceptibility of
the mammary gland to carcinogenesis is dependent on several
factors related to gland differentiation (9, 18-23). The degree
of differentiation of the mammary gland, as evaluated by mor
phological development, cell kinetic parameters, and behavior
in culture, determines the affinity of its epithelium to bind
carcinogens and the extent and proficiency in repair of damaged
DNA (9, 24-26).

Therefore, the objective of this work was to determine
whether human breast epithelial cells treated in vitro with
chemical carcinogens manifest phcnotypical changes indicative
of cell transformation, and if these changes are observed, to
determine whether their appearance is modulated by the bio
logical characteristics of the host.

3The abbreviations used are: DMBA, 7,12-dimethylbenz(o)anthracene; MNU,
.V-nicthyl-.V-nitros<uirca: HBEC, human breast epithelial cell(s); DMEM, Dul
becco's modified Eagle's medium; BPE, bovine pituitary extract; TAA, tumor

associated antigen(s); CB, cytochalasin B; Con A, concanavalin A; WGA, wheat
germ agglutinin; RCA, Ricinus commuais; DBA, Dolichos bifloras; SBA, soybean
agglutinin; NK, natural killer, BAP, hen/Â»(u)pyrcne.
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MATERIALS AND METHODS

Collection and Morphological Assessment of Human Breast Tissue

Normal breast tissues were obtained from 22 reduction mammoplas-
ties performed on patients whose clinical, obstetric, and gynecological
histories were available. All tissues were collected under sterile condi
tions and assessed morphologically as described below in order to
determine their ductal and lobular composition and that no pathological
conditions were present (Table 1).

Only those tissues fulfilling the histopathological criteria of normal
ity listed in Table 1 and those patients providing the information
requested in Table 2 were entered in this study.

Every reduction mammoplasty specimen obtained weighed between
300 and 500 g. Approximately 20-30 g of tissue from every specimen
were collected from at least 10 different areas of the gland, fixed in

Table 1 Histopathological criteria of normality for acceptance of breast tissue in
this study

Presence of ductal structures alone or in combination with ductules forming
lobules surrounded by identifiable Â¡ntralobularloose connective tissue.

The interlobular connective tissue must contain Tatand connective tissue but no
fibrosis.

The ductal and ductular structures must be covered by an identifiable cuboidal
or low cuboidal epithelium resting on basement membrane and a discontin
uous layer of myoepithelial cells.

Breast tissues that contained hyperplastic epithelium in the ductal structures,
lobular hyperplasia, cystic formation, apocrine metaplasia, or other metaplas-
tic changes, or another morphological indication of derangement of the nor
mal structure as described above were deleted from this study.

Table 2 Profile of the population under study

GroupAGlandu

lar
differen
tiationLowSample1

2Age"3034Parity

historyGO*
PO' AO-*

GO PO AOGlandular

developmentLobule

Type 1
Lobule Type l,al-

veolar bud,
ducts

Lobule Type 1,
ducts

20 GO PO AO
23 GO PO AO

48 GO PO AO

Lobule Type 1
Ducts only
Lobule Type 1
Lobule Type I and

ducts
24 GO PO AO Lobule Type 1 and

ducts

36 GO PO AO
53 GO PO AO

B Medium16'1718*19202122C

High 910111213141560306331443136523331303918SOGlGlG4G3G5G3G3GlGlG3G3G2GOG2PIPIP4PIPSP2P2PIPIP3P3P2POP2AOAOAOA2AOAlAlAOAOAOAOAOAOAOLobule

Type 1andductsLobule

Types1,2,and
ductsLobule

Type 1andductsLobule

Type 1andductsLobule

Types1and
2Lobule

Type1Lobule
Type1Lobule

Types2and
3Lobule

Type3Lobule
Type3Lobule
Type3Lobule
Type3Lobule
Type3Lobule
Types2and

3
* Age in years at time of surgery.
b G, gravidity, number of pregnancies.
' P, parity, number of deliveries.
J A, pregnancies ending in abortion.
' Patients that had developed infiltrating ductal carcinoma in contralateral

breast.

10% neutral buffered formalin, stained with 4% toluidine blue, and
prepared for whole mount, in order to assess in tridimension the
development of the gland and ductal/lobular ratio (27). Selected areas
observed in whole mount preparations were embedded in paraffin,
sectioned at 5-Â¿imthicknesses, and stained with hematoxylin-eosin for
correlation of tridimensional structures with their histology. The re
maining tissue was processed for obtention of organoids as described
below.

Obtention and Characterizationof Human Breast Organoids

Breast tissue samples were processed for obtention of epithelium as
organoids (28) by placing them in sterile beakers containing M199,
0.2% sodium bicarbonate, S Â¿tl/mlpenicillin-streptomycin (KC Biolog-
icals, Lenexa, KS), and 125 n\/m\ Fungizone (KC Biologicals). Tissues
were minced into 1-mm3 pieces and incubated at 37'C for l h in a

shaking water bath and then transferred to 240 ml Erlenmeyer flasks
containing DM FM-Hanks' (KC Biologicals) with antibiotics-10%

horse serum (KC Biologicals)-5 *ig/ml insulin 5 Mg/m' hydrocortisone
(both from Sigma Chemical Co., St. Louis, M<))â€¢200 units/ml colla
genÃ¤se(Cooper Biomedicai, Malvoni, PA)-100 units/ml hyaluronidase
(Sigma), and incubated at 37Â°Cwith gentle agitation in a shaking water

bath for three periods of 16 h each with corresponding changes of
digestive medium.

After the last digestion the cells were centrifuged at 600 x g for 5
min and the pellets resuspended in Ml W-Hanks'. The cells were

allowed to settle by gravity for 30 min at 4V and the supernatant was
removed; the operation was repeated nine times at intervals of 30 min
to eliminate fibroblasts. In our experience with this procedure, fibro-
blasts remain in the supernatant and they are identified by their mor
phology in culture and because they exhibit a positive vimentin imniu-
nocytochemical reaction. The pellets consisted almost exclusively of
keratin-positive vimentin-negative epithelial cells. Epithelial cells were
obtained in aggregates called organoids (9, 27, 28), which were photo
graphed and measured under an inverted microscope; representative
structures were fixed in 10% buffered formalin, pelleted, and the pellets
embedded in paraffin, sectioned at 5-pm thicknesses, and stained with
hematoxylin and eosin for their histolÃ³gica!evaluation. The remaining
organoids were pelleted at 600 x g for 10 min, resuspended in DMEM
and plated at a density estimated to be 1-4 organoids/cm2. The orga

noids were plated in plastic Petri dishes in regular medium containing
DMEM-Ham's F12 (1:1) supplemented with 5% horse serum, 10 ug/

ml insulin, 0.5 Mg/ml hydrocortisone, 100 ng/ml cholera toxin (Sigma),
penicillin, streptomycin, and Fungizone. When the cells composing the
organoids expanded and reached confluence at approximately 10-14
days in culture, the cells were trypsinized with 0.5 g/liter trypsin, 0.2
g/liter EDTA, 0.3 g/liter sodium bicarbonate (all obtained from Sigma),
and 10 g/liter DMEM. Trypsinization proceeded for 20 min; after
washing with culture medium the cells were resuspended in serum-free
medium (16) consisting of MCDB170 (KC Biologicals) supplemented
with 25 ng/ml epidermal growth factor (Collaborative Research,
Biomedicai Products Division, Lexington, MA), 5.0 Mg/ml insulin, 0.1
mMethanolamine, 0.1 miviphosphoethanolamine, and 35 Mg/ml BPE.
The BPE was obtained from the laboratory of Dr. R. G. Ham (Depart
ment of Molecular, Cellular, and Developmental Biology, University
of Colorado, Boulder, CO). The cells were plated at a concentration of
1 x 10' cells/10-cm Petri dish.

Cytotoxicity Assay

Four cell samples were used for the Cytotoxicity assay; 1 x IO5cells
were plated in sextuplÃcatein 16-nini polystyrene flat bottomed wells
(Corning Glass Works, Corning, NY); 48 h postplating the cells were
treated with the following carcinogens: DMBA (Sigma) prepared in a
stock solution of 0.5 mg/ml in dimethyl sulfoxide and diluted to final
concentrations of 0.1, 0.5, 1.0, 1.5, and 2.0 Mg/ml in culture medium
(Table 3); MNU (Ash Stevens Chemical Co., Detroit, MI) prepared as
a stock solution and brought to a total volume of 10 ml with 0.9%
sodium chloride solution. It was solubilized at 37Â°Cfor 30 s and diluted

to final concentrations of 0.01, 0.5, 1.0, 1.5, and 2.0 Mg/ml in culture
medium and used within 10 min of preparation. DMBA containing
medium was removed after 24 h and MNU after 3 h of addition and
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Table 3 Cytotoxicity assay and survival in agar-methocel

Carcinogen,
DMBA or

MNU
(Mg/ml)0

0.01
0.50
1.00
1.50
2.00Cytotoxicity*

(x10*)DMBA1.0

Â±0.5*

1.2 Â±0.7
1.0 + 0.42
0.8 Â±0.30
0.6 Â±0.21
0.2 Â±0.10MNU1.0

Â±0.35
0.9 Â±0.4
0.8 Â±0.2
0.6 Â±0.15

0.27 Â±0.30
0.20 Â±0.05%

survival in
agar-methocelDMBA0.01

Â±0.05
0.01 Â±0.03
0.42 Â±0.06
0.88 Â±0.20
0.71 Â±0.10
0.20 Â±0.25MNU0.01

Â±0.003
0.01 5 Â±0.03

0.50 Â±0.10
1.35 Â±0.30
1.40 Â±0.50
0.80 Â±0.6

" The plating efficiency of cells used for cytotoxicity assay was 62 Â±7%.
* Mean Â±SD for HBEC observed for Samples 3, 7, 17, and 21.

replaced with fresh medium. Seven days later, the cells from three
wells/dose for each carcinogen and controls were trypsinized and
counted with a hemocytometer. The number of viable cells was deter
mined by the try pan blue exclusion method for each well and expressed
as the mean Â±SD (Table 3). The remaining wells were used for
determining survival efficiency in agar-methocel as described below.

Treatment of HBEC with Carcinogens

HBEC in their first passage were treated in duplicate with 1.0 /tg/ml
DMBA for 24 h or with 1.0 /ig/ml MNU for 3 h, starting 48 h
postplating. The doses were found to be optimal by cytoxicity and
survival in agar-methocel assays (Table 3) and were used throughout
the experiment in all the samples. When the cells reached confluence,
generally 12-13 days postplating, monolayers were subcultured with
split 1:8.

At every passage the following parameters for detecting phenotypic
changes of cell transformation were monitored: survival efficiency;
colony-forming efficiency in agar-methocel; multinucleation; kary-
otype; expression of TAA; lectin reactivity; and iumorigeri Â¡cresponse
in nude mice.

Survival and Colony Forming Efficiency in Agar-Methocel. Trypsin
ized monolayers were replated in serum-free medium containing 1.3%
methocel; 10*cells were plated in quadruplicate on 16 mm polysterene

flat bottomed wells (Coming) precoated with an 18% agar layer (29,
30); the plates were incubated at 37Â°Cwith two feedings/week. All

cultures were evaluated 24 h postplating in order to detect cell aggre
gates that might bias the final scores. Survival efficiency was determined
in two wells/sample of every group by counting the number of cells
that stained positively with neutral red after 14 days of plating in agar-
methocel. An average of 2000 cells/dish was counted at each passage
after carcinogen treatment. Colony forming efficiency was evaluated 3
weeks postplating by counting those colonies ranging in size from 50-
250 urn in diameter under an inverted phase microscope and expressed
as the number of colonies formed per number of cells plated x 100.

MCF-7 cells, obtained from Dr. H. SoÃ»le,Michigan Cancer Foun
dation, Detroit, MI, and T24 cells, obtained by courtesy of Dr. Rhim,
Frederick Cancer Center, MD, were used as positive controls.

Multinucleation Assay. CB-induced multinucleation was used for
discriminating neoplastic from normal and preneoplastic mammary
epithelial cells in culture (31). Treatment of HBEC with 1.5 tig/ml CB
(Sigma) for 72 h was determined to be the optimal concentration for
inducing multinucleation. Control and treated HBEC and MCF-7 cells
were incubated at every passage in duplicate with CB as described
above. At the end of the incubation period, the cells were fixed in 100%
ethanol, stained with 0.1 % mÃ©thylÃ¨neblue for 5 min, dehydrated, and
coverslipped. Multinucleation was determined by a count of the number
of cells having three or more nuclei/cell and expressed as a percentage
of the total number of cells counted. A total of 200 cells/sample were
counted.

Karyotype. The number of chromosomes was determined in HBEC
control and treated cells collected at every passage. Cultures were
incubated with 10 /ig/ml Colcemid (Gioco, New York, NY) for 3 h.
Mitotic cells were dislodged with the tip of a pipet, centrifuged at 180
x g for 5 min, and suspended in hypotonie solution containing 0.75 M
KC1. After a 15-min incubation at 37'C the cells were fixed in cold

methanohglacial acetic acid (3:1). Metaphase chromosomes were
stained with Giemsa according to the method of Moorhead et al. (32).
An average of 50 metaphases were analyzed in every sample.

Immunocytochemical and Electron Microscopic Characterization of
HBEC. The epithelial nature of treated and control HBEC was con
firmed by immunocytochemical detection of the following antigens:
keratin; milk fat globule membrane antigen; vimentin; and actin by
using the following antibodies: a polyclonal antibody against keratin
(Ortho Diagnostic Systems, Inc., Raritan, NJ); monoclonal antibody
MC5 against human milk fat globule (kindly provided by Dr. Roberto
Ceriani, John Muir Cancer and Aging Research Center, CA); actin and
vimentin, polyclonal antibodies purchased from Immunonuclear Cor
poration (Stillwater, MN). Immunocytochemical reactions were per
formed in sections of paraffin embedded breast tissue from which
HBEC were obtained, in HBEC grown on coverslips, and in cells
suspended after scraping or trypsinization. For keratin detection cells
were fixed in Saccomanno's fluid, then treated with the primary (1.0

Mg/ml) and secondary antibodies and the reaction visualized using the
peroxidase-antiperoxidase method of Sternberger et al. (33). Mono
clonal antibody MC5 (0.5 Â«Â¿g/ml)was reacted in cell suspensions
incubated with the antibody at 4Â°Cfor 2 h. The cells were then fixed
in Saccomanno's fixative and deposited on slides using cytospin. The
samples were stained by the avidin-biotin technique, using the method
of Hsu et al. (34) modified by Nuti et al. (35). Samples were run in
triplicate. Results were scored according to the intensity of the reaction
from 0 (negative), 1+ (weakly positive), and 2+ and 3+ indicating
greater reactivity.

For electron microscopic studies, both control and treated HBEC
were grown on plastic coverslips (Miles Scientific, Naperville, IL). Cells
were fixed in 1.0% glutaraldehyde in phosphate buffer, pH 7.2, post-
fixed in 2% osmium tetroxide, and removed from the coverslips and
embedded in plastic as previously described (36). Ultrathin sections
were examined with a Zeiss 10 RC electron microscope.

Expression of TAA and Lectin Reactivity. Both treated and control
HBEC were reacted with the following antibodies for detection of TAA:
monoclonal antibodies Bl:l, which cross-react with an epitope of
carcinoembryonic antigen; and B6:2 and B72:3 against human breast
cancer cells (kindly provided by Dr. Jeffrey Schlom, National Cancer
Institute, Bethesda, MD). Each antibody was used at a concentration
of 3-4 /ig protein/100 ml.

The lectins tested were Con A, at a concentration of 0.1 Mg/ml, and
WGA, RCA, DBA, and SBA (Vector Laboratories, Inc., Burlingame,
CA) at a concentration of 0.05 fig/ml each, doses tested to produce the
highest reactivity in MCF-7 cells and the lowest reactivity in normal
epithelial cells.

In all cases, cultured cells were scraped or trypsinized from the
culture dishes and pipetted to obtain a single cell suspension. MCF-7
cells were used as positive controls.

Monoclonal antibodies and lectins with and without their respective
sugars were reacted in cell suspensions incubated with each specific
antibody or lectin at 4'C for 2 h. All samples were reacted using the

avidin-biotin technique described above, and the intensity of reaction
graded from 0 (negative), 1+ (weakly positive) to 2+ (moderately
positive) and 3+ (strongly positive).

Tumorigenic Assay. Nude (nu/nu) male mice, purchased from HarÃan
Sprague-Dawley (Indianapolis, IN), were orchiectomized when they
were 50 days old. Five days later, a silastic tube containing 5.0-6.0 mg
17-j3-estradiol powder was implanted s.c. in the interscapular region.
This hormonal treatment resulted in an adequate hormonal level within
12 h of implantation, which persisted for at least 3 months (37). Five
days after silastic tube implantation, three animals/group for each
sample, were given injections in the mammary fat pad of 1 x IO'1cells

obtained during their fourth or fifth passage. MCF-7 cells injected at
the same concentration were used as positive controls (38). All animals
were followed for 30 weeks by biweekly palpation for the detection of
tumor development. At the end of this period the animals were killed
by decapitation, autopsied, and the mammary fat pads were removed,
fixed in formalin, embedded in paraffin, and stained with hematoxylin
and eosin.

Statistical Methods

The analysis of growth properties of HBEC in culture, the effect of
donor gland differentiation and of treatment on survival efficiency,
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colony-forming efficiency, and multinucleation efficiency were tested
using analysis of variance to detect the overall effects (39); Student's t
test and Tukey's studentized range tests (39) were used to determine

the specific differences. To minimize the effects of differences among
individual donors, the efficiencies were expressed as the percentage
difference between the treated plate and the control plate efficiencies.
Letting /' and C be the efficiencies in the treated and control plates,

respectively, the arc percentage difference is

(T - Q

(T+C)

Since the efficiencies must fall between 0 and 1, the arc percentages
must fall between -200 and 200.

The effect of donor gland differentiation and treatment on the
expression of TAA and lectin markers were analyzed using discriminant
analysis (39). This method is appropriate since the degree of response
was measured as â€”,+, ++, or +++.

RESULTS

Morphology of the Human Breast. The basic morphology of
the mammary gland and its changes during postnatal develop
ment have been described elsewhere (9, 27). We concentrated
our attention in the terminal structures of the ductal system,
namely the lobular structures, based upon which the degree of
differentiation of the mammary gland was determined. The
lobular structures present in the mammoplasty specimens stud
ied were subclassified according to the degree of alveolar devel
opment into four types (Tables 2 and 4): Type 1 lobules, which
were lobules composed of a cluster of approximately five or six
alveolar buds, each bud measuring an average of 0.232 x Ki
mm' (Figs. 1-4). Type 1 lobules were also called virginal lobules

and represented branches of the mammary gland tree that
lagged behind the general development of the organ (27); Type
2 lobules (Figs. 5-9), composed of approximately 47 buds or
alveoli which were smaller than those of Type 1 lobules, meas
uring an average of 0.167 x 10~2 mm2 each; Type 3 lobules,

which were made up of even smaller buds measuring an average
of 0.125 x 10~2mm2 each, and every lobule contained approx

imately 80 alveoli (Figs. 10 and 11); Type 4 lobules (27), found
only in pregnancy and not present in any of the samples studied
in this project.

When the donor's parity history was correlated with the

degree of breast development, determined according to the
morphological criteria described above and clinical history, the
following categories emerged. Group A constituted nulliparous
females whose breast tissues were composed predominantly of
Type 1 lobules and were therefore considered to have a low
degree of glandular differentiation. No correlation between the
age of the donor and the degree of breast development was
observed, since donors in this group ranged from 20-53 years
of age, and the morphology of the gland was similar in the 20-
and in the 53-year-old woman (Table 2).

Group B was composed of those glands that contained Types
1 and 2 lobules, or only of ductal structures but not Type 3

Table 4 Profile of compartments of humanbreastStructureType

1 Lobule
Type 2 Lobule
Type 3 Lobule
Type 4 LobuleSize

(mm2)'0.232

x IO'2 Â±0.090 x IO'2"
0.167X 10-Â¡Â±0.035 x IO'2
0.125X 10-2Â±0.029x IO-2
0.120X 10-2Â±0.050x IO'2No.

of buds/
structure11.

20 Â±6.34
47.0 Â±17.0
81.0 Â±16.6

180.0 Â±20.0
* Surface area measured in a Zeiss Video Plan. The significance of the differ

ence was determined by Student's t test. Type 1 versus Types 2, 3, and Group C
lobules. P < 0.001 ; Type 2 versusTypes 1, 3, and 4 lobules, P < 0.001.

* Mean Â±SD.

lobules. The age of the donors ranged from 30-63 years. The
donors had a history of full-term pregnancy, and in addition,
some of them had a history of abortions [Samples 19, 21, and
22 (as cited in the various figures)] or had developed ductal
carcinoma in the contralateral breast (Samples 16 and 18).

Group C was composed of glands consisting almost exclu
sively of Type 3 lobules. As in the other groups, there was no
direct relationship between age of the donor and breast devel
opment, since the donors ranged in age from 18-53 years. All
the patients, with the exception of Sample 14, had a history of
full-term pregnancies but not of abortion or clinical history of
breast pathology. Group C represented the highest level of
glandular differentiation found in this study.

The observation that breast tissues of parons women exhib
ited different degrees of development was attributed to the
obstetric and clinical history of the donors, since in Group B
more women had a history of abortion or had developed con-
tralateral breast cancer, which suggested that their breast struc
ture was manifesting an alteration in its capacity to differentiate
normally.

These observations allowed us to conclude that the human
breast is a heterogeneous organ in which development is not
related to age but to reproductive history, and this latter param
eter served better than age as a normalizer in the evaluation of
breast development.

Morphology of Organoids. Organoids obtained from each
individual sample consisted variously of collections of 5-6
ductules attached to a main duct, with each individual ductule
ending in a club-shaped structure called an alveolar bud (Fig.
12), which occasionally showed a slight cleavage at the distal
end (Fig. 13); these two types of structures were the constituents
of lobules Type 1. Other organo ids were composed of numerous
ductules clustered around a duct (Figs. 14-15), with similar
appearance to the lobule Type 2 described in the whole mount
preparation (Figs. 5-7). A third type of organoid was composed
of a greater number of ductules (Fig. 16), which corresponded
to the whole mount of lobule Type 3 shown in Fig. 10. Other
structures identified were fragments of ducts (Figs. 17 and 18),
some of which exhibited lateral budding (Fig. 17).

The type of ductal and lobular structures isolated by separa
tion of organoids correlated perfectly with the type and number
of structures observed in whole mount preparations; therefore,
glandular development was evaluated based upon the morphol
ogy of structures observed in both whole mount preparations
and organoids, and it allowed the classification of the glandular
tissue into three groups (Table 2).

During the process of digestion, lobule Types 2 and 3 frag
mented into their individual components, which appeared as
small ductules (Figs. 19 and 20). Their identification was done
by both morphometry and histolÃ³gica! (."animation. Those
ductules measuring an average of 0.160 >' 10~2 mm2 were

considered to be equivalent to the ductule present in Type 2
lobules as measured in whole mount preparations, and those
measuring 0.120-0.125 x 10~2 mm2 were considered to be

equivalent to the ductules composing lobules Type 3 (27).
Therefore, size was not considered a criterion by itself for
organoid separation (28) but only as an additional criterion
used in combination with intact organ morphology and histo
lÃ³gica!examination.

HBEC in Primary Culture. Each gram of wet tissue yielded 3
x IO6 cells, with 60% viability and 68% plating efficiency.

Organoids plated remained unchanged in morphology for the
first 10 days in culture, although at 48 h postplating outgrowth
of cells from the organoids were seen forming a flat monolayer
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Fig. 1. Whole mount preparation of breast tissue of a 30-year-old nulliparous woman (Sample 1), containing one Type 1 lobule composed of alveolar buds, aâ€”b,
level at which histolÃ³gica!section for Fig. 2 was taken. Toluidine blue, x 25.

Fig. 2. Histological section of the Type 1 lobule shown in Fig. 4, sectioned at aâ€”b level. H&E, x 100.
Fig. 3. Histological section taken at level aâ€”bof Fig. 4, showing alveolar buds. H&E, x 100.
Fig. 4. Whole mount preparation of breast tissue (Sample 8), containing a Type 1 lobule composed of club-shaped alveolar buds. Toluidine blue, X 100.
Fig. 5. Whole mount preparation of breast tissue of a 30-year-old woman (Sample 17), showing a Type 2 lobule. Toluidine blue, X 25.
Fig. 6. Histological section of the lobule shown in Fig. 5, taken at aâ€”b level. H&E, X 25.
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Fig. 7. Whole mount preparation of breast tissue of a 44-year-old female (Sample 20) containing Type 2 lobules. Toiuidine blue, x 25.
Fig. 8. Histological section of the lobule Type 2 shown in Fig. 7, taken at aâ€”blevel, H&E, x 100.

Fig. 9. Higher magnification of alveolar buds in which mitoses are evident (arrows). H&E, X 400.
Fig. 10. Whole mount preparation of breast tissue of a 30-year-old parous woman (Sample 12) containing Type 3 lobules. Toiuidine blue, x 25.
Fig. 11. Histological section of Type 3 lobules shown in Fig. 10 taken at aâ€”ftlevel. H&E, x 25.
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Fig. 12. Lobule Type 1, mainly composed of alveolar bud structures, obtained after enzymatic digestion, x 100.
Fig. 13. Lobule Type 1 in which the alveolar buds are beginning to split into smaller structures that will become the ductules of lobule Type 2. x 100.
Fig. 14. Lobule Type 2, from Sample 20, after enzymatic digestion, x 100.
Fig. 15. Lobule Type 2, from Sample 17, after enzymatic digestion, x 100.
Fig. 16. Lobule Type 3 from Sample 12, after enzymatic digestion, x 100.
Fig. 17. Fragment of duct with small lateral bud, obtained after enzymatic digestion. X 100.
Fig. 18. Fragment of duct obtained from Sample 8, after enzymatic digestion, x 100.
Fig. 19. Lobule Types 1 and 2 from Sample 20, after enzymatic digestion. Observe the small fragments belonging to lobule Type 2, generated by enzymatic

digestion. Phase contrast, x 100.
Fig. 20. Lobule Type 2 and fragments belonging to Sample 17. Phase contrast, x 100.
Fig. 21. Isolated alveolar bud of a lobule Type 1 from Sample 8, 24 h postplating. Observe the spreading of epithelial cells. Phase contrast, x 100.
Fie. 22. Alveolar bud shown in Fie. 21. but 7 davs postulatine. Phase contrast, X 100.
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(Figs. 21 and 23), which by the seventh-tenth days in culture
filled the whole dish (Figs. 22 and 24). After 10 days in culture,
time of the first passage, the organoids had lost their structure
and became disorganized (Fig. 25). After the first passage the
cells grew as flat monolayers. Individual cells were roughly
cuboidal, of uniform size and shape (Fig. 26). Ultrastructurally

the cells exhibited numerous microvilli at the free surface, as
those observed in cells obtained in postweaning fluid (40); they
were joined by well defined junctional complexes and in the
cytoplasm contained numerous tonofilaments, secretory mate
rial, and lysosomes. Immunocytochemical stains revealed that
100% of the cells reacted positively with antibody against

Fig. 23. Lobuli- Types 1 and 2, 24 h postplating. Observe the integrity of the organoids. Phase contrast, X 100.

Fig. 24. Lobule Type 2 from Sample 17, 10 days postplating. The cells spreading from each organoid reach confluence. Phase contrast, x 100.
Fig. 25. Organoids of lobule Types 2 and 3, 15 days postplating. The structures have lost their organoid pattern. Phase contrast, x 100.
Fig. 26. Monolayer of epithelial cells at their first passage, 72 h postplating. Phase contrast, X 100.
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keratin, the same percentage of positivity observed in histolÃ³g
ica! sections (Figs. 27 and 42, a and c). Whereas all epithelial
cells of ducts and lobules present in histolÃ³gica! sections reacted
positively with MC5, only 50% of the cells in culture were
positive with this antibody (Figs. 27 and 42/>). In histolÃ³gica!
sections of the breast, actin reactivity was seen only in myoep-
ithelial cells. None of the cells in culture expressed this antigen.
Vimentin reactivity was observed in stromal fibroblasts but not
in epithelial or myoepithelial cells, and none of the cells in
culture reacted positively with this antibody (Fig. 27). One
hundred % of MCF-7 cells reacted positively with keratin, 70-
80% of them exhibited positive reactivity with MC5, and none
of them reacted with either actin or vimentin.

No striking differences among control cells having proveni
ence from various donors were observed (Figs. 28 and 29). No

differences were observed at the second and third passages, but
by the fourth passage, approximately 6% of the cells became
larger due to a marked cytoplasmic enlargement, whereas the
nucleus remained small, sometimes pyknotic, and occasionally
enlarged (Fig. 30). Cell boundaries became prominent. Ultra
structurally these cells exhibited large amounts of tonofilaments
and lysosomes (Fig. 31). They reacted positively with keratin
antibody and MCS but actin and vimentin were negative. It was
interpreted that they represented terminally differentiated cells.

The cellular composition observed at the fourth passage
persisted during the fifth-ninth passages. However, not all the
cells progressed to a ninth passage. Cells obtained from breast
with a less developed structure (Group A) were maintained for
7.5 Â±1.51 (SD) passages in culture, whereas for Group B they
were maintained for 5.16 Â±1.71 passages and for Group C for
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Fig. 27. Percentage of reactive cells after incubation with keratin, MC5, actin, and vimentin. Numbers at tops of bars, number of cases studied. HS, histolÃ³gica!
section from which the cultures were obtained; C, control HBEC not treated with carcinogen: D, HBEC treated with DMBA; M, HBEC treated with MNU. Avidin-
biotin (MCS): peroxidase-antiperoxidase (keratin, actin, vimentin).
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Fig. 28. Confluent monolayer of control epithelial cells, at the fourth passage. Phase contrast, x 400.
Fig. 29. Electron micrograph of a monolayer shown in Fig. 28; the epithelial nature is depicted by the presence of desmosomes and moderate amount of

tonofilamems. Uranyl acetate, lead citrate, x 8000.
Fig. 30. HBEC at the fourth passage in which larger cells with small nuclei prominent cell borders are observed. Phase contrast, x 400.
Fig. 31. Electron micrograph of cells from Fig. 30 showing the increased amount of tonofilaments typical of the terminally differentiated cells in culture. Uranyl

acetate, lead citrate, x 8000.
Fig. 32. HBEC from Sample 4 treated with DMBA at their fourth passage. There are fewer large cells and with a more spindly appearance than in control cells.

Phase contrast, x 400.
Fig. 33. HBEC from Sample 4, treated with MNU. Compare with Fig. 28, both at the fourth passage, x 400.
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PHENOTYPICAL CHANGES BY HUMAN BREAST EPITHELIAL CELLS

4.42 Â±0.79 passages. The difference for Group A versus B and
C was significant (P = 0.012).

Response of HBEC to Carcinogen Treatment. During their
early passages (first-fourth) HBEC treated with DMBA or
MNU appeared only slightly different in morphology from
controls. At the fourth passage, some of the cells became more
elongated, but still preserved the general polyhedral morphol
ogy (Figs. 32 and 33). There were fewer large cells, and less
consistently present than in control cultures. The main changes
that were observed in cytospin preparations stained with tolui-
dine blue4 consisted of nuclear enlargement, chromatin conden

sation, and increased number of nucleoli, which were sur
rounded by granular chromatin. Changes observed in the mor
phological pattern were identical in cells treated with either
carcinogen and persisted until the end of the culture period.
Immunocytochemical reactivity with keratin, MC5, actin, and
vimentin was identical in early and late passages in cells treated
with either carcinogen, whether they belonged to Groups A, B,
or C (Fig. 27). Keratin reactivity was positive in all passages in
100% of the cells; MC5 reactivity was also seen in all passages,
but only in approximately 50% of the cells, similar to the
reactivity of controls, and significantly lower than the reactivity
observed in tissue sections (Fig. 27). None of the cells in any of
the passages reacted with either actin or vimentin (Fig. 27).

After carcinogen treatment, HBEC from every group grew
for the same number of passages than did control cells. How
ever, when survival efficiency in agar-methocel was evaluated
in every passage after treatment, it was observed that treatment
with either DMBA or MNU increased the survival efficiency
in samples from Groups A and B, and only after the fourth
passage (Fig. 34); this increased survival efficiency persisted in
successive passages (Table 8). Cells from Group C, on the other
hand, even if they were followed up to a sixth passage, which
occurred in two of seven samples, showed either the same or
less survival efficiency than did controls (Fig. 34; Table 8).
When the survival differences between treated and control cells
(as measured by the arc percentage difference) were tested by
analysis of variance, no difference was found between the two
types of treatment (P > 0.10); however, there were significant
effects of differentiation for the difference between treated cells
and the controls (P < 0.001). Fig. 34 shows the graphic expres
sion of this phenomenon in which a line connecting points
representing survival efficiency in cells from the same donor
subjected to DMBA (D), MNU (M), or no treatment (C)
yielded a V pattern in samples from Groups A and B, whereas
cells from Group C yielded an inverted or ambiguous pattern,
indicating that treatment reduced or had no clear effect on the
survival efficiency of cells obtained from glands containing
lobules Type 3. This pattern observed at the fourth passage was
maintained through successive passages (Table 8). The values
are expressed as arc percentage increases over control values to
minimize the effect of differences among individual donors. It
was clear that the values obtained with Group C cells were
significantly lower (P < 0.001) than those of Groups A and B
cells. Survival efficiency of positive controls (MCF-7 and T24
cells) was significantly higher (Table 5).

Colony-forming and multinucleation efficiencies were deter
mined at all passages of cells from nine of the donors. When
differences in the colony formation assay between treated and
control cells (as measured by the arc percentage difference) were
tested by analysis of variance, no differences were found be
tween the two types of treatment (P > 0.20) in any of the

passages; however, there was a significant influence of degree
of gland development on the differences between treated cells
and the controls (/' < 0.05) at the fourth and subsequent
passages (Table 6; Figs. 35-38). Because of the small number
of samples in each group, the treatment-control differences for
each group could not be distinguished from zero, although the
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Fig. 34. Survival efficiency of HBEC in their fourth passage after treatment.
Groups A, B, and C (abscissa) groups of patients under study. , single sample
of the same donor. C (â€¢),control; 1>,cells treated with DMBA; \f. cells treated
with MNU. Ordinale, survival efficiency as a percentage.

Table 5 Comparative data on survival, colony formation, and multinucleation

CelllineHBEC"

MCF-7T24Survival

efficiency0.09
Â±0.07*

79.83 Â±15.83
88.33 Â±2.08%Colony

efficiency0.01

Â±0.01
76.63 Â±14.25
82.67 Â±6.43Multinucleation3.33

Â±1.53
33.70 Â±7.0
32.33 Â±5.51

1Obtained from Sample 11.
*Mean Â±SD.

Table 6 Colony efficiency in agar-methocel

Colony efficiency is expressed as the percentage of cells that form colonies
after 21 days in agar-methocel. The significance of the difference between Groups
A, B, and C was determined by the analysis of variance (P < 0.05).

' B. Campos Vidal and J. Russo, unpublished observations.

GroupABCSample678202122131415Control0.000.200.140.140.000.400.120.080.06DMBA5.000.300.160.190.830.610.110.080.04MNU7.000.510.250.4019.250.750.170.090.09
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Fig. 35. Colonies in agar-methocel of Sample 6 HBEC (control) at the fourth passage. Neutral red, x 100.
Fig. 36. Colony formation in agar-methocel of HBEC of Sample 13, treated with DMBA, fourth passage. Neutral red, x 100.
Fig. 37. Colony formation in agar-methocel of Sample 6 HBEC treated with DMBA, fourth passage after treatment. Neutral red, x 100.
Fig. 38. Colony formation in agar-methocel of Sample 6 HBEC treated with MNU, fourth passage after treatment. Neutral red, x 100.
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increases in Groups A and B could be distinguished from the
decreases in Group C. Colony-forming efficiency in positive
controls was 76.63 Â±14.25 for MCF-7 cells and 82.67 Â±6.43
for T24 cells (Table 5). The differences in CB-induced multi-
nucleation between treated and control cells were observed for
the first time at the fourth passage (Table 7), but were main
tained in successive passages (Table 8). These differences (as
measured by the arc percentage differences) and tested by
analysis of variance showed no variations between the two types
of treatment (P = 0.30). However, there was a significant
influence of glandular development on the difference between
treated cells and the controls (P < 0.01), even though the
treatment-control differences for each group could not be dis
tinguished from zero due to the small number of samples in
each group; but the increases in Groups A and B could be
distinguished from the decreases in Group C cells after carcin
ogen treatment. The decrease in multinucleation in Group C
cells was on the other hand relative, since control cells had a
higher mean percentage of multinucleation than did Groups A
and B cells, which were 0.57 and 2.76, respectively, versus 6.33
in Group C cells. The difference in percentage multinucleation
between control Groups A and C was found to be significant (P
< 0.05) by Tukey's method (39). Multinucleation assay for

positive controls was 33.70 Â±7.0 for MCF-7 cells and 32.33 Â±
5.51 for T24 cells (Table 5).

Karyotype. The number of chromosomes in both control and
treated cells was 46; no translocations, deletions, trisomies, or
monosomies were seen in carcinogen-treated cells versus con
trols (Figs. 39-41).

Tumor Associated Antigens and Lectin Reactivity. The normal
breast tissue from which the HBEC primary cultures were
obtained showed no reactivity with Bl:l, B6:2, or B72:3,
whereas positive controls like in situ and infiltrating ductal
carcinomas and MCF-7 cells were positive.

All the cells in all samples studied reacted positively with
Bl:l antibody. However, the intensity of the reaction varied
between nontreated control cells, which showed a 1+ reactivity
in the three groups of cells (Fig. 43), and treated cells, in which
reactivity ranged from 2+-3+ only in cells of Groups A and B,

Table 7 Multinucleation assay
The significance of the differences in CB-induced multinucleation among

Groups A, B, and C was determined by the analysis of variance and was significant
(P < 0.01). The differences between the controls of Groups A and C were
significant (P < 0.05) (Tukey's Studentized Test).

GroupABCSample678202122131415Control0.210.001.500.005.283.006.408.004.60DMBA0.405.151.207.7014.918.102.207.205.00MNU4.2032.905.104.906.673.504.709.701.30

(Fig. 42, d-f), whereas Group C cells exhibited a uniform 1+
reactivity, similar to that of control cells. The highest percent
age of samples exhibiting 3+ Bl:l reactivity was observed in
both DMBA and MNU treated cells of Group A, followed by
reactivity in Group B. No significant differences were seen
between treatment with DMBA or MNU. The difference in
reactivity between Groups A-B and C was highly significant, P
< 0.001. No reactivity was observed with the monoclonal
antibodies B6:2 and B72:3 in any of the HBEC, either before
or after treatment.

None of the lectins tested reacted positively in tissue sections
of any of the samples studied. None of the control or treated
cells exhibited reactivity with WGA and RCA; therefore, these
results were not plotted. Con A was 1+ positive in 100% of
control cells of Groups A and B, whereas only 60% of the cells
were positive in Group C. DMBA or MNU treatment increased
the intensity of reactivity to 2+-3+ in Groups A and B treated
cells, but not in Group C treated cells (Figs. 42, g-i and 43). A
higher percentage of Group A cells exhibited a 3+ reaction,
especially after DMBA treatment, whereas in Group B the
higher percentage of 3+ cells was seen after MNU treatment
(Fig. 43). The same trends of reactivity were observed for the
lectin DBA (Fig. 42, /-/). Reactivity with SBA showed similar
1+ and 2+ reactivity cells from Groups A and B, whereas 100%
of the Group C cells were negative (Figs. 42, m-o and 43). The
differences between Groups A-B versus C were highly signifi
cant (P < 0.001). MCF-7 cells showed a 3+ reaction with Con
A, DBA, and SBA.

Tumorigenic Assay. None of the nude mice given injections
of either control or carcinogen-treated cells developed tumors,
whereas four of six animals given injections of MCF-7 cells
developed palpable tumors histologically classified as adeno-
carcinomas within 3 weeks of injection; the tumors reached a
diameter of 1.0 cm by 30 weeks.

In order to elucidate whether NK activity played a role in the
tumorigenic response of nude mice (41), NK activity was deter
mined using the cytotoxicity assay (42), which was performed
by Dr. Amy Fulton of the Department of Immunology of the
Michigan Cancer Foundation.

In intact BALB/c mice NK activity was 13.2 Â±3%, whereas
in orchiectomized nude mice it was 0.8 Â±0.3% in 50% of the
animals and in the other one-half it was undetectable; the values
did not vary whether or not the animals had been given implants
of Silastic tubing containing estrogen. These values remained
unchanged throughout the 30-week period of observation.

DISCUSSION

The present study, carried out with the purpose of testing the
susceptibility of HBEC to chemical carcinogens in vitro, utilized
two different carcinogens, DMBA, that requires metabolic ac
tivation (9) and MNU, a direct acting carcinogen (11). We used
as a target HBEC obtained from reduction mammoplasty spec
imens in which normality was assessed by applying rigid his-

Table 8 Effect of carcinogens on efficiencies

Group

Survival efficiency Colony formation Multinucleation

DMBA MNU DMBA MNU DMBA MNU
A 53.4 Â±10.91Â°

B 42.0 Â±41 A

C -77.2 Â±88.4105.6

Â±61.2

92.0 Â±36.3

-71.8 Â±93.484.4

Â±101.0

90.6 Â±94.9

-16.2 Â±21.01

14.6 Â±75.6

118.2 Â±73.3

-28.7 Â±15.080.0

Â±112.2

129.1 Â±61.4

-33.3 Â±56.6163.4

Â±47.9

79.5 Â±104.4

41.1 Â±66.2
" Mean Â±SD of the arc percentage increases over control values of the efficiencies obtained at the fourth and successive passages. The overall difference using the

analysis of variance was /' < 0.01.
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Fig. 39. Karyogram of HBEC of Sample 8, at the fourth passage; control (nontreated). x 1000.

topathological criteria. HBEC were derived from organoids,
which are the structural units of the mammary gland that retain
their architecture after digestion, allowing us to identify
whether organoids represented the types of lobules described in
the whole mount preparation of the intact gland, thus permit
ting us to grade glandular development in both intact glands
and by the proportion of the lobule type recovered after diges
tion. Mammary development was further correlated with the
patient's age and clinical history, and from these correlations

emerged three categories of breast development. Due to the
critical importance of correlating organoid morphology with
the structure of the intact gland, the classical methodology for
separation of organoids by passing them through different size
sieves (28) was modified, and organoids were separated by shape
as well as by size into lobule Types 1, 2, and 3, indicating
increasing levels of differentiation.

Human breast organoids plated in serum containing medium
and changed in their first passage to serum-free medium (16)
exhibited great variability in life span, ranging from four-nine
passages in vitro. However, differences were significantly nar

rowed down when samples were grouped according to the
degree of morphological development of the gland. Cells ob
tained from less developed glands were maintained in vitro for
more passages (7.5 Â±1.5) than cells obtained from differen
tiated glands (4.4 Â±0.7). The ability of cells to sustain a longer
period of growth in vitro seemed to be directly related to the
proliferative activity exhibited by each given structure in the
intact gland (27), i.e., lobule Types 1 and 2 had a higher mean
DNA labeling index, 5.5 and 0.99, respectively (27) and sus
tained more passages than lobule Type 3, which had a DNA
labeling index of 0.25 (27). These data support previous obser
vations that the behavior of the cells in vitro is a reflection of
the conditions in vivo (23, 27, 43, 44). Although cell growth in
vitro was largely influenced by the degree of development of the
donor gland, our cell cultures never reached the number of
passages reported in the literature (16). This discrepancy in the
length of time that the cells were kept in culture could be
attributed to differences in methodological procedures. Al
though at variance with the methods of other authors (16), in
our culture medium we omitted transferrin and used a lower
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Fig. 40. Karyogram of HBEC of Sample 8 at the fourth passage after DMBA treatment, x 1000.

concentration of BPE; these modifications were introduced
based upon our experience with parallel experiments, in which
we did not observe that transferrin deletion or higher concen
tration of BPE affected the life span of the cultured cells.5 What

we considered a significant difference was the fact that we did
not use partial trypsinization either in the primary culture or
in any of the successive passages, although complete trypsini
zation was used at every passage. Partial trypsinization (7, 16)
may help to select the highly proliferating cells, boostering cell
growth advantage. In our study, full trypsinization might have
deleted the proliferating pool; however, it is important to note
that under these conditions, we observed differences in life span
that correlated with the proliferative activity observed in the
intact tissue.

HBEC exhibited characteristics of mammary epithelium,
such as reactivity with a polyclonal antikeratin antibody, which
was present in 100% of cells, either treated or untreated. Similar
results have been reported by other authors (7, 45), although it

9Unpublished observations.

has been reported that keratin 18 is not expressed in virally
transformed epithelial cells (17, 45). Milk fat globule antigen
or MC5, which in the normal intact mammary gland is present
only in the apical portion of luminal cells (97), was expressed
by 50% of the cells, a percentage similar to that reported by
Chang (17, 45). We did not find a correlation between expres
sion of this antigen, behavior of cells in culture, and response
to carcinogen treatment, although other authors have reported
that cells with negative milk fat globule antigen expression
grow better and are more readily transformed by SV40 virus
than positive cells (17), contrasting with reports that cells
treated with the chemical carcinogen BAP exhibit increased
expression of milk fat globule antigen (7).

Numerous workers have attempted to transform human epi
thelial cells utilizing various tissues as a source and various
putative etiological agents (17). Complete cell transformation,
namely, extension of cells' life span, anchorage independent

growth, and tumorigenesis in nude mice have been reported by
Chang et al. (45) and Yoakum et al. (46) in bronchial epithelial
cells transfected with v-ha-ros. However, it has not been estab-
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Fig. 41. Karyogram of HBEC Sample 8 at fourth passage after MM treatment, x 1000.

lished whether anchorage independence, prolonged life span,
and tumorigenicity are obligate and sequential steps in the
manifestation of the transformed phenotype. Tumorigenesis in
nude mice has been reported with fetal and adult pancreas
expiants treated with the chemical carcinogens MNU and di-
methylnitrosamine (47, 48); however, parameters such as ex
tended life span and anchorage independent growth were not
tested in this experimental system. On the other hand, extended
life span and anchorage independent growth have been induced
in amniotic, colonie, renal, pharyngeal, breast, epidermal, and
prostatic epithelial cells when treated with SV40 (17,49) or the
chemical carcinogen BAP (7), but none of them expressed
tumorigenesis in nude mice (17).

Phenotypical markers that are indicators of in vitro cell
transformation of epithelial cells have not been definitively
identified as yet; most of the characteristics considered indica
tive of cell transformation in vitro were originally developed to
define the transformed rodent fibroblast phenotype, but it has
become evident that many of them may not be suitable markers
for the transformed human phenotype (17, 50, 51). Anchorage
independent growth is usually expressed by transformed rodent
cells as a relatively late marker and is usually correlated with
tumorigenicity (52); Chang et ai. (45) observed that normal
keratinocytes and milk cells acquire anchorage independence
for growth after SV40 infection, although they do not elicit

tumorigenesis in nude mice, whereas Stampfer and Hartley (7)
obtained extended life span but not anchorage independence in
human breast epithelial cells treated with BAP in vitro. It has
been shown that survival in agar precedes the acquisition of
anchorage independence (53-55). This property has been also
demonstrated in a variety of virally or chemically transformed
cells which had in addition to the ability to grow in soft agar
an increased ability to survive in culture dishes containing solid
bottom agar (55). Our results showed that DMBA and MNU
treatment of human breast epithelial cells did not increase the
cells' life span as measured by the number of passages in vitro,
but it increased survival in agar-methocel, although only in cells
obtained from mammary glands showing a low level of differ
entiation and only after the fourth passage, an effect that was
maintained in later passages. HBEC of Group C did not differ
from controls, however, due to the short life span of cells of
this group, it was impossible to determine whether this pheno
type might have been expressed if cells could be maintained for
more passages. These data indicate that the proliferativi; activity
and degree of glandular development might exert an influence
on the cells' life span in vitro and that they can be responsible

for the variations in response to a carcinogen. It is clear that in
Groups A and B the carcinogens affected the behavior of the
cells in agar-methocel by increasing the survival and colony
formation efficiency. In the case of the cells from Group C the
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m
Fig. 42. Cytospin preparation of HBEC in their fourth passage, a-c, nontreated HBEC of Sample 1. a, H&E; A, cells reacted with MC5, avidin-biotin; c, cells

reacted with keratin, peroxidase-antiperoxidase. d-f; HBEC from Sample 1 reacted with Bl:l, avidin-biotin, and treated with d, control, e, DMBA, and/ MNU; g-
i, HBEC of Sample 16 reacted with concanavalin A, avidin-biotin, and treated with g, control, h, DMBA, and i, MNU;./-/, HBEC of Sample 10 reacted with DBA,
avidin-biotin and treated with j, control, k, DMBA, and /, MNU; m-o, HBEC of Sample 1 reacted with SBA, avidin-biotin, and treated with m, control, n, DMBA,
and o, MNU. x 400.

effect could not be observed because the cells had a shorter life
span in vitro, although the possibility that the cells are less
susceptible to the effect of the carcinogen has to be taken into
consideration as well. This lack of continuous proliferation in
our samples could be due to the fact that the number of
transformed cells exhibiting immortality was so low that they
were not detected in our assays, and therefore immortality or
tumorigenesis in nude mice was not expressed, even though
colonies were isolated and expanded in vitro. Cells that grow in
semisolid media but senesce with continued culturing, fail to
produce a permanent cell line, and do not grow in nude mice
have been called phenotypically altered (56) or partially trans

formed (57). We consider that in our experiments, HBEC
treated with DMBA or MNU fall into this category. MCF-7
cells, a malignant epithelial cell line obtained from a metastatic
breast lesion (58) manifest immortality, increased survival and
colony formation in agar-methocel, multinucleation, and tu
morigenesis in immunosuppressed mice (38). These observa
tions suggest that, at least in this model, there is a good
correlation among malignancy, colony formation in agar-meth
ocel, and tumorigenesis (59). However, the fact that Smith (59)
reported that one of four metastatic cell lines or that many
primary carcinomas fail to form colonies in methocel or to be
tumorigenic in immunosuppressed mice makes one wonder
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whether the expression of colony formation and tumorigenesis undifferentiated glands (Groups A and B) treated with either
in xenogenic hosts are either independent of the transformed
state or a late phenomenon triggered by selection of cells
exhibiting greater genetic instability (60). Even though strict
qualitative differences are not definitive when an agar-methocel
assay is used, we agree with Smith (59) that quantitative differ
ences between normal and transformed cells can be observed.

It has been shown that treatment of normal cells with CB
inhibits DNA synthesis and both nuclear and cytoplasmic di
vision (61). In contrast CB treated DNA and RNA virus-
transformed cells and tumor cells exhibit continued DNA syn
thesis and nuclear division in the absence of cytoplasmic divi
sion, causing multinucleation (62-64). We observed increased
multinucleation after CB treatment in HBEC obtained from

carcinogen, whereas cells from differentiated glands (Group C)
did not show increased multinucleation; however, the percent
age of multinucleation observed in control Group C cells was
higher than in control Groups A and B cells. We do not have
an explanation for these differences, but it is possible to spec
ulate that they are reflecting intrinsic differences in these cells
that could be regulating their behavior in vitro. Further studies
are necessary to evaluate the role of differentiation on CB-
induced multinucleation. The response of HBEC in Groups A
and B to CB-induced multinucleation correlated with their
ability to survive and to form colonies in agar-methocel, which
was also observed in MCF-7 cells. This observation has been
also reported in RNA virus partially transformed cells and in
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fully transformed tutnorigenic CB-treated cells (63).
Many tumors and leukemias exhibit specific chromosomal

abnormalities, and human tumor derived cell lines that are
tumorigenic in nude mice are aneuploid (51, 65). Human cells
transformed in vitro also show aneuploidy and chromosomal
aberration, but since the latter, with rare exceptions (66, 67),
appears not to be specific, it is at present difficult to assign any
particular importance to them. Our study of the HBEC kary-
otype after carcinogen treatment did not reveal changes or
chromosomal aberrations. Flow cytometric studies (30) did not
show ploidy or differences between treated or control cells.
These observations, however, did not invalidate the possibility
that the cells might have been at least partially transformed,
since alterations in chromosome structure are not essential to
the initial change and transformation can take place in tissue
culture and certain tumors develop in vivo without such cyto-

genetic abnormalities (68). Although the cells obtained from
each donor have a normal diploid karyotype, it cannot be ruled
out that chromosome recombination or segregation or both
could have occurred as a consequence of carcinogen treatment.
It is possible that the carcinogen(s) activate(s) the donor's

genetic material, modifying the expression of existing genetic
information, and that it contributes an additional trait to the
transformed cells (69), such as activation of an oncogene, since
oncogenes have been found to either immortalize the cells such
as has been described for the myc family (70-73), or to promote
anchorage independent growth, such as the c-ras family (70-
72, 74). We observed that the significant degree of survival and
growth in agar-methocel but the lack of immortalization after
DMBA or MNU treatment of HBEC is due to an activation of
c-Ha-ros protooncogene rather than a c-myc protooncogene
(44, 75). Interestingly enough, this amplification is manifested
as early as 24 h postcarcinogen treatment. However, we still
must demonstrate whether this amplified c-Ha-rai represents
an activated oncogene or an amplification of a normal protoon
cogene sequence.

Lectins, which are sugar binding proteins or glycoproteins of
nonimmune origin, agglutinate cells and/or precipitate glyco-
conjugates having saccharides of appropriate complementarity
(76). In malignant cells, there is deletion of some terminal sugar
residue, and the lectin receptor of subterminal sugar residues
are increasingly unmasked (77-79). It has been found that
several lectins, such as WGA and RCA react with both normal
breast tissue or with tissue showing different degrees of abnor
malities (80). In our data, the normal breast epithelium in the
intact gland did not react with any of the lectins tested, whereas
the same epithelium reacted weakly positive when placed in
culture, and after DMBA or MNU treatment a 3-fold increase
in intensity of reaction was observed with Con A, SBA, and
DBA in cells derived from more undifferentiated glands, but
not in those from differentiated glands. This pattern of reactiv
ity was coincident with the increased survival and colony effi
ciency shown by these cells. Although peanut agglutinin reac
tivity has been associated with colon carcinoma development
(81), and has been considered by Newman et al. (82) to be a
differentiation marker, this lectin did not show reactivity in our
treated cells. Con A mediated hcmadsorpt ion has been utilized
to identify patients who have high chances of an early recurrence
of cancer (83), and it has been shown that malignant mouse
mammary epithelial cells contain a larger number of Con A
binding sites than in the normal monolayer culture (84). SBA,
Con A, and peanut agglutinin binding have been reported in
breast carcinoma cells, independently of the degree of differ
entiation of the tumor, but not in normal mammary gland (82,
85-87).

Of the TAAs studied, Bl:l, the monoclonal antibody that
binds to an epitope of the M, 180,000 carcinoembryonic antigen
glycoprotein, exhibited correlation with survival in agar, colony
formation, and multinucleation. This TAA was weakly reactive
in control HBEC, exhibiting increased reactivity in cells treated
with carcinogens. It has been reported to be present in 68% of
breast carcinomas (88); however, this antigenic phenotype is
unstable and variations in its expression with successive pas
sages is expected (89). The observation that carcinogen-treated
HBEC showed poor reactivity with the monoclonal antibodies
B6:2 and B72:3 coincided with observations of other authors
(89) who found weak expression of these antigens and only
after the fifteenth passage in vitro.

In summary, the phenotypical changes observed in our car
cinogen-treated HBEC were not a random event but were
consistently expressed in cells obtained from donors having in
common poor glandular development and specific conditions
of the host, such as negative parity or clinical history that could
be indicative of an altered capacity of the breast to differentiate
normally. The significance of these phenotypical changes in the
process of cell transformation will be completely assessed when
definitive markers of malignant transformation, such as tumor-
igenicity, are expressed. Our data indicate that the status of the
host might be an important factor to be considered in the
transformation of human breast epithelial cells.
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