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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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Fig. 43. Percentage of reactive cells in their fourth passage after incubation with: HI :1. Con A, DBA, and SBA. Groups and notations as in Fig. 27. Avidin-biotin
technique, x 400.

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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