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INTRODUCTION

Epidemiological and clinical evidence indicate that breast cancer risk is associated with
prolonged exposure to female ovarian hormones [1-4]. Breast cancer is a hormone- and sex-
dependent malignancy whose development is influenced by a myriad of hormones and growth
factors [5,6], from which estrogens have been demonstrated to be of essential importance in this
phenomenon as it is observed in postmenopausal hyperestrogenism resulting from the use of
estrogenic hormone replacement therapy and obesity [7,8].

Estrogens, that are necessary for the normal development of both reproductive and non-
reproductive organs, exert their physiological effects by binding to their specific receptors, the
estrogen receptors (ER) o or B. Estrogens might act as well through alternate non-receptor
mediated pathways [17]. E, under the effect of 17 a-oxidoreductase is continuously
interconverted to estrone (E;), and both are hydroxylated at C-2, C-4, or C-16 o positions by
cytochrome P450 isoenzymes, i.e., CYP1A1, CYP1A2, or CYP1BI, to form catechol estrogens
[18-23]. The demonstration that the catecholestrogen 4-hydroxyestradiol (4-OH-E;) induces an
estrogenic response in the uterus of ER o null mice, and the fact that this response is not
inhibited by the antiestrogen ICI-182, 780 [9], indicate that this catecholestrogen does not exert
its effect on the ER. The metabolic activation of estrogens can be mediated by various
cytochrome P450 (CYP) complexes, generating through this pathway reactive intermediates that
elicit direct genotoxic effects by increasing mutation rates. An increase in CE due to either
elevated rates of synthesis or reduced rates of monomethylation will easily lead to their
autoxidation to semiquinones and subsequently quinones, both of which are electrophiles capable
of covalently binding to nucleophilic groups on DNA via a Michael addition and thus, serve as
the ultimate carcinogenic reactive intermediates in the peroxidatic activation of CE. Thus,
estrogen and estrogen metabolites exert direct genotoxic effects that might increase mutation
rates, or compromise the DNA repair system, leading to the accumulation of genomic alterations
essential to tumorigenesis [18-23). Although this pathway has been demonstrated in other
systems [18-20], it still needs to be demonstrated in human breast epithelial cells.

Furthermore, if estrogen is carcinogenic in the human breast through the above mentioned
pathway it would induce in breast epithelial cells in vitro transformation phenotypes indicative of
neoplasia and also induce genomic alterations similar to those observed in spontaneous
malignancies, such as DNA amplification and loss of genetic material that may represent tumor
suppressor genes [24-39]. In order to test this hypothesis we have evaluated the transforming
potential of E; on human breast epithelial cells (HBEC) in vitro, utilizing the spontaneously
immortalized HBEC MCF-10F [40,41]. This cell line lacks both ER- o and ER-f although this
latter receptor is induced in cells transformed by chemical carcinogens [42].

In the present work we report that the same phenotypes and characteristics that were expressed
by MCF-10F cells transformed by the chemical carcinogen benz (a) pyrene (BP), oncogenes [43-
46] and E, treated cells [47] are also induced by metabolites of E;, such as 4-OH-E, and that the
transformation phenotypes were not abrogated by an antiestrogen receptor.

6-BODY
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Direct mutagenic and transforming activities of estrogens in cultured Syrian hamster embryonic
cells were documented more than a decade ago, but whether these results are relevant to human
situation has been subject to debate because rodent cells in general are easier to be transformed
than human cells. Therefore, we have investigated the carcinogenic potential of estrogens in
human breast epithelial cells in vitro. Using our established in vitro cell transformation model
we have proposed two specific aims 1-To determine whether estrogens induce neoplastic
transformation of normal HBEC MCFI10Fcells through receptor mediated hormonal activities
and 2-To determine whether estrogens promote neoplastic progression of estrogen or chemical
carcinogen transformed derivatives of MCF1O0F cells. This progress report covers the period
of August 1 2001 to July 30, 2002, period in which we have been able to accomplish the
Specific Aim 1 as indicated below.

1-The experimental model.

MCEF-10F cells were cultured in DMEM:F-12 medium containing 1.05 mM calcium (Ca™),
antibiotics, antimycotics, hormones, growth factors, and equine serum as previously described
[44]. Culture media were prepared by the Central Center Tissue Culture Facility at the Fox
Chase Cancer (Philadelphia, PA). MCF-10F cells were treated with 0.00, 0.007 nM, 70 nM, or 1
UM of 17-B-estradiol (Ep) (Aldrich, St. Louis, MO), dimethylstilbestrol (DM-DES) (Sigma
Chemical Co., St. Louis, MO); 2 hydroxy estradiol (2-OH-E,), 4-hydroxy- -estradiol (4-OH-E,),
16-a-hydroxy-estradiol (160-OH-E,), benz (a) pyrene (BP), and cholesterol (Sigma Chemical
Co., St. Louis, MO). The pure antiestrogen ICI-182,780 in combination with E2 or 4-OH-E; at
the same doses described above were also used in this experiment. Treatments were repeated
during the second week, and cells were collected at

the 14™ day for phenotypic analysis (Figure 1).

Treatment Treatment
Figure 1. MCF-10F cells were treated with the different v v v v
compounds: cholesterol, E, 2-OH-E, 4-OH-E, 16-0+E,, 4 ¢ 4 ¢ S
DES or BP at 72 hrs and 120 hours post plating for 24 hours Medla chmge Mella BRIl cton

each followed by change of the culture media. Treatments
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were repeated during the second week, and cells were

Duration of the Experiment in Days
collected at the 14" day for phenotypic analysis. P y
p 'y

At the end of each treatment period the culture

medium was replaced with fresh medium. At the end of the second week of treatment the cells
assayed for colony efficiency (CE), colony size (CS), and ductulogenic capacity in collagen gel
and invasiveness in matrigel, as described in previous publications [44-45].

ii- Effect of estrogen and its metabolites on colony assay

E;, DES, 2-OH-E,, 4-OH-E,, 16a-OH-E, and BP induce the formation of colonies in agar
methocel, whereas cells treated with cholesterol were unable to produce colonies (Figure 2). The
size of the colonies was over 60um in diameter, although the size was significantly smaller
(P<0.01) in those cells treated with 2-OH-E2 (Figure 3). Whereas the number of colonies was
dose dependent reaching its maximum efficiency at the concentration of 70nM for most of the
compounds, 4-OH-E2 was the most efficient in inducing greater colony efficiency at a dose of
0.007nM (Figure 4). The dose response for E; and BP were very similar, whereas DES, 16-0-
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OH E, and 2-OH-E, were weaker carcinogenic agent at 0.007nM and 70nM, than 4-OH-E,, E;
and BP (Figure 4).

Figure 2: MCF-10F cells plated in agar-methocel for colony
MCF1OF  0.007nM  70nM  -1uM-. assay. Phase contrast microscopy X 4.
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© 40H E2+ ICI Figure 3 Plot showing the colony size of the cells treated at
different concentrations of the compounds tested. 2-OH E,
is the only compound in which the colony size was
consistently below the 60-micrometer range
0
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= f;g: ‘E’ Figure 4: Plot showing the dose effect of 17-f-estradiol (E,), 2-OH-
. e oot estradiol (2-OH-E,), 4-OH-estradiol (4-HO-E,), Diethylstilbestrol
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iii-Effect of estrogen and its metabolites on ductulogenesis

Ductulogenesis was quantitatively evaluated by estimating the ability of the cell plated in
collagen to form tubules or spherical masses(SM) (Figure5).

Figure 5a; MCF 10F cells treated with Solvent (DMSO) or cholesterol
forming well defined ductular structures in collagen matrix; b, 0.007nM of
E2 induces alteration in the ductular pattern; ¢, 70nM of E2 induces the
loss of ductular formation in collagen matrix; d to f E2+ICI at 0.007nM,
70nM and 1uM respectively; h to I, 4-OH-E2 at 0.007nM, 70nM and 1uM
respectively; J to I, 4-OH-E2 + ICI at 0.007nM, 70nM and 1uM respectively.
Phase contrast microscope X10.

Non transformed cells produce ductules like structure and
transformed cells produce solid masses of cells. Cells treated
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with DMSO, or cholesterol at different concentrations were unable to alter the ductular pattern
(Figure 5). E2, BP, DES, 2-OH-E,, 4-OH-E; and 16-0-OH-E; treated cells induce the loss in
MCFI0F cells to produce ductules in a dose dependent fashion and the number of solid masses
paralleled the formation of colonies in agar methocel (Figures 5-10).

Number of Structures X 10
3

S

Number of Structures X 10
o

Number of Structizes X 10

Figure 8: Plot showing the dose effect of 4-OH-estradiol on
MCF-10F cells forming either ductular structures or solid
masses in collagen matrix per 10,000 cells plated in
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Figure 5: Plot showing the dose effect of 17- B -estradiol on
MCF-10F cells forming either ductular structures or solid masses
in collagen matrix per 10,000 cells plated in comparison with the
colony efficiency.

Figure 6: Plot showing the dose effect of DES on MCF-10F cells
forming either ductular structures or solid masses in collagen
matrix per 10,000 cells plated in comparison with the colony

efficiency.

Figure 7: Plot showing the dose effect of 2-OH-estradiol on
MCF-10F cells forming either ductular structures or solid masses
in collagen matrix per 10,000 cells plated in comparison with the
colony efficiency.
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Figure 9: Plot showing the dose effect of 16-a-OH-
estradiol on MCF-10F cells forming either ductular
structures or solid masses in collagen matrix per 10,000

i
. \ g cells plated in comparison with the colony efficiency.
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Figure 10: Plot showing the dose effect of benz(a)pyrene § 0 0 8
on MCF-10F cells forming either ductular structures or o o B
solid masses in collagen matrix per 10,000 cells plated in § ] . '5;
comparison with the colony efficiency. X, ] . §
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4-OH-E2 at a dose of 0.007nM induces significant changes in the ductulogenic capacity and
maximal number of solid masse was observed (Figure 8), when compared with the other
compounds. Cells treated with 2-OH-E2 (Figure 6) or 16-0-OH-E2 (Figure 9) are less efficient
in altering the ductulogenic capacity. The pattern of formation of solid masses in collagen
matrix followed the same pattern of formation of colonies in agar-methocel (Figures 5-10).

Figure 11. Histological sections of cells growing in
collagen gel. The cells have been fixed in buffered
formalin, embedded in paraffin and the sections stained
with hematoxylin and eosin. a; MCF 10F cells treated
with solvent (DMSO) or cholesterol forming well defined
ductular structures lined by a single cuboidal layer of
cells; b, 0.007nM of E2 induces alteration in the ductular
pattern forming solid masses; c, 70nM of E2 induces the
loss of ductular formation in collagen matrix and the
solid masses are composed of large cuboidal cells. The
doses of 1uM of E2 produce the same effect. BP a
chemical carcinogen induce the same morphological
changes; d, e and f solid masses of MCFIOF cells
transformed with 17-f-estradiol and incubated at the
same time and doses with ICI. The doses used were
0.007nM, 70nM and 1uM respectively; g, h and I shows
the histological appearance of MCFIOF cells
transformed with 4-OH-Estradiol at 0.007,70nM and
1uM respectively; j, k and 1 histological appearance of
MCFI0F cells transformed with 4-OH-Estradiol in
presence of ICI at the concentration of 0.007,70nM and
1uM respectively. Bright field microscope X10.
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Histological analysis of the paraffin embedded ductules and solid masses of cells growing in
collagen matrix shows that MCF10-F cells form ductules in collagen matrix that are lined by a
single layer of cuboidal epithelial cells (Figure 11a), this pattern was not disturbed by cholesterol
or DMSO treatment. E, DES, BP and all the metabolites tested significantly impair the
formation of ductules replacing them by structures filled by large cuboidal cells (Figures 11b,c,
g, h, i). Most of the cells are actively proliferating as detected buy Immunostaining with
Ki67(data not shown).

iv-Effect of estrogen and its metabolites on invasion

Based on the data that 70nM concentration was optimal for all the compounds to induce maximal
colony formatlon this was the doses utilized for measuring invasiveness in a matrigel
NG 7R T membrane. Significant number of cells invading the matrigel
was observed in MCF10F cells treated with E2, DES, 4-OH-
E, and BP (Figures 12a-h and 13). The number of cells
invading the matrigel membrane was significantly lower
when treated with 2-OH-E2 and 16-0—OH E; (Figure 13).

Figure 12: Invaded cells stained by Diff- Quick stain are seen in the
membrane. a; MCF 10F cells treated with solvent (DMSO) or
cholesterol; b, 0.007nM of E2; ¢, 70nM of E2; d, e and f MCF10F cells
transformed with 17-f-estradiol and incubated at the same time and
doses with ICI; g, h and 1 MCFIOF cells transformed with 4-OH-
Estradiol at 0.007,70nM and 1uM respectively; j, k and | MCF10F cells
transformed with 4-OH-Estradiol in presence of ICI at the
concentration of 0.007,70nM and 1uM respectively. Bright field
microscope X10.
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Figure 13: Histogram depicting the number of E‘?

cells that has migrated the matrigel membrane. a0 |

200 -

04

Cont B2 DES 40H-E2 20H—E2 BpP Prog
Treatment (70nM)

v-Effect of the pure antiestrogen ICI-182,780 on the expression of transformation phenotypes

The transformation effect of 17-B-estradiol measured by colony formation in agar methocel was
abrogated by ICI-182,780 (Figure 14). The ductulogenic capacity was restored in presence of
ICI, however the histological appearance of the ductules was not. The cross section of the
structures are filled with large cuboidal cells (Figures 11 d, e and f) similar to those cells treated
with estradiol (Figures 11b and c). At difference of 17 B-estradiol, 4-OH E; transforming
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phenotypes were not abrogated by ICI (Figure 15). Interestingly the cross sections of the
ductules and solid masses in collagen have larger diameter and greater number of cuboidal
epithelial cells (Figure 11 j, k and 1). Of interest was the fact that neither ICI nor tamoxifen were
able to abrogate the invasive phenotype induced by E2 or 4-OH-E, (Figure 16).

—O~ Solid masses-E24CI

Number of Structures x 10

000  000TnM  70hM 1xM

Concentration

Figure 15: Plot showing the dose effect of 4-OH-estradiol
alone or in combination with ICI on MCF-10F cells forming
either ductular structures or solid masses in collagen matrix
per 10,000 cells plated in comparison with the colony

efficiency.

800

Figure 14: Plot showing the dose effect of 17- B estradiol alone
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0 E 10,000 cells plated in comparison with the colony efficiency

5

Colony Effic

—o— CE-4-OH-E2
18 —0— CE-4-OH-E24C|
g Ducts4-OHE2
g~ Ducts-4-OH-E24C}
16 4 —a— Solid Mssses-4-OH-E2
—g— Solid Masse s-4-OH-E2HCI

=
L

2
w0 &

5 ©

Number of Structures x 10
[~} ~ - o0 [--]
(-] ~ - -] «©
Colory Efficien:

0.00 0.007nM TOnM 1M
Concentration

]
=]

Number of Cells

Control E2+ICl  E2+Tamx

Treatment (TOnM)

iv Data interpretation
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Figure 16: Histogram depicting the number of cells that
has migrated the matrigel membrane.

In the present work we demonstrate that estradiol and its metabolites mainly 4-OH estradiol are
able to induce transformation phenotypes in the human breast epithelial cells MCF-10F. This
cell line is a spontaneously immortalized HBEC with most of the properties of a normal cell
including anchorage dependent growth, growth factor dependency and a diploid karyotype
[40,41]. MCEF-10F cell line does not contain measurable level of ER o or ER B and has been
successfully transformed with BP [42-45], radiation [48], and polyciclic aromatic hydrocarbons

-10-
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[44]. Short term treatment of these cells with physiological doses of 17-f estradiol or DES
induces anchorage independent growth, colony formation in agar methocel, and reduced
ductulogenic capacity in collagen gel, all phenotypes whose expression is indicative of
neoplastic transformation, and that are induced by BP under the same culture conditions [47,49].
We have shown that progesterone was unable to induce significant increase in colony formation,
although small colonies less than 50 um in diameter were observed, whereas none were found in
the MCFIOF cells treated with DMSO. The ductulogenic pattern was not impaired by
progesterone but the luminal size was smaller that those found in the MCF10F cells [47]. Since
invasion of the extracellular matrix and the basement membrane by tumor cells is a crucial event
in tumor metastasis the ability of the transformed cells to invade Matrigel in vitro was assessed.
The reconstituted basement membrane invasion assay has been use successfully to measure
transformation phenotypes with different cell lines [50-58] and in the present work we clearly
shows that 17-B-estradiol at 70nM is able to increase significantly the number of cells invading
the matrigel. The same effect was observed with DES, BP and all the metabolites tested.

Altogether these data clearly indicate that HBEC when treated with 17-B-estradiol produces
significant morphogenetic changes. The fact that the MCF10F cells are both ERa and B
negative, argue in favor of a metabolic activation of estrogens mediated by various cytochrome
P450 (CYP) complexes, generating through this pathway reactive intermediates that elicit direct
genotoxic effects by increasing mutation rates. The transforming effect of E; is observed even at
doses of 0.007nM that is in the physiological range, although maximal effect is observed at
70nM. The role of E; concentration is supported by data in which excessive synthesis of E; by
overexpression of CYP19 in target tissues [59-63] and/or the presence of excess sulfatase that
converts stored E; sulfate to E; [64] can be achieved at the organ site. The observation that
breast tissue can synthesize E; in situ suggests that much more E; is present in some locations of
target tissues than would be predicted from plasma concentration [63]. In animal models such as
the Syrian golden hamster and ACI rat, implantation of E, produces tumors in the kidney [65,66]
and mammary gland [67]. In fact, in the kidney of Syrian golden hamsters treated chronically
with E; is due to less protective methylation of 2-CE and more pronounced oxidation of CE to
CE-Q [68].

From all the estrogen metabolites tested 2-OH-estradiol is the less transforming agent with very
low colony efficiency, and the colonies thus formed were smaller. This is in agreement from
what we know about this compound. [69-71]. The 2-OH-E2 due to their metabolic redox cycling
could generate reactive estrogen quinones and free radicals, which are highly cytotoxic [72].
~ This could explain also the lower number of solid masses generated in collagen matrix at 1uM.
Although 2-OH-E2 can undergo metabolic redox cycling to generate free radicals such as
superoxide and the chemically reactive estrogen semiquinone-quinone intermediates [73-75],
which may damage DNA and other cellular constituents [76-78], little or not tumorigenic activity
towards the male Syrian hamster kidney [79-80] has been reported. Of interest is the fact that
HBEC also behaves in the same fashion, but can not rule out its transforming effect in the
ductulogenic pattern that is abrogated by this compound and by the invasive capacity of the
transformed cells that scored at the same level than BP. At the present time we do no have an
explanation for this discrepancy. The low carcinogenicity of 2-OH-E2 could be due to a faster
rate of metabolization by catechol-O-methyltransferase catalyzed O methylation [81,82], a more
rapid clearance in vivo [83] and possess weaker hormonal potency in estrogen target tissues

-11-
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[69,70,84-89]. Moreover, 2-methoxiestradiol, (a product of subsequent enzymatic O-
methylation of 2-OH-E2) is a very potent inhibitor of tumor cell proliferation [90-95] and
angiogenesis [93,95] which may be an important reason for the lack transforming ability in
HBEC.

The estrogen metabolite 4-OH estradiol is the most efficient in inducing colonies in agar
methocel and the abrogation of ductulogenesis, forming solid masses of cells in collagen matrix
even at the lowest doses tested 0.007nM. Also the compound scored high number of invading
cells in matrigel. Interestingly 4-hydroxylation of estradiol is a dominant pathway for catechol
estrogen formation in several extrahepatic targeting tissues [96,97] including human breast and
uterus [98-100]. 4-OH E2 is similar to estradiol in its ability to bind and activate the classical
estrogen receptor [66,70,71,84]. However, in our study we demonstrated that a pure antiestrogen
ICI-182,780 was unable to abrogate at the different doses used the transforming effect of 4-OH-
E2. Instead ICI-182,780 was able to abrogate the transforming effect of 17-B-estradiol.
Although, the main difference between 4-OH-E2 and E2 in the interaction with the estrogen
receptor is that 4-OH E2 interaction occurs with a reduced dissociation rate compared with
estradiol [71,101], suggesting that the association of 4-OH-E2 with the ER may last longer than
for the parent hormone, estradiol. This is supporting a direct effect of 4-OH-E, independently of
the typical ER pathway. The uterotrophic potency of 4-OH-E, is slightly weaker than estradiol
[102], possible to the faster metabolic clearance than estradiol. However, 4-OH-E; had stronger
activity than estradiol in inducing progesterone receptor formation in the rat pituitary under
experimental conditions [71] but in our experimental system we have observed that 4-OH-E,
does not induce the formation of PgR (Unpublished observations). More importantly 4-OH-E,
undergoes metabolic redox cycling to generate free radicals such as superoxide and the
chemically-reactive ~ estrogen semiquinone/quinone intermediates. These metabolite
intermediates may damage DNA and other cellular constituents [103], induce cell
transformations [104] and initiate tumorigenesis [72,74,80,105-109]. Although direct injection
of estrone-3,4-quinone into the rat mammary gland did not induce the formation of mammary
tumors [110] it does in liver [106]. The genotoxic effect of 4-OH-E; is demonstrated by the
induction of LOH in chromosome 17 (Russo, J. et al., unpublished observations). The relevance
of the in vitro study is also supported by the elevated levels of 4-hydroxylase activity observed in
human breast cancer compared with to normal breast tissue [111] and that 4-OH-E; appears to be
the most abundant estrogen metabolite in human breast cancer [112). The local concentration of
4-OH-estradiol for increasing cell proliferation and tumor development that has been emphasized
by other authors [102-109] is supported by the levels of P4501B1 [113,114] that catalyze the
formation of 4-OH-E,, explaining the transforming effect of DES and E2 in these cells. In the
present work we show for the first time evidences that transformation of HBEC can be induced
by this metabolite.

The transforming ability of 16-a-OH-E, is demonstrated at the 70 nM and 1uM range indicating
that even though is a transforming agent is less efficient than 4-OH estradiol and even the parent
compound. Several publications indicate the possible role of 16-a-hyrdroxylation in mammary
tumor formation [115-117]. Supporting the carcinogen effect is the finding the estrogen 16 o
hydroxylation was higher in terminal duct lobular units in cancerous or non cancerous tissues
from women with breast cancer compared with breast tissue (reduction mammoplasties) from
women without cancer [118]. Enhanced 16-a-hydroxylation was also detected in healthy
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women at high risk for breast cancer (from cancer-prone families) [119,120]. Treatment of
cultured human mammary tissue with 7,12-dimethylbenz{a]anthracene (DMBA) coordinately
increased the ras protooncogene expression and estradiol 16-a-hydroxylation in terminal duct
lobular units [121]. 16-0-Hydroxyestrone increased unscheduled DNA synthesis and
anchorage-independent growth of mouse mammary epithelial cells in culture, which suggests
possible genotoxicity for this estrogen metabolite [122]. In addition, 16-a-hydroxyestrone (but
not 2-hydroxyestrone) enhanced the carcinogen-initiated growth stimulation of cultured mouse
mammary epithelial cells [122,123]. Animal studies showed that in several different strains of
mice with varying incidence of spontaneous mammary tumors, the extent of 16-a-hydroxylation
of estradiol was positively correlated with their mammary tumor incidence [124]. All these
reports are supporting our finding that at the doses tested it induces anchorage independent
growth and alter the ductulogenic capacity of MC10 F cells. On the other hand other reports
suggested that increased urinary excretion of catechol estrogens but not 16-o-hydroxylated
estrogens is correlated with an increased risk for non-familial breast cancer [125-127]. More
recent studies showed that a Finnish population (with high risk for developing breast cancer) had
an increased urinary excretion of catechol estrogens relative to 16-c—hydroxylated estrogens
when compared with an oriental population at a lower risk [126,127]. Finally, several additional
questions concerning the possible etiological role of 16-a-hydroxylated estrogens in hormonal
cancer still need to be addressed one of them is the very weak carcinogenic effect induced
hamster kidney tumor [79,80,108]. Although pregnant women produce very large amounts of 16-
o-hydroxyestradiol (estriol) and 16-a-hydroxyestrone during normal pregnancy [128,129], full
term pregnancy does not increase their breast cancer risk, but actually decreases their risk of
breast cancer [130-132].

Altogether our work shows an in vitro model of transformation of human breast epithelial cells
in which several phenotypes are affected by E, and its metabolites and demonstrating that the
catechol estrogen 4-OH- E; is a the metabolite with the highest transforming properties that are
not abrogated by the pure antiestrogen, indicating first that this metabolite is a carcinogenic
agent and second that estrogen receptors are not required in the initiation of neoplastic
transformation of breast epithelial cells.

7-KEY RESEARCH ACCOMPLISHMENTS

a- In the present work we have capitalized on the availability in our laboratory of an in vitro
model of transformation of immortalized HBEC by the chemical carcinogen BP for comparison
with phenotypic and genomic changes induced by the natural estrogen 17B-estradiol (E;) and its
metabolites mainly 4-OH-E,.

b- Short term treatment of these cells with physiological doses of 4-OH-E, induces anchorage
independent growth, colony formation in agar methocel, reduced ductulogenic capacity in
collagen gel, and increased invasiveness in a reconstituted basement membrane, all phenotypes
whose expression is indicative of neoplastic transformation, and that are induce by BP under the
same culture conditions. The fact that the MCFI10F cells are both ER-a and ERp negative, argue
in favor of a metabolic activation of estrogens mediated by various cytochrome P450 (CYP)
complexes, generating through this pathway reactive intermediates that elicit direct genotoxic
effects by increasing mutation rates.
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c- 2-OH-E, was unable to induce significant increase in colony formation, although small
colonies less than 60 um in diameter were observed, whereas none were found in the MCF10F
cells treated with either DMSO or Cholesterol. The ductulogenic pattern was impaired by 2-OH-
E, but the invasive phenotypes was lower than DES or 17-estradiol.

d- We have found that antiestrogen like tamoxifen or ICI (a pure antiestrogen) are unable to
abrogate the invasive phenotype of cell treated either with E2 or 4-OH-E,.
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9-CONCLUSIONS

Our work shows an in vitro model of transformation of human breast epithelial cells in which
several phenotypes are affected by E, and its metabolites and demonstrating that the Catechol
estrogen 4-OH-E; is a the metabolite with the highest transforming properties that are not
abrogated by the pure antiestrogen, indicating first that this metabolite is a carcinogenic agent
and second that estrogen receptors are not required in the initiation of neoplastic transformation
of breast epithelial cells.
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