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Abstract
Human chorionic gonadotropin (hCG), a hormone produced during pregnancy, can elicit life-long
refractoriness to carcinogenesis by differentiation of the breast epithelium. Human breast epithelial
cells MCF-10F form tubules in collagen, mimicking the normal ductules, We have shown that 17
β-estradiol (E2) alter the ductulogenic pattern of these cells. The effect of the recombinant hCG
(rhCG) in vitro was evaluated on the transformation of MCF-10F induced by E2. MCF-10F cells
were treated with 70nM E2 alone or in combination with 50 IU/ml rhCG during 2 weeks, while the
controls were treated with DMSO (the solvent in which E2 was dissolved) or rhCG alone. At the end
of treatment, the cells were plated in type I collagen matrix (3D-cultures) for detecting 2 main
phenotypes of cell transformation, namely the loss of ductulogenic capacity and the formation of
solid masses. Although E2 significantly increased solid mass formation, this effect was prevented
when MCF-10F cells were treated with E2 in combination with rhCG. Furthermore, E2 increased
the main duct width (p<0.001), and caused a disruption of the luminal architecture, whereas rhCG
increased the length of the tubules (p<0.001) and produced tertiary branching. In conclusion, rhCG
was able to abrogate the transforming abilities of estradiol, and had the differentiating property by
increasing the branching of the tubules formed by breast epithelial cells in collagen. These results
further support our hypothesis, known as the terminal differentiation hypothesis of breast cancer
prevention, that predicts that hCG treatment results in protection from tumorigenic changes by the
loss of susceptible stem cells 1 through a differentiation to refractory stem cells 2 and increase
differentiation of the mammary gland.
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1. Introduction
Clinical and epidemiological studies have shown that prolonged or cumulative estrogenic
exposure like early menarche or late menopause are associated with increased breast cancer
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incidence (Dorgan et al., 1996; Toniolo et al., 1995; Greenlee et al., 2000). Moreover, these
effects continue even after menopause due to local tissue estrogen production (Geisler,
2003). We have demonstrated that estrogen induced neoplastic transformation in vitro
characterized by the loss of the ductulogenic pattern in collagen matrix with disruption of the
normal breast epithelial architecture (Russo et al., 2002; 2006b). At the early stages in the
transformation process, estrogen produced a downregulation in the expression of genes related
to cell adhesion, such as ITGB6 (integrin β6), LAMA3 (laminin α 3), LAMC2 (laminin γ2) and
FN1 (fibronectin 1), and downregulation of other genes by epigenetic modifications
(Fernandez et al., 2006; Huang et al., 2007).

At difference of estrogen, parity at early age, especially when younger than 24 years of age,
decreases the incidence of breast cancer (Lambe et al., 1996). Compared with nulliparous
women, women with at least one full term pregnancy have a 25% reduction in breast cancer
risk and increasing number of pregnancies confers further protection (Hinkula et al., 2001;
Key et al., 2001). This could be explained by comparison of the morphology of the breast of
nulliparous and parous women. The breast of normally cycling women contains 3 types of
lobules described as type 1 (Lob 1), type 2 (Lob 2) and type 3 (Lob 3) in ordrr of their increasing
complexity, defined as the number of alveoli per lobule (Russo and Russo, 1994; Balogh et
al., 2006; Russo et al., 2006a). The breast attains its maximum development during pregnancy
when there is a progression of Lob 2 to Lob 3; this growth phase is followed by the secretory
phase in fully differentiated lobules type 4 (Lob 4). With the progressive maturation of Lob 1
to Lob 2, Lob 3, and Lob 4 there is a progressive decrease in the percentage of proliferating
cells and a reduction in the susceptibility of the cells transformation by carcinogens (Russo et
al., 2006a). After post-lactational involution, Lob 4 regress to Lob 3, which remain present as
the predominant structures in the breast until women reach the fourth decade of life, decreasing
due to their involution to Lob 2 and Lob 1. In contrast to the difference of the breast in parous
women, the nulliparous breast contains a great number of Lob 1, whose percentage remains
almost constant throughout their lifespan. In nulliparous women, Lob 2 is present in moderate
numbers and Lob 3 is almost totally absent. After menopause, the breast regresses in both
nulliparous and parous women, which is manifested as an increase in the number of Lob 1, and
a concomitant decline in the number of Lob 2 and Lob 3. At the end of the fifth decade of life,
the breast of both nulliparous and parous postmenopausal women contains predominantly Lob
1, although the Lob 1 in parous women are refractory to carcinogenesis and have a “genomic
signature” or gene expression profile different from the Lob 1 from nulliparous women (Russo
et al. 2006a, 2008). We further demonstrated in a model of mammary carcinogenesis in rats
that a term pregnancy results in substantial protection against DMBA-induced malignant
transformation (Russo et al., 1991). Moreover, short-term treatment with recombinant human
chorionic gonadotropin (rhCG), a placental hormone produced by the trophoblast, induces the
same differentiation than pregnancy. Thus, the mammary epithelium is able to gain resistance
to carcinogenesis by rhCG pretreatment (Russo et al., 2005). In one experiment in which virgin
rats were treated with hCG for 21 days (the length of a pregnancy), followed by a 21-day rest
period, and which were then administrered DMBA, a dramatic dose-dependent decline
incidence was observed (Russo et al., 1990; 1991; Russo and Russo, 1994).

Based on these observations, it was proposed that in the breast, pregnancy or hCG is able to
shift the stem cells 1 that are susceptible to be transformed by a carcinogen to stem cells 2 that
are refractory (Russo et al., 1997; 2006a). Stem cells 2 - progenitor cells originating after post-
lactation involution of the breast - can proliferate and differentiate under the stimulus of a new
pregnancy (Russo and Russo, 1997; Russo et al., 2006a). This hypothesis, known as terminal
differentiation hypothesis of breast cancer prevention, predicts that the loss of stem cells 1
through differentiation to stem cells 2 and a general increase in the mammary gland
differentiation following pregnancy or rhCG treatment results in protection from tumorigenesis
(Russo and Russo, 1987; 1997) (Fig. 1). Furthermore, our previous studies have shown than
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full term pregnancy induces a permanent genomic signature in the breast epithelial cells,
associated with lower cell proliferation and efficient DNA repair capacity, creating a
differentiated breast epithelium that are more resistant to carcinogenesis (Russo and Russo,
1997; Russo and Russo, 2007).

The disruption of the tubular structures of the breast epithelial cells, including loss of apico-
basal polarity and filling of the luminal space, is considered a hallmark in epithelial cancers
(Debnath et al., 2003). The architectural features and branching morphogenesis during
neoplastic transformation has critical importance for better understanding the mechanisms
behind mammary epithelial carcinogenesis and its prevention. Presumably, early parity and/
or hCG play critical roles in preventing the neoplastic process in the breast epithelium by
preserving the normal 3-dimensional epithelial architecture. We report here that rhCG can
prevent the transformation phenotypes induced by E2 and stimulate ductulogenesis by
increasing the length of the ducts and producing tertiary branching of the breast epithelial cells
in vitro.

2. Materials and methods
2.1. Human breast epithelial cell treatments with 17-β estradiol (E2) and recombinant human
chorionic gonadotropin (rhCG)

MCF-10F, a human breast epithelial cell line spontaneously immortalized, estrogen receptor
alpha (ERα)-negative and beta (ERβ)-positive and progesterone receptor (PR)-negative, was
cultured in Dulbecco’s modified Eagle medium [DMEM/F-12, Gibco®; Formula 90-5212 EF:
containing DMEM/F12 (1:1) with L-glutamine and phenol red, with D-glucose 315mg/L, with
sodium pyruvate 55 mg/L] with 5% horse serum, 2.43 g/l sodium bicarbonate, 20 μg/l
epidermal growth factor (EGF), 100 μg/l Vibrio cholera toxin, 10 mg/l insulin, 0.5 mg/l
hydrocortisone, 1.05 mM calcium, antibiotics and antimicotic (100 units/ml penicillin, 100
μg/ml streptomycin, 0.25 μg/ml amphotericin). The cells were treated for 2 weeks with 70 nM
E2 (E2 group) or 50 IU/ml rhCG (hCG group) or 70nM E2 in combination with 50 IU/ml rhCG
(hCG+E2 group). E2 (Sigma Chemical Co., St. Louis, MO) was dissolved in
dimethylsulphoxide (DMSO). Control MCF-10F cells were treated with 0.0467% DMSO
(DMSO group). Another cell group was left untreated and maintained in the regular culture
media (regular media group). In all groups, the culture medium was replaced daily. The E2
concentration used for the treatments was chosen based on previous results that gave optimal
transformation with 70nM E2 (Russo et al., 2006b). A concentration of 50 IU/ml rhCG (Serono
Inc, Rockland, MA) was chosen based in previous results showing that 10 IU/ml (0.5μg/ml)
rhCG did not have any effect although 50 IU/ml (2.5 μg/ml) and 100 IU/ml (5μg/ml) had similar
effects on the morphology of the cells grown in collagen matrix (data not showed).

2.2. Three-dimensional cultures in type I collagen
After 2 weeks of treatment, the ductulogenic capacity of the cells was evaluated. Cells were
resuspended at 7.5×103 cells/ml in collagen matrix consisting of 2.68 mg/ml (89.3%) type I
collagen (PureCol, Inamed Biomaterials CO., Fremont, CA), 8% 12.5X DMEM-F12 with
antibiotics, 0.1 mg/ml insulin, 14mM NaHCO3 and 0.01N NaOH. A volume of 400μl of this
mixture was plated into 24-well chambers pre-coated 400 μl collagen base at the same
concentration. Eight wells were used for each group and 3,000 cells were plated per well. After
solidification of the collagen, the cells were fed daily with DMEM medium as described above.
Cells in the collagen matrix were examined under an inverted microscope (Nikon Eclipse,
TS100, Japan). After 8 days, the total number of tubules and solid masses were counted.
Spherical structures lacking any branching and >120 μm in diameter were consider as solid
masses. Twenty ducts from each well were chosen at random and the length and diameter of
the main tubule was measured using an ocular scale; also primary, secondary and tertiary
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branches arising from the main duct were counted. Analysis of variance (ANOVA) followed
by Tukey’s test was used for comparing architectural parameters between the groups. Student
t-test was used for comparing tertiary branching and p < 0.05 was accepted as statistically
significant.

2.3. Immunohistochemical staining
At the end of the experiment, the collagen was removed from each well, fixed in 10% formalin,
dehydrated, embedded in paraffin and cut into 3 μm slices. Paraffin embedded sections were
mounted in slides and immunohistochemical stained with the antibodies: anti-Ki-67 (M7240,
Dako North America Inc., CA); anti-low MW cytokeratin (AE1, Biogenex, MU075-UC, San
Ramon, CA); anti-E-cadherin (E-Cad, 610182, BD Transduction Laboratories, San Jose, CA);
anti-laminin γ-2 (sc-25341, Santa Cruz Biotechnology Inc., CA); anti estrogen receptor alpha
(790-4324, Ventana Medical Systems Inc., Tucson, AR); and anti-vimentin (M0725, Dako
North America Inc., CA). The slides were incubated at 37°C for 30 min with specific primary
antibodies. The Ventana UltraView Universal DAB Detection Kit (Tucson, AZ) was used. The
nucleus of the cells was staining with hematoxylin and a light microscope (Olympus, BX40,
Japan) was used for evaluation. To calculate the proliferative index, 10 sections were used to
evaluate the effect of each treatment; positive Ki67 positive cells were counted from a total of
100 cells per slide (Ki67 positive cells from a total of 1,000 cells per treatment), and only cells
forming duct-like structures were considered for the calculation.

3. Results
3.1. Human chorionic gonadotropin (hCG) prevented the formation of solid masses induced
by 17 β-estradiol (E2)

One of the advantages of using type I collagen matrix is that the human breast epithelial cells,
like MCF-10F, forms tubules mimicking the normal ductules of the human breast. When
MCF-10F cells were grown in regular media (regular media group) or in media with DMSO
(DMSO group), with rhCG alone, or in combination with E2 (hCG and hCG+E2 groups) and
plated in type I collagen matrix, tubules formed (Fig. 2). When the cells were treated with E2
alone (E2 group) and plated in collagen, some cells formed tubules and others solid masses
(Fig. 2). E2 induced the formation of solid masses of 178 ± 33.16 μm in diameter; however,
when the cells were treated with E2 in combination with rhCG the formation of solid masses
was prevented (Fig. 2). The number of ducts was similar between the groups, except between
the control in regular media and the hCG+E2 group in which the difference was significant
(p=0.01 Tukey’s test) (Fig. 2).

3.2. The human chorionic gonadotropin (hCG) induced longer tubules with tertiary branching
The tubules formed in collagen showed different morphology between the groups; the length
and diameter of the main duct and the number of primary, secondary and tertiary branching
arising from the main tubule was different according to the treatment received (Fig. 3). The
ducts were significantly longer and were more branched when the cells were treated with rhCG
(hCG alone or in combination with E2; Fig. 3). The length, width and branching of the tubules
from each group are shown in Figure 4,. The tubules formed by the cells treated with rhCG
(hCG group) were significantly longer compared to the other groups (p<0.001, Tukey’s test;
Fig. 4A). Also the tubules formed by the cells treated with rhCG in combination with E2 (hCG
+E2 group) were longer compared to the other groups (p<0.001; Fig. 4A). The diameters of
the main tubules were significantly increased in width when the cells were treated with E2
alone (E2 group; p<0.001; ANOVA), but no significant differences were found among the
other groups (Fig. 4A). With regard to primary, secondary and tertiary branching (Fig. 4B), all
the tubules showed primary and secondary branches, with no significant differences between
the treatments, except when the cells were treated with rhCG (alone or in combination with
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E2), which resulted in tertiary branching (Fig. 4B). All the ducts from the hCG group and 60%
of the hCG+E2 group showed tertiary branching. The number of tertiary branches per duct was
higher when the cells were treated with rhCG alone (hCG group) than when they were treated
with rhCG in combination with E2 (hCG+E2 group) (Student’s t test, p<0.001).

3.3. The 17 β-estradiol (E2) treatment increased cell proliferation
Cell proliferation was evaluated using an antibody against Ki-67 antigen. (Ki67 antigen is a
cell cycle related nuclear protein, expressed by proliferating cells in all phases of the active
cell cycle (G1, S, G2 and M phase) but absent in resting (G0) cells.) Cross sections of the
tubular structures showed a monolayer of epithelial cells around the lumen in all the groups
except in the E2 group (Fig. 5). In the E2 treated group, the tubules showed an increase of both
number of epithelial layers and Ki-67-positive cells (proliferative index = 54.9) indicating an
increase in the cell proliferation rate; no difference in the proliferation rate was observed in
the other groups (Table 1). Interestingly, there was no increase in the proliferation rate when
the cells were treated with E2 in combination with rhCG (hCG +E2 group) (PI = 29.34)
compared to the control in regular media (PI = 36.8) or DMSO (PI = 32) (Table 1). The
epithelial cells layering the ducts were estrogen receptor alpha (ER α)-negative but positive
for E- cadherin, laminin, vimentin and keratin (data not showed); no differences were found
between the groups.

4. Discussion
Primary mammary epithelial cells grown in collagen matrix are able to form tree-like structures
resembling in vivo ductulogenesis (Yang et al., 1980). We have previously demonstrated that
treatment of these cells with E2 induces phenotypical changes indicative of neoplastic
transformation (Russo et al., 2002; 2006b). In the present work, we show that the
transformation of MCF-10F by E2 that is associated with impaired ductal morphogenesis can
be abrogated by hCG. Treatment of MCF-10F cells with E2 induced formation of solid masses
of 178 μm in diameter, although treatment with E2 in combination with hCG prevented their
formation. Treatment with E2 in combination with rhCG result in cell differentiation and
branch formation on collagen; rhCG prevented E2 acting as antagonist. Also, we have
demonstrated that rhCG has a direct effect on branching of breast epithelium; significant ductal
elongation was observed in hCG-treated groups and tertiary branches only appear in the
presence of hCG (alone or in combination with E2). Furthermore, the increase in tubule width
produced by E2 was inhibited by rhCG. In conclusion, the loss of differentiation and
disorganized growth of transformed MCF-10F cells caused by estrogen was abrogated by hCG.
Altogether our data clearly showed that estrogen induced neoplastic transformation, associated
with altered ductal morphology and solid masses formation and hCG was able to abrogate
them. The results presented here further support the terminal differentiation hypothesis of
breast cancer protection. MCF-10F cells that are ERα-negative/CD44+ can form ductules in
collagen, and can be transformed by carcinogens (Russo el al., 2006a; 2006b; Huang et al.,
2007); it was proposed that these cells exhibit the characteristic of stem cells 1 (Russo et al.,
2006a).

Ducts show a significant increase in width with incomplete lumen formation when the cells
were treated with E2 (E2 group), an effect associated with increased cellular proliferation (more
Ki-67 positive cells). The filling of the lumen would result from decreased central apoptosis,
enhanced cellular proliferation, or their combination (Hebner et al., 2008). Luminal filling is
the earliest morphologic alteration and is commonly reported in neoplastic processes (Hebner
et al, 2008). It is also common in atypical ductal hyperplasia and ductal carcinoma in situ
(DCIS).
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The advantage of an in vitro 3D system is that it allows modeling of the epithelial architecture
of the breast (Debnath et al., 2003; O’Brien et al., 2002; Shaw et al., 2004). Normal epithelial
cells form duct-like structures, having apical-basal polarity and well-organized tubular
structures with stable adherens junctions and cell-basement communications. Malignant
transformation is associated with the loss of apical-basal polarity and monolayer morphology
and significant deviations from normal epithelial behavior in 3D cultures (Shaw et al., 2004;
Bissell and Radisky, 2001). In several studies, basement membrane (BM) like Matrigel was
used to study the growth and differentiation of the breast epithelia instead of type I collagen
matrix. Matrigel is a complex mixture of extracellular matrix proteins and growth factors
extracted from Engelbreth-Holm-Swarm murine tumors; its components are laminin, type IV
collagen, epidermal growth factor (EGF), transforming growth factor beta (TGF-beta) and
insulin like growth factor (IGF) (Fata et al., 2004; Kleinman and Martin, 2005). The difference
of type I collagen is that it provides structural support allowing the expression of the intrinsic
properties of the breast epithelial cells; the use of BM permits one to study the role of different
factors and extracellular matrix components that affect the branching (Lu et al., 2006; Fata et
al., 2004). Some cells, e.g. MDCK kidney cells, form tubular structures in type I collagen in
the presence of hepatocyte growth factor (HGF), but not in Matrigel (Santos et al., 1993). IMCD
cells form multicellular cysts when suspended in Matrigel, whereas they form branching cords
in type I collagen. However, when cultured in a mixture of collagen and Matrigel, these cells
give rise to elongated branched tubules with visible lumen (Karihaloo et al., 2005). Studies of
the matrix components demonstrated that collagen IV and vitronectin inhibit branching and
tubule formation, whereas collagen I, laminin and fibronectin promote the process (Santos et
al., 1993). Furthermore, EGF promotes proliferation and spheroid formation, and low TGF
concentrations induce tubule formation (Shaw et al., 2004; Montesano et al., 2007). Therefore,
the use of type I collagen gel matrix is more appropriate for our study of observing the paracrine
effect of the hCG on the breast epithelial cells MCF-10F in the absence of these morphogenetic
factors.

Although the cellular and molecular mechanisms of tubulogenesis are incompletely
understood, a number of polypeptide growth factors stimulate the formation and branching of
epithelial tubes (Hogan et al., 2002). We have now shown that rhCG produces longer tubules
with tertiary branches even in the presence of estradiol. Popnikolov et al. (2001) have shown
that. hCG treatment can result in branching and lobulo-alveolar development of the human
breast epithelia although these effects were not observed in ovariectomized animals. Another
factor known to affect branching morphogenesis is the hepatocyte growth factor/scatter factor
(HGF/SF) (Berdichevsky et al., 1994; Montesano et al., 1991; Trusolino et al, 2002). Several
members of the fibroblast growth factor family also have this affect (Bellusci et al., 1997), and
heregulin and retinoids also stimulate branching (Offterdinger et al., 2003).

Both LH (luteinizing hormone) and hCG bind to LH/hCG receptor and stimulate adenylate
cyclase in the internal membrane, converting adenosine triphosphate (ATP) into cyclic
adenosine monophosphate (cAMP); cAMP stimulates the activation of a protein kinase, which
among other actions, stimulates steroidogenesis in the mitochondria of the target cell by
transforming cholesterol into pregnenolone Other actions include the induction of proteolytic
enzymes, prostaglandin synthesis, inhibin production, induction of 17 beta-hydroxysteroid
dehydrogenase and changes in gene metabolism (Guo et al., 2004). LH/hCG receptors are
present in human breast tissue, rat breast tissue and different cell lines (Lojun et al., 1997;
Meduri et al., 1997; Tao et al., 1997) although, it remains uncertain whether a separate hCG
receptor exists (Gromoll et al., 2000). Gene expression profile studies of rats showed that the
genomic signature induced by rhCG treatment was similar to that induced by pregnancy. The
data indicated that hCG in pregnancy induces genomic changes that control a specific
differentiation pathway that it is capable to change stem cells 1 to stem cells 2, although other

Kocdor et al. Page 6

Cell Biol Int. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



compounds that induce branching were unable to induce that specific signature (Russo and
Russo, 1997; Russo et al, 2008).

A population-based case-control study of breast cancer among women 40 years of age or
younger, showed that those who received hCG as a part of a weight loss program (popular
during the 1960s and 1970s) or as a component of infertility treatment were at lower risk of
developing breast cancer (Bernstein et al., 1995). Another population-based cohort study of
serum collected from first-trimester pregnant women showed that those with high levels of
hCG had a lower risk of breast cancer than women with low hCG levels (Lukanova et al.,
2008). The fact that parous women at early ages also develop breast cancer could be explained
if hCG did not reach the level required to change stem 1 population to stem 2. It has been
proposed by Russo (1997) that Lob 1 found in the breast of nulliparous women and parous
women with breast cancer had never gone through the process of differentiation, retaining stem
cells 1 that are targets for carcinogens and therefore susceptible to neoplastic transformation.
Mutagenic insults or protective factors specifically operating before or during puberty are likely
to have profound consequences for breast cancer later in life (Tokunaga et al., 1994; Aisenberg
et al., 1997; Wu et al., 2002; Land et al., 2003; Horwich and Swerdlow, 2004). It has also been
suggested that at puberty, during mammary gland development associated with stem cell 1
expansion, the gland is more sensitive to carcinogenic agents. Since stem cells 1 are target of
tumorigenesis, reducing this population through a direct effect of hCG treatment would be
beneficial.

In conclusion, rhCG abrogated the transforming abilities of E2 and had a differentiating action
on human breast epithelial cells, MCF-10F, by increasing their branching, a phenotype
indicative of cell differentiation. Our results suggested that rhCG has significant potential as
a chemo-preventive agent, protecting normal breast cells from becoming malignant.
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Fig. 1. The terminal differentiation hypothesis of breast cancer prevention
Stem cells 1 are susceptible to be transformed by carcinogens (or E2) although stem cells 2 are
refractory. This hypothesis predicts that: A) the loss of a population of susceptible stem cells
1 through differentiation to stem cells 2, and a general increase in the differentiation of the
cells in the mammary gland following rhCG treatment results in protection from tumorigenic
changes. B) Stem cells 1 exposed to carcinogens (or E2) give rise to early transformed cells
(Tr. Cells) that progress to tumor cells. C) In the case of carcinogen (or E2) administration
followed by rhCG treatment, transformed cells (Tr. cells) are able to avoid progression to
tumorigenic stages. D) In the case of both carcinogen (or E2) and rhCG exposure, rhCG helps
avoid the transformating action of E2 acting as an antagonist; differentiation of stem cells 1 to
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stem cells 2 occurs through the action of rhcG, and a general increase in differentiation of the
mammary gland is seen.
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Fig. 2. Number of tubules and solid masses on type I collagen matrix
MCF-10F cells were treated during 2 weeks with 70 nM (E2 group), 50 IU/ml rhCG (hCG
group), or 50 IU/ml rhCG in combination with 70 nM E2 (hCG+E2 group). Control cells were
treated with DMSO (DMSO group) or maintained in the regular media (regular media group).
After treatment, the number of ducts and solid masses were counted. Solid masses with a mean
diameter of 178 μm appeared after treatment with E2, although when was used in combination
with rhCG, solid masses did not appear in the collagen. The mean and the standard deviation
(SD) are indicated.
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Fig. 3. Tubules on collagen matrix
a) Parameters for the evaluation of 3-dimensional growth of human breast epithelial cells
MCF-10F in collagen. The main ductal length and width, and primary, secondary and tertiary
branches are indicated; b) tubule formed by MCF-10F cells growing in collagen after treatment
with DMSO; c) tubule formed by MCF-10F cells after treatment with 70 nM 17 β-estradiol
(E2): tubules are shorter and increased in width; d) tubule formed by MCF-10F after treatment
with rhCG: the ducts are longer, thinner and present a significant higher number of secondary
and tertiary branches; e) tubule formed by MCF-10F cells after treatment with rhCG in
combination with 17 β-estradiol (hCG+E2 group): the presence of hCG prevented the
alterations induced by E2.
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Fig. 4. Tubule morphology on collagen matrix
The main ductal length and width, and primary, secondary and tertiary branches are shown.
A) Ductal length and width. The ducts were longer in the hCG groups (hCG and hCG+E2
groups). The tubules showed increased width in the E2 group. The ducts in hCG group are
significantly longer than in DMSO, E2, control in regular media and hCG+E2 group (p<0.001;
p<0.001; p<0.001 and p=0.008 respectively, Tukey’s test). Furthermore, the tubules are longer
in the hCG+E2 group than in the DMSO (p<0.001 Tukey’s test), E2 (p<0.001 Tukey’s test)
and the control in regular media (p<0.001 Tukey’s test) groups. The differences in the length
of the tubules were not significant between control in regular media vs. DMSO, control in
regular media vs. E2, and E2 vs. DMSO (p = 0.064, p = 0.052, and p = 0.79, respectively;
Tukey’s test). The treatment with E2 (E2 group) increased the width of the ducts when
compared to other groups (p<0.001 ANOVA followed by Tukey’s test). B) Percentage of
primary, secondary and tertiary branching per duct. Tertiary branching was only observed in
the rhCG groups (hCG alone or hCG+ E2).
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Fig. 5. Cell proliferation study by immunohistochemistry
Cross sections of the tubules grown in collagen matrix after the different treatments are shown.
Only some cells were positive for Ki67 antigen in the control in regular media (a), DMSO (b),
hCG (c) and hCG+E2 (e). In cross section, MCF-10F cells are arranged as a monolayer around
the lumen of the duct except in the cells treated with E2 (d). E2 impairs not only ductal
morphology and lumen formation, but also causes loss of epithelial characteristics and
proliferation as consequences of neoplastic transformation. An increased number of cells are
positive for Ki67 antigen in the tubules formed by the cells treated with E2 (d) (Bar= 50 μm).
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Table 1
Proliferative index

In the ducts, the number of cells Ki67 positive was counted from approximately 100 cells that formed the ducts.
The proliferative index with the standard deviation is indicated in each case.

Group Percentage of positive Ki67cells on ductal structures (Average ± SD)
1 Control in regular media 36.8 ± 6.7
2 DMSO 32 ± 3.45
3 hCG 31.63 ± 11.6
4 hCG+E2 29.34 ± 7.35
5 E2 54.9 ± 8.1
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