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Abstract
MCF-10F a spontaneously immortalized ERα negative human breast epithelial cell line derived
from breast tissues containing Lobules type 1, is able to form normal ductal structures in a
tridimensional collagen matrix system. MCF-10F cells that are Estrogen-transformed [trMCF
cells] progressively express phenotypes of in vitro cell transformation, including colony formation
in agar methocel, and loss of the ductulogenic capacity. Further selection of these trMCF cells for
invasiveness in a Matrigel invasion system identified cells [bcMCF] that formed tumors in severe
combined immunodeficient [SCID] mice. The cell lines derived from those tumors [caMCF] were
poorly differentiated ERα, PR and ERBB2 negative adenocarcinomas. These characteristics are
similar to the human basal cell-like carcinomas. This in vitro in vivo model demonstrates the
importance of the basal cell type as a stem cell that reconstitute the branching pattern of the breast
and that is also target of a carcinogenic insult leading to transformation and cancer.
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I. INTRODUCTION
Breast cancer is an invasive and ultimately fatal disease whose incidence in postmenopausal
women has gradually increased in most Western societies over the last few decades, but has
sharply increased in younger women [1]. Invasive breast cancer is a heterogeneous disease
that encompasses a variety of pathological features that are associated with specific clinical
behavior [2]. The classification and grading of the tumors, which are essential for selecting
therapeutic approaches and the prediction of their biological behavior and patient prognosis,
are currently based on the Nottingham modification of the Scarff-Bloom-Richardson system
(NSBR) grading scheme. This system, however, is hindered by the subjectivity of the
morphological assessment of nuclear grade, mitosis, and tubular formation [3]. The
discovery that the morphological heterogeneity of breast cancer is also reflected at the
transcriptome level has allowed the classification of breast cancer into five main groups:
luminal A and B, normal breast-like, ERBB2 [HER2] and basal-like breast carcinomas [4–
6]. The luminal-like subtypes display moderate to high expression of ERα and luminal
cytokeratins. The basal-like carcinomas, which have been reported to have a more
aggressive clinical behavior, are the focus of this work. They are composed of cells that
consistently express genes usually found in normal basal/myoepithelial cells of the breast,
including basal cytokeratins (5/6, 14 and 17), E-cadherin, caveolin 1 and p53 [7, 8].
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Molecular analyses of basal-like carcinomas have confirmed the frequent lack of expression
of estrogen (ER) and progesterone (PR) receptors and HER2, high levels of expression of
proliferation-related genes, and frequent mutation of the TP53 gene. Morphologically, basal-
like breast carcinomas present with high histological grade, high mitotic indices, central
necrotic zones, pushing borders and a conspicuous lymphocytic infiltrate. In addition,
metaplastic elements and medullary/atypical medullary features have been reported.
Similarities have been found between basal-like tumors and breast carcinomas occurring in
BRCA1 mutation carriers, in premenopausal African American women, Hispanic women,
and in general, in the younger breast cancer patient population. Breast cancer is more
aggressive in African American women [9]; this phenomenon has been partly explained by a
later stage at diagnosis [10], larger size of the tumors that are more commonly high grade,
and both ER and HER2 negative [11–14].

Basal-like breast cancer has been strongly associated with African American race and
Hispanic ancestry [15–18]. Surveillance, Epidemiology, and End Results (SEER) data [19]
also show a shift toward more aggressive subtypes in African-American and Hispanic
women that is consistent across several studies that include basal cell type with a 5-year
relative survival of only 14% [20, 21]. Basal-like breast cancers are measured with
specificity by adding positive markers such as cytokeratin 5/6 or epidermal growth factor
receptor [22]. Nonetheless, specific markers for basal-like breast cancer are not presently
available in most studies, even though distinguishing true basal-like from triple negative
breast cancers has important implications for clinical prognosis [22,23].

II. BIOLOGICAL AND MOLECULAR UNDERSTANDING OF BASAL BREAST
CANCER AND EPITHELIAL MESENCHYMAL TRANSITION (EMT)
II.i. The in vitro model of basal-like breast cancer

Primary mammary epithelial cells grown in collagen matrix are able to form tree-like
structures resembling in vivo ductulogenesis [24]. The human breast epithelial cells
MCF-10F form tubules when grown in type I collagen. The advantage of an in vitro model
of three-dimensional (3-D) growth is that it reproduces the epithelial architecture of the
breast (Figure 1) [24–30]. Normal epithelial cells form duct-like structures, having apical-
basal polarity and well-organized tubular structures with stable adherent junctions and cell-
basement communications. The cell’s neoplastic transformation is associated with the loss
of apical-basal polarity and monolayer morphology and significant deviations from normal
epithelial behavior in 3-D cultures [24–30].

Our observations that ductal carcinomas originate in the Lob.1 f the immature breast (Figure
1) [31], which are the structures with the highest proliferative activity, and the fact that the
cells that do proliferate in culture are ERα negative suggest that the stem cells that originate
normal ductal structures and cancer are the ERα negative proliferating cells. This idea is
supported by our observations that MCF-10F, a spontaneously immortalized ERα negative
human breast epithelial cell line derived from breast tissues containing Lob.1 and Lob.2, is
able to form normal ductal structures in a tridimensional collagen matrix system (Figure 2).
The ductal structures are lined by a monolayer of well polarized epithelial cells that become
malignant after exposure to either the chemical carcinogen benz[a]pyrene [32] or the natural
estrogen 17β-estradiol (E2) [24, 29].

We have developed an in vitro-in vivo model of human breast epithelial cells transformation
induced by estradiol (Figure 3) [29, 30]. In this model, the human breast epithelial cell line
MCF-10F that is estrogen receptor α (ESRα) negative, was transformed by estradiol and
different cell lines that represent different stages of breast cancer progression were isolated
[29, 30]. The MCF-10F progression model consists of four derived cell lines: a) the
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spontaneously immortalized cell line MCF-10F, which does not show any characteristics of
invasiveness or tumor formation and therefore is considered to be a normal-like breast
epithelial cell line; b) the transformed trMCF cells; c) the invasive bsMCF cell line and, d)
the tumor cell lines, caMCFs, which shown all characteristics of a fully malignant breast
cancer cell types [29, 30] (Figure 2). The bsMCF cells induced tumors in SCID mice that
were poorly differentiated adenocarcinomas that were ESRα, progesterone receptor [PR]
and ERBB2 negatives and are also metastatic to the lung. (Figure 3).

Loss of the ductulogenic capacity is the earliest phenotype observed accompanied by
increasing cell proliferation and the activation of genes related to DNA cell replication,
inhibition of apoptosis and the expression of genes related to cell polarity, cell positioning
and cellular architecture. Further selection of these trMCF cells for invasiveness in a
Matrigel invasion system identified cells (bcMCF) that formed tumors in severe combined
immunodeficient (SCID) mice. The cell lines derived from those tumors (caMCF) were
poorly differentiated ERα, PR and ERBB2 negative adenocarcinomas [29, 30]. These
characteristics are similar to the human basal cell-like carcinomas previously described [6].
To better understand the molecular events associated with the progressive phenotypic
changes that were observed during estrogen-mediated malignant cell transformation, we
analyzed chromosomal copy number (CN), loss of heterozygosity (LOH), and gene
expression changes that occurred at different stages of cell transformation. By integrating
these data we were able to identify associations between CN changes, LOH, transcript
expression and phenotypes of invasion and tumorigenicity, including a strong gene signature
of epithelial to mesenchymal transition (EMT) that was confirmed by
immunohistochemistry [30]. The bcMCF (invasive) and caMCF (tumor-derived) cells
showed dramatic changes in morphology, losing epithelial characteristics of polarity and
acquiring mesenchymal characteristics of a fibroblast-like spindle shape and increased
migratory behavior, invasiveness and metastatic capabilities. Changes in gene and protein
expression were characteristic of epithelial-mesenchymal transition (EMT), namely loss of
intercellular adhesion (E-cadherin and occludins), down-regulation of epithelial makers
(cytokeratins), and up-regulation of mesenchymal markers (vimentin and smooth
muscleactins) [29, 30].

II. ii. The Molecular Pathway
Immortal MCF-10F cells are non-transformed, non-tumorigenic and ER negative. Because
malignant cell transformation of these cells produced poorly differentiated tumors
characteristic of basal-like carcinomas, we chose to classify these cells relative to the breast
cell lines described by Charafe-Jauffret et al. [33]. As shown in Figure 4, these MCF-10F
and derived cell lines clustered in the branch containing the basal breast cell lines. In our
molecular characterization of malignant cell transformation [30] we identified the
“intermediate filament” component enriched in Gene Ontology [GO] analysis, separating the
non-tumorigenic MCF-10F and trMCF cells from the tumorigenic bcMCF and caMCF cells.
Numerous cytokeratins were suppressed or absent, whereas vimentin was strongly induced
in bcMCF (7.0-fold) and caMCF (8.1-fold). Because of these findings, we generated a gene
list from published literature for EMT markers and their regulators [30]. The 52 genes in this
list were filtered by low stringency criteria of combined coefficient of variation > 0.3 and
‘Present calls’ in more than 30% of the samples. The 27 genes passing these criteria were
used for sample and gene clustering (Figure 5A). Two sample groups and two gene groups
were identified. The non-tumorigenic MCF-10F and trMCF cells were grouped into sample
cluster κ, while the tumorigenic bcMCF and caMCF cells were grouped into cluster λ. On
the other side, the genes were grouped into cluster α and β based on their expression pattern.
The epithelial markers E-cadherin, occludin, desmoplakin and cytokertins were decreased,
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while the mesenchymal markers fibronectin, vimentin and N-cadherin were increased in
bcMCF and caMCF cells (Figure 5A).

By real time RT-PCR, it was confirmed that the expression of FN1, S100A4, SNAI2, HRAS
and TGFβ1 was increased, while CDH1 (E-cadherin) was decreased in bcMCF and caMCF
cells (see 30). Immunocytochemical analysis using antibodies against epithelial membrane
antigen EMA (also called MUC1) and E-cadherin displayed significant loss of these
epithelial markers and increased expression of the mesenchymal marker vimentin in
tumorigenic cells (Figure 5B). These findings confirmed the EMT phenotype revealed by
gene expression profile in Figure 5A.

In order to determine whether there is a relationship between our EMT gene signature
(Figure 5A) and the classification of the Basal A and Basal B breast cell lines reported in
Neve et al. [34], we identified nine genes present in both our EMT gene signature and the
396 gene classifier set of Neve et al. [34]. By Prediction Analysis of Microarray (PAM), we
have shown that the parent MCF-10F cells and trMCF cells can be classified as Basal A,
whereas the bcMCF (invasive) and caMCF (tumor-derived) cells are classified as Basal B
(Table 1). Based on these data, we hypothesize that both Basal subtypes A and B can arise
from the same cell of origin, and may reflect differing degrees of EMT and invasive
potential. To explore this hypothesis further, we extracted our EMT gene signature from the
Genechip expression files of the 30 cell lines that were characterized for invasiveness in a
modified Boyden chamber assay. As shown in Figure 6, this EMT gene signature classified,
with complete concordance to [34], the cell lines into luminal, Basal A and Basal B sub-
types. Of importance to this proposal, the Basal B cell lines that scored as invasive grouped
to the far left (Figure 6). This result along with the recent report showing that EMT occurs
more frequently in basal-like tumors [35] indicates the relevance of these breast cell lines for
molecular analysis of the networks regulating EMT.

While the regulation of EMT is not fully understood, a network of several signaling
pathways affecting the expression and/or function of a complex hierarchical network of
transcription factors (TFs) has been partially elaborated [36, 37]. Known signaling pathways
include multiple tyrosine kinase receptors leading to Ras-mediated activation of MAPK and
PI3K pathways, TGF-β, Notch and Wnt.From our studies we have evidence that enhanced
TGF-β and Wnt signaling pathways are found in the EMT expressing bcMCF and caMCF
cells [30]. TGF-β acting through Smad transcriptional complexes can repress expression of
the Id TFs (Id1, Id2, Id3) and activate HMGA2, a DNA binding protein important for
chromatin architecture [38]. Expression of HMGA2 is known to regulate several EMT
controlling TFs including TWIST1, SNAI1, and SNAI2 (Slug) [30, 36, 37]; (Figures 5 and
6). TGF-β and Wnt signaling also affect the expression of several additional EMT-regulating
TFs including ZEB1 (TCF8), TCF3 (E2A encoding E12 and E47), and LEF1 [37].

Analysis of the EMT expressing bcMCF cell line revealed the absence of expression of the
secreted frizzled-related protein 1 (SFRP1), a repressor of Wnt signaling [30]. One allele of
SFRP1 was deleted in these cells, with the remaining apparently silenced by methylation,
accounting for the 28-fold reduction of this transcript. Loss and epigenetic inactivation of
SFRP1 occurs often in invasive breast cancer and is associated with poor prognosis [39].
Inspection of the SFRP1 expression levels in Basal B cell lines [30] showed absent calls for
4 of the 8 invasive cell lines; and 8-fold decreases in another 3 invasive cell lines relative to
the non-invasive MCF-10A cells. Inspection of the expression files for bcMCF cells and the
8 invasive Basal B cell lines [30] revealed that LEF1 was always absent, while TCF 3 and
TCF 8 were expressed.

Russo and Russo Page 4

Adv Exp Med Biol. Author manuscript; available in PMC 2012 January 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



III. THE METASTATIC PHENOTYPE
As indicated above the bsMCF cells induced tumors in SCID mice that were poorly
differentiated adenocarcinomas that were ESRα, progesterone receptor (PR) and ERBB2
negatives. When bsMCF or caMCF (T4 or T5) cells are inoculated in the tail of SCID mice
induced metastatic foci in the lung (Figure 3). This unique model allow us: i- to study the
genomic and epigenomic changes present in the cell with metastatic capabilities, ii-to use
metastatic and non metastatic cells from the same genetic background, and iii-to elucidate
the functional role of each of the genes thus identified. We have found that more than 74
genes are either down or upregulated in the invasive and metastatic phenotype of the bsMCF
(Figure 7 and Tables 2 and 3). Several genes controlling invasion and metastasis are
significantly down regulated in bsMCF (C5) cells (Figure 7 and Table 2). Many of these
genes are silenced by methylation in specific GpC islands and the role in the process of
invasion and metastasis have been already determined or suspected. For example AZGP1 is
known to be downregulated in malignant prostate epithelium [40, 41] but its precise role in
metastasis is not clear. CLDN7 or Claudin 7 is significantly downregulated in bsMCF cells
as well as in breast [42, 43] and other types of cancer [44]. Hypermethylation at the CLDN7
promoter was detected in 20% of colon cancer cells with low CLDN7 expression. EPB41L5
erythrocyte membrane protein band 4.1 like 5 is involved in cell polarity and in maintaining
by separation of the apical and basolateral domains through specialized cell-cell junctions
[45–46] and could be an early marker of metastasis. GPR56 or G protein-coupled receptor
56 is downregulated in bsMCF cells and is markedly down-regulated in the metastatic
variants of melanoma. Functional studies have shown that over expression of GPR56
suppresses tumor growth and metastasis, whereas reduced expression of GPR56 enhances
tumor progression [47, 48]. KLF5 Kruppel-like factor 5 is downregulated also in bsMCF
cells and reduced in expression in many types of human tumor [49].

FRMD3 is a member of the protein 4.1 superfamily and is a putative tumor suppressor [50]
significantly downregulated in bsMCF cells. Grbl4 a growth factor receptor-bound protein
14 member of the Grb7 family of adapters, is an inhibitor of FGFR signaling. Grbl4 induces
an arrest of the signaling transduction cascades in the MDA-MB-231cells by blocking
PLCy, ERK2, JNK1 and AKT [51, 52]. Another role of GRB14 is a binding partner of
tankyrase 2. Tankyrase is an ankyrin repeat-containing poly[ADP-ribose] polymerase
originally isolated as a binding partner for the telomeric protein TRF1. MEST or mesoderm
specific transcript homolog is an hypermethylated gene is that is highly enriched for targets
of the PRC2 (Polycomb repressive complex 2) in embryonic stem cells. MTUS1 or
microtubule associated tumor suppressor 1 is downregulated in bsMCF cells and is
significantly down-regulated in colon cancer and in a breast cancer [53–55] an in the triple
negative (ER- PR- HER2-) breast carcinomas, a subgroup of highly proliferative tumors
with poor outcome and no available targeted therapy. Functional studies indicate that
silencing MTUS1 expression by siRNA increases cellular proliferation. Conversely,
restoring endogenous levels of MTUS1 expression leads to reduced cancer cell proliferation,
clonogenicity, anchorage-independent growth, and reduces the incidence and size of
xenografts grown in vivo [56]. Loss of SFRP1, secreted frizzled-related protein 1,
expression is observed in breast, along with several other cancers [57–61], and is associated
with poor patient prognosis. SFRP1 is significantly downregulated in bsMCF cells and it has
been shown to be methylated in many pre and neoplastic breast cancer cell lines. SFRP1
antagonizes the Wnt/beta-catenin signaling pathway by competing with the Frizzled receptor
for Wnt ligands resulting in an attenuation of the signal transduction cascade leading to the
development of several human cancers, including breast cancer. SRPX sushi-repeat-
containing protein, X-linked is downregulated in bsMCF cells and is also markedly reduced
in carcinomas of colon, bladder, and ovary and closely linked to the progression of T-cell
leukemia/lymphoma. The SRPX gene was originally isolated as a novel suppressor gene of
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v-src transformation and was shown to induce apoptosis in human cancer cells. It has been
observed by us and others that TWIST that is an important transcription factor during
embryonic development and has recently been found to promote the EMT phenomenon seen
during the initial steps of tumor metastasis, is upregulated in bsMCF cells whereas SRPX is
downregulated. Small interfering RNA (siRNA)-mediated depletion of TWIST there is
upregulation of SRPX. Indicating an important role of the SRPX gene in invasion and
metastasis. Another gene downregulated in bsMCF cells is SNF1LK or the serine-threonine
kinase SIK1 (salt-inducible kinase 1) as a regulator of p53-dependent anoikis. Inactivation
of SIK1 compromised p53 function in anoikis and allowed cells to grow in an anchorage-
independent manner. In vivo, SIK1 loss facilitated metastatic spread and survival of
disseminated cells as micrometastases in lungs. The presence of functional SIK1 was
required for the activity of the kinase LKB1 in promoting p53-dependent anoikis and
suppressing anchorage-independent growth, matrigel invasion, and metastatic potential.
Decreased expression of the gene encoding SIK1 closely correlated with development of
distal metastases in breast cancers from three independent cohorts. Together, these findings
indicate that SIK1 links LKB1 to p53-dependent anoikis and suppresses metastasis [62, 63].
SIK is an inducible gene target of TGFbeta/Smad signaling. Loss of endogenous SIK results
in enhanced gene responses of the fibrotic and cytostatic programs of TGFbeta [64].

Among the upregulated genes in the bsMCF cells are the one listed in table 3 are FHL1,
HEY1, ZEB1, ZEB2, FOSL1 and S100A4. FHL1 four and a half LIM domains 1 and may
play an important role in ER signaling as well as breast cancer cell growth regulation [65,
66]. HEY1 hairy/enhancer-of-split related with YRPW motif 1 and NOTCH3 are
upregulated also in bsMCF cells and may be involved in the epithelial mesenchymal
transition process [66–68]. Transforming growth factor-beta (TGF-beta) is upregulated in
bsMCF cells and is involved in the epithelial-mesenchymal transition (EMT) through
activation of Smad and non-Smad signaling pathways. EMT is the differentiation switch by
which polarized epithelial cells differentiate into contractile and motile mesenchymal cells.
Cell motility and invasive capacity are activated upon EMT. Multiple transcription factors,
including deltaEF1/ZEB1, SIP1/ZEB2, and Snail/SNAI1, are induced by TGF-beta-Smad
signaling and play critical roles in TGF-beta-induced EMT. In addition, both non-Smad
signaling activated by TGF-beta and cross-talk with other signaling pathways play important
roles in induction of EMT. Of these, Ras signaling synergizes with TGF-beta-Smad
signaling, and plays an important role in the induction of EMT. FOSL1 is upregulated in
bsMCF cells and has been shown to be over expressed in MCF 7 cells after development of
antiestrogen resistance. Fos is a component of the dimeric transcription factor activator
protein-1 (Ap-1), which is composed mainly of Fos (c-Fos, FosB, Fra-1 and Fra-2) and Jun
proteins (c-Jun, JunB and JunD). Unlike Fra-1 (encoded by Fosl1), c-Fos contains
transactivation domains required for oncogenesis and cellular transformation [69]. The Fos
related antigen-1 (Fra-1) is activated in multiple cancers and gene ablation can suppress the
invasive phenotypes of many tumor cell lines [69–71]. S100A4 calcium binding protein A4
is upregulated in bsMCF cells and many other cancers [72, 73]. It promotes metastasis in
several experimental animal models, and S100A4 protein expression is associated with
patient outcome in a number of tumor types and possesses a wide range of biological
functions, such as regulation of angiogenesis, cell survival, motility, and invasion [74–75].

SUMMARY AND CONCLUSIONS
From these preliminary data we concluded that the epithelial mesenchymal transition
occurring in the breast basal cells depends predominately on TGF-β and Wnt signaling
pathways, which increase the expression and function of transcription and chromatin
organization factors that repress the epithelial and enhance the mesenchymal phenotype,
thus favoring increased invasion and metastatic activity.
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Figure 1.
Lobule type 1 or the terminal ductal lobular unit is the site of origin of ductal carcinoma in
situ Adapted from: Russo, J, Hu, Y.F., Yang, X. and Russo, I.H. Developmental, cellular
and molecular basis of human breast cancer: J. Natl. Cancer Inst. Monograph 27, 2000, pp
17–38.
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Figure 2.
In vitro-in vivo model of cell transformation. A) Different stages in the in vitro-in vivo
model. B) The MCF basal cell type from normal ductal structures that loss the ductulogenic
capacity forming the trMCF cells that evolves to bcMCF and caMCF cells. Adapted from:
Russo, J., Fernandez, S.V., Russo, P.A., Fernbaugh, R., Sheriff, F.S., Lareef, H.M., Garber,
J., and Russo, I.H. 17 beta estradiol induces transformation and tumorigenesis in human
breast epithelial cells. FASEB J 20:1622–1634, 2006 and Tiezzi, D. G., Fernandez, S.V.,
Russo, J. Epithelial to Mesenchymal transition during breast cancer progression. Int J Oncol
31: 823–827, 2007
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Figure 3.
MCF-10F and derived cell lines (trMCF, bcMCF and caMCF) classify as Basal cell lines.
The expression data for these cell lines (26) was combined with the published expression
values of the 364 gene set (14) and used to classify the breast cell lines by hierarchical
clustering as described (14). The MCF-10F and derived cell lines occupy a distinct branch of
the basal subtype (left branch) because the expression values were calculated independently
from different batches of normalized genechips.
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Figure 4.
Expression profile of EMT markers and their regulators during malignant cell
transformation.
A. A list of EMT markers and promoting genes was generated a priory by literature search
(26). Hierarchical clustering of cell lines and genes was performed using dChip software.
Two sample clusters (κ and λ) and two gene clusters (α and β) were identified. The red,
white, and blue colors represent level above, at, and below mean expression, respectively. B.
Detection of epithelial and mesenchymal markers by immunochytochemistry (100x). a:
Histological sections of MCF-10F cells, reacted with pre-immune mouse serum, were used
as the negative control; b, c, d: MCF-10F reacted for EMA, E-Cadherin, vimentin,
respectively; e: trMCF cells reacted with pre-immune mouse serum used as negative control;
f, g, h: trMCF cells reacted for EMA, E-cadherin and vimentin, respectively; i: bsMCF cells
reacted with pre-immune mouse serum as a negative control; j, k, l: bsMCF cells reacted for
EMA, E-cadherin and vimentin, respectively; m: caMCF tumor cell line cells reacted with
pre-immune mouse serum used as negative control; n, o, p: caMCF tumor cell lines reacted
for EMA, E-cadherin and vimentin, respectively; q and r: invasive ductal carcinoma of the
breast as positive control and immunoreacted for EMA and E-cadherin, respectively; s:
histological section of an invasive adenocarcinoma immunoreacted for vimentin. From:
Huang, Y., Fernandez, S., Goodwin, S., Russo, P.A., Russo, I. H., Sutter, T., and Russo, J.
Epithelial to Mesenchymal Transition in Human Breast Epithelial Cells Transformed by 17-
beta- Estradiol. Cancer Res 67 11147–11157, 2007.
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Figure 5.
Classification of breast cell lines using an EMT gene signature identifies subtype and
invasiveness. Gene expression values were extracted from the CEL files of the 30 cell line
subset of breast cancer cell lines that were previously characterized for invasive potential
(See Ref. 15, Figure 4). The invasive Basal B cell lines are indicated by the red bar; non-
invasive by a green bar.
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Figure 6.
Transformation of MCF-10F cells by 17β-estradiol treatment. Experimental protocol:
MCF-10F cells treated with 70nM 17β-estradiol (E2) that expressed high colony efficiency
(CE) and loss of ductulogenic capacity in collagen-matrix were classified as transformed
(trMCF). Transformed cells that were invasive in a Matrigel Boyden type invasion chambers
were selected (bsMCF) and plated at low density for cloning (bcMCF). MCF-10F, trMCF,
bsMCF, and bcMCF were tested for carcinogenicity by injecting them into the mammary fat
pad of 45-day-old female SCID mice. MCF-10F and trMCF cells did not induce tumors;
bsMCF, formed solid tumors from which four cell lines, identified as caMCF, were derived
and cells proven to be tumorigenic in SCID mice. bsMCF or caMCF when injected in the
tail of SCID mice develop metastatic foci in the lung.
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Figure 7.
bcMCF cells were transfected by Lipofectamine/Plus Reagent from Life Technologies. The
plasmids that were used for the cotransfection were pGL3 control red (SV40-luc) from
Promega/C. Contag, Standford University, and pSV40/Zeo from Invitrogen. After the cells
were transfected, selection occurred over a period of 10–12 days using 1ug/ml of Zeocin
(Invitrogen). After selection, the cells were allowed a period of time to recover after which
they were expanded. To ensure the presence of luciferase in the cells, a Luciferase Assay
(Promega) was performed using the EnVision Workstation plate reader. Mice were placed in
a plastic restraining device equipped with a hole from which we could access the tail. The
tails of the mice were placed in warm water in order to dilate the lateral tail veins and to
allow easy visualization. Two million (2 × 106) cells suspended in PBS were injected into
the lateral tail vein using a 26 gauge needle. The animals were followed over a period of 5
weeks by Bioluminescence Imaging using the Caliper LS/Xenogen IVIS Spectrum System
to determine the location of the bcMCF cells.
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Figure 8.
Heat map of the bcMCF cells compared with the MCF10F cells
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Table 1

Genes differentially expressed genes in bcMCF compared to MCF10F

Suymbol Gene name Fold change

AZGP1 Alpha-2-glycoprotein 1, zinc-binding −31.8

CDH1 Cadherin 1, type 1, E-cadherin (epithelial) −497.8

EPB41L5 Erythrocyte membrane protein band 4.1 like 5 −17.7

FRMD3 FERM domain containing 3 −3.3

GRB14 growth factor receptor-bound protein 14 −4.1

GPR56 G protein-coupled receptor 56 −27.8

KLF5 Kruppel-like factor 5 (intestinal) −2.9

MEST mesoderm specific transcript homolog (mouse) −4.3

MTUS1 mitochondrial tumor suppressor 1 −2.4

RAB25 RAB25, member RAS oncogene family −46.2

SFRP1 secreted frizzled-related protein 1 −5.8

SFRP1 secreted frizzled-related protein 1 −5.5

SFRP1 secreted frizzled-related protein 1 −4.8

SRPX sushi-repeat-containing protein, X-linked −6.4

ST14 suppression of tumorigenicity 14 (colon carcinoma) −5.8

ST14 suppression of tumorigenicity 14 (colon carcinoma) −4.2

S100A9 S100 calcium binding protein A9 −18.2

SIK1 salt-inducible kinase 1 −6.9
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Table 2

Upregulated genes differentially expressed genes in bcMCF compared to MCF10F

Symbol Gene name Fold change

FHL1 Four and a half domains 1 6.5

HEY1 hairy/enhancer-of-split related with YRPW motif 1 5.4

ZEB1 zinc finger E-box binding homeobox 1 12.0

ZEB2 zinc finger E-box binding homeobox 2 11.5

COL6A3 Collagen, type VI, alpha 3 77.1

FN1 Fibronectin 1 4.9

FOSL1 FOS-like antigen 1 3.8

GNG11 Guanine nucleotide binding protein (G protein), gamma 11 10.5

HRAS V-Ha-ras Harvey rat sarcoma viral oncogene homolog 6.0

NRP1 Neuropilin 1 6.9

RHOB Ras homolog gene family, member B 5.7

S100A4 S100 calcium binding protein A4 18.8

TGFB1 Transforming growth factor, beta 1 3.1

TIMP1 TIMP metallopeptidase inhibitor 1 2.9

TNS1 Tensin 1 14.9
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