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Abstract
YB-1 is a member of the cold shock domain family, with complex roles in DNA structure, gene
transcription and translation. YB-1 promotes chromosomal instability, and mammary gland
transgenic expression induces tumors with 100% penetrance. YB-1 is linked to poor prognosis in
breast carcinoma and is a strong predictor of relapse and disease-specific survival. Survival is
directly tied to the extent of local invasion and distal metastasis, processes dependent upon the
activity of the membrane type I-matrix metalloproteinase, MT1-MMP. Non-invasive MCF-7
breast adenocarcinoma cells were transfected with YB-1/EGFP. YB-1 protein was detected in the
invadopodia of cells with a migratory phenotype. There was increased expression of MT1-MMP
protein concentrated at the leading edges of motile cells, which were highly invasive in collagen
three-dimensional culture. The rates of MT1-MMP protein endocytosis and recycling to the cell
surface were elevated in clones expressing higher levels of YB-1 protein. Control MCF-7 cells
formed nonfatal, noninvasive, differentiated adenocarcinomas in vivo. MCF-7 cells expressing a
two-fold increase in YB-1 formed highly anaplastic tumors with local invasion, pulmonary
metastases and high lethality. We conclude that YB-1 contributes to the development of an
invasive, metastatic breast carcinoma phenotype by enhanced presentation of MT1-MMP at the
sites of cellular invasion.
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Introduction
The Y-box binding protein is a member of a highly conserved protein family characterized
by a nucleic acid binding cold shock domain. Activity of YB-1 as a transcription factor was
first demonstrated by regulatory binding to the MHC class II promoter [1]. YB-1 regulates
the transcription of many genes, including the multidrug resistance gene-1 (MDR-1), the
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epidermal growth factor receptor, DNA polymerase-α and matrix metalloproteinase-2
(MMP-2) [2–5]. YB-1 has additional levels of activity, including regulation of pre-mRNA
splicing, mRNA-translocation, and regulation of mRNA translation [6–7]. YB-1 also
interacts with structural elements, including tubulin and actin, and can act as an actin-
bundling protein [8,9]. YB-1 has a complex cellular distribution, including nuclear,
cytoplasmic and invadopodial localization [2,10]. In addition, YB-1 is a bona fide oncogene:
transgenic expression of YB-1 in murine mammary tissue results in breast tumor
development with 100% penetrance [11]. Furthermore, measurement of YB-1 expression in
breast cancer tissues is superior to estrogen receptor or HER-2 status as a predictor of
relapse and disease-specific survival [12].

Membrane type 1 matrix metalloproteinase (MT1-MMP), has a pivotal role in tumor cell
invasion and metastasis, including breast adenocarcinomas [13,14]. We previously
demonstrated that YB-1 induces MMP-2 transcription through an interaction with a non-
canonical binding site located in the MMP-2 proximal promoter [15]. We initiated similar
studies of the MT1-MMP promoter to determine whether YB-1 affected MT1-MMP
transcription by MCF-7 breast adenocarcinoma cells. In contrast to our findings with
MMP-2, YB-1 had no effect on MT1-MMP transcription rates or transcript stability. As
detailed herein, YB-1 converted well differentiated MCF-7 cells into an anaplastic and
invasive phenotype through subtle alterations in MT1-MMP cellular localization and
turnover. These observations further broaden the spectrum of the tumor-promoting activities
of this remarkably pleiotropic molecule.

MATERIALS AND METHODS
Cell line and culture conditions

MCF-7 cells were obtained from ATCC and maintained in MEM Eagle’s supplemented with
20% fetal calf serum, 1% non-essential amino acids, 1% sodium pyruvate and 0.1 μg/ml
insulin.

Construction of YB-1-EGFP and MT1-MMP-DsRed2 expression plasmids
A human YB-1 cDNA was subcloned into the EcoR1 site of pEGFP-N1 (Clontech). The
YB-1 cDNA was expressed as a fusion with the N-terminus of EGFP. Human MT1-MMP
cDNA was cloned into the vector pDsRed2-N1 (Clontech). The MT1-MMP cDNA was
expressed as a fusion with the N-terminus of the DsRed2 red fluorescence protein.

Generation of stable YB-1-EGFP MCF-7 transfectants
Cultures were transfected with the YB-1-EGFP plasmid using Fugene 6 (Roche
Diagnostics). Transfectants were selected using antibiotic G418 at 1 mg/ml. MCF-7 cells
expressing a control pEGFP-N1 plasmid were selected using G418 at 500 μg/ml.

Selection of YB-1-EGFP expressing MCF-7 populations
To avoid clonal selection bias, control MCF-7 cells transfected with the pEGFP-N1 plasmid
and MCF-7 cells transfected with the YB-1-EGFP plasmid were suspended in PBS (1x106

cells/ml) and sorted (FACS Calibur, BD Biosciences). A population of YB-1-EGFP
expressing cells was collected with the same fluorescence intensity as a population of
control EGFP-expressing cells and denoted population “A”. A second population of YB-1-
EGFP-expressing MCF-7 cells was collected with twice the fluorescence intensity of
population “A” and was denoted population “B”. Each set of MCF-7 cells was plated, grown
to near confluence and resorted. Thereafter, each cell population was expanded, harvested
into aliquots and stored in liquid nitrogen. For experiments, cells were thawed, expanded
through no more than two passages and used as detailed.
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Electophoretic mobility shift analyses (EMSA)
EMSA was performed as reported [5], using nuclear and cytoplasmic protein fractions from
controls and from populations “A” and “B”. The probe consisted of the single stranded
YB-1 binding sequence,TGAGGCTGATTGGCTGGGCA, from the MDR1 gene promoter
[16].

MT1-MMP inhibition studies
Control cells and population “B” cells were cultured in OptiMEM (Invitrogen) and were
incubated for 48 hours with a murine monoclonal IgG1κ directed against the MT1-MMP
catalytic domain (10 μg/ml, clone 114-6G6, Chemicon) or with control murine IgG1 at the
same concentration. Cells were stained for expression of E-cadherin and vimentin as
detailed below.

MCF-7 membrane fraction preparation
Triton X114 detergent extraction of MCF-7 cellular membranes was performed as reported
(17). Membrane protein concentrations were determined with BCA (Pierce).

Collagen gel culture
The respective MCF-7 cell populations were plated (1 × 105 cells/dish) on Type I collagen
gel (Upstate) in culture medium and examined by phase contrast microscopy for invasive
activity at 72 hours. To determine the effect of MT1-MMP inhibition on invasion,
monoclonal anti-MT1-MMP was included in the collagen matrix (10 μg/ml).

Western blots
MCF-7 membrane fractions (20 μg/sample) were electrophoresed, transferred to PVDF
membranes (GE Amersham), and blocked (StartBlock, Pierce). The blots were incubated
sequentially with rabbit anti-human MT1-MMP antibody (1 μg/ml, Chemicon) and HRP-
coupled goat anti-rabbit F(ab’)2 (20 ng/ml, Zymed) in StartBlock and developed with ECL
Plus (GE Amersham).

Immunohistochemistry
Cells were fixed for 20 minutes at 4°C with 4% paraformaldehyde. For vimentin staining
cells were permeabilized in 0.5% Triton X-100 for 10 minutes. Cells were blocked with 5%
goat serum for 30 minutes (Vector), and an avidin/biotin kit (Vector). For vimentin staining
cells were incubated with anti-vimentin IgG1 (10 μg/ml, clone RV202, Abcam), biotinylated
goat anti-mouse IgG F(ab’)2 (5 μg/ml, Zymed) in 1% goat serum/PBS at for 2 hours, and
streptavidin-rhodamine (0.5 μg/ml, Jackson ImmunoResearch) in 0.1% BSA/PBS for thirty
minutes. For E-cadherin detection, cells were incubated with anti-E-cadherin IgG2a (10 μg/
ml, clone 36, Transduction Laboratories) followed by rhodamine-conjugated rat anti-IgG2a
(5 μg/ml, Caltag) in 1% goat serum/PBS for 2 hours.

For co-localization of YB-1 and actin, MCF-7 cells expressing EGFP alone, or expressing
YB-1-EGFP were fixed in paraformaldehyde, rinsed and permeabilized in 0.1% Triton
X-100 in PBS for 3 minutes, followed by staining with rhodamine-phalloidin (Molecular
Probes).

To localize the MT1-MMP protein, control MCF-7 and cells expressing YB-1 were
transfected with the plasmid MT1-MMP-DsRed2 and examined at 48 hours following
transfection.
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Quantitative RT-PCR of MT1-MMP
RNA was isolated from the respective cell populations, and analyzed with the Agilent 2100
Bioanalyzer. The cDNA templates were generated by oligo-dT priming (Transcriptor,
Roche) and RT-PCR performed using SYBR Green incorporation (Applied Biosystems).
The primer pairs for MT1-MMP were 5′-GGGGCTTTCACAGTTAGAAG-3′/5′-
TTCCAATGCTGCTGCACGTC-3′, for GAPDH 5′-
TGACATCAAGAAGGTGGTGAAGCAGGCAT-3′/ 5′-
CACCCTGTTGCTGTAGCCGTATTCATTGTCAT-3′. Reactions were performed in
triplicate to quadruplicate and quantified by the ΔΔCt method. Results are normalized to
fold-change compared to control MCF-7 cells.

MT1-MMP endocytosis and recycling assay
Cell surface biotinylation and recycling assays were performed as detailed by Remacle et al.
[18]. In brief, MCF-7 cell surfaces were biotinylated with NHS-SS-biotin (Pierce). To assess
endocytosis, cells were quenched with glycine, washed and incubated for 15 minutes at 37 º
C to permit endocytosis. Non-endocytosed surface biotin was cleaved with 2-
mercaptoethane sulfonic acid (MESNA) and the cells lysed and immunoprecipitated using
mouse monoclonal anti-biotin IgG (Zymed) coupled to protein G agarose (Sigma-Aldrich).
Bound complexes were eluted into sample buffer followed by Western blot analysis for
MT1-MMP. To assess recycling of internalized MT1-MMP to the cell surface MESNA-
treated cells were incubated at 37 º C for 30 minutes, followed by lysis, biotinnylated
complex retrieval and Western blot analysis for MT1-MMP as detailed above.

In vivo subcutaneous tumor assay
Control MCF-7 cells and the two populations of YB-1-EGFP expressing cells (1 × 106) were
suspended in a 1:1 mixture of medium/Matrigel (BD Biosciences) and injected
subcutaneously into groups of six female 8 week old athymic nu/nu mice (Jackson
Laboratory) preimplanted with 1.7 mg of 17-β-estradiol pellets (Innovative Research of
America). At the time of death or sacrifice (8 weeks) the primary tumors, liver, kidneys and
lungs were excised, fixed in 4% paraformaldehyde, sectioned and stained with hematoxylin/
eosin.

RESULTS
Characterization of YB-1-expressing MCF-7 cells

MCF-7 cells retain many features of differentiated mammary epithelium, including estrogen
receptor positivity and ability to form domes in culture. We generated MCF-7 cells in which
the levels of YB-1 expression were modulated within a narrow range (up to 2-fold). To
avoid selection bias we used FACS to select MCF-7 cell populations, such that one
population denoted “A” expressed YB-1-EGFP at the levels of controls expressing EGFP
alone. A second population denoted “B”, in which YB-1-EGFP expression was
approximately two-times the level of the controls, was selected. We quantified biologically
active YB-1 in the cells as determined by specific binding to the single-stranded
oligonucleotide sequence 5′-TGAGGCTGATTG-GCTGGGCA-3′ of the MDR1 promoter
[16]. YB-1 binding activity was detected in both cytoplasmic and nuclear fractions of
control MCF-7 cells (Figure 1, Panel I.). The ratio of cytoplasmic to nuclear YB-1 binding
activity was approximately 2:1 when focusing on complex 1. EMSA of population “A” cells
revealed small increases in both cytoplasmic and nuclear fractions, with a faster migrating
second complex in the nuclear fraction (complex denoted <2). Nuclear YB-1 binding
activities were increased approximately two-fold in population “B” cells as compared to
control MCF-7 cells. Selection of transfected MCF-7 cells required twice as much G418
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antibiotic as the controls (1 mg G418/ml vs. 500 μg G418/ml) consistent with YB-1-
mediated drug resistance, confirming the biologic activity of the transfected YB-1.

Control MCF-7 cells transfected with EGFP (Figure 1, Panel II., A) revealed diffuse,
cytoplasmic signal. In contrast, fluorescent signal in MCF-7 cells transfected with YB-1-
EGFP was concentrated in a filamentous perinuclear pattern (B). In addition, YB-1-EGFP
signal was localized within the cellular invadopodia. We co-stained the MCF-7 cells with
rodamine-phalloidin to visualize actin localization in relation to YB-1 (C and D). In the
control MCF-7 cells actin was located in a subcortical distribution (C), while in the YB-1
transfected cells there was colocalization of the YB-1-EGFP protein with perinuclear and
cytoplasmic actin, and within the invadopodial structures (D).

Western blots of membrane extracts revealed an approximate two-fold increase in MT1-
MMP protein in population “A” MCF-7 cells, while membrane extracts from population “B”
MCF-7 cells indicated a 5-6-fold increase in MT1-MMP protein as compared to controls
(Figure 1, panel III.). Quantitative RT-PCR determined MT1-MMP transcript abundance,
where control MCF-7 cell MT1-MMP transcript abundance was assigned a value of 1.
Population “A” cells had a MT1-MMP transcript abundance of 1.12 ± 0.03; population “B”
cells had a MT1-MMP transcript abundance of 1.08 ± 0.15, P > 0.05. We examined MT1-
MMP transcription rates using a murine MT1-MMP promoter-luciferase construct and did
not detect upregulation of MT1-MMP transcription in the YB-1-transfected cells (data not
shown). Thus, the increased quantities of MT1-MMP protein present within the membrane
extracts of the YB-1 transfected MCF-7 cells are not the consequence of YB-1-mediated
MT1-MMP transcriptional activation or enhanced mRNA stability.

YB-1-transfected MCF-7 cells demonstrated an altered cellular distribution of DsRed2-
tagged MT1-MMP protein (Figure 1, Panel IV.). The DsRed2-tagged MT1-MMP protein
was symmetrically distributed in a granular perinuclear pattern in the control MCF-7 cells
(A). In contrast, the MT1-MMP protein in the YB-1-EGFP transfected cells was
asymmetrically concentrated in the leading edges of cells with an elongated, migratory
phenotype (B). Pull-down experiments did not demonstrate a physical association of the
YB-1 and MT1-MMP proteins (data not shown).

YB-1-transfected MCF-7 cells underwent epithelial-mesenchymal transition and developed
a migratory phenotype (Figure 2, panel I.). As compared to controls (A), the epithelial
marker E-cadherin was reduced in the YB-1 transfected cells (B). The mesenchymal marker
vimentin was barely detectable in the control MCF-7 cells (D), but was prominently
expressed within the YB-1 transfected cells (E). Inclusion of a monoclonal antibody directed
to the catalytic site of MT1-MMP reverted the YB-1 transfected MCF-7 cells to an epithelial
phenotype, with reconstitution of E-cadherin expression (C) and suppression of vimentin
expression (F). There was no effect on YB-1-dependent epithelial-mesenchymal transition
following inclusion of a control antibody not directed against the MT1-MMP catalytic site
(data not shown).

We evaluated the ability of YB-1-transfected MCF-7 cells to grow in three-dimensional
collagen gel. As shown in Figure 2, panel II. (A), control MCF-7 cells grew as multicellular
spherules, with no invasive activity into the gel. YB-1-transfected MCF-7 populations
demonstrated a graded increase in invasive activity. Population “A” MCF-7 cells grew
primarily in spherules, but individual cells invading the collagen gel were present (B).
Population “B” cells grew as individual cells with evidence for cohort, or invasion front,
activity (C). Inclusion of antibody to the MT1-MMP catalytic site in the collagen gel
blocked the invasive activity of the YB-1-transfected cells and reverted the cells to growth
in spherules (D).
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Our findings to this point indicated that increased MT1-MMP protein in the YB-1-
transfected MCF-7 cells was not due to enhanced transcriptional rates or transcript
abundance. MT1-MMP is subjected to complex post-translational regulation, including
endocytosis by caveolae-dependent and clathrin-dependent pathways [18]. Internalized
MT1-MMP is degraded within lysosomes or recycled back to the cell surface to facilitate
migration and invasion. Internalization and recycling controls the amount of MT1-MMP
enzyme at the plasma membrane. Using a cell surface biotinylation technique, [18], we
examined the relative rates of MT1-MMP endocytosis and recycling. Representative results
are depicted in Figure 3. To assess rates of MT1-MMP endocytosis, MCF7 cell surfaces
were biotinylated on ice, and then warmed for 15 minutes at 37º C to permit internalization.
Cells were then cooled and the remaining biotinylated MT1-MMP on the cell surface was
removed with nonpermeant MESNA, followed by MT1-MMP Western blot analysis of
biotinylated complexes recovered with immobilized monoclonal anti-biotin. Decreased
MT1-MMP signal reflects increased endocytosis. The rate of endocytosis of MT1-MMP
protein was increased in population “B” MCF-7 cells, while the endocytosis rates in the
relatively non-invasive population “A” cells were equivalent to controls. To assess MT1-
MMP recycling of internalized protein back to the cell surface, cells were treated as
described for endocytosis through the first MESNA cleavage step, but in this case followed
by incubation at 37 ºC for 30 minutes to permit recycling. Thereafter, the cells were treated
with a second course of MESNA to cleave the biotin present on proteins recycled to the cell
surface, followed by MT1-MMP Western blot analysis of recovered biotinylated proteins. In
this case, decreased MT1-MMP signal reflects increased recycling. Both populations, “A”
and “B” cells, had increased rates of cell surface recycling as compared to the controls,
indicated by decreased band intensities (Figure 3, compare lanes 7 and 8 with 5 and 6).
Thus, YB-1 affects both MT1-MMP endocytosis and recycling, particularly in the invasive
population “B” cells.

We examined the ability of MCF-7 and the YB-1-expressing MCF-7 cells to form tumors in
athymic female nu/nu mice. At eight weeks all six mice in the control group were alive; four
had tumors. Control MCF-7 cell tumors generated well-differentiated adenocarcinomas,
(Figure 4 Panel I., A and B) with dense capsules, negligible neoangiogenesis and absent
invasion. Population “A” derived tumors were also well-differentiated adenocarcinomas, but
did manifest modest degrees of neoangiogenesis and limited local invasion (Panel I., C and
D). All six mice in this group survived to eight weeks following injection. In contrast, five
of six mice injected with the population “B” YB-1-expressing MCF-7 cells were dead by
eight weeks. The tumors were highly anaplastic, lacked capsules, and manifested local
invasion and neoangiogenesis. (Figure 4, panel II., A and B). Metastases were observed in
the liver, peritoneum, kidney and lung. Examples of pulmonary metastases are shown in C
and D, wherein there is peribronchial infiltration of anaplastic tumor cells, along with
masses of tumor cells within the pulmonary vasculature, consistent with hematogenous
dissemination.

DISCUSSION
Transfection of MCF-7 adenocarcinoma cells with YB-1 has profound effects on cellular
phenotypes. MCF-7 cells expressing modest, two-fold increases in YB-1 are anaplastic and
form tumors characterized by aggressive local invasion and metastases.

The cellular distribution of EGFP-tagged YB-1 protein is complex, with YB-1-EGFP
present within nuclear and cytosolic fractions. YB-1-EGFP protein was also concentrated
within invadopodia in association with actin. YB-1’s activity as a actin bundling protein
suggests a structural function in membrane endocytosis and recycling [9].
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YB-1-mediated development of an invasive phenotype was dependent upon the activity of
MT1-MMP. MT1-MMP protein content within membrane-enriched fractions of YB-1
transfected cells was increased, but we were not able to demonstrate significant differences
from control cells in terms of MT1-MMP transcription rates or steady-state levels of the
MT1-MMP transcripts. Isolated invadopodia contain the full array of cellular components
required to support translation, [10], and YB-1 plays a key role in the regulation of
translation through binding to the 5’-UTR [6,7]. Within the context of MCF-7 cells, Dong et
al., [19], recently demonstrated that YB-1 has RNA-binding sequence specificity, but that
binding, per se, does not clearly regulate translation of the mRNA targets. In this regard, we
were unable to demonstrate specific binding of YB-1 to the 5’UTR of the MT1-MMP
mRNA (data not shown), suggesting that the increased MT1-MMP observed in YB-1-
transfected cells was not dependent on enhanced translation within the invadopodial
compartment.

Bravo-Cordero et al. [20] have presented a detailed analysis of MT1-MMP endo- and
exocytosis and proposed a mechanism whereby the relative targeting of MT1-MMP to
lysosomal degradation vs. recycling to the cell surface determines the net amount of MT1-
MMP present within invadopodia. Although speculative at this point, our findings suggest
that YB-1 redirects, perhaps in association with subcortical actin, the endocytosis of MT1-
MMP protein away from the lysosomal compartment and back into the cellular membrane,
resulting in increased effective concentrations of MT1-MMP protein at sites of interaction
with the extracellular matrix.

In summary, we have shown that YB-1 induces an anaplastic, invasive and metastatic
phenotype in model MCF-7 breast adenocarcinoma cells through a relatively subtle
alteration in the cellular localization and internalization dynamics of the MT1-MMP protein.
Future studies to examine the precise cellular mechanisms involved in MT1-MMP protein
turnover modification by YB-1 could provide the basis for the therapeutic targeting of YB-1
effects, as opposed to the molecule, per se.
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Figure 1. Characterization of YB-1 transfected MCF-7 cells
I. Electrophoretic mobility shift analyses of cytosolic (C) and nuclear (N) fractions from
control (CON) and populations “A” and “B” YB-1-EGFP transfected cells. Labeled
oligonucleotide comprised of the single-stranded DNA YB-1 binding sequence within the
MDR1 gene promoter. Two distinct complexes were detected, denoted “<1” and “<2”.
Compared to controls, extracts from population “A” cells have moderate increases in both
cytosolic and nuclear YB-1, with C > N for complex 1 and N > C for complex 2. Population
“B” cells, which express twice as much YB-1-EGFP protein by FACS analysis, have
approximate two-fold increases in nuclear YB-1, forming complex 2. Free probe is
indicated. Relative amounts of expressed YB-1-GFP were assessed by Western Blots in all
cell batches used for experiments.
II. Fluorescence microscopy of control MCF-7 cells (A) expressing EGFP alone. EGFP
signal is diffusely present throughout the cytosol. (B) In cells expressing YB-1-EGFP the
protein is present in both, cytosolic as well as nuclear fractions, with C > N. In addition
YB-1-EGFP protein is concentrated at the tips of invadopodial structures (arrow). Dual
imaging of EGFP and actin (red signal) in control MCF-7 cells (C) shows no co-localization
of fluorescent signals. (D) In contrast EGFP-tagged YB-1 protein co-localizes with
pericellular and invadopodial actin in the transfected MCF-7 cells (yellow signal).
Magnification 300 to 450-fold in A-D, magnification bars are indicated.
III. Western blot of membrane extracts for MT1-MMP protein in control (CON) and
population “A” and “B” YB-1-EGFP transfected cells. As compared to controls, population
“A” cells have an approximate 2-fold increase in membrane-associated MT1-MMP protein,
while population “B” cells have an approximate 6-fold increase. Relative increase of MT1-
MMP protein was found in all tested cell batches.
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IV. YB-1-transfected MCF-7 cells have an altered distribution of DsRed2-tagged YB-1
protein. Panel A: Tagged MT1-MMP protein is symmetrically distributed in a perinuclear
pattern in control MCF-7 cells. Panel B: DsRed2-tagged MT1-MMP protein is
asymmetrically concentrated at the leading edge of migratory YB-1-EGFP transfected
MCF-7 cells. Magnification 450-fold.
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Figure 2. YB-1 transfected MCF-7 cells undergo epithelial to mesenchymal transition
I. The epithelial marker E-cadherin is reduced in YB-1-EGFP transfected cells (B) as
compared to control cells (A) and has a primarily cytosolic distribution. Incubation with a
monoclonal antibody directed against the catalytic site of MT1-MMP reverts the YB-1
transfected cells to a normal epithelial phenotype with restitution of E-cadherin expression
(C). Staining for vimentin reveals the contrary pattern with detection of vimentin in cells
over expressing YB-1-EGFP (E) compared to control cells (D). With inclusion of the
antibody targeting the catalytic MT1-MMP site the vimentin expression is down regulated
(F). Magnification 450-fold.
II. YB-1 promotes invasive activity of MCF-7 cells in three dimensional collagen gels.
Control MCF-7 cells grow in multicellular spherules (A). Population “A” cells grow
primarily in spherules with occasional single cells invading the collagen gel (B), while
population “B” cells are present as elongated individual cells with cohort or invasion front
characteristics (arrows) (C). Inclusion of monoclonal anti-MT1-MMP antibody in the
collagen gel reverts population “B” MCF-7 cells to an epithelial, non-invasive phenotype
(D). Magnification 200-fold.
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Figure 3. Assessment of MT1-MMP protein endocytosis and recycling in control and YB-1
transfected MCF-7 cells
Assessment of MT1-MMP protein turnover rates was performed as detailed in Materials and
Methods. Endocytosis rates of population “A” cells expressing YB-1-EGFP at low levels
does not differ from control MCF-7 cells (lane 3). Endocytosis rates in population “B” cells
are increased approximately 2-fold as compared to controls and population “A” cells.
Recycling rates were equally increased in both populations, “A” and “B” cells, as compared
to MCF-7 control cells. * indicates endocytosis complex. IgG, control antibody.
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Figure 4. Assessment of tumor formation of control and YB-1 transfected MCF-7 cells
I. Control MCF-7 tumors are thickly encapsulated and histologically characterized as highly
differentiated adenocarcinomas (A, B) with no neoangiogenesis or local invasion.
Population “A” tumors (C, D) are encapsulated, histologically characterized as well
differentiated adenocarcinomas with limited local invasion (arrows). A and C: 50-fold; B
and D: 200-fold magnification.
II. Population “B” MCF-7 cells are unencapsulated with prominent local invasion and
neovascularization (A) and are highly anaplastic in nature (B). Panel C illustrates distal
pulmonary metastases with peribronchial infiltration of anaplastic MCF-7 cells. Panel D
demonstrates prominent masses of tumor cells within the pulmonary vasculature, consistent
with hematogenous dissemination. A: 50-fold; B: 200-fold; C and D: 150-fold
magnification.
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