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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 

Transwell Migration Assay and Analysis of Wound Healing by Time-Lapse Microscopy 

Cells were starved in serum- and growth factor-free medium for 12 hr and then placed into the top 

chambers of 96-well Transwell plates (8 μm; Trevigen; 50,000 cells/well). The bottom chambers were 

filled with growth medium supplemented with 5% horse serum, 20 ng/ml EGF, 100 ng/ml IGF-1 or 100 

ng/ml SDF-1. Cultures were maintained for 48 hr, then non-motile cells at the top of the filter were 

removed and the migrated cells in the bottom chamber were incubated for 1 hr in cell dissociation 

solution (Trevigen) containing 1 μM of Calcein-AM. Percentages of migrated cells were calculated 

based on standard curves generated for each cell line. For time-lapse video microscopy, confluent 

monolayer cells were wounded and then imaged over a 15-hr period at 25 min intervals using a Zeiss 

Observer-Z1 microscope fitted with O2/CO2/temperature modules. Velocity software was used to 

calculate x- and y-axis migration plots of single cells and the average total length of tracks for each cell 

line.  

 

Cell Counting, Flow Cytometry (FACS) and BrdU Incorporation  

Cell counting and FACS analysis was performed as previously described (Sorokin et al., 2005). 3D-

cultured cells were extracted from Matrigel using a neutral protease (Dispase, BD Biosciences) followed 

by treatment with Accumax (Chemicon) to disrupt clumps and produce single cell suspensions. For 

BrdU incorporation assay, cells were grown on coverslips, serum starved for 24 hr (-) and re-stimulated 



  

with complete growth medium for 1 hr (+). BrdU labeling mixture was added for an additional 1 hr, and 

then cells were fixed and stained using a BrdU labeling and detection kit (Roche).  

 

Tissue Microarrays (TMAs)  

IHC was performed using YB-1 or E-cadherin antibodies, as described above. Results from duplicate 

cores were combined to give a single result per case. In cases where there was a discrepancy, the higher 

of the two scores for a particular stain was used. 143 out of the 175 cases were considered interpretable. 

Scoring of the TMA was completed by a certified pathologist and an independent observer. Statistical 

significance of correlation between YB-1 and E-cadherin expression was determined using Fisher's 

exact test. Survival analysis was performed by the generation of Kaplan-Meier curves and the log-rank 

statistic was used to assess the differences between groups. All analyses were performed using the SPSS 

software (SPSS Inc., Chicago, Illinois). 

 

RT-PCR and RNase Protection Assay  

For semi-quantitative RT-PCR analysis, RNA samples were reverse transcribed using random hexamer 

primers, and the resulting cDNA was amplified by PCR in the linear range for each transcript (25 

cycles) using Taq polymerase (Invitrogen). Quantitative RT-PCR was performed in the iCycler real time 

PCR machine (BioRad) using the SYBR green/fluorescein PCR Master Mix (SuperArray). All values 

were normalized to an endogenous human ribosomal protein L19 (hRPL19). Relative mRNA expression 

was calculated using the comparative ΔΔCt method. Primer sequences are provided in Table S4. RNase 

protection assay was done as previously described (Evdokimova et al., 2006b) using the hCYC-1 human 

cyclin multi-probe template set (BD RiboQuant).  

 



  

In vitro Transcription and Translation  

pSP36 coding for the 5’UTR β-globin-LUC was obtained from Dr. Wakiyama (RIKEN Genomic 

Sciences Center, Tsurumi, Japan). Snail1 5’UTR was synthesized using overlapping synthetic primers 

harboring the entire Snail1 5’UTR sequence (underlined) (forward: 5’-

GATATTAAGCTTGGCACGGCCTAGCGAGTGGTTCTTCTGCGCTACTGCTGCGCGAATCGGC

GAC-3’ and reverse: 5’-

TGCTGCTCCATGGAGTGGTCGAGGCACTGGGGTCGCCGATTCGCGCAGCAGTAGCGCAGA

A-3’) between the Hind III and Nco I restriction sites (bold), and inserted into pSP36-fLUC 

(fireflyLUC) in lieu of the β-globin 5’UTR. Uncapped mRNAs were synthesized using the RiboMax kit 

(Promega) and the corresponding plasmids as templates. Capped mRNAs were synthesized in the 

presence of 200 μM m7GpppG (New England Biolabs). In vitro translation was performed using 

nuclease-treated rabbit reticulocyte lysate (Promega) according to the manufacturer’s recommendations.  

 

Transient Transfection and Luciferase Assay  

MCF10AT-MSCV or MCF10AT-YB-1 cells growing on 6-well plates were transiently transfected with 

pcDNA-fLUC harboring 5’UTRs of either β-globin or Snail1 (1 μg/well) using FuGENE 6 (Roche). A 

renilla LUC pRL reporter (Promega) was used as an internal control (100 ng/well). Where indicated, 

cells were starved before transfection for 16 hr, incubated with transfection mixture for 6 hr, and then 

starved for another 18 hr in the absence or presence of 50 nM rapamycin. Cells were harvested 24 hr 

after transfection, lysed and incubated with luciferase substrates as described in the protocol of the Dual 

Luciferase kit (Promega). Luciferase activity was measured for 10 sec with a luminometer (Tecan). All 

firefly readouts were normalized to renilla Luc levels. Experiments were performed in duplicate and 

repeated three times. 

 



  

Supplemental Tables and Figures 

Table S1. Genes differentially expressed between MCF10AT-YB-1 and –MSCV cells in each of Total, 
Ps and post-Ps fractions (average of two biological replicates >1.5 fold-change, t-test p < 0.05). 

 



  

 



  

 



  

 



  

 



  

 



  

Table S2. Pathological features and culture conditions of cell lines used in this study, according to ATCC description 
 

Cell Line Tumor 
type 

Tissue Source, 
Morphology 

Culture medium 

MCF10A  breast, FD fibrocyst; 
epithelial 

DMEM/F12, 5% horse serum, 20 ng/ml EGF, 10 μg/ml 
inslin, 100 ng/ml cholera toxin, 500 ng/ml hydrocortisone 

HMT-3522S breast, FD Fibrocyst; 
epithelial 

DMEM/F12, 250 ng/ml insulin, 10 μg/ml transferring;  
2.6 ng/ml sodium selenite, 0.1 nM estradiol, 1.4 µM 
hydrocortisone, 5 μg/ml prolactin, 10 nM EGF 

HCC1937 breast, DCIS primary site; 
epithelial 

RPMI, 10% FBS 

MCF7 breast, IDAC pleural effusion; 
epithelial 

DMEM, 10% FBS 

MDA-MB-175VII breast, IDC pleural effusion; 
epithelial 

DMEM, 10% FBS 

MDA-MB-231 breast, AC pleural effusion; 
basal; spindle 
shaped 

DMEM, 10% FBS 

MDA-MB-435S metastatic 
melanoma 

pleural effusion; 
spindle shaped 

DMEM, 10% FBS 

MDA-MB-436 breast, AC pleural effusion; 
pleomorphic, 
multinucleated 
cells 

Leibovitz’s L15, 10% FBS,  

T47D breast, IDAC pleural effusion; 
epithelial 

RPMI, 10% FBS 

SUM1315MO2 breast, IDAC metastatic 
nodule; 
spindle shaped 

Ham’s F12, 5% FBS, 10 ng/ml EGF, 5 μg/ml insulin,  
10 mM Hepes, pH7.2 

HeLa cervix, AC primary site; 
epithelial 

DMEM, 10% FBS  

PC-3 prostate, AC bone metastasis; 
epithelial 

DMEM, 10% FBS 

EpH4 non- 
transformed 

mouse mammary 
epithelial 

DMEM, 5% CS, 2 mM L-glutamine 

 
AC-adenocarcinoma; DCIS- ductal carcinoma in situ; IDC- invasive ductal carcinoma; FD- fibrocystic disease; 
IDAC- infiltrating ductal adenocarcinoma 



  

Table S3. List of antibodies, suppliers and concentrations used for immunoblotting, IF or IHC 
Antibody Isotype Suppliers Dilution  
Actin goat polyclonal Santa Cruz Biotech 1:2,000 
α-Smooth Muscle Actin (SMA) mouse IgG2A Sigma, clone IA4 1:1,000 
AKT rabbit polyclonal Cell Signaling 1:1,000 
p-AKT (Ser 473) rabbit polyclonal Cell Signaling 1:1,000 
E-cadherin mouse IgG2A BD Biosciences 1:1,000 
N-cadherin mouse IgG1 BD Biosciences 1:1,000 
CDK4 mouse IgG1 NeoMarkers 1:1,000 
CDK6 mouse IgG1 Santa Cruz Biotech 1:1,000 
Cyclin A2 rabbit polyclonal Upstate 1:1,000 
Cyclin B1 rabbit polyclonal Santa Cruz Biotech 1:1,000 
Cyclin D1 mouse IgG2A Cell Signaling 1:1,000 
Cyclin D3 mouse monoclonal Santa Cruz Biotech 1:1,000 
Cyclin E mouse monoclonal Upstate 1:1,000 
Cyclin G1 rabbit polyclonal Santa Cruz Biotech 1:1,000 
Cytokeratin 14 (CK14) rabbit polyclonal Covance 1:1,000 
Cytokeratin 18 (CK18) mouse IgG1 Progen Biotechnik 1:1,000 
pan-Cytokeratin (pan-CK) mouse IgG1  Abcam, clone C-11 1:1,000 
p-ERK/p44/p42 MAPK (Thr202/Tyr204) rabbit polyclonal Cell Signaling 1:1,000 
4E-BP1 rabbit polyclonal Cell Signaling 1:1,000 
Fibronectin mouse IgG1 Santa Cruz Biotech 1:500 
Foxo3A goat polyclonal Abcam; ab17026 1:1,000 
GFP rabbit polyclonal Abcam 1:1,000 
Gogin-97 mouse IgG1 Molecular Probes 1:1,000 
HA.11 mouse monoclonal Covance, clone 16B12 1:1,000 
HA rabbit polyclonal Novus Biologicals 1:1,000 
HIF-1α rabbit polyclonal Cell Signaling 1:500 
HoxC6 goat polyclonal Santa Cruz Biotech 1:1,000 
Integrin β1 mouse IgG2B Chemicon 1:1,1000 
Ki-67 mouse monoclonal Abcam; ab8191 1:500 
Laminin 5 rabbit polyclonal Abcam 1:1,000 
Lef-1 rabbit monoclonal Abcam 1:1,000 
MEK rabbit polyclonal Cell Signaling 1:1,000 
p-MEK (Ser 217/221) rabbit polyclonal Cell Signaling 1:1,000 
MUC1 mouse IgG1 Upstate 1:1,000 
p18 mouse IgG1 Santa Cruz Biotech 1:1,000 
p27/KIP1 mouse IgG1 PharMingen International 1:1,000 
p38 MAPK rabbit polyclonal Cell Signaling 1:1,000 
p-p38 (thr180/Tyr182) rabbit polyclonal Santa Cruz Biotech 1:1,000 
p63 mouse IgG2A NeoMarkers, clone 4A4 1:500 
Pericentrin rabbit polyclonal Abcam 1:1,000 
p-Smad1/5/8, p-Smad2, p-Smad-3 rabbit polyclonal Cell Signaling 1:1,000 
Snail1 rabbit polyclonal Abcam 1:1,000 
Snail Rat monoclonal Cell Signaling 1:1,000 
Slug goat polyclonal Santa Cruz Biotech 1:1,000 
TCF4 rabbit polyclonal Cell Signaling 1:1,000 
Twist rabbit polyclonal Santa Cruz Biotech 1:1,000 
Vimentin mouse IgM Sigma, clone VIM 13.2 1:1,000 
YB-1 rabbit polyclonal home-made against full-length YB1 1:5,000 
ZO-1 rabbit polyclonal Zymed  



  

Table S4. Primers used for semi-quantitative RT-PCR and quantitative SYBR green RT-PCR  
Name Gene 

accession : 

Forward, 5’-3’ Reverse, 5’-3’ Product 

size, bp 

SNAIL1 NM_005985 CACTATGCCGCGCTCTTTC GCTGGAAGGTAAACTCTGGATTAGA 101 

SNAIL2 NM_003068 GGACACATTAGAACTCACACGGG GCAGTGAGGGCAAGAAAAAGG 51 

TWIST NM_000474 GCAGGGCCGGAGACCTAG TGTCCATTTTCTCCTTCTCTGGA 52 

GAPDH NM_002046 CACCAGGGCTGCTTTTAACTC GACAAGCTTCCCGTTCTCAG 151 

RPL19 NM_000981 GATGCCGGAAAAACACCTTG TGGCTGTACCCTTCCGCTT 86 

PRICKLE1 NM_153026 TGCCTTTGGAGATGGAGCC TGGTAAGCAAGCAAAATAGAGC 159 

MNT NM_020310 CGCAGCAACAACAGAGAGC CTGTTCCTGCTCTCGCTCC 71 

HIF1α NM_001530 GCTTGCTCATCAGTTGCCAC CATAACAAAACCATCCAAGGC 187 

ZNF208 NM_007153 GTCTTCCTGGGTATTGCTGC TCTTCTATGCCCTGCTCTGG 158 

TCF4 NM_001083962 TCTTCTCATATTCCACAGTCCAGC CTGGAGAATAGATCGAAGCAAGT 271 

ATOH1 NM_005172 GCAGGCGAGAGAGCATCC CCTGCAAAGTGGGAGCC 89 

HOXC6 NM_004503 GTCGTGTTCAGTTCCAGCCG CTGGATACTGGCTTTCTGGTC 183 

ZNF286 NM_020652 CCAAGAGAAGAGCACAGAAGAGG CTTTGTGCAGGATCCAGCTTC 135 

TOB2 NM_016272 CAGATTGGTGAGAAGGGAGC GAATGAAGGTAGGGCTGGGTG 199 

LEF1 NM_016269 CCTTGGTGAACGAGTCTGAAATC GAGGTTTGTGCTTGTCTGGC 70 

ZEB2 NM_014795 GCAAACAAGCCAATCCCAG GTTGGGCACACTAGCTGGAC 158 

YB-1 NM_001082785 TACCCATACGACGTCCCAGA TATAATGGTTACGGTCTGCTG 400 

L32 NM_172086 GGCGGAAACCCAGAGGCATTGA CCTGGCGTTGGGATTGGTGACTCT 250 

 



  

 
 
Figure S1. YB-1 Induces EMT-Like Morphological Changes and Expression of Snail1 in Various 

Carcinoma Cell Lines 

(A) Expression and localization of epithelial and mesenchymal markers in MCF10AT cell lines was 

examined by immunofluorescence microscopy. Scale bars, 200 μm. 



  

(B-C) EpH4 cell lines were grown on Matrigel for 3 days and then examined by immunoblotting (B) or 

phase contrast (top panels) or confocal (bottom panels) microscopy (C). Star in (B) indicates a non-

specific protein cross-reacting with Snail1 antibodies in mouse cell extracts. Pericentrin and integrin β1 

in (C) were used as markers of apical and basolateral polarity, respectively. Scale bars, 100 μM. 

(D) HeLa cell lines were grown on Matrigel for 5 days and then examined by phase contrast (top panels) 

or confocal (bottom panels) microscopy. Scale bars, 100 μM.  

(E) MCF10AT, HeLa and PC3 cell lines were grown in monolayers and analyzed for the expression of 

epithelial (E-cadherin) and mesenchymal (N-cadherin, fibronectin, vimentin and SMA) markers by 

immunoblotting.  



  

 
 

 

 

Figure S2. Cytoplasmic Localization of YB-1 Correlates with the EMT Phenotype 

(A) YB-1 localization in MCF10A and MCF10AT cell lines was analyzed by immunoblotting. Poly(A)-

binding protein (PABP) and histone H3 were used as markers of cytosolic (C) and nuclear (N) fractions, 

respectively.  

(B) MCF10AT parental cells were transiently transfected with the plasmids encoding either the 

truncated form of YB-1 (1-204) or the YB-1 mutant protein (S102-A) and then analyzed for the 

expression of epithelial (E-cadherin and ZO-1) or mesenchymal (N-cadherin) proteins by 

immunofluorescence microscopy. Expression of YB-1 proteins was confirmed using anti-HA antibodies. 

Scale bars, 100 μm.  

 



  

 

Figure S3. Elevated Expression of YB-1 in Human Breast Cancer Specimens Correlates with Reduced 

Levels of Proliferation Markers and E-cadherin 

(A) Invasive areas detected by morphology in three individual IDC cases were further examined for the 

expression of YB-1 and proliferation markers, including Ki-67, PCNA, and cyclin D1 by double 

immunofluorescence microscopy. Representative images are shown. Scale bars, 100 μm.  

(B) The percentages of YB-1 and Ki-67-expressing invasive cells shown in (A) were determined 

relative to total cell populations visualized by DAPI staining (not shown) in ten random high power 

fields analyzed from each IDC case described in (A). Averaged values across all three cases ± standard 

deviations are shown. p-values of 0.04 and 0.01 indicate significantly higher proportions of YB-1-

positive/Ki-67-negative cells compared with YB-1-negative/Ki-67-positive or YB-1-positive/Ki-67-

positive cells, respectively. 



  

(C-D) The expression pattern of YB-1 and E-cadherin was determined using a breast cancer tissue 

microarray containing 143 breast tumor cases in duplicate (C). Tissues were scored according to YB-1 

expression as weakly positive (0&1) or strongly positive (2). Statistical significance was determined by 

the Fisher’s exact test. Immunohistochemical staining for YB-1 and E-cadherin in representative cases 

of IDC are shown in (D). Scale bars, 50 μm.  

(E) Breast cancer-related survival in the strong YB-1/weak E-cadherin subset was compared to the weak 

YB-1/strong E-cadherin subset by Kaplan-Meier analyses. Vertical ticks indicate censored patients. 



  

 

 

 

Figure S4. YB-1 is Directly Responsible for Translational Repression of cyclin B1, D1 and D3 mRNAs 

(A) Schematic outline of the experimental design used for microarray analysis. A characteristic 

fractionation profile of MCF10AT cell lines and the fractions taken for the analysis are shown. 

(B) Heat diagram depicting the relative abundance of selected cell cycle-related transcripts in total, Ps 

and post-Ps RNA populations from MCF10AT cell lines. Genes were normalized to a mean value of 0 

and standard deviation of 1 unit on an untransformed data range. Note that in addition to altered 

expression of certain cyclins and CDKs, the expression profiles of several cell cycle-dependent kinase 

inhibitors was also significantly changed, with a reduction of p21/CIP1 mRNA levels and an elevation 

of p18, p19 and p57 in the Ps RNA fractions of MCF10AT-YB-1 cells. 

(C) Multiprobe RNase protection assay of total cellular mRNAs and those isolated in the complex with 

HA-YB-1 from post-Ps fractions by immunoprecipitation with anti-HA antibodies. mRNAs encoding 

cyclin B1, D1 and D3 were immunoprecipitated from MCF10AT-HA-YB-1 but not from MCF10AT-

MSCV cells, indicating binding specificity. 



  

 

Figure S5. Increase in YB-1 Levels is Associated with Alterations in Gene Expression at Both the 

Transcriptional and Translational Levels  

(A) Transcripts differentially expressed in the polysomal fractions of MCF10AT-MSCV and -HA-YB1 

cells (n=384, see Table S1) were used to generate a two-way hierarchical clustering dendrogram and 

heat map for the averaged sample duplicates from post-Ps, total and Ps mRNA populations. Transcripts 

were clustered using complete-linkage cluster distances and optimally ordered using Pearson’s distance 

metric. Representative mRNAs from the two main gene clusters, corresponding to the messages whose 

abundance was increased (red branch) or decreased (blue branch) in the total and/or Ps fractions of 

MCF10AT-YB-1 cells, are shown.  

(B) The two gene clusters were used in gene ontology overrepresentation analysis with the DAVID 

Functional Annotation tool (http://david.abcc.ncifcrf.gov) using a p < 0.05 cut-off for significance and 

enrichment scores plotted as the –log p-value. Several significant categories with enrichment scores of > 

1.5 in each of the gene clusters are highlighted in the comparison bar-graph for comparison of ontology 

overrepresentation. Representative mRNAs are listed under each category. 



  

 
 

 
 
Figure S6. Transcription of EMT-Inducing Genes Depends on Ras-ERK Signaling, and Requires 

Elevated Levels of YB-1 for Translational Activation 

(A) Relative levels of Snail1 mRNA measured by real-time RT-PCR in total and Ps fractions from 

MCF10A and MCF10AT cell lines expressing a control vector (MSCV) or HA-YB-1. PCR reactions 

were performed in triplicate, the data was normalized to an endogenous human ribosomal protein L19 

(hRPL19), and presented as a mean ± SD.  

(B) Levels of selected candidate mRNAs in total extracts from MCF10AT-YB-1 cells treated with the 

MEK inhibitors UO126 and PD98059, and the PI3K inhibitor wortmannin as determined by quantitative 

RT-PCR. The experiment was performed in triplicate and the data is presented as a mean ± SD. 

(C) MDA-MB-231 cells were transiently transfected with 25 nM of scrambled (CTRL) or a Smart YB-1 

siRNA pool, as indicated. The expression kinetics of YB-1 and its downstream targets were examined 

between 3 and 6 days post-transfection.  



  

 

Figure S7. A Hypothetical Model of YB-1-Mediated Translational Regulation  

YB-1 is upregulated as a part of an adaptive cellular mechanism directed at overcoming uncontrolled 

proliferation. It acts as an eIF4E antagonist and inhibits cap-dependent translation, primarily affecting 

messages that are highly dependent on eIF4E. Conversely, higher levels of YB-1 are required for cap-

independent translational activation of another subset of mRNAs including Snail1 and Twist. 

Transcription of the corresponding genes, normally restricted to the specific stages of early embryonic 

development, is likely induced in breast cancer cells by hyperactivated Ras-ERK signaling. However, 

these transcripts remain translationally silenced and require elevated YB-1 levels for efficient translation. 

YB-1-mediated translational activation of these messages results in the production of transcriptional 

factors that act in concert to repress epithelial and cell cycle-related genes and to initiate a mesenchymal 

gene expression program, thereby promoting tumor invasion and metastasis. Epithelial and 

mesenchymal target genes are listed based on previous reports (Barrallo-Gimeno and Nieto, 2005; 

Peinado et al., 2007). 


