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SUPPLEMENTAL MATERIALS AND METHODS  

Cell culture  

Cancer cell lines were cultured in the media listed in Table S1. Retrovirus constructs 

were packaged in 293T cells transiently transfected with the constructs, in combination 

with Ampho-pac. Lentivirus constructs were packaged in 293T cells transiently 

transfected with the constructs, in combination with pCMV-VSVG and pCMV-dR8.2 dvpr. 

Transfection was carried out with Fugene 6 (11814443001, Roche Applied Science). 

Infections with the packaged viruses were carried out by overlaying the cells with virus-

containing supernatants in the presence of 10μg/ml polybrene (Millipore, cat no TR-

1003-G). Forty eight hours later, cells were sorted for GFP or selected with puromycin 

(2μg/ml) or bleomycin/zeocin (100μg/ml), depending on the vector. Cells infected with 

multiple constructs, were selected for infection with the first construct, prior to the next 

infection. Retroviral expression constructs including pBabe-EZH2-bleo and MigR1-

NDY1-GFP had been described previously (1). BMI1 ORF was purchased from Open 

Biosystems in pDONR223 vector (Open Biosystems, cat no. OHS6084-101676234) and 

transferred to pLentiCMV-Zeo (Addgene, cat no. 17449) (1,2) via Gateway 

recombination (Invitrogen). pre-miRs and anti-miRs (20nM final concentration - details in 

Table S2) were transfected with Lipofectamine 2000 (Invitrogen, cat no. 11668-027). 

Lentiviral-based shRNAs for human NDY1 (Open Biosystems, cat no. RH54533-

NM_001005366) had been described previously (1). β-Galactosidase staining was 

performed in 6-well plates using the Senescence β-Galactosidase staining kit (Cell 

Signaling, cat no. 9860) according to the manufacturer’s instructions.  

Proliferation 



Cell proliferation of growing cultures was monitored using the 3-[4, 5-dimethylthiazol-2-

yl]-2, 5-dimethyltetrazolium bromide (MTT) assay, which measures the relative number 

of live cells (Invitrogen, cat no. M6494) (3). Results were confirmed by direct cell 

counting using a standard hemocytometer. Cells were seeded in 24-well plates at 2 × 

104 cells/well and the relative number of cells in each culture was determined at the 

indicated time points. 

Real-time RT-PCR for mRNA 

Total cell RNA was extracted using Trizol (Invitrogen). cDNA was synthesized from 1.0 

μg of total RNA, using oligo-dT priming and the Retroscript reverse transcription kit 

(Ambion, cat no. AM1710). Real-time PCR was performed in triplicate using the RT2 

Real-Time SYBR Green PCR master mix system (SuperArray Bioscience Corporation, 

cat no. PA-110) on an Opticon2 DNAS Monitor instrument (Biorad). mRNA levels were 

normalized to GAPDH or 18S (for primary tumors), which were used as an internal 

control. The sequences of all primer sets are shown in Table S3. 

Real-time RT-PCR for microRNAs 

The expression of miRs in cultured cells and in tissue samples were measured by real-

time RT-PCR. Expression levels were normalized to U6 small nuclear RNA (internal 

control). Total cell RNA was isolated, using Trizol (Invitrogen, cat no. 15596-026). 

Reverse transcription was performed using the Universal cDNA synthesis kit (Exiqon, 

cat no. 203300). Real-time PCR was performed in duplicate with the SYBR Green 

master mix (Exiqon, cat no. 203450) using the miRNA-specific primers listed in Table S3 

The products of the PCR were measured in an Opticon2 DNA Monitor instrument 

(Biorad). 



Western blotting 

Cells were lysed in a Triton X-100 lysis buffer (20 mM Tris (pH 7.5), 150 mM NaCl, 1 mM 

EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM Sodium pyrophosphate, 1 mM β-

glycerophosphate, 1 mM Na3VO4), supplemented with a protease inhibitor-cocktail 

(Roche applied science, cat no. 11836170001) and PMSF (1mM). Protein samples (20 

µg) were resolved in 8%, 10% or 12% SDS-PAGE and they were transferred to PVDF 

membranes. The antibodies used to probe the blots are listed in Table S4 

Chromatin Immunoprecipitation (ChIP) 

Chromatin immunoprecipitation (ChIP) was performed using the Chromatin 

Immunoprecipitation assay kit (Millipore, cat no. 17-295) according to the manufacturer’s 

instructions. Briefly, proteins were cross-linked to DNA by formaldehyde. Cells were 

lysed and sonicated to shear DNA to 300- to 500-bp fragments. A fraction of each 

sample was then precleared with protein A and salmon sperm DNA-bound agarose 

beads. Following overnight incubation with the immunoprecipitating antibody (Table S4) 

and 1 h of incubation with protein A- and agarose–salmon sperm DNA beads at 4°C, the 

immunoprecipitates were washed multiple times. DNA recovered after reversion of the 

protein-DNA cross-links with NaCl was incubated with proteinase K. Subsequently, it 

was extracted with phenol-chloroform and precipitated with ethanol. Real-time PCR 

using different sets of primers (Table S3) to amplify the respective genomic loci was 

carried out in the immunoprecipitated DNA, as well as in the input DNA.  

Cell cycle distribution of proliferating cells  

Cells were trypsinized, pelleted at 1,000xg at 4°C for 5 min, and lysed in lysis-staining 

buffer (3.4 mM sodium citrate, 10 mM NaCl, 0.1% Nonidet P-40, 75 μM ethidium 



bromide [EtBr]) (1 ml/106 cells on ice). The fluorescence intensity of the stained nuclei 

was measured by flow cytometry using the CyAnTM ADP Analyzer (Beckman Coulter). 

Apoptosis 

For detection of apoptosis, two methods were employed: Annexin V staining and 

measurement of Caspase 3/7 activity. For Annexin V staining, cells were washed with 

PBS, and following this, they were trypsinized, washed twice with PBS, counted and 

resuspended in binding buffer (10mM Hepes/NaOH [pH 7,4] 140mM NaCl, 2,5 mM 

CaCl2) at a concentration of 106 cells/ml. Subsequently, 5μl of Annexin V (BD 

Pharmigen, cat no 556419) reagent were added and the cells were incubated with this 

reagent for 15min at room temperature in the dark and analyzed by flow cytometry using 

the CyAnTM ADP Analyzer (Beckman Coulter). Caspase 3/7 activity was measured with 

the Caspase-Glo® 3/7 Assay kit (Promega, cat no. G8091) according to the 

manufacturer’s instructions. 

Growth in soft agar  

Transduced cells were plated in soft agar in 6-well plates at a density of 104 cells per 

well. Cell pellets were resuspended in media containing a final agarose concentration of 

0.4% (Sea Plaque Agarose) and they were plated on top of a solidified layer of 0.8% 

agarose in growth medium. Cells were fed every 3 to 4 days with growth medium. 

Colonies were counted after 20 days. 

Sphere formation assay 

Cells were plated in ultra low attachment 6-well plates (Corning, cat no 3471) at a 

density of 500 cells/ml in 2 ml of serum free-media (formulation on Table S1). EGF and 

bFGF were replenished every 3 days. For dissociation, spheres were centrifuged at 



800g, trypsinized (Invitrogen, cat no 15305-014), counted using hemocytometer and 

replated at a density of 500 cells/ml. Spheres with diameter of 50μm or more were 

scored using an inverted microscope.  

Staining for stem cell and differentiation markers  

For staining with CD24, EpCAM and CD49f, cells were tryspinised, counted and 

resuspended in PBS containing 3% FBS at a concentration of 106 cells/ml. 100μl of the 

cell suspension were incubated with 5μl CD24-FITC, 5μl EpCAM-PE and 0.5μl CD49f-

APC in the dark at room temperature for 15min. The cells were pelleted, washed twice 

with PBS, containing 3% FBS, resuspended in 100μl PBS/3% FBS and analyzed by flow 

cytometry using the CyAnTM ADP Analyzer (Beckman Coulter). For staining with CD24 

and CD44 the same method was followed with the difference that the cell suspension 

was incubated with 5μl CD24-FITC and 5μl CD44-APC. For details on the antibodies 

used see the Table S2. 

Orthotopic mammary adenocarcinoma xenograft model  

All animal procedures were conducted in accordance with a protocol approved by the 

Tufts University IACUC committee. A colony of immunocompromised NOD/SCID mice 

was maintained in house under aseptic sterile conditions. Mice were administered 

autoclaved food and water ad libitum. Surgeries were performed under sterile conditions, 

and animals received antibiotics in the drinking water up to 2 weeks after all surgical 

procedures. 

MDAMB-231 cells stably transduced with shRNA constructs targeting GFP or 

NDY1/KDM2B were injected orthotopically into the mammary gland. The day of injection, 

cells were trypsinized and resuspended in 50% media:Matrigel (BD Biosciences). 106, 

105, 104 or 103 cells were injected per gland in a 40 ul volume of media:matrigel (n = 5 



mice, 10 glands per condition). Tumors were palpated twice weekly and tumor volumes 

were generated from caliper measurements. Animals were sacrificed when tumors 

reached a diameter of 1 cm or at 70 days post injection, whichever came first. Tumors 

were sectioned and pieces were fixed in 10% neutral buffered formalin overnight for 

paraffin embedding and histological analysis, or were snap frozen for RNA/protein 

analysis.  

Comment on the statistical analysis of the human tumor data 

Figure 7 presents the results of 13 correlation tests between NDY1/KDM2B and 

microRNA levels and between NDY1/KDM2B and the mRNA levels of selected gene 

targets of these microRNAs. Interestingly, the results of all 13 correlation tests were 

consistent with the experimental data on the expression of these molecules in cancer 

cell lines. Assuming that all the NDY1-miRNA correlations (7 correlations) and all the 

NDY1-PRC correlations (6 correlations) are independent of each other and that each 

one of them has three possible outcomes (positive correlation, negative correlation or no 

correlation) we conclude that the probability that these correlations would follow the 

predicted pattern by chance is less than (1/3)7 (for the NDY1-miRNA correlations) and 

(1/3)6 (for the NDY1-PRC correlations).   

 

 

 

 

 

 

 



SUPPLEMENTAL INFORMATION 

Table S1. Cell lines, media 

Cell type Growth medium 

HEK293T 
DMEM high glucose, 10% FBS, P/S, non-essential amino acids, L-

glutamine  

MDAMB-231 
DMEM high glucose, 10% FBS, P/S, non-essential amino acids, L-

glutamine  

MCF7 
DMEM high glucose, 10% FBS, P/S, non-essential amino acids, L-

glutamine  

T47D RPMI 1640, 10% FBS, P/S, non-essential amino acids, L-glutamine  

SUM159 
Ham's F-12, 5% Fetal Bovine Serum, Insulin, Hydrocortisone, P/S, L-

glutamine 

MCF10A MEGMTM Mammary Epithelial Cell Growth Medium, Lonza, cat no cc-3150 

PC3 RPMI 1640, 10% FBS, P/S, non-essential amino acids, L-glutamine  

LNCAP RPMI 1640, 10% FBS, P/S, non-essential amino acids, L-glutamine  

OVCAR4 RPMI 1640, 10% FBS, P/S, non-essential amino acids, L-glutamine  

SKOV3 RPMI 1640, 10% FBS, P/S, non-essential amino acids, L-glutamine  

WIDR 
DMEM high glucose, 10% FBS, P/S, non-essential amino acids, L-

glutamine  



Cell type Growth medium 

TCCSUP RPMI 1640, 10% FBS, P/S, non-essential amino acids, L-glutamine  

Mammospheres DMEM:F12, B27, bFGF (20ng/ml), EGF (20ng/ml), heparin A (5ng/ml) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2. Pre-miRs and anti-miRs 

RNA Company Cat no. 

pre-miR-101 Ambion AM17100-PM11414 

pre-miR-181 Ambion AM17100-PM10421 

pre-miR-200 Ambion AM17100-PM12857 

pre-miR-203 Ambion AM17100-PM10152 

pre-miR-control Ambion AM17110 

anti-miR-101 Ambion AM17000-AM11414 

anti-miR-181 Ambion AM17000-AM10421 

anti-miR-200 Ambion AM17000-AM12857 

anti-miR-203 Ambion AM17000-AM10152 

anti-miR-control Ambion AM17010 

 

 

 

 

 

 

 



Table S3. Primers 

Primer Application Sequence 

human, mouse NDY1/KDM2B  qPCR 
TCTACGAGATCGAGGACAGGA 

ACCAGCACATCTCATAGTAGAAGG 

human NDY1/KDM2B qPCR 
GCCACACAGCGCCCGATTG 

GCCGGCTCCCCACTAGGAGT 

EZH2 qPCR 
TTGTTGGCGGAAGCGTGTAAAATC 

TCCCTAGTCCCGCGCAATGAGC 

SUZ12 qPCR 
TCATAGCTTGTCAGCTCATTTGC 

AAACTGCAAGGGACGGGAAA 

RING1B qPCR 
GCCCCTGTTGTATTTCCCGA 

GTCTGCACAGCCTGAGACAT 

RING1A qPCR 
CAGCATTGAGGAGGGGCTAC 

GATCTGACCCTGGTATCGGC 

BMI1 qPCR 
CGCGCTGGTTGCCCATT 

CGTTGTTCGATGCATTTCTGC 

GAPDH qPCR 
CTGGCCAAGGTCATCCATGAC 

CTTGCCCACAGCCTTGGCAG 

18S rRNA qPCR 
GTAACCCGTTGAACCCCATT 

CCATCCAATCGGTAGTAGCG 



Primer Application Sequence 

CD24 qPCR 
GCAATGGTGGCCAGGCTCGG 

ACTGGCTGTTGACTGCAGGGC 

ALDH1 qPCR 
GCAACTGAGGAGGAGCTCTG 

AGCATCCATAGTACGCCACG 

NOTCH4 qPCR 
AGGTGGCTCCTGCCCCAGTGA 

GAGAGGGAGAGCTGGGGAGCC 

CD10 qPCR 
CTGGAGCAGCCGCCCAACTC 

TCAACCAGCCTCCGCAAGCA 

CK14 qPCR 
CGAGGACGCCCACCTCTCCT

GTGCGAAGGACCTGCTCGTGG

CK18 qPCR 
CGTCCGCAAAGCCTGAGTCCT 

CCCCCAGCGCCTGCATAGAC 

CK19 qPCR 
ACCGGCCGCGGGCATAAAAG 

GAGCACGGACGGAGCAACCC 

GATA3 qPCR 
CCGGTCCAGCACAGAAGGCA 

GGGGCCGGTTCTGTCCGTTC 

CD49f qPCR 
GCAACTGCAGCCCGAGGACAA 

AACTCGATCCGCGTGCATGGC 



Primer Application Sequence 

EpCAM qPCR 
GCGTTCGGGCTTCTGCTTGC 

AGAGCCCGCTCTCATCGCAGT 

RUNX3 
qPCR 

TCTGTAAGGCCCAAAGTGGGTA 

ACCTCAGCATGACAATATGTCACAA 

WNT1 qPCR 
TTCCCCTTTGTCCTGCGTTT 

CACACTGATGAGGAGGCAGG 

PLCβ4 qPCR 
TGCAAATAGCGTCAAGAAGGC 

TCCCTTGGGGTAAATGCGAC 

HOXA4 qPCR 
AAAACGACAACGCGAGAAAAAT 

GAGGGAACTTGGGCTCGATG 

ADRB2 ChIP 
GTGACTTTATGCCCCTTTAGAGACAA 

GAAGGGCTACAACTGGAACTGGAATA

WNT1 ChIP 
GTTTCTGCTACGCTGCTGCT  

CACCAGCTCACTTACCACCA 

GAPDH ChIP 
TACTAGCGGTTTTACGGGCG 

TCGAACAGGAGGAGCAGAGAGCGA 

miR-101 ChIP 
AGCAGAAGTTGACTGCTGTGGTGT 

TCCCTGCCACCCAGCTCACC 



Primer Application Sequence 

miR-181ab ChIP 
TCATGCTTCTTATTTGTCTTCTTTTG 

GGTTAGCCATAGGGTACAATCAAC 

miR-181a2 ChIP 
ACCATTCAAAGACATTTTCTCAGA 

CTGATAGCCCTTCTTCATTCTCC 

miR-181b2 ChIP 
CCAATGTCAATGTTATGGACACCT 

CATTGATCAGTGAGTTGATTCAGA 

miR-200ba ChIP 
CGTCTGGCCAGGACACTT 

AATGCTGCCCAGTAAGATGG 

miR-200c ChIP 
AGGGCTCACCAGGAAGTGT 

CCATCATTACCCGGCAGTAT 

miR-203 ChIP 
GAGGACTGCTTTGCCTTTTG 

TGTCCAATCGCTGTCTCTTG 

miR-101 qPCR Exiqon, cat no 204786 

miR-181a qPCR Exiqon, cat no 204566 

miR-181b qPCR Exiqon, cat no 204530 

miR-181c qPCR Exiqon, cat no 204683 

miR-200a qPCR Exiqon, cat no 204707 

miR-200b qPCR Exiqon, cat no 204650 



Primer Application Sequence 

miR-200c qPCR Exiqon, cat no 204482 

miR-203 qPCR Exiqon, cat no 204285 

U6 snRNA qPCR Exiqon, cat no 203907 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. Antibodies 

Ab Use Company Cat no. 

EZH2 WB, ChIP Cell Signaling 5246 

RAS WB 
Signal Transduction 

Labs 
R02120 

α-Tubulin WB Sigma T5168 

NDY1/KDM2B WB Santa Cruz sc-101091 

NDY1/KDM2B ChIP Santa Cruz sc-69477X 

BMI1 WB Cell Signaling 6964 

SUZ12 WB Cell Signaling 3737 

EED WB Santa Cruz sc-28701 

RING1B WB Cell Signaling 5694 

HSP90 WB 
Signal Transduction 

Labs 
610418 

myc-tag WB Cell Signaling 2276 

mock IgG, rabbit ChIP Cell Signaling 3900 

mock IgG, goat ChIP Santa Cruz sc-2028 

CD24-FITC Flow cytometry eBioscience 11-0247-42 



Ab Use Company Cat no. 

CD49f-APC Flow cytometry eBioscience 17-0495-80 

EpCAM-PE Flow cytometry eBioscience 12-9326-41 

CD44-APC Flow Cytometry BD Pharmigen 559942 

p21 WB Santa Cruz sc-6246 

Table S5. Clinical characteristics of the tumor-samples used in Figure 7. 

Tissue Diagnosis Tumor Grade Tumor Size ER/PR/HER2 IHC HER2 FISH Metastasis Age

1 LT Breast Invasive ductal carcinoma 3 3.2 cm 0 / 0 / 3+ pN0 56

2 Breast Tumor Invasive ductal carcinoma 3 8.0 cm 60 / 0 / 2+ 1.19 pN2a 58

3 RT Breast Cancer Invasive ductal carcinoma 3 3.8 cm 0 / 1 / 3+ pN3a 63

4 LT Breast Carcinoma Invasive ductal carcinoma 2 2.3 cm 95 / 80 / 1+ pN2 49

5 Breast Carcinoma Invasive ductal carcinoma 2 0.8 cm 90 / 90 / 0 1.1 pN0 73

6 LT Breast Carcinoma Invasive ductal carcinoma 2 2.0 cm 95 / 90 / 1+ pN0 59

8 LT Breast Cancer Invasive ductal carcinoma 2 1.8 cm 99 / 42 / 3+ 3.69 pN0 50

9 Multifocal RT Breast Cancer Invasive lobular carcinoma 2 3.0 cm 92 / 90 / 2+ 1.28 pN1 40

10 LT Breast Cancer Invasive ductal carcinoma 2 1.4 cm 87 / 0 / 1+ pN0 51

11 LT Breast Cancer Invasive ductal carcinoma 3 1.1 cm 0 / 0 / 1+ 1.42 pN0 79

12 Breast Cancer Invasive ductal carcinoma 3 2.5 cm 0 / 0 / 0 1.05 pN1a 53

16 RT Breast Cancer Invasive ductal carcinoma 1 1.9 cm 86 / 72 / 0 0.93 pN0 71

17 LT Breast Cancer Invasive ductal carcinoma 2 5.0 cm 99 / 51 / 1+ pN2a 64

18 Breast Cancer Invasive ductal carcinoma 3 3.4 cm 4 / 0 / 3+ 5.4 pN0 32

20 Breast Cancer Invasive ductal carcinoma 3 3.5 cm 0 / 12 / 3+ 1.1 pN0 58

21 Breast Cancer Invasive ductal carcinoma 2 4.5 cm 83 / 24 / 1+ 1.1 pN2a 39  

 

FIGURE LEGENDS 

Figure S1. The NDY1/KDM2B knockdown inhibits anchorage-dependent and 

independent growth of cancer cells.  

Levels of NDY1/KDM2B mRNA in cells transduced with the shNDY1 or shRNA-Control 

constructs (Data presented as mean ± SD). 

 B. The knockdown of NDY1/KDM2B inhibits anchorage-independent growth of 

cancer cells. Soft agar growth of PC3, LNCAP, OVCAR4, SKOV3, WIDR and 

TCCSUP cells transduced with control shRNA or shNDY1. (Left panels) 

Microphotographs of soft agar colonies in the indicated cultures (bar=500μm for 

PC3, LNCAP, OVCAR, SKOV3 and 200μm for TCCSUP and WIDR). (Right 



panels) Quantification of the colony number (mean number of colonies per field 

of vision ± SD) (*** p<0.001, ** 0.001<p<0.01, * 0.01<p<0.05).  

 C. The knockdown of NDY1/KDM2B inhibits anchorage-dependent growth of cancer 

cells. The cells were cultured under standard conditions and the accumulation of 

live cells over time was monitored with the MTT assay (Data presented as mean 

± SD). 

 D. Cells depleted in NDY1/KDM2B accumulate in the G1 phase of the cell cycle, 

suggesting a delay in the progression through G1. The bar graphs show the 

percentage of cells in different phases of the cell cycle and they were based on 

the results of 3 experiments in two cell lines, in addition to those shown in figure 

1. 

Figure S2. NDY1/KDM2B is required for cellular transformation by RAS-G12V. 

A. Immortalized mammary epithelial cells (MCF10A) were transduced with 

shControl or shNDY1, and following selection, they were transformed with RAS-

G12V. 

B. (Upper panel) Microphotographs of soft agar colonies in RAS-G12V-transformed 

shControl and shNDY1 cultures (bar=500μm). (Lower panel) Quantification of 

soft agar colonies in the same cultures (colonies per field of vision). 

C. Cell cycle analyses. RAS-G12V transformed cells growing as attached 

monolayers were analyzed for DNA content. 

D. Loss of NDY1 inhibits RAS-G12V–induced mammosphere formation. (Top 

panel) Microphotographs of mammospheres; (Middle panel) Quantification of 

mammospheres in the same cultures; (Bottom panel) Colonies were collected, 

trypsinized and cells were counted. Results are presented as mean cell number 

per sphere ± SD.  



 

Figure S3. The knockdown of NDY1/KDM2B interferes with the replating efficiency of 

mammospheres from both basal and luminal mammary adenocarcinoma cell lines.  

A. The knockdown of NDY1/KDM2B promotes the exhaustion of mammosphere-

forming cells and inhibits mammosphere replating efficiency and growth. 

MDAMB-231 and MCF7 cells were transduced with shRNA-Control or shNDY1 

and they were cultured in suspension in defined serum-free media. Colonies 

were trypsinized and the cells were counted and re-plated under the same 

culture conditions. (Upper panel) Quantification of the secondary mammosphere 

number expressed as mean number of spheres ± SD per 35mm plate (*** 

p<0.001, * 0.01<p<0.05). (Lower panel) Colonies were trypsinized and cells were 

counted. Data are presented as mean cell number per sphere ± SD (** 

0.001<p<0.01, * 0.01<p<0.05). 

B. Representative plots of the single channel analysis of shControl and shNDY1-

transduced MDAMB-231 and MCF7 cells, showing the expression of the cancer 

stem cell markers CD24 (Top panel) and CD44 (Bottom panel).  

Figure S4. Knockdown of NDY1/KDM2B promotes differentiation of human mammary 

adenocarcinoma cell lines in culture.  

A. Representative plots of single channel flow-cytometric analyses of MBAMD-231 

and MCF7 cells transduced with shRNA control or shNDY1 constructs and 

stained for the indicated cell surface markers. (Upper panel). The knockdown of 

NDY1/KDM2B resulted in a decrease in the number of CD49f(high) cells. (Middle 

panel) The knockdown of NDY1/KDM2B resulted in a increase in the number of 

CD24(high) cells. (Lower panel) The knockdown of NDY1/KDM2B resulted in an 

increase in the number of EpCAM(high) cells.  



B. Luminal mammary adenocarcinoma cell lines depleted of NDY1/KDM2B, 

downregulate the expression of basal and upregulate the expression of luminal 

markers. MCF7 and T47D cells transduced with shRNA-control or shNDY1, were 

stained for CD24-FITC, CD49f-APC and EpCAM-PE, and they were analyzed by 

flow cytometry. Representative plots of CD49f-CD24-stained (Left panel) and 

CD49f-EpCAM-stained (Right panel) cells. 

C. Representative plots of single channel flow-cytometric analyses of MCF7 and 

T47D cells transduced with shRNA control or shNDY1 constructs and stained for 

the indicated cell surface markers. (Upper panel). The knockdown of 

NDY1/KDM2B resulted in a decrease in the number of CD49f(high) cells. (Lower 

panel) The knockdown of NDY1/KDM2B resulted in a increase in the number of 

CD24(high) cells. 

D. NDY1/KDM2B knockdown in luminal breast cancer cell lines induces shifts in the 

expression of differentiation markers. Changes in the expression of differentiation 

markers, following the knockdown of NDY1/KDM2B in T47D (Left panel) and 

MCF7 cells (Right panel). Expression was measured by quantitative real time 

RT-PCR. GAPDH was used as the control (Data presented as mean ± SD).  

E. NDY1 expression is higher in basal tumors when compared to Lum A or Lum B 

subtypes.  

F. Comparison of time to relapse of a cohort of patients divided in two based on 

expression of NDY1 revealing that the observed difference is marginally 

significant (p=0.13). 

 

Figure S5. Expression of exogenous NDY1/KDM2B rescues the shNDY1 phenotype. 



A. T47D cells were transduced with murine NDY1-myc or the empty vector. 

Following selection, cells were transduced with shRNA-control or shNDY1 

constructs. Immunoblots of cell lysates were probed with antibodies against the 

Myc tag (exogenous NDY1/KDM2B) or EZH2. α-tubulin was used as the loading 

control.  

B. The cells in A were cultured in monolayers under normal conditions and their 

growth was monitored with the MTT assay (Data are presented as mean ± SD). 

C. Representative cell cycle profiles of sub-confluent monolayer cultures of the cells 

in A. Cells were analyzed for DNA content, by EtBr staining and flow-cytometry.  

D. The cells in A were assayed for growth in soft agar. Microphotographs of the soft 

agar colonies (bar=200μm).  

E. Quantification of the soft agar colonies in D, expressed as mean colony number 

per field of vision ± SD. 

F. The cells in A were assayed for mammosphere formation in suspension serum-

free cultures. (Left panel) Microphotographs of the mammospheres (bar=300μm).  

G. (Top panel) Quantification of the mammospheres expressed as mean number of 

spheres ± SD per 35mm plate. (Bottom panel) The spheres were harvested, 

trypsinized and cells were counted. Results are presented as the mean cell 

number per sphere ± SD.  

H. Expression of endogenous and total NDY1/KDM2B, and CD24 in the same cells, 

measured by real time RT-PCR. GAPDH was used as control (Data presented as 

mean ± SD). 

 

Figure S6. The knockdown of NDY1/KDM2B suppresses the activity of the Wnt pathway, 

despite the upregulation of Wnt1. 



A. The knockdown of NDY1/KDM2B in MDA-MB-231 cells results in the 

downregulation of non-phosphorylated β-catenin. MD-MB-231 cells were 

transduced with shRNA-control or shNDY1 constructs in triplicate. Immunoblots 

of cell lysates were probed with antibodies against NDY1/KDM2B, EZH2, BMI1 

and non-phopsho-β-catenin. Tubulin was used as loading control.  

B. The cells in A were co-transfected with the TOPFLASH or FOPFLASH luciferase 

reporters and pRL-TK-Renilla, which was used to normalize the results for the 

transfection efficiency. Control MDA-MD-231 cells were also treated with 10mM 

LiCl an activator of the Wnt signaling pathway, which was used as a positive 

control (Data presented as mean Luciferase/Renilla value ± SD).  

Figure S7. The knockdown of NDY1/KDM2B is not rescued by exogenous EZH2.  

A.  (Left panel) Immunoblots of control, shNDY1 and shNDY1+EZH2 (EZH2 rescue) 

cells, were probed with antibodies against EZH2, BMI1 and HSP90 (loading 

control). (exo: exogenous protein, endo: endogenous protein). (Right panel) 

Expression of endogenous NDY1/KDM2B in the same cells, measured by real 

time RT-PCR. GAPDH was used as control (Data presented as mean ± SD). 

B. Monolayer cultures of the cells in A, maintained in fully-supplemented media, 

were monitored for growth over time. (Data are presented as mean ± SD). 

C. The cells in A were cultured in soft agar and they were monitored for colony 

formation. (Left panel) Microphotographs of the colonies (bar=300μm). (Right 

panel) Quantification of the colony number expressed as mean number of 

colonies per field of vision ± SD.  

D. Cells in A were cultured in suspension under serum-free conditions and they 

were monitored for mammosphere formation. (Left panel) Microphotographs of 

mammospheres (bar=300μm). (Middle panel) Quantification of the 



mammosphere number in each culture, expressed as the mean number of 

spheres ± SD per 35mm plate. (Right panel) The colonies were collected, 

trypsinized and cells were counted. Results are presented as the mean cell 

number per sphere ± SD.  

E. ChIP-qPCR analysis of the binding of EZH2 (Middle panel) and NDY1/KDM2B 

(Left panel) at the indicated protein coding genes and miRNAs in the cells in A 

(Data presented as mean ± SD). (Right panel) Expression of PRC1/PRC2-

targeting miRNAs in the cells in A, measured by real time RT-PCR. U6 was used 

as control (Data presented as mean ± SD). 

Figure S8. The knockdown of NDY1/KDM2B is not rescued by exogenous BMI1.  

A. T47D cells were transduced with a BMI1 construct or the control vector. After 

selection they were transduced with shRNA-control or shNDY1. Immunoblots of 

lysates of the transduced cells were probed with antibodies against BMI1 and 

HSP90, which was used as the loading control.  

B. Expression of endogenous NDY1/KDM2B in the cells in A was measured by real 

time RT-PCR. GAPDH was used as control (Data presented as mean ± SD). 

C. (Left panel) Monolayer cultures of the cells in A and B were grown under 

standard conditions and the accumulation of live cells over time was monitored 

with the MTT assay (Data are presented as mean ± SD). (Middle panel) The 

same cells were assayed for anchorage-independent growth in soft agar. 

Microphotographs of the soft agar colonies (bar=250μm). (Right panel) 

Quantification of the soft agar colonies in the middle panel. Data are expressed 

as mean colony number per field of vision ± SD.  

D. The same cells were assayed for mammosphere formation in suspension serum-

free cultures. (Left panel) Microphotographs of the mammospheres (bar=200μm). 



(Middle panel) Quantification of the mammospheres. Data are expressed as 

mean number of spheres ± SD per 35mm plate. (Right panel) The colonies were 

harvested, trypsinized and cells were counted. Results are presented as the 

mean cell number per sphere ± SD.  
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