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Supplementary Information 
Materials and Methods 
Materials. FITC anti-mouse/rat CD29 and FITC Armenian hamster IgG isotype control were 
purchased from BioLegend (San Diego, CA). PE-conjugated rat anti-mouse CD24, 
biotin-conjugated mouse lineage panel (anti-CD45R, TER-119, CD3e, CD11b, and Ly-6G/C), 
biotin-conjugated rat anti-mouse CD31, SAv-APC conjugate antibody, and their corresponding 
isotype controls, PE-conjugated rat IgG2b, κ, and BD Growth Factor Reduced Matrigel were all 
purchased from BD Biosciences (San Jose, CA). Biotin-conjugated CD140a was purchased from 
eBioscience (San Diego, CA). Anti-cytokeratin 5 (anti-K5) rabbit polyclonal antibody was 
purchased from Covance (Lynn, MA). Anti-smooth muscle actin (anti-SMA) mouse monoclonal 
antibody, PKH26 and PKH67 Cell Linker Kits, saponin, 7-aminoactinomycin D (7-AAD), 
actinomycin D and pyronin Y were purchased from Sigma (St. Louis, MO). Alexa 488- and Texas 
Red-conjugated secondary antibodies for immunofluorescence were from Molecular Probes 
(Grand Island, NY). MOM block was purchased from Vector Laboratories (Burlingame, CA). The 
anti-Ki67 antibody was purchased from Santa Cruz. The Quantikine ELISA kit was purchased 
from R&D Systems Inc. The Il6-shRNA, Wnt2-shRNA, Cxcl12-shRNA, Cxcr4-shRNA, and 
Fzd7-shRNA lentiviral particles were purchased from Dharmacon (Lafayette, CO). Applied 
Biosystems Custom Primers and Taqman Probes used to verify gene knockdown were purchased 
from Life Technologies. Primers used in genotyping were ordered from Integrated DNA 
Technologies (IDT).  
 
Supplementary Methods 
Preparation of single mammary tumor cells. The mice were anesthetized with Avertin (Sigma, 
i.p.125 mg/kg). Immediately after tumors were removed, they were minced with Vibratome 
McIIwain Tissue Chopper and digested in 10ml digestion media per 1g tissue (Collagenase type 
III (225 U/ml, Worthington) in DMEM/F12, 100 μg/ml gentamicin, and antibiotic-antimycotic 
from Invitrogen) at 37°C at 125 rpm on a rotary shaker. Samples were gently pipetted with a 25 ml 
pipette every 30 min for 2 hrs. The cell suspension was passed through 40 μm cell strainers and the 
cells were washed with washing buffer (F-12 medium (Invitrogen), 5% Fetal Bovine Serum (FBS, 
JRH Biosciences), 50 μg/ml gentamicin) at least 3 times or until the supernatant was clear. Cells 
were then resuspended in DMEM/F12 for further usage. 
Polymerase chain reaction (PCR). X7 : 5’-TAT ACT CAG AGC CGG CCT- 3’ (exon 7, 
819-836bp of  cDNA); X6.5 : 5’- ACA GCG TGG TGG TAC CTT AT –3’ (exon 6, 789-808 bp of 
cDNA); NEO19 : 5’-CTA TCA GGA CAT AGC GTT GG – 3’. Taq DNA Polymerase kit 
(Qiagen) was used. The following thermocycler program was used, 8 min 95°C; (30 sec 95°C, 1 
min 59°C, 2 min 72°C) X 30 or 35 cycles; 10 min 72°C; kept at 4°C before gel electrophoresis. 
BAC-based CGH array: Individual subpopulations of the p53 null tumor cells were collected 
after tumor dissociation, fluorescence conjugated antibody labeling and FACS sorting based on 
cell surface marker expression of CD29 and CD24. DNAs from various subpopulations and 
control samples were isolated using Qiagen Genomic DNA Isolation Kit (Valencia, CA), and were 
then subjected to BAC-based CGH array as described in (1). 
Cell cycle analysis. FACS sorted individual populations of cells separated based on the expression 
of CD29 and CD24 were resuspended in 0.5 ml of NASS buffer (0.15 M NaCl, 5 mM sodium 
EDTA, 0.5% BSA, 0.1 M phosphate citrate buffer, pH 4.8) containing saponin (0.02%)  and 
7-aminoactinomycin D (7-AAD, 10 μg/ml), and incubated at room temperature for 20 min. After 
washed once with 1× PBS, the cells were resuspended in NASS containing saponin (0.02%) and 
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actinomycin D (10 μg/ml) at 4°C for 5 min. One-fifth microliter of pyronin Y (1 μg/ml) was added, 
and mixtures were incubated at 4°C for 10 min before subjected to FACS analysis (2). 
Mammosphere assays. Ten thousand FACS sorted cells per well from individual subpopulations 
were grown in 6-well Ultra Low Attachment plates (Corning, NY) with 2 ml serum-free 
mammosphere medium (DMEM/F12 with 20 ng/ml bFGF, 20 ng/ml EGF, B27, 100 μg/ml 
gentamicin, and antibiotic-antimycotic) for 7 to 10 days. The cells were fed every 3 days, and 
passaged using 0.05% trypsin/0.53 mM EDTA-4Na. Five thousand dissociated cells per well were 
re-plated in 2 ml mammosphere medium for 7 days, and the secondary mammospheres were 
counted using the Leica MZ16F steromicroscope (Leica Microsystems, Buffalo Grove, IL).  
Immunostaining and microscopic analysis: For immunostaining on paraffin embedded tissue, 
sodium citrate antigen retrieval method was used by boiling 5 μm thick tissue section in 10 mM 
sodium citrate buffer, pH 6.0 for 20 minutes. Primary antibodies were diluted in 5% BSA, 0.5% 
Tween-20, 1XPBS blocking buffer, and incubated at 4°C overnight in a humidified chamber. K5 
(1:5,000) and SMA (1:250) were employed. MOM block was used as a diluent for SMA. For 
FACS sorted and cytospun cells (Cytospin 4 Centrifuge, Thermo Fisher Scientific Inc., Waltham, 
MA, 1000rpm, 3min), the anti-ki67 antibody (1:200) was diluted in 5% BSA, 0.5% Tween-20, 
1XPBS blocking buffer, and incubated at 4°C overnight in a humidified chamber. Microscopic 
analysis was done with X20 magnification at resolution of 640X480 on an Olympus BMAX 50 
fluorescence microscope. In addition, images of PKH dye-labeled mammospheres were taken with 
a Leica MZ16F stereomicroscope (Leica Microsystems, Buffalo Grove, IL) for fluorescence with 
low light digital color camera (resolution 1024X767) and microscopic analysis was performed 
using Image Pro-Plus 6.0 Analytical Imaging Software (Media Cybernetics, Inc., Rockville, MD).  
qRT-PCR. The DNA concentration was measured using a spectrophotometer (NanoDrop, 
Thermoscientific, Willmington, DE), and 1,000 pg of DNA generated from the above reaction was 
applied in Taqman Gene Expression Master Mix for quantitative PCR. Quantitative PCR was 
performed on the StepOnePlus Real-time PCR System with the following steps: 50°C for 2 min, 
95°C for 10 min, and then 40 cycles for 95°C 15 sec and 60°C 1 min. 18S rRNA was used to 
normalize and calculate relative gene expression. All reagents and instruments, if not mentioned, 
including probe and primer sets were from Applied Biosystems. 
The shRNA sequences (antisense) used in this study. Wnt2 shRNA1 
(AATGGCACGCATCACATCTGG), Wnt2 shRNA2 (TGGTGATGGCAAAATACAACGC); 
Cxcl12 shRNA (TTCTCCAGGTACTCTTGGATC); Cxcr4 
(ATGAAGTCAGGTATAGTCAGG; TTGACAGTGTAGATGATATGG; 
TATATGCTGGAATTGAAACAC); Fzd7 shRNA (TAAGAAGAAGCGTAGCTCAGG; 
AATGGTGATTGTCTTGACCGC; AAGTAAAGCACCATGAAGAGG); Il6 shRNA1 
(TACAATCAGAATTGCCATTGC); Il6 shRNA2 (TTGTGAAGTGGTATAGACAGG). 
Level of CXCL12. The level of CXCL12 was measured with a Quantikine ELISA kit (R&D 
Systems Inc, Minneapolis, MN) following the manufacturer’s instructions with modification. 
Briefly, each culture medium as designated in Figure 3B was collected for cytokine determination 
with 10X calibrator diluent dilution. After addition of assay diluent, CXCL12 conjugate and the 
substrate solution as instructed, the level of CXCL12 was determined using a Promega microplate 
reader (Madison, WI) at a wavelength of 450 nm. 
Microarray analysis. Total RNA was isolated from the FACS sorted subpopulations based upon 
expression of CD29, CD24 using the PicoPure RNA isolation kit (Life Technologies) with mRNA 
amplification, DNA fragmentation, biotinylation, and hybridization onto Affymetrix 430 2.0 array 
chips. Statistical analysis was done with dChip and BRB Array Tools software packages. 
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Expression was estimated with dChip PM (Perfect-Match) model with quantile normalization. 
Probesets were filtered in BRB Array Tools (Missing <50%, Pcalls >15%). BRB Array Tools for 
group comparison was then performed on CD29HCD24L vs. each of the rest groups, 
CD29HCD24H, CD29LCD24H, and CD29LCD24L, and differentially expressed genes were found 
using paired t-test and ANOVA analysis. Parametric p-value=0.01 used. RVM (Random Variance 
Model) was used in all cases. The method of Benjamin and Hochberg was used for the estimation 
of false discovery rate (FDR).   
Other statistical analysis. Error bars in the graphs of mammosphere forming efficiency show the 
standard error of the mean. Student’s t-test was used to calculate the p value. Statistical analyses 
for limiting dilution were performed in the core biostatistical facility of the Dan L. Duncan Cancer 
Center at Baylor College of Medicine (S.G.H.). Limiting dilution transplantation data were 
analyzed with a generalized linear model with a complementary log-log transformation (3). Time 
to tumor formation curves were estimated and compared using the log rank test as implemented in 
the Survival Package in R (4, 5) 
Supplementary Figure Legends 
Figure S1. Genetic characterization of the individual subpopulations. (A) p53 null status 
(non-host cell of origin) of the individual subpopulations. PCR was performed using primers 
mentioned in the SI section. X7 is the “universal primer”. Amplification with NEO19/X7 yields a 
700bp from the p53 null allele.  Amplification with X6.5/X7 yields a 470 bp product from the p53 
WT allele. Left, 30 cycles; Right, 35 cycles. (B) Comparisons of chromosomal copy-number 
profiles of four subpopulations from a p53 null mammary tumor. The x-axis shows chromosome 
position from centromere to telomere in 100-kb units. The y-axis shows the normalized log2 ratio 
of fluorescence signals in the individual subpopulations to control sample. 
Figure S2. FACS profile comparison and immunostaining on the p53 null parental tumor 
and the subsequent TIC- and CD29HCD24L niche subpopulation-derived tumors. (A) A p53 
null mammary tumor FACS sorted based upon expression of CD29 and CD24. (a) Parental tumor; 
(b) tumors generated from 1,500 cells of TIC; and (c) tumors generated from 1,500 cells of 
CD29HCD24L cells.  (B) Anti-K5 (Red) and –SMA (Green) on paraffin-embedded sections of p53 
null  (a) primary mammary tumors; (b) TIC-derived tumors; and (c) CD29HCD24L-derived 
tumors. Scale bar, 50 μm. 
Figure S3. Cell cycle analysis of the CD29LCD24H and CD29LCD24L subpopulations. (A) 
7-AAD histogram of CD29LCD24H, and (B) Cell cycle profiling of CD29LCD24H using 7-AAD 
and pyronin Y. (C) 7-AAD histogram of CD29LCD24L, and (D) Cell cycle profiling of 
CD29LCD24L cells. 
Figure S4. Levels of secreting factor, CXCL12, under different co-culture conditions.  
Individual populations were isolated based upon expression of CD29 and CD24, and the levels of 
CXCL12 under the following co-culture conditions: TICs; CD29HCD24L; TICs and CD29HCD24L 

mixture; TICs and CD29L mixture were measured using an ELISA kit from R&D Systems Inc. 
Figure S5. Blockade of IL6 signaling with shRNA in the niche cells reduced the self-renewal 
of the TICs. (A) The levels of IL6 determined by qPCR in the niche cells after Il6-shRNA 
knockdown in p53 null T1 tumors. (B) The mammosphere forming efficiency of TICs when 
co-cultured with Il6-shRNA knockdown niche cells. TICs were co-cultured with CD29HCD24L 
infected with control shRNA;   TICs were co-cultured with CD29HCD24L infected with Il6 
shRNA1; ☐TICs were co-cultured with CD29HCD24L infected with Il6 shRNA2. Three replicates 
were included in each group. 
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Figure S6. Co-transplantation of the fluorescence labeled pEIT-TICs and pEIZ-niche cells 
showed that a majority of the cells were generated from the TIC subpopulation. (A) 
Percentage of the tumor cells expressing TomatoRed or ZsGreen after co-transplantation of pEIT 
(TomatoRed)-TICs and pEIZ (ZsGreen)-CD29HCD24L. (B) FACS profiling based on expression 
of TomatoRed and ZsGreen of the resulting tumors after transplanting pEIT-TICs and 
pEIZ-CD29HCD24L cells at the following designated ratios of 200/0 (Figure S6Ba&b), 120/80 
(Figure S6Bc&d), 68/132 (Figure S6Be&f), and 32/168 (Figure S6g&h) (with a total number of 
cells of 200). Three tumors were included in each group. 
Supplementary Table S1 Partial list of probes preferentially expressed in the 
Lin-CD29HCD24L cells 

Gene Symbol Gene Title Fold Change p-value FDR* 

Wnt2 wingless-related MMTV integration site 2 9.8 0.00001 2% 

Wnt9a wingless-type MMTV integration site 9A 5.8 0.00036 4% 

Cxcl12 chemokine (C-X-C motif) ligand 12 7.5 0.00000 2% 

Il6 interleukin 6 6.0 0.00133 7% 

FDR*   False Discovery Rate 
 
Supplementary Table S2 
A detailed explanation for mice used in Table1. 
 
Statistical analysis.  
For table 1A, the number of TICs is considered as the ‘dose’ variable. Preliminary analysis found 
no evidence of violation of model assumptions (Goodness of fit (test log-dose slope equals 1) with 
Wald test Pr(>|z|)=0.56; LR test Pr(>|z|)=0.56; Score test: log(dose) Pr(>|z|)=0.54; Score test: dose 
Pr(>|z|)=0.46).  
Supplementary Table S3: Co-transplantation of increasing numbers of niche cells resulted in 
increasing numbers of tumors   
Group  Lower Estimate Upper 
Group 0 114 48 20 
Group 2 39 14 5 
Group 10 18 10 6 
 
Supplementary Table S4a: Pairwise comparisons using fixed number of niche cells displayed a 
reduced tumor latency with increasing numbers of TICs 
Group  fTICs_niche=0:10 fTICs_niche=10:10 fTICs_niche=2:10
fTICs_Niche=10:10 0.00508          - - 
fTICs_Niche=2:10 0.84852          0.05043           - 
fTICs_Niche=20:10 0.00044          0.84852           0.01121        
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P value adjustment method: none  
 
Supplementary Table S4b: Pairwise comparisons using 10 TICs demonstrated that tumor 
formation was more rapid with 10 niche cells as compared to 0. 
Group  fTICs_niche=10:0 fTICs_niche=10:10 
fTICs_Niche=10:10 0.019            - 
fTICs_Niche=10:2 0.351            0.177            
P value adjustment method: none  
 
Supplementary Table S4c: Pairwise comparisons using 20 TICs demonstrated that tumor 
formation was faster with 10 niche cells as compared to 0 
Group  fTICs_niche=20:0
fTICs_Niche=20:10 0.019            
P value adjustment method: none  
 
For table 1B, the number of niche cell is considered as the dose variable and type of niche cell as 
the grouping variable. There is no evidence of violation of model assumptions (Goodness of fit 
(test log-dose slope equals 1) with Wald test Pr(>|z|)=0.70; LR test Pr(>|z|)=0.72; Score test: 
log(dose) Pr(>|z|)=0.72; Score test: dose Pr(>|z|)=0.89)). 
 
Supplementary Table S5: Different types of niche cells were associated with different tumor 
forming frequencies 

Group Lower Estimate Upper 

Group control shRNA niche 14 6 3 

Group shRNA niche 68 25 9 
 
Supplementary Table S6a: No difference observed between shRNA groups for 0 niche cell 
relative to the control shRNA 
Group  fshRNA niche=Ctrl shRNA Niche:0 
fshRNAniche=shRNA Niche:0    0.96            
P value adjustment method: none  
 
Supplementary Table S6b: No difference observed between shRNA groups for 2 niche cells 
relative to the control shRNA 
Group  fshRNAniche=Ctrl shRNA Niche:2 
fshRNAniche=shRNA Niche:2    0.94            
P value adjustment method: none  
 
Supplementary Table S6c: A marginal difference for 10 niche cells relative to the control 
shRNA 
Group  fshRNAniche=Ctrl shRNA Niche:10 
fshRNAniche=shRNA Niche:10    0.067                           
P value adjustment method: none  
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Supplementary Table S6d: A significant difference for 20 niche cells as relative to the control 
shRNA 
Group  fshRNAniche=Ctrl shRNA Niche:20 
fshRNAniche=shRNA Niche:20    0.028                           
P value adjustment method: none  
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