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Figure S1. Functional validation of the PKH methodology. The epifluorescent lipophilic dye PKH (PKH26, red or PKH488, green) was used to isolate 
PKHhigh cells and to follow their divisional history. (A) Purification of distinct fractions of PKH-labeled cells using the PKH-based sorting methodology, as 
described previously (Cicalese et al., 2009; Pece et al., 2010) and in brief summarized in Materials and methods. Top: WT MECs were labeled with PKH 
and allowed to form first-generation MSs that were then disaggregated and cells subjected to FACS analysis; a typical FACS profile is shown. (bottom) 
When cells were sorted according to their PKH content, only PKHhigh cells could form second-generation MSs. Conversely, PKHlow or PKHneg cells were 
unable to sustain further MS replication. The SFE expresses the percentage of MS generated by ∼5,000 cells plated in suspension culture. Spheroidal 
structures that were <70 µm after 7 d of culture were not considered for the calculation of the SFE. (B) Cleared mammary fat pad reconstitution ability after 
transplantation of the three PKH fractions described in A (top) or of intact MS (bottom). The number of outgrowths (successfully reconstituted mammary 
gland) per number of injected pads, the frequency of SCs, and the 95% confidence intervals (CI) are reported (ND, not done; NA, not applicable). (C) A 
carmine-stained whole mount of a typical outgrowth from PKHhigh cells (n = 100) is shown. Bar, 2 mm. (D, right) 3-µm-thick serial FFPE sections from a typical 
outgrowth were analyzed by IHC as indicated. Bar, 50 µm. (E and F) Characterization of MS. MS originated from single PKHhigh cells were characterized. 
E shows a confocal IF analysis of a FFPE section of a MS using the indicated markers. The boxed areas indicate p63+ cells; bar, 50 µm. The boxed areas 
are magnified (mag.) on the right (bar, 10 µm). As evident, the PKHhigh cell, in the center of the MS, is also p63+ while displaying very low signal for CK8. 
Most of the cells in the MS (probably progenitors) are p63−/CK8low (with a gradient of intensity for CK8 that increases form the center to the periphery 
of the MS). At the periphery of the MS, however, the signal for CK8 increases significantly (arrowheads), arguing that some luminal features can appear 
during the formation of the MS. Note also that at the periphery of the MS (shown in the lower boxed panel) a PKHneg cell can be detected which is clearly 
p63+ and CK8low, suggesting that some basal (myoepithelial) differentiation might also take place during the formation of a MS. F shows an IF analysis of 
PKHhigh and PKHneg cells, sorted for their PKH content from first-generation MS and stained for p63 or EpCAM. Also in this case, PKHhigh cells are p63+ while 
showing low EpCAM expression. In PKHneg cells, p63 positivity is absent, whereas EpCAM expression is comparatively higher than that detected in PKHhigh 
cells. (G and H) Asymmetric segregation of Numb-DsRed, expressed at physiological levels, in PKHhigh cells. (G) Cells dissociated from normal MS were 
lentivirally transduced with a sh-oligo (KD) to stably silence Numb and then transduced with CMV-Numb-DsRed or mock-infected and analyzed by IB. The 
red and black arrowheads indicate the overexpressed Numb-DsRed and the endogenous Numb proteins, respectively. (H, left) Numb-DsRed-reconstituted 
cells (mCMV-Numb) were PKH labeled (PKH488, green) and analyzed by video microscopy. Elapsed time is indicated. Bar, 10 µm. (right) Quantification 
of the divisional histories of PKHhigh cells (top) and of the partition of Numb into the stem-like DC (bottom). The bar “Numb not in stem-DC” indicates Numb 
partitioned into the progenitor DC or equally partitioned between the two daughters. *, P < 0.05.
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Figure S2. Characterization of Numb-KD MECs and MS. (A and B) Primary MECs and normal MS were lentivirally transduced with different sh-oligos (sh-a 
and sh-b) targeting Numb or with a Ctr oligo, selected with puromycin for 10 d, and analyzed by IB with the indicated Abs (A) or by quantitative PCR 
(B). *, P < 0.05 versus Ctr. Two independent mass populations (KD1 and KD2) were derived from cells silenced with sh-b (which reproducibly induced 
the best levels of silencing) and used for all the experiments shown here and in the main text. A single representative experiment out of two repeats is 
shown. (C) The SFE and the size of Ctr, KD1, and KD2 MS are reported. F1, first MS generation. (D) Cumulative sphere numbers from serial replating of 
Ctr and Numb-KD MS; a representative experiment is shown out of two repeats. (E) Representative time-lapse video microscopy images of the early mitotic 
divisions of Ctr and Numb-silenced (KD1, KD2) MS-forming cells. Elapsed time (from seeding) is indicated. Bar, 10 µm. The red dashed lines indicate the 
first and second division, respectively. (F) Quantification of the experiment shown in E. The mode (left) and the time (right) of the first division are shown.  
*, P < 0.05 versus comparable condition in Ctr cells.
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Figure S3. Analysis of p53 expression in PKHhigh versus PKHneg cells and characterization of Nutlin3 as a pharmacological tool to revert p53 dysfunction. 
(A) Purified PKHhigh and PKHneg WT populations were analyzed by IF as indicated. Bar, 10 µm. A quantification is shown on the right. *, P < 0.05 versus 
PKHhigh. PKH26, red; p53, green; DAPI, blue. (B) Numb-KO1 cells were exposed to the indicated concentrations of Nutlin3 (Nutl.) or Cisplatin (Cis.) and 
then analyzed by IB as indicated (activated-casp-3, activated caspase-3). Cisplatin was used as a positive Ctr for the induction of apoptosis. (C) Numb-KO1 
cells were lentivirally transduced with the p53-uGFP reporter and then treated with the indicated concentrations of Nutlin3 (Nutl.) or its inactive enantiomer 
Nutlin3b (En), or with vehicle alone (Ctr). The GFP mean intensity, which expresses p53 activity, was measured by FACS analysis and is expressed in 
arbitrary units (a.u.). *, P < 0.05 versus Ctr. (D) MS-forming ability of WT or Numb-KO1 cells treated with Nutlin3 (Nutl.) or Nutlin3b (En) compared with 
vehicle-treated Ctr cells. *, P < 0.05.
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Figure S4. Loss of Numb triggers an EMT program in progenitors in vitro and associates with traits of faulty mammary morphogenesis in vitro and in vivo. 
(A) The different MEC fractions, purified as described in Fig. 7 A, were analyzed for the expression of the indicated markers by quantitative PCR. Data are 
from technical triplicates of a single experiment and expressed as absolute mRNA values (top) or relative to mRNA levels in differentiated luminal cells (Diff. 
Lum., assumed as 1; bottom). Vim., vimentin. (B) Three-dimensional Matrigel outgrowths generated by the different Ctr or KD MEC fractions, as described 
in Fig. 7 F, were stained with DAPI and analyzed by confocal microscopy to better characterize their intrinsic filled-type versus hollow-type phenotype. 
Bright-field (left) and confocal fluorescence (right) images of the structures formed by WT and KD SC-enriched basal MECs (top panels) and by WT and KD 
progenitors (bottom panels) are shown. Bars, 100 µm. (C) Representative IF images of Slug (top) and Sox9 (bottom) expression in the different MEC frac-
tions isolated as described in Fig. 7 A and silenced for Numb (KD) or mock-silenced (Ctr). (D) MS formed by Numb-KD2 cells, obtained using the silencing 
oligo sh-b (see Fig. S2 for details), were dissociated and the resulting cell population was lentivirally reconstituted with a Numb-DsRed (KD2+Numb; left) 
or treated with 10 µM Nutlin3 (KD2+Nutlin; right), and compared with mock-infected or to vehicle-treated Numb-KD2 cells, by IB or quantitative PCR as 
indicated. In the IB, WT cells were also used as matching Ctrs. In IB, Fibron., fibronectin; N-Cad., N-cadherin. The red and black arrowheads indicate 
the overexpressed Numb-DsRed and the endogenous Numb proteins, respectively. For quantitative PCR experiments, data are expressed relative to mRNA 
levels in WT cells (indicated by a dashed red line = 1) and are from technical triplicates of a single experiment. E-Cad., E-cadherin. (E, left) Multichannel IF 
analysis of FFPE mammary glands of WT (top) or Numb-KO (bottom) mice using the luminal layer marker CK8 and the basal/myoepithelial marker CD49F. 
Boxed areas are magnified on the right. For the merged images depicted in the magnified insets, individual channels for each marker are also shown. 
Arrowheads in the insets point to single CD49F+ basal cells; asterisks mark cells with double basal (CD49F) and luminal (CK8) traits. CK8, green; CD49F, 
red; DAPI, blue. Bars: (main) 50 µm; (mag.) 10 µm. (right) Bar graphs showing the percentage of single- and double-positive cells in WT and Numb-KO 
mammary glands. Note the increased frequency of double CK8+/CD49F+ cells in Numb-KO (12%) versus WT (1%) glands. Data are from the analysis of 
>100 cells from a single experiment.
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Figure S5. Transplantation analysis of cells derived from MS generated by Numb-KD cells. (A) KD1 and KD2 cells (see Fig. S2 for details) were orthoto-
pically transplanted into immunocompromised mice. The number of outgrowths per number of injected pads (Outgrowths/Injections) and the frequencies 
of SCs or cancer-initiating cells (CICs) are shown together with 95% confidence intervals. (B, left) Carmine-stained whole mounts of outgrowths from Ctr 
or KD2 cells. The bottom panels show magnifications (mag.) of the boxed areas (arrowheads in KD2 show a preneoplastic area of a HAN). Bar, 2 mm.  
(right) A KD1-induced tumor is shown (top) with its histological appearance (bottom). Bar, 50 µm. (C) H&E staining of FFPE tissues from outgrowths gener-
ated by Ctr or KD2 cells. The different types of detected histological alterations are shown. Bar, 50 µm. Analogously to our results with KO lines, the KD1 
population gave rise to tumors, whereas the KD2 population gave rise to an aberrant gland with evident signs of malignant transformation.
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