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Supplemental Figures 

Figure S1 
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Figure S1. Increased proliferation of ductal luminal epithelium in aged p66Shc-/- mammary 
glands (MGs). (A) Representative confocal images of immunofluorescence analysis of basal 
(SMA+, red) and luminal (Krt8+, green) epithelia in aged WT (n=3) or p66Shc-/- (n=5) MGs (same 
experiment as in Figure 2D). White arrow-heads and dashed lines indicate areas of luminal 
hyperplasia. Nuclei are stained by DAPI (blue). Scale bar=10µm. (B) Quantification of increased 
cellularity within the luminal epithelium in aged p66Shc-/- MGs, expressed as the ratio of Krt8+-cells 
to SMA+-cells (same experiment as in A and Figure 2D). Numbers of analyzed ducts/lobules are 
indicated. Data are analyzed by 2-way ANOVA and Tukey post-hoc test; **: P=0.0028. (C) 
Representative images of Ki67 immunohistochemistry analysis in MGs from aged (24-mo-old) WT 
(n=4) or p66Shc-/- (n=13) and young (2-mo-old) WT (n=8) or p66Shc-/- (n=4) mice (same 
experiment as in Figure 2E). Scale bar=100µm; arrow-heads: Ki67+-cells. In each panel, the area 
marked by the black dashed line is shown at higher magnification. 
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Figure S2 

Figure S2. Similar frequencies of basal and luminal progenitor cells in aged vs young WT or 
p66Shc-/- mammary glands (MGs). (A) Representative dot-plots obtained by FACS-analysis of 
primary mammary epithelial cells from aged WT (n=6) or p66Shc-/- (n=9) and young WT (n=6) or 
p66Shc-/- (n=5) mice. Lin- cells (gray) are gated as follows: CD24hiCD49fmed: luminal progenitors 
(LPCs, light green); CD24hiCD49flo/neg: luminal differentiated cells (LCDs, dark green); 
CD24medCD49fhi: basal progenitors (BPCs, light red); CD49fmed/hiCD24lo/neg: basal differentiated 
cells (BDCs, dark red). (B) Percentages of epithelial cell-subpopulations depicted in (A). Epithelial 
cells not assigned to any category are shown in gray (Unclassified). Data are represented as 
mean±SEM. 2-way ANOVA reveals no significant difference between ages or genotype. 
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Figure S3 
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Figure S3. Increased expression of mammary stem cell (MaSC) markers in aged p66Shc-/- 
mammospheres. (A) Representative dot-plots obtained by FACS-analysis of M2-mammosphere 
cell suspensions from aged or young WT or p66Shc-/- mice (same experiment as in Figure 3A). 
Numbers of independent preparations are indicated. Lin- cells (gray) are gated as follows: 
CD24hiCD49fmed: luminal progenitors (Luminal PCs, green) and CD24medCD49fhi: basal progenitors 
(Basal PCs, red); Procrhi-subpopulations are depicted in yellow. (B,C) Enrichment plots obtained 
by Gene Set Enrichment Analysis (30) of aged p66Shc-/- vs WT mammospheres, analyzed by bulk 
RNA-sequencing. Raw expression levels were compared for enrichment in gene sets-listed in 
Dataset 1 (same experiment as in Figure 3C-D). Top-enriched, MaSC-related datasets in aged 
p66Shc-/- (B) or WT (C) mammospheres are shown. Normalized enrichment scores (NES), 
nominal P values (NOM p-Val) and false discovery rates (FDR q-Val) are indicated. 
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Figure S4 

Figure S4. Increased regenerative potential of aged p66Shc-/- MaSCs. Representative 
carmine-stained whole-mount images of outgrowths obtained upon heterochronic transplantation 
of rate-limiting diluted M2-mammosphere cell suspensions from aged and young, WT or p66Shc-
/- mice, into the cleared fat-pads of syngeneic 3-week-old mice. Outgrowths obtained with ~1 MaSC 
were categorized as filling <25%, 25%-60% or >60% of recipient’s fat-pad area. Examples for each 
category are shown, together with donut-charts depicting percentages of outgrowths obtained for 
each category. Outgrowths are outlined. Scale bar:1mm.  



Supplemental Material                                       Mechanisms of aging in mammary stem cells, by Priami et al. 

8 
 

Figure S5 

Figure S5. Increased symmetric distribution of Numb in aged p66Shc-/- mammospheres. (A) 
Numb distribution in cytokinetic cell-doublets, obtained after plating single-cell suspensions of M2-
mammospheres from aged WT or p66Shc-/- mice (n≥3 for each preparation). Numb (green) is 
either asymmetrically or symmetrically distributed. Cells and cleavage sites are outlined. Nuclei are 
shown by DAPI (blue). Scale bar=10µm. (B) Frequencies of either asymmetrical (black) or 
symmetrical (white) distribution of Numb in cytokinetic cell-doublets. Numbers of scored doublets 
are indicated. Statistical analysis: Chi-square test with Yates’ correction. **: P=0.006.  
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Figure S6 

Figure S6. mInsc-overexpression restores asymmetric divisions of p66Shc-/- mammary 
stem cells (MaSCs), while mInsc-knockdown prevents asymmetric divisions of aged WT 
MaSCs. (A,C) CD49f distribution in cytokinetic cell-doublets obtained after plating single-cell 
suspensions of M2-mammospheres from aged p66Shc-/- (A) mice or aged WT (C) mice (n≥3 for 
each preparation). In A, cells were infected with either mInsc-overexpressing- (+mInsc) or empty- 
(+EV) lentiviral vectors. In C, cells were infected with two anti-mInsc shRNA vectors (+mInsc-
shRNA#1 and -#2) or control-vector (+Scrambled-shRNA). In both A and C, CD49f (red) is either 
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asymmetrically or symmetrically distributed. Cells and cleavage sites are outlined. Nuclei are 
shown by DAPI (blue). Scale bar=10µm. (B) Time-lapse microscopy of PKH+GFP+-cells from M2-
mammosphere cell suspensions. Mammospheres from aged and young WT or p66Shc-/- mice 
(n≥3 for each preparation) were infected with either mInsc-overexpressing- (+mInsc) or empty- 
(+EV) vectors. Early and late time-points are shown. Shooting-times are indicated as 
hours:minutes. Cells and spheroids are outlined. Scale bar=20µm. (D) Frequencies of either 
asymmetrical (black) or symmetrical (white) CD49f distribution in mInsc-knocked down aged WT 
MaSCs (same experiment as in C). Numbers of scored cell-doublets are indicated. Statistical 
analysis: pairwise Chi-square test with Yates’ correction. *: P=0.013; #: P=0.038.  
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Figure S7 

 

Figure S7. p44 stabilizes p53, activates p66Shc, induces asymmetric division and decreases 
proliferation of mammary stem cells (MaSCs). (A) Western blot (WB) on not-infected (NI), 
control-infected (+EV) and p44:GFP-infected (+p44) WT and p66Shc-/- primary mammary 
epithelial cells. p66Shc-independent expression of p44:GFP fusion protein (middle panel) and p53 
stabilization in p44:GFP-infected cells (lower panel) are readily detectable. Vinculin is used as a 
loading control. (B) WB of input (left) and immunoprecipitated (IP, right) lysates from not-infected 
(NI), control-infected (+EV) and p44:GFP-infected (+p44) WT and p66Shc-/- primary mammary 
epithelial cells. Immunoprecipitation was performed with an anti-Shc1 antibody, which binds to all 
the Shc1 isoforms (p66Shc, p52Shc and p46Shc, as indicated in the input). WB of IPs shows 
modest activation of p66Shc (Pser36-p66Shc, upper-right panel) upon p44:GFP-overexpression. 
Vinculin is used a as loading control. (C) Time-lapse microscopy of PKH+GFP+-cells from M2-
mammosphere cell suspensions. Mammospheres from young WT or p66Shc-/- mice (n≥3 mice for 
each preparation) were infected with either p44:GFP-expressing- (+p44:GFP) or empty- (+EV) 
vectors. Early and late time-points are shown. Shooting-times are indicated as hours:minutes. Cells 
and spheroids are outlined. Note nuclear localization of p44:GFP. Scale bar=20µm. 
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Supplementary Tables 

Table S1 
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Table S1. Increased number of mammary stem cells (MaSCs) in mammospheres from aged 
p66Shc-/- mice. Limiting-dilution heterochronic transplantation of M2-mammosphere cell 
suspensions from aged and young, WT or p66Shc-/- mice, into the cleared fat-pads of 3-week-old 
syngeneic recipients. Recipient mice were categorized by outgrowth extension, calculated as 
percentage of repopulated fat-pad area. Outgrowths filling less than 15% were considered as 
unsuccessful engraftments. Numbers of transplanted cells, inferred numbers of transplanted 
MaSCs (=no. of transplanted cells/estimated MaSC frequency), numbers of injected mice and 
obtained outgrowths are indicated, as well as estimated MaSC frequencies and confidence 
intervals. MaSC frequencies and statistical differences between groups were calculated pairwise 
with ELDA (63): P=0.006 for Aged WT vs Aged p66Shc-/- groups; P=0.009 for Aged WT vs Young 
WT groups; other comparisons yielded not significant results.  
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Table S2 

Table S2. p66Shc-/- deletion promotes mammary stem cell (MaSC) proliferation, regardless 
of their modality of division. PKH+GFP+-M2-mammosphere cells from young and aged, WT or 
p66Shc-/- mice were observed by 7-day time-lapse imaging to score asymmetric vs symmetric 
divisions and rounds of divisions entered. MaSCs were categorized according to their modality of 
division (ACD or SCD) and sub-categorized by rounds of division entered (2, 3 or >3). Numbers 
and percentages of cells are indicated for each group. For “Aged WT +EV”, “Aged p66Shc-/- +EV” 
and “Young p66Shc-/- +p66Shc” groups, MaSCs were the same of experiments depicted in Fig. 
5C-E. For “Young WT +EV” and “Young p66Shc-/- +EV” groups, MaSCs were pooled from 
experiments depicted in Figures 5C-E and 7A,C. Chi-square test reveals no significant difference 
between asymmetrically- and symmetrically- dividing MaSCs in rounds of division entered. 
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Table S3 

Table S3. qRT-PCR expression levels of genes analyzed in the present study. Mean qRT-
PCR expression levels are shown as fold-changes (FCs) over “young WT” values, used as 
calibrators. 0<FCs<1 are expressed as -1/FC (negative FCs). SEM (standard error of the mean) 
and N (sample size) are indicated.  
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Table S4 

Table S4. List of antibodies used in the present study. Host species, immunoreactive antigens, 
clone identifiers, commercial information, working dilutions and applications are listed for each of 
the antibodies used in this study.  



Supplemental Material                                       Mechanisms of aging in mammary stem cells, by Priami et al. 

17 
 

Table S5 

Table S5. List of instruments used for image acquisition in the present study. Microscopes, 
cameras, objectives with magnifications and numerical apertures, commercial information, 
applications and references to figures are indicated for each of the imaging instruments used in 
this study.  

 

Instrument Source Application 

SZX16 Stereomicroscope Olympus, Hamburg, HH, 
Germany 

Whole-mount imaging 
(Fig. 1A-C, 4A and S4) 

Aperio ScanScope XT equipped with a 20x/0.75NA 
dry objective 

Leica Biosystems, 
Nussloch, BW, Germany 

FFPE tissue slide optical imaging 
(Fig. 2A-B and S1C) 

SP8 Confocal Microscope, equipped with a 40x/1.3NA 
immersion oil objective 

Leica Microsystems, 
Wetzlar, HE, Germany 

FFPE tissue slide fluorescence confocal 
imaging (Fig. 2D and S1A) 

BX61 Upright Wide Field Microscope, equipped with a 
100x/1.35NA immersion oil objective Olympus Immunocytofluorescence imaging 

(Fig. 5A and S5) 
DM6-B Microscope, equipped with a 63x/1.40NA or a 

100x/1.40NA immersion oil objective Leica Microsystems Immunocytofluorescence imaging 
(Fig. S6A,C) 

IX81 Inverted Fluorescence Automated Live cell 
Microscope, equipped with a 10X/0.4NA dry objective Olympus Time-lapse fluorescence imaging 

(Fig. 7D and S7C) 
IX81 Inverted Fluorescence Automated Live cell 

Microscope, equipped with a 20X/0.45NA dry objective Olympus Time-lapse fluorescence imaging 
(Fig. 5C and S6B)  

ECLIPSE Ti Inverted Microscope System, equipped 
with 20x/0.75NA dry objective Nikon, Tokyo, Japan Time-lapse fluorescence imaging 

(Fig. 5C and S6B) 
THUNDER DMI8 Imager, equipped with a 20x/0.4NA 

dry objective Leica Microsystems Time-lapse fluorescence imaging 
(Fig. 5C and S6B) 

DS-5Mc-U1 Digital Sight Camera Nikon Equipped on SZX16 Stereomicroscope 

CoolSNAP EZ Photometrics, Huntington 
Beach, CA, USA 

Equipped on BX61 Upright Wide Field 
Microscope 

Zyla 4.2 sCMOS 
Andor Technology (Oxford 

Instruments), Belfast, 
Antrim, UK 

Equipped on DM6-B Microscope and 
ECLIPSE Ti Inverted Microscope System  

ORCA R-2 CCD Camera Hamamatsu, Hamamatsu 
City, Japan 

Equipped on IX81 Inverted Fluorescence 
Automated Live cell Microscope 

ORCA-AG Hamamatsu Equipped on IX81 Inverted Fluorescence 
Automated Live cell Microscope 

DFC9000 GTC Leica Microsystems Equipped on  THUNDER DMI8 Imager 

Cage incubator for live cell imaging Oko-Lab, Ambridge, PA, 
USA Equipped on time-lapse microscopes 
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Table S6 

Table S6. List of genes analyzed by qRT-PCR in the present study. Gene symbols, gene 
names, Mouse Genome Informatics gene IDs and Taqman® assay IDs are indicated for each of 
the genes analyzed in this study. 
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Supplementary Datasets 

Dataset 1, Dataset 2 and Dataset 3 are provided in Excel format. 

Dataset 1. List of gene sets used for Gene Set Enrichment Analysis (30) of aged p66Shc-/- vs WT 
mammosphere gene expression levels. Datasets were either downloaded from MSigDB 
collections, or manually curated from already published data (31-35). Human orthologs of mouse 
genes were obtained using the g:Orth (Orthology Research) tool (70). 

Dataset 2. List of mammary stem cell (MaSC)-genes differentially expressed in p66Shc-/- vs WT 
aged mammospheres, analyzed by RNA-sequencing. Genes listed here were categorized as 
“MaSC-markers” if satisfying one of the two following criteria: i) being present in at least 3 out of 5 
datasets of genes upregulated in MaSCs (31-35), and/or ii) being object of a previously published 
functional study. Human and mouse gene symbols, along with literature references, gene 
expression fold changes and false discovery rates (FDR) are indicated. 

Dataset 3. List of cell polarity-genes differentially expressed in p66Shc-/- vs WT aged 
mammospheres, analyzed by RNA-sequencing. Genes listed here were categorized as “cell 
polarity- or asymmetric division-markers” if object of a functional or descriptive study in vertebrates. 
Human and mouse gene symbols, along with literature references, gene expression fold changes 
and false discovery rates (FDR) are indicated. 
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Original Data 

Original Data. Uncropped western blot images. (A) Appendix to Fig. 6A. (B) Appendix to Fig. 
S7A. (C) Appendix to Fig. S7B. In (A-C), colorimetric and chemiluminescent images of membranes 
were digitally acquired with a ChemiDoc XRS+ instrument and merged using Image Lab software 
(Bio-Rad Laboratories); cropped areas are shown by green dashed lines; lane numbering, sample 
names, antibodies used and molecular weights of the protein marker bands are indicated. 


