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Supporting Information Figure S1. (refers to Figures 1C and 1D) Molecular
characterization of the sorted MRU and Ma-CFC subsets of mammary epithelial cells.
(A) Control qRT-PCR for myoepithelial (SMA, CK14) and luminal (CK18, CK19) markers
of mRNA extracted from MRU and Ma-CFC (Stingl et al., 2006) sorted populations relative

to the total population, shows accuracy of the FACS sorting procedure.
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Supporting Information Figure S2. (refers to Figure 2) Pinl controls human breast CSC self-
renewal and replicative potential.

(A) Left: Serial replating of mammospheres (M1-M4) generated from MDA-MB-231 human
breast cancer cells and treated with DMSO or PiB (1,5 uM and 3 uM). Mammosphere formation
efficiency (%MFE) was calculated as percentage of mammospheres divided by the number of
plated cells. Means, standard deviations and p-values are indicated (t-test, n=3, M4). Right:
Percentage of M2FE of BT-549 and SUM-159 breast cancer cell lines treated with vehicle
(DMSO) or PiB. Means, standard deviations and p-values are indicated (t-test, n=3). (B) Secondary
and tertiary mammosphere formation efficiency of a grade 2 (G2) and grade 3 (G3) patient-derived
breast cancer cells treated with vehicle (DMSO) or 3 uM PiB. (C) Left: Secondary mammosphere
formation efficiency of MDA-MB-231 cells transduced with empty or HA-Pinl expressing

vectors. Representative microphotographs and scale bars are shown. Right: Histogram showing



percentage of Aldefluor median fluorescence intensity difference (MFI). (D) qRT-PCR of
endogenous Pinl mRNA in sorted MDA-MB-231 Aldh-positive compared to Aldh negative cells.

Means, standard deviations and p-value are indicated (t-test, n=3, M2).
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Supporting Figure S3. (refers to Figure 3) Pinl regulates breast CSCs self-renewal by
keeping high levels of N1-ICD.

(A) Upper: Percentage of secondary mammosphere formation efficiency (%M2FE) of SK-BR-3
cells transduced with empty (-), N1-ICD or N1-ICD-dPEST expressing vectors and treated with
DMSO (black bars) or PiB (3 uM) (grey bars). Means, standard deviations and p-values (t-test,
n=3) are indicated. Lower: Western blot analysis of the indicated proteins from cells grown as
secondary mammospheres. (B) Representative bright field microphotographs at 100X
magnification of immunohistochemical analyses of serial sections of two breast cancers with the
indicated antibodies are shown. Part of the figure indicated with a square is shown by an inset at

400X magnification. Scale bar is indicated. (C) CD44/CD24 FACS analyses of MCF10A cells



transduced with pLPC or pLPC-HA-Pinl. Percentage of the different CD44/CD24 populations is
indicated on the right.
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Supporting Information Figure S4. (refers to Figure 4) Pinl downmodulation sensitizes
breast CSCs to chemotherapeutic treatment.

(A) Left: Percentage of secondary MFE (%M2FE) of control (black bars) or Pinl shRNA
(sequence #2) (grey bars) expressing MDA-MB-231 cells transduced with empty (-) or N1-ICD-
dPEST (+) expressing vectors, treated with Paclitaxel (+) or PBS (-). Means and standard
deviations are indicated, p-values are ** = 0.0001, ***< 0.00003 (t-test, n=3). Right: the
corresponding analysis of protein expression by Western blot is shown. Arrow indicates position of

the specific band.
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Supporting Information Figure SS5. (refers to Figure 5) Pinl hampers Fbxw7a-mediated
degradation of N1- and N4-ICDs.

(A) Left panel: Western blot of over-expressed N1-ICD-myc along with indicated siRNAs and
empty (-) or siPinl resistant pPCDNA3-HA-Pinl (Pinlr) expression vectors, treated with DMSO (-)
or CHX. Right panel: Graph indicating N1-ICD-myc protein levels versus time of CHX treatment
in the three tested conditions (siCtrl, siPinl and siPinl + HA-Pinlr). Means, standard deviations
and p-values (t-test, n=3) are indicated. (B) Non-related antibody (NRA) or anti-cleaved N1-ICD
(Val1744) antibody immunoprecipitates from MDA-MB-231 cells, treated with GSI or vehicle (-),
were subjected to either anti-Notchl or anti-Pinl Western blot analysis. Input lane shows 5% of
total lysates. (C) N1-ICD binding to Pinl is direct. Control non-related antibody (NRA) or anti-
myc antibody immunoprecipitates from pcDNA3-N1ICD-myc transfected HEK 293T cells, were
subjected to Far Western using purified GST-Pin1 as a probe, followed by anti-Pin1 Western blot.
Anti-myc Tag Western analysis of the upper panel after stripping is shown. (D) Mapping of the
Pin1-N1-ICD interaction. Upper: Schematic of pCDNA3-N1-ICD-myc C-terminal deletion
constructs (from d2444 to d1991) used for mapping Pinl binding domains in N1-ICD. TM:
transmembrane, RAM: CSL interacting, ANK: ankyrin, STR: Serine-Threonine rich, TAD:
transactivation, PEST: Pest domain. Numbering refers to Swissprot entry P46531. Interaction with
Pinl is indicated next to the constructs: +++ very strong, ++ strong, — no binding. A relevant drop
in binding strength is observed by deletion of the PEST domain and the STR. Lower:
Representative anti-myc tag Western blot analyses of GST-Pinl pull down assays of indicated

proteins overexpressed in HEK 293T cells is shown. The borders around the panels demarcate



juxtaposed parts of same or different gels aligned in function of the molecular weight. (E) N1-ICD-
T2512A mutation hampers binding to Pinl. Left: scheme representing wildtype NI1-ICD and
T2512A mutation. Right: Anti-myc tag Western blot analysis of GST-Pinl or GST pull down assay
and input levels of indicated proteins overexpressed in HEK 293T cells is shown. (F) N1-ICD-
T2512A mutant half-life is unaffected by Pinl levels. Western blot of CHX chase experiment with
N1-ICD-myc and NI1-ICD-T2512A-myc mutant with empty (-) or HA-Pinl expressing vectors.
(G) Western blot analysis showing the levels of N1-ICD following RNA interference (RNAi) of
the indicated factors. Modulation of Pinl levels are shown in the same Western blot, whereas the
relative decrease of FBXW7 mRNA was detected by qRT-PCR, as shown in the histogram on the
right. (H) PinI”~ MEFs transfected with pCDNA3-N1-ICD-myc and increasing amounts of
p3xFLAG-Fbxw7a along with either empty vector (-) or pPCDNA3-HA-Pinl. The borders around
the panels demarcate juxtaposed parts of the same gel. (I) Histogram of Luciferase reporter assays
in SK-BR-3 cells co-transfected with pGL2-RBPjx/LUC and empty vector (-) or pPCDNA3-N1-
ICD-myc, along with p3xFLAG-Fbxw7 and increasing amounts of pPCDNA3-HA-Pinl as indicated
by a wedge. Means, standard deviations and p-value (t-test, n=3) are indicated. Cell lysates were
analyzed by Western Blot and are shown below. (J) Histogram showing the fold change of mRNA
expression of endogenous NI1-ICD target (HES-1) following over-expression of N1-ICD-myc,
Flag-Fbxw7a and HA-Pinl in SK-BR-3 cells analyzed by qRT-PCR. Means and standard
deviations are indicated for three independent experiments. The corresponding Western blot is
shown below. (K) Upper: Alignment of cdc4-phophodegron sequence within the PEST domains of
Notchl and Notch4 (Swissprot P46531 and Q99466, respectively). The consensus is shown in
bold, the aminoacids of N1- and N4-ICD corresponding to the phosphodegron are boxed. Middle:
Western blot of a GST pull down analysis performed with GST-Pinl binding domain WW and
GST alone with overexpressed HA-N4-ICD. Input levels are indicated. The borders around the
panels demarcate juxtaposed parts of the same gels. Lower: Western blot of a CHX chase in SK-
BR-3 cells transfected with pCDNA4-N4-ICD-HA along with the indicated RNA, in presence (+)
or absence of proteasome inhibitor Lactacystin. (L) Histogram of Luciferase reporter assays in SK-
BR-3 cells co-transfected with pGL2-RBPjx/LUC and pCDNA4-N4-ICD-HA alone or with
p3xFlag-Fbxw7a and increasing amounts of pPCDNA3-HA-Pinl. Means, standard deviations and
p-value (t-test) are indicated for three independent experiments. Cell lysates were analyzed by
Western blot and are shown below the histograms. (M) Microscope images at 400X magnification
of sectioned mammary glands from 8 weeks old female mice stained with the indicated antibodies
by immunohistochemistry and counterstained with haematoxylin. Stainings were performed
without primary antibody (only secondary, II*” AB) for specificity and with anti-Pinl antibody as
genotype control, respectively. Scale bar is indicated. (N) Histogram representing the means and

standard deviations of ChIP analyses (n=3) with anti-N4-ICD (Val 1432) or a non related antibody



(NRA) in MDA-MB-231 cells on endogenous HES1 or Pinl promoters, using specific RBP-jk
binding sites (HES1+ and Pinl+) or unrelated regions as negative controls (HES1- and Pinl-) on
both promoters (Rustighi et al., 2009). (O) Histogram of Luciferase reporter assays in SK-BR-3
cells co-transfected with the luciferase under control of the human Pinl promoter (pGL2-
hPinl/LUC) along with increasing amounts of pCDNA4-N4-ICD-HA or pCDNA3-N1-ICD as a
positive control (Rustighi et al., 2009). Means, and standard deviations are indicated for three
independent experiments. Cell lysates were analyzed by Western blot and are shown below the

histograms. (A)-(L), (O) Molecular weights M(K) are indicated in KDa.
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Supporting Figure Sé6. (refers to Figure 6) Pinl uncouples N1-ICD and N4-ICD from Fbxw7a
in a PP2A dependent manner.

(A) Western blot analysis of Co-IP experiments between endogenous Fbxw7a and N4-ICD from
MDA-MB-231 cells treated with DMSO or PiB. Anti-Fbxw7a immunoprecipitates (IP) were
recognized with anti-Notch4 antibodies and after stripping with an anti-Fbxw7a antibody. Input
levels are shown below. (B) Graph depicting the mean of Flag-Fbxw7a Co-IP levels, normalized to
immunoprecipitated N1-ICD. Standard deviations and p-value (t-test, n=3) are shown. (C) Upper
panel: Western blot analysis of GST pull-down experiments using GST-Pinl or GST-Pin1%°"F



with lysates from HEK 293T cells transfected with empty (-) or N1-ICD-myc expressing vector.
Input levels of N1-ICD are shown. The borders around the panels demarcate juxtaposed parts of
the same gels cropped from different positions. Lower panel: Ponceau staining of the indicated
GST proteins transferred on the membrane used in the upper panel. (D) Western blot analysis of
Co-IP between N1-ICD-myc and Flag-Fbxw7a from SK-BR-3 cells transfected with indicated
vectors along with control (siCtrl) or PP2A (siPP2A) specific siRNA. Anti-Flag Western blot to
reveal Flag-Fbxw7a Co-IP and, after stripping, anti-myc Western blot of immunoprecipitates (IP)
are shown. Inputs are shown below. (E) Western blot analysis as in (C) with or without

overexpression of HA-Pinl. (A), (C)-(E) Molecular weights (M; (K) are indicated in KDa.
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Supporting Figure S7. (related to Figure 7) Pinl sustains Notch-dependent stem cell features
despite Fbxw7a.

(A) Percentage of Aldh positive cells of clones from Figure 7A grown as mammospheres,
calculated as Mean fluorescence intensity (MFI) difference between samples containing BAAA
and that of the same samples containing also DEAB. (B) Histogram of the percentage of secondary
mammosphere forming efficiency (%M2FE) of the same clones as in Figure 7A in presence of
control- (siCtrl) or Notchl RNA interference (siNotchl). Means, standard deviations and p-value
(t-test) of three independent experiments, are indicated. Protein levels are shown in the Western
blot below. White and black arrows indicate over-expressed and endogenous Pinl, respectively.
Molecular weights (M,) are indicated in KDa. (C) qRT-PCR of Notch target genes of MDA-MB-
231 transfected with Fbxw7-specific siRNA and treated with vehicle (black bars) or GSI (grey

bars). Means and standard deviations are indicated (n=3).
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Supporting Figure S8. (related to Figure 8A) Pinl sustains Notch-dependent stem cell and
tumorigenic features despite Fbxw7a in vivo. (A) Western blot of Fbxw7a and Fbxw7a + Pinl

tumor xenografts relative to control tumors (empty) explanted at the end of the experiment.
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Supporting Figure S9. (related to Figure 9) Association of FBXW?7 or PINI expression in N1-
ICD high and low breast cancers.

(A) Upper panel: heatmap representing the expression of PIN/ and FBXW?7 (detected at mRNA
expression level) and N1-ICD (detected at protein level) in a cohort of 43 breast cancer patients.
The colour in each block represents if the mRNA or protein is above (red) or below (blue) the
average value of the samples for each gene or was scored high or low by immunohistochemistry,
respectively. Lower panel: Contingency table showing percentage of each category calculated on
the precedent category of patients. (B) Box-plot representations of gene expression values (of
FBWX7 and PINI, upper and lower panels, respectively) in the breast cancer cohort of Figure S9OA.
Patients were binned in low or high categories for weak or strong N1-ICD staining (detected by
IHC, see Methods for detail). Finally, to test the associations between NI-ICD staining and
expression of FBWX7 and PINI, Wilcoxon rank sum tests were performed. The results showed no
association for FBWX7 (W = 192, p-value = 0.8998) and very strong association for PINI (W = 35,
p-value = 2.967 x 10°). (C) Representative images at 40X magnification of indicated protein
expression analyses by immunohistochemistry of serial sections of tissues from the patients’ cohort
in Fig. 9A. Scale bar is indicated. (D) Kaplan-Meier graphs representing the probability of survival
in 1173 breast cancer patients from the meta-dataset of Figure 9C with outcome information on
survival. Tumor samples were classified as high or low Notch-dependent Direct Target (NDT) gene
signature using the classifier described (Adorno et al., 2009). The log-rank test p value reflects the
significance of the association between NDT gene signature low and longer survival. (E) Kaplan-
Meier graphs representing the probability of survival in grade 3 patients from the meta-dataset with

low NDT signature classified for high or low PINI levels.



Supporting Information Table S1. Breast cancer re-organized cohorts comprised in the

meta-dataset analyzed in this study.

Cohort

KI Stockholm

EMC-344

MSKCC

KI Uppsala

OXF

TransBIG

Mainz

Veridex MultiCente

r

GUY

UCSF

1JB_TOP

US_NCI

CRCM

KOOF

Goethe

MDACC

[-SPY-1

LBJ INEN_ GEICA
M

US0O-02103

Affymetrix
platform

HG-U133 A
HG-U133A

HG-U133A
HG-U133A
HG-U133A

HG-U133A
HG-U133A

HG-U133A

HG-U133 Plus 2.0

HG-U133AA0fAV2

HG-U133 Plus 2.0

HG-U133 Plus 2.0
HG-U133 Plus 2.0

HG-U133 Plus 2.0

HG-U133A

HG-U133A
HG-U133A

HG-U133A

HG-U133A

Samples

159

344

82

253

178

198
200

136

164

166

107

115

252

327

65

313

83

58

54

Data source

GSE1456

GSE2034; GSE5327

GSE2603

GSE3494;
GSE4922; GSE6532

GSE6532
GSE7390
GSE11121

GSE12093

GSE6532; GSE9195

E-TABM-158;
GSE7378

GSE16446

GSE19615

GSE21653

GSE20685

GSE31519

GSE25066
GSE25066

GSE25066

GSE25066

References

Pawitan et al., 2005
Wang et al., 2005;
Minn et al., 2007
Minn et al., 2005
Loi et al, 2008;
Ivshina et al, 2006;
Miller et al, 2005
Ivshina et al., 2006
Desmedt et al., 2007
Schmidt et al., 2008

Zhang et al., 2009

Loietal., 2007; Loi
et al., 2008; Loi et
al., 2010

Merritt et al., 2008;
Zhou T et al., 2007,
Yau C etal., 2008
Desmedt Cet al.,
2011; LiY etal.,
2010; Juul N et al.,
2010

LiY tal., 2010
Sabatier R et al.,
2011

Kao KJ et al., 2011
Rody A. etal., 2011;
Karn T. et al., 2011;
Karn T. et al., 2012
Hatzis C. et al., 2012
Hatzis C. et al., 2012

Hatzis C. et al., 2012

Hatzis C. et al., 2012



Supporting Information Table S2. Notch-dependent Direct Target (NDT) gene signature.

Gene name ENTREZ ID Reference

HES1 3280 Grabher et al., 2006

HEY1 23462 Grabher et al., 2006

HEY?2 23493 Grabher et al., 2006

HEYL 26508 Grabher et al., 2006

MYC 4609 Palomero et al., 2006; Weng et al., 2006
BUBI1B 701 Palomero et al., 2006

BUB3 9184 Palomero et al., 2006

CDC25A 993 Palomero et al., 2006

PHB 5245 Palomero et al., 2006

RBL1 5933 Palomero et al., 2006

RPL3 6122 Palomero et al., 2006

USP5 8078 Palomero et al., 2006

PLAU 5328 Shimizu et al., 2011

SHQ 55164 Chadwick et al., 2009

CCNDI 595 Ronchini and Capobianco, 2001
GATA3 2625 Amsen et al., 2007

SKP2 6502 Sarmento et al., 2005

ERBB2 2064 Chen et al., 1997

CDKNI1A 1026 Rangarajan et al., 2001

SNAI1 6615 Sahlgren et al., 2008

SNAI2 6591 Leong et al., 2007

NFKB2 4791 Oswald et al., 1998

BIRCS 332 Lee et al., 2008

NOTCHI1 4851 Weng et al., 2006; Hamidi et al., 2011
NOTCH3 4854 Weng et al., 2006; Hamidi et al., 2011
NOTCH4 4855 Hamidi et al., 2011

IFRD2 7866 Palomero et al., 2006

ING3 54556 Palomero et al., 2006

PTCRA 171558 Grabher et al., 2006

CD3D 915 Palomero et al., 2006




Supporting Information Table S3. Enrichment of gene signatures in the list of genes
preferentially expressed in NDT signature HIGH/PINI HIGH versus NDT signature HIGH/PINI
LOW tumors in the metadataset (GRADE 3).

SIGNATURES ENRICHMENT in
(BIOCARTA PATHWAY + OTHER SIGNATURES) NDT HIGH/PIN1 HIGH (q-value)
ESI 0.008710
ES.like 0.021817
stem_tumorig 0.029714
Mut.p53_up 0.034324

Differentially expressed genes (n=1460, g-value <0.01 and fold change >1.5) were subjected to
Gene set enrichment analysis (GSEA) as already described (Montagner et al., 2012). Enrichment
has been determined using a Fischer’s exact test on all 254 signaling pathways in the database. P-

values have been corrected using BH procedure.



Supporting Material and Methods

Oligonucleotides. All oligonucleotides were supplied by MWG.

Oligonucleotides for quantitative real-time PCR:

Gene symbol Forward 5°-3° Reverse 5°-3° Ref
Mouse Pinl GTCTCAGGGATGGGGCTTTT TGGTGGGGCTCAGAGGTATT
Mouse SMA TGATCACCATTGGAAACGAACG TGGTTTCGTGGATGCCCGCT Stingl et al., 2006
Mouse CK 14 TGAGAGCCTCAAGGAGGAGC TCTCCACATTGACGTCTCCAC Stingl et al., 2006
Mouse CK18 CTTGCTGGAGGATGGAGAAG CTGCCATCCACGATCTTACGG Stingl et al., 2006
Mouse CK19 CAGGCTGGAGCAGGAGATCG TGGTAGCTCAGATGGCCTTGG Stingl et al., 2006
Mouse GAPDH TTCACCACCATGGAGAAGGC CCCTTTTGGCTCCACCCT Li et al., 2009
Human HES1 GAGAAAAGACGAAGAGCA TGTGCTCAGCGCAGCCGT
Human HEYL TCCCCACTGCCTTTGAG GGCACTCTTCCCAGGAT Leong et al., 2007
Human BIRC5 GCCCAGTGTTTCTTCTGCTT CCGGACGAATGCTTTTTATG Cheung et al., 2009
Human CTGF GTCCGCGTCGCCTTCGTGGTC GAGCACCATCTTTGGCGGTGCAC
Human SLUG AGATGCATATTCGGACCCAC CCTCATGTTTGTGCAGGAGA Leong et al., 2007
Human ABCG2 TTTCCAAGCGTTCATTCAAAAA TACGACTGTGACAATGATCTGAGC
Human GLI1 CCCCAGGGGCTGAGTCCTCC TCCAGAGCTGCCCCGCTGAT
Human PTCH CTGAGCAACACTCTGATGAA CAGTTAATGACTCCCAAGCA
Human BMI-1 GTCCAAGTTCACAAGACCAGACC ACAGTCATTGCTGCTGGGCATCG Liu et al., 2006
Human VIM-1 GAGAACTTTGCCGTTGAAGC GCTTCCTGTAGGTGGCAATC Casas et al., 2011
Human HMGA2 AGCAGAAGCCACTGGAGAAA TCTTCGGCAGACTCTTGTGA
Human KLF4 ATTACGCGGGCTGCGGCAAAA TTTTTGGCACTGGAACGGGCGG
Human DKK GGGAATTACTGCAAAAATGGAATA ATGACCGGAGACAAACAGAAC Butler., 2010
Human CDH1 TGCCCAGAAAATGAAAAAGG GTGTATGTGGCAATGCGTTC Casas et al., 2011
Human Pinl CTGGAGCTGATCAACGGCTACATCC GCAGCGCAAACGAGGCGTCT
Human Fbxw7 GTGGACCTGCCCGTTCACCAACTCT CGGACCTCAGAACCATGGTCCAACT
Human GAPDH GAGTCAACGGATTTGGTCGT GACAAGCTTCCCGTTCTCAG
Human H3 GTGAAGAAACCTCATCGTTACAGGC CTGCAAAGCACCAATAGCTGCACTC

CTGGT TGGAA

Oligonucleotides for cloning and mutagenesis:

Plasmids

Forward 5°-3°

Reverse 5°-3°

pLKO-TetO-shPinl

AAAGTCCTCCTCTCCCGTTTTT

CCGGCGGGAGAGGAGGACTTTGACTCGAGTC

AATTAAAAACGGGAGAGGAGGACTTTGACTCG
AGTCAAAGTCCTCCTCTCCCG

Alanine

pCDNA3-N1-ICD
Threonine 2512 to

TGAC

CACCCCTTCCTCGCGCCGTCCCCTGAGTCCCC

GAGGAAGGGGTGCTCAGGCACCTGTAG

pMSCV-3XFlag-Fbxw7a

AT

TATAAAGATCTTATGATCGACTACAAAGACG

GAGCGGATCCATGGCACGCAAGCGCCGG

siRNA sequences:

siRNA

Sequence 5°-3°

Ref

siFbxw7a

ACCTTCTCTGGAGAGAGAAATGC

Welcker et al., 2004




siPP2A CACCUUUGGGCAAGAUAUU Guichard et al., 2006
siPinl #1 CGGGAGAGGAGGACUUUGA Girardini et al., 2011
siPinl #2 GCCAUUUGAAGACGCCUCG Girardini et al., 2011
siNotchl GUGUCUGAGGCCAGCAAGA

siCtrl Allstar NEGATIVE control, Qiagen




Plasmid, retroviral and lentiviral vectors.

pCDNA3-N1-ICD-myec, pCDNA3-N1-ICD-deltaPEST(d2444)-myc, pCDNA3-N1-ICD-
deltaTAD(2171)-myc, pCDNA3-NI1-ICD-deltaSTR(d2120)-myc, pCDNA3-N1-ICD-T2512A-
myc, were generated by PCR and standard cloning procedures starting from pCDNA3-NdeltaE-
myc (Rustighi et al., 2009) constructs as templates. pPCDNA3-N1-ICD-(d2095)-myc and pCDNA3-
NI1-ICD-(d1991)-myc were generated as above from corresponding pBabe constructs described
elsewhere (Jeffries and Capobianco, 2000). pCDNA3-HA-Pinl and pCDNA3-HA-S67E, retroviral
pLPC-HA-Pinl, pCDNA3-HA-Pinlr, were already described (Rustighi et al., 2009; Girardini et
al., 2011). Retroviral pMSCV-3X-Flag-Fbxw7a was obtained by PCR and subcloning from p3X-
Flag-Fbxw7a coding for the human alpha isoform. pCDNA4-N4-ICD-HA was a kind gift of L.
Prudovsky and was already described (MacKenzie et al., 2004). For lentiviral infection an shPinl
corrsponding to the siRNA sequence Pinl#1 was cloned into the Doxicyclin-inducible pLKO-Tet-
ON (Addgene) following the “All-in-one” system described by D.Wiederschain
(dmitri.wiederschain@novartis.com). For preparation of viral particles psPAX2 and pMD2.G were
used in HEK 293T cells.

Cell lines and treatments

MDA-MB-231, SK-BR-3, BT-549, and SUM-159 are human breast carcinoma cells, HEK 293T is
a human embryonic kidney cell line with SV40 large T, immortalized Pinl-/- fibroblasts have been
obtained by spontaneous immortalization from Mouse Embryo Fibroblasts of C57BL6/129Sv
mixed background (Rustighi et al., 2009). COS-7 are monkey kidney cells immortalized with
SV40 large T antigen. NOP6 is a mouse mammary tumor cell line (Yang et al., 2009). All cells
were cultured in DMEM, supplemented with 10% Fetal Bovine Serum (Gibco) and
Penicillin/Streptomycin, as described (Rustighi et al., 2009). For NOP6, in addition Insulin
supplements were added (Yang et al., 2009). MCF10A cells were maintained in DMEM:F12
Ham’s (1:2; Sigma), supplemented with 5% horse serum (Gibco), insulin (10 pg ml™'; Sigma),
hydrocortisone (0.5 pg ml™") and EGF (20 ng ml™'; Peprotech). Primary breast cancer cell lines
were maintained in F12 Ham’s supplemented with 10% FCS and insulin, hydrocortisone and EGF
as above. Transient transfections, retroviral or lentiviral infections were performed by standard
procedures, as described (Rustighi et al., 2009). pEGFP was included as control for transfection
efficiency. For creation of stable clones, a selection corresponding to the expressed vectors was
applied for 2 weeks to infected cells at the concentrations of 2 pgr/ml for Puromycin and 0,5mg/ml
for Blasticidin. Cycloheximide (Sigma) for chase experiments was used at 50 nM concentration.
Treatment with gamma-secretase inhibitor DAPT (Sigma), Pinl inhibitor PiB (Calbiochem) or
proteasome inhibitor lactacystin (Sigma) have been described previously (Rustighi et al., 2009).



Protein phosphatase inhibitor Okadaic Acid (Sigma) was dissolved in DMSO and used at a final
concentration of 200 nM for 6h.

Flow cytometric analyses and sorting (FACS)

Mouse mammary epithelial lineage-depleted cells, pre-enriched using the EasySep Mouse
Mammary Stem Cell Enrichment Kit (see above), were analysed by FACS and sorted to near
purity (85%) with antibodies against CD49f and CD24. FACS analysis and sorting from
mammospheres based on aldehyde dehydrogenase (Aldh) activity were performed using the
Aldefluor kit (StemCell Technologies Inc) following the manufacturer’s instructions and are
detailed in Supporting Information. Briefly, cells were incubated with active substrate (BAAA) in
presence or absence of a specific adehyde dehydrogenase inhibitor (DEAB) for 30-60 min at 37°C,
to allow conversion of BAAA into a fluorescent product (BAA). Fluorescence was measured by
flow cytometry (FACS Calibur) using adjusted FSC and SSC voltages to center the nucleated and
viable cell population. DEAB treated vs. non treated cells were used to identify Aldefluor positive
cells. Median fluorecence intensity (MFI) was derived from each sample and the baseline
fluorescence, used to identify the Aldefluor positive and negative populations, was calculated by
the difference between the MFI of sample containing BAAA and the MFI of the same sample
containing also DEAB. Sorting of the populations of interest was performed on ARIA II cell sorter
(Beckton Dickinson) to near purity (85%). CD44/CD24 flow cytometric analysis was performed
with mouse anti-human PE conjugated anti-CD44 and FITC conjugated anti-CD24 antibodies
(BD).

Antibodies for  Western blot, Far Western, Immunoprecipitations, and
Immunohistochemistry.

The following antibodies were used: rabbit and goat polyclonal anti-Notch1 (C-20: sc-6014, and S-
20: sc-23304, SantaCruz), rabbit polyclonal anti-N1-ICD Vall1744 (#2421, Cell Signalling), rabbit
polyclonal anti-N4-ICD Val1432 (SAB4502023, Sigma), rabbit polyclonal anti-Notch4 (H-225, sc-
5594), rabbit polyclonal anti-Pin1 (Rustighi et al., 2009) and mouse monoclonal anti-Pinl (G-8: sc-
46660, Santa Cruz), rabbit polyclonal anti-HES-1 (#AB5702, Millipore), rabbit polyclonal anti-
Slug (#9585S, Cell Signaling), mouse monoclonal anti-Vimentin (ab8069, Abcam), mouse
monoclonal anti-E-cadherin (610182, BD), rabbit monoclonal anti-cleaved Caspase-3 (5A1E, Cell
Signaling), rabbit polyclonal anti-Mcl-1 (S-19: sc-819, Santa Cruz), for immunoprecipitation and
Western blot of endogenous Fbxw7c mouse monoclonal (Abnova MO2, 3D1) and rabbit
polyclonal (Abcam ab12292) antibodies were used, respectively. For tagged proteins rabbit
polyclonal and mouse monoclonal (9B11) anti-myc (#2272 and #2276 respectively, Cell
Signaling), mouse monoclonal anti-Flag clone M2 (F3165, Sigma), anti-GFP rabbit polyclonal



serum was raised against GST-GFP fusion protein expressed in bacteria, affinity purified and used
1:1000, mouse monoclonal (12CAS5) and rabbit polyclonal (Y-11, sc-805 Santa Cruz) anti-HA. For
immunohistochemical stainings anti-cleaved Notchl (Abcam 8925) anti-Notchl (Santa-Cruz C-
20), anti-Notch4 (Santa Cruz H-225), anti-Fbxw7a (Abnova MO2, 3D1), and anti-Pin1 home made
anti-rabbit (Rustighi et al. 2009) were used.

Western blot, in vitro binding, immunoprecipitation. /n vitro binding assays, immuno- and co-
immunoprecipitations and Western blot analyses were performed by standard procedures, as
described (Rustighi et al., 2009). Briefly, for GST and GST-Pinl pull-down analysis using cells
were lysed in GST pull-down buffer (150 mM NaCl, 50 mM Tris/HCI pH 7.5, 10% glycerol, 0.1%
Nonidet P-40, Sigma), supplemented with inhibitors of phosphatase (ImM sodium orthovanadate,
SmM NaF, Sigma) and protease (phenylmethylsulfonylfluoride (PMSF) ImM and chymostatin,
leupeptin, antipain, pepstatin 10 pug ml" each, Sigma). For Notchl immunoprecipitations cells
were treated in all cases with proteasome inhibitor lactacystin for 8 hrs and collected in GST pull-
down buffer as above. Cell lysates were cleared with proteinA Sepharose by rocking for 30 min,
then Protein A/G sepharose (GE Healthcare) cross-linked antibodies, precleared with 10 mg/ml
BSA (Sigma), were added. Binding reactions were left for a minimum of 4 hours to over night
rocking at 4°C. Then beads were washed and bound proteins were loaded and separated in SDS-
PAGE, followed by Western blotting on Nitrocellulose membranes (Scleicher & Schuell). For {-
mercaptoethanol stripping of the primary antibody membranes were shortly boiled in 0.1 mM (-
mercaptoethanol, 1% SDS, 50 mM Tris/HCl pH 6.9, then washed by shaking at RT with PBS,
followed by blocking in Blotto-tween (PBS, 0.2% Tween-20, not fat dry milk 5%) or with TBST
(Tris/HC1 25 mM pH7.5) plus 5% BSA (Sigma) depending on the antibody.

Purified GST-Pinl protein for Far Western analysis was obtained by immobilization, after
production in bacteria, on glutathione sepharose 4B beads (GEhealthcare) followed by elutions
using reduced GSH as a competitor in Tris/HCI pH8 100mM and NaCl 100mM. The eluted protein
was subsequently purified by dialysis.

For Far Western Blot analysis proteins were immunoprecipitated with the indicated antibody,
resolved by SDS Page and blotted onto nitrocellulose membrane. Blocking was performed for 1h
at 4°C in PBS plus not fat dry milk 10%. Blots were then incubated with 1pug/ml GST-Pinl protein
in blocking buffer for 1h. Membranes were washed 4 times in PBS, 0.2% Tween-20. Subsequently

recognition by standard Western blot was performed.



Immunohistochemical analyses.

" and Pinl”" mice was collected, formalin fixed and embedded in

Mammary tissue from Pinl
paraffin. 3 um sections were stained with anti-Notch1 (Santa Cruz C-20, 1:50), anti-Notch4 (Santa
Cruz H-225, 1:100), anti-Fbxw7a (Abnova MO2, 3D1, 1:250), and anti-Pinl (home made anti-
rabbit, 1:200, Rustighi et al. 2009) antibodies. For immunohistochemical analysis of human breast
cancers, anti-cleaved Notchl (Abcam 8925, 1:200), anti-Pinl (Santa Cruz mouse monoclonal G-8:
sc-46660) and the abovementioned anti-Fbxw7a antibody were used. Briefly, stainings were
performed according to standard procedures for paraffin embedded tissue. Slides were
deparaffinized, rehydrated and antigen retrieved in a calibrated steam pressure cooker with citrate
buffer (pH 6.0). Endogenous peroxidase was blocked with peroxidase block from an EnVision™
Kit (DakoCytomation, Glostrup, Denmark) for 15 minutes. The slides were blocked in 5% nonfat
dry milk or PBS + 5% BSA for 20 minutes to 1 hour at room temperature to minimize nonspecific
binding due to hydrophobic interaction. The slides were then incubated in blocking buffer without
any antibody (negative control) or with the indicated primary antibodies for 1 hour at 37°C or
overnight at 4°C. After washing, slides were incubated with secondary universal antibody
(Vectastain) for 45 minutes at room temperature. Colorimetric detection was completed with
diaminobenzidine and hydrogen peroxidase for 6 minutes and counterstained with hematoxylin
(Sigma-Aldrich, St. Louis, MO, USA). The immunostaining was scored semiquantitatively. In the
evaluation of activated/cleaved Notchl and Fbxw7a only nuclear staining was considered. The
scores for IHC were: 0, no staining; 1, few nuclear staining of tumor cells (<5% of positive tumor
cells); 2, 5-10% of positive tumor cells; 3, >10% positive tumor cells. For pairwise comparisons,
the scores were collapsed to low (score, 1-2) versus high (score, 3) expression, excluding not

interpretable samples.

Data acquisition, Image processing, Equipment and settings

Western blot films were scanned with an Epson Stylus DX7450 scanner at a grey scale 600 d.p.i.
resolution and saved as Tiff files. Single panels were cropped to obtain individual layers by
Photpshop software. Densitometric values of protein levels in Western blot analyses were obtained
by Image J software. Where necessary, for the sake of clarity, parts of the same or different gels
with equal molecular weights were cropped and juxtaposed, demarcated with borders and indicated
in the figure legend. Images of mouse and human immunohistochemical analyses were obtained
using Leica DM4000B Microscope with DFC420C photocamera. Pictures of Lymph node
metastases were taken with an Olympus Super bright Zoom Lens F1.8, C-4040200M, 4.1
Megapixel, 7.5 digital zoom. Images of haematoxylin and eosin stained sections of pulmonary
metastases were obtained with an Olympus BX40 microscope and Leica DFC295 CH-9435 camera

and were used for Computer-aided assessment of percentage of lung tissue area occupied by



metastases. Microscope image files were obtained through Leica Application Suite LAS 4.1

software.

Chromatin Immunoprecipitation analysis.

Binding of N4-ICD to the genomic regions of the HES-1 and Pinl promoters was performed as
described (Rustighi et al., 2009). Binding of N4-ICD was quantified by calculating the percentage
of input chromatin by real-time PCR. Cells were cross-linked with 1% formaldehyde for 15 min,
neutralized with 125 mM glycine pH 2.5 and washed in PBS. Nuclei were prepared by hypotonic
lysis (SmM Pipes pH 6.8, 85 mM KCl, 0.5% Nonidet-P40) and centrifugation, and resuspended in
RIPA-100 buffer (20 mM Tris/HCI, pH 7.5, 100 mM NaCl, ImM EDTA, 0.5% Nonidet P-40,
0.5% deoxycholate, 0.1% SDS) with protease inhibitor cocktail (Sigma), I mM PMSF and
phosphatase inhibitors (NaF 5 mM, Na,VO, 1 mM). Chromatin was sonicated by Bioruptor
(Diagenode) to 500-1000 bp average fragment size and cleared by centrifugation. IP was
performed overnight at 4°C with either 2 ug of a rabbit polyclonal anti-N4-ICD (Val1432) or an
unrelated rabbit polyclonal antibody (anti-HA). DNA-protein complexes were recovered by protein
A/G PLUS-Agarose (GE Heathcare) and washed sequentially with RIPA-100 and RIPA-250 buffer
and LiCl solution (10 mM Tris/HCI, pH 8, 250 mM NaCl, ImM EDTA, 0.5% Nonidet P-40, 0.5%
deoxycholate), then resuspended in T.E., digested with 2U of DNAse-free RNAse (Calbiochem)
for 30 min at 37°C, and incubated overnight at 68°C with 300 mg/ml proeinase K (NEB) in 0.5%
SDS, 100 mM NaCl to digest proteins and reverse cross-links. After purification by phenol-
chloroform separation and ethanol precipitation, DNA was resuspended in H,O and 1/10 volume
was used for quantification. 1/10 of input chromatin was amplified as a standard for each
experiment. PCR products were resolved on 2% agarose gels, visualized by EtBr staining, and

quantified with Kodak Digital Science 1d 2.0.2 software. PCR settings are available upon request.

Breast cancer data collection and processing

We collected 21 datasets comprising microarray data of breast cancer samples and annotations on
patients’ clinical outcome. All data were measured on Affymetrix arrays and have been
downloaded from Gene Expression Omnibus (http://www .ncbi.nlm.nih.gov/geo) and ArrayExpress
(http://www .ebi.ac.uk/arrayexpress/). The complete list of datasets is provided in Table S1. Prior to
analysis, we reorganized the datasets eliminating duplicate samples and samples without outcome
information and renamed any original study after the medical center where patients were recruited.
Briefly, the original studies have been modified as follows:

-Stockholm has been used as it is and re-named as KI_Stockholm (Karolinska Institutet

Stockholm); -EMC-286 and EMC-58 have been merged into EMC-344 (Erasmus Medical



Center); -MSK has been used as is and re-named as MSKCC (Memorial Sloan-Kettering Cancer
Center); -Uppsala-Miller, Ivshina-Miller, and Loi datasets (GSE3494, GSE4922, and GSE6532)
included samples derived from Uppsala University Hospital, John Radcliffe Hospital in Oxford,
and Guys Hospital in London. Moreover, a comparison of the hybridization dates on the raw files
and of the patients’ clinical information revealed that, although deposited twice, GSE3494 and
GSE4922 were identical. As such, the 3 series have been split into KI_Uppsala, comprising all 253
unique patients of the Uppsala University Hospital, OXF composed of the 178 samples collected at
the John Radcliffe Hospital in Oxford, and GUY composed of the 87 samples from the Guys
Hospital in London;

-Sotiriou is entirely included in GSE6532;

-Desmedt has been used as is and renamed as TRANSBIG (after the consortium of cancer centers
where samples have been collected);

-Schmidt has been used as is and re-named as Mainz (Johannes Gutenberg University in Mainz);
-Veridex has been used as is and re-named as Veridex_MultiCenter (after the three European and
one US institutions where samples have been collected);

-Tamoxifen has been added to GUY;

-Chin and Zhou have been merged into UCSF (University of California, San Francisco) after
removing samples deposited in both GEO (GSE7378) and ArrayExpress (E-TABM-158);

-TOP TRIAL has been re-named as IJB_TOP (Institut Jules Bordet /Trial of Principle) after
removal of 13 samples lacking of outcome information;

-GSE19615 has been used as is and re-named as US_NCI (US National Cancer Institute);

-IPC has been re-named as CRCM (Centre de cancérologie de Marseille) after removal of 14
samples lacking of outcome information;

-KFSYSCC has been used as is and re-named as KOOF (Koo Foundation SYS Cancer Center);
-GSE31519 has been used as is and re-named as Goethe (Goethe-University, Frankfurt) after
removal of 2 samples lacking of outcome information;

-Hatzis included samples derived from 4 cohorts, i.e., [-SPY-1 (Investigation of Serial Studies to
Predict Your Therapeutic Response With Imaging and Molecular Analysis), LBJ_INEN_GEICAM
(Lyndon B. Johnson Hospital, Instituto Nacional de Enfermedades Neopldsicas, and Grupo
Espaiiol de Investigacion en Cancer de Mama), USO-02103 (US Oncology), and MDACC (M. D.
Anderson Cancer Center, Houston). The orginal data has been split into I-SPY-1 comprising 83
samples, LBJ_INEN_GEICAM comprising 58 samples, MDACC comprising 313 samples, and
USO-02103 comprising 54 samples.

This re-organization resulted in a meta-dataset comprising 3254 unique samples from 19

independent cohorts (Table S1). According to Cordenonsi et al. (2011), we standardized clinical



information among the various datasets redefining the outcome descriptions based on the clinical
annotations of each individual study. Specifically, we defined survival as death because of cancer
and includes overall survival, disease free survival, and disease specific survival. Raw expression
data (i.e., CEL files) obtained from different platforms have been integrated using an approach
inspired by geometry and probe content of HG-U133 Affymetrix arrays (Fallarino et al., 2010).
Briefly, probes with the same oligonucleotide sequence, but located at different coordinates on
different type of arrays, may be arranged in a virtual platform grid. As for any other microarray
geometry, this virtual grid may be used as a reference to create a virtual Chip Definition File
(virtual-CDF), containing the probes shared among the various HG-U133 platforms and their
coordinates on the virtual platform, and a virtual-CEL files containing the fluorescence intensities
of the original CEL files properly re-mapped on the virtual grid. Once defined the virtual platform
through the creation of the virtual-CDF and transformed the CEL files into virtual-CELs, raw data,
originally obtained from different HG-U133 arrays, are homogeneous in terms of platform and can
be preprocessed and normalized adopting standard approaches, as RMA (Irizarry et al., 2003).
Specifically, expression values were generated from intensity signals using the virtual-CDF,
obtained merging HG-U133A, HG-U133AA0fAV2, and HG-U133 Plus2 original CDFs, and the
transformed virtual-CEL files. Intensity values for a total of 21981 meta-probe sets have been
background adjusted, normalized using quantile normalization, and gene expression levels
calculated using median polish summarization (RMA). The entire procedure has been implemented
as an R script. To identify two groups of tumor samples with either high or low levels of the
Notch-dependent Direct Target (NDT) gene signature we used the classifier described in Adorno et
al (2009). Briefly, we defined a classification rule based on summarizing the standardized
expression levels of each gene in NDT signature into a combined score with zero mean. Tumors
were then classified as NDT signature Low if the combined score was negative and as NDT
signature High if the combined score was positive. Similarly, we defined tumors as expressing high
or low levels of Fbxw7 and Pinl mRNA if the standardized expression signal of Fbxw7 and Pinl
probes was positive or negative, respectively. This classification was applied to log2 expression

values obtained using RMA on the meta-dataset described above.

Survival analysis

To evaluate the prognostic value of the NDT signatures, we estimated, using the Kaplan-Meier
method (Kalbfleisch and Prentice), the probabilities that patients would remain free of death
(survival). To confirm these findings, the Kaplan-Meier curves were compared using the log-rank
or Mantel-Haenszel test (Harrington and Fleming). P-values were calculated according to the

standard normal asymptotic distribution. When comparing “NDT signature High” and “NDT



signature Low” groups, the group with low NDT levels displayed a significantly higher probability
(at a significance level a=5x10-2) of a reduced survival (Figure S8B). Survival analysis and
Kaplan-Meier plots were obtained using R survcomp package. Kaplan-Meyer curves have been

compared using the log-rank test of the surv_test \function (coin R package).
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