SUPPLEMENTARY INFORMATION

Supplementary Figure Legends

Supplementary Figure 1. Analysis of Gene Expression profiles from In Vitro cultured
Primary Mammary Epithelial Cells.

A. Immunofluorescence staining of organoid cultures at the indicated time points for
Ki67(magenta), Cleaved caspase-3 (green) and Dapi (blue), highlighting the oncogene induced
proliferation (Ki67) and the caspase-3 dependent clearing of the organoids following oncogene
withdrawal. Following oncogene inactivation organoids regress to a dormant population, as
illustrated by the Ki67 staining of representative structures at 7 and 28 days following oncogene
inactivation. Timepoints included in the staining: Never Induced, 2.5 Days ON Dox, 5 Days ON
Dox, 12 Hours OFF Dox, 7 Days OFF Dox and 28 Days OFF Dox. Scale bar represents 50 um
B. Quantitative RT-PCR for ¢cMYC, NEU, and KRAS®'?" transgene expression in organoid
cultures. RNA was collected from Never Induced Structure, Doxycycline Induced for 5 day
structures and Regressed structures (5 Day Doxycycline induction followed by doxycycline
withdrawal, regressed time point taken 7 days post-Doxycycline withdrawal.)

C. Ingenuity pathway analysis was used for pathway enrichment analysis of differentially
expressed genes from the regressed condition compared to the Never Induced (control) state.
Down Regulated networks are those enriched in the negatively regulated gene-sets and are
represented on the right. Up-regulated networks were those enriched in the over-represented

gene sets (IPA®, QIAGEN Redwood City, www.qiagen.com/ingenuity). The analysis showed

that the regressed state most strongly up-regulated cellular lipid metabolism, while genes

involved in cell cycle progression and DNA damage repair pathways were down-regulated



D. GO slim Pie Charts generated using PantherDB (http://www.pantherdb.org/) for differentially

regulated genes in the regressed dataset when compared to the never induced (left). The most
overrepresented gene ontology group was “Metabolic Processes” with an enrichment of genes
involved in lipid, nucleobase and protein metabolism The Metabolic Pathways are broken down
into 5 main sub-categories and is represented by the number of genes found deregulated in each
sub-category(Right).

Supplementary Figure 2. Increased de novo Fatty Acid Biosynthesis in Regressed
Mammary Glands

A. Plots representing the observed alterations in gene expression profiles for genes involved in
fatty acid biosynthesis for the 5 Day ON and Regressed Datasets in respect to the control
condition Never Induced in the MYC/KRAS data set. Scale bar represents 500 um

B. Immunohistological staining of PPARy in mammary glands isolated from Never Induced,
Primary Tumor and Regressed MY C/NEU mice.

C. Fatty acid concentration levels in cells isolated from MYC/NEU organoids for Never
Induced, 5 Day ON and Regressed (n=4 for each condition) as detected by GC-MS. Metabolite
levels were normalized first with ribitol as internal standard, then with TML (total metabolite
levels normalization).

Supplementary Figure 3. Oxidative stress is a unique hallmark of oncogene induced
mammary gland re-modeling.

A. Plots representing the observed alterations in NOXA gene expression profiles for 5 Day ON
and Regressed Datasets in respect to the control condition Never Induced in the MYC/KRAS

data set.



B. Plots representing the observed alterations in Anti-oxidant gene expression profiles for 5 Day
ON and Regressed Datasets in respect to the control condition Never Induced in the MYC/KRAS
data set.

C. Representative images for the detection of ROS in MYC/NEU organoids for the Never
Induced, 5 Day ON and Regressed timepoints. Mitotracker was used to detect total mitochondria,
DHE is a super-oxide detection reagent, and DCFDA 1is a global indicator of oxidative stress.
Scale bar represents 50 pm

D. Representative images for the detection of ROS in MYC/NEU organoids for the Never
Induced, 5 Day ON and Regressed timepoints. Mitotracker was used to detect total mitochondria,
MitoSox is a super-oxide detection reagent, and DCFDA 1is a global indicator of oxidative stress.
Scale bar represents 50 pm

E. DCFDA was added to previously published FACS based protocols for separation of
mammary epithelial subpopulations. The panels on the left show representative FACS separation
of sub-populations using previously published combination of CD29/CD24/CD49f for control
and NEU regressed mice. The 3 panels on the right are representative histograms the Mean
Fluorescent Intensities (MFI) of DCFDA in mammary epithelial cells isolated from age-matched
control and regressed animals for the CD29"/CD24"/CD49f™ (luminal progenitors)
CD29"/CD24™9/CD49f™¢ (Myoepithelial) and CD29"/CD24™/CD49f" (Stem) populations.
These results were representative for n=3 control and n=3 NEU independent experiments.
Supplementary Figure 4. Comparison of Gene Expression between Experimental Data Sets
and Published (GSE40877) Dataset of Parity Induced Gene Expression

A. Venn diagram representing overlapping differentially regulated genes for the comparison

between the MYC/KRAS Regressed v. Never Induced and Parous v. Nulliparous CD24hi/Scal-



populations. The comparison demonstrates minimal overlap between these two processes,
highlighting the unique nature of oncogene induced mammary gland remodeling.

B. Gene set enrichment analysis (GSEA) overlap of differential genes associated with the
CD24hi/Scal- Parous v. Nulliparous animals (GSE40877) with MGSigDB curated gene sets;
gene sets and corresponding P-values are represented

(http://www.broadinstitute.org/gsea/msigdb/annotate.jsp)

Supplementary Figure 5. Increased levels of FASN, Lipid Stores and Oxidative stress in
Organoids following treatment with Lapatanib

A panel of stainings to confront the consequences of oncogene inactivation by doxycycline
withdrawal to that achieved through pharmacological inhibition by Lapatanib. Columns from left
to right, Never Induced, Regressed, Never Induced/ Lapatanib treated, Regressed/Lapatanib
treated. Stainings are indicated in the figure, and DAPI is in blue.

Supplementary Figure 6. Increased Levels of Oxidative DNA Damage in Cells Surviving
Oncogene Inactivation

A. Immunofluorescence staining of mammary glands isolated from MYC/NEU regressed mice.
In order to determine the baseline level of double strand breaks in regressed mammary glands
they were stained for Lamin B1 and YH2AX. Mammary glands isolated from mice subjected to
total body 6 Gy irradiation were used as a control. Nuclei are counter-stained with DAPI. Scale
bar represents 50 pm

B. Immunohistochemical staining of age-matched control, MYC/KRAS and MYC/NEU
regressed mammary glands taken 8-10 weeks post-regression for adduct 8-hydrox-
deGuaninine(8-OHdG), a common adduct formed as a result of oxidative DNA damage. Images

of representative of n=10 stainings for each condition. The scale bar represents 50 pum



C. Schematic of modified comet assay (Left). Combination of Comet and modified Comet assay
including formamidopyrimidine glycosylase (FPG) for measuring DNA damage and DNA
adduct formation. Comet assay consists of embedding of organoid derived cells into an agarose
layer, followed by cell lysis and in the case of FPG treatement, incubation with FPG. Followed
by an akyline incubation and electrophoresis of samples. Fluorscence imaging was preformed on
a Leica LMD7000. Quantification of percent DNA in tail in FPG treated and non treated DNA
isolated from regressed and age-matched control mammary glands; MYC/KRAS FPG v. Control
FPG P=0.0002 MYC/NEU FPG v. Control FPG P=0.0033 (Right). Data are represented as mean
+ SEM of percentage DNA in found in the tail Comet for n=3 biological replicates per condition,
n=100 comets scored using Image J Plugiln OpenComet (1). Significance was calculated using
two tailed #-tests.

D. Western Blot analysis of Oggl levels in age-matched control, regressed mammary glands and
regressed mammary glands isolated from mice that had been administered 40 mM NAC in the
drinking water. a-Tubulin was used as a loading control (Left). Graphical Representation of the
average of two technical replicates of the Oggl western represented on the left MYC/KRAS v.
control P=0.0201, MYC/NEU v. control P=0.0451. Significance was calculated using an
unpaired two-tailed #-test.

Error Bars denote mean + SEM *p < 0.05, **p < 0.01, ***p <0.001, ****p<0.0001
Supplementary Figure 7. Confirmation of serial reseeding as a method to generate in vitro
relapses, and functional controls for the treatment of in vivo cohorts.

A. Immunofluorescence staining for FASN and Nile Red detection of lipid droplets in serially

reseeded cultures, following the fourth reseeding. From left: Never Induced (4™ reseeding),



Regressed (4™ reseeding), Never Induced+NAC (4" reseeding), Regressed+NAC (4™ reseeding).
Nuclei are stained with DAPI (blue). Scale bar represents 50 um

B. De novo somatic mutations are present in in vitro relapses. Left panel: Verification of the
acquisition of a mutation in the rtTA region that drives re-expression of the oncogenes. Right
panel: Immunohistochemical staining of MYC/KRAS spontaneous relapses and tumors which
arose in Ragl™ mice following transplantation of in vitro cultured spontaneous relapses for
human-cMYC. Scale bar represents 50 um.

C. Efficiency of N-acetylcysteine to scavenge reactive oxygen over one week period. Water was
changed to fresh water containing 40 mM NAC on day 0 and animals (regressed and age-
matched controls) were sacrificed for analysis of DCFDA at FACS on Days 1, 3, and 7. DCFDA
readings are represented as fold change in MFI over the age- matched controls.

D. Treatment controls for both mifepristone and NAC treated animals. Upper panels represent
vaginal smears collected on the day of L4 mammary gland surgery. Lower panel: BrdU
immunohistochemistry on animals, which were administered BrdU in the drinking water for 48
hours (period spanning metestrus to diestrus). Panels include mifepristone implanted, age-
matched control, and MYC/KRAS regressed mice. Scale bar represents S0pm.

Supplementary Figure 8. Overlapping Reactome Pathways and Reporter Metabolites
found in neo-adjuvant human to mouse dataset comparisons

Venn diagram representing the comparison of over-represented Reactome pathways and reporter
metabolites for genes that are differentially regulated following Neoadjuvant treatment in
comparison to the pre-treatment biopsy. Two human datasets, a 7 patient cohort for which RNA-
seq was preformed on both pre- and post-therapy samples; human RNA-seq (yellow) and a

previously published dataset (GSE32072) of pre- and post- neoadjuvant therapy samples (blue)



were analyzed along with the corresponding mouse; MYC/NEU and MYC/KRAS OFF versus
5Day ON organoid datasets(red). The stromal gene signature was subtracted from all 4 datasets
to allow for direct comparison. Human samples were not stratified for either breast cancer sub-
type or treatment regimen. Reactome pathways found in the overlaps for key lipid metabolic and
signaling pathways and key reporter metabolites are listed for the 3-way intersection and the
individual overlapping comparisons.

Supplementary Figure 9. Aberrant Lipid Metabolism Found in Cells Which Survive Neo-
Adjuvant Therapies

A. Immunohistochemical staining for FASN of contralateral breast (control), triple negative,
luminal and Her2 Neo-Adjuvant treated samples.

B. Immunohistochemical staining for SOHdG of healthy breast (control), triple negative,
luminal and Her2 Neo-Adjuvant treated samples. Quantification of percentage of nuclei staining
positive was done in ImagelJ and ploted in Prism. P-value <0.0001 for the comparison of
percentage of 8-OHdG positivity to total nuceli between healthy breast and neo-adjuvant treated
samples calculated using unpaired student t-test in Prism.

C. Immunohistochemical staining for Phospho-Histone H3 (ser10) of healthy breast (control),
triple negative, luminal and Her2 Neo-Adjuvant treated samples. Quantification of percentage of
nuclei staining positive was done in ImageJ and ploted in Prism. A non-significant P-value of
0.057 was calculated for the comparison of PH3 staining between healthy breast and neoadjuvant
treated samples using unpaired student t-test in Prism.

D. Relapse Free Survival Curves for Breast Cancer Cases utilized in this study. Total Cases
n=30, Triple Negative n=9, Luminal n=10, Her2 n=11 cases.

*p < 0.05, **p < 0.01, ***p < 0.001, ****p<0.000



Supplementary Table 1. Metabolic pathways significantly de-regulated in the 5 day on and
regressed organoid cultures. Metabolic pathways found to be significantly de-regulated for the
comparison 5 day on v. Never Induced and Regressed v. Never Induced in the MYC/KRAS and
MYC/NEU datasets.

Supplementary Table 2. Significantly de-regulated reporter metabolites following oncogene
inactivation. Reporter metabolites found to be significantly de-regulated for the comparison
Regressed v. Never Induced in the MYC/KRAS and MYC/NEU datasets.

Supplementary Table 3. Histopathological characterization and treatment regimes of RNA-
SEQ samples. A comprehensive listing of the histopathological features, therapy regimes and
survival statistics for the paired pre- and post-neoadjuvant treatment RNA-SEQ samples.
Supplementary Table 4. Significantly enriched Reactome Pathways following neoadjuvant
therapy. Reactome pathways found to be enriched in the comparison post- versus pre-treatment
in the 4 datasets: Human RNA-SEQ, Human GSE32072, and MYC/NEU and MYC/KRAS
datasets depleted of their stromal signatures.

Supplementary Table 5. Significantly enriched reporter metabolites following neoadjuvant
therapy. Reporter Metabolites found to be significantly de-regulated for the comparison post-
versus pre-treatment in the 4 datasets: Human RNA-SEQ, Human GSE32072, and MYC/NEU
and MYC/KRAS datasets depleted of their stromal signatures.

Supplementary Table 6. Histopathological characterization and treatment regimes of pre-
and post-neoadjuvant treated tissue samples. A comprehensive listing of the
histopathological features and therapy regimes for the paired pre- and post-neoadjuvant

treatment human tissue samples.



Materials and Methods

Animals

NAC treatment of mice was administered in drinking water supplemented with 40 mm N-
acetylcysteine (Sigma A7250) and changed weekly. Mifepristone slow release tablets were
inserted subcutaneously at the base of the neck two weeks post-oncogene inactivation. As
previously published, BrdU (Sigma B5002) was supplied in drinking water for 48 hours at a final
concentration of 1 mg/mL(2). Inguinal mammary fat pad clearance was performed on 21- day
old Ragl™ mice, which were subsequently used in transplantation experiments.

Human Breast Tissue Samples

The European Institute of Oncology (IEO) Division of Biostatistics selected from its institutional
database 29 consecutive breast cancer (BC) patients fulfilling the following criteria: 1)
histologically proven invasive BC treated by neoadjuvant therapy; ii) any age (pre- or
postmenopausal status allowed); iii) any intrinsic subtype (Luminal A/B-like, Her-2 positive,
Triple Negative subtypes allowed); iv) failure in achieving a histologically documented
pathologic complete response (no evidence of invasive tumor in the breast and axillary lymph
nodes); v) availability of tissue from the diagnostic core biopsy and surgically excised post-
therapy quadrantectomy/mastectomy. All the patients prospectively entered the IEO BC database
and were discussed at the weekly multidisciplinary meeting. Data on patients’ medical history,
concurrent diseases, surgery, pathological evaluation, radiotherapy, neoadjuvant systemic
treatments, and clinico-pathological results of pre- and post-neoadjuvant treatment staging
procedures were retrieved. Neoadjuvant treatments were delivered in accordance with the best
clinical practice guidelines: Briefly, Luminal A/B-like, Triple Negative and Her-2 positive BC

patients received aromatase inhibitors, anthracyclines +/- Taxanes, other CHT combinations



containing anthracyclines +/- infusional therapy and Trastuzumab containing regimens,
respectively. All the biopsies were fixed in 4% buffered formalin for less than 24 hours
immediately after the core biopsy procedure. All the surgical samples were fresh sampled in
accordance to the criteria issued by Provenzano et al. (2015) and fixed in 4% buffered formalin
for less than 24 hours. All the biopsies and surgical samples were routinely processed and
embedded in paraffin. Detailed information regarding tumor type and grade, ER/PgR and Her-2
status, and Ki-67 labeling index were available in all the cases. ER/PgR and HER2
immunoreactivity was assessed in line with the clinical practice procedures applicable at
diagnosis. Her-2 immunoreactivity was assessed using the monoclonal antibody CBI11
(Novocastra, 1:800) from 1995 till 2005, and the HercepTest (Dako) thereafter. Cases classified
as Her-2 2+ by immunohistochemistry were tested by FISH analysis with Vysis probes, in
accordance with the ASCO/CAP guidelines (Wolff, 2013). Ki-67 labeling index was assessed by
the Mib-1 monoclonal antibody (Dako, 1:200), by counting at least 500 invasive tumor cells,
independent of their staining intensity and without focusing on hot-spots (Polley, 2013). Tumors
were classified as Luminal A-like (ER and PgR positive, absence of Her-2 overexpression and
Ki-67 <20%), Luminal B-like (ER positive, Her-2 negative and at least one of Ki-67 >20% and
PgR <20%), Luminal B-like/Her-2 positive (ER and Her-2 positive, any PgR and Ki-67), Her-2
positive (Her-2 3+ and/or amplified by FISH, ER/PgR negative) and Triple Negative (ER, PgR
and Her-2 negative) in accordance with St. Gallen recommendations (Coates, 2013). All the
patients included gave an informed consent for using their clinico-pathological data and samples
for research purposes at the time of admission to the hospital, and the study was approved by the
IEO Review Board. Human breast samples for IHC analysis: The patients were not selected for a

clinical trial specifically. All patients come from clinical practice, prospectively entered the IEO
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BC database and gave an informed consent for using their clinico-pathological data and samples
for research purposes at the time of admission to the hospital. The proceedings were approved by
the IEO Review Board.

Human Breast Samples for RNA-SEQ

Neoadjuvant treated patients were selected from the "Genomstudy" of the University Women's
Clinic Heidelberg (2009-2016). This study includes primary breast cancer cases that were newly
diagnosed at the University women's clinic of Heidelberg and had given their informed consent
for participating in this study. This study was approved by the Ethical Committee of the Medical
Faculty in Heidelberg. All cases were female and Caucasian. Data on patient's concurrent
diseases, surgery, pathological evaluation, radiotherapy, neoadjuvant systemic treatments, and
clinico-pathological results of pre- and post-neoadjuvant treatment and follow-up data were
retrieved.

Fresh core needle biopsies and fresh tumor tissue were examined by a pathologist, snap-frozen in
liquid nitrogen and stored at -80°C within 15 min after sampling.

Total RNA as well as DNA and protein were extracted by applying the QIAGEN All Prep Kit.
All eluates were stored at -80°C until usage.

Neoadjuvant treated patient samples for RNA-seq: The study entitled ,,Ermittlung neuer
Zielproteine fiir kombinatorische Therapien bei Brustkrebs-Patientinnen sowie die Entwicklung
prognostischer und pradiktiver Markerprofile* with the study number S-039-2008 was approved
by the Ethical Committee of the Medical Faculty in Heidelberg

Tissue culture and Reagents

Primary mammary cells were cultured according to previously published conditions(3). Briefly,

primary mammary epithelial cells were isolated from 8 week old virgin female mice, through
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mammary gland excision and digestion with collagenase, following seeding onto collagen plates
(BD Biosciences) for selection of the epithelial population. Cells were trypsinized and seeded
into a Type I Collagen (Cultrex® 3D Culture Matrix Rat Collagen I, Trevigen 3447-020-01)
Matrigel (Cultrex® 3D Basement Membrane Matrix, Reduced Growth Factor, Trevigen 3445-
005-01) 1:4 mixture (at a density of 10,000 cells per gel). Cultures were maintained in MEGM (
MEGM™ Bullet kit, Lonza CC-3151 & CC-4136) at 37°C in 5% CO,. Where appropriate,
MEGM was supplemented with 20 um N-acetylcysteine (Sigma A7250), 1 pg/mL Doxycycline
(Doxycycline hyclate, Sigma D9891), 6 pg /ml C75 (Sigma C5490), 100 um Etomoxir ((+)-
Etomoxir sodium salt hydrate, Sigma E1095) and 500nM Lapatinib (Santa Cruz Biotechnologies
sc-353658).

Immunofluorescence of gel embedded structures

Cells were seeded as described above and plated on Lab-tek chambers. After treatment,
gels were fixed with 4% PFA for 10 minutes, following three washes with PBS. Cells were
then blocked with 10% goat serum for 2 hours and IF was performed fore for Cleaved
Caspase3 (Cell Signaling Technologies 96615), Ki67 (Dako M7249) E-cadherin (Invitrogen
131900, dilution 1:200), alpha-6 Integrin (Millipore MAB1378, dilution 1:80), FASN
(Abcam ab128856, dilution 1:300) and ZO-1 (Life technologies 61-7300, dilution 1:500)
according to standard protocol. Nuclei were counter stained with DAPI (Thermofischer
62248 1mg/ml, dilution 1:1000) in PBS for 10 minutes prior to mounting with Vectashield
Anti-fade mounting medium (Vector Labs, H-1000), followed by imaging on a Leica SP5
Resonant Scanner and 63X water lens using the LAS AF imaging software.

Orthotopic recurrence
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Orthotopic tumor recurrence assays were performed via injection of 50,000 cells into the
inguinal mammary fat pad of cleared Ragl™ mice. The cells were obtained through isolation of
in vitro relapses, which were expanded in vitro. Animals were monitored for tumor formation
once weekly. Once the tumors reached 1 cm the experimental and control animals were
sacrificed, and the tumors were fixed in formalin prior to embedding. The cMYC levels were
detected by immunohistochemistry.

Tumor Regression and treatment

To evaluate the efficacy of the treatment protocols on delaying tumor recurrence, 8-10 week old
adult mice were fed the doxycycline-enriched diet. Tumor onset was monitored once weekly
until appearance of the primary tumor, at which time mice were monitored twice weekly. The
mice were taken off the doxycycline-enriched diet when the total tumor burden reached 2 cm’.
Mice which were used for FACS/ARP/IHC/Western analyses were allowed to regress for 8-10
weeks prior to sacrificing. For mice in treatment cohorts, regression was monitored and at two
weeks post oncogene inactivation, mice were randomly separated into experimental cohorts. N-
acetylcysteine treated mice were administered water supplemented with 40mm NAC, which was
changed once weekly. Mifepristone treated mice had a slow release Mifepristone pill inserted
subcutaneously at the base of the neck. Mice were monitored for recurrence weekly. Once
spontaneous recurrence was detected, mice were monitored twice weekly, and were sacrificed
when the tumor reached Icm. Due to the nature of the treatment regime and the appearance of
palpable mammary tumors, blinding was not feasible. Number of biological replicates for
analysis (n=16 control, original n=10 for each experimental group) was set to allow for statistical
testing.

Induction of Oncogenes
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Oncogene expression is under the control of the doxycycline inducible MMTV-rtTA TetO
system. In vitro expression was induced through the addition of doxycycline (Doxycycline
hyclate, Sigma D9891) at a final concentration of 1 pg/mL to the culture media. The transgenic
mice were induced through a diet containing doxycycline at 625 mg/kg (Mucedola)

Flow Cytometry Analysis

Mammary glands were dissected from regressed and age matched control mice. Following
mechanical dissociation, the cells were prepared as described (4, 5). Cells were stained with rat
anti-CD16/CD32 -CDA45, -Ter119, -CD31, all from eBioscience (14-0161-86, 14-0451-82, 14-
5921-82 and 14-0311-82 respectively) for 5 minutes. After washing in PBS/2% FBS, cells were
stained with PE-Cy5 F(ab’)2 fragment of goat anti rat IgG (H+L) (Invitrogen A10691). After
washing in PBS/2% FBS, cells were stained with anti-CD24-450 eFluor (eBioscience 48-0242-
82), anti CD29-APC/Cy7 (Biolegend 102226) and anti-CD49f-PE (Millipore MAB1378) for 5
minutes at room temperature. Following washing with PBS/2% FBS, 100nm DCFDA was
loaded for 20 minutes at 37°C and 5% CO2. 7-AAD was added immediately prior to FACS.
Samples were analyzed on a FACS ARIA flow cytometer (BD Biosciences). Data were analyzed
using the FlowJo software (TreeStar). Number of biological replicates for analysis (n=9 control,
n=3 parous, n=7 MYC/KRAS, n=3 MYC/NEU) was set to allow for statistical testing.

Live cell imaging

For live cell imaging of gel embedded structures, cells were seeded into matrigel and plated on
chamber slides (Lab-Tek). Cells were pre-incubated with 5 pm MitoSox (MitoSOX™,
ThermoFisher Scientific M36008) and Hoescht33342 (1ug/mL; Invitrogen H3570) for 2 hours at
37°C and 5% CO2 followed by subsequent washing in warm PBS. Cells were loaded with 20 pm

DCFDA (2',7"-Dichlorofluorescin diacetate, Sigma D6883-250MG) for 15 minutes prior to
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imaging. For the purpose of ROS detection in cytoplasm and mitochondria, cells were pre-
incubated with 5 uM MitoSox or 1uM DHE (Dihydroethidium,ThermoFisher Scientific D1168)
and 200 nM MitoTracker (MitoTracker® Deep Red FM, ThermoFisher Scientific M22426) for 1
hour at 37°C and 5% CO2, with addition of 20uM DCFDA for 15 minutes prior to imaging.
Images were obtained on a Leica SP5 Resonant Scanner equipped an environmental chamber
which maintained the cells at 37°C and 5% CO2 with a 63X water lens using the Leica LAS AF
imaging software.

Nile Red Staining

Cells were stained according to previously published protocols(6). Briefly, gel imbedded
structures were fixed in 4% PFA, then washed in PBS. Nile Red (Sigma N3013) was dissolved at
1 mg/mL in DMSO then diluted to a final concentration of 100ng/mL in 150 mm NaCl. Fixed
gels were incubated in the dark for 10 minutes at room temperature, followed by two washes in
PBS and incubation with Hoescht 33342(1ug/mL, Invitrogen H3570). Imaging of Nile Red was
performed using an Ex/Em of 488nm/530nm and 565nm/600nm. Images were obtained on a
Leica TCS SP5 Resonant Scanner with Leica LAS AF software, equipped with 63X/1.40 water
UV optimized lens.

Vaginal Smears

Vaginal Smears were performed using 50ul ddH20, and allowed to dry on the slide. Once dry,
the smears were stained with Crystal Violet solution (Sigma) for 1 minute, followed by a one-
minute wash in water. Slides were dried and mounted in permount. Smears were visualized on a
Leica LMD 7000 mounted with Leica CD310 digital camera using LASV3.7 (Leica) software.

Immunohistochemsitry
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Tissues were fixed in 10% formalin and washed with PBS prior to dehydration in Leica
ASP300S, followed by embedding in paraffin in accordance with standard procedures. Sections
were stained for human cMyc (Cell Signaling 5605s), FASN (Abcam ab128856), ADFP
(adipophilin)(Abcam ab78920), Phospho-Histone 3 (ser10)(Cell Signaling 9701), BrdU (Abcam
ab6326), 8-OHdG Antibody (15A3) (Santacruz sc-66036), PPAR gamma (Invitrogen PA3-
8218). Images were obtained on a Leica LMD 7000 mounted with Leica CD310 digital camera
using LASV3.7 (Leica) software.

Real-Time Quantitative PCR

Total RNA was extracted from cells using Trizol (Invitrogen). cDNA preparation, including
DNase digestion, was performed using QuantiTek(Qiagen) kit starting with 200 ng RNA.
Amplifications were run using technical duplicated and biological triplicates in a LightCycler

480 (Roche). Values were adjusted using B-Actin as a reference.

cMYC 5S’AGATGGTGACCGAGCTGCTGGY’

5S’AAGCCGCTCCACATACAGTCS’

KRASGI12D S’AAGGACAAGGTGTACAGTTATGTGAY’

5S’CTCCGTCTGCGACATCTTC3’

NEU S’TGTACCTTGGGACCAGCTCT3’

5’GGAGCAGGGCCTGATGTGGGTT3?

B-Actin S’GCTTCTTTGCAGCTCCTTCGTS’

5’ACCAGCCGCAGCGATATCG3’

Western Blot Analysis
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Tissue was collected, ground under IN2 and lysed (0.5% Sodium deoxycholate, 25mm Hepes,
pH7.5, 150 mm NaCl, 1% Triton-X-100, 0.1% SDS, 5% glycerol, 2mm EGTA). The resulting
lysates were subjected to western blotting onto PDVF and stained with anti-FASN (Abcam
ab128856 (1:1000)), anti-SREBPI(abcam ab3259 (1 ug/ml), total OXPHOS Rodent WB
Antibody Cocktail (Abcam ab110413 6ug/ml), anti-OGG1/2 (Santa-Cruz sc-12075 (1:200)) and
Anti-a-Tubulin (Sigma T6199 (1:1000)). After washing with 0.1% Tween-20/TBS, membranes
were incubated with HRP conjugated secondary antibodies and developed using the ECL kit
(Amersham) after subsequent washing. The signal was read on a Chemidoc XRS (BioRad) and
the image processing used Image Lab software.

Quantitative Analysis of BER intermediates using Aldehyde Reactive Probe and Dot-Blot
analysis

As previously published (7, 8) DNA was purified from mammary glands isolated from regressed
and age matched controls using Blood and Tissue Kit from Qiagen and quantified using Nano-
Drop. 1 pg purified DNA was re-suspended in 100uL and incubated with ImM ARP for 10
minutes at 37°C. After precipitation with cold ethanol, the DNA was resuspended in Tris EDTA
buffer, and re-quantified. Sng of DNA was heat denatured at 100°C for 5 minutes, quickly
chilled on ice, and mixed with an equal amount of 2M ammonium acetate. The DNA was then
blotted onto Immobilon-N (Millipore) membrane and UV crosslinked. The membrane was then
pre-incubated with a blocking mixture (20 mm Tris-HCI (pH 7.5), 0.1 m NaCl, Imm EDTA,
0.5% casein, 0.25% BSA, and 0.1% Tween20, pH 7.5) for one hour. The membrane was then
incubated in the same buffer containing Steptavidin-conjugated Horseradish Peroxidase (Vector)
at room temperature for 30 minutes. The membrane was rinsed 3 times for 10 minutes each in

washing buffer (0.26 m NaCl, I mm EDTA, 20 mm Tris-HCI, and 0.1% Tween20, pH7.5). The
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ARP was then visualized using ECL reagents (Amersham) on a Chemidoc XRS (BioRad) image
processing using Image Lab and Image] software. Number of biological replicates for analysis
(n=4/3) was set to allow for statistical testing.

Modified Comet Assay

The comet assay was performed as previously published (9). Briefly, primary mammary
epithelial cells were isolated from regressed and age matched control mice. Following dissection
of the mammary gland as outlined previously, epithelial cells were selected on collagen-coated
plates. Following selection, cells were trypsinized and dispersed into PBS. Glass slides were
precoated in 1% standard agarose (Sigma) and allowed to set. At which point, the previously
collected cells were seeded onto the slides in 1% LMP Agarose and covered with an 18 x 18 mm
coverslip. They were allowed to set at 4°C for 5 minutes, after which cells were lysed in cold
lysis solution (2.5 m NaCl, 0.1 m EDTA, 10 mM Tris, pH 10). Slides were washed in digestion
buffer (40 mm HEPES, 0.1 m KCI, 0.5 mm EDTA, 0.2 mg/mL BSA, pH8.0) followed by
enzymatic digestion with 1:5,000 dilution of FPG (NEB) diluted in digestion buffer at 37°C for
30 minutes. Slides then underwent alkaline treatment (0.3 m NaOH, 1 mm EDTA) followed by
electrophoresis and neutralization (0.4 m Tris, pH 7.5). The slides were then stained with
Hoescht and imaged at a Leica LMD 7000 mounted with a Leica CD345FX digital camera using
LAS AF software.

Mitochondrial Oxidative Flux

Mitochondrial oxidative flux was determined as previously reported(10). Briefly, 0.4 uCi 1-14C
Palmitate (Perkin Elmer) per reaction was evaporated under vacuum and heat followed by
resolubilization with Fatty Acid Free BSA for one hour at 60°C. Non-radiolabelled sodium

palmitate was also pre-conjugated to fatty acid free BSA at a ratio of 1 mM Sodium
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Palmitate/0.17 mm BSA solution(6:1 molar ratio Palmitate:BSA) in order to increase total
substrate concentrations to 100 uM. Mitochondria were isolated from regressed mammary glands
through homogenization in STE (0.25 m sucrose, 10 mm Tris, 1 mm EDTA). The crude
homogenates were spun and the supernatant containing crude mitochondria was used for (1)
quantification via Bradford (2) reaction. Twenty pl of crude extract were added to the reaction
mixture (0.4 pCi 1-14CPalmitate, 100 uM Palmitate:BSA, 100 mm sucrose, 10 mm Tris-HCI, 5
mm KH,;POg4, 0.2 mm EDTA, 5 mm NAM, 1 m TSA, 0.3% fatty acid-free BSA, 80 mm KClI, 1
mm MgCl,, 2 mm L-carnitine, 0.1 mm malate, 0.05 mm coenzyme A, pH 8.0 ), and incubated
for 60 minutes at 37 C. The reaction was then transferred to Eppendorf tubes containing 1 m
Perchloric Acid, and released CO, was captured on NaOH soaked whatman filter disks placed in
the caps for one hour at room temperature. Following which the whatmann filters were placed in
scintillation fluid and counted at PERKIN ELMER X liquid scintillation counter. While the
reaction mixture was spun down to precipitate the non-oxidized palmitate, the supernatant
containing acid soluble metabolites was then counted in scintillation fluid. Number of biological
replicates for analysis (n=3 for controls and n=4 for experimental animals) was set to allow for
statistical testing.

Cell Collection for intracellular and extracellular metabolomic analysis

Matrigel was digested for 1,5 h in order to free the organoids. Organoids were pooled from 6-
wells of a 12-well plate and washed thrice with PBS followed by short centrifugation steps (1000
rpm, 2 min). Organoids were finally quenched by adding 200ul cold (-80°C) HPLC-grade
methanol (Biosolve Chimie, France). 50ul of the spent growth medium of each well and the last

washing solution of each sample were also collected and quenched with 100ul of cold (-80°C)
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HPLC-grade methanol (Biosolve Chimie, France). Comparison between the metabolic profiles of
these liquids enables the validation of the effective cell washing before quenching.

Metabolomic Data Acquisition

The dried polar metabolite extracts of the organoids were obtained based on the methanol/water
protocol, which is described in (11, 12) and (13), with ribitol (Alfa Aesar, UK) added as internal
standard. The dried extracts were derivatized to their (MeOx)TMS-derivatives through reaction
with 50 pL of 20 mg/mL methoxyamine hydrochloride (Alfa Aesar, UK) solution in pyridine
(Sigma-Aldrich) for 90 min at 40°C, followed by reaction with 100 uL N-methyl-trimethylsilyl-
trifluoroacetamide (MSTFA) (Alfa Aesar, UK) for 12 hours at room temperature, as justified in
(13) and (14). The metabolic profile of each sample was measured at 12 hours post-
derivatization, using a Shimadzu TQ8040 GC-(triple quadrupole) MS system (Shimadzu Corp.).
The gas chromatograph was equipped with a 30m x 0.25 mm x 0.25 um DB-50MS capillary
column (Phenomenex, USA). The detector was operated both in scan mode recording in the
range of 50-600 m/z, as well as in MRM mode for the following fatty acids: myristate, palmitate,
stearate, oleate, elaidic acid and cholesterol.

Expression Profiling on Organoids: MIAME checklist

Goal of the experiment. To profile gene expression of in vitro cultured primary mouse
mammary cells pre-, during, and post- oncogene induction.

Description of experiment. Mammary glands from 8 week old, female, virgin GEMM TetO-
cMYC/TetO-Neu(HER2)/MMTV-rtTA and TetO-cMYC/TetO-Kras®'*?/MMTV-rtTA mice were
dissociated into single cells and seeded into matrigel matrix for in vitro culture. To determine the
gene expression changes which occur upon oncogene induction 5 days after seeding,

doxycycline was added to the media for 5 days, and then removed. Samples were taken of the
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following populations: 5 days on, 5 days on/7days off and never induced. Number of biological
replicates for analysis (n=3) was set to allow for statistical testing.

Keywords. MYC, NEU, KRAS®"?", primary mammary epithelium

Experimental Design. Total RNA was extracted for each group in 3 independent organoid
experiments. Gene expression profiles were determined for the MYC/KRAS dataset using the
MoGenel.0-st-v1 platform from Affymetrix. Gene expression profiles were determined for the
MY C/NEU dataset using the MoGene2.0-st platform from Affymetrix.

Quality Control. Total RNA was quality checked using Bioanalyser All samples had an RNA
integrity number > 9.

Public databases. All data files can be accessed through the ArrayExpress (accession number E-
MTAB-3038) and (accession number E-MTAB-3039).

Origin of each sample. 8-week-old, female, virgin GEMM (TetO-cMYC/TetO-
Neu(HER2)/MMTV-rtTA and  TetO-cMYC/TetO-Kras®'*®/MMTV-rtTA mice) in FVB
background.

Manipulation of samples. Mammary glands were dissociated in collagenase and liberase'" for
14-16h at 37°C, treated with trypsin, DNase, and seeded into matrigel matrix. Cells were
cultured in MEBM media at 37°C in a 5%(vol/vol) CO, atmosphere. The media was
supplemented with Doxycycline where appropriate at a final concentration of 1 pug/mL.

RNA preparation method for all samples. Total RNA was extracted using
TRIZOL(Invitrogen) following manufacturer’s instructions for all samples.

Experimental factor values. Cell type: Mouse mammary epithelial cells, never induced,
cultured in the presence of doxycycline for 5 days, cultured in the presence of doxycycline for 5

days, with subsequent 7 days additional culture following doxycycline removal.
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Amplification method. Biotinylated cDNA was synthesized from total RNA using Ambion WT
Expression kit (#4491974)

c¢DNA hybridization and Stain: Following fragmentation and labeling (WT terminal Labeling
and Controls Kit, Affymetrix, #901524), cDNA was hybridized for 16 hr at 37C on GeneChip
Mouse Gene 1.0 ST Array or GeneChip Mouse Gene 2.0 ST Array. GeneChips were washed and
stained in the Affymetrix Fluidics Station 450.

Platform. Affymetrix murine MoGenel.0-st-vl and MoGene2.0-st platforms. Sample name.
NeverInduced

Description. RNA extracted from primary mouse mammary epithelial cells cultured in matrigel
matrix. Cells were maintained in MEBM for the length of the experiment, 17 days.

Sample name. SDayON

Description. RNA extracted from primary mouse mammary epithelial cells cultured in matrigel
matrix. Cells were maintained in MEBM for 5 days and then in media supplemented with 1
ug/mL doxycycline for an additional 5 days, at which time RNA was harvested.

Sample name. Regressed

Description. RNA extracted from primary mouse mammary epithelial cells cultured in matrigel
matrix. Cells were maintained in MEBM for 5 days and then in media supplemented with 1
ug/mL doxycycline for an additional 5 days before then replacing the media with doxycycline
free MEBM for an additional 7 days, at which time RNA was harvested.

Sample name. Neverlnduced

Description. RNA extracted from primary mouse mammary epithelial cells cultured in matrigel
matrix. Cells were maintained in MEBM for the length of the experiment, 17 days.

Microarray Data Processing
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Array data analysis was carried out using R with Bioconductor packages oligo, limma and XML.
Datasets were background corrected and normalized using the Robust Multichip Average (RMA)
algorithm provided by oligo (15). Quality control of both the raw and the normalized data was
performed using the Bioconductor package arrayQualityMetrics.

Processing of the MoGene arrays, as well as the re-analysis of the HG-U133A microarray data
(GEO accession number GSE32072) was performed using the RMA algorithm of the
Bioconductor package oligo and associated array annotation databases. Reannotated databases
for MoGene arrays were produced with a custom R script matching the original Affymetrix
probe definitions to updated gene definitions of the Ensembl Reference Genome (build m38.p4,
release 82). For the GSE32072 brainarray ENSG annotation, version 19.0.0, was used(16).
Differential expression analysis was performed using limma. The resulting p-values were
corrected for multiple-testing using the BH algorithm (17) and a false discovery rate (FDR)
cutoff of 5% was chosen.

Unified processing of Myc/Kras and Myc/Neu arrays

Expression data from MYC/KRAS (array type MoGene-1) and MYC/NEU (array type MoGene-
2) perturbations were processed together retaining only the intersection of the datasets, i.e. only
keeping the expression values for the genes present in both array annotation databases. The
Variance Stabilisation and Normalisation technique in combination with Surrogate Variable
Analysis with n=1 surrogate variables were used to adjust for the batch effect of different array
platforms. For this, the Bioconductor packages vsn and sva were utilized(18, 19).

Analysis of Human RNA-Seq Data

The single-end reads were mapped to the GRCh38 reference genome obtained from ENSMBL

82 using STAR 2.5.1a with default settings(20). Mapped reads overlapping exons as annotated in
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the ENSEMBL 82 gtf-file were summarized to gene level count tables by STAR. Since the
alignment strand was opposite of the genomic feature strand, we used the “reverse” count tables
returned by STAR. We then used DESeq2 1.10.1 to import the count data into R(21). Since
differences between the samples that could not be normalized using a simple scaling method
with one factor per sample were present, we used the cyclic loess method to compute gene-
specific normalization factors for each sample. Specifically, the function normOffsets from the
Bioconductor package csaw was used to obtain these factors, which were then exponentiated and
used as normalization factors in the DESeq analysis (22, 23).

A PCA analysis revealed a sample switch for patient 207: most probably the post and pre-
treatment samples were switched. We thus changed their group labels accordingly. Finally, a
regularized logarithm transformation available in DESeq2 was performed on the data (a more
sophisticated logarithmic transformation). All data files can be accessed through the
ArrayExpress "Expression RNA-Seq data of matched cases of pre-treatment Fine-needle
aspiration (FNA) and the respective post neo-adjuvant treatment operative sample of breast
cancer patients" which has been assigned ArrayExpress accession E-MTAB-4632.

Pathway and Metabolite Enrichment Analysis

Enrichment analysis of REACTOME pathways was performed after removal of the stromal
signature gene list of Gonzalez-Angulo et al.(24) from the human data sets GSE32072 and E-
MTAB-4632. REACTOME is organized hierarchically with 24 large aggregates at the top level
which cannot provide meaningful pathway enrichment overviews. Three top levels with all their
enclosed subpathways were unrelated to the current study and were excluded: “Muscle
contraction”, “Hemostasis”, “Reproduction”; For the remaining 21 generic REACTOME top

level aggregates, serving as unions of more specific pathways, such as “Metabolism”, “Disease”
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or “Cell-Cell communication” were excluded: However all enclosed lower level pathways were
included in the enrichment analysis. Both microarray and RNA-seq data enrichments were
conducted with the “reporter” method of the Bioconductor package piano(25, 26). Gene set
statistics of the distinct-directional class pDistinctDirup were utilized, in order to capture the
pathways significantly affected by upregulation in pathway gene expression, but not
downregulation, or a mix of up- and downregulation. To account for difference in sensitivity of
the analysis for the mouse organoid cultures and human clinical samples, p-value significance
levels of 0.005 and 0.05 were used for KRAS/NEU and GSE32072/ RNA-seq data
correspondingly. Gene sets that contain less than 3 genes were excluded from the analysis.

The overlaps of significant pathways between the KRAS/NEU data, GSE32072 and RNA-seq
data were determined.

Metabolite Enrichment: Reporter metabolites were calculated as previously described (25, 26).
Briefly, each metabolite in a mouse genome-scale metabolic reconstruction (see below) was
scored for significance of enrichment in transcriptional changes in its neighboring enzymes. As
with the pathway analysis above, pDistinctDirup statistics from the “reporter” method in the
piano Bioconductor package were obtained. A p-value significance level cut-off was set to 0.005
for KRAS/NEU data sets and 0,05 for GSE32072/ RNA-seq data sets. Gene sets with less than 3
genes were excluded from the analysis. A statistically significant score suggests altered
concentration of, and/or, flux through the corresponding metabolite.

Mouse genome-scale metabolic model: We used an unpublished model, provided by J. Nielsen
(Chalmers University). In essence, the model was ‘translated’ from the human Recon-2

model(27) using (sequence) homology-based mapping between human and mouse genes. This
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homology model was then manually corrected to address a few known issues regarding the gene-

reaction mappings in the human model.
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