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Supplementary Figures S1-S10:
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Supplementary Fig. S1: Basally expressed p5S3 may have important tumor suppressor
targets. (A) Primary breast tumors were measured and analyzed for several parameters (from top
to bottom): PTEN mRNA by microarray (*p<.05, n=95 by Mann Whitney test, expression lower
in 7P53-mutant group), PTEN signature (51), PTEN mutation, 7P53 mutation, PTEN IHC status
(**p=<.01, n=107 by Chi-squared test, expression is lower in 7P53-mutant group), Her2- ER- PR-
status, and molecular subtype. Color key is indicated. (B) PTEN transcript measured by qRT-
PCR in primary breast tumors (from the same cohort as above) that were either wild-type (WT,
n=11) or mutant (MUT, n=18) for 7P53. Numbers expressed as a fold change from MCF10A
cells, normalized to GAPDH. Error bars: mean + s.e.m. Measurements made in triplicate.
Significance: Mann-Whitney test. (*p<.05) (C) The top 1000 MCF10A basal p53 ChlIP-seq
peaks were ranked based on MACS2 read pileup value at peak summit. The top 63 peaks were

artifacts and were removed. Tumor suppressor targets of basal p53 are indicated.
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Supplementary Fig. S2: Binding targets of basal pS3 in MCF10A cells. ChIP-seq was
performed for basal p53 in MCF10A cells, tracks show fold enrichment over input for genes of
interest. Location of peak is indicated by red triangle. Tumor suppressor targets are shown in

green, other targets in black.
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Supplementary Fig. S3: Exploring the binding targets of basal p53. (A) Previously published
ChIP-seq data for basal p53 in U20S cells (DMSO-treated) (52) was analyzed, tracks show fold
enrichment over input for genes of interest. Location of peak is indicated by red arrow. Tumor
suppressor targets are shown in green, other targets in black. (B) Plot of normalized significance
of U20S versus MCF10A basal p53 ChIP-seq peaks. p refers to the Spearman correlation
coefficient comparing the two lists, and the corresponding p-value is reported. (C) Gene
Ontology (GO) for biological processes was performed on the top 200 genes of the MCF10A
basal p53 ChIP-seq list using the PANTHER Overrepresentation Test (release 20160715) with
the Bonferroni correction. GO ID and p-values are indicated. (D) GSEA of basal MCF10A p53
ChIP-seq list (ordered by significance) for genes deleted, and (E) for genes amplified in >0.5%

of all cancers in TCGA. Enrichment scores and p-values are indicated.
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Supplementary Fig. S4: Wild-type pS3 maintains expression of tumor suppressor target
genes. (A) ChIP-gPCR in HCC38 cells (7P53 Mut: R273L) for IgG (negative control), p53, and
H3 (positive control) on PTEN and 5 ’'CDKNIA. Error bars: mean + s.d. of representative
experiment (performed twice), triplicate measurements. Significance (over IgG): two-way
ANOVA, Dunnett’s correction. TCGA data shows that 7P53 mutation (B) increases the relative
risk for STK11 downregulation in some cancer types (defined as > 1 s.d. below mean RNA-seq
z-score), and (C) increases the relative risk for p53 target downregulation without correcting for
copy number changes of the targets. Cancer types that increased at least one significance level
(*) upon incorporation of deletions are written in red type. Error bars: log,OR + s.d. of dataset.
Acronyms for cancer types expanded in the Materials and Methods. Significance: Fisher’s exact
test. (D) MCF10A cells were transfected with control or p53-targeting siRNAs (individual
siRNAs #1 and #2), qRT-PCR was used to measure transcript levels select basal p53 targets
identified by ChIP-seq. Error bars: mean =+ s.d., triplicate measurements. Significance: two-way
ANOVA, Dunnet’s correction. (E) Schlegel hMEC cells were transfected with control or p53-
targeting siRNAs (pool of 4 siRNAs), qRT-PCR was used to measure transcript levels of select
basal p53 targets identified by ChIP-seq in two tissue donors (Subjects 1 and 2). (F) MCF10A
cells were transfected with control or p53-targeting siRNAs (pool of 4 siRNAs), qRT-PCR was
used to measure transcript levels select basal p53 targets identified by ChIP-seq. Error bars:
mean * s.d., triplicate measurements. Significance: two-way ANOVA, Sidak’s correction.

(****p<.0001, ***p<.001, **p=<.01, *p<.05, n.s. p>.05)
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PTEN locus Supplementary Fig. S5
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Supplementary Fig. S5: Long range chromatin interactions of enhancers with
transcriptional start sites of basal pS3 targets. Previously published Hi-C(53) and chromatin
state (chromHMM) data(54) were adapted from the WashU genome browser(55,56) to
investigate the physical interaction between select basal p53 binding sites (at least 20KB distal to
the TSS) and the transcriptional start site (TSS) of putative target genes. Each target contains two
chromatin state tracks (primary chromHMM from hMEC cells and GM 12878 cells) and one
normalized Hi-C track from GM12878 cells. See Materials and Methods for chromHMM color
scheme. Resolution for Hi-C tracks is indicated for each target. Location of basal p53 peaks is
denoted by the red triangle. Strength of Hi-C interaction is indicated by the hue of purple line

(darker line = stronger interaction).
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Supplementary Fig. S6
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Supplementary Fig. S6: Enhancer for PTEN is present in multiple cell types. PTEN-eP53RE
is within a region of chromatin that interacts with H3K27Ac and H3K4mel marks characteristic
of enhancers as measured by ChIP-seq enrichment in publicly available data from
Broad/ENCODE from multiple human cell types adapted from the UCSC genome browser
(54,57,58). PTEN-eP53RE is indicated by a black line through all data sets. A549: lung
adenocarcinoma cell line (black), HeLa: human cervical carcinoma cell line (light blue), HMEC:
human mammary epithelial cells (purple), NH-A: normal human astrocytes (orange), NHDF:
normal human dermal fibroblasts (red), NHEK: normal human epidermal keratinocytes (fuchsia),

Osteobl: normal human osteoblasts (royal blue).
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Supplementary Fig. S7
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Supplementary Fig. S7: The binding and regulation of the PTEN locus by basal p53. (A)

Map of the PTEN genomic locus adapted from the UCSC genome browser (57) including genes

upstream of PTEN that are near the basal p53 binding site. (B) MCF10A and U20S cells were

transfected with control or p53-targeting siRNAs (pool of 4 siRNAs), qRT-PCR was used to

measure transcript levels of ATAD1, CFL1P1, and KLLN. Error bars: mean =+ s.d. of

representative experiment (performed twice for each cell line), triplicate measurements.

Significance: two-way ANOVA, Sidak’s correction. (C) ChIP-qPCR in PBMCs from two

healthy donors (Subjects 1 and 2) for basal p53 on PTEN-eP53RE and PTEN-pP53RE. Relative

DNA Binding is % input (normalized to IgG). Error bars: mean =+ s.d., triplicate measurements.

Significance (over IgG): two-way ANOVA, Dunnett’s correction. (****p<.0001, *p<.05, n.s.

p>.05)
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Supplementary Fig. S8
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Supplementary Fig. S8: PTEN-ePS3RE is a highly conserved p53 response element in a
p53-dependent enhancer. (A) p53 consensus sites are typically two 10 base pair palindromic
repeats separated by a 0-14bp spacer (59). (B) PTEN-eP53RE is highly conserved in mammals
(Multiz alignment shown). (C-D) ChIP-qPCR for H3K27Ac on PTEN-eP53RE in cells
transfected with control or p53-targeting siRNA (pool of 4 siRNAs) in U20S (C) and MCF10A
(D) cells. Relative DNA binding is % input (normalized to IgG). Error bars: mean =+ s.d. of
representative experiment (performed twice), triplicate measurements. Significance: two-way

ANOVA, Sidak’s correction. (****p<.0001, n.s. p>.05)
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A Deletion of PTEN-eP53RE in cases from TCGA using Integrative Genomics Viewer

Supplementary Fig. S9
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Supplementary Fig. S9: Deletion of endogenous PTEN-eP53RE by CRISPR/Cas9. (A)
There were 2 cases from TCGA harboring deletions (deep deletions, likely homozygous
determined by GISTIC2.0 (60)) in PTEN-eP53RE. Table contains (by column, left to right) the
type of cancer, TCGA case number, the IGV-scaled copy number data for PTEN and PTEN-
eP53RE (logy(tumor signal / normal signal), the 7P53 status, the PTEN mRNA z-score by RNA-
seq, and the approximate size (in kb) of the deletion. (B) The dual expression vector
LentiCRISPRv2 containing CRISPR/Cas9 and sgRNA targeting PTEN-eP53RE was used to
create modifications in the PTEN-eP53RE locus. (C) Sequences of clones generated using
CRISPR/Cas9 in U20S (top) and MCF10A (bottom) cells. Homozygous deletions in PTEN-

¢P53RE (PTEN-eP53RE™) are shown in red.
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Supplementary Fig. S10: Depletion of p53 causes a PTEN-ePS3RE-dependent decrease in
PTEN expression, deletion of PTEN-eP53RE alters some tumor cell phenotypes. (A) U20S
Empty Vector or Clone 1 (PTEN-eP53RE™) cells were transfected with control or pS53-targeting
siRNA (pool of 4 siRNAs) and qRT-PCR was used to measure PTEN transcript levels 48h and
72h after transfection. Error bars: mean =+ s.d., triplicate measurements. Significance: one-way
ANOVA, Sidak’s correction. (B) Western blot for p53 showing that pS3 was effectively knocked
down at 48h and 72h after transfection in both cell lines. B-actin was a loading control. (C)
Proliferation assay of MCF10A clones in low serum showing % confluence over time (days).
Triplicate readings taken every 6 hours. Error bars: mean +s.d. (D-F) MCF10A clones grown in
3D culture for 20 days. Representative immunofluorescence staining for Laminin V (red, all
rows, (D) pAKT(Ser473), (E) Ki67, and (F) cleaved Caspase-3 (green), DAPI (blue, all rows),
merge (right, all rows). Scale bars: 100um. Quantifications on right. Empty Vector data is
identical to Fig. 5G-I. Error bars: mean + s.d. of representative experiment, triplicate

measurements. Significance: two-tailed t-test. (****p<.0001, *p<.05, n.s. P>.05)
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Supplementary Tables S1-S3:

Inherited
GEMM of cancer Somatic mut Somatic mut

Gene Name TS? syndrome? in cancer? Lawrence et al(61)
CDKN1A(p21) Y(62) N Y(63,64) Y
DLEU1  Y(65,66) N Y(67) N
SMARCA2 Y(68) N Y (69-71) N
PTEN  Y(72,73) Y(74) Y(75,76) Y
FAT1 N N Y(77,78) Y
KDM6A(UTX) N N Y(79-81) Y
miR-34  Y(82,83) N Y(84,85) N
TNFRSF10B Y(86) N Y (87-89) N
STK11(LKB1)  Y(90,91) Y(92) Y(93-95) Y
PHLDA3 Y(96) N Y(96) N
wTt1 Y(97) Y(98) Y(99,100) Y
FOXO1 Y(101) N Y(102-104) N
BMPR1A Y(105,106) Y(107,108) Y(109) N

Supplementary Table S1: Information on tumor suppressor genes identified as basal p53

targets. The list of genes contained within this table are well-validated tumor suppressors based

on experimental evidence (columns from left to right) from genetically engineered mouse models

(GEMM), inherited cancer predisposition syndromes driven by germline mutations, somatic

mutations in human cancer, and somatic mutations in the pan-cancer Lawrence et al(61) study.

Each cell is labeled as yes or no (denoted ‘Y’ or ‘N’, respectively) and the ‘Y’ cells contain

supporting references.
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Gene Name Peak Location (MCF10A) JASPAR MA0106.3 sequence (+) Score (+) Rel. Score (+)
PLAC8 Chr4:84092183-84092485 RE1: CACATGCCTGGACATGCC 20.762 0.934
RE2: GGCATGCCTGGACATGTC 23.696 0.961
TGFA Chr2:70824017-70824382 AACATGCCCAGGCATGTC 26.586 0.988
CDKN1A(p21)5° Chr6: 36644096-36644510 AACATGTCCCAACATGTT 21.840 0.944
DLEU1 Chr13:51103523-51103774 GGCTTGTCCGGGCATGTC 20.946 0.936
SMARCA2 Chr9: 1707411-1707559 AACATGCCTGGGCTTGCC 20.450 0.932
PTEN Chr10: 89602953-89603111 AACTTGTCTAGGCATGTC 20.235 0.930
PLK2 Chr5:57758019-57758216 GGCAAGTCCAGGCATGTT 20.085 0.928
BRD1 Chr22:501153990-50154296 GACATGCCTAAACATGCC 19.717 0.925
JAG1 Chr20: 10713952-10714118 GGCTAGCCCGGGCATGTT 18.251 0.912
KDM6A(UTX) ChrX: 44835018-44835187 GGCTTGCCTGGGCATGCC 17.648 0.906
miR-34 Chr1:9242010-9242446 AACAAGCCCAGGCAAGCC 17.471 0.904
TNFRSF10B Chr8: 22926070-22926238 GTCTTGCCCGGACATGCC 17.301 0.903
VAV2Peak 2 Chr9: 136753460-136753626 GGCAGGCCCAGACATGTC 17.192 0.902
STK11(LKB1) Chr19: 1210487-1210722 GGCATGTTCGGTCATGCC 14.493 0.877
CCNG1 Chr5: 162864877-162865038 CACAAGCCCAGGCTAGTC 13.611 0.869
TGFB2 Chr1:218774483-218774664 GACAAGTCTGAACTTGCC 13.439 0.868
PHLDA3 Chr1:201438170-201438422 GATGTGCCCTTACATGTT 13.091 0.865
NOTCH1 Chr9: 139444765-139445192 GAGTTGCCCGGGCAAGTC 11.830 0.853
WT1 Chr11: 32325276-32325457 GGCATGTTAGCACATGCC 11.649 0.851
PLK3 Chr1:45265510-45265694 AACATGCCCGGGCAAAAG 11.134 0.847
VAV2Peak 1 Chr9: 136746439-136746521 AATGTGTCTGGACTTGCC 10.762 0.843
FOX0O1 Chr13:40907488-40907636 GGCATGTCGGGGCATCAC 9.905 0.835
CDKN1A(p21) 3° Chr6: 36644988-36645255 AAGAAGACTGGGCATGTC 8.728 0.825
MDM2 Chr12: 69202725-69202891 GTCAAGTTCAGACACGTT 8.524 0.823
FAT1 Chr4:187841713-187841958 GACATGCCCGGGCARAAGG 8.332 0.821
BMPR1A Chr10: 88566579-88566727 ATGTTGGCCAGGCTTGAT -3.982 0.709

Supplementary Table S2: Predicted p53 response elements within basal pS3 binding sites
using JASPAR. Using the HOMER-annotated list of basal p53 peaks from MCF10A and U20S
cells, we used JASPAR software to scan the region of DNA containing the p53 peak for potential
p53 response element sequences. This table contains (by column, left to right) the gene name, the
location of the called peak, the predicted p53 response element sequence (the exact output of the
program using the matrix model MA0106.3), the score of that binding site based on position-
weight matrix, and the relative score. Note: The JASPAR program output for matrix model
MAO0106.3 is a sequence that lacks the outer two base pairs of the known consensus sequence
(110) (RRRCWWGYYY-RRRCWWGYYY, where R=purine, Y=pyrimidine, W=adenine or

thymine).
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Gene Name Peak Location H3K27Ac H3K4me1 H3K4me3 ~bp to TSS  Description
CDKN1A(p21) 5° Chr6: 36644096-36644510 Intergenic + + 1.9 kb Enhancer
CDKN1A(p21) 3° Chr6: 36644988-36645355 near TSS + + 1.1 kb Promoter

DLEU1 Chr13:51103523-51103774 Intergenic + + 450 kb Enhancer
SMARCA2 Chr9: 1707411-1707559 Intergenic + + 300 kb Enhancer
PTEN Chr10: 89602953-89603111 Intergenic + + 20 kb Enhancer

FAT1 Chr4: 187841713-187841958 Intergenic + + 200 kb Enhancer
KDM6A(UTX) ChrX: 44835018-44835187 Intronic + + 100 kb Enhancer
miR-34 Chr1:9242010-9242446 near TSS + 0 bp Promoter

TNFRSF10B Chr8: 22926070-22926238 near TSS + 462 bp Promoter

STK11(LKB1) Chr19: 1210487-1210722 Intronic + + 5kb Enhancer
PHLDA3 Chr1:201438170-201438422 near TSS + + 0 bp Promoter

WT1 Chr11: 32325276-32325457 Intergenic 130 kb Enhancer

FOXO1 Chr13: 40907488-40907636 Intergenic + + 330 kb Enhancer
BMPR1A Chr10: 88566579-88566727 Intronic 50 kb Unknown

Supplementary Table S3: Chromatin properties of basal p53 binding sites near tumor

suppressor genes. p53-bound DNA near tumor suppressor genes was analyzed for the presence

of H3K27Ac, H3K4mel, and H3K4me3 marks, and for the distance from the transcriptional start

site (bp from TSS) in hMEC cells. We have indicated (columns left to right) the gene name, the

genomic location of the peak, if the peak overlaps with H3K27Ac, H3K4mel, and/or H3K4me3

(Pos or Neg, +/-), distance from the TSS, and the classification of the element. Element was

classified as ‘promoter’ if distance from TSS is <1.5kb and is ‘+’ for H3K4me3. Element was

classified as ‘enhancer’ if distance from TSS is >1.5kb and is ‘+* for H3K4mel (active

enhancers are also ‘+’ for H3K27Ac). Others are classified as ‘unknown’. Data is available from

Broad/ENCODE (54,57,58).
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Supplementary Spreadsheets S1-S5 (Large Excel spreadsheets uploaded as separate

files):

Supplementary Spreadsheet S1: Basal p53 ChIP-seq peaks in MCF10A cells (after
raw data analysis described in Materials in Methods section) ordered by significance of
the peak call. Spreadsheet includes (columns left to right) peak locus (Chromosome, start,
end), MACS?2 significance, closest relevant gene (genes discussed in paper in red type),

and original HOMER gene call (if relevant gene differs from called gene).

Supplementary Spreadsheet S2: Basal p53 ChIP-seq peaks in U20S cells (after raw
data analysis described in Materials in Methods section) ordered by significance of the
peak call. Spreadsheet includes (columns left to right) peak locus (Chromosome, start,
end), MACS?2 significance, closest relevant gene (genes discussed in paper in red type),

and original HOMER gene call (if relevant gene differs from called gene).

Supplementary Spreadsheet S3: List of tumor suppressor genes and oncogenes
derived from the gene classifications of the Cancer Gene Census in COSMIC (used
in GSEA). Spreadsheet shows gene name and classification (tumor suppressor gene or

oncogene).

Supplementary Spreadsheet S4: List of genes deleted at a frequency of 0.5% or
greater in all cancer types in TCGA (used in GSEA). Acronyms for cancer types are

expanded in the Materials and Methods.
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Supplementary Spreadsheet S5: List of genes amplified at a frequency of 0.5% or
greater in all cancer types in TCGA (used in GSEA). Acronyms for cancer types are

expanded in the Materials and Methods.

Supplementary Materials and Methods

Cell Culture:

MCF10A cells were cultured in 50/50 DMEM/Ham’s F-12 media with 5% horse serum
(Gibco 16050-122), 1X Penicillin/Streptomycin (Corning 30-002-Cl), 20 ng/ml of EGF
(Peprotech AF-100-15), 10 pg/ml insulin (Sigma 19278), 0.5 mg/ml hydrocortisone
(Sigma H0888), and 100 ng/ml cholera toxin (Sigma ¢8052). U20S cells were cultured in
1X DMEM with 10% fetal bovine serum (Atlanta Biologicals S11150) and 1X
Penicillin/Streptomycin. HCC38 cells were cultured in 1X RPMI with 10% fetal bovine
serum and 1X Penicillin/Streptomycin. Cells were split using 0.05% or 0.25% trypsin
(Corning 25-051-ClI or 25-053-Cl, respectively) before they reached full confluence and
media was changed every 3-4 days. Corning Cellgro Media product information is as
follows, DMEM: 10-013-CV, RPMI: 10-040-CV, 50/50 DMEM/ Ham’s F-12: 10-090-
CV. Human mammary epithelial cells were derived using the Schlegel method as
described(111). Instead of using conditioned media + cells, only conditioned media was
used.

Nutlin: Nutlin-3 (Sigma Aldrich, N6287-5MG) was dissolved in DMSO and was used at
a concentration of 10 uM in media for indicated time. Control is treatment with equal

volume of DMSO.
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Transient Knockdown of p53:

SMARTpool: ON-TARGET plus Human TP53 siRNA (L-003329-00-0020) (pool of 4
siRNAs) and ON-TARGET plus Human TP53 siRNA (J-003329-15 and J-003329-17
for individual siRNAs #1 and #2, respectively) were used to transiently knock down p53.
The lipofectamine, Opti-MEM, and siRNA were mixed together and incubated at room
temperature for 30 minutes. The mixture was added dropwise to cells already containing
an equal volume of the fully supplemented media without antibiotics. This media was left
on the cells for 5-16 hours and was subsequently changed to fully supplemented media

with antibiotics.

Human Tissue Samples:

De-identified breast cancer tissue samples were distributed by the Tumor Bank in the
Herbert Irving Comprehensive Cancer Center Molecular Pathology Shared Resource. De-
identified peripheral blood mononuclear cells (PBMCs) from healthy donors were

distributed by the Immune Monitoring Core at Icahn School of Medicine at Mount Sinai.

Plasmids for Luciferase Reporter Assay:

p53 Expression Plasmid:

The pC53-pSN3 plasmid (previously published (112), gift from Dr. Bert Vogelstein) was
used to overexpress p53 where WT p53 cDNA was cloned into the unique Bam H1 site in
the expression vector pCMV-Neo (empty vector) to produce pC53-SN3.

Luciferase Plasmid:
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The pGL3 basic reporter vector is commercially available (ProMega). The construction
of pGL3-EibTATA (a pGL3 based luciferase reporter under the control of the minimal
adenovirus E1b promoter) and pGL3-E1bTATA-p21 5’ have been previously described
(113). The plasmids, pGL3-TATA-Hu PTEN-ePS3RE
(GAACTTGTCTAGGCATGTCT), pGL3-TATA-Hu PTEN-pPS3RE
(GAGCAAGCCCCAGGCAGCTACACTGGGCATGCTC) were constructed by
synthesizing and cloning oligonucleotides with X401/ and Nhel ends into the polylinker

of pGL3-E1bTATA.

CRISPR of Hu PTEN-ePS3RE:

Guide Sequences:

CACCGTAGGCATGTCTAGTGAGCAA

AAACTTGCTCACTAGACATGCCTAC (complimentary)

Lentivirus was produced in HEK-293T cells as previously described (114) by
transfecting 0.3 pg of VSV-G, 3 pug of pCMV-DR8.9, and 3.6 pg of pS3-PTEN-
LentiCRISPRv2 or empty LentiCRISPRv2 into a 10cm plate of cells and collecting
viral particles from media 24 and 48 hours post-transfection. The viral media was filtered
through a .45 micron syringe filter (Fisher 194-2545) and stored at -80°C. Viral media
was used to infect mammalian cells in the presence of 12pg/mL polybrene and 2 pg/mL
of puromycin (Sigma P8833) was used to select for infected cells. Limiting dilution was
used to isolate single colonies, DNA from which was amplified and sequenced by

Genewiz using the primers listed below.
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PCR Primers:
For: GGAATGCTTCAGTCTGCTCC
Rev: TCTGGCATGTTTGCATTTTC

Sequencing Primers:

For: ATGGCCACAACCCTTATTCC

Rev: TTTGCTGCTACACTGCTTCC

If the CRISPR deletion was too large to use the sequencing primers, then the PCR
product was purified and the PCR primers were used for sequencing. Selected clones

were used for further experiments.

Conservation Analysis:
Multiz alignment was run from the UCSC genome browser for selected organisms as

previously described (115).

RT-qPCR:

RNA was prepared using the QiaShredder (79654) followed by the Qiagen RNeasy Kit
(74104). cDNA was synthesized using the SuperScript Reverse Transcriptase II kit
(Thermo 18064-014). The Applied Biosystems 7500 Fast Quantitative Realtime PCR
System was used according to manufacturers’ protocol using Fast SYBR Green Master
Mix (Thermo 4385612). All qRT-PCR values were normalized to GAPDH.

The temperature program was as follows:

Initial Denaturation: 95°C 20sec

40 cycles: 95°C 3sec, 60°C 30sec

gRT-PCR Primers:
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p53-For: CTTTGAGGTGCGTGTTTGTG

p53-Rev: GGGCAGTGCTCGCTTAGT
CDKNI1A(p21)-For: ACTCTCAGGGTCGAAAACGG
CDKNIA(p21)-Rev: CCTCGCGCTTCCAGGACTG
BBC3(PUMA)-For: CGGCGGAGACAAGAGGAG
BBC3(PUMA)-Rev: CAGGGCTGGGAGTCCAGTAT
MDM2-For: CTGTGTTCAGTGGCGATTGG
MDM2-Rev: AGGGTCTCTTGTTCCGAAGC
miR-34a-For: AGTCCTGCAGCCAAGCTC
miR-34a-Rev: TGTCCTGCCTCTCCCCAG
BMPR1A-For: ACTGCCCCCTGTTGTCATAG
BMPR1A-Rev: AGCAATTATGCAGACAGCCA
PHLDA3-For: CAGCTGTGGAAGCGGAAG
PHLDA3-Rev: GCGAAGCTGAGCTCCTTG
CCNG1-For: CTCCTTCAAGAGAACTTGCCA
CCNG1-Rev: TGACATGCCTTCAGTTGAGC
GADD45a-For: ACTTATTTGTTTTTGCCGGG
GADD45a-Rev: ATTCAGATGCCATCACCGTT
NOTCHI1-For: GGCAATCCGAGGACTATGAG
NOTCHI1-Rev: CAGAACGCACTCGTTGATGT
TGFA-For: TAATGACTGCCCAGATTCCC
TGFA-Rev: TACCCAGAATGGCAGACACA

PLK3-For: GCGCGAGAAGATCCTAAATG
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PLK3-Rev: TTGTCAGCGTCCTCAAAGTG
PTEN-For: CCAGTCGCTGCAACCATC

PTEN-Rev: CTTCTTCTGCAGGATGGAAATG
STK11(LKB1)-For: TGCTGAAAGGGATGCTTGAGTA
STK11(LKB1)-Rev: GGATGGGCACTGGTGCTT
KDMG6A(UTX)-For: CATGGTGTTCAATAGGTGTGCT
KDMG6A(UTX)-Rev: CCATGGTCCAATTGTACAGC
FATI-For: GGGTGAGCTCCACGAGAG

FAT1-Rev: CAAATGTCTCCCCATTGCTT
FOXO1-For: AAGGGTGACAGCAACAGCTC
FOXO1-Rev: TTCCTTCATTCTGCACACGA
JAG1-For: AGTGTGATACCAGATGGGGC
JAG1-Rev: ACACCAGACCTTTGAGCAGG
TGFB2-For: CATCTACAACAGCACCAGGG
TGFB2-Rev: GGCGTAGTACTCTTCGTCGC
VAV2-For: CGCTTTGCAATAAGCATCAA
VAV2-Rev: TGGCCTCTGTGATGTGGAT
BRD1-For: ACTGATCATCGACCCCAAGA
BRDI1-Rev: ATGTGCTCCCCAATCTTCAG
PLACS-For: CGTCGCAATGAGGACTCTCT
PLACS-Rev: GAGGACAGCAAAGAGTTGCC
PLK2-For: AATAACAAAGTCTACGCCGCA

PLK2-Rev: TCTTTGTCAATCTTTTCCCTTTG
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TNFRSF10B-For: CAGAGCCAACAGGTGTCAAC
TNFRSF10B-Rev: GCCTCCTCCTCTGAGACCTT
KLLN-For: GGACCACAGTGGAAAAGGAA
KLLN-Rev: TCTGGAAATCAACTGGAGGC
CFL1PI-For: TCCTTCAGACAGAGTCGGGT
CFL1PI-Rev: GAGGCTGCAGTGGTCATTGT
GAPDH-For: TCACCAGGGCTGCTTTTAAC

GAPDH-Rev: AATGAAGGGGTCATTGATGG

Immunoblotting:

Cells were lysed in 2x sample buffer (125 mM Tris-HCl at pH 6.8, 10% BME, 2% SDS,
20% glycerol, 0.05% Bromophenol Blue, 8 M urea). Protein lysates were loaded into 4-
20% TRIS-glycine gels and resolved by electrophoresis. Samples were then blotted on
PVDF membrane (Millipore IPVH00010) using the wet transfer technique (Invitrogen).
Membranes were blocked in 5% milk-TBST for 1 hour, washed in TBST for 10 minutes,
and incubated in primary antibody in 5% milk-TBST or 5% BSA-TBST at 4°C for 16
hours. Membranes were rinsed (3 x 6 min) in TBST, incubated in horseradish peroxidase-
conjugated secondary antibodies in 5% milk-TBST for 1 hour, and rinsed again in TBST
(3 x 6 min). Membranes were visualized using the chemiluminescence system (Thermo
34080, 37075) on autoradiography film (Denville E3018). Blots were quantified using
Imagel.

Primary Antibodies: Vinculin (Sigma V9131), B-actin (Sigma A5316), PTEN (138G6,

CST 9559), pAKT (Thr308 CST 9275, Ser473 CST 9721), total AKT (CST 9272), p53

(DO-1, SC-126), p21 (C-19, SC-397), LKB1 (CST 3050), KDM6A/UTX (CST 33510).
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Secondary Antibodies: Mouse (Thermo 31432), Rabbit (Thermo 31460).

Chromatin Immunoprecipitation (ChIP-qPCR and ChIP-sequencing):

ChIP-gPCR Primers:

PTEN-eP53RE-For: CACATAAAGGCTGCATTCACA

PTEN-eP53RE-Rev: TTCCTAGCAGACTCCTCCCA

PTEN-eP53RE-Rev (Alt): CTCCCTAAGGTTTCCAGTATTCTG (for U20S CRISPR
Clone 3)

PTEN-pP53RE-For: CAAAAGCCGCAGCAAGTG

PTEN-pP53RE Rev: TGAGCATGCCCAGTGTAGC

5’CDKN1A-eP53RE-For: CTGGACTGGGCACTCTTGTC

5’CDKN1A-eP53RE-Rev: CTCCTACCATCCCCTTCCTC

STK11(LKB1)-For: GCTCTCACCGGCAAAAAGTA

STK11(LKB1)-Rev: GCCCAGCCCTCTTTTTAACT

Analysis of ChIP-seq data:

ChIP-seq reads were aligned to the genome using Bowtie (Version 2.2.3). Hgl9 was
used as the reference genome. For p53 alignments, all default parameters were used.
MACS?2 Version 2.1.0 was used to call significant peaks, and the narrow peak option was
used with the following parameters: p53 peaks: -B --SPMR --nomodel --extsize 150 --
keep-dup 2. All other parameters were run in the default setting. Initial output of MACS2
is a pileup value. MACS2 determines peak significance using a binomial test to
determine p-value at each genomic location followed by the Benjamini-Hochberg

procedure to control for FDR (g-value). MACS2 was also used to calculate fold
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enrichment scores (IP sample over input across genome) using the bdgcmp FE function.
Plots to visualize the data were generated by the UCSC genome browser and adapted in
Ilustrator. Nearest genes to peaks were called using HOMER software(116). MCF10A
cells and DMSO-treated U20S cells were used as starting material for the two basal p53
ChIP-seq data sets. The U20S (DMSO- treated) p5S3 ChIP-seq data set was previously
published(52) and can be accessed from the Gene Expression Omnibus (GEO) using the
accession number GSE46641. We chose to analyze the U20S DMSO-treated dataset over
the "no treatment’ (NT) dataset from the same study because the NT dataset did not
contain peaks for CDKNIA (p21) or mIR-34a, two genes that are known to be regulated
by basal p53; suggesting that the U20S NT data set does not meet the quality standards

required for analysis.

Sample Sequenced Reads Aligned Reads
MCF10A input 57,840,295 55,854,243
MCF10A p53 27,482,537 25,976,864
U20S DMSO input 34,268,308 32,009,064
U20S DMSO p53 39,717,260 36,629,383

Broad/ENCODE ChIP-seq data:

Data for various histone modifications (H3K27Ac, H3K4mel, H3K4me3) in various cell
lines were adapted from the UCSC Genome Browser under the ‘Encode Histone
Modifications’ track set (54,57,58). GEO accession numbers can be accessed for each

cell line and histone mark via the UCSC genome browser under ‘configure track set’.
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Chromatin State Segmentation (ChromHMM) and Hi-C:

Chromatin state tracks were produced by the ENCODE project(54), see original
publication for description of classification strategy(57,117). Hi-C data was also
previously published(53), and can be accessed through the GEO accession GSE63525.
Both ChromHMM and Hi-C data were adapted from the WashU genome browser(55,56).

The color key for ChromHMM data is as follows:

1 - Active TSS

2 L Flanking Active TSS

3 Transcr at gene 5' and 3'

4 L Strong transcription

5 - Weak transcription

6 Genic enhancers

7 Enhancers

8 ZNF genes & repeats

9 Heterochromatin

10 mm Bivalent/Poised TSS

11 Flanking Bivalent TSS/Enh
12 Bivalent Enhancer

13 W= Repressed PolyComb

14 Weak Repressed PolyComb
15 Quiescent/Low

p53 response element prediction:
We used a program called JASPAR that uses position-weight matrix (PWM) to identify
and assign a score to potential p53 response elements, as has been previously described

(118). The matrix model MA0106.3 was used to predict p53 binding sites.

Proliferation assay:
U20S cells (Empty Vector and Clone 1) were plated at 2000 cells/well in 96-well tissue

culture plates (Corning 3595) media containing 1% FBS (low serum). Cells were allowed

63



Running Title: Basal p53 activates multiple tumor suppressor genes

to grow for the indicated number of days. The Essen BioScience IncuCyte® ZOOM
Live-Cell Analysis System took phase-contrast images in triplicate wells every 6 hours.

The IncuCyte® software package was used to estimate confluence at each time point.

Soft agar assay:

U20S empty vector cells and subclones were trypsinized and resuspended in 2X DMEM
media. The bottom layer consisted of 1 ml/well of 0.7 % agar noble (Difco 214220) for
24-well plate. The cell suspensions were cultured in a 0.3 % agar noble (Iml/well) and
layered on top. The cells were maintained in an incubator for 21 days. The colonies were
stained with 0.005% Crystal Violet, photos were taken, and colonies were counted with

Imagel. The experiments were independently performed at least twice, each in triplicate.

Abbreviations for Cancer Types in The Cancer Genome Atlas:

SKCM: skin cutaneous melanoma, LGG: brain lower-grade glioma, BRCA: breast
invasive carcinoma, LAML: acute myeloid leukemia, PRAD: prostate adenocarcinoma,
GBM: glioblastoma mutliforme, KIRP: kidney renal cell papillary carcinoma, THCA:
thyroid carcinoma, KIRC: kidney renal clear cell carcinoma, STAD: stomach
adenocarcinoma, CESC: cervical squamous cell carcinoma and endocervical
adenocarcinoma, BLCA: bladder urothelial carcinoma, LIHC: liver hepatocellular
carcinoma, OV: ovarian serous cystadenocarcinoma, LUSC: lung squamous cell
carcinoma, LUAD: lung adenocarcinoma, HNSC: head and neck squamous cell

carcinoma, PAAD: pancreatic adenocarcinoma.
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Gene Set Enrichment Analysis of MCF10A basal p53 ChIP-seq dataset:

Tumor suppressor genes (TSGs) and oncogenes were classified in the Cancer Gene
Census from COSMIC (119) (as of January 4™, 2017). Frequencies of somatic copy-loss
and copy-gain by gene were retrieved from the cBio portal, averaged across 18 cancer
types, and thresholded at 0.5% mean frequency to yield gene sets of the most recurrently
deleted and amplified genes in TCGA. Enrichment of the list of MCF10A ChIP-seq
peaks (ranked by significance) for these gene sets of TSGs and oncogenes, or recurrent
deletions and amplifications was quantified using the Gene Set Enrichment Analysis

package (120).

Analysis of odds of basal pS3 target downregulation in cases with 7P53 mutation:
We restricted our analysis to the TCGA cases for which exome sequencing, SNP array,
and RNA sequencing data were all available, and queried the mutational status of 7P53
along with the expression levels of its target tumor suppressors. Contingency tables were
constructed between 7P53 mutation status and target gene expression z-scores,
thresholded at -1 standard deviation. Associations were quantified via Fisher’s exact test.

Cancer types that were included in this analysis had sufficient data and cases available.

Copy Number Variation (PTEN-eP5S3RE):
cBioPortal was used to identify TCGA cases with decreased copy number of PTEN-
eP53RE, where “deep deletions” are most likely homozygous deletions and “shallow

deletions” are most likely heterozygous deletions. Both of the identified cases harbored

“deep deletions” in PTEN-eP53RE. cBioPortal uses GISTIC2.0 to identify copy number
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changes (60). Integrative Genomics Viewer (IGV) was used to estimate the specific
location and size of the deletion, and to provide the IGV-scaled CNV numbers, which

reflect log(tumor signal / normal signal) (121,122).

Statistical Analysis:

No statistical methods were used to determine sample size, and experiments were not
randomized or blinded. Aside from traditional Mann-Whitney (non-parametric),
Spearman correlation test (non-parametric), student t-tests (parametric) to compare two
data sets, and Chi-squared test (non-parametric), parametric statistical methods were used
in order to make appropriate multiple comparisons of repeated measures of data
(following 1-way or 2-way ANOVA as indicated in figure legends). Graphpad Prism was
used to make these simple predetermined statistical comparisons.

Dunnett’s Multiple Comparisons Correction: Used for comparing all samples to a control
sample, but not for comparing the non-control samples to one another.

Sidak’s Multiple Comparisons Correction: Used when specific multiple comparisons are
pre-selected.

Fischer’s Exact Test: Used to analyze the Odds Ratio data from TCGA cases (displayed

in a contingency table).
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