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Supplementary Figures and Tables 

Figure S1 RSK2 in ER+ breast cancer 

 

(A) Additional representative images of serial sections of ER+ breast cancer tissue.  Scale bar = 20 µm.  (B) 

Growth factors and cytokines activate ERK1/2 and RSK.  MCF-7 cells were treated with the indicated agents 

and the lysates analyzed.  (C) RSK2 accumulates in the nucleus in response to growth factor/cytokine 

signaling.  Scale bar = 10 µm.  (D) 4-OHT decreases FGF-induced RSK2 nuclear accumulation in MCF-7 and 

ZR-75-1 cells.  MCF-7 and ZR-75-1 cells treated with 2 or 10 µM 4-OHT, respectively.  Scale bar = 10 µm.  

DNA stained with Draq5.  (Bar, median ± quartile, n ≥ 3, ≥ 30 cells/condition)  **p<0.01, ***p<0.001; Student’s 

t-test.  (E) RSK2 but not RSK1 accumulates in the nucleus.  Direct fluorescence of MCF-7 cells overexpressing 

RSK1-Venus or RSK2-Venus with or without activation of ERK1/2 signaling. Scale bar = 10 µm.  (Bar, median 

± quartile; n ≥ 3, ≥ 145 cells/treatment) ***p<0.001; Student’s t-test.  (F) Analysis of lysates from experimental 

cells described in (E).  (G) Loss of RSK2 reduces orthotopic ER+ tumor growth.  Representative ex vivo 

images of resected tumors. Scale bar = 3 mm.   

 

See Figure 1  

!  





Ludwik et al. 

! 4!

Figure S2 Analysis of RSK2 gene signature  

(A) Lysates of MCF-7 cells showing successful knockout of RSK2 using CRISPR/Cas9 technology.  (B) 

Ectopic expression of RSK2 rescues the decreased proliferation in MCF-7 RSK2-KO cells.  (Bar, mean + SD, 

n=3, quadruplicate)  ***p<0.001; two-way ANOVA (C) Volcano plot in which each gene is represented as a 

circle.  Grey circles represent genes whose levels are not changed whereas purple circles represent genes in 

which the absolute fold-change ≥ 2.5 and FDR corrected p-value ≤ 0.05 (529 genes).  (D) Quantitative RT-

PCR validation of selected transcripts from the RNA-seq data set demonstrating rescue of expression by re-

introduction of RSK2 in RSK-KO MCF-7 cells.  RPL13A was used as a negative control.  (Bar, mean + SD, 

n=3, triplicate)  ***p<0.001; Student’s t-test.  (E) Venn diagram showing overlap of RSK2_529 gene set with 

the genes present in PAM50 or present in luminal versus basal.  (F) Venn diagram showing overlap with cell 

cycle and proliferation gene set and the lack of enrichment of these genes in the RSK2_529 set as shown by 

GSEA.  (G) Hierarchical clustering of TCGA gene expression data from 782 invasive breast tumors reveals 

that the RSK2_529 set minus proliferation and cell cycle genes stratifies patients according to the presence of 

ERα.  Horizontal axis: individual patients; vertical axis: individual genes.  White bar separates columns at the 

first dendrogram split.  (H) Venn diagram showing overlap with cell cycle and proliferation of gene set 

controlled by GATA3, FOXA1, ESR1 and EP300 (RSK2_127).  (I) Hierarchical clustering of TCGA gene 

expression data from 782 invasive breast tumors reveals that the gene set RSK2_127 minus the proliferation 

and cell cycle genes stratifies patients according to the presence of ERα.  Horizontal axis: individual patients; 

vertical axis: individual genes.  White bar separates columns at the first dendrogram split.   

 

See Figure 2 
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Figure S3 Anti-estrogen regulation of RSK2 nuclear accumulation 

(A) 4-OHT disrupts the association of ERα and RSK2.  ERK1/2 signaling was activated in MCF-7 cells pre-

treated ± 4-OHT and ERα and co-associated proteins immunoprecipitated with IgG (control) or anti- ERα .  

(Bar, mean ± SD, n=3)  **p<0.01; Student’s t-test.  (B) 4-OHT does not decrease pSer- 167 ERα levels in 

ERK1/2 activated MCF-7 cells.  (C) Forced expression of ERα increases nuclear RSK2 levels (Fn) in ER+ cells 

in mammary gland as measured by fluorescence in the CERM (rtTA+) compared to the control littermates 

(rtTA-).  (Bar, median ± quartile, n>3  ~ 4 months old/ > 3 fields/mouse)  **p<0.01; Student’s t-test.  (D) Anti-

estrogens reduce RSK2 nuclear accumulation in ERK1/2 activated MCF-7 cells.  MCF-7 cells treated with 4-

OHT (2 µM) or ICI 182,780 (1 µM) and ZR-75-1 cells treated with 4-OHT (10 µM) before activation of ERK1/2 

signaling.  Scale bar = 10 µm.  The data were normalized to the control.  (Bar, median ± quartile, n=3, ≥ 80 

cells/treatment)  **p<0.01, ***p<0.001; Student’s t-test.  (E) 4-OHT (2 µM) reduces RSK2 nuclear accumulation 

in ERK1/2 activated BT-474 cells transduced with RSK2-Venus.  Scale bar = 10 µm.  (F) Inhibition of MCF-7 

and ZR-75-1 proliferation after a 48 h treatment with various concentrations of 4-OHT.  (Symbol, mean ± SD, 

n=2, quadruplicate)  ***p<0.001, between the two cell lines at a given concentration; #p<0.001, within a cell line 

between the vehicle and each 4-OHT concentration; two-way ANOVA.  (G) Anti-estrogens are able to drive 

RSK2 into the cytoplasm.  ERK1/2 signaling was activated and RSK2 allowed to accumulate in the nucleus 

before treatment with 4-OHT (1µM). (Bar, median ± quartile, n=3, ≥ 80 cells/treatment).  ***p<0.001; Student’s 

t-test.  (H) Treatment of MCF-7 cells with 4-OHT does not alter RSK or ERK1/2 activation or RSK2 levels.  (I) 

RSK2 does not regulate ERα nuclear localization.  ERK1/2 was activated in MCF-7 cells transduced with a 

control (Ctrl) or RSK2 shRNA.  Scale bar = 10 µm.  (Bar, median ± quartile, n=2, ≥90 cells/treatment)  Anti-

estrogens decrease the levels of nuclear active RSK (J) and cyclin D1 (K) in ER+ breast cancer organoids.  

Additional representative images of serial sections of starting tissues and ER+ breast cancer organoids treated 

± 4-OHT (1µM).  Scale bar = 20 µm.  Arrows indicate nuclear RSK2 in control versus cytoplasmic RSK2 in 4-

OHT conditions. (L) E2 does not activate RSK2 nuclear accumulation in MCF-7 cells.  (M) Small molecule 

inhibitor screen of RSK2-Venus nuclear accumulation.  *p<0.05; Student’s t-test.!

See Figure 3 
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Figure S4 Mapping the region responsible for RSK2 nuclear accumulation 

 (A) Schematic of RSK constructs.  The N-terminal (NTKD) and C-terminal (CTKD) kinase domains are 

indicated.  (B) The N-terminal region of RSK2 is required for RSK2 nuclear accumulation.  Direct fluorescence 

of MCF-7 cells transduced with a C-terminal Venus-tagged WT RSK2 or RSK chimeras.  Scale bar = 10 µm.  

(C), (D) Expression and activation levels of the indicated constructs.  ERK1/2 was activated in MCF-7 cells and 

lysates analyzed.  The strip indicates that samples were electrophoresed on a separate gel with RSK1-Venus 

and RSK2-Venus controls included.  (E) RSK2(1-67) does not confer nuclear localization of a heterologous 

protein.  Direct fluorescence of MCF-7 cells overexpressing Venus-NLS (SV40)-GST, Venus-RSK2(1-67)-GST 

or the control (Venus-GST).  Scale bar = 10 µm.  (Bar, mean ± SD, n=3, ≥20cells/treatment)  (F) Amino acid 

sequences in representative examples from the class Mammalia of the extreme N-terminus of RSK2 and 

RSK1, which is located just prior to the NTKD.  (G) The Ser-Pro-Ser motif of RSK2 does not regulate RSK2 

nuclear accumulation.  ERK1/2 was activated in transduced cells, which were analyzed by direct fluorescence 

at various time points.  Scale bar = 10 µm.  (Bar, median ± quartile, n=2, ≥30cells/treatment)  **p<0.01, 

***p<0.001; Student’s t-test.  (H), (I) ERK1/2 was activated in transduced cells and the lysates analyzed.  

 

See Figure 4 
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Figure S5 Characterization of RSK2 nuclear accumulation 

(A) Expression levels of various RSK2 constructs.  MCF-7 cells were transduced with a control or RSK2-

specific shRNA and the indicated construct.  ERK1/2 was activated in MCF-7 cells and lysates analyzed.  (B) 

RSK2 nuclear accumulation is required for ER+ tumor growth.  Representative ex vivo images of resected 

tumors.  Scale bar =3 mm.  (C) Tumors (B) were lysed and expression levels of the constructs analyzed.  

 

See Figure 5 

!  
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Figure S6 Analysis of NLS-RSK2 mouse model 

(A) NLS-RSK2 is expressed in the nucleus of transgenic animals.  Section of mammary gland obtained from 

MMTV-NLS-RSK2 virgin female mice (10 weeks).  Scale bar = 10 µm.  (B) Mammary cells from (A) were 

isolated, lysed and analyzed.  ns=non-specific.  (C) Carmine stained whole mount images of the 4th mammary 

gland isolated from six month WT and NLS-RSK2 mice.  Scale Bar = 200 µm.  (D) H&E sections demonstrate 

hyperplasia in the mammary glands of the NLS-RSK2 transgenic mice at six months.!!Scale Bar = 10 µm.  (E) 

Forced nuclear expression of RSK2 expands the ER+ population.  Mammary gland sections from NLS-RSK2 

or WT virgin female mice (6 months).  Scale bar = 20 µm.  (Bar, median ± quartile, n= 6 mice/genotype, ≥5 

fields/mouse)  ***p<0.001; Student’s t-test.  (F) Carmine stained whole mount images of the 4th mammary 

gland isolated from sixteen month WT and NLS-RSK2 mice.  Scale Bar = 200 µm.  (G) High grade DCIS 

incidence in sixteen month old NLS-RSK2 and WT mice.  (H) In vitro bioluminescence analysis of luciferase 

transduced spheres demonstrating the linear response with varying cell number for both genotypes. (I) 

Representative ex vivo images of the gross anatomy and bioluminescence of lungs from NCG mouse 

inoculated with spheres generated from sixteen month old NLS-RSK2 mice.  Arrows indicate metastatic 

lesions.  Scale Bar = 1 cm.     

 

See Figure 6 
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Table S1 Patient histopathological information  

Age; race; tumor: grade, size, and type; lymph node involvement; %ER+; %PR+; HER2 status; and pRSK 

localization in patient samples used in Figures 1A-C, S1A, 3B, 3C, and S3J, S3K.  Samples with nuclear pRSK 

are highlighted in blue. 

 

Refer to file Table S1.xlsx 
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Table S2 Differentially expressed genes in RSK2-KO cells  

In bold is the 212 gene set (RSK2_212); in bold and italics is the 127 gene subset (RSK2_127) regulated by 

ESR1-GATA3-FOXA1-EP300 axis. 

 

Refer to file Table S2.xlsx 
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Table S3 Analysis of ER+ and ER- clustering of invasive ductal carcinoma samples using different 
gene sets  

Hypergeometric probabilities and Fisher’s exact test p-values for enrichment of ER+ and ER- samples in 

clusters generated by unsupervised hierarchical clustering using the indicated gene sets.  In blue are gene 

sets that generated significant enrichment; in dark-blue are RSK2-regulated gene sets.  

 

Refer to file Table S3.xlsx 
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Table S4 Small molecule inhibitors screened for inhibition of RSK2 nuclear localization 

List of inhibitors (and their known target kinase) used in Figure S3M. 

 

Refer to file Table S4.xlsx. 
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Supplementary Experimental Procedures 

Animals 

 The transgenic MMTV-HA-NLS-RSK2 mice were produced and analyzed as described in Materials 

and Methods. 

Mice carrying a transgene composed of the MMTV-LTR linked to sequences encoding the tetracycline 

responsive reverse transactivator (rtTA: tet-on gene regulation) and a transgene composed of the tetracycline 

responsive promoter (tet-op) linked to sequences encoding murine ERα (C57BL/6JMMTV-rtTA/tet/op-ER
α; CERM) 

were obtained from Priscilla Furth, M. D. (Georgetown University) (1).  Doxycycline was administered in diet 

(0.625 g/kg) for 16 weeks starting at weaning.  Double transgenic (MMTV-rtTA/tet-op-ERα) and control single 

transgenic (tet-op-ERα) virgin females were euthanized at 19 weeks and the mammary glands analyzed. 

Female NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG; The Jackson Laboratory) mice (8 to 12 weeks) received 

a 17β-estradiol pellet (0.36-mg 60-day release) implanted subcutaneously in the shoulder region.  Mice were 

injected (50 µl, 20% Matrigel) into both right and left 4th mammary fat pads with 1.2 x 106 previously transduced 

MCF-7 cells.  Tumor dimensions was measured using manual calipers twice per week and the tumor volume 

was calculated: V = L2 x H (V-volume; L-length; H-depth).  At the end of the study tumors were extracted and 

either fixed in 10% buffered formalin for paraffin embedding, sectioning and immunofluorescence analysis or 

frozen for lysis as described (2).  

Female NCG-Prkdcem26Cd52Il2rgem26Cd22/NjuCrl (NCG; Charles River) mice (8 wks) were injected in the 

left cardiac ventricle with 1x105 cells/100 ul PBS.  Bioluminescence was detected as described in (3).   

 

Cell culture and treatment 

Cell lines were maintained in a log-phase of cell growth and screened for Mycoplasma by PCR.  Cells 

were serum starved for 12-15 h before addition of phorbol 12-myristate 13-acetate (PMA) (0.5 µM), E2 (1 or 10 

nM), EGF (25 nM), FGF7 (10nM), CXCL1 (10 nM), prolactin (10 nM) or leptin (5 nM).  PMA, E2, FGF7 or EGF 

was added for 6-8 h and other growth factors for 24 h.  In experiments with 4-OHT (2 µM) and ICI 182,780 (1 
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µM), cells were pre-treated for 12 h with each inhibitor before PMA treatment.  Alternatively, 4-OHT (2 µM) was 

added for 8h after 2h pre-treatment with PMA.  For kinase inhibitor screen cells were pretreated with individual 

compounds from the Screen-Well Kinase Inhibitor library for 2 h and then treated with PMA for 6 h.  All 

compounds were tested at a final concentration of 10 µM.  Proliferation assays were performed as described 

(3).   

 

Clinical Samples 

Assessment for ERα and progesterone receptor (PR) was determined by immunohistochemistry 

(Resource Table) on formalin-fixed paraffin-embedded (FFPE) sections and scoring performed according to (4) 

by board certified pathologists at the University of Virginia. 

HER2 amplification relative to chromosome 17 copy number was determined on FFPE sections by 

chromogenic in situ hybridization using Ventana/Roche Medical Systems INFORM HER2 Dual ISH DNA probe 

cocktail.  Staining was performed on VENTANA Benchmark XT automated slide stainer (using NexES 

software) by light microscopy.  Scoring was performed according to (5) by board certified pathologists at the 

University of Virginia.   

 

Immunostaining and immunodetection 

Tissue and organoids were fixed in buffered 10% formalin for 2 d and then placed in 70% ethanol. The 

fixed samples were paraffin-embedded, and 5-µm sections were prepared by the University of Virginia 

Research Histology Core or by the Translational Pathology Shared Resource at Vanderbilt University. The 

sections were deparaffinized, blocked in 10% bovine serum albumin (BSA) in PBS and incubated with primary 

antibody in 3% BSA in PBS o/n at 4°C. The sections were washed three times and incubated with secondary 

antibody for 1h at room temperature. The sections were washed and DNA was stained with Hoechst for 10 

min.  For mouse tissues Western Blot Blocking Reagent (Roche Life Science) in PBS was used for blocking 

and to dilute antibodies and all the washes were performed with PBS.  The coverslips were mounted using 

Fluoro-Gel (Electron Microscopy Sciences).  
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For detection of Venus-tagged proteins or ERα cells were washed twice with PBS, fixed for 15 min with 

4% PFA in PBS at room temperature (RT), washed twice with PBS and permeabilized for 15 min with 0.1% 

Triton-X100 in PBS prior to blocking.  For detection of cyclin D1, cells were washed twice with ice-cold PBS, 

fixed for 10 min with ice-cold 90% methanol in MES buffer (100 mM MeS, pH 6.9, 1 mM EGTA, 1 mM MgCl2) 

in -20oC.  Fixed cells were blocked overnight in 10% BSA in PBS before incubation with primary antibodies.  

Indirect and direct fluorescent images were obtained at room temperature with a laser-scanning 

microscope (510/Meta/FCS or LSM880 Airy Scan; Carl Zeiss, Inc.). Images of immunostained tissue sections 

were obtained with a 40× Plan-Neofluar oil objective NA 1.3 using a zoom of 0.7×. Images of cells were 

obtained using 63× Plan-Apochromat oil objective NA 1.4, zoom 1×.  Images were acquired using LSM-FCS or 

ZEN software and quantitated using Openlab 5.5.0 or ImageJ64 software. Images were processed in 

Photoshop version CS6 version 13.0.  For imaging of xenograft tumor sections expressing Venus-tagged 

RSK2 chimeras, six 1 µm Z-stacks were acquired and the 3D projections were assembled using Volocity 6.2.1.  

Imaging of live cells expressing RSK2-Venus and histoneH3-mCherry for the kinase inhibitor screen was 

performed using the ImageXpress Micro XL System (Molecular Devices). The RSK2-Venus nuclear to 

cytoplasmic fluorescence intensity ratio was quantified using MetaXpress software.  For immunodetection cells 

were lysed as described (2).  The list of inhibitors is provided in Table S4. 

 

Quantitative real time PCR (qRT-PCR) 

WT and RSK2-KO MCF-7 were serum starved for 12-15 h and treated with EGF (25nM)/E2(1nM) for 8 

h before total RNA was extracted (RNeasy Kit).  1µg of RNA was reversely transcribed using High Capacity 

cDNA Reverse Transcription Kit.  QRT-PCR was performed using IQ RealTime SybrGreen PCR Supermix on 

C1000Thermal Cycler CFX96 Real-Time System (BioRad Laboratoreis) and ΔΔCt was calculated using 

GAPDH as a control.  qRT-PCR primers are listed in Resource Table.  
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Transfection and transduction 

Transient transfections were performed with Lipofectamine 2000 (Invitrogen). Gene silencing was 

performed using non-targeting siRNA #1 and siRNA SMARTpools human ERα.  Transient transfections were 

performed using pKH3 Venus-GST, pKH3 Venus-NLS-GST, pKH3 Venus-RSK2(1-67)-GST.  Constructs used 

to generate lentivirus, including pSPAX2, pLVTHM, and pMD2G, were provided by D. Trono, Ph.D. (Swiss 

Federal Institute of Technology, Lausanne, Switzerland) (6).  The pLV-Venus lentivirus construct was provided 

by I.G. Macara , Ph.D. (Vanderbilt University, Nashville, TN) and lentiviral production was performed as 

described (7). RSK2-Venus and RSK1-Venus were amplified using the polymerase chain reaction using the 

appropriate primers, and cloned into pLV-Venus in frame at the 5’ end of Venus.  The RSK1(1-401)RSK2(406-

740) was generated by amplifying RSK1 from 1 to 1205 base pairs (bp) with an MfeI site added at the 3’-

terminus, and inserting it upstream of the RSK2 C-terminal portion using an internal MfeI site (mouse RSK2 bp 

1216). The RSK2(1-407)RSK1(404-735) was generated by amplifying RSK1 from 1212 to 2205 bp with an 

MfeI site added at the 5’-terminus, and inserting it downstream of the RSK2 N-terminal portion using an 

internal MfeI site (RSK2 bp 1216).  To generate RSK2(1-67)RSK1(62-735), RSK2 was amplified from 1 to 234 

bp, with a silent mutation introduced at bp 234 (A to C) to generate a BamH1 site. The 1-234 bp fragment was 

then inserted into RSK1 using an internal BamH1 site (rat RSK1 bp 211). To generate RSK1(1-61)RSK2(68-

740), RSK2 was amplified from 229 to 2220 bp, and a silent mutation introduced at 234 bp (A to C) to generate 

a BamH1 site. The 229-2220 bp fragment was then inserted into RSK1 using an internal BamH1 site (RSK1 bp 

211).  RSK2(1-375)RSK1(370-402)RSK2(407-740) was generated by amplifying RSK1(370-401)RSK2(400-

740) from RSK1(1-401)RSK2(406-740), using a primer with a DraIII site introduced at the 5’ end. The 

RSK1(370-401)RSK2(400-740) fragment was then inserted into full-length RSK2 using internal DraIII sites.  

RSK2(S17A/S19A) and RSK2(S17D/S19D) were generated using QuickChange II site directed mutagenesis.  

To generate RSK2(Δ27-32), base pairs from 78 to 96 were deleted from RSK2 using Q5 site-directed 

mutagenesis.  GST-Venus-RSK1(1-62), GST-Venus-RSK2(1-67) and GST-Venus-RSK2(1-67_Δ27-32) 

constructs were generated by PCR amplification using the appropriate template and insertion into pGEX-GST-

Venus at the 3’ end of Venus.  To generate Venus-NLS-GST the NLS from SV40 (PKKKRKV) was inserted 
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into pKR7 Venus-GST.  Venus-RSK2(1-67)-GST was generated by amplification and insertion of RSK2(1-67) 

into pKR7 Venus-GST.   

Refer to the Resource Table for short hairpin sequences targeting RSK2 and the scramble. The short 

hairpin sequence for luciferase was previously described (8). To generate shRNA resistant RSK2 (rRSK2) 

QuickChange II Site-Directed Mutagenesis was used to introduce silent mutations in the shRNA targeting 

region: GGAACG(T/A)GATATC(T/C)TGGTA.  

RSK2-KO MCF-7 cells were generated by co-transfection with guide RNA 1 

(ACTTCATTAGAGCCCTTTAGGGG) and guide RNA 2 (ACTACATTATTGAGTATGCCAGG) inserted into 

Cas9 containing plasmid (pX330-U6-Chimeric_BB-CBh-hSpCas9).  Single-cell clones were isolated and 

genomic DNA screened using PCR to identify clones with homozygous RSK2 deletion.  For homozygous 

clones the DNA and RNA were sequenced.  All sequences were verified by the Biomolecular Research Core 

(University of Virginia, Charlottesville, VA) or GenHunter Corporation (Nashville, TN). 

! !
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Resource Table 

REAGENT or 
RESOURCE SOURCE IDENTIFIER 

Antibodies 
Chicken anti-GFP (IF; 
IB) Abcam ab13970 

Chicken anti-keratin14 
(IF) BioLegend SIG-3476 

Goat anti-RSK2 (IF) Santa Cruz Biotechnology, 
Inc. sc-1430 

Mouse anti-RSK2 (E-
1) (IB) 

Santa Cruz Biotechnology, 
Inc. sc-9986 

Rabbit anti-pRSK 
(Thr359/Ser363) (IF) 

Santa Cruz Biotechnology, 
Inc. sc-12898-R 

Goat anti-Ki67 (IF) Santa Cruz Biotechnology, 
Inc. sc-7846 

Rabbit anti-cyclin D1 
(IF) Thermo Fisher Scientific Inc. MA139546 

Rabbit anti-ERα (IF; 
IB) Thermo Fisher Scientific Inc. RM9101S0 

Rabbit anti-pSer-167 
ERα SignalWay Antibody 11073 

Rat anti-keratin 8 (IF) University of Iowa TROMA-I 
Mouse anti-ZO-1 (IF) Thermo Fisher Scientific Inc. 33-9100 
Mouse anti-E-cadherin 
(IF) BD Biosciences BDB 610181 

Rabbit anti-pRSK 
(Thr359/Ser363) (IF) EMD Millipore 04-419 

Rabbit anti-ERα (IP) EMD Millipore 06-935 
Normal rabbit IgG (IP) EMD Millipore 12-370 
Mouse anti-cyclin D1 
(IF) Cell Signaling Technology 2926S 

Rabbit anti-Ran (IB) Cell Signaling Technology 4462 
Rabbit anti-pRSK 
(Thr359/Ser363, 
Ser380) (IB) 

Cell Signaling Technology 9344S 

Rabbit anti-pSer-167 
ERα (IB) Cell Signaling Technology 5587S 

Rabbit anti-RSK2 (IF) Bethyl Laboratories Inc. IHC-00683 

Rat anti-HA (IF; IB) provided by I.G. Macara, 
Vanderbilt University NA 

AlexaFluor goat anti-
mouse 488 IgG (H+L) 
*highly cross-
adsorbed* 

Thermo Fisher Scientific Inc. A-11029 

AlexaFluor rabbit anti-
mouse 488 IgG (H+L) Thermo Fisher Scientific Inc. A-11059 

AlexaFluor donkey 
anti-goat 488 IgG 
(H+L) 

Thermo Fisher Scientific Inc. A-11055 
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AlexaFluor goat anti-
rabbit 488 IgG (H+L) Thermo Fisher Scientific Inc. A-11034 

AlexaFluor goat anti-
mouse 546 IgG (H+L) 
*highly cross-
adsorbed* 

Thermo Fisher Scientific Inc. A-11030 

AlexaFluor goat anti-
chicken IgG 546 (H+L) Thermo Fisher Scientific Inc. A-11040 

AlexaFluor donkey 
anti-rabbbit IgG 546 
(H+L) 

Thermo Fisher Scientific Inc. A-10040 

AlexaFluor donkey 
anti-goat IgG 647 
(H+L), 

Thermo Fisher Scientific Inc. A-21447 

AlexaFluor goat anti-
rat 647 IgG (H+L) Thermo Fisher Scientific Inc. A-21247 

Cy3-labeled donkey 
anti-chicken 

Jackson ImmunoResearch 
Laboratories, Inc. 703-165-155 

Cy3-labeled donkey 
anti-goat 

Jackson ImmunoResearch 
Laboratories, Inc. 705-166-147 

Donkey anti-rabbit 
HRP 

Jackson ImmunoResearch 
Laboratories, Inc. 711-035-152 

Goat anti-mouse HRP Jackson ImmunoResearch 
Laboratories, Inc. 115-035-062 

Donkey anti-chicken 
HRP 

Jackson ImmunoResearch 
Laboratories, Inc. 703-035-155 

MagnaBind goat anti-
rabbit IgG magnetic 
beads 

Thermo Fisher Scientific Inc. PI-21356 

anti-GFP mAb-
magnetic beads 

Medical and Biological 
Laboratories D153-9 

GFP-Trap_M ChromoTek GmbH gtm-10 
Glutathion Sepharose 
4B GE Healthcare Life Sciences 17075601 

CONFIRM rabbit anti-
ERα (SP1); for clinical 
samples 

Ventana/Roche 790-4324 

Mouse anti-PR (PgR-
636); for clinical 
samples 

DAKO M3569 

Chemicals, Peptides, and Recombinant Proteins 

Phorbol 12-myristate 
13-acetate (PMA) Sigma P1585-1MG 

17-b estradiol (E2) Sigma E2758 
EGF Calbiochem 324831-200UG 
AREG R&D Systems 262AR100CF 
FGF7 R&D Systems 251KG010CF 
CXCL1 R&D Systems 275GR010 
Prolactin PeproTech 100-07 
Leptin Thermo Fisher Scientific 398LP01M 
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4-hydroxytamoxifen (4-
OHT) Sigma H7904 

Fulvestrant (ICI 
182,780) Sigma I4409 

Hydrocortisone Sigma H0888 
Insulin- transferrin–
selenium Invitrogen 51500056 

Amphotericin B Sigma A2942 
Dimethyl-3,3’-
dithiobispropionimidate Thermo Fisher Scientific Inc. PI-20665 

17β-estradiol pellet; 
0.36-mg 60-day 
release 

Innovative Research of 
America NE-121 

Doxycycline; 0.625 
g/kg Harlan TD.120769 

IPTG Sigma I6758 
Commercial Assays 

QuickChange II Site-
Directed Mutagenesis Agilent Technologies 200521 

Q5® Site-Directed 
Mutagenesis Kit New England Biolabs Inc. E0054S 

Screen-Well Kinase 
Inhibitor library Enzo Life Sciences BML-2832-0100 

RNeasy Mini Kit Qiagen 74107 
TruSeq RNA Library 
Prep Kit Illumina RS-122-2001 

High Capacity cDNA 
Reverse Transcription 
Kit 

Thermo Fisher Scientific 
4368814 

IQ RealTime 
SybrGreen PCR 
Supermix  

BioRad Laboratories 1708880  

Oligonucleotides 
Non-targeting siRNA 
#1 Thermo Fisher Scientific Inc. D-001210-01-05 

ERα  siRNA 
SMARTpool Thermo Fisher Scientific Inc. M-003401-04-0005 

RSK2 shRNA (in bold) GATCCCCGGAACGTGATATCTTGGTATTCAAGAGATACCAAGATATCACGTTCCTTTTTGGAAA. 

scrbl shRNA (in bold) CGCGTCCTCGCGACTAAACACATCAATTCAAGATTGATGTGTTTAGTCGCGATTTTTGGAAA 

qRT-PCR primers 
BCL2-F CTGCACCTGACGCCCTTCACC 
BCL2-R CACATGACCCCACCGAACTCAAAGA 
FAT1-F GTGTGATTCGGGTTTTAGGG 
FAT1-R CTGTACTCGTGGCTGCAGTT 
KIT-F TCTGCATTGTTCTGTGGACCAGGA 
KIT-R ACACAACAGGCACAGCTTTGAAGG 
SOX3-F AGACCAGGACCGTGTGAAAC 
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SOX3-R AATTGTGCATCTTGGGGTTC 
GAPDH-F CCTGCACCACCAACTGCTTA 
GAPDH-R CCATCACGCCACAGTTTCC 
RPL13A-F CATAGGAAGCTGGGAGCAAG 
RPL13A-R GCCCTCCAATCAGTCTTCTG 
Plasmids 
pX330-U6-
Chimeric_BB-CBh-
hSpCas9 

(9) Addgene;42230 

pSPAX2 (6) Addgene; 12260 
pLVTHM (6) Addgene; 12247 
pMD2.G (6) Addgene; 12259 
Software and Algorithms 
LSM-FCS/ ZEN Carl Zeiss, Inc. N/A 
MetaXpress Molecular Devices N/A 
Openlab 5.5.0 / 
Volocity 6.2.1 PerkinElmer Inc. N/A 

GraphPad Prism 6.0a GraphPad Spftware Inc. N/A 
CLC Workbench 10.0 Qiagen N/A 
Cytoscape 3.5.0 (10) http://www.cytoscape.org/ 

iRegulon 1.3 (11) http://iregulon.aertslab.org/index.html 

Morpheus Broad Institute https://software.broadinstitute.org/morpheus/!

STRING 10.5 (12) https://string@db.org/!

Gene Ontology 
Consortium (13) http://www.geneontology.org/!
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