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SI Materials and Methods
Cell Culture.Human cells lines were obtained fromAmerican Type
Culture Collection (ATCC) via the Tissue and Cell Culture Core
Laboratory at Baylor College of Medicine, where they are reg-
ularly submitted for cell line authentication by short tandem
repeats profiling and mycoplasma testing, and were passaged for
less than 6 mo. HEK293 T cells, cervical carcinoma HeLa cells,
and PC DU145 cells were cultured in DMEM high glucose (Life
Technologies) with 10% FBS (Life Technologies). LNCaP and
22Rv1 PC cells and the human immortalized prostatic cell line
PNT1a (Sigma-Aldrich) were cultured in Roswell Park Memorial
Institute medium 1640 (RPMI 1640; Life Technologies) sup-
plemented with 10% FBS. LAPC4 cells were cultured in Iscove’s
Modified Dulbecco’s Medium (Life Technologies) plus 15%
FBS, 1 nM R1881, and 2 mM of L-glutamine. PC3 cells were
cultured in DMEM/F12 (F-12 Nutrient Medium; Life Technolo-
gies) with 10% FBS. VCaP cells were maintained in DMEM high
glucose (Life Technologies) with 10% FBS and 1 nM R1881. The
LNCaP-derived CRPC cell line Abl [characterized by and ob-
tained from Zoran Culig (Medical University of Innsbruck, Inns-
bruck, Austria)] (1) was maintained in phenol red-free RPMI
medium 1640 (Life Technologies) supplemented with 10% char-
coal-stripped FBS. The LNCaP-derived CRPC cell line C4-2
[characterized by and provided by Leland W. K. Chung (Cedars-
Sinai Medical Center, Los Angeles)] (2) was grown in T-Medium
(Life Technologies) supplemented with 5% FBS. RWPE-1 epi-
thelial cells derived from the peripheral zone of a histologically
normal adult human prostate and immortalized via human pap-
illoma virus 18 were cultured in Keratinocyte Serum-Free Me-
dium according to the instructions of the ATCC. LNCaP cells with
inducible expression of AR-FL or AR3/v7 have been described
previously (3). All media were supplemented with 100 U/mL
penicillin and 100 μg/mL streptomycin. Cells were maintained in
a 5% CO2 incubator at 37 °C.

Characterization of the AR Transcriptional Complex ex Vivo.A 400-bp
ARE-harboring sequence from the human KLK3/PSA gene
promoter was PCR-amplified using biotin-labeled primers, pu-
rified, and incubated with 150 ng of SRC-2 and p300 proteins
and 1 μM R1881 in the absence or presence of 200 ng AR
protein and 500 ng GATA2 protein on ice for 1 h in buffer
containing 20 mM Hepes, 150 mM KCl, 0.1% Nonidet P-40, 8%
glycerol, 1 mM DTT, and protease inhibitor mixture. The re-
action mixture then was incubated with 10 μL of Dynabeads
M-280 Streptavidin beads (Life Technologies) for 15 min at RT.
After three washes using reaction buffer, 10 μL of 2× sample
buffer was added to the Dynabeads, followed by boiling and
immunoblot analysis.

IHC. PC tissue microarrays (TMAs) have been described pre-
viously (4–6). IHC was performed using a previously described
mouse monoclonal anti-GATA2 antibody (7). Antigen retrieval
was performed in Tris-EDTA buffer, pH 8.0, for 20 min in
a steamer, followed by cooling at RT for 20 min. Endogenous
peroxidase was blocked using hydrogen peroxide in methanol.
Nonspecific staining was blocked using Rodent Block M (Bio-
care Medical) for 1 h at RT. Slides were incubated with primary
antibody at 1:800 dilution overnight at 4 °C. GATA2 was de-
tected using MM HRP Polymer (Biocare Medical) for 30 min at
RT followed by Stable DAB Plus (Diagnostic BioSystems) for
5 min at RT. Slides then were counterstained using hematoxylin
(Biocare Medical) for 15 s. All rinses were made using Tris-

Tween Buffer, pH 7.4. The immunostained slides were reviewed
by a pathologist (D.G.R.), who followed the TMA map to record
a score for each sample. The reviewer was blinded to all sample
identifiers. The equipment consisted of a Nikon Eclipse 80i
microscope connected to a CCD digital camera (Nikon digital
sight ds-fi1) and ImageJ image analysis software [National In-
stitutes of Health (NIH), imagej.nih.gov/ij/]. Counting criteria
and software settings were identical for all slides within the same
assay. The average of the results from replicate core samples
from each tumor specimen was considered for each case. Cores
containing more than 20% of tumor were included for quanti-
tation. Cores with less than 20% of tumor and missing cores were
not included in the final analysis. The immunostain was repre-
sented as total cytoplasmic stained area (brown color) and was
expressed in pixels, and total integrated optic density was ex-
pressed in arbitrary optic density units. For statistical analysis, all
cases displaying similar total integrated optic density (mean ±
SE) were grouped together in a four-tier scale (0–3+) intensity
score. Negative staining was defined as absence of cytoplasmic
stain (blue color) and was given a score of 0. Percent of positive
tumor area was calculated as the ratio of positive stain (brown
stain) to total stain (brown and blue stain). Labeling frequency
was scored as 0 (0%), 1 (1–33%), 2 (34–66%), or 3 (67–100%).
Tumor index was calculated by multiplying the intensity score by
the extent score for each case to yield an intensity index (0–9).

Gene-Expression Profiling after Silencing GATA2 and AR in PC Cells.
To determine the transcriptomic footprint of GATA2 and AR in
PC cells, LNCaP cells were transfected with Stealth Select pre-
designed siRNA (Life Technologies) for GATA2, AR, or non-
target (NT) control, respectively, for 72 h at a final concentration
of 50 nM in complete medium (supplemented with 10% FBS),
using Lipofectamine RNAiMAX (Life Technologies) according
to the manufacturer’s instructions. Total RNA was extracted
using TRIzol (Life Technologies), purified with the RNeasy Mini
Kit (Qiagen) following the manufacturer’s instructions, and an-
alyzed on an Affymetrix Human Exon 1.0 ST Array platform at
the Genomic and RNA Profiling Core at Baylor College of
Medicine. Gene-expression data were normalized by using the
Bioconductor lumi (8) package using the R statistical system.
Gene-expression differences were inferred using the t test and
imposing a fold change exceeding 4/3× (P < 0.05), using the
R statistical system.

Prognostic Significance of GATA2 Activity in PC Patient Cohorts. We
applied our GATA2 gene signature (as derived above by com-
paring samples treated with si-GATA2 with samples treated with
si-NT) to previously reported expression datasets from two large
PC patient cohorts for which clinical outcomes have been col-
lected: Taylor et al. (9), and TCGA. For each gene in the GATA2
signature and for each PC specimen, we computed the z-score
for its expression within each cohort, as described previously
(9), and computed the sum z-score for each specimen. Specif-
ically, the z-scores of genes repressed by GATA2 (i.e., up-
regulated by si-GATA2) were subtracted from the z-scores of
genes induced by GATA2 (i.e., down-regulated by si-GATA2),
resulting in a corresponding GATA2 activity score for each
specimen. Within each dataset, specimens were ranked according
to their GATA2 activity score, and association with biochemical-
free recurrence survival was evaluated by comparing the top 25%
of the ranked specimens with the bottom 75% of the ranked
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specimens using the log-rank test. Survival significance was as-
sessed by using the package survival (10) in the R statistical system.

GSEA. GSEA was carried out using the GSEA software package
(11) to assess the degree of similarity between the studied
gene signatures. For the si-GATA2 experiment, genes were
ranked by the fold change between the si-GATA2 and si-NT
samples. We also examined the GATA2 signature against the
REACTOME Pathways collection maintained at the MSigDB
(www.broadinstitute.org/gsea/msigdb/); we used adjusted q < 0.05
as our filtering criterion. For the gene signature derived from the
AR siRNA, we used both the down-regulated genes (positively
regulated by AR) and up-regulated genes (suppressed by AR).
The NES and adjusted q-values were computed using the GSEA
method, based on 1,000 random permutations of the ranked
genes. We also downloaded a previously reported transcriptomic
signature of AR3/v7 in LNCaP cells (12) from the Gene Expres-
sion Omnibus (GEO) (GSE36549). We ranked the genes by the
fold-change between AR3/v7-expressing and control LNCaP cells
and performed GSEA analysis vs. our GATA2 signature.

Correlation of GATA2 Activity with AR Activity in PC Patient Cohorts.
We calculated the GATA2 activity and AR activity scores
(derived from the si-GATA2 and si-AR gene signatures, re-
spectively, as described above) for human PC specimens using
gene-expression datasets from the previously reported cohorts
Taylor et al. (9) and Cai et al. (13). For each specimen, we
plotted its GATA2 activity and AR activity scores on the x and
y axis, respectively, and computed the Pearson correlation co-
efficient r and associated P value using the R statistical system.

ChIP-Seq and Data Analysis. LNCaP cells grown to 70–80% con-
fluency in complete medium (supplemented with 10% FBS)
were fixed in 1% formaldehyde for 10 min. ChIP, post-ChIP
quality control by PCR, library generation, postamplification
quality control by PCR, and sequencing by Illumina Genome
Analyzer were performed as previously described (14, 15). The
following antibodies were used for ChIP: rabbit polyclonal to AR
(39782; Active Motif); goat polyclonal against FOXA1 (ab5089;
Abcam); rabbit polyclonal against SRC-1 (sc-8995; Santa Cruz);
rabbit polyclonal against SRC-2 (GRIP-1, sc-8996; Santa Cruz);
goat polyclonal against SRC-3 (sc-7216; Santa Cruz); rabbit
polyclonal against c-myc (sc-764; Santa Cruz); rabbit polyclonal
against RNA pol II phosphoserine 2 (Ab5095; Abcam); rabbit
polyclonal against p300 (sc-585; Santa Cruz); and rabbit poly-
clonal against CBP (sc-369; Santa Cruz). We also used two an-
tibodies against GATA2: a rabbit polyclonal antibody GATA2-r
(sc9008; Santa Cruz) and a mouse monoclonal antibody GATA2-m
(provided by T.M.), both of which previously had been used
successfully for ChIP-Seq in cancer cell lines (7, 16). Unpre-
cipitated LNCaP chromatin served as input control. Each of the
LNCaP GATA2, FOXA1, AR, SRC1, SRC2, SRC3, p300, CBP,
cMyc, pol II, and input ChIP-Seq samples yielded 31–40 million
raw reads 36 nt long; the reads were mapped onto the human
genome University of California Santa Cruz (UCSC) hg19/
National Center for Biotechnology Information build 37 using
the Burrows–Wheeler aligner algorithm (17), with 23–33 million
reads mapping uniquely. High-resolution genomewide maps were
derived and visualized in the UCSC Genome Browser and in the
Integrative Genomic Viewer (18, 19). Finally, the macs2 (20)
peak-calling package was used to identify enriched regions using
default parameters; LNCaP input reads were used as negative
control. Motif analysis was performed using MEME-ChIP (21)
and the HOMER tools (22) with default parameters. To de-
termine the enrichment of a feature set with respect to our
ChIP-Seq peak calls, we used a permutation testing across the
human genome; we generated random sets with the same number
of peaks and the same peak size by using a uniform random dis-

tribution across the human genome, determining the amount of
peak overlap expected by chance and the SD. We used in-house
scripts for this analysis. We also integrated additional PC ChIP-
Seq datasets for p300, MED12, H3K4me1, H3K4me2, and
H3K27ac from Wang et al. (23), for histone H3 acetylation,
H3K4me3, H3K9me3, H3K27me3, and H3K36me3 from Yu et al.
(24), for RNA pol II and ERG from Asangani et al. (25), as well
as DNase I hypersensitivity-Seq data from He et al. (26) and
WDR5 and H3T11-p from GSE55279 (27). We also downloaded
from GEO (GSE58478) ChIP-Seq data for ARVs and AR-FL
generated in 22Rv1 cells by Lu et al. (28) and compared them with
our GATA2 cistrome (generated in LNCaP cells).
Because we used two different antibodies against GATA2

(GATA2-r and GATA2-m) for ChIP-Seq, we compared the two
resulting ChIP-Seq datasets. We first computed sequence tag
coverage over 1-kb genome tiling windows using in-house scripts
and then assessed the Pearson correlation coefficient between the
coverage for each antibody using the R statistical system. As
described in Results in the main text, the two GATA2 antibodies
gave very strong correlation. Subsequent bioinformatic compar-
isons were performed using the dataset obtained with the
GATA2-r antibody (sc9008; Santa Cruz Biotechnologies).
To quantify the distribution of ChIP-Seq peaks of GATA2,

FOXA1, and AR with respect to gene features, we used the
UCSC RefSeq gene model. We inferred enhancers in LNCaP
cells treated with androgen as described previously in Wang et al.
(23). We determined peaks’ overlap with gene features or en-
hancers using the BEDTOOLS software (29).

ChIP and RT qPCR. To validate the in vivo recruitment of GATA2
and AR to the chromatin at select gene loci, ChIP assays were
performed using the ChIP-IT Express Kit (Active Motif) with
minor modifications. Briefly, LNCaP cells were androgen-starved
for 48 h, followed by treatment with R1881 or vehicle (ethanol) as
indicated, and then were cross-linked with 1% formaldehyde
(final concentration) and lysed to release chromatin. The chro-
matin was sonicated, quantified, and was incubated with GATA-2
(GATA2-r and GATA2-m) antibody or AR antibody or normal
rabbit IgG (nonspecific antibody control) overnight at 4 °C. The
immune complexes were precipitated with protein-A Dynabeads
(Life Technologies), followed by extensive washing as recom-
mended by the manufacturer. The chromatin–protein–antibody
complexes were eluted, and the DNA–protein cross-links were
reversed; then the chromatin DNA pulled down by the antibody
was purified with the Qiaquick PCR purification kit (Qiagen).
The specific protein-binding genomic DNA sequences of the
genes of interest were detected by RT qPCR using the Power
SYBR Green PCR Master Mix reagents (Life Technologies) on
a StepOne Plus Real-time PCR System (Life Technologies). The
sequences of the qPCR primer sets used in our experiments are
shown in Table S2. The abundance of the detected DNA (rela-
tive concentration) was calculated and normalized to each of its
total input (before immunoprecipitation) amounts, respectively.
The normalized relative DNA concentration in each sample was
expressed as the fold change over its respective control. Each
experiment was repeated at least three times, and the results were
analyzed for statistical significance using the paired-sample t test.
The differences between samples with or without treatment were
considered significant if the P value was less than 0.05.

FRET Imaging. CFP/YFP FRET experiments were performed as
described previously (30, 31) with slight modifications. ECFP-
AR-FL, ECFP-AR-V7 (kindly provided by Marco Marcelli,
Baylor College of Medicine, Houston, TX), and EYFP-GATA2
were transiently expressed in HeLa cells cultured on standard
12-mm glass coverslips. Twenty-four hours after transfection, the
cells were treated with 2 nM DHT or ethanol for an additional
18 h. The cells were fixed in 4% paraformaldehyde (30 min),
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quenched in 100 mM NH4Cl (10 min), and mounted with
SlowFade Gold (Life Technologies). FRET imaging was per-
formed with the Leica TCS SP5 confocal microscope with a 63×/
1.4 oil objective lens. Single-plane images were imaged with
a frame size of 512 × 512 pixels. After imaging, FRET calcu-
lations were performed using PixFRET (32). FRET measure-
ments on individual nuclei were acquired on single-focal planes
of the derived FRET image. Spectral bleedthrough was cor-
rected for by acquiring specimens expressing each CFP or YFP
construct individually. Standard values for α and β coefficients
were 0.81 (CFP) and 0.12 (YFP) acquired from single-donor/
acceptor plasmid expression experiments.

MTT Assay. To quantify the impact of GATA2 siRNA and GATA
SMI on PC cell growth/viability, we used the MTT assay, as
previously described (33).

K7174 and Proteasome Inhibitor Treatment. LNCaP cells were
plated in six-well plates (0.5 million cells per well) and allowed to
attach overnight. Then cells were treated with 250 nM of bor-
tezomib and/or 20 μM of K7174 (synthesized by Baylor College
of Medicine, Houston, TX) for 4 h. At the end of treatment, cells
were harvested, and total cell lysates were prepared. Immuno-
blot analyses were performed as indicated.

SDS/PAGE and Immunoblot Analyses. Cell lysates from siRNA- or
K7174-treated cells were separated on polyacrylamide gels; then
the proteins were transferred to PVDF membranes and detected
by immunoblotting using monoclonal antibodies or specific
anti-sera, as indicated. Rabbit polyclonal anti-GATA2 and AR
antibodies were obtained from Cell Signaling. Monoclonal anti-
AR3/v7–specific antibody was obtained from Precision Antibody.
Anti–β-actin antibody was obtained from Sigma-Aldrich. Blots
were washed with 1× PBS and Tween-20 and were incubated
with anti-mouse or anti-rabbit HRP-conjugated secondary anti-
bodies for 1 h. Protein signals were detected with SuperSignal
Western chemiluminescent substrate (Thermo Scientific, Inc.)
and developed with X-ray films according to the manufacturer’s
instructions (Thermo Scientific, Inc.) followed by densitometric
analysis using NIH ImageJ image analysis software (34) or on a

Molecular Imager VersaDoc MP 4000 System (Bio-Rad) using
QuantiOne software (Bio-Rad) for quantitative analysis of the
band intensity.

RT qPCR.Total RNA was isolated from cultured cells using TRIzol
(Life Technologies) and purified using an RNeasy Mini Kit
(Qiagen) following the manufacturer’s instructions. Total RNA
was quantified and reverse transcribed with a High Capacity
Reverse Transcription kit (Life Technologies). The resulting
cDNA was combined with sensiFAST SYBR No ROX kit (Bio-
line) or SYBR Green PCR Master mix (Life Technologies) and
primer pairs to detect specific transcripts by qPCR. For RT
qPCR analysis of 18S and AR transcripts, a TaqMan One-Step
RT-PCR Master Mix Kit (Life Technologies) was used. Taqman
assays for eukaryotic 18S rRNA (endogenous control) and for
AR mRNA quantification (hs0090244) were obtained from Life
Technologies. The RT qPCRs were performed on a StepOne
Plus Realtime PCR System (Life Technologies), and amplifica-
tion data were processed as previously described (33). Values
were normalized to total RNA or 18S rRNA or β-actin, as in-
dicated. Each experiment was repeated at least three times, and
the results were analyzed for statistical significance.
Differences in transcript levels between samples were analyzed

using t test and considered significant if the P value <0.05.

Recombinant Protein Production for DNA Pull Downs. The recombi-
nant AR, SRC2, and P300 proteins used in these studies were
produced by the Baylor College of Medicine Baculovirus Core
Facility using baculoviral vectors expressed in SF9 insect cells.
Recombinant AR was produced in the presence of 10 nM of
R1881, and cell lysates were purified using a FLAG affinity
column. Recombinant SRC2 containing an N-terminal His tag
and a C-terminal FLAG tag was purified from cell lysates using
a nickel-NTA column and a FLAG affinity column. Recombi-
nant His tagged-p300 was produced and cell lysates were pu-
rified using a nickel-NTA column following the manufacturer’s
protocol. Recombinant GATA2-11R was purchased from LD
Biopharma, Inc.
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Fig. S1. GATA2 expression is associated with AR expression, cell proliferation, and aggressive clinical behavior in PC. (A–E) Strong positive correlation of
GATA2 with AR expression. We analyzed publicly available gene-expression datasets from a panel of 16 PC cell lines (GEO accession no. GSE9633) (35) and from
150 PC specimens (9). (A) The linear correlation between mRNAs of AR and the GATA2 family members (GATA1–6) was evaluated by calculation of the Pearson
correlation coefficient. Among the six GATA2 family members, only GATA2 exhibited a positive and strong correlation with AR mRNA (r = 0.94, P < 10−6 for the
cell lines and r = 0.4, P < 10−6 for the patient samples). (B) The positive correlation between AR and GATA2 mRNAs in the 16 PC cell lines is visualized in the
scatterplot. (C) The positive correlation between AR and GATA2 mRNAs in the 150 PC specimens is visualized in the scatterplot (four samples with AR gene
amplification are highlighted in a rectangle because they were, expectedly, outliers). (D and E) For validation, we performed immunoblot (D) and RT qPCR (E)
analysis in 10 PC cell lines and confirmed that AR expression is restricted to GATA2+ cell lines. (F) PCs in which a greater proportion of PC cells exhibited positive
GATA2 immunostaining (the upper half of the cohort) had shorter BCR-free survival than the lower half of the cohort. IHC analysis for GATA2 was performed
on a previously described tissue micro-array containing 383 clinically localized PCs. (G) PCs with a higher index of GATA2 immunostaining (upper half of the
cohort) had shorter BCR-free survival than the lower half of the cohort. Compared with cancers with no or low expression (index 0–4, n = 192), cancers with
high levels of GATA2 expression (index >4, n = 191) had a significantly decreased time to recurrence (P = 0.0072). (H) GATA2 mRNA expression was higher in 19
metastatic specimens than in 131 primary PC specimens from a previously published cohort (9). The one metastatic specimen indicated by the green triangle
represents a GATA2(−)/AR(−) basal prostate carcinoma that, expectedly, is an outlier. (I) The transcriptional response to GATA2 enriches for cell cycle pathways.
Ingenuity pathway analysis revealed that the GATA2 gene signature (derived as described above by comparing samples treated with si-GATA2 with samples
treated with si-NT) is highly enriched in transcripts involved in cellular growth and proliferation (P < 10−108), cell death (P < 10−93), and cell cycle (P < 10−88).
(J) GSEA analysis of the GATA2 transcriptomic footprint vs. the REACTOME Pathways collection of the MSigDB shows strong enrichment of GATA2-regulated
transcripts for cell cycle-related pathways (18 of the top 20 pathways, q < 0.001 for all of them). (K ) GSEA plots for select cell cycle pathways: cell cycle

Legend continued on following page
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(NES = −5.32, q < 0.001), mitotic M-M/G1 phases (NES = −4.07, q < 0.001), DNA replication (NES = −4.05, q < 0.001), meiosis (NES = −3.07, q < 0.001), cell
cycle checkpoints (NES = −3.03, q < 0.001), and DNA repair (NES = −2.44, q < 0.001) (q < 0.001). (L) Hierarchical clustering of gene-expression profiles of
LNCaP PC cells transfected with si-control or si-GATA2 (Left) or si-AR (Right) (genes differentially expressed, t test P < 0.05, fold change exceeding 4/3×).
(M ) GSEA analysis of a previously reported transcriptomic signature of AR3/v7 in LNCaP cells (12) vs. our GATA2 signature demonstrates that AR3/v7-
regulated transcripts enrich positively for transcripts induced by GATA2 (i.e., down-regulated by si-GATA2, NES = 8.02, q < 0.0001) (Left) and negatively
for genes repressed by GATA2 (i.e., up-regulated by si-GATA2, NES = −3.73, q < 0.0001) (Right).
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Fig. S2. Effects of silencing GATA2 on AR expression and AR target genes. (A) Silencing GATA2 using two different siRNAs for 72 h suppresses the expression
of AR protein in C4-2 and LNCaP-Abl cells. Cells were transfected with si-control or si-GATA2 for 72 h. At the end of treatment, total cell lysates were prepared,
and immunoblot analyses were conducted for the expression levels of AR, GATA2, and β-actin. (B and C) Silencing GATA2 using two different siRNAs for 72 h
suppresses the expression of AR target genes, including TMPRSS2 (B) and FKBP5 (C) in LNCaP cells. Cells were androgen-starved for 48 h in medium supple-
mented with 10% CSS and then were treated with 1 nM of R1881 (or vehicle) for 24 additional hours. (D–G) Role of GATA2 in a negative feedback loop
regulating AR expression by androgen in PC cells. (D) LNCaP cells were androgen-starved for 48 h in medium supplemented with 10% CSS and then were
treated with 1 nM of R1881 (or vehicle) for an additional 24 h. RT qPCR analysis was performed for GATA2, AR, and TMPRSS2 (an AR target gene). Relative
expression of each mRNA was normalized against β-actin. Treatment of LNCaP cells with androgen suppressed GATA2 and AR mRNA levels, whereas it induced
(as expected) TMPRSS2mRNA. (E) LNCaP cells in medium supplemented with 10% FBS were treated with DMSO (vehicle) or 20 μMMDV3100 (enzalutamide) for
24 h. RT qPCR was performed for GATA2. Relative mRNA expression was normalized against β-actin. The AR antagonist MDV3100 induced GATA2 expression in
LNCaP cells. (F) LNCaP cells were cultured for 24 h in medium supplemented with 10% FBS or 10% CSS. Then cells were harvested, total cell lysates were
prepared, and immunoblot analyses were conducted for the expression of AR, GATA2, and β-actin in the cell lysates. Androgen deprivation (exposure to
medium supplemented with 10% CSS) induced GATA2 expression in LNCaP cells. (G) LNCaP cells were transfected with si-control or two different siRNAs
against AR (si-AR) for 48 h. Total RNA was isolated and reverse transcribed, and qPCR was performed for the expression levels of AR, GATA2, and the AR target
genes KLK3 (PSA), TMPRSS2, and FKBP5. Relative expression was normalized against β-actin. Silencing AR induced GATA2 expression, whereas it (expectedly)
suppressed expression of KLK3 (PSA), TMPRSS2, and FKBP5. (H–J) GATA2 and AR bind to the AR gene. (H) ChIP-Seq demonstrates recruitment of GATA2 and AR
to the AR gene locus in LNCaP cells. (I and J) LNCaP cells were androgen-starved for 48 h in medium supplemented with 10% CSS and then were treated with
ethanol (vehicle) or R1881 (1 nM) for 4 h. ChIP was performed for GATA2 (I) and AR (J), as indicated. qPCRs were performed using primers spanning a position
in the AR gene promoter approximately −5.5 kb from to the TSS and primers spanning three positions within the AR gene body (+98.6 kb, +102.9 kb and +133 kb).
These positions were selected based on our ChIP-Seq results in H. Values represent the number of binding events at each position within the AR gene per 1,000
cells. (K) Proposed model of the feedback loop between AR and GATA2 in prostate cells. GATA2 promotes AR expression, whereas androgen can suppress
GATA2 expression. As a result, androgen can suppress AR mRNA expression by decreasing GATA2 expression and recruitment to the extended promoter region
of the AR gene, constituting a negative feedback loop that regulates AR mRNA expression. Upon androgen deprivation therapy (ADT), GATA2 expression
increases and stimulates AR mRNA expression.
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Fig. S3. GATA2 is necessary for the transcriptional function of the AR protein. LNCaP cells stably transfected with tetracycline-inducible AR-FL (LNCaP-TetR-AR
cells) were transiently transfected with si-GATA2 or si-control for 48 h in medium supplemented with 10% tetracycline-free FBS, in the presence or absence of
doxycycline (DOX), as indicated. After treatment with R1881 (1 nM for 24 h) or vehicle, total RNA was isolated and reverse transcribed. qPCR was performed on
the cDNA for the AR target genes TMPRSS2 and FKBP5. Despite the DOX-induced restoration of AR-FL protein expression (demonstrated in Fig. 2E), the
expression of TMPRSS2 and FKBP5 in LNCaP cells remained suppressed after GATA2 was silenced. These results suggest that GATA2 is necessary for the
transcriptional function of the AR protein.
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Fig. S4. Direct proximity of GATA2 protein with AR protein. To examine for a direct physical interaction and cooperation between GATA2 and AR (FL or AR3/
v7) and the impact of androgen on it, we used seFRET. (A and B) HeLa cells cotransfected with vectors expressing YFP-GATA2 and CFP-AR-FL (A) or CFP-ARv7 (B)
were androgen-starved for 48 h and then were treated with vehicle (EtOH) or 2 nM DHT for 2 h. Representative images are shown for single-channel CFP or
YFP and the calculated FRET image. FRET was measured within nucleoplasmic regions of interest. FRET signals were scaled between minimum and maximum
signals (0–100 pixels) and intensity colored as shown. (C and D) Quantification of the FRET signal in cells treated as indicated above. Error bars indicate SEM.
n ≥14 cells per condition. *P < 0.05 compared with vehicle. Androgen significantly promoted the physical interaction between CFP-AR-FL and YFP-GATA2
(A and C). CFP-ARv7 showed significant FRET with YFP-GATA2 at baseline (without androgen) that was not further increased by androgen treatment (B and D),
suggesting a constitutive and androgen-insensitive interaction.
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Fig. S5. (A) ChIP-Seq results demonstrate that GATA2 colocalizes on chromatin with AR, FOXA1, SRC1, SRC2, SRC3, CBP, p300, and RNA P2. Representative
results are shown from the KLK3/KLK2 gene locus. (B) Distribution of sequence tag density in the GATA2, FOXA1, and AR ChIP-Seq experiments within 2,500 bp
of the corresponding peaks. Motif enrichment analysis shows that the overlap of all three transcription factors (triple-positive peaks) enriches for FOXA1
(P = 10−4134), GATA (P = 10−502), and AR (P = 10−456) motifs. FOXA1 motifs were detected in all the combinations of FOXA1, GATA2, and AR peaks even when
FOXA1 peaks were not called. (C) GATA2-, FOXA1-, and AR-enriched motifs found in the ChIP-Seq datasets in LNCaP cells. (D) Distribution of normalized
sequence tag densities derived by Lu et al. (28) via ChIP-Seq for ARVs (blue line), AR-FL combined with ARV (red line), or neither (black line) or chromatin
input (yellow line) in 22Rv1 cells, in relationship to sites of chromatin recruitment of GATA2 in LNCaP cells. Both ARVs and AR-FL (in 22Rv1 cells) are enriched
in chromatin regions that recruit GATA2 (in LNCaP cells).

He et al. www.pnas.org/cgi/content/short/1421415111 11 of 13

www.pnas.org/cgi/content/short/1421415111


Fig. S6. Higher recruitment of positive transcriptional regulators at triple-positive (GATA2+/FOXA1+/AR+) locations on chromatin. Distribution of normalized
sequence tag densities for additional positive and negative epigenetic transcriptional marks relative to sites of colocalization of GATA2, FOXA1, and AR (triple-
positive peaks) in PC cells. Using an additional ChIP-Seq dataset for p300 from Wang et al. (23), we found higher recruitment of p300 and MED12, as well as
increased sensitivity to DNase I in LNCaP cells. Using a dataset from Asangani et al. (25), we also found increased association with sites of ERG recruitment in
VCaP cells. In addition, we found high association with epigenetic marks of active transcription in LNCaP cells: H3K27ac, H3K4me1, and H3K4me2 at 500 bp
upstream and downstream of the triple-positive peaks. In particular, H3K4me1 and H3K27ac are known to be enriched at enhancer sites (36). Conversely,
H3K4me3, a mark enriched at actively transcribed promoters, did not exhibit increased association with the triple-positive peaks. In agreement, we did not
observe at the triple-positive peaks increased presence of WDR5 or H3T11P, two epigenetic regulators that recently were shown to facilitate H3K4 trime-
thylation (H3K4me3) cooperatively at AR target genes (27). As another control, broad transcription inhibition marks (H3K9me3 and H3K27me3), as well as
transcription elongation marks (H3K36me3) showed no enrichment at or around the triple-positive GATA2/FOXA1/AR peaks.
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Fig. S7. Treatment with proteasome inhibitor, bortezomib (BZ) reverses K7174-mediated depletion of GATA 2 expression. Immunoblot analysis of GATA2
expression in LNCaP cells following treatment with the indicated concentrations of K7174 and/or bortezomib for 4 h. The numbers beneath the blot represent
densitometry analysis performed relative to the control cells.
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Table S1. Correlation of GATA2 expression (tumor index) with
expression of other cancer-related proteins analyzed by
quantitative immunohistochemistry in a tissue microarray of
clinically localized prostate cancers

Protein Spearman’s rho P value

Androgen receptor 0.314 <0.0001
ERG 0.160 0.0493
SRC-1 0.227 0.0003
TIF2 (SRC-2) 0.144 0.0228
SRC-3 0.201 0.0309
Ki67 0.130 0.0394

Note: See references in text for prior publications of expression of each
protein in this specimen cohort. The listed P values have not been adjusted
for multiplicity.

Table S2. Oligonucleotide sequences used in these studies

Primer name Forward primer 5′–3′ Reverse primer 5′–3′

AR promoter −5,472 bp 5′-GAATCTGCAGGCCAGTGTTT-3′ 5′-AATCATCATGCAGGCCAAA-3′
AR peak +98.6 kb 5′-TTCCAATGGCATTTTATCCA-3′ 5′-GCTTCGTGAGCCTCAAATCT-3′
AR peak +102.9 kb 5′-CCTTGTGATCATTGCTGGGTA-3′ 5′-CCCTCTTTGAAACATAATGAGGTA-3′
AR peak +133.3 kb 5′-AAAAAGAATGCACCGTACCC-3′ 5′-AAAGATATTCAGCAGTGTACGAAATG-3′
KLK3 mRNA 5′-GTGCTTGTGGCCTCTCG-3′ 5′-AGCAAGATCACGCTTTTGTTC-3′
TMPRSS2 mRNA 5′-CGCTGGCCTACTCTGGAA-3′ 5′-CTGAGGAGTCGCACTCTATCC-3′
FKBP5 mRNA 5′-GGATATACGCCAACATGTTCAA-3′ 5′-CCATTGCTTTATTGGCCTCT-3′
GATA2 mRNA 5′-AAGGCTCGTTCCTGTTCAGA-3′ 5′-GGCATTGCACAGGTAGTGG-3′
AR mRNA 5′-AAGGCTATGAATGTCAGCCCA-3′ 5′-CATTGAGGCTAGAGAGCAAGGC-3′
AR3/V7 mRNA 5′-CTTGTCGTCTTCGGAAATGTT-3′ 5′-TCAGGGTCTGGTCATTTTGA-3′
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