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active enhancers and direct androgen receptor targets

Sari Toropainen, Einari Niskanen, Marjo Malinen, Paivi Sutinen, Minna Kaikkonen and Jorma
J. Palvimo



LNCaP

160

PPP1R12A L
P o L L SR s

s, ] \ P iy

Prp2cE|/RAP1A/ -
=\ =@

ERK/MAPK signaling
GD
| i
._ -
[PRKAR2A|

PRKAR1A] IGF1R] @

L
|

Y
.GRBH)
[FRKcz]

YTTEN

SAPK/JINK signaling

AN

U, > WAESRI ] (AP

EGFR

ITPR2
-

FhOETE I I I I I I I

VCaP

LNCaP

z-score

-

-2

2

*

3 *

*

Cholecystokinin/Gastrin-mediated signaling
GNRH Signaling

Colorectal Cancer Metastasis Signaling

IGF-1 Signaling

EGF Signaling

IL-1 Signaling

Melatonin Signaling

CXCR4 Signaling

PDGF Signaling

Role of NFAT in Cardiac Hypertrophy
SAPK/INK Signaling

Renin-Angiotensin Signaling
Dopamine-DARPP32 Feedback in cAMP Signaling
ERKS Signaling

Glioblastoma Multiforme Signaling

CREB Signaling in Neurones

Role of NANOG in Embryonic stem Cell Pluripotency
a-Adrenergic Signaling

Intergin Signaling

Sperm Motility

ERK/MAPK Signaling

NGF Signaling

PI3K/AKT Signaling

eNOS Signaling

Endothelin-1 Signaling

Androgen Signaling

Non-Small Cell Lung Cancer Signaling

HGF Signalin,

MLP Signaling in Neutrophils

Gas Signalin

Nitric Oxide Signaling in the cardiovascular system
LPS-stimulated MAPK Signaling
Phospholipase C Signaling

PI3K Signaling in B Lymphocytes

Remodeling of Epithelia Adherens Junctions!
Neuropathic Pain Signaling in Dorsal Horn Neurons
Gag Signaling

Relaxin Signaling

Cardiac p-adrenergic Signaling

NF-«B Signaling

Thrombin Signaling

P2Y Purigenic Receptor Signaling

CDKS Signaling

UVA-Induced MAPK Signaling

Glioma Signaling

Mouse Embryonic Stem Cell Pluripotency

PCP pathway

UVB-Induced MAPK Signaling

Pancreatic Adenocarcinoma Signaling
Antiproliferative role of Somatostatin Receptor 2
C€DA40 Signaling

Neuregulin Signalint

Induction of Apoptosis by HIVL

PTEN Signaling

NRF2-mediated Oxidative Stress response

p53 Signaling

PEDF Signaling

Ephrin B Signaling

cAMP-mediated signaling

Supplementary Figure S1. Androgen-regulated transcription in VCaP and LNCaP cells. Cells were treated with
androgen (5a-dihydrotestosterone, 100 nM) or vehicle for 4 h and subjected to GRO-seq assay. The transcribed

genes with RPKM 2= 0.45, base 2 logarithmic fold change =0.585 or <-0.585 and FDR <0.01 were considered
androgen-regulated genes. (A) Venn diagram showing androgen-regulated genes in VCaP and LNCaP cells. (B)
VCaP and LNCaP cells show largely distinct andogen-regulated signaling pathways. Heat map showing canonical
pathways predicted to be activated (z-score 22, red) or attenuated (z-score <-2, blue) in response to androgen

treatment in VCaP or LNCaP cells (Fisher's Exact Test p-value <0.05). Significant z-scores are indicated with # mark

(z-score >2 or <-2). The color key indicates the activation z-score of the canonical pathway activation (red) or decrease
in activity (blue). (C) Interaction map of selected growth and apoptosis pathways in VCaP cells. Genes marked with
orange or green background color are up- or down-regulated in VCaP cells, respectively. Yellow star indicates that the

geneis similarly regulated by androgenin LNCaP cells.
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Supplementary Figure S2. Comparison of ARB co-occurrence in prostate-cancer cell lines and clinical samples.
Clustering places all ARBs from all cell lines and two castrate resistant (CR) patients in one cluster and two
untreated (UN) and one CR in a smaller cluster, while rest of the samples do not belong to any cluster. This suggests
that AR binding in cell lines is not largely modulated by the presence of TMPRSS2-ERG fusion that is present in
VCaP cells, but notin LNCaP, C4-2B or 22RV1 cells. In addition, ARB pattern in some CR patients resembles that of
the cell lines. Co-occurrence of ARBs detected using ChlP-seq were analyzed in HOMER using mergePeaks. The
number of ARBs varied between 316 (TR NS013, Sharma et al., 2013) and 41,469 (VCaP Toropainen et al., 2015
GSE56086). Because of the variation in the number of ARBs, overlap percent of the smaller data set was used in
the analysis. Overlap percentages were clustered using heatmap.2 in R and are shown in gray scale (0% overlap -
white, 100% overlap - black). ARBs were from four cell lines VCaP (Sahu et al., 2011; Massie et al., 2011
GSE28126; Toropainen et al. 2015, GSE56086), LNCaP (Decker et al., 2012, GSE40050), C4-2B (Decker et al.,
2012, GSE40050) and 22RV1 (GSE40050), and ten clinical samples from CR, UN and treatment responding (TR)
patients (Sharmaetal., 2013, GSE28219). Original ARB data were used for all VCaP ARBs, while for other cell lines
(LNCaP, C4-2B and 22RV1) raw data were quality controlled, mapped and peaks were called againstinput sample
using settings described in materials and methods. ARBs from clinical samples originally mapped to hg18 (Sharma
etal., 2013) were lifted to hg19 using convertCoordinates.plin HOMER.



50+ *kk

< Kok Fkk
_ 2 404 |_II_I
©
g’g *kk
-E'D 304

ﬁ Fkk
g—"-ﬁ FhK T
" £ 204
O =
x 2 M
O 5 104

X

3

EtOH
RO5h
R2h
EtOH
RO5h
R2h

=
I <
Qo «
e o

ARB intensity (R1881, 2 h)

Supplementary Figure S3. Androgen induces transcription at strong ARBs. ARBs were divided into four
categories based on the ChIP-seq signal intensity at 2 h R1881 treatment (10 nM, green bar below graph).
Transcription changes were analyzed from GRO-seq signal at +1kb region centered at ARB in vehicle or
R1881 (R; 0.5 h or 2 h) treatment. All significant changes within each ARB category are shown. Statistical
significances were analyzed in graphpad PRISM (Kruskal-Wallis and Dunn’s post test; ***p<0.001). Box
edges mark 25% and 75% of data, line denotes the median and whiskers mark 10% and 90% of the data.
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Supplementary Figure S4. Weakly transcribed enhancers co-occur with ARBs that become transcribed
upon androgen treatment. Intergenic eRNA enhancers (1,725 enhancers) were divided into four
categories based on transcription in vehicle (A; blue) or androgen (B; green, R1881, 2 h) treated cells.
Analysis of AR ChlP-seq signal intensities (500 bp from the center of enhancer, 0.5 h, 2 h or 4 h R1881
treatment) at eRNA enhancer categories revealed a negative correlation of enhancer transcription with
AR binding in vehicle treatment (A) but a positive correlation in androgen treatment (B). All significant
changes within each ARB category are shown. Statistical significances were analyzed in graphpad
PRISM (Kruskal-Wallis and Dunn’s post test; *p<0.05, ***p<0.001). Box edges mark 25% and 75% of
data, line denotes median and whiskers mark 10% and 90% of the data.



