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Prostate cancer

* The most commoa<<ﬂz;f -skin cancer and the second leading
cause of ca en in the United States



Leading Sites of New Cancer Cases and Deaths:
2015 Estimates

I

Estimated New Cases* { Estimated Deaths
Male Fer (o’ 4 . Male Female
“ Prostate Breast| (/| | Lung & bronchus Lung & bronchus
220,800 (26%) 221,840 (29%} [ 86,380 (28%) 71,660 (26%)
Lung & bronchus U/ Aj&bronchus ~ </ 5 [7_Pﬁﬁr Breast
115,610 (14%) 10 V’Jn 13%) 27,540 (9%) 40,290 (15%)
Colon & rectum Colon @ O /4 cg'on & rectum Colon & rectum
69,090 (8%) 63,61u (¢ 4) o Q.ﬂ )] (8%) 23,600 (9%)
Urinary bladder Uienne corpu.o,/ y/ ancre ﬁ ; Pancreas
56,320 (7%) / 870 (7%) (¢ J 20,71C ‘7355\ / 19,850 (7%)
Melanoma of the skin //“’(:y Jid J <& lntrahepatlc v e? Ac* Ovary
42,670 (5%) 4729 (6% 7 "€,0306%) /()1 14,180 (5%)
Non-Hodgkin lymphoma Non- Hodgkl. @ @ / Lo ke [/ leukemia
39,850 (5%) 32,000 (@ y 14 ,410 ’ 4%) ' 10,240 (4%)
Kidney & renal pelvis Melanoma of the skin “N Esop. a( @ Uterine corpus
38,270 (5%) 31,200 (4%) < ) 12,600 (4 vt/ /" 10,170 (4%)
Oral cavity & pharynx Pancreas erarv bladder " Non-Hodgkin lymphoma
32,670 (4%) 24,120 (3%) L R0 (a%) = /) 8310(3%)
Leukemia Leukemia Non ngkm lymphoma Ll\(n) /& intrahepatic bile duct
30,900 (4%) 23,370 (3%) 11,480 (4%) 7,520 (3%)
Liver & intrahepatic bile duct Kidney & renal pelvis Kidney & renal pelvis Brain & other nervous system
25,510 (3%) 23,290 (3%) 9,070 (3%) 6,380 (2%)
All sites All sites All sites All sites
848,200 (100%) 810,170 (100%) 312,150 (100%) 277,280 (100%)

Excludes basal cell and squamous cell skin cancers and in situ carcinoma except urinary bladder.

©2015, American Cancer Society, Inc., Surveillance Research



Prostate cancer

G,

 Androgen dep@/d? ach??z@ f the androgen receptor
(AR) for prostate- éc c an O/LI?A) production and
survival of normz7nind mo/@fﬂant prost /(ff‘slthellal cells



Androgen Receptor (AR)

The androgen receptor (AR) is critical for the normal growth and development of the prostate
gland, and also in prostate carcinogenesis and progression to androgen-independent disease

4 Ly
( 0 LBD - AF2
: { CIPED Helix 12
CABAY 7o) DN EFF
| Nuclear H > 47 ax Receptor
Superfa auy -
ﬁe I—xar—Aii)f- Ty /e';( v 4 :ﬂﬂ
< :Steroid fam’.y J7on-steroiu {7 0
| R "~ TRa,B
PR B AR a, B,y
Ax VIR - PXRapy
MR v PPAR @,y 4
ER a,p LS CAR, SXRiT (P
LXR o,p, FXR ~

AR is a transcription factor and a member of the nuclear hormone receptor superfamily,
specifically steroid hormone receptor family of genes (that also includes ER, MR, GR, PR)
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Structure of the AR gene and protein

q11-12

To” .

AR gene is located on the X chromosome (o@
protein of 919 amino acids with a mass of 110 k

X chromosome ( F):_I
A "‘f;‘! - ? | ) i
ARgene =/ 21 F—ade Ir— =000
33§?F" A3BWxxLF47
5. :
AR protein N NTD LA ke DBD  JHinge| | !q! !:u;o ‘
1 / " 837 625 669

919

\ . Ld by S’

AF-2

d con5| s/@xons It codes for a

The AR consists of four structurally and functionally distinct domains:

a poorly conserved N-terminal domain (NTD)
a highly conserved DNA-binding domain (DBD)
and a moderately conserved ligand-binding domain (LBD)

The "Hinge region' separates the LBD from the DBD and also contains part of a bipartite

ligand-dependent NLS for AR nuclear transport

Lonergan and Tindall, J Carcinog 2011



Mechanism of AR activation

v :
® | :
Testosterone . W

cytoplasm

nucleus

\>/ N~/
In the absence of hormone, AR is bound by chaperone heat shock proteins (Hsp’s) in

cytoplasm
In the prostate, testosterone is converted to dihydrotestosterone (5a-DHT), ligand for AR

5a-DHT binding induces Hsp’s dissociates from AR allowing AR to dimerize, translocate to
the nucleus, bind to AREs (androgen response elements) and regulate gene transcription

Pharmacology & Therapeutics 140 (2013) 223-238



WT Androgen Receptor Activation

Nucleus

ARE

Tpsa Tarowth Tsurvival

Omitted for simplicity: HSP-based cytoplasm retention, phosphorylation, dimerization of AR.
DHT: dihydrotestosterone



Prostate cancer

The most commo —skln cancer and the second leading
cause of ca dea n in the United States

Androgen dep /l/ actlf the androgen receptor
(AR) for prost an ) production and
survival of norm t prost |theI|aI cells
Standard treatmen en @g}//rs3 n y (ADT) via
surgical or medical ( 9 |e) castration
(prevention of testosterone ?‘t

Disease progression after initial A desplte@w levels of
testosterone, is termed castration reS|stant prostate cancer
(CRPC)



Mechanism of AR activation
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In the absence of hormone, AR is bound by chaperone heat shock proteins (Hsp’s)
In the prostate, testosterone is converted to dihydrotestosterone (5a-DHT), ligand for AR

5a-DHT binding induces Hsp’s dissociates from AR allowing AR to dimerize, translocate to
the nucleus, bind to AREs (androgen response elements) and regulate gene transcription

Pharmacology & Therapeutics 140 (2013) 223-238



Prostate cancer

The most commo —skln cancer and the second leading
cause of ca dea n in the United States

Androgen dep /l/ actlf the androgen receptor
(AR) for prostat an ) production and
survival of normy t prost ithelial cells

Disease progression after mFuaIgf desplte@w levels of
testosterone, is termed castration resistant prostate cancer
(CRPC)



Mechanisms of persistent AR signaling activity in
castration resistance prostate cancer (CRPC)

Intracranla/ ynthés/%\iandrogens

& Q)u ]
PolymorpHJO/\/?d/or Cv Eas}t)ressmn of steroid transport
Changes in co-re aﬁa} ry mo O//@f"& including co-activators

d the o Wulat AP stanility and ligand
and co- repressc;s a b/};uya e A S%z)l |Zy and ligan
sensitivity 0/6‘/ |7 Bz O/ﬂ
Activation of the AR CDD Vjex V|a//fr}f@/talkw\/ % other
signaling pathways ) @/

<)

Amplification and/or overexpr\s;:?é/%of AR ///0/Q
AR mutations that can broaden Ilgaﬁ{d speC|ﬁC|ty
Post-translational modifications of AR
Constitutively active AR mutants and splice variants



Alternatively spliced AR isoforms identified in prostate cancer

4 567 8 9
: D %‘T}—u-{‘? H—C—H—ﬂ-\’:}—{
b , NTD DBDHinge LBD P oo
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FRYEIANE ames o T oy oo ewemon B["Wild-type AR structure; NTD
AR23 [— "~ CRPC NA
P B0x —l)'s ~) " (JQrown), DBD (red), hinge (pink)
ARV1 AR4 | al (7 5’;54‘(5 E%Eégm A7 e ¥ /gglg\;?.l\'/CaP aﬂd the LBD (blue)
ARV2 [ 121313~,f‘_<‘1] : NA 53 1/s q7| Alternatively spliced AR (AR-
N sy RIcEARIcE () /¥ ~/ V} ih prostate cancer. Transcripts

7 AT y CWR-R1, (9 . .
B /51273720 1 74D Call 22Rvi 9f 4R-V functional domains are
N : ) i[“ﬁ 2 7o snc¢ n nthe same colors as for
ARV6 [ 1 ZIEF - CRPC 7mi 17 X
O kenien, ncar, 40 ) ARMBT. [ Yavel exons are shown
AR-V7 AR3 ( i [2]3]ce3 7 /normone-naive, C4-2,/ A%, ) >
ChRS Veah oWR £/ /1) yeIIow.
22Rv1 (§
AR-V8 [ 1 IS 13 ] N 2
ARV9 [ 1 [Z]3]ces) CRPC J fCaF a1 Abbhe‘ a1> : AF, activation function; AR,
6 [ - 2 BER ! WO gdrogen(ﬁQ eptor; AR-FL, full-length
. i [ - CICBEN o e apdrogen receptor; AR-V, androgen
Benign,  LuCaP86.2, receptor variant; CE, cryptic exon; CRPC,

AR R { L 23(4, 8 Rpe e Vese  castration-resistant prostate cancer; DBD,
ARV13 { T BIEIZEE o CRPC 22Rv1 DNA-binding domain; 1, intron; LBD,
gaavita % 1 ;213:4 gém ?I CERC 22l ligand-binding domain; NTD, N-terminal
AR-V15 1l 2131 4 [5 9 | NA VCaP 5 L . . . . .
. : - ErTTEETET 5] - igmam; TAU, transcription activation unit
AR-V18 | 1 ZIET2[5[E] o | NA VCaP 25
ARS8 ( 1 [12[3]cE3] malighant Case. Cwras

Nature Reviews | Urologv

(2015 Nat. Rev. Urol. doi:10.1038/nrurol.2015.13



Cell Line Model for CRPC?



TALEN-engineered AR gene rearrangements reveal

endocrine uncoupling of androgen receptor
In prostate cancer

Michael D. Nyquist®®, Yins ming Li?, Ta¢ V¥ /»~ Hwang®", Luke S. Manlove®®, Robert L. Vessella®*®,
Kevin A. T. Silverstein®“f /Da /el F. Voytas’ ", 'z ad Scott M. Dehm?'2

>/ O AL
n ) Sy
A AR-int4 § P : /77/0\//
wild type [4 —H ne N NoA
inversionﬂ ﬂ—lg \SS\//(‘ Q_'\vo Q:s’éo Q:\, ¥
deletion " oreted re ( : e 42 // -AR-FL
2 100 kow» /
| 455 < @ f' —ARv567es
R1-D867 f‘i?;:: : i 1 ii ;’ Tk ?\% S
intron 7 CCATGGAGTCACTGAGGGCTCCCARAGAGATGTCT \( <
R14867  66,943,287(-)/66,934,614(4 @ @)/
R1-1567 ACATCTCTTGGCCCACAGATTTCCTTAAGTAT
intron 7 ACATC ,GGAGCCCTCAGTGACT! (

Characterization of parental R1-AD1 cells (single cell sub clone recurrent prostate cancer cell
line CWR-R1 (AR wt) and genome-engineered R1-1567 and R1-D567 cells.



Prostate Cancer Cell Lines

R1-J (AR WT)

Androgen-
dependent

R1-D567

(AR ALBD)

Androgen-
independent

R1-1-567
(AR Inverted-

LBD)
Androgen- TALEN - engineered
. Exon 5-7 Inversion
independent (truncated protein)

Lallous N et al. International journal of molecular sciences, 2013.
Nyquist M D et al. Proceedings of the National Academy of Sciences, 2013.
Dagvadorj A et al. Clinical Cancer Research, 2008.



Androgen Receptor deleted for
Ligand Binding Domain (AR D-LBD)
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Mechanism of AR action

Cytokines, Growth Factors, Hormones

\
4 l 5(1 reductase @

Tes \ster ne -

cytoplasm

Kinase

I —— -

signaling
cascade
4
nucleus
Fm L)
> > >
0 D A
—. %, O
ARE A
1 4

/ (07
(1) AR recruits co-activator complexes (i.e. CBP/p300) to re?n chromatln for& )wcrlptlon

(2) AR, through a poorly defined mechanism that may also recruit co-repressors, also can inhibit
transcription.

(3) AR also regulates transcription through a tethering mechanism by binding to other transcription factors
(TFs) and additional coactivators to target genes.

(4) In addition, AR careaikGh rAR CO-AetiMa RS A0 HCONERIRESQIS can interact with

kinases (i.e. AKT, SRC) activating a kinase cascade. The signaling cascade can activate other TFs in the
absence of direct AR binding to the gene. Pharmacology & Therapeutics 140 (2013) 223-238



AR and Protein Daxx

i MOLECULAR AND CELLULAR BioLOGY, Dec. 2004, p. 10529-10541 Vol. 24, No. 24
0270-7306/04/308.00+0 DOI: 10.1128/MCB.24.24.10529-10541.2004
Copyright © 2004, American Society for Microbiolr 4 | All Rights Reserved.

Negative Modu @ren of Andre zen Receptor Transcriptional Activity
b\ aX
Ding-Yen Lin,"? Hsin-I tar ¢;* A3-Hong Ma,? ¥/ Sing Huang,"? Yeong-Shiau Pu,?
Guido Jenster; Hr.fig oven Kung,® an Ta4/ -Ming Shih'**

0, 1y~ &

NN o/ Cell
- Biology
7 International

Cell Biology International 28 (2004) 09~ a12 A )
< & 4w elsevier. com/locate/cellbi

Cloning and functional characterization of a rat Daxx that
functions as a corepressor for the androgen receptor

Haruo Mizuta™, Yasuo Kuroda



A . .
3 S— Daxx expression In prostate cancer
S 80%- i N e Y
g 60%- \H—lﬁ‘ 1
g O (a=5E0) Daxx expression was analyzed by
v 40%— = . . .
- — 1(n=1504) ] immunohistochemistry on a tissue
< 20%‘:322%38? , // microarray containing 7478 prostate cancer
Y o e 52 @ L specimens.
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Daxx Expression in Prostate Cancer

(from https://www.oncomine.org)

|
i
£

log2 median-centered ratio

0 = No value (27)
1 = Benign Prostatic Hyperplasia (11)
2 = Prostatic Intraepithelial Neoplasia (13)

3 = Prostate Carcinoma (49)
From: Nat Genet. 2007 39(1):41-5

101 samples
10,656 measured genes



Daxx

Daxx is ND10/PML body associated protein ashov et a. 1999) essential for embryonic
development @shov et al, 2004)

Daxx is implicated in apop‘r ’rranscmp‘nonal regulation (morozov et o 2008) and mitosis/
PTX resistance (Lindsay eT al., 2007, G aI 2012 Giovinazzi et al., 2013)

Daxx contains sever nserve uos including two SUMO-interacting motifs (SIMs)
(Santiago A. et al., 2009) / /// ((5 >/ -

>l Pousl A meiea S04 0 pvdid [T spE [spT.

117 55 144 180 TS 400 ‘@7 0" 495 596 724 740

% Rassf1C
R4 ¢
) ) - = SUMO
\ ’J"(

7 e

2"

//\,\/ o

\\%4%?f§ /4@%4§
ATRX'© =

ATRX: alpha thalassemia/mental retardation syndrome X-linked mutated

SWI/SNF2 family of helicase/ATPases with chromatin remodeling activity
ATRX interacts with Daxx and is targeted to PML-NB’ s by Daxx



Daxx and Histone 3.3

Distinct Factors Control Histone
Variant H3. 3 Locallzatlon

at Spe

lAaron D. Goldberg
Scott Dewell,2 Mar|
Jeffrey C. Miller,® Y
Shahin Rafii,>¢7 Cf
lleana M. Cristea,!

ATRX interacts with1!4‘,3.3 in maintaining telomere
structural insegrity fn p’u I'ipotent embryonic

stem @

Lee H. W
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Daxx is-ap rj?.3-spechic sitifane chaperone and
cooperates » 74 ATRX in r&plic dion-independent
chrop atin asseial », at telomer™

Peter W. Lewns,~ 4imon J.
Laboratory of Chromat’  Blokoay

~~aesser', Kyung-M (No' /S

Contributed by C. David Allly,_ 92 23, W gant for review June 14, 2010)

The histone variant H3.3 is imphuawd in the forp tion and main-
tenance of specialized chromatin struc.ireir = _az7 v \ls. H3.3-
containing nucleosomes are assembled .~ repl sion ideben-
dent manner by means of dedicated chaperol ¢ pr Ainsy Je
previously identified the death domain asscciatea, cein |7 £xx)

and the - -thalassamia X-linked mental retardation prot.™~ ATRY -

as H3.3-associated proteins. Here, we report that the high, co /
served N terminus of Daxx interacts directly with variant-speci

residues in the H3.3 core. Recombinant Daxx assembles H3.3/H4
tetramers on DNA templates, and the ATRX-Daxx complex cata-
lyzes the deposition and remodeling of H3.3-containing nucleo-
somes. We find that the ATRX-Daxx complex is bound to
telomeric chromatin, and that both components of this complex
are required for H3.3 deposition at telomeres in murine embryonic
stem cells (ESCs). Thesa data demonstrate that Daxx functions asan
H3.3-specific chaperone and facilitates the deposition of H3.3 at
heterochromatin loci in the context of the ATRX-Daxx complex.

" {acC. Stadler,and C. Ja dA ¥
AF _ “etics, Rockefeller UNN 4, 1230 Y k.3, New York, NY Ton.

essp A7 ory 1.3 |ncorporat|on at telomeres. Apart from ATRX,
we alsa der’ e "k in H3.3 immunoprecipitations (IP) (9).
Daox anu-~TF £ hy 4 been <hown to form a complex (1 3)
and colocalize 4t pe’ /o7 .« % .erochromatin and promyelocyti
*~ukemia bodies & Al podi 4 114, 15). Loss of ATRX leads to
epigenetic alterations, ». ™" /pn-aby yrmal levels of DNA methy-
jtion at repetitive elements dcy 45 telomeres in murine cells
(16). Moreover, ATRX and H3.> 4ve essential roles in maintain-
ing telomere chromatin (9, 17).

0 gain further insight into H3.3-specific deposition pathways,
we soulght to identify the direct bll'ldln partner of H3.3. Here we
show that Daxx binds directly to H3.3, and importantly, this
binding is specific for H3.3 and not H3.1. We find that Daxx
alone, or when present in the ATRX-Daxx complex, can effec-
tively assemble H3.3-containing nucleosomes. Additionally, we
show that ATRX recruits Daxx to telomeres, and both complex
subunits are required for H3.3 deposition at telomeric chromatin
in murine ESCs.

Daxx/ATRX complex as a new chaperone of histone H3.3




Chromatin Structure and Histone Modifications

- - - -

,\‘/5‘"'“”0"“ (a) Chromatin is made of
/\’. ‘ D/ repeating units of nucleosomes,

¥ils¥ which consist of ~147 base pairs
of DNA wrapped around a

M R o histone octamer consisting of
(S two copies each of the core

A
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Fillgrabe et al., Oncogene 2011



Histone Variants

H3 Canonical core histone
H3.3 Transcriptional activation
CENPA Kinetochore assembly
H2A Canonical core histone
H2AX DNA repair and recombination,
major core histone in yeast
H2AZ @& expression,
romosome segregation
macroH2A e X chromosome inactivation,
nscriptional repression
H2ABBD @suiptional activation?
H4 Canonical core histone
H2B Canonical core histone

Nature Reviews | Molecular Cell Biology



Histone H3 variants in eukaryotic cells

Variant
H3.
H3.
H3.

H3.
H3.
H3.

H3.
H3.
H3.

me3
|
TGGKAPRKQL ATKAARKSAP ATGGVKKPHR YRPG

TGGKAPRKQL ATKAARKSAP ATGGVKKPHR YRPG
T7, KAPRKQL ATKAARKSAP STGGVKKPHR YRPG
< 20 30 40

m?3
ARTKQTARKS

ARTKQTARKS
ARTKQTARKS
10

T" ALRE IRRYQJ 57 &7, “ IRKLPFQRL VREIAQDFKT DLRFQSSAVM ]

" VAT (E IRRYQKSTI L LI RKLPFQRL VREIAQDFKT DLRFQSSAVM

V7 LP IRPYQKSTEL *-(KL;“QRL VREIAQDFKT DLRFQSAAIG
50

ALQEA@E.Y? YV SLFEDTNLC AI}AKKV”*M PKDIQLARRI RGERA

ALQEASEAY. -V €} EDTNLC AIHAIL.R TT ( PKDIQLARRI RGERA

ALQEASEAYL V?TFFJ;NLC AIHAKRV;.N “FDTQLARRI RGERA

Tail
Region

Globular
Region

*  Inmammals there ar' ma})/// 2s of hist 5ne//%}oman‘rs H3.1, H3.2, and H3.3

« Deposition of H3.1 ant

/IS cell cy

/

r'/ecohca

N

/ﬁ//@

|

Z
R0

(L~

dent (S phase)

Campos and Reinberg 2010, Genes Dev.; Schwartzentruber et al., 2012, Nature



The deposition of canonical histones and histone variants

Replication-dependent Replication-independent
deposition of “canonical” histones deposition of histone variants
H}\/ H2A

HY H2B

‘ ’ l Chaperones control

folding and nuclear
] 9’* \é‘.’ } gimport
0
A

Old nucleosomes y o
:Replico%; /_ ‘_/'
{,,;.—"-\\ b < {

| 1 \
/:/— /) ; New nucleos “\mes’

.
0
Key
Y HaHs H2A-H2B g
N dimer dimer :

(A) During replication, the chaperone CAF1 incorporates histone octamers behind the replication fork to
regenerate chromatin.

Modified from: Skene, and Henikoff 2013



Histone H3 variants in eukaryotic cells

Variant m?3 m?3
H3.1] ARTKQTARKS TGGKAPRKQL ATKAARKSAP ATGGVKKPHR YRPG

H3.2 ARTKQTARKS TGGKAPRKQL ATKAARKSAP ATGGVKKPHR YRPG
H3.3 ARTKQTARKS 7, KAPRKQL ATKAARKSAP STGGVKKPHR YRPG
10 < 20 30 40

Tail
Region

H3.1 T ALRE IRRYQJ 5" &7, “IRKLPFQRL VREIAQDFKT DLRFQSSAVM T
H3.2 ’AVAJ (E IRRYQKSTI L LI RKLPFQRL VREIAQDFKT DLRFQSSAVM

‘v’ T‘ l’.“
H3.3 ‘..17’5_o IRPYQKSTEL (KL QRL VREIAQDFKT DLRFQSAAIG' Clakil ak

H3.1 ALQEAUE ¢ V3LFEDTNLC AL} AK U™V PKDIQLARRI RGERA |Region

H3.2 ALQEASEAY.. V @ EDTNLC AIHALR TT ( PKDIQLARRI RGERA
H3.3 ALQEASEAYL V?TETJ;NLC AIHAKRV;.N “FDTQLARRI RGERA

In mammals there ar' maﬁ///qu of hist c{ne//%v riants, H3.1, H3.2, and H3.3

Deposition of H3.1 ant cell cys &

r;enhca /z:} ndent (S phase)
H3.3 is expressed Througho“ II cyc o/ﬁf/@\, bled /// iromatin co-
transcriptionally /ﬂ

Campos and Reinberg 2010, Genes Dev.; Schwartzentruber et al., 2012, Nature



The deposition of canonical histones and histone variants

Replication-dependent Replication-independent
deposition of “canonical” histones deposition of histone variants

H}\/ H2A
HY H2B
'/
Chaperones control
folding and nuclear
) u_ N import
g
\9V er
y 4
/‘) JAF1
ol
< \(

Old nucleosomes e —_—
‘Replicon’ / C }r» /._. —_
‘l,,fi\ b <

] \
/:/— /. =~ New nucleog \mes’

—

— SR

Key

¥ HaH4 H2A-H2B

: ! ‘ Chaperones
4 dimer dimer )

(A) During replication, the chaperone CAF1 incorporates histone octamers behind the replication fork to
regenerate chromatin.

(B) Outside of replication, the incorporation of histone variants by chaperones as Hira and Daxx maintains

nucleosome density following eviction by processes as transcription.
Modified from: Skene, and Henikoff 2013



Histone H3 variants in eukaryotic cells
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Campos and Reinberg 2010, Genes Dev.; Schwartzentruber et al., 2012, Nature



Model of H3.3 deposition by histone chaperones HIRA, DAXX, and DEK
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c L Campos /é@i@én\bﬁrg Genes Dev. 2010 24: 1334-1338

HIRA deposits H3.3 within the coding region of ‘rr@r‘lbed genes@ﬂ also at the
transcription start site (TSS) of both active and repressed high-CpG content genes in
ESCs.

Daxx/ATRX mediated H3.3 deposition to telomeres, pericentromere/centromere
heterochromatin and (potentially) at the coding regions of transcribed genes



Histone H3 variants in eukaryotic cells

Variant m?3 m$3
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* H3.3 - HIRA or Daxx-dependent assemb thways

Nucleosome assembly of histone variants confers additional epigenetic control:
« H3.3 is associated with elevated transcription

Campos and Reinberg 2010, Genes Dev.; Schwartzentruber et al., 2012, Nature



Many functional promoters and enhancers contain
H3.3/H2A.Z dynamic nucleosomes
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Nature Reviews Genetics 12, 283-293 (2011)



Histone variants barcoding: 2006

Histone H3 variants and their potential
role in indexing mam’v alian genomes:
The "H3 barco/e hypotlr_«sis”

sandra B. Hake and C. David Al \
Ny, ey,

..Here, we present a hy% 3 ;<s The@l/ﬁ %Arcode hypothesis.”
5? 4

..Our hypothesis ‘71 or\‘rhe 1‘7’ bonce '97 mammalian
histone H3 variants- \ Q , H302 %), although
remarkably similar in amirt ?g sequ exhlbl'r distinct
posttranslational “signatu b at c.% _different
chromosomal domains or 'rer'r'll'or' |ch in . 0/ influence
epigenetic states during cellular differentiation and
development.



Working model: WT Androgen Receptor (AR)

e,

Cytoplasm /7////

 ARE

During hormone treatment in AR-WT expressing cells, AR tethers Daxx chaperone activity to
ARE, thus elevating hormone-dependent transcription



Working model: AR D-LBD (delta-ligand binding domain)
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In CRPC cells, AR-ALBD is constantly located in the nucleus
AR-ALBD interacts with Daxx and tethers Daxx chaperone activity to ARE, thus elevating
hormone-independent transcription



Hypothesis:

Hormone- mdeper)f(“y/?/f interaction between ARALBD and
Daxx recrv chap N complexes and contrlbutes to

eareepton o %/ e e
ipti e C.orog @

» Do histone variants contr ]/6 CRPC/@/@Dgy?

» Does the interaction between histone chaperone Daxx
and AR play a role in this process?



Directions:

| %f/\/
Evaluate furg@ns ol @one variant H3.3 in the initiation and

progression @7)‘ 7//27

Explore mechanlsms Q/@@ }/lng hlgfﬁe//arlant H3.3 profiling in
CRPC @ fj /@

Investigate mechanlsms@ epe &/recru/ment of histone
chaperones for |dent|ﬁcat|on her A]ﬂé\/targets
o @



Prostate Cancer Cell Lines

R1-J (AR WT)

Androgen-
dependent

R1-D567

(AR ALBD)

Androgen-
independent

R1-1-567
(AR Inverted-

LBD)
Androgen- TALEN - engineered
. Exon 5-7 Inversion
independent (truncated protein)

Lallous N et al. International journal of molecular sciences, 2013.
Nyquist M D et al. Proceedings of the National Academy of Sciences, 2013.
Dagvadorj A et al. Clinical Cancer Research, 2008.



Characterization of prostate cancer cell lines
with AR wt and AR rearrangements

Y /% \ ks
100 — Q\jp\ : *AR-WT
/ ) WS raeD

WP A”y/*\/g\
7 Y
R1V\//\TD1 R1 5567 < 6 @

CWR-R1 sub-clone, deletion negative AR -WT clone 1 (R1-AD1), AR exons 5-7
deletion (AR-ALBD, R1-D567), AR exons 5-7 inversion (R1-1567) were characterized
for expression of AR and Daxx. Actin: loading control.

Does AR-ALBD interact with Daxx?



Directions:

| /4]/3 | | o
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Histone H3 variants in eukaryotic cells

Variant m?3 m?3
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Campos and Reinberg 2010, Genes Dev.; Schwartzentruber et al., 2012, Nature



Creation of H3.3 expressing cell lines

4
FI'_AG-HA-H3.3<O// | /
~ N

Hindll1

From: Nakatani Y, Ogryzko V.
Methods Enzymol. 2003;370:430-44.

* FLAG-HA-H3.3 cloned in pOZ (left)

« AR-WT (R1 AD1) and AR-ALBD (R1 D567) cells modified for stable expression of FLAG-
HA-H3.3 (right)



Directions:
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Conclusions

ARALBD accur</tes in n/ Juboth untreated and hormone-treated cells
ARALBD interacts wz}f/P/axx E/@? the nucleus

Proliferation of CRPC ceI /redured xx and H3.3 depletion

Several genes are co ulatei%{/ LBD and }% @ut not by another
H3.3 chaperone HIR 4/x gul /ieposﬁ%;?/o romoters
Depletion of Daxx and AR r :2 H3.3 a/565/€7 n wit ;V/nduced
promoter /
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