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History of Androgen Deprivation
Therapy: Charles B. Huggins

» In 1940 Huggins reported that
testosterone removal (castration)
resulted in rapid shrinkage of the
enlarged prostate of older dogs.

» In 1941 Huggins and Hodges reported

that androgen removal greatly aided
patients with advanced prostate

cancer.

» “ Prostatic cancer is influenced by
androgenic activity in the body.”
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Importance of AR In Prostate Cancer
Progression

e Vast majority of CRPC patients have marked
Increase in AR

e Forced AR expression increases PCa cell growth
whereas AR knockdown empedes CRPC

e A large number of somatic mutations in AR in
CRPC

e AR stimulates expression of TMPRSS2-ERG
fusions associated with PCa

e High AR levels turn antagonists into agonists

e EXxpression of ligand-independent AR splice
variants is enhanced in CRPC
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Three Components of Androgen
Action

e Androgens

e AR and its cofactors

e AR target genes
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STAMP2 is an androgen regulated gene in
prostate cancer cells
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intestine, 15. colon, 16. peripheral blood leukocyte
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STAMPZ2 team
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STAMP2 Is a member of transmembrane
ferrireductase family
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* Regulates energy metabolism and inflammatory output
 Atherosclerosis in Stamp2 knockout mice

» Metalloreductase activity

* RegUIateS uptake Of irOn and Copper Ohgami et al., Nature Genetics. 2005

Wellen et al., Cell. 2007
Ten Freyhaus, et.al. Cell Metabolism. 2012



Mechanisms of STAMP2 function in PCa cells
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STAMPZ2 loss inhibits prostate cancer cells
growth in vivo
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STAMP?2 expression is up-regulated
In human PCa specimens
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STAMP?2 is associated with neoadjuvant
hormone therapy
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STAMP2 is associated with CRPC
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Nanoliposomal siRNA delivery to tumors

® Efficiency: DOPC based nanoliposomes can deliver
SIRNA in vivo into tumour cells 10- and 30-fold more
effectively than cationic liposomes (e.g. DOTAP) and
naked sIRNA, respectively (Ozpolat et al, 2009).

® Efficacy: Twice weekly intravenous or intraperitoneal
Injections of DOPC-nanoliposomes incorporating
SiIRNA, at a dosing schedule of 150 yg kg™t day™,
resulted in substantial reduction in the expression of
target genes (e.dg., FAK, neuropilin-2, IL-8 or Bcl-2)
and tumour size in mice with different human cancers
(e.g. Landen et al., 2005, Halder et al., 2006)

® Safety: DOPC-based nanoliposomes did not cause
any detectable distress or toxicity and were found to
be safe in mice and in nonhuman primates.



Therapeutic efficacy of STAMP2 silencing in
preclinical models of prostate cancer
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Future Perspectives, STAMP2

® Further molecular characterization of STAMP2-
ATF4 axis

® Explore whether STAMP2 knockdown can
Improve efficacy of hormone and chemotherapy

® Targeted nanoliposomal siRNA mediated
knockdown/optimization

® Clinical studies






The Unfolded Protein Response

Alarm stress
pathways l
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ER stress In cancer

A: No ER Stress
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(Schonthal et al., 2012)



Androgens and ER stress?

The hypothesis:

A) induction of prostate secretory cells by androgens activates
the UPR to induce ER expansion to accommodate
Increased protein expression.

B) activation of the UPR may be part of the differentiation
program induced by androgens that occurs prior to
Induction of high-level protein synthesis.

Thus, the UPR may contribute to a programmed response to
androgen that increases the prostate cell’ s protein-
secretory demand/cell survival. This may be deregulated in
prostate cancer.



Yke Arnoldussen Xia Sheng

Androgens and ER stress

Martina Tesikova Yang Jin Zeynep Kirli



AR and UPR gene expression are correlated In
human prostate cancer
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IRE1la/GAPDH

Androgens activate IRE1, but inhibit PERK
sighaling Iin prostate cancer cells
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Androgens activate the IRE1 pathway In
prostate cancer xenografts
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AR Is required for androgen regulation of ER stress
In prostate cancer cells
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AR binds to regulatory sites

In ER stress genes in vivo
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IRE1 signaling is necessary for prostate
cancer growth in vitro
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A small molecule inhibitor of IRE1 inhibits prostate

cancer growth in vivo
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A small molecule inhibitor of IRE1 inhibits prostate
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Divergent androgen regulation of ER signaling
In prostate cancer
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IRE1 signaling is deregulated in
human prostate cancer
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Future Perspectives,
androgens and ER stress

® Molecular details of how IRE1 and PERK
signhaling are divergently regulated by AR

® Could simultaneous IRE1 pathway inhibition and
PERK activation have added effect?

® Targeted nanoliposomal siRNA mediated
knockdown of IRE1 signaling

® Further development of small molecule inhibitors
of IRE1 signaling and clinical testing
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ER stress and cancer

ER stress is increased in hypoxic tumors to help
protein folding and to protect the tumor (Marx 2006).

PERK-/- xenografts grow poorly (Bi et al, 2005).

XBP1 mediates survival of cells under hypoxia and is
essential for tumor growth (Koong et al, 2006).

UPR contributes to resistance for some cancer drugs,
but some studies have also shown that UPR increases
the sensitivity to chemotherapeutic drugs (Backer et al.,
2009).



ER stress in prostate cancer

* Increased expression of BIP/GRP78 is associated with
greater risk of PCa recurrence and worse survival
(Pootrakul et al., 2006).

* BIP/GRP78 is upegulated in PCa and correlates with
recurrence and survival (Daneshmand et al., 2007).

« Down-regulation of BIP/GRP78 sensitizes resistant
prostate cancer cells to gene-therapeutic overexpression
of REIC/DKK-3 (Tanimoto et al., 2010).



Endoplasmic reticulum (ER) stress

ER stress
Glucose deprivation
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(Fulda et al. 2009)



Hallmarks of cancer

EGFR Cyclin-dependent
inhibitors kinase inhibitors
Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

Enabling
replicative
immortality

Proapoptotic Resisting
BH3 mimetics cel
death

Genome
instability &
mutation

PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis
Inhibitors of
VEGF signaling

Telomerase
Inhibitors

Inhibitors of
HGF/c-Met

Hanahan and Weinberg, 2011



Self-sufficiency in Insensitivity to
growth signal anti-growth signals

Evading
apoptosis

Limitless replicative
potential

Tissue invasion
& metastasis

Sustained
angiogenesis
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Hallmarks
of
Evading immune Cancer DNA damage
surveillance stress
Oxidative . ATP ‘ Mitotic
stress S stress
Metabolic Proteotoxic
stress stress

Hanahan and Weinberg, Cell. 2011.
Kroemer and Pouyssegur, Cancer Cell. 2008.
Stephen Elledge: Cancer Biology: Theoretical perspectives



Oxidative stress and its role in cancer development

Damage to DNA, RNA,
protein, and lipids

2

r A
Oxidative Stress
(ROS)

\_ Y,
Y

Chromosomal instability,  Altered gene expression
gene mutations

2 2

Carcinogenesis

Klaunig J E et al. Toxicol Pathol. 2009



STAMP2 increases intracelular ROS levels
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STAMP2 reduces NADPH/NADP? ratio
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STAMP2 loss deregulates ATF4 signaling
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STAMP2 |loss reduces ATF4 expression
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STAMP2 affects cell growth through regulating
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