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DISCLOSURE - AHMOzIONOIHzH

Eipoar pédog tng EOvikAg Emitponnig «BonBwkng & Agovtoloyiog» yia tig KAwvikég MeAéteg otnv EAAGSQ,
Yrnoupyeiov Yyeiog.

Aev mtaipvw apoBn yia tig optAieg pou Kat dev eipat en’ apopn cupBouvlog os kapio @apupakevtikiy Etalpeia
otnv EAAGSa 1] oto e§WTEPLKO.

To Epyaotipo Nepapatikig Duololoyiag, to omoio dtevBuvw amod to 2004, £xeL ta TteAsutaia xpovia
xpnuarodotnOei pe “Institutional Support” and osipd Qappakevtikwv Etapeiwv ota mAaicta EpeuvnTikwv
MNpoypappdtwv kattov MMNZ «Moplakn & Edappoopévn Duacloloyio» péow touv EAKE (2007-2017):
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TP RROSsS  I1TA T
C A NCGCER

EINAI ZOBAPO MNMPOBAHMA NA EXEIZ KAPKINO TOY MPOZzTATH ?

1930: H epnpepida EXTIA éypadse...

..auaéa MapPECUPE Kal POVEUTE YEpovta 50 eTwv...

1948: Swedish Study on Prostate Cancer Pathology

...detection of PR.CA in 80 % of cadavers > 80 yrs....<latent PR.CA>...
1942: Huggins & Hodges Nobel Laureates in Physiology-Medicine

...castration & estrogens produce clinical response in metastatic prostate CA...
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Clinical Evolution of Prostate Cancer
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PROSTATE CANCER : Understanding The Pathophysiology and Re-Designing A Therapeutic Approach
( Editors: F. Labrie & M. Koutsilieris, 2004)
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THE CONCEPT OF RESIDUAL ANDROGEN IN PROSTATE CANCER
COMBINATION THERAPY (LHRH-A plus ANTIANDROGEN)
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COMPLETE / COMBINED ANDROGEN BLOCKADE (CAB)

PROSTATIC CELL

Figure 3 — Intracrine acrivity of the human prosrate or biosynthetic steps involved in the formarion of the active androgen
diliyvdrorestosterone (DHT) from testicular testosterone as well as _from the inactive adrenal precursors DHEA, DHEA-sulfare (DHEA-
S). and $-dione in human prostatic tisswe. I 7B-hydroxysteroid dehydrogenase; 3B-FHISD I B-hydroxysteroid dehydrogenase/A"-A%-
isomerase. The widths of the arrows indicare the relative importance of the sowurces of DHT in the humarn prostate: 602 originating
Sromr the testes and 40246 _from the adrenals in 65-year-old mern. The testis secretes testosterone (1) which is transformed into the more
potent androgen DT by Sa-reductase in the prosrate. Instead of secreting T or DT direcily. the adrenal secretes very large amowunts
aof DHEA and DI EA-sulfare (DIHEA-S). which are oransported in the blood ro the prosrare and other peripheral risswes. These inactive
precursors are then transformed locally into the active androgens T and DHT. The enzymatic complexes DIHEA sulfarase, 3B-FHSD.
I7B-HSD and Soa-reductase are all present in the prostatic cells, thus providing 40% of toral DHT in this tissue. (From Labrie F:

Androgen blockade in prosrate cancer in 2002 major benefits on swrvival in localized disease. Mol Cell Endocrinol. 2002; 198 77-
7))
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Clinical trials in 80's & 90’ s
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ANDROGEN SYNTHESIS IN PERIPHERAL TISSUES
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PROSTATIC CELL

Figure 3 - Intracrine activity of the human prostate or biosynthetic steps involved in the formation of the active androgen
dihydrotestosterone (DHT) from testicular testosterone as well as from the inactive adrenal precursors DHEA, DHEA-sulfate (DHEA-
S), and 4-dione in human prostatic tissue. 17f-hydroxysteroid dehydrogenase; 3p-HSD = 3p-hydroxysteroid dehydrogenase/A™A'-
isomerase. The widths of the arrows indicate the relative importance of the sources of DHT in the human prostate: 60% originating
Jrom the testes and 40% from the adrenals in 65-year-old men. The testis secretes testosterone (1) which is transformed into the more
potent androgen DHT by Sa-reductase in the prostate. Instead of secreting T or DHT directly, the adrenal secretes very large amounts
of DHEA and DHEA-sulfate (DHEA-S), which are transported in the blood to the prostate and other peripheral tissues. These inactive
precursors are then transformed locally into the active androgens T and DHT. The enz) plexes DHEA sulfu 3B-HSD,
17B-HSD and Sa-reductase are all present in the prostatic cells, thus providing 40% of total DHT in this tissue. (From Labrie F:
Androgen blockade in prostate cancer in 2002: major benefits on survival in localized disease. Mol Cell Endocrinol. 2002; 198: 77-
§7)
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TARGETING THE SYNTHESIS OF ANDROGENS LOCALLY

100 7 gEg---——- 100 —

------ 100 — ————
Hypothalamus
=
P __— Pituitary = —59% é EaG
= S 2
2 = =2
s —97% =) 2
Z = v £
2 = = v
2 -
8
s
v
o= — o - o —
Testost El Intact
EataeL Fl cCastrated
Targeting Androgen Biosynthesis
Abiraterone
@ — Pregnenolone —)I 170H-Pregnenoclone I —_— m
Adrenal
Deoxycorticosterone I 11-Deoxycortisol I I Androstenedione I
Renin- Corticosterone I Cortisol I I Testosterone I I Estradiol I

Sdouterane > ¥
loop I Aldosterone I I Dihydrotestosterone I

[ Decrease in level
* Inhibitor of CYP17A1

Increase in level
= Pre- and post-docetaxel antitumor activi — N e el

ACTH = adrenocorticotropic hormone; DHEA = dehydroepiandrosterone

ng JE, et al. Br J Cancer. 2009;100:671-675.

Testosterone

Testis

EDUCAYIONl




DEPARTMENT OF EXPERIMENTAL PHYSIOLOGY, MEDICAL SCHOOL, NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS

TARGETING THE ACTIVITY OF THE ANDROGEN RECEPTOR
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Androgen Synthesis Inhibitors
/ Abiratarone, TAK-700 [Orteronel], VT-464 [Viamet]
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ANTI — ANDROGENS / ANDROGEN RECEPTOR ACTIVITY
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CASTRATION RESISTANT PROSTATE CANCER
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CASTRATION RESISTANT PROSTATE CANCER

Is that all ????
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Castration Resistant Prostate Cancer
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DONALD COFFEY’ s THEORY

Urology. 1981 Mar;17(Suppl 3):40-53. Prostate tumor biology and cell kinetics--theory.
Coffey DS, Isaacs JT.
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AR EXPRESSION AND PROSTATE CANCER PROGRESSION
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Androgen receptors in endocrine therapy resistant human prostate cancer.

van der Kwast TH, Schalken J, Ruizeveld de Winter JA, van Vroonhoven CC, Mulder E,
Boersma W, Trapman J.

Int J Cancer. 1991 May 10;48(2):189-93

In vivo amplification of the androgen receptor gene and progression of human prostate
cancer.

Visakorpi T, Hyytinen E, Koivisto P, Tanner M, Keindanen R, Palmberg C, Palotie A, Tammela
T, Isola J, Kallioniemi OP.

Nat Genet. 1995 Apr;9(4):401-6.
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ANDROGEN RECEPTOR ACTIVITY

.......
........... ey

Nucleus
Molecular ERE TRE
Chape rones - \\ (’ K@@'i‘ifﬁpnnféﬁé"l‘ ‘) (’ K@E’i'_c" '51'\5(-371' )
¢ = : \ T@QAM@Q@A / \ F_QQ_@Q_ ACTGGA /
| \ GRE VDRE
% Steﬂ)“ / I\GAACApm TGTTCT \ / Ké-d’fEAhn{m_ GACCA |
<-_4 ?heac eg:gf:in ho e\ o \\ Steroid \ TCTTGTWCMGA /) (\ TQQAETWET__G@T_.
comp lex V \ hormone / GERE . RARE
i p /! AGAACA:[]I]HTGACCT \\\ / AGGTCA?II]I]I]DAGACCA
Receptor- — \ICITGTONIACTGGA /  \ TCCAGTAnAIICTGRT
hormone DNA bending protein y Enhancer ‘
Complex Distal control
elements

Phosphorylatlon\
DNA-
aSSOCIated proteins

receptor

RNA polymerase

(48"



DEPARTMENT OF EXPERIMENTAL PHYSIOLOGY, MEDICAL SCHOOL, NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS

ANDROGEN RECEPTOR MUTATIONS
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A 8753 nts.
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AR-FL e E 2 [ 3| 4 |s][s]7]s AR-FL:MTLGDNLPEQAAFWRHLHIFWDHVVKK stop
AR-45 Conditional 2 l 3 l 4 |5 | 5| 7 | 8 | AR45: start MILWLHSLETARDHVLPIDYY---FHTQ stop
AR-23 Ligand- I I 3 [ 4 [s]e]7]s]| ares: SELSTLVEVLPGKQKYLCA---FHTQ stop
stimulated
AR-V1 AR4 Conditional 1 2 | 3 [Tem | AR-V1: /FGVSEWOP stop
AR-V2 Unknown 1 2 I 3 I 3 CE1 AR-V2: ILRVEGVSEWOP stop
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AR-V9 Conditional [1 [ 2] s e AR-V9:MTLGDNLPEQAAFWRHLHIFWDHVVKK stop
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AR-V14 Unknown | 1 [ 2] 3] 4 [s]e]7 rs_l AR-V14:SVQPITPDAMYL Stop
AR-8 Inactive | 1 ra [ ces3|
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ANDROGEN RECEPTOR ACTIVITY
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CRPC: ANDROGEN RECEPTOR ACTIVITY - MEDIATED POOR SURVIVAL
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CASTRATION RESISTANT PROSTATE CANCER
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CASTRATION RESISTANT PROSTATE CANCER
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ANDROGEN DEPLETION THERAPIES IN PROSTATE CANCER

The number of bone lesions is the most important factor predicting disease
response & outcome to androgen depletion therapies

Objective response and disease outcome in 59 patients with stage D2 prostatic
cancer treated with either Buserelin or orchiectomy. Disease aggressivity and its
association with response and outcome.

Koutsilieris M, Faure N, Laroche B, Robert G, Ackman CF.

Urology. 1986 Mar;27(3):221-8.

The assessment of disease aggressivity in stage D2 prostate cancer patients.
Koutsilieris M, Laroche B, Thabet M, Fradet Y.

Anticancer Res. 1990 Mar-Apr;10(2A):333-6
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BONE LESIONS: OSTEOBLASTIC NATURE - THE MAIN SITE OF DISEASE
EVOLUTION TOWARDS CASTRATION RESISTANT PROSTATE CANCER
N

Galasko CS. Nature 1976; 263:507-508; Koutsilieris M, JCI, 1987
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ESTABLISHMENT OF BONE METASTASIS — EARLY STAGE

VEGF Blood vessel

growth
-

production =

-
r
Tumour™ = '

VEGF =

Koutsilieris M, et al. In: Meadows GG, editor. Integration/interaction of oncologic growth. Springer; 2005. Ch. 19.
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Msaouel P & Koutsilieris M, Best Pract & Res Clin Endocrinol & Metab. 2008; 1-15
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OSTEOCLASTOGENESIS

EVENTS INVOLVED IN NORMAL BONE REMODELLING
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Tumour cell-orchestrated bone resorption
" A .0'.‘
o= 21>
a— * &

Tumour cell-mediated local increase
of IL-6/ PTHP / TGF1

OSTEOCLASTOGENESIS Pre-osteoclasts

RANK * . ~ Osteoclasts

Osteoblasts N OPG
OPG = ost20protagann.

Koutslllerie M, st al. In: Meadow s GG, editor. integrationfinteraction
of oncologic growth. Springer; 2005. Ch. 15.
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ESTABLISHMENT OF BONE METASTASIS — EARLY STAGE

-pithelial-Mesenchymal
Transition

Tumour cell-mediated local increase
of IL-6/ PTHP / TGFB1
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Koutsilieris M, et al. In: Meadows GG, editor. Integration/interaction of oncologic growth. Springer; 2005. Ch. 19.
Msaouel P & Koutsilieris M, Best Pract & Res Clin Endocrinol & Metab. 2008; 1-15
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Molecular Staging in Clinically Localized Prostate Cancer
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Lembessis P et al, Clinical Chemistry & Laboratory Medicine, 2007
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Molecular Staging Using Multiplexed PCR in Clinically
Localized Prostate Cancer

Detection of Circulating Tumor Cells in Prostate Cancer Patients: Methodological Pitfalls
and Clinical Relevance

Zacharoula Panteleakou,! Peter Lembessis,''2 Antigone Sourla,? Nikolaos Pissimissis,* Aristides Polyzos,?

Charalambos Deliveliotis,* and Michael Koutsilieris?

Mol Med. 2009; Mar-Apr; 15(3-4): 101-114

- Molecular
--Medicine
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Tumour cell - orchestrated bone resorption
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Virk MS and Lieberman JR, Arthritis Research & Therapy 2007
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PROSTATE CANCER: LATE PHASE
WHY BLASTIC AND NOT LYTIC LESIONS ?

Osteoblastic lesion commonly Osteolytic lesion and weakened
found in prostate cancer bone commonly found in MM
and breast cancer
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OSTEOBLASTIC METASTASIS IN
ADVANCED PROSTATE CANCER

Selective growth factors for osteoblasts
are contained in extracts from prostate cancer tissues

Koutsilieris et al, The Prostate 9:109-115, 1985;
Koutsilieris et al, Journal of Endocrinology 115 : 447-454, 1987;

Koutsilieris et al, Journal of Clinical Investigation 80 : 941-946, 1987
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J Bone Miner Res. 1994 Nov;9(11):1823-32.

Three-dimensional type | collagen gel system for the study of osteoblastic
metastases produced by metastatic prostate cancer.
Koutsilieris M, Sourla A, Pelletier G, Doillon CJ
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Bone metastasis: late stage - blastic metastasis in prostate cancer
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Katopodis H & Koutsilieris, In Vivo, 2008;
Msaouel & Koutsilieris M, BPRCEM 2008;
Pneumaticos S & Koutsilieris M, EOTT, 2013
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Koutsilieris M, et al. In: Meadows GG, editor. Integration/interaction of oncologic growth. Springer; 2005. Ch. 19.
Msaouel & Koutsilieris M, BPRCEM 2008; Pneumaticos S & Koutsilieris M, EOTT, 2013.
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CASTRATION RESISTANT PROSTATE CANCER

Which is the clinical significance ????

OSTEOBLASTIC REACTION

osteoclasts

osteoblasts

OSTEOBLASTIC
REACTION

Novel concept of antisurvival factor (ASF) therapy produces an objective clinical response in four patients with
hormone-refractory prostate cancer: case report.

Koutsilieris M, Tzanela M, Dimopoulos T.

Prostate. 1999 Mar 1;38(4):313-6
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ANDROGEN DEPLETION THERAPIES IN PROSTATE CANCER

The number of bone lesions is the most important factor predicting disease
response to androgen depletion therapies

Objective response and disease outcome in 59 patients with stage D2 prostatic
cancer treated with either Buserelin or orchiectomy. Disease aggressivity and its
association with response and outcome.

Koutsilieris M, Faure N, Laroche B, Robert G, Ackman CF.

Urology. 1986 Mar;27(3):221-8.

The assessment of disease aggressivity in stage D2 prostate cancer patients.
Koutsilieris M, Laroche B, Thabet M, Fradet Y.

Anticancer Res. 1990 Mar-Apr;10(2A):333-6




DEPARTMENT OF EXPERIMENTAL PHYSIOLOGY, MEDICAL SCHOOL, NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS

OSTEOBLASTIC METASTASIS & CHEMOTHERAPY RESISTANCE
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Reyes-Moreno & Koutsilieris M et al, Urology, 1996
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CROSS TALKING OF GROWTH FACTORS WITH AR:
Growth Factors (Survival Factors) Inhibit The Castration-induced Apoptosis Of
Prostate Cancer Cells In Bones Microenvironment

F1G. 4. Multiple signal transduction pathways are involved in the regualtion of AR and AR coregulator function. The activation of the MAPK
and PI3K signal cascades occurs in response to multiple growth factor stimuli. For simplicity, I1.-6 and Her2 induction of these pathways is
depicted here. MAPK can directly phosphorylate AR to enhance AR interaction with coactivators and can phosphorylate coactivators, such as
SRC family members, to facilitate transcription. Akt phosphorylation of AR represses AR transcription, at least in part, through reduction of
AR-coactivator interaction. In addition to SRC, the coregulators B-catenin and ARA55 are targets of phosphorylative regulation as discussed
in the text.

Culig Z et al, Cancer Res, 1999; Culig Z et al, Endocr Rel Cancer, 2002,; Culig Z et al, Growth Factors, 2004
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Bogdanos et al, Endocrine - Related Cancer, 10: 279 - 289, 2003
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IGF-1 Inhibits The Apoptosis (Survival Factors)
Of Prostate Cancer Cells In Bones

IGF-
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Koutsilieris M et al, Prostate 1998; Koutsilieris M et al, J Clin Endocrinol & Metab 2001
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BONE MICROENVIRONMENT-TARGETED THERAPY
Suppression of the IGF-1, TGFBs and IL-6 bioavailability can reintroduce
clinical response in castration - resistant prostate cancer

IGF - BIOAVAILABILITY

GH — uPA —
dependent dependent

IGFs GH — IGFs
independent

IGFs

Somatostatin - A

Dexamethasone

ASF THERAPY

Patients had stage D3 prostate cancer.
ASF = anti-survival factor; GH = growth hormone.

Koutsilieris M, et al. Prostate. 1999; 38: 313-16;
Koutsilieris M, et al. J Clin Endocrinol Metab. 2001; 86:5729-36.
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Clinical course of prostate cancer with bone
involvement

ndrogen ablation therapy

10—
AntiandroEen withdrawal

Secondary hormonal manipulation
Salvage chemotherapy

LHRH-A = LHRH agonist.



DEPARTMENT OF EXPERIMENTAL PHYSIOLOGY, MEDICAL SCHOOL, NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS

Median progression-free survival:
7 months
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95% Cl = 4.5-9.5 months.

Koutsilieris M, et al. Clin Cancer Res. 2004;10:4398-405.
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Median disease-specific overall survival:
16 months
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Koutsilieris M, et al. Clin Cancer Res. 2004;10:4398-405.
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ASF therapy vs chemotherapy: results

ASF Chemotherapy

Median overall survival,

months (95% Cl) 18 (13.0-22.7) 18.8(10.8-26.7)
Side-effects!

Anaemia 22% 80%***

Neutropenia 0 60%™ **

Thrombocytopenia 0 40%* *

Alopecia 0 100%***

Nausea/vomiting 0 559%™ **

Elevated blood glucose 22%* 0

Graded according to the Eastern Cooperative Oncology Group criteria.
*p < 0.05; **p < 0.01; ***p < 0.001.

Dimopoulos MA & Koutsilieris M. Urology. 2004;63:120-5.
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Bone metastasis microenvironment - targeted therapies
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BONE METASTASIS MICROENVIRONMENT TARGETED THERAPIES

Skeletal metastases and impact of anticancer and bone-targeted agents in patients with castration-resistant prostate cancer.
Vignani F, Bertaglia V, Buttigliero C, Tucci M, Scagliotti GV, Di Maio M.

Cancer Treat Rev. 2016 Mar;44:61-73.

Treating Patients with Metastatic Castration Resistant Prostate Cancer: A Comprehensive Review of Available Therapies.
Crawford ED, Higano CS, Shore ND, Hussain M, Petrylak DP.

J Urol. 2015;194(6):1537-47.

Identification of Bone-Derived Factors Conferring De Novo Therapeutic Resistance in Metastatic Prostate Cancer.

Lee YC, Lin SC, Yu G, Cheng CJ, Liu B, Liu HC, Hawke DH, Parikh NU, Varkaris A, Corn P, Logothetis C, Satcher RL, Yu-Lee LY, Gallick GE, Lin SH.
Cancer Res. 2015;75(22):4949-59.

Recent advances in bone-targeted therapies of metastatic prostate cancer.

Deng X, He G, Liu J, Luo F, Peng X, Tang S, Gao Z, Lin Q, Keller JM, Yang T, Keller ET.

Cancer Treat Rev. 2014;40(6):730-8.

Bone-targeting agents in prostate cancer.
Suzman DL, Boikos SA, Carducci MA.

Cancer Metastasis Rev. 2014;33(2-3):619-28.

Bone targeted therapies for the prevention of skeletal morbidity in men with prostate cancer.

Saylor PJ.

Asian J Androl. 2014 May-Jun;16(3):341-7.

Novel bone-targeting agents in prostate cancer.

Albany C, Hahn NM.

Prostate Cancer Prostatic Dis. 2014 Jun;17(2):112-8.

HEF1 promotes epithelial mesenchymal transition and bone invasion in prostate cancer under the regulation of microRNA-145.
Guo W, Ren D, Chen X, Tu X, Huang S, Wang M, Song L, Zou X, Peng X.

J Cell Biochem. 2013 Jul;114(7):1606-15.

Emerging therapeutic approaches in the management of metastatic castration-resistant prostate cancer.
Antonarakis ES, Armstrong AJ.

Prostate Cancer Prostatic Dis. 2011 Sep;14(3):206-18.
Evolving role of bone biomarkers in castration-resistant prostate cancer.
Brown JE, Sim S.

Neoplasia. 2010 Sep;12(9):685-96.
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CASTRATION_RESISTANT PROSTATE CANCER
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Vignani F & Di Maio M. Cancer Treat Rev. 2016 Mar;44:61-73.
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CASTRATION RESISTANT PROSTATE CANCER
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CASTRATION RESISTANT PROSTATE CANCER

Is that all ????
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NON GENOMIC ACTIONS OF STEROID HORMONES
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NON GENOMIC ACTIONS OF STEROID HORMONES
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NON GENOMIC ACTIONS OF STEROID HORMONES

Several inhibitors of Src family kinases have been tested in a clinical setting for
prostate cancer, notably inhibitors that target kinase activity, dasatinib
(BMSS-354825) and saracatinib (AZD0530); and KX2-391, a peptidomimetic that blocks
the substrate binding site of Src. Clinical studies indicate that targeting Src or
inhibiting activated downstream kinase pathways in isolation is ineffective for CRPC.

Likewise, inhibitors of PI3K, Akt, or mTOR have also demonstrated limited use in
clinical practice as single agents.

This is probably because targeting non-genomic AR signals does not protect against
ligand-dependent activation of AR and transcription of AR target genes. Inhibition of
both non-genomic and genomic pathways of AR may be necessary to eradicate tumor
dependency of AR. Concurrent inhibition of AR and non-genomic AR components may
prove useful for prostate cancer patients with progression after primary therapy.

Many of these strategies are currently under investigation and show promising results
in preclinical models of CRPC.
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Is that all ????
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CANCER STEM CELL THEORY
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Stem cell © modulation
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Homeostasis for tissue regeneration Tumorigenesis
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MODEL OF EPITHELIAL HOMEOSTASIS & CANCER INITIATION
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Strand DW & Golgstein AS, Endocrine-Related Cancer (2015) 22: T187-T197
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Strand DW & Golgstein AS, Endocrine-Related Cancer (2015) 22: T187-T197
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DIFFERENTIATION THERAPY
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PROSTATE CANCER EVOLUTION
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Distant metastasis

> Infiltration >

Tumour initiation functions: growth, survival, progenitor-like state and genomic instability
Oncogenes: ERBB2, CTNNBI ((-catenin), KRAS, PI3K, EGFR, MYC
Tumour suppressors: APC, TP53, PTEN, BRCAI, BRCA2

in situ

Gain of TWIST], SNAI, SNAIZ, MET, D]

o s SO s AR Py
: " 4

Metastasis progression functions: extravasation, survival and reinitiation
PTGS2, EREG, MMPI, LOX, ANGPTL4, CCL5 targets

Metastasis virulence functions: organ-specific colonization
PTHRP, ILT, CSF2RB (GM-CSF), L6, TNFa
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