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K @ ﬁr Adrenal gland
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Traditional \
pathway route
Denmeade SR, et al.: Nat Rev Cancer 2: 389-396, 2002.,

95% l Testosterone Mostaghel E, et al.: Best Pract Res Clin Endocrinol Metab 22: 243-258, 2008. modified.
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Denmeade SR, et al.: Nat Rev Cancer 2: 389-396, 2002.,
Testosterone Mostaghel E, et al.: Best Pract Res Clin Endocrinol Metab 22: 243-258, 2008. modified.
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New T

ﬁ'ﬁ Adrenal gland

Denmeade SR, et al.: Nat Rev Cancer 2: 389-396, 2002.,
Testosterone Mostaghel E, et al.: Best Pract Res Clin Endocrinol Metab 22: 243-258, 2008. modified.
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(CYP17A1
inhibitor)

|
~

S5a-Reductase

v

Testosterone DHT

Enzalutamide
(AR antagonist)

O — O

Sa-Androstane
-30,17pB-diol

Glucuronate
conjugation

J

Satoshi Endo, PhD, Gifu Pharmaceutical University

/




7R METlZER (AKR) 1C3 HHHES

1. AKR1C3 highly expresses in CRPC tissues
The overexpression of AKR1C3 has been suggested to depend on activation of Nrf2-keap
signaling via oxidative stress.

[Expression levels of [AKR1C3 expression in clinical samples]
steroidogenic enzymes

(CRPC / PC patients)] A ':::.-f:‘ ;-u;“?
= 800 v
2 v
§ 600 vy
%E 4004 y
v % e
£2 %0
'.q:; » " 3 W et lral ™
<§ 150; 24 .’f A oy
= e ,
% E v Prlmary PCa #4¢
-2 100 " vv"" PLESY
e o L A YyyvY 3 K:f,’.'a,_{;;k.’»‘_f-. 0%
§ 504 ™ L A "'v' ¢ ey
< " Aaaas "3§!"
Normal prostate primary PCa CRPC
/BPH

Acrcs I <
p-actn WMINESEDEDaSE.
Ratio 03 04 1 0.5 03 75 04 52 ~ = in .

BPH Primary PCa CRPC ,C,R,Pc,'m‘?d'F'm

Montgomery et al. Cancer Res., 2008;68: 4447-4454. Hamid et al., Mol. Med., 2012;18: 1449-1455.
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1. AKR1C3 highly expresses in CRPC tissues

The overexpression of AKR1C3 has been suggested to depend on activation of Nrf2-keap
signaling via oxidative stress.

2. AKR1C3 participates in proliferation and survival of prostate cancer cells

* Androgen synthesis (Androstendione — Testosterone)
+ Suppression of synthesis of anti-proliferative prostaglandin (PGD, — 9a,11B-PGF,)

« Detoxification of endogenous reactive aldehydes (4-Hydroxynonenal — 4-Hydroxynonenol)

[Tumor sizes in LNCaP-bearing mice 400
expressing AKR1C3 or vector alone] ggg T
2501 _-¥ JAKR1C3
200
1501
100

' Vector

Tumor volume (mm?3)

Weeks

Yepuru et al., Clin. Cancer Res., 2013;19: 5613-23. 9
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New T

1. ASP9521 (Astellas): Discontinuation of clinical trial;

Phase I/1l, Multi-center, Open Label, Study to Assess the Safety, Tolerability,
Pharmacokinetics, Pharmacodynamics and Anti Tumor Activity of ASP9521 in
ASP9521 Seedlng

Patients With Metastatic Castrate-resistant Prostate Cancer
» astellas
) , Androstenedione ) Androstenedione + ASP9521

m EIA ELISA / Viability assay

CWR22R xenograft mice (castrated) AKR1C3-expressing LNCaP cells

Testosterone concentration PSA concentration Cell proliferation
A B
35 4 - 125
3 . § E
w25 - § 1001 3 ® 1004
L 52% -103% = 5
- 5 . ]
% 27 B 751 B
s E k3
£15 - H £
2 S 501 IC5;=11 nmol/L S 501 1C55=6.6 nmol/L
g1 < o
E g 251 8 251
e ®
0 T T T 0 T T F
Placebo 1010 109 108 107 10¢ 108 107
ASP9521 ( mg/kg po) ASP9521 concentration (M) ASP9521 concentration (M)

Kikuchi et al., Invest New Drugs 2014;32: 995-1004.
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1. ASP9521 (Astellas): Discontinuation of clinical trial;

Phase I/Il, Multi-center, Open Label, Study to Assess the Safety, Tolerability,
Pharmacokinetics, Pharmacodynamics and Anti Tumor Activity of ASP9521 in

Patients With Metastatic Castrate-resistant Prostate Cancer
» astellas

There was no evidence of clinical activity of ASP9521 in this
study. ....... We might hypothesis that AKR1C3 expression was
insufficient to observe the effects of inhibition by ASP9521
in these patients. To text this hypothesis, AKR1C3 expression
levels should be measured in the target tissue.

PSA concentration (at week 13)

3 B 30mg B 100 mg 9 300 mg I 600 mg

15
5 il

3 I N B
-15
-25

1 5 13 4 2 6

8 7 12 9 3 11 10
Patient

[Discussion in the paper]

Largest % decline in PSA from baseline

Table 2 Summary of Demographic Characteristics (Safety Analysis Set): Part |

ASP9521 ASPY521 ASPY9521 ASPY521

30 mg 100 mg 300 mg 600 mg Total

Parameter (n=3) {(n=3) (n=3) (n=4) (n=13)
Sex
Male, n (%) | 3 (100) [ 3 (100) [ 3 (100) | 4000 | 13(100)
Race
White, n (%) 2 (66.7) 3(100) 3(100) 4 (100) 12 (92.3)
Black or African
American, n (%) 1(33.3) = - - 1(7.7)
Age (years)
Mean (SD) | 64.0(1082) | 69.0(9.64) | 70.0(529) | 67.3(881) | 67.5(8.02)

Loriot et al., Invest New Drugs 2014;32: 995-1004.
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1. ASP9521 (Astellas): Discontinuation of clinical trial;

Phase I/1l, Multi-center, Open Label, Study to Assess the Safety, Tolerability,
Pharmacokinetics, Pharmacodynamics and Anti Tumor Activity of ASP9521 in
Patients With Metastatic Castrate-resistant Prostate Cancer

We decided to withdraw the development of ASP9521
from the results of the prostate cancer Phase | clinical
trial and business strategy. (in the website of Astellas)

2. BAY1128688 (Bayer) : Discontinuation of clinical trial;

A Randomized, Placebo-controlled, Double-blind, Parallel-group, Multi-center,
Exploratory Dose-response Study to Assess the Efficacy and Safety of Different
Oral Doses of BAY1128688 in Women With Symptomatic Endometriosis Over a
12-week Treatment Period

Recently, the phase Il clinical trial was terminated due to
‘ hepatotoxicity, which might have resulted from the

nonspecific actions of BAY1128688, possibly due to
inhibition of AKR1D1 and consequent bile acid deficiency.
(Rizner et al,, Pharmacol. Res., 2020;152:104446)

Satoshi Endo, PhD, Gifu Pharmaceutical University
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(We previously discovered compoundsl

| with

a chromene moiety showing

| inhibitory potency for AKR1C3. Novel |

| derivatives based on it were synthesized. |

—

/

Compounds R, 1IC5, (NM)
4d 8-OH 25+ 2.0

5 5-OH 370 £10

6 6-OH > 10,000

7 7-OH > 10,000

8 8-OMe > 10,000

The hydroxyl group at position 8 of the chromene ring

Is important for the inhibitory activity

13
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Compounds R, ICs0 (NM)
4a H 36 + 0.5 N -~
4b 2-Fluoro 64 £ 5 oY o
4c 3-Fluoro 29 + 3 OH Phe306 Tyr317
4d 4-Fluoro 25+ 2
4e 2-Chloro 56 + 7
Af 3-Chloro 46 £ 0.7 Tyr319
49 4-Chloro 52+ 4 Phe311
4h 2-Methyl 52+ 55
4i 3-Methyl 55+ 0.9 Met120
4i 4-Methyl 27 + 0.8
4k 2-Ethyl 21 £ 0.7 &
4] 3-Ethyl 29 + 0.5 Asn167
4m 4-Ethyl 45 £ 0.5
4n 2-Hydroxy >10,000 plEs6
40 3-Hydroxy 60 £ 0
4p 4-Hydroxy >10,000
4q 3,4-Difluoro 220+£30  [Putative interactions)
ar 3,4,5-Trifluoro 4r+£05 . A hydrogen bond between 8-OH group
4s 2-Trifluoromethyl 20+ 0.1 : . .
At 3-Trifluoromethyl 50 + 0.3 of 4] and catqutlc residues of AKR1C3
4u 4-Trifluoromethyl 24 + 0.1 (Tyr55 and His117)
4v 2,4-Ditrifluoromethyl 58 + 0.1 _ _ _
AW 2-Isopropyl 30 + 2.2 « A 11-T1 stacking interactions between a
4x 3-Isopropyl 47 £ 0.3 benzene ring of R, moiety and Phe306

Satoshi Endo, PhD, Gifu Pharmaceutical University
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Compounds R, ICs0 (NM) ° /©/
4a H 36 + 0.5 ~
4b 2-Fluoro 64 +£5
4c 3-Fluoro 29 £ 3 Trp227 Phe306 Tyr317
4d 4-Fluoro 25+ 2
4e 2-Chloro 56 + 7
Af 3-Chloro 46 £ 0.7
49 4-Chloro 52+ 4
4h 2-Methyl 52+ 55
4i 3-Methyl 55+ 0.9 Met120
4i 4-Methyl 27 + 0.8
4k 2-Ethyl 21 £ 0.7 &
4] 3-Ethyl 29 + 0.5
4m 4-Ethyl 45 £ 0.5
4n 2-Hydroxy >10,000
40 3-Hydroxy 60 £ 0
4p 4-Hydroxy >10,000
4q 3,4-Difluoro 220+£30  [Putative interactions)
ar 3,4,5-Trifluoro 47£05 . A hydrogen bond between 8-OH group
4s 2-Trifluoromethyl 20+ 0.1 : . :
At 3-Trifluoromethyl 50 + 0.3 of 4] and cata_llytlc residues of AKR1C3
4u 4-Trifluoromethyl 24 + 0.1 (Tyr55 and His117)
4v 2,4-Ditrifluoromethyl 58 + 0.1 _ _ _
AW 2-Isopropyl 30 + 2.2 « A 11-T1 stacking interactions between a
4x 3-Isopropyl 47 £ 0.3 benzene ring of R, moiety and Phe306
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Compounds R, ICs0 (NM)
4a H 36 + 0.5 N -~
4b 2-Fluoro 64 £ 5 oY o
4c 3-Fluoro 29 + 3 OH Phe306 Tyr317
4d 4-Fluoro 25+ 2
4e 2-Chloro 56 + 7
Af 3-Chloro 46 £ 0.7 Tyr319
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4i 3-Methyl 55+ 0.9 Met120
4i 4-Methyl 27 + 0.8
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4] 3-Ethyl 29 + 0.5 Asn167
4m 4-Ethyl 45 £ 0.5
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40 3-Hydroxy 60 £ 0
4p 4-Hydroxy >10,000
4q 3,4-Difluoro 220+£30  [Putative interactions)
ar 3,4,5-Trifluoro 4r+£05 . A hydrogen bond between 8-OH group
4s 2-Trifluoromethyl 20+ 0.1 : . .
At 3-Trifluoromethyl 50 + 0.3 of 4] and catqutlc residues of AKR1C3
4u 4-Trifluoromethyl 24 + 0.1 (Tyr55 and His117)
4v 2,4-Ditrifluoromethyl 58 + 0.1 _ _ _
AW 2-Isopropyl 30 + 2.2 « A 11-T1 stacking interactions between a
4x 3-Isopropyl 47 £ 0.3 benzene ring of R, moiety and Phe306
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Compounds R, ICs0 (NM)
4a H 36 +£ 0.5
4b 2-Fluoro 64+5
4c 3-Fluoro 29+ 3
4d 4-Fluoro 25+ 2
4e 2-Chloro 56 + 7
Af 3-Chloro 46 £ 0.7
49 4-Chloro 52+ 4
4h 2-Methyl 52+ 55
4i 3-Methyl 55+ 0.9
4 4-Methyl 27 + 0.8
4k 2-Ethyl 21 +£ 0.7
4 3-Ethyl 29 £ 0.5
4m 4-Ethyl 45 £ 0.5
4n 2-Hydroxy >10,000
40 3-Hydroxy 60 £ 0
4p 4-Hydroxy >10,000
4q 3,4-Difluoro 220+£30  [Putative interactions)
ar 3,4,5-Trifluoro 4r+£05 . A hydrogen bond between 8-OH group
4s 2-Trifluoromethyl 20+ 0.1 : . .
At 3-Trifluoromethyl 50 + 0.3 of 4] and catqutlc residues of AKR1C3
4u 4-Trifluoromethyl 24 + 0.1 (Tyr55 and His117)
4v 2,4-Ditrifluoromethyl 58 £+ 0.1 ) ) )
4x 3-Isopropyl A7 £ 0.3 benzene ring of R, moiety and Phe306
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Whole structure 4i-binding mode

Phe306

PDB:7C7G
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® 4j-docking model (Glide)
AKR1Ca3: Light yellow
4j: purple

® 4j-binding crystal structure
AKR1C3: Light blue
4j: magenta

Satoshi Endo, PhD, Gifu Pharmaceutical University
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A H-bond Interaction with Ser129

via a water molecule

Apo structure: White
4j-binding structure: Light blue
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_ *% 1 Vehicle
20 nM Pregnenolone (P) 70 e B 20 nM P
140 r 60 I B 20 "M P + 20 uM 4d
__ 120 -~ B 20 nM P + 20 uM 4j
S X 50
» 100 5
E % 40 |
£ 80 S
S 8— 30
< 60 Q
v < 20
O 40 J
20 10 r
0 0
0O O 10 10 10 10 20 10 20 10 20 (uM) GO/G1 S G2/M
Flu Ab En 4d 4j 4]
—————————————————————————————————————————————————————————— ## p < 0.01,#p < 0.05 vs Vehicle
Flu : Flutamide (Androgen receptor antagonist) ** p < 0.01,%p < 0.05 vs P alone

i Ab : Abiraterone (CYP17A1 inhibitor) i
! En : Enzalutamide (Androgen receptor antagonist) !

__________________________________________________________

m
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Nuclear AR levels (CWR22Rv1 cells)

10 nM Androstenedione 10 nM Androstenedione
NUAC\:Rear — - [ - - ————
O 0 10 10 0 0 10 (M)
4d 4] 41
10 uM Androstenedione
250 .,
S I
_ 200
(@) **
2
o 150 r
S T
o)
' 100 B
<
e 50 .
E G X N
0 Iators‘
0 0 10 10 10 (M) B(/-‘\/\./ NS
;o=
: [
ad 4§ 4l | T Testoserone |
**p < 0.01, *p < 0.05 vs Androstenedione alone 22
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PSA mRNA (CWR22Rv1 cells)

20 nM Pregnenolone

500

400

300

200

100

Relative mRNA expression of PSA

**

0O 0 10 10 10 10 20 10 20 10 20 (uM)

P ) .
} -llators \\'

Flu Ab En  4d 4j 4 fm—— -

Satoshi Endo, PhD, Gifu Pharmaceutical University



ARV ATI-ZANE4

B) AR . -

“r Compounds  1Csq (UM)
.g 3-2 - Hydroxyflutamide  0.23
% 25 No activity 4b 4.4
o | 4c 3.3
g 4ad 6.5
T de 3.3
S "M ERNs N I Y B B 4] 2.4
0.5 r Ak 8.1
0 o= 4 5.8
g o 4m 3.6
24
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PGD: PGH:
‘ AKR1C3 ‘
e
“ ¢ :. 8
X *%
PGF receptor S 6 ok g
\ 4 3
¥ - :
. . E -@- Vehicle -@- Vehicle -@- Vehicle
Activation of D 2 F AtouMad 2 F  -atouM4 2 F A touma4l
MAPK, PI3K cascades O -A- 20 uM 4d -A- 20 uM 4j A 20 uM 4l
0 : . 0 : : 0 . .
' Oh 24h 72h Oh 24h 72h Oh 24h 72h

v

Proliferation

** p<0.01vs vehicle
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in vivolruh* Aid T HHHES

Xenograft mouse model No influence on morphology of normal tissue

Liver x40
200 r T

. .[ o

Control

[EEY

A

o
T

##

Tumor volume (cm3)
|
o
o

Cancer x40
50 B 4| J N = %
# 4J
0 T
1 2 3 4 5 6 7
weeks
**p < 0.01, *p < 0.05 versus Control Necrosis
(Approximately 40%)
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AKR1C3 lati —

[RT-PCR] [Western blotting (WB)]  [Sensitivity to CRPC drugs]
120 120
LNCaP  22Rv1 ~ 100 ~ 100
22Rv1 > * >
% 80t % 80
P R © g0 } T g
(&] (&]
AKR1C1 : © 4l 2 4
AKR1C1 ' g —e— 22RvI-R S —e— 22RvI-R
AKR1C2 oy S 20 1 —o-22rv1 S 20 [ o 22Rv1
0 1 1 1 1 0 1 1 1 1
AKRIC3 | — - 0 50 100 150 200 0 50 100 150 200
AKRICS Apa (M) Enz (M)
120

NQO1 120

= 100 = 100
S S e
o 80 o 80
Y 60 9 60
2 40 2 40
© —o— 22Rv1-R © —o— 22Rv1-R
S 20 ' —o-22Rv1 S 20 F —o-22Rvi
| 0 1 1 1 1 1 0 1 1 1 1
! P; parental cells, R; resistant cells : 0 10 20 30 40 50 0 50 100 150 200
1 AKR; aldo keto reductase, HO1; heme oxygenase 1 ! .
i NQO1; NAD(P)H quinone oxidoreductase 1, AR; androgen receptor : Abi (uM) Cab (M)
1 Apa; apalutamide, Enz; enzalutamide, Abi; abiraterone, Cab; cabazitaxel :
e e L DL DL LD L L e LD **p<0.01,*p <0.05vs 22Rv1 cells
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ROS production

Count

‘g ;
E CBR49
S 10
0 \ :
10" 102 103 104 10°
DCFH
= 60
> #
06 4r
O w *
o g 20 |
S
X
® 9
Apa (uM) - 100 100 -
CBR49 (uM) - - 10 10

7OV IS R EARRRIC S DR HEEN R ]

Apoptosis induction

PARP
Cleaved PARP

Apa (uM) - 100 100 -
CBR49 (uM) - - 10 10
DMSO CBR49

Apa Apa + CBR49

Cleaved caspase 3 / DAPI

20 pym

[o—

Cleaved
caspase 9

B-Actin

300

N
o
o

—
o
o

0

Cleaved caspase 9
/ B-Actin (%)

>
°
o

(UM)
CBR49 (M)

o

- 100 100 -
10 10

DMSO

DAPI

HNE

*p <0.05 NS p>0.05vs Control, # p < 0.01, ¥ p <0.05 vs Apa alone

BCI-2 |w— v -
NS
~ 300 [ =
>
N 200 | | ns ‘
O
M |
~ 100
x
®
@ 9
Apa (uM) - 100 100 -
CBR49 (UM) - - 10 10
Apa + CBR49 CBR49

28

Satoshi Endo, PhD, Gifu Pharmaceutical University



7)VVAz Rt tEflReCH I DR LIERN R ERelaliE

[22Rv1] [Combination index (CI)]
CBRA49 Apa (UM)
120 (M) 10 20 50 100
1 209 1.21 1.08 0.80
S 5 114 106 088 074 Fa-Cl plot
o & carug —10 088 045 044 0.37 CompuSynYJhD17ZFVAHAZRER (Cl) OE T
Q60 oum [Fa-Cl plot] or
@ 1iM 20 | .
5 40 W 5uM | BAEZNER (CI>1)
> 20 ¢t 10 uM ' _ ! N
o L = 5 10 f o1 1 FEINRHR (CI=1)
0.5 | .
0 50 100 oo — HEFEMR (CI<1)
Apa (M) 00 02 04 06 08 10 0 I G
Fa 0 0.5 1 Fa; fr_actlc_)n gffected
Fa (= Viability)
[22RV1 -R] [Combination index (Cl)]
CBRA49 Apa (UM)
120 (M) 10 20 50 100
1 0.954 0.954 0.427 0.117
o100 O CBRAS 5  1.488 0.989 0.205 0.014 -
S oo | oy 100452 0331 0032 0007 © CHEA'T.OLUFERD, CBRAOETULYZ
8 60 | puu rciplot ROFUEEEEIRRNICRHBENR
2w 201 , BENTZ,
S 20 | **125““2 5 10 « AKRICGEIZEDF V7 /VILYZ R
o 2 0 AT LB ERMRARHENL
0.0 g
Apa (uM) 0.0 0.2 0.4 06 0.8 1.0
**p <0.01, *p <0.05 vs Control Fa
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