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Drug discovery approach

Our focus today

‘I Why?

I

: Ta rg et_ . Lower cost

I Begins with known molecular target
based | Fast lead optimization process

J Easier SAR (structure activity relationship)
N i e s mm s omm o omm o omm o omm o

Phenotype-
based

Singh, V. K., et al. Expert Opinion on Drug Discovery, vol.14, 7, (2019).
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Target-based Drug discovery

/[~ DIABETES
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Outline

 Diabetes Mellitus ]
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Diabetes Mellitus

Diabetes mellitus (DM) is a chronic progressive metabolic disorder in which the body
IS unable to utilize glucose.

High blood glucose

» Long term complication [T )

Normal blood High blood
glucose glucose

glucose

DIABETES

g
glucose S COMPLICATIONS

blood

GLAUCOMA

Sun, H. et al., Diabetes Res. Clin. Pract.,183, 109119 (2022); Antar, S.A. et al., Biomed. Pharmacother; 168, 115734 (2023); Wu, Y. et al., Int. J.
Med. Sci. 11, 1185-1200 (2014).
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High numbers of DM cases require expansion of therapeutic options

Diabetes around the world in 2021

537 million adults (20-79 years) are living with diabetes

Projected to rise to

T1DM

Optimal treatment of T2DM has been challenging to find.

$

T2DM = 90-95% Expansion of theraupetic options

Sun, H. et al., Diabetes Res. Clin. Pract.,183, 109119 (2022); Antar, S.A. et al., Biomed. Pharmacother; 168, 115734 (2023); Wu, Y. et al., Int. J.
Med. Sci. 11, 1185-1200 (2014).
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PPARYy is one of emerging target for T2DM

Associated with insulin deficiency/resistant.
Significant emerging targets have been reported to improve insulin's
2DM ' > action on target tissues and help restore B-cell functions.

: OH
Full Agonist,
Troglitazone
Emerging target for T2DM J
S 0
P HN
( PPARy ;, J
L F Improve insulin sensitivity. However, it
g | ) increased the side effects; such as

S ——— ————

cardiovascular disease.
Unmet needs: design a new agonist of PPARy with decreased side effect.

Kanwal. et al., Biomedicines. 10 (2), 331. (2022)
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Outline

[ PPARYy as Target Protein for T2DM }
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PPARYy is a ligand-activated transcription factor and belongs to the nuclear receptor
superfamily. PPARy controls the transcription of target genes by forming the
heterodimer with the retinoid X receptor (RXR) and binding to specific PPAR
response elements (PPRESs) in the promoter region of target genes.

15d-PGJ,

m"" _TZD, Troglitazone

H . N e CHy o, >

e PPARYy transactivation ~ Ligandr p m J-
p— N/ 1

&N ﬁﬁg‘:ﬁ: ncreased side effect
L ! -On y
g .
RXR PPARy : x
A—
PPRE Target gene |

| s SADAPAA AT
TN
Transcription - Glucose homeostasis:TGLUT4,TCAP, etc Improve
) ' . .
‘ - Lipid metabolism:TLPLTaPZ, etc - insulin

PPRE Target gene | - Adipokine regulation:fadiponectin, FGF1, etc sensitivity

. y
Chandra, V. et al., Nature. 456, 35-356, (2008); Ipjenberg, A. et al., J. Biol. Chem. 272, 20108-20117, (1997).

RXR

Glucose metabolism
Adipogenesis

—
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PPARYy structure and its LBP (ligand binding pocket)

A/B C D E

N-terminus AF1 DBD Hinge -C~terminus

P A

? -- X e
AS ;@, K arvia, PDB ID: 3DZY
A :-—* | l ..-_\

N-terminus
e

PDB ID: 2PRG

PPARy LBP-Full agonist

iy A
P A |
F t’hl Alyl A/ Q-loop
¢ f‘“.-_-. o ///

C-terminus]_ Y47
H124
pocket

e
Huge cavity

Chandra, V. et aI., Nature. 456, 35-356, (2008); Ipjenberg, A. et al.,
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Understanding PPARy LBP to design new agonist
Full Agonist

Y / &g AF-2 pocket Q-loop
v Partial Agonist

o

AF-i pocket Q-loop

LBP: grey area
Omitting the interaction of AF-2 pocket could design partial agonist.

Li, Y., et al. J. Biol. Chem., 283,14, 9168 — 9176 (2008); Miyamae, Y., Biol. Pharm. Bull. 44, 1185-1195 (2021)
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Partial agonist of PPARy

Full agonist Partial agonist

Adverse gene target

Beneficial gene target

Selective PPARy Modulator
- Binding in distinct manner to PPARy LBP
- Resulting in SELECTIVE gene expression

Discovery of new PPARy partial agonist is a great of concern

Berger, J.P. et al., Mol. Endocrinol., 17, 662—676 (2003); Miyamae, Y., Biol. Pharm. Bull. 44, 1185-1195 (2021)
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Outline

[ Rational Design: Ligand Linking Strategy
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Establishment of a ligand-linking strategy

& » I \

AF-2 pocket Q-loop LBP of PPARy

Partial Agonist

nTZDpa

- ldea: Multiple ligands
- Omitting AF-2 region

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015); Utsugi, Y., et al., Molecules, 24, 2019 (2019)
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GW9662 as Anchor Structure

K / » Cﬁg » o

LBP of PPARy GW9662 AF2 fegify c285
- ldea: Multiple ligands GW9662 is PPARY Blocking AF2
- Omitting AF-2 region antagonist, irreversibly region
binds to Cys285.

The irreversible binding
able to block AF-2
region occupation.

Purpose: design covalent partial agonist, effective with less dose.

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015); Utsugi, Y., et al., Molecules, 24, 2019 (2019)
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Partner ligand of GW9662?

Screenlng

Partner ligand of
GW9662 was decided /‘
on Cooperative

activation on PPARYy | I:

Luc

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015); Utsugi, Y., et al., Molecules, 24, 2019 (2019)
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Outline

[ Screening System
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Cell-based Assay Screening

Conventional Assay

e Transfection cell was used. Limited number
of compounds used.

High Throughput Screening

e Stable cell line. Thousand of compounds can
be screened.
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In vitro evaluation: conventional cell based assay

Transfection Luciferase reporter assay principle
DMEM (-), Reporter gene
| PFN26A (BIND)-PPARy2-LBD, Lucif
1 pGL4.35, pGL4.74, Hilymax - uciterase

Renbob Cig&\a\
QOO
OO0

Lo Looescence

Incubate overnight

Seeding cells

Treatment of compounds

Incubate 6/12/24 h

Luciferase Assay

| =,
I Harvest - Cell lysis f_f?'ﬁ-}'l'_'“-.,—r
Add luciferin reagent ge =
Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015)
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In vitro evaluation: stable cell line

W Ligand Luciferase reporter assay

pAe
|
- — (e — 0

Luciferase Luciferin luminescence

LUCIFERASE

Luciferin

cell line Stable t 1040 corrpounds Perkin ElImer
i ) luciderin rotocol
selection Transfection GW3662 P
Plasmid
system

We want to simplify the invitro evaluation by establishment of stable cell ine
Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Plasmid preparation

UAD

PPARy-Gal4 / UAS-luc system

GAL4-DBD

—

[ UAs || LUCIFERASE |

CMV Immediate Early syrihetic poly(A) signal/ UAS
Enhancer/Promoter transcriptional pause site
(for background reduction) AXGALLUAS
1 Hindil)

T7 Promoter

GAL4 Fusion | GAL4

Pratein

Intron

Luciferase

AV

___lgA hinker
' — Sgil 1559
Amp pFN26A (BIND) hRluc-nea A
' Pmel |1926
A Flexi® Vector e e (B PGL4.35[ luc2P/OXG AL JUAS Hygro] \|
(70700p) Xpal (1958 Vector (1]
— cvan Lot _|2069 (6184bp) /
poly(A) Paly(A) o
hRiuc-neo Sal
fusion g‘;ﬁgﬁiﬂf Synthetic SV4D late
— Promater poly(A) \__ poly(A) signal
G418 T Hygromydn Hyg =t BSv40 Enhancer/
resistant resistant k- Early Promoter
PFN26A (BIND) hBluc-nea Flexi® Vector Map. pGLA4.35[luc2P/IXGAL4UAS/Hygro] Vector Map.

us2r
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Protocol for stable cell line

Overview:
1- Establishment of UAS-Luciferase stable U20S cell line:
Colony pick up it ., Positive UAS-Luc
H romvcin ucirerase reporter t b| |
LD D emen O _geneamay O
> > >
pGL4.35 U20S
(UAS-LUC)

2- Establishment of hPPARy-LBD-GAL4-DBD stable U20S cell line:
Positive hPPARy-LBD-

Colony pick up

Luciferase reporter GAL4-DBD / UAS-Luc

G418
\_‘ <> <> treatment <> gene assay stable colony
'+ @ > >
pFN26A (BIND)
hPPARy-LBD-
GAL4-DBD
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In vitro evaluation using stable cell line

Seeding cells and treatment

24 h

U20S cells stably
expressing hPPARy-LBD-

GAL4-DBD / UAS-Luc Luminescence detection
using microplate reader.
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Screening of partner ligand

Screening partner ligand of GW9662 which cooperatively activate

PPARYy transcription.
| Screening ; 7 ‘M
:' ; Natural product library
| - S
. » : / M ri Invitro: Conventional cell-based assay
oW e %, P
HBEII-\-___ S ..
LBP of PPARy
Luc

Synthetic library

Invitro: Stable cell line

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015); Utsugi, Y., et al., Molecules, 24, 2019 (2019); Mufidah,
S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Screening partner ligand from natural product library

14
Cell-based 125 plant extracts ¥
screening 1 12}
- luc assay
10F o
<> @O Kaempferia galanga L.

1 bioassay-guided

[ & fractionation
sl

ﬁT—T
CAEE (cinnamic acid ethyl ester)

1 :: Al

Gwoee2 - *t |-t -+ -F|-+ -+ -+ -+

old induction (LUC/B-gal) '

N & OO @

Isolated compound 1 and 2 co-treated with - | 1__10 1001 1 10 100 Tro
GW9662 to see cooperative activation of 1(UM) 2 (M)
PPARYy transcription e

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015)
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Design new covalent agonist of PPARy

GW9662 and 1 showed
cooperative activation

NN N IS S S B DS S B B B B B B B B B B DS B B IS B B IS BEEE B IS BEEE BT IS B DS B B B B B B BT BT BT S . .-

New Hybrid compounds

o Pe _ Important for agonist activity.
(ng S Covalent binding with Cys285.
e >  Changing from Cl to H, diminish
Green : GW9662 K . Lo
Blue :1 A the agonist activity.

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015
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New hybrid compounds based on a ligand-linking strategy

o 9 N @\AGW9662 Q
H

Changing linker

C .
HS __ Cinnamic acid connecting GW9662 to
. . A
Cys285- A derivative (1) compound 1 affected
oO” O
N the agonist activity.
. Hybrid ligand 2a .%14 Hybrid ligand 2b Proximity between two
37 B coo (5, ol ligands is important.
3 o < g
B j S o Utsugi, Y., et al., Molecules, 24, 2019 (2019)

— Tro 001 01 1 5 10 100 500 1000 3000

1 10 100 1000 <&

2a (nM) 2b (nM)

UAD gﬂ%g?ggﬁan 28




Ligand linking strategy

Natural product library

Invitro: Conventional cell-based assay

o

= iGN 2, I
y - -, " O,N \©\)LH o O,N \©51\H o
Screening \ Y ol cl
A XN

| | ¢
I %2 2 I
| g & &Y - "t
- o - o
LBP of PPARY Synthetic library
Luc

Invitro: Stable cell line

t?

Ohtera, A., et. al. ACS. Chem. Biol., 10, 2794-2804 (2015); Utsugi, Y., et al., Molecules, 24, 2019 (2019); Mufidah,
S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Screening partner ligand using synthetic library

ré
GW9662 |
6.
c
9 5
3
T 4
= 1 .
Screening partner ligand C 3!
from fragment compound g .
library (1040 samples) W 24

—
4
¥

o

Test Samples

Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530. bwgtconoitun TYTYT
Collaboration with Drug Discovery Initiative, University of Tokyo
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Screening partner ligand using synthetic library

(B)

15

—
o
T T |

Relative Luciferase Activity
!
i
:

Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.

Collaboration with Drug Discovery Initiative, University of Tokyo
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Design of hybrid ligands bearing triazole as linker

Screening

GW9662

R ——

Synthetic fragment
compound library

Verification of SAR

(Structure Activity of Relationship)

3

3a ' M3c
3b

Modification of
the fragment hit

>
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Design and Synthesis of new covalent agonist

+ — N=N
N — l\k
/N %
\N-QN_ ///

Copper-Catalyzed Azide-Alkyne
Cycloaddition (CuUAAC) reaction

32



Luciferase assay for SAR study of 3

Strong Transcription

activity
b 15 ek
2 iis -
<
@
E 10 *i‘*# Y
o
=1
- |
g mw* wwww
E St t*** **** ﬂ** ****
4
\ls i =

GWo662 - +

- 0.1 1 10 0.1 1 10 0.1 1 10 01 1 10
4(PM 5{uwl 6 (UM)
OCH,

Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Luciferase assay for SAR study of 3

Strong Transcription
activity > ki
= 15.
% o #ity
<
@
w
E-‘Ol_ #i‘i‘# ﬁ#*fi‘
'S
=
-
4 #H#
% 5 i *Ef* **** **** **#** **** wekdd
E ﬂ ﬂ I I I Iﬂ
O_EL. = i =i Iml = I I‘I
Gwoee2 - + - + - + + - + - —

- 1 0.1 1 10 0.1 1 10 0.1 1 10 0.1 1 10
4 (PM ( M) 6 (uM)
OCH;

PM)

Pyridine or enol might be important
Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Luciferase assay for SAR study of 3

Strong Transcription

activity

b ek

219 i

t Aokt

g

-]

]

E-‘O *i‘l’* ik
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=
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4 i

> HRRK whkA*k

:E 5 **** *a—** ﬁ** *ﬁfw

0 ﬁi I I I‘I
GW9662 - -+ - o+ - o+
|| - 01 1 10 0.1 1 10 0.1 1 10 0.1 1 10
3 (M) 4(uM 5 (V) (M)
OH OCH;
) OO O

\
0 8

Pyridine itself did not have any important role for the activity.

Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Luciferase assay for SAR study of 3

Strong Transcription
activity > g
=9 i s
t o e ke e
<
@
5 10 e g
o
=
-
@ i B
% 5 i *Ei"‘* *ﬁ* HAhK # *gf* HREH
% 3 . RE " - * 7k ik
] H | | I I I ' ﬂ
oL i [] ﬂ i ™ I [] — = ﬁ
Gweee2 - + - + - + - + - + |- + - + - + - R A U R T -
| 1 0.1 1 10 0.1 1 10 0.1 1 10 | 0.1 1 10
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0 0 (oo
O @ O \ 4
N N

Enol might not have electrostatic interaction with PPARy LBD, instead a gross structure of 3 was preferrable.

Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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Strong Transcription

activity

Luciferase assay for SAR study of 3

L-. ke
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\ :
O O

Compound 3 was decided to use for next research step.

UAD
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Outline

[ Synthesis of Agonist Candidates

UAD Kﬂmﬁsgﬁan
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Design of hybrid ligands bearing triazole as linker

Screening

GW9662

R ——

Synthetic fragment
compound library

>

Verification of SAR
(Structure Activity of Relationship)

>

3

32 ) 4
3b

Modification of
the fragment hit
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Design and Synthesis of new covalent agonist

+ — N=N
N — l\k
/N %
\N-QN_ ///

Copper-Catalyzed Azide-Alkyne
Cycloaddition (CuUAAC) reaction
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Preparation building blocks

- = = .
| _a\:_ a I - b | - c | -~ d
Fa OH “g5.08% BocHN"~_oH ~7g.05% BocHN" XN, 30709 HN" Xy, T50.80%

7 8 9 10

O
@
12

Scheme 1. Synthetic schemes of decorated structures of GW9662 and the identified fragment. Reagents and conditions: (a) (Boc),0, THF, rt, 18 h. (b) MsCl, TEA,
CH2Cl3, 0 °C to rt, 3-5 h; NaNs, DMF, 80 °C, 15 h. (c¢) TFA, CH2Clz, 3-4 h. (d) Sodium acetate, MeOH, rt, 3-5 h. (e) Sodium methoxide, ethyl propionate, MeOH, rt for
1 h to reflux for 1 h.

: Q)
O;N T
TN >
R

11a = ortho: R = ClI
11b = meta: R = ClI
11¢ = para; R = Cl
11d = ortho; R =H
MMe=meta R=H
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Synthesis of agonist candidates

L)
a 05N N_
M1ae — . ° N Ay N
39-70% -

14a = ortho; R = ClI OH
14b = meta: R = Cl
14¢c = para; R = Cl
14d = ortho; R=H
1de = meta, R=H

Scheme 2. Synthetic scheme of the coupled structure. Reagents and condi-
tions: (a) 13, CuS04-5H-0, sodium ascorbate, TBTA, DMF/H-0, rt to 60 °C,
24 h.

UAD Rﬂirrgélsgg?ﬂan
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Biological evaluation by luciferase assay

Seeding cells and treatment

— —
24 h
UZC_)S cells stably Seeding cell and treatment in the same day.
expressing hPPARy-LBD- 5 compounds, 8 different concentrations. . .
GAL4-DBD / UAS-Luc Luminescence detection

using microplate reader.
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14a-c showed agonist activity with different strength

A | B & Caﬁ
§4- :gs gs-
? Ea:- B4r
gr 51, 31.
0 Tro 0.001 0.01 041 1 10 20 50 80 © - Tro 0.001 0.01 0.1 1 10 20 50 80 2 . Tro 0.001 0.01 0.1 1 10 20 50 80
14a (uM) 14b (uM) 14c¢ (uM)
Different tendency between ortho and meta " ” Partial agonist
o O X _— - Partial agonis 14b (meta)
OQN@\)LN o N artial agonis 14a (ortho) EC., 0.05 uM
R, = 14c (para) gc,,0.83 uM
O EC,, 39.85 uM
143 . yiiho =R, =CI: R, = H ' OR;

14b :meta=R;=CIR,=H (O

14c Para=R;=CliRy=H 2 Weak Strong

Linkage is important because it could give different strengths of agonist activity
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Cl moiety is important for agonist activity.

>
w

9 6
> }-‘a‘
63 8 S sl rax
= o
37 < O2N
b 8r 2 4r
ol

@ =
29 23
ER S
- |
¢ 3r o 2r
g2 g 14d
= < 1

A > 14e

0 0

- Tro 0.001 0.01 0.4 1 10 20 50 80 - Tro 0.001 0.01 0.1 1 10 20 50 80

14d (uM) 14e (uM)

Changing Cl group into H, diminish the agonist activity.
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Design of hybrid compounds from synthetic library screening

CUAAC reaction could be used to synthesize partial agonist of PPARy by decorating GW9662 with the

O,N =
2 N ¥N/

Important for agonist activity

ortho

> O >

meta

Mufidah, S., et al., Tetrahedron letters, Vol. 148, 15526-15530.
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best fragment hit compound.

Bent
conformation

PPARY
ligand-binding pocket

AF-.Z : m’ﬂﬁl oop

= Covalent bond
@ GWI662

Fragment compound library
1,040 compounds

1

’ Best hit compound

+"" "ECgy > 1000 nM

0 ’[?\ﬂ 4
R I'L.N./ ":;:._,,/IJ"‘ T
| H 4 \ ECu=508nM
~ “‘wC| ¥ N
}{ |J‘
EC,=838nM =~
Important for [ ||
agonist activity 00—~ “":ll‘,«-"'
—{ ©OH

F
y

R‘}N_{?’J PPARYy Agonists
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Conclusion

1. Drug design of antidiabetic agent targeting PPARYy could be done by ligand
linking strategy, connecting GW9662 with partner ligand that cooperatively
activate PPARYy transcription.

2. Partner ligand could be obtained from cell-based screening reporter gene
assay of natural product library of synthetic library.

3. Linker of two could be obtained from click chemistry such as CuAAC
reaction or ether linker which more preferable.

4. New hybrid compounds are interesting to be studied further about its
molecular mechanism.
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THANK YOU
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