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Source: Andreessen Horowitz research.

1,265

Unmet Medical Needs

3,131

Proteins that are not
suitable drug targets

25

672

Proteins that are
believed to be
“undruggable”

Disease-related 62%

protein
(5068)

Proteins that already
have a launched drug

13«

Depletion of druggable proteins

Powered by ibVIS platform consisting of core technologies in
RNA informatics and biology, 62% of the disease-related
proteins, which corresponds approximately 3,000 proteins in
total, can be newly targeted by ASOs and small molecule
drugs.

Source: Statistics from The Human Protein Atlas, DrugBank, KS analysis



Targeted Protein Degradation (TPD)

Protein Shredder

_No more inhibition, time for degradation

https://labs.icahn.mssm.edu/jinlab/

FDA Novel Drugs Approvals 2023
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Targeted Protein Degradation (TPD)

Targeted protein degraders

Protein fragments

Eur J Med Chem. 2022, 31, p 114142.
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Targeted Protein Degradation (TPD)
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History of PROTAC discovery

Clinical proof-of-concept
data reported for ARV-110

and ARV-471

First PROTAC First VHL- and ARV-110

(peptidic) degrades CRBN-based PROTACs enters ARV-471 ARV-110 ARV-471

METAP?2 degrade targets in vivo phase | enters phase | enters phase Il enters phase |l

O ] ® O NX-2127 enters phase |
KT-474 enters phase |
5 L‘:E;tj:ti% r:g:& DT2216 enters phase |
E grows exponentially
£ First small-molecule
= PROTACs
Q
<
2001-2018
- I
The past — foundations The present — translation The future — TPD medicines

MDM2-based
PROTAC shown
to degrade AR

VHL-based PROTACs
developed

CRBN-based PROTACs
developed after IMiD
MoA is determined

Multi-target PROTACs
(kinases) developed

VHL- and CRBN-based PROTACs
discovered at a rapid pace

Discovery of sulfonamides as
DCAF15-dependent molecular glues

Ternary complex crystal structures
of VHL- and CRBN-based PROTACs

Dr. Craig Crews

Nat Rev Drug Dis 21, 181-200 (2022)



PROTAC (PROteolysis-Targeting Chimera)

Ubiqutination system
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Nat Rev Microbiol 10, 100-111 (2012)



PROTAC (PROteolysis-Targeting Chimera)

Straight Forward

Design targeting \<’“?‘
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PROTAC (PROteolysis-Targeting Chimera)

POI: Protein of Interest

c'b

PROTAC
catalytic recycling
PROTAC degrader
POI Linker E3
ligand ligand

Qg

Hijacking

POI degradation
26S proteasome fragments

ﬁ—'v v¢

Dale B, Cheng M, Park KS, et al. Nat Rev Cancer. 2021 21(10):638-654.

POI: Protein of Interest



Being Hijacked by Virus

Hijacking E3 ligase by HIV’s Vpx protein

A SAMHD1 B Vpx
Interaction Interaction
NLS SAM HD with Vpx with SAMHD1 NLS
1 e S il 626 1 e 112
45 110 599 65-72

Vpx _ o202 Ay A
< SAMHD1 do
N °o°0 SAMHD1
00
dNTP Reverse
transcription
< dN + PPP /W/
'EE" proviral DNA

degradation products

Viruses 9, 322-343.(2017)

“The most efficient way to control the host protein”



Conventional Inhibitor VS PROTAC

Degrader

Inhibitor

“Event-driven pharmacology”

Degradation
Disease-causing of Target by Remaining
Target Proteins Proteasome Disease-causing
Target Proteins

Degrader
Drug

“Occupancy-driven pharmacology”

Disease-causing
Target Proteins

Remaining
Disease-causing
Target Proteins

Inhibited
Target

.'. Protein

‘ Inhibitor Drug

https://c4therapeutics.com/

Relatively low binding affinity
binder can be used to design
PROTAC

High binding affinity binder is
required to design the effective
inhibitor



Protein Homeostasis

Feedback Loop Protein Half-Life
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Interesting Features of PROTACs

A PROTACSs Induce Isoform-selective Degradation

I l.i;

Isoform 2
degradation

Protein degradation
eliminates enzymatic
and scaffolding functions

Blocks only
enzymatic activity

C PROTACs Convert Promiscuous Ligands into Selective Degraders

Protein B < LR |
Promiscuous (P B
inhibitor -
Protein C
degradation

Cell Chemical Biology 27, 2020, p998
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New Protein-Protein Interaction

Protein-Protein Interaction energy + PROTAC Binding energy

E3 Ligase Target Protein

WDR

—

“Cooperative Interaction”
-> Improved Selectivity

Y260

“Chemically Induced Protein-Protein Interaction”

Yu X, Li D, Kottur J, Shen Y, Kim HS, Park KS, Tsai YH, Gong W, Wang J, Suzuki K, Parker J, Herring L, Kaniskan HU, Cai L, Jain R, Liu J,
Aggarwal AK, Wang GG, Jin J. Sci Transl Med. 2021 Sep 29;13(613):eabj1578.



PROTAC vs Molecular Glue

Feature
Linker

Molecular
weight

Lipinski's
rule of 5

Target

Binding
pocket

Binding
affinity

Molecular glues
Monovalent
No

<500 Da

Within

To be determined

Not required

Weak binding
affinities for either €3
ligase or target
protein is needed,
display an event
driven catalytic
mechanism of action.

PROTACs
Bivalent
Yes

700-1000 Da

Defy

Predictable

Required

Strong binding to E3
ligase and the target
protein, two ligands
are connected by a
linker.

| Molecular glue |

E3-ubiquitin-ligase complex (CRL4%"2%)
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Company

Arvinas
Arvinas/Plizer
Accutar Biotech

Arvinas

Bristol Myers Squibb
Dialectic Therapeutics
Foghorn The rapeutics

Kymera/Sanofi

Kymera

Kymera

MNurix Therapeutics
MNurix Therapeutics

C4 Therapeutics
C4 Therapeutics

Cullgen

Degrader

ARV-110
ARV-471
ACH82
ARV-T66
CC-94676
DT2216
FHD-609
KT-474

KT-413

KT-333
NX-2127
NX-5948

CFT8634
CFT8919
CG001419

Target

AR

ER

ER

AR

AR
BCL-x,
BRD9
IRAK4

IRAK4

STAT3
BTK
BTK

BRD9
EGFR-L858R
TRK

Indications

Prostate cancer
Breast cancer
Breast cancer
Prostate cancer

Prostate cancer

Liquid and solid tumours
Synovial sarcoma

Autoimmune diseases
(e.g. AD, HS,RA)

Diffuse large B cell

Clinical Trials

E3 ligase

CRBN
CRBN
CRBN
Undisclosed
CRBN

VHL
Undisclosed
Undisclosed

CRBN

lymphoma (MYD88-mutant)

Liquid and solid tumours
B cell malignancies

B cell malignancies and
autoimmune diseases

Synovial sarcoma

Mon-small-cell lung cancer

Undisclosed
CRBN
CRBN

CRBN
CRBN

Cancer and other indications CRBM

AD, atopic dermatitis; AR, androgen receptor; BCL-x,, B cell lymphoma-extra large; BRDS, bromodomain-containing protein 9; BTK, Bruton's tyrosine kinase;
CRBN, cereblon; EGFR, epidermal growth factor receptor; ER, oestrogen receptor; HS, hidradenitis suppurativa; IND-e, in IND-enabling preclinical studies;

IRAKA, interleukin-1receptor-associated kinase 4; v, intravenous; PROTAC, proteolysis-targeting chimera; RA, rheumatoid arthritis; ROA, route of administration;
STAT3, signal transducer and activator of transcription 3; TRK, tropomyosin receptor kinase; VHL, von Hippel-Lindau.

ROA

Oral
Oral
Oral
Oral
Oral
Lw.

Lw.

Oral

L.

Undisclosed
Oral
Oral

Oral
Oral
Oral

Highest phase Clinical

Phasell
Phasell
Phase|
Phase|
Phasel
Phase|
Phase|
Phasel

Phasel

Phasel
Phasel
Phasel

IND-e
IND-e
IND-e

trial no.
(if applicable)

NCTD3888612
NCTD4072952
NCT05080842
NCT05067140
NCTD4428788
NCT04886622
NCT04965753
NCTD47 72885

NCTD4830137
NCTD5131022

Nature reviews. Drug discovery, 2022, 21 (3), p.181-200

Table 1] Selected protein degraders being tested in clinical trials

Treatment Organization(s) Target Phase Lead indication

Vepdegestrant Arvinas and Estrogen 3 Metastatic breast cancer

(ARV-471) Pfizer receptor

ARV-766 Arvinas and Androgen 3 Metastatic castration-sensitive and
Novartis receptor castration-resistant prostate cancer

Bavdegalutamide Arvinas Androgen 1/2 Metastatic castration-resistant prostate

(ARV-110) receptor cancer

ARV-102 Arvinas LRRK2 1 Parkinson's disease

KT-474 Kymera IRAK4 2 Hidradenitis suppurativa and atopic
Therapeutics dermatitis

KT-333 Kymera STAT3 1a/b Refractory leukemias and lymphomas
Therapeutics

NX-5948 Nurix BTK 1a/b B cell cancers
Therapeutics

NX-2127 Nurix BTK and 1b B cell cancers
Therapeutics IKZF

2024 updated version




Application Example — Targeting Epigenetic Regulators

Epigenetic Regulators

chromosome chromatin fibre nucleosome

Histone methyltransferase: EZH2, NSD2/3, G9a/GLP

/\wmtas Enzymes that add histone
A modifications such as
acetylases, methylases, kinases

Histone tail

V'S o Enzymes that remove
i histone modifications like
H deacetylases, demethylases

'f""";":".' - READERS | proteins that bind to histone
R o modifications and alter gene
s activity and protein production

A m (O

WRITER ERASER READER

O

HISTONE MODIFICATION




Role of EZH2 in Cancer

Biological importance

PRC2 Status Associated Cancer Type

EZH2 overexpression Hematological malignancies [5]
Pancreatic cancer [7,8]
Chronic Pancreatitis [10]
Prostate cancer [11]
Breast cancer [13,14]
Bladder carcinoma [15-17]

Gastric cancer [20]
Lung cancer [22,23]
Hepatocellular carcinoma [26-28]
Glioblastoma multiforme [31]
Cervical Cancer [33,34]
(Ovarian cancer [35]
Melanoma [36]

Soft Tissue Sarcoma [39,40]
Lymphoma, Mantle-Cell [41]
Colorectal cancer [42-44]
Retinoblastoma [45]
Tongue cancer [46,47]

Mol Cancer Ther (2018) 17 (3): 591-602.



Role of PRC2 Complex

Canonical function

PRC2
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Discovery of EZH2 Degraders
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Discovery of a first-in-class EZH2 selective
degrader

Anqi Ma'%, Elias Stratikopoulos?®, Kwang-Su Park'®, Jieli Wei', Tiphaine C. Martin?, Xiaobao Yang',
Megan Schwarz?, Violetta Leshchenko?, Alexander Rialdi?, Brandon Dale®’, Alessandro Lagana®,
Ernesto Guccione?, Samir Parekh?3, Ramon Parsons©®2* and Jian Jin(®"2*

Fublished online 27 October 2022 Nucleic Acids Research, 2022, Vol. 50, No. 19 10929-10946

hitps:iidoi.orgl10. 1093 narlgkacs6l

A cryptic transactivation domain of EZH2 binds AR
and AR’s splice variant, promoting oncogene
activation and tumorous transformation

Jun Wang'21, Kwang-Su Park®', Xufen Yu®, Weida Gong', H. Shelton Earp'#°,
Gang Greg Wang “'-2*", Jian Jin®" and Ling Cai'-%"

namre
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EZH2 noncanonically binds cMyc and p300

through a cryptic transactivation domain to
mediate gene activation and promote oncogenesis

Jun Wang"?%, Xufen Yu?®, Weida Gong', Xijuan Liu', Kwang-Su Park?, Angi Ma?, Yi-Hsuan Tsai®",
Yudao Shen?, Takashi Onikubo®*, Wen-Chieh Pi%, David F. Allison?, Jing Liu?, Wei-Yi Chen?®, Ling Cai',
Robert G. Roeder?, Jian Jin®3%= and Gang Greg Wang ®127&

ACS
Pharmacology
& Translational Science

pubs.acs.org/ptsci

Targeting Triple-Negative Breast Cancer by a Novel Proteolysis
Targeting Chimera Degrader of Enhancer of Zeste Homolog 2

Published as part of the ACS Pharmacology & Translational Science virtual special issue “New Drug Modalities
in Medicinal Chemistry, Pharmacology, and Translational Science”.

Brandon Dale,” Chris Anderson,” Kwang-Su Park, H. Umit Kaniskan, Anqgi Ma, Yudao Shen,
Chengwei Zhang, Ling Xie, Xian Chen, Xufen Yu,* and Jian Jin™



Discovery of EZHZ2 degrader in Breast Cancer
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“Non canonical function”
(or non enzymatic function)

Degrader can abolish not only enzymatic activity but also protein-protein interactions

Ma A*, Stratikopoulos E*, Park KS*, Wei J, Martin TC, Yang X, Schwarz M, Leshchenko V, Rialdi A, Dale B, Lagana A, Guccione E, Parekh S,
Parsons R, Jin J. Discovery of a first-in-class EZH2 selective degrader. Nat Chem Biol.,16(2), p214-222 (2020).



Discovery of EZH2 degrader in Blood Cancer

Vehicle MS177 (100 mg per kg)
Vehicle MS177 200 mg per kg
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Wang J, Yu X, Gong W, Liu X, Park KS, Ma A, Tsai YH, Shen Y, Onikubo T, Pi WC, Allison DF, Liu J, Chen WY, Cai L, Roeder RG, Jin J, Wang GG.
EZH2 noncanonically binds cMyc and p300 through a cryptic transactivation domain to mediate gene activation and promote oncogenesis. Nat Cell

Biol., 24(3), p384-399 (2022).



Discovery of EZH2 degrader in Prostate Cancer

RNA-Seq analysis for the cooperative down regulation of EZH2/AR Clonogenic assay for MS177
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Wang J*, Park KS*, Yu X, Gong W, Earp HS, Wang GG, Jin J, Cai L. A cryptic transactivation domain of EZH2 binds AR and AR's splice variant,
promoting oncogene activation and tumorous transformation. Nucleic Acids Res., 50(19), p10929-10946 (2022).



Role of EZH2 in Lung Cancer

Normal lung epithelial cells

~— 1
BRI | pf PRC2
(ALK-5) )
TRRI oo @
Smad2/3 ®_ ¢ @
& Smad2/3 |
Smad4 = .
ASCLA open romatin
J_ TGFBR?2
K apoptosis /

Smad2/3 °_

SCLC cells

TBRIG |

$

In Lung squamous cell carcinoma (LSCC)

A) Baseline After Tx

B)

300
250
200
150
100

(o))
o

\ Smad2/3 |
Smad4 J_ 3 )
ASCL1 ' open chromatin

L Q")

\ apoptosis /
Cell Discov 2015, 1, 15026.
=2 weeks
m4 weeks
3 ul.lu [ ’ 1 l - I
T
Vehicle anti-PD1 EZH2i Combo

A

In NSCLC

Vector ‘ . ‘

Vetor

sh-EZ|

1
1©° 10

2 3
10 10 1
PE-PD-L1

B 1.0
308
=
§’ 0.6
5 0.4
§
~ 0.2
0.0
400 p=0.0004
L J
T 300
=
o 200 S
E GFP
o % GFP*
0
é n’ “I' 102 103 10‘
<V
\\a"} é@ PE-PD-L1

&

P=0.0002

Biochem Biophys Res Commun. 2019 517(2):201-209.

Z

80+

Cell viability (% Percentage)

o

A549

I

P=0.026

® SsiNC IC50=44.70 pmol/L
= SiEZH2 IC50=31.00 pmol/L

0.0

L) L) T
0.5 1.0 15 20

gefitinib concentration(log[pmol/L])

BMC Cancer 2020, 20, 1189.



Future Directions
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Thank you for your attention!!



	슬라이드 1: Targeted Protein Degradation (TPD) 101
	슬라이드 2
	슬라이드 3: Targeted Protein Degradation (TPD)
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7: PROTAC (PROteolysis-Targeting Chimera)
	슬라이드 8
	슬라이드 9: PROTAC (PROteolysis-Targeting Chimera)
	슬라이드 10: Being Hijacked by Virus
	슬라이드 11
	슬라이드 12: Protein Homeostasis
	슬라이드 13
	슬라이드 14: New Protein-Protein Interaction
	슬라이드 15: PROTAC vs Molecular Glue
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19: Role of PRC2 Complex
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23: Discovery of EZH2 degrader in Prostate Cancer
	슬라이드 24: Role of EZH2 in Lung Cancer
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28: Thank you for your attention!!

