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The Autophagy-Lysosome System

Autophagy : Auto (self) +phagy (eat) = BE{EMA
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(PubMed) ~ Autophagy
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Publication (#)

Cde Duve ‘L
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FEBS Lett 1993 (IF = 4.1)

ATGs (Autophagy-
related Genes ) = ~ 18
— Nobel Prize 2016
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The Ubiquitin-Proteasome System

E3 E2 E1
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Ub g Ub ¢ Ub AMPATPyp

Proteasome

Ubiquitin chains

Ubiquitin
(8.6 kDa, 76 AAs) Target proteins (S)

Hershko & Ciechanover
BBRC 1978 1993 (IF = 3.6)
— Nobel Prize 2004

: ATP
ADP+Pi

Number of UPS gene

(H sapiens)

E1l enzyme ~ 2
E2 enzyme ~ 50
E3 enzyme ~ 600
DUB enzyme ~ 90
UBD protein ~ 300
UBL protein ~ 100
Proteasome ~ 100

Total ~ 1350
(> 5% in Genome)
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CP : Catalytic Particle [3
(= 20S Proteasome)

0l 7B1.7B1.704 7

Catalytic Subunits

B1 (red Caspase-like)
B2 (purple Trypsin-like)
B5 (green Chymotrypsin-like)

N-terminal threonine protease
T Tsukihara

JO77Y— L D& G L HEE

W Baumeister

Ubiquitin Receptors
(Rpn1, Rpn10, Rpn13)
DUB: Ub Recycling
(Rpn11, USP14, UCH13)

Martin’s Lab. Science 2018,
Mao’s Lab. Nature 2018

ATPase
RING

CP—
. Opening CP - gate
RP : Regulatory Particle unfolding protein

Rptl-6 and Rpnl1-15
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- - R BRI (~ 1983)

-JOT77Y—LDOHFHER-d14 (Nature 1988)
b8 - YIRS RIFEHT (Nature 1992)

cDNA cloning|Z& 5 — Rig1E D EEHT (1990~)

XERHE K EREHT - Cryo—EMIZ K A5 X #E & D fRAT (2002~)
RE-MIRTOT7Y—LDFE R (Science1994+Science 2007)
FEEYRAOVDOF R (Nature 2005, Cell 2009a, 2009b)

A=, I O—EBIEFRETODADIE (Nature 2006, Cell 2007)
AEXFUDYUERIEEERD FE R (Nature 2014)

- JEIREREE AR (LLPS) M F R (Nature 2020) (h-index = ~145)
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The Ubiquitin-Proteasome System in Eukaryotic Cells
(Diverse Arrays of Physiological Roles)
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Pathology of the Proteasome

Neurodegnereative Velcade
Diseases (2003)
Kyprolis
(2012)
FDA

AD, PD, ALS, etc. \

Aging/Lifespan

M)

Autism
Psmd 12+/mutation
(Rpn5 gene)

PRAAS

Proteasome-Associated
Autoinflammatory
Syndrome

(B5i gene mutation)
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@ Proteasome Inhibitors !

® Protein Degraders
(PROTAC & Molecular glue)



Bortezomib (Velcade™) is a Blockbuster Anti-cancer Drug

Current clinical application over 100 countries around the world

(USA :FDA 2003, Japan: PMDA 2006)

Development: MyoGenics - ProScript - LeukoSite - Millennium

Pharmaceuticals (1999) - Takeda Pharmaceutical Co., Ltd. (2008)

Takeda Oncology (Takeda Pharmaceutical Co., Ltd.)
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The Story of VELCADE™

HREAFEMIE

in Boston

RAR (MIT & Harvard etc.)
HRERRXKDSIATHAIUX-
INATDSRE—
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1208t L ED/ISAF AT 4HIL
EAEFE (JETRO 2018 )
Life Sciences Cluster in USA
1. Boston

2. Bay Area CA

3. San Diego
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(Millennium)




Velcade (Bortezomib / PS—-341)

IWRE. HARD100E LU L TEREKE A

¥ : MyoGenics - ProScript > LeukoSite
- Millennium Pharmaceuticals &ZE3B(19994F)
20084, KAER T EHNFI1IKHATEY

The drug has over two billion dollars (>2000 M)
in annual sales in the preferred treatment for
multiple myeloma (Z &4 E5EE) !

Velcade /

AMS Bortezomib

in USA

DB FEFXEDHER
(1981~1983)
MyoGenics s3I B D— A

B & #

2014%12A11H
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Proteasome Inhibitors as Molecularly-targeted Drug for Multiple Myeloma

Bortezomib (KLY =7 Velcade®, PS-341)
Reversible boronic acid inhibitor
FDA (2003), Japan (2006) BI{ERA T GRERRHEZES = 30%)

Ixazomib (4 4 X7 Ninlaro®, MLN9708) 0O 5 EEH|
Oral analog of Bortezomib
FDA (2015), Japan (2016)

Carfizomib (7 JV 7 4 )L = 7 Kyprolis®PX-171-007) => (off target BI¥EF | )
Next-generation proteasome inhibitor of 35

Irreversible epoxyketone inhibitor (modified form of Epoxomicin —YU101)
FDA (2012)

Oprozomib (#7037 ONX-0912) : oral analog (clinical trial) #ZE FHE{ &

Combination Therapy (First-line Drug) & — &R %k
Ixazomib or carfizomib in combination with lenalidomide plus dexamethasone
- Lenalidomide (L+K=F thalidomide derivative) : Protein degrader
= Immunomodulatory imide drugs (IMiDs) (> 1 trillion yen / year)
* Dexamethasone : Steroidal anti-inflammatory drugs




Target Protein Degradation (TPD) by Protein Degraders

Kannt & Dikic Cell Chem Biol 2021

(Proteolysis targeting chimera)

(BN EREFEIEEY)

(53 F#0)

BIEEN D F (B R -HEERATY)
~30% “druggable”

!
REBDDHFIEFIVINIE
~70% “undruggable”

Merits of TPD (no-enzymatic functions)

Dosing frequency %5 [E#

Potent & longer—lasting effect &AM D RIFEID IR
Added layer of selectivity BIRMEDREREEHLE K
Reduced potential toxicity JEfEGEEZ IR
Reduced drug-resistance ZEHit 40D

Expand target space 24—4"yMEEBID LK

C Crews
(2022)



PROTACs (proteolysis targeting chimeras)

Undruggable protein
Neo-substrate

POI (protein of interest
from Arvinas, Inc (HP) (p )

PNAS 2001
Sakamoto KM, Kim KB, Kumagai A, Mercurio F,

Crews CM, Deshaies RJ.
Protacs: chimeric molecules that target proteins

Caltech (Amgen)  Yale (Aravinas) ‘F"lt\’li::i;ig‘a:SoSn:;ssgegggf)tiOn'




The publications concerning PROTACs per year in the PubMed database

/hong et al., Eur J Med Chem 2022

PROTACO B
[CERYBEL R <
HRFHEPE-
NoFry—1E
 Pfizer
*Novartis

*Bristol Myers
Squibb (Celgene)

* Arvinas
*Khmer
= Haisco
* C4 Ther
* Nurix
= Dialectic
AR (Phase 1) - Fimecs
: Prostate cancer . Foghorn
Fgr(:ahsisfa:)cer etc'
- > AI =
R EIFE
DERMN?

Lenalidomide (LFYJKIN ) > —JKH/4&
JOY9N\RE3— = EHNGEHEE (FER 5~10E$LL L)



Emerging New Degrader Technologies
Ding et al. Trends Phamacol Sci 2020

LYTAC : lysosome-targeting chimera

AUTAC : autophagy-targeting chimera

ATTEC : autophagosome-targeting chimera
DEPTAC, RIBOTAC, RNA-PROTAC, TRAFTAC etc.
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Abraham Flexner
Robbert Dijkgraaf

2017

Princeton University
SIS

(#ER 2020)






