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2 PROTACSs : The Kiss of Death
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/ Timetable: PROTACs

First peptide based First VHL-and CRBN — ARV-471
PROTAC gegrades based PROTAC:s Al;\; tiig/gg;; 4;71 Enters Phase
METAP2 degrade targets in vivo II/111(2022/2023)
0 0 0 0

ARV-110: AR Prostate cancer

ARV-471: ER Breast cancer
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/ Timetable: PROTACs
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/ Timetable: PROTACs

A LANDMARK MOMENT. TARGETED PROTEIN DEGRADATION

Eliminate the protein. Transform the outcome.

° I
2026. he year Of PROTAC E3 LIGASE UBIQUITINATION PROTEASOME  DEGRADATION

- o =5 D o ‘ SA'.
targeted protein 2% 22 5L &8 5 40

i T e, " o
- e
d e g ra d a t I 0 n ® PROTAC brings the The target protein is The tagged protein ~ The protein is

target protein and tagged with ubiquitin  is recognized and degraded

3 hiaas ottt <
E3 ligase together sent to the proteasome

FDA APPROVED S
VEPDEGESTRANT o0 o CHAIN
The first PROTAC ray PN

Developed by 15 and

, \ A new treatment option for patients with
™M/ ESR1-mutant HR+/HER2- advanced
breast cancer after endocrine therapy.

New modality. New possibilities.
A new era in drug discovery.
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¢ First PROTAC Drug: VEPPANU

FDA has approved VEPPANU™
(vepdegestrant)

ER ligand CRBN (E3)

ligand
< Rigid Linker ;

b O
S o e
> &

Vepdegestrant
(ARV-471, PF-07850327)
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Year

Novel FDA approvals since 1993. Annual numbers of new molecular entities (NMEs) and biologics license
applications (BLAs) approved by the FDA’s CDER. See Table 1 for new approvals in 2025. Products approved
by CBER, including vaccines and gene therapies, are not included in this drug count (Table 2). Source: FDA.

naturereviews drug discovery Volume 25 | February 2026 | 81-87 | 87
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e
2025 Novel Small Molecule FDA Drug Approvals

Oncology (9)

FDA Approve between 2016 and 2025

Oncology (9)

e JO/U Hss s Qe Q Others, 6

mAbs, 93

= ===, Enzymes & Proteins,
, T \ 26
' A RN ADCs, 11
c:;[;“g?hN’a@' Small Molecules,
&5 b th W 224
O

rilzabrutinib
(Wayrite)

Peptides, 34

Ophthalmic (2) Immunology (2) Respiratory (2) Cardiovascular (2)
s Q?:Z o ‘*o;r -4 P Combined Drugs, 21
e O™ g;ﬂ’v CF Amino Acids, 10  Natural Products, 20
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activator

A total of 466 new drugs were approved by the Food and Drug

Administration (FDA) between 2016 and 2025 .

ADCs, antibody—drug conjugates; mAbs, monoclonal antibodies; Oligos,
oligonucleotides.

73 00 g/ PO
5/

Der y (1 F

Pharmaceuticals 2026, 19(2), 244
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2 Why PROTAC ? —
' Linker .

E3 ligase ligand POI ligand

Small Molecule Antibody Cell Therapy PROTAC

Removing Disease-Causing

Protein(Drug resistanace) X X X ®
Undruggable Target(no binding

pocket:Tau/B-amyloid etc) X X o ® ®

Oral Bioavailability o X X X o

Cell Permeability o X X X o

Easy to Manufacture o X X X o

Recycle(low dose, high activity) X X X X o

T, _ N
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¢ DandiCure PROTAC Drug

Arvinas PROTAC Dandicure PROTAC

POI Ligand

FDA has approved VEPPANU™

(vepdegestrant) UBR Ligand

ER ligand CRBN (E3)

ligand

g Rigid Linker )
GG

= o

Vepdegestrant
(ARV-471, PF-07850327)

Flixible linker

NH
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 Polo-like Kinase 1(Plk1) As POI

* Ser/Thr protein kinase
PROTAC— = -y * N-term; Kinase domain(KD)
Linker* - * C-term; Polo-box domain (PBD)
‘/\.l/' | *  Multiple form of Plks; Plk1, Plk2, PIk3, Plk4, P1kS
E3ligaseligand POlligand » «  PIk1/PIk2/P1k3 high homology
I— n « PIKl: overexpression in a broad range of human
PLK 1@ tumors (~ 80%)
« PIk2, PIK3 : genetic stability and prevent oncogenic
trans-formation
Kinase Domain Polo-Box Domain
PIk1 30341 92 Polo-box domain (PBD): a critical protein-

PB1 PB2 protein interaction domain
P2 S2ggm 334 S04METTANGSS

* Binds to various S-pS or S-pT motif-containing
PB1 PB2

PIk3 proteins

PB1 PB2

Human PIk family

PIKS * Essential for subcellular location and mitotic

function of Plk1

Plk4
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7 Correlation between Cancer and PLK1

Normal cells

—» Viable

Plk1 depletion
or inhibition

A B E l A B E
C D C D
p53 P|k1 > p53 Plk1 —» Dead
EGFR EGFR
NSCLC

(Addicted to a high level of Plk1)

Cancer cell-selective killing by the reversal of Plk1 addiction




¢ PLK1 expression in Cancers

PLK1 expression in cancers
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Cancer Type Full Name P Value Fold Change*
LUSC Lung squamous cell carcinoma 7.41E-157 20.8
BRCA Breast invasive carcinoma 5.88E-126 11.3
LUAD Lung adenocarcinoma 1.18E-63 9.7
KIRC Kidney renal clear cell carcinoma 2.33E-55 6.1
HNSC Head and neck squamous cell carcinoma 6.52E-50 4.2
LIHC Liver hepatocellular carcinoma 3.59E-40 11.7
UCEC Uterine corpus endometrial carcinoma 1.96E-36 21.3
COAD Colon adenocarcinoma 597E-33 2.5
STAD Stomach adenocarcinoma 8.45E-27 4.8
ESCA Esophageal carcinoma 9.52E-27 10.2
BLCA Bladder urothelial carcinoma 496E-26 9.1
PRAD Prostate adenocarcinoma 1.29E-22 3.3
KIRP Kidney renal papillary cell carcinoma 6.76E-22 4.7
CHOL Cholangiocarcinoma 6.97E-14 24.3
GBM Glioblastoma multiforme 5.63E-12 12.4
KICH Kidney chromophobe 1.63E-06 3.3 1.63E-06 3.3
READ Rectum adenocarcinoma 1.06E-05 2.3
PAAD Pancreatic adenocarcinoma 0.04 2.2

* Mean PLK1 expression in cancers/mean PLK1 expression in normal tissue.
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2 Types and Proportion of EGFR mutations in NSCLC

EGFR TKI sensitive

\

Exon 19 | T790M | L858R
Deletion —_—

G719X

< )

EGFR mutation(about 90%)

Prc?por;tion of EGFR mutation in NSCLC Many drugs have been developed targeting T790M and L858R.
US: 10 A’ Cre However, drug development using PROTAC targeting PLK1
East Asia: 35% has not been reported yet.
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¢ Drug Target Sites of PLK1

Kinase Domain (KD) Polo Box Domain(PBD)

linker
Model of full-length PLK1

ATP-binding pocket

pThr-binding pocket
(allosteric site)
C-term
- Allosteric
ATP binding sites
pocket

£
inter domain linker

kinase domain (KD) polo-box domain (PBD)

target sites (POI ligands)

PLKT has two POI ligand binding sites:
-ATP binding site located at the N-terminus
-POLO Box Domain(PBD) at the C-terminus
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2 Drugs targeting the PLK1 ATP site and their side effects in NSCLC patients

Compound Company Mode of action Target structure PLK1 Clinical trial DLT Status
IC50
Bl 2536 Boehringer Ingelheim  [ATP-competitive PLK1, PLK2, PLK3 0.8 nM  [Neutropenia, neutropenic infection, |On hold
I Bl 6727 (Volasertib) Boehringer Ingelheim ATP-competitive PLK 0.87 nM |Neutropenia, thrombocytopenia Ongoing in solid and I
hemat. malignancies
— — _— — _— — _— — _— — — — _— — —_— — _— — _— — _— _— _— —— _— — _— — _— — —— — _— — _—
GSK461364A Glaxo-Smith-Kline ATP-competitive PLK1, PLK2, PLK3 2.2 nM  |Neutropenia, thrombocytopenia On hold
ONO01910.Na (Rigosertib) |[Onconova Therapeutics [non ATP-competitive [PLK1, PLK2, PI3K, Abl, Fit-1, PDGFR |9 nM Neutropenia, hyponatriemia, delirium,|Ongoing in hemat.
urinary symptoms, pelvic pain malignancies
MK-1496 Merck ATP-competitive PLK1 n/a Neutropenia, thrombocytopenia, ane
mia
NMS-1,286,937 Nerviano Medical ATP-competitive PLK1 2 nM Neutropenia, thrombocytopenia, On hold
Sciences hypokaliemia
TAK-96 Takeda ATP-competitive PLK1, PLK2 0.8nM  |Not reported Clinical trial was termin
ated, on hold
HMN-214 Nippon Shinyaku Co. Ltd.|Not reported PLK1 0.12 uM |GIT, arthralgia, myalgia On hold

Abbreviations: PLK, Polo-like kinases; GIT, gastrointestinal toxicity; ATP, adenosine triphosphate.

Serious side effect when Neutropenia Polo-Box Domain
targeting ATP binding sites (PBD)
because of selectivity issues Thrombocytopenia

StEHO|=0F5tS
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Korean Society of Gynecologic Oncology




20264 CHers

2 Our research group's PLK1 PBD ligand development tlmetable
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3158281/figure/F1/
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2 POI Ligand: Cis/Trans binding affinity

PBD-Peptide Complex structure

mP6-trans
P
r 9o Ny OH
O T N " NH;,
/[LN N N H o .«
H o
®) |':/OH
O” "OH
Ac-PLmPSpT-NH,
Fluorescence Polarization(FP) Assay Cis POI: No activity
o
£ 3001 .
e ® Negative(PLHST)
S m  Control(PLHSpT) mP6-cis
N 200- A mP1 o
8 mP2 =~
8 ¢ mP3 / Q__ \’o OHH o]
g © mP5 M Ny R o
@ N H o
o * mP6 o} b-OH
g 0 T T T 1 O// \OH
-4 3 -2 -1 0 Ac-PLmPSpT-NH,

Peptide Concentration (log[M])

Trans Trans: Hiih activiti
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2 X-ray structure and binding affinity

[mP6-01] [mP6-04]

& Kd=14 x107M
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2 E3 Ligase Ligand

PROTAC
l Linker .
E3 ligase ligand POI ligand
e
A A -Low expression level

-Small size(oral available) % CRBN Qlj“ﬂo Low SOIIL bilit
-High stability e " ﬁ; ] L lz’.l. ¢

c alidomide or -Low permeabili
-Most popular CRLA4CRBN its derivatives -HighI;OXiCity y

Ubiquitination Neosubstrates
& degradation (e.g., Ikaros, GSPT1)

S

Various pharmacological activities

Ito et. al., Cell chemical biology, 2021
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7 Novel E3 Ligase Ligand :Arg/N-end rule pathway

tertiary secondary primary destabilizing residues
NTAN1 1¢——2==-- Type 1
N-»———>D- 3| ame1 |
| Rtransferase | E‘ E
Q-»———E- R-tRNAR R-C*
A R- UBR1 UBR3
0 % K UBR2 UBR6
C- __-Xygen . C- H UBR4 UBR7
Nitric I UBR5
oxide R-tRNA N-degrons
tRNA" | synthetase ’ UBR box E3s
Type 2 HR6A / HR6B
No synthases Arginine L
F : Ubiquitylation
W- :
Y R
| L =
N-degrons
o O .
o © Proteasomic
I-degron .
N-end rule substrates | @ © degradation

with I-degron -
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2 Arg/ N-end rule pathway

Pull down assay

UBR1/UBR2 overexpressed HEK293T cell lysate Poly-Arg Peptide
+ Rn-biotin-streptavidin bead

R1: RK-biotin

R2: RRK-biotin
R3: RRRK-biotin
R4: RRRRK-biotin

Hwn =

R5: RRRRRK-biotin

R6: RRRRRRK-biotin
R7: RRRRRRRK-biotin
R8: RRRRRRRRK-biotin

0O NO W

9. R9: RRRRRRRRRK-biotin
10.R10: RRRRRRRRRRK-biotin

+*The role of poly-arg:
1.Ubr1/Ubr2 ligase ligand(E3 ligase ligand)
2. cell penetration (CPP)
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7 New E3 ligase ligand

l RRR-K(PaI)H AHXH -

« T T~ | on
\ \ ¢ I NFN " ‘i CDNH N DH i
. S, | gg ?& \»Ulg \)L\I\g II L
\ coH EONHH m
. I lI HO, CANJ\F\L )KLLE/\ )’\g/\g/\ J\r E/\ J%:\ J\%\NJ\]' \E/‘NJK/N
I ‘\ HN NHNH HN NHNH /,
W\ \\\ ) N\/\D/\/D\)LN/'\/O
ﬁzﬁﬁmdx S,
rg region U‘J\/\/\/\/\/\/\/\/‘coﬂ
I g region \, - g y
H, NH2 I -
DD-3 [ SemaGlutide

-No lipid in the Lys side chain, the half-life is within 10 minutes,

-but the half-life increases to one week through the introduction of lipid
-Based on these results, we also intend to increase the stability of PROTAC
by introducing lipids into the side chain of Lys.

P _
Korean Snc iety of Gynecoleglc Oncology
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2 Two or Three Arg are enough...

DD-3

A -

I

W
A ‘\0\“ a o o -

(\\
\ .
\\v‘W W M\L‘\L\ \L\\ : \
Input \{\\Q%\\k \’6\ \?'A\ \Q%\ \Qa\ \Qa\ \be\ \

2% 1% @*?@ 9&
UBRIN""’.'—-!' ?%Y?KM O}%&

111:7 R R —

HN NH, HN NH, w o
Linker

UBR Ligand PBD Ligand
-Lipid-introduced Arg and check the binding with UBR1/UBR2.
-To bind the UBR1/UBR2, only one or two Arg is enough. In particular, strong binding was observed even when 2 or
3 Args were present.
-This result is different from that 5 or more Arg are required to bind to UBR1/UBR2 in the absence of lipids.
-Synthesized the DD3 which has lipid attached Arg E3 ligand.
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2 MTT assay in H1975

H1975
120.00
100.00 -
=== mP6SpT
—e—R3-K(Pal)-pip-LmP6SpT
~ 8000 - PP P
X —o—R3-K(Pal)-Ahx-LmP6SpT
."? ==0==R5-pip-LmP6SpT
'_g 60.00 - —o—R5-Ahx-LmP6SpT
> R5-K(Pal)-pip-LmP6SpT
[}
O 4000 —o—R5-K(Pal)-Ahx-LmP6SpT
R7-pip-LmP6SpT
==@=R7-Ahx-LmP6SpT
20.00 -
R7-K(Pal)-pip-LmP6SpT
=8 R7-pip-K(Pal)-LmP6SpT
000 T T T T T T T 1

0 1.9 3.9 7.8 15.6 31.2 62.5 125
Concentration (uM)

Ci3H 5015 oy 5t 8]
ic Oncology
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7 PLK1 Degradation in HeLa and A549

\ V4 Proteasome
PLK1 degradation

(A) o 300 _ **k%
Hela , o 250 -
0 05 1 25 5 10 20 5 £ o,
PLKT " s s s v | a— Ef_- 150
. “3 % 100 -
B-actin e e w-—— — — — - 2 = s J I I i i
i -
Q 0 - T T T T T T
# MG132 was added (4 0 05 c 5 e 20
oncentration (M
(B) . 160 - Sk *k%
A549 g ]
0 05 1 25 5 10 20 5% < S100
PLKT o svam svum soon s som oo %‘:z-so—
= X 60 -
. : ¢ =
-actin | 2 =407
B - — e - — — g 5o ' i I
# MG132 was added & 0 -

Concentratlon (pM)
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2 PLK1 Degradation in PC9 and H1975

*%*

140 1
) *%k%
PC9 & 120
# £ 100
0 05 1 25 5 10 20 5 C
-U [«) 80 -
PLKT ® s s o o s s o o 3;‘60_
Y
. [ i 40 -
B-actin WD . S=— — ——— — — g = i i I
# MG132 was added & 0 - : : : : : : ,
o 05 1 25 5 10 20 5"

Concentration (pM)*

H1975 o 180 1
> 160 - Kk !
& 140
0 05 1 25 5 10 20 5* £ 120 |
o
PLKT o s oo s s wn - %EJgg:
[Fel
@ & 60
B—actin —— e TR Gy CRoms oS s e = 4218- i i
5 ]
#* MG132 was added o 0 - . . . . . . —
0 05 1 25 5 10 20 5

Concentration (uM)
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¢ Cell Viability in HeLa/A549/PC9/ H1975

120 - ) Hela 120 - A549
S 100 §< g 100 .
é\ 80 - E’ 80 H
S 60 - S 60 4
= S
> 40 - > 40 -
G 20 { —LmPespT 8 o0 ] ==—LmpeSpT
e DD-3 ===DD-3
O T T T T T T T 1 O T T T T T T T 1
0 19 39 78 156 312 625 125 0 19 39 78 156 312 625 125
Concentration (uM) Concentration (uM)
120 - PC9 120 - H1975
g 100 g 100
E\ 80 -~ E’ 80 A
S 60 - S 60 A
-2 S
> 40 - > 40
) o]
8 20 H ====LmP6SpT U 20 4 ===LmP6SpT
i DD-3 e=m==DD-3
O T T T T T T T 1 0 T T T T T T T 1
0 19 39 78 156 312 625 125 0 19 39 78 156 312 625 125
Concentration (uM) Concentration (uM)

ChEoIZ st
ic Oncology
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¢ Cell Viability in HeLa/A549/PC9/ H1975

Hela A549 PC9 H1975

Control

Korean Society of Gynecologic Oncology
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A549
Live i | . __Apoptosis _Merge
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/7 Cell Cycle Arrest
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/2 In vivo Efficacy of PROTAC

(A) < (B)
o
1200.0 - Control e 150 -
= —e— DD-3 ,%
S Osimertinib 2 120 -
£ 900.0 1o pD-3.+ Osimertinib 2 M
2 & 90 -
S 600.0 ¥ %
S * % 60 -
o 8 —e- Control
£ 300.0 3 — DD-3
S o 30 - Osi .
= o simertinib
o —e= DD-3 + Osimertinib
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( ) 'fsT" g <F o SL w Lboogb b 0L e g 4 9 ( ) 3- *xkXk
X%

- @@ W e
@
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N
1
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-
1
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¢ Summary: Strategies to Develop PLK1 Inhibitors or Degraders
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