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ITranscription factor (TF) and disease
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* TF coordinates the correct gene expression levels

for maintaining normal cellular functions.

» Dysregulation of TF activity implicates in numerous cancers.



I c-Myc activation in cancer

[Protein biosynthesis] Mechanisms of MYC activation in cancer.

Signal
transduction

Mechanism Tumors
4 Amplification Ovarian, esophagus, uterine, breast
/ Translocation B-cell lymphomas, including Burkitt
lymphoma
Enhancer activation B-cell lymphomas
& e Mutation . B-celll lymphomas
etabolism and cytoskeleton Altered protein Multiple cancer types
stability
Increased signalling Multiple cancer types

(oo}

Loss of p53 Mammary stem cells

« c-Myc is a super-TF that regulate the transcription of
at least 15% of the entire genome.

« Gene amplification is one of the most frequent
mechanisms for c-MYC activation in human cancers.

Chen, H. et. al. Signal Transduction and Targeted Therapy. 2018, 3(1), 1-7
Duffy, M. et. al. Cancer Treatment Reviews. 2020, 94, 102154-102160



I Difficulty of direct-targeting TF strategy

* Enzymes have ligandable pockets and small-molecule inhibitors.

« Development of small-molecule inhibitors for TFs is challenging.

(< lack of enzymeatic activity and ligandable pockets)
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l Existing indirect c-Myc-targeting strategies
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Wang, C. et. al. Signal Transduction and Targeted Therapy. 2021, 6(1), 1-14



I Comparison of each indirect c-Myc-targeting strategy

Target Classic advantages disadvantages
Compound

c-MYC gene Small -Small molecule - Off-target
molecule -difficult finding of
suitable compounds

c-MYC mRNA SIRNA *high selectivity -low membrane
-longer duration of effect permeability
-faster discovery of
drug candidates

c-Myc-Max heterodimer  peptide / -suitable for PPI inhibition -low stability to peptidase
protein -difficult finding of
suitable compounds
Upstream / downstream  Small -Small molecule - Off-target
factors molecule -difficult finding of

suitable compounds

» "

TF has few small molecule inhibitors.

— Indirect targeting of Myc



I PROTAC (PROteolysis TArgeting Chimera)

Crosslinker

PROTAC design
ﬂ Constructed to bind both

protein of interest (POI)

POI E3 &
pot Ligand Ligand EXLigees and E3 ligase through a

B — crosslinker

PROTAC
Y
p, PROTAC *> Ternary complex
B d PROTAC recruits POI to
E3 ligase
POI E3 Ligase

Polyubiquitination
Ubiquitin (Ub) added to
POI Lys residues

@ ..

POI

E3 Ligase

Target degradation
Ub-marked POI is
degraded by the
proteasome

Proteasome

*Structure of 1st PROTAC

Ovalicin (OVA):

inhibits MetAP-2 covalently
IPP: IkBa phosphopeptide
Ligand for SCF(E3 ligase)

GGGGGGDRHDpSGLDpSM-COOH
HN (0]
j\/\/\/\/l/
H

Sakamoto, K M, et al. Proc. Natl. Acad. Sci. U.S. A. 2001, 98:8554

*Structure of 1st small-molecule PROTAC

»Structure of VHL ligand PROTAC

AHPC: ligand for
VHL(E3 ligase)

on K,=320nM
N
Vandetanib: tyrosine kinase inhibitor o” N @
PROTAC_RIPK2 , s

Bondeson, D, P, et al. Nat. Chem. Biol 2015, 11, 611-617

D&OerwN

‘OH

SARM: Androgen SARM- PROTAC

/ﬁ
N /
Receptor ligand (
Nutlin-3: ligand for
MDM2(E3 ligase)

Kd=150nM

Schneekloth, A. R., et al. Bioorganic & Medicinal
Chemistry Letters 2008, 18, 5904-8

10



I Contents

®New strategy for TF degradation: oligo-TRAFTAC
»Cc-Myc

»Brachyury

Samarasinghe, K. T. G. et. al. RSC Chemical Biology. 2022, 3(9), 1144-1153
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I Oligo-TRAFTAC (TRAnNscription Factor TArgeting Chimera)

Mechanism E-box sequence (CACGTG) (c-Myc)

3'GGGTTG GTGCACCGTTGGTGCAC GAGGGT—|5
5" AAC CACGTGGCAACCACGTGCTC3 ©
0= P

A 4 S

;/

Brachyury-binding DNA sequence

5CTITCC AATTTCACACCTAGGTGTGAAATT GGGGAC—3'
[e]
ANV Y .'\/ 3' AGG TTAAAGTGTGGATCCACACTTTAA CCC 5' } JJ\/\ JJ\/\ o

[~ \
8 s : small molecule E3 oT3 ,\EN' \j;(
oligoTRAFTAC: TF-binding oligo o™ ogm s J

ligase ligand
(small molecule:oligo)

r - /\ﬁ

HEHQNH
o \

- /
AHPC: VHL (E3 ligase) ligand
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I Oligo-TRAFTAC induced c-Myc degradation.

WB
HelLa cell lysates
A
) cMyc SCRM <
Oligo-biotin (uM) ~ 0 1 0.25 1 0.25 Target Oligonucleotide sequence Modification | Modification
5-3 site
a-cMyc
c-Myc TGGGAG CACGTGGTTGCCACGTG GTTGGG Biotin 5
Biotin-Pull down
GTATGT GAGCGGTGGTGGCGTGC CAGCGT Biotin 5
Input
B)
HelLa cells
OoT7(nM) O 10 25 50 75

3 d
. GGGTTG GTGCACCGTTGGTGCAC GAGGGT 5
a-cMyc .. . o 5' AAC CACGTGGCAACCACGTG CTCS  ©
0=R-
o
oT7 N~ N on
@-GAPDH | WD S S — PRERRATEY &
o~y i

Hela Cells

Fig. 2 OligoTRAFTAC induces c-Myc degradation. (A) The oligonuclectide selected for the c-Myc oligo TRAFTAC engages c-Myc.|Hela cell lysates|were
incubated with biotinylated oligonucleotide, or its scrambled seguence, followed by capture with streptavidin agarose and probing for c-Myc. (n = 2]
(B) Dose response of OT7-mediated c-Myc knockdown|in Hela cells. |[(n = 2)
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I Neddylation inhibition disrupts cullin RING E3 ligase function.

HQ O, _NH,
Q FORN O/S\\o
NW:I“} NAE: NEDDS8 Activating Enzyme

%NH

MLN4924
(pevonedistat)

|

NAE

NEDD8 ) —
T

|
S ON

Neddylation inhibition |
Cepos >

l

Disruption of cullin RING
E3 ligase function

Vriend, J., & Nachitigal, M. W. Cancers. 2021, 13(11)
Fouad, S. et. al. Frontiers in Physiology. 2019, 10(October)

VHL-CUL2-RBX1 complex

;//0/}/1/" RBX1/2

AHPC: VHL (E3 ligase) ligand
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I OT7 induced c-Myc degradation via the proteasomal pathway.

HEK293T cells 10 uM

HEK293T cells 1uM
C) D) . .
(JMLN4924  (+)MLN4924 «— Neddylation inhibitor R AGssT (VLGS

OT(75nM) Cntl OT7 Cnti OT7

OT(75nM) Cnti OT7OT10  Cnti OT7 OT10
a-cMyc w

a-CMyc | SRR S D e -

a-GAPDH | s - S — Neddylation inhibition a-GAPDH | M S —
(-)MLN4924  (+)MLN4924 l (-)VHL-ligand  (+)VHL-ligand
* " x |
§w ' Disruption of cullin RING s |
s I . : s
§w E3 ligase function Sos
(CUL2) ’
0.0~ 0.0-
ooé’o\ & o"'s o«\‘@\ & & A °§°\ &
(9) (9

oligoTRAFTAC (75 nM) oligoTRAFTAC (75 nM)

ULy vHLligand [ I e
o17 Kj R J[ 3 oT7 5°
O

OT10 3°

(C) OligoTRAFTAC-induced c Myc degradahoﬁ occurréd via the

proteasomal pathway. HEK293T cells were treated with c-Myc-targeting oligoTRAFTAC with and without the neddylation inhibitor, MLN-4924 (1 uM),|
and then analyzed for c-Myc levels. (n = 2, *p < 0.05) (D) HEK293 cells were preincubated with and WIthoutllD pM WVHL llgandlfollowed by OT7

transfection and analyzed for c-Myc levels. (n = 2, *p < 0.05)
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I OT7-mediated c-Myc degradation inhibited cell proliferation.

E) - OT7 Hela cells, 48 h
-= OT12
100
=
£
i
L 50-
% E) were seeded into 96-well
S plates transfected increasing concentrations of OT7 and 0T12, cell viability
was monitored using CellTiter-Glo reagent.
% 50 100
[OT] nM
Linker
OT# Target Oligonucleotide sequence Modification | Modification | PEG,
5-3 site n=
TGGGAG CACGTGGTTGCCACGTG GTTGGG | Alkyne 5 2
OT7 | c-Myc
OT12 | Scrambled | GTATGT GAGCGGTGGTGGCGTGC CAGCGT | Alkyne 5 2

3'GGGTTG GTGCACCGTTGGTGCAC GAGGGT 5’
5' AAC CACGTGGCAACCACGTG CTC3' O

0=R"
o

0

oT7 %HY\JY\/\[N OH
oy o NH 53
o MN




Oligo-TRAFTAC induced brachyury degradation.

WB Brachyury-GFP expressing HEK293T cell lysates
A) BRCH SCRM <
Oligo-biotin (uM) 0 02 0.2
Target Oligonucleotide sequence Modification | Modification
5-3 site
a-brachyury 6

_— Brachyury CTTTCCAATTTCACACCTAGGTGTGAAATT GGGGAC | Biotin 3
Biotin-Pull down

a-Brachyury |_-_!! Scrambled | ACGAGACGAGCTCTTAAGTTCCTGGCGTAC TTATAT | Biotin 3

Input

B)
OT3 (nM) Brachyury-GFP expressing HEK293T cells

20 h 0 25 |50 100

S'CTTTCC AATTTCACACCTAGGTGTGAAATT GGGGAC— 3
-— - . 3' AGG TTAAAGTGTGGATCCACACTTTAACCC S 0— ©
a-brachyury }NJ\/*

o
oT3 ”J\AO/\E:'"" t( >
OH N
R o 3NH 5=
%N
a-GAPDH | "™ e w %

Fig. 3 Brachyury-GFP degradation by oligoTRAFTACs. (A) Brachyury-targeting oligonucleotide used in the oligoTRAFTAC design engaged with
brachyury-GFP. Brachyury targeting biotinylated oligonucleotide (BRCH) or its scrambled oligonucleotide (SCRM) incubated with [cell lysate|and
captured by streptavidin agarose beads. (n = 2) (B) Two oligo TRAFTACs with 3' VHL ligand maodifications, OT3 (5 PEG unit linker) and OT4 {2 PEG unit
linker) were transfected intoand brachyury-GFP levels were analyzed in|lysates prepared after 20 h.|in = 2)

17



OT3 induced brachyury degradation via the proteasomal pathway.
Brachyury-GFP expressing HEK293T cells

B) 10 uM c) 1uM _
(-)VHL-ligand (+)VHL-ligand -MLN4924 +MLN4924 «— Neddylatlon
OT(75nM,20h) Cntl OT3 cntl  OT3 OT3 (nM) 0 75 0 75 inhibitor

B e L L
a-brachyury - — ' . a-brachyury

-GAPDH | " s vt e o ol ol s

C-GAPDH | Ml Mi— - —

()VHL-igand  (+)VHL-ligand B i it Neddylation inhibition
F— n.s kot n.s
i —
1.0 5 10 !
£ g
> > : ) )
%“‘ Eos] Disruption of cullin RING
5 5 E3 ligase function
0.0~ 0.0+
00“\‘0\ ¢ cp“éo\ ¢ o\“eo i otpo A (C UL 2)
oligoTRAFTAC (75 nM) oligoTRAFTAC (nM)

SCTTTCC AATTTCACACCTAGGTGTGAAATT GGGGAC— S
3' AGG TTAAAGTGTGGATCCACACTTTAA CCC 5' 0} o
N
H

J\/\Nj\/\o’\r".-N OH
or o "o t? __ s | VHL ligand
o _@ a

%N

Fig. 4 OligoTRAFTACs induce brachyury-GFP degradation via the proteasomal pathway.

(B) OT3 induced brachyury
degradation is VHL-dependent. |HEK293T cells|were preincubated with and withoutIID pM of VHL ligandlfor 1.5 h prior to OT3 transfection.|After 20 hjof

transfection, cells lysates were prepared and analyzed for brachyury degradation. (n = 3, ****p < 0.0001) (C) OT3 induces brachyury degradation via the

proteasomal pathway; neddylation inhibitor MLN-4924 was preincubated with cells prior to OT3 transfection. After 20 h of transfection of OT3, cells
were harvested and analyzed for brachyury levels. (n = 2, **p < 0.01)
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| Xeno Nucleic Acid (XNA)

o & o
i I~
o I
0 Base (@] Base o Base
% > K"? i ? oﬁ)

(0] T— 0] 0] NH
(0] 0
\/\o/
I n C re aS e d Stab | | |ty 5CTTTCC AATTTCACACCTAGGTGTGAAATT GGEGAC— 3’
3' AGG TTAAAGTGTGGATCCACACTTTAACCCS' © o 9
;.‘NJJ\\/\NJ'I\/\O/\ITN.N OH
- H H L
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Catalytic brachyury degradability by OT17

A)

D) 12 h washout
OT17nM(24h) 0 5 10

24h 36h
s 1.0 oT17(M) 0 60 O 60
a- brachyury .” - 3
g brachyury -
A o- 4
%os, o Ed
a-vinculin | W NS S S S a— O - GAPDH | 4 A S —

UM-Chorl-cells UM-Chorl-cells

I Control [l OT17
C)

* Kk
4h [ 8h 16h 24h | |—|
3 1.0+
OT17(60nM) - + - + - + - + 3 3
2 2
C-Drachyury | s s s s s oo s % [
§ -
Q-VINCUIIN | o s — o— o — — 8
o
0.0-
UM-Chorl-cells & o & & & o & &
& O & O & ) & () 0.0+
P &L 8 Lt L - &
“‘ QK‘ \6\‘ 'bh“ Vv '\?‘ n}’
[OT17] nM
5CTTTCC AATTTCACACCTAGGTGTGAAATT GGGGAC—

3'AGG TTAAAGTGTGGATCCACACTTTAACCCS' ©

Human clival chordoma cell

(EbREERiBHHAA)

Fig. 5 Endogenous brachyury degradation by oligoTRAFTACs constructed with phosphorothioate backbone. (A) Increasing concentrations of OT17
were transfected into{ UM-Chorl cells and harvested after 24 h] subjected to lysis and analyzed for brachyury downregulation. Brachyury levels were

normalized to loading control and presented as a bar graph. (n = 2, **p < 0.01)
C) UM-Chorl cells }were transfected with 60 nM of OT17 and harvested at subsequent different time points as indicated. (n = 3,

****n < 0.0001) (D) Washout experiment: transfection medium was removed after 12 h of QT17 transfection and UM-Chorl cells|were incubated for
another 12 h or 24 h in fresh complete cell culture medium. (n = 2, ***p < 0.001, ****p < 0.0001)

o] o}
JJ\\/‘\ J‘I\/‘\ N :OH
H H ° | 'N _ .
OT17 (with a PS backbone) o /\[N\”to 5 HYWQ s JM-Chord cells:




I Microinjection of OT17 induced tail deformation.

C)

A)z

oligoTRAFTAC
(OT17 or OT20)

Mock

oT17

0T20

Zebrafish embryos

‘ Linker
oT# Target Oligonucleotide sequence Modification | Modification | PEG,
5-3 site =
C'T*T*T*C*C*A*A*T*T*T*C*A*C*A*C*C*T*A* Alkyne 3 5
OT17 | Brachyury | G*G*T*G*T*G*A*A*A*T*T* G*G*G*G*A*C
AC*G*A*G*A*C*G*A*G*C* T*C*T*T*A*A*G*T*T* | Alkyne 3 5
OT20 | Scrambled | C*C*'T*G*G*C*G*T*A*C* T*'T*"A*T*A*T
D)
*ok
48 h B) — OT17 - =+ —
*% ' ‘
>
g o NTLA | - =
)
‘g g 0.5
£
§ a- GAPDH | Mima— | = o
3 0.0~ "
S & N
* « ¢
& & & NTLA: Brachyury homolog in zebrafish
o) (o)

Fig. 6 Microinjection of brachyury-targeting oligoTRAFTAC into| zebrafish embryos| demonstration of in vivo activity. (A) Schematic representation of

OT17 and OT20 microinjection into|zebrafish embryos.|(B) Quantitation of the defective embryos in mock, OT17 and OT20 injected groups. Mock, OT17

and OT20 (180 picoliters from 25 uM of oligoTRAFTACs, or mock equivalent)|were microinjected into embryos (number of embryos in each group for

three independent experiments; mock-47, 50, 43; OT17-49, 52, 61; OT20-75, 74, 45). After 48 h, the number of defective tails in each group was
recorded and presented as percentage in a bar graph. (n = 3, **p < 0.001) (C) Images of representative zebrafish from the cognate treatment groups.
Pictures were captured after 48 h post microinjection of mock, OT17 and OT20. Scale bar 500 um. (n = 3} (D] Brachyury levels in zebrafish embryos |after

QOT17 (180 picoliters from 25 uM of oligoTRAFTACs, or mock equivalent)|injection. Embryos were collected at 8—10 somite stage, subjected to lysis, and

probed for brachyury levels. (n = 3, ****P < 0.0001).
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I Summary

* PS-modified oligo-TRAFTAC
improved its in vivo stability

and demonstrated oligo-

TRAFTAC activity in zebrafish.
/\

* Oligo-TRAFTAC can be rapidly
g,\,\mw,w\ POOVDL [ o ]
small molecule E3

oligoTRAFTAC: ~ TF-binding oligo designed for many non-

ligase ligand
(small molecule:oligo)

ligandable DNA-binding TFs.

SCTTTCC AATTTCACACCTAGGTGTGAAATT GGGGAC— S

3' AGG TTAAAGTGTGGATCCACACTTTAACCC S  O— L j’\/\ q on
NN
OT17 (with a PS backbone) £xl Nty f ;J:r"%
o NH

d %}#&J

(Chemical biology tool and

potential therapeutic strategy)

Samarashnghe, K. T. G. et. al. RSC Chemical Biology. 2022, 3(9), 1144-1153
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