Stable oncogenic silencing in vivo by programmable and
targeted de novo DNA methylation 1n breast cancer
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DNA Methylation
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> The High Mobility Group oncogenic TF SOX2 is
normally expressed in embryonic stem cells(-F4HjE)
and neural progenitor cells(ff#£HIA4NE), where it
maintains self-renewal. DNAme in the SOX2 promoter
and enhancer regions functions as an epigenetic switch,
which forces cells to activate multiple differentiation
pathways. SOX2 is therefore not expressed in most
normal adult tissues. Moreover, aberrant reactivation of
SOX2 has been detected in~ 43% of basal-like breast
cancers and in several other malignancies, including
glioblastoma, lung, skin, prostate and ovarian
carcinomas. SOX2 overexpression in tumor specimens
has been associated with  both  promoter
hypomethylation relative to adjacent normal tissue and
copy number amplifications. The overexpression of
SOX2 in breast cancer has been shown to directly
activate CYCLIN D1, resulting in an increased mitotic
index and proliferation. The downregulation of SOX2
by RNA interference decreased the tumorigenic
phenotype in the lung, breast and ovarian cancers.
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> ..., we reasoned that artificial incorporation of de novo DNAme in the SOX2 promoter
would confer stable oncogenic silencing, resulting in a sustained blockade of cell growth,
faithfully propagated in successive cell generations.
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>Herein we took advantage of previously characterized artificial TFs targeting the SOX2
promoter made of six zinc finger (6ZF) domains, recognizing 18 base pair (bp) sites in the
core promoter. These 6ZFs were linked to the catalytic domain of DNA methyltransferase 3A
(DNMT3A), an enzyme that catalyzes de novo DNAme, to correct the aberrant methylation
state of SOX2 1n cancer cells.

Our results indicate that the engineering of artificial DNA-binding domains (DBDs) linked to
DNMT3A can be utilized to promote long-lasting SOX2 silencing and represents a promising
therapeutic approach to minimize tumor relapse.

>FIH Fe Xt SOX2 Ja 3)F BN T 8% 5 K (six zine finger, 6ZF), Halt% 088+
18bp I, 6ZF 5 DNA FILALFLEE3A (DNMT3A) KB 45 A IE . 45 K,
5 DNMT3A #H3iZ ) A T. DNA 45-418(DBD) ) # ] DNAme 7] LA K425 SOX2 ¥
B EJUTER, X8 —FRA BT TG IT i, T DA K PR B i gs /> i e i) 52



02  resuirs

VIR FEE SR



ZF598-DNMT3A J&5 3 SOX2 i 342 5 F0 1) Jee 4 i 2B K

N TAE SOX2 K7 5% S #E[m] DNAme, B A\ DNMT3A FJ{HAL 45 4 30R Al 21 5 57 48
E ) 6ZF Z58381 C K, 724 T ZF598-DNMT3A #ll ZF552-DNMT3A..

P MCF7 FLIRE A E R B T 5T (B2a). ARG5S 6ZF-& it N
MCF7 40, 315 7 faE ke, & ¥ ZF598-DNMT3A Fl1 ZF598-SKD ]
i) 295 52 22 16 24 25 (Dox) A FE A 8 4

a 654 || 279 _ P o »
Ao a Bind :

1089 |~ -623 > ATG +695 Il +1085 g \@S s - Aownoond ro
S'mnmmgm@— ——— = )
3 J MCF7 = %

GCCCCCTCCTCCCCCGGC e =2
~ ol =2 - o g

A i ' ZF598- s

i linker “‘*‘\-}_’ DNMT3A S5

g £

ZF DNMT3A DNmengaéNA s




ZF598-DNMT3A B3 SOX2 | iE 3 A 52 30 e 2 i A= K

£ Dox(+Dox) 5 F T , ZF598-
DNMT3A F1 ZF598-SKD *ix)5, 5
R (Z 8 E S A AEEL, Sox2
mRNA 7K *F 43 5l FEK T 90% AN
73%(E1b). HMFEFRFEHF IR Dox
KA 8 RI, ¥ 5 ZF598-SKD H4H
M SOX2 Fisk & 3|5 R SR
LI 7K ~F, 1l 3% 38 ZF598-DNMT3A
FRI4H U AE 228 Dox Jo SOX2 FikHr4:
T (E1b).

o

rel.SOX2mRNA
expression

1.5 4




ZF598-DNMT3A B3 SOX2 | iE 3 A 52 30 e 2 i A= K

Xubgk B, ZF598DNMT3A &
MAAE Hbr SOX2 17 B IR T 5 5%
it 12 . ZF598-DNMT3A it & 1
SOX2 ¥ UIBRfEREE SOX 2 &EH
RN EERC. XFHIHIE DOX
LBRFAM T RS FAE, H2H SOX2
TTER I 7KE L +Dox 644 T 141 iy
FH 5%, UTWestern blotfT (B 1c).

P o
¥ o &
c dé'-f & © +0 A V\‘é ,‘g\s“ ‘\\!\
o S G o¥ o &>
S ) )
O@Q e((\Q 13‘3 136 ,LQ"J Q" < 15(
DOX + - . R R
so i R S . S s 37kDA
HA-tag | — 42kDA
HA-tag | - |55kDA
Y e . el 17KDA



ZF598-DNMT3A B3l SOX2 K35 52 41 H1 e 4 4B K

fEXFR Dox HIZRAE T ORIFXT R 4 il A&
KEEl: W7 55 MEE X% ZzZF @

B R IE SIS PRI [ A T | = s

(B1d). CAx# A FHARIE NI, s o= 7

Fl Dox %5 ZF598-SKD BE{ ZF598-  £§ _

DNMT3A FEke G MCF7 40l ZF & 22

HRIE 72 /D, J5EBR Dox(Bl1d, 4L N
BETsk), FHAEFE TR 144 /NPy i)

ZHM3E 77



ZF598-DNMT3A i it & in A A st HH B 4L SE SOX2 TTER

H Dox S fEH T ZF598-
DNMT3A [ MCF7 41 il & i&
ZF598-DNMT3A. K3k, # 72h
Wk gi i, s ETC Dox FISAL
AL 8 K, i ZF BAMEFIL T
2. B H BT HA JUARR %
FEEWD13E1T Western blotting fiffi %€

Cc C\¢ d@‘ 6+° *_0 6{.

o o &
o & ‘s{\% )
3° & &Y
e@Q\ @Q 1,@ 13 q‘) ,(6‘5 136‘5 442

DOX - R + R

soxz m ;5 37kDA
HA-tag | — 42kDA
HA-tag| —— |s5kDA

H3 (———— .o . el 17KDA




ZF598-DNMT3A i i & i A st B B 4L s2 8 SOX2 T ER

I AR ER S AN 1, £ ZF598-DNMT3A 45447 fi ¥ e+ rh
[ Eﬁﬁmkﬂ?(ﬁn%riiﬁl, K2a). Dox %S ZF598-DNMT3A [{j#isS
HFFE CpG - ZH LK) DNAme H#E 05118 90%.

a Binding m “# pmolicon If
site \) -

OO O O

-279

o ‘e’ en 0% 0
=
ZF598- ~— 3—=mmoon
DNMT3A e a0 <
e e I S X S
Qe Qe OO O OO0 o=
Qe Qe OO e O “OO0=O- O
ZF598- X o e—; e
DNMT3A E74A =3 3 e

Figure.2 Expression of the ZF598-DNMT3A induces targeted DNA methylation in the SOX2 promoter.
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Figure.2 Expression of the ZF598-DNMT3A induces targeted DNA methylation in the SOX2 promoter.
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