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TE AT >
<Final Goal>
Presentation of cancer treatment possibilities by regulation of Oct4 function
Purpose&
Contents 18t year : The effect of Oct4 on cancer cell growth, death, and drug resistance
2% year : The role of Oct4 in cancer initiation
3% year : The molecular mechanism controling Oct4 function
<Quantitative measure>
resul ts/goal Achievement (%)
SCl paper 1/1 100 %
IF 6.523/5 100 %
etc
domestic conference presentation: 5 (4 oral, 1 poster)
Resul ts
<Qualitative measure>
-We confirmed that Oct4 is essential for survival and growth of
drug-resistant cancer cell population
-0ct4 involved in tumorigenesis of stem cells by regulation of metabolism
(Published in Stem Cells)
- We discovered more than 3 PTMs, which critically regulate Oct4 function.
-We completed mechanism study about 1 PTM. (Physiological role, kinase and
phosphatase were identified, Pubished in elLIFE)
Research on the prevention of cancer recurrence is essential to reduce
number of cancer deaths.
In this study, we determined that Oct4 is essential for survival and
proliferation of the cells with potential of recurrence ; Thus, we suggested
Expected

Contribution

core stem cell factors as potent target for anti-cancer drug development

Qur results showing Oct4 directly regulates metabolism, is expected to have
a significant impact on future research targeting cancer metabolism.

Research on core PTMs regulating Oct4 function will provide novel way to
therapeutically target Oct4

Keywor ds

Cancer stem Posttranslational

drug resistance |Oct4 stemness

cell modification
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1.

2+
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g2

T =

of Mjekof zoist= Al
FOI Oct47} b RAjgkof 2o
.Fll [uE|

Oct47h Z27|MZ2| etstn

7| Mzl A

2Ix
stk= X {FE

=

Al
=

ZMo =z (ct42]

ol —
A

; Kohno

-
=

T

eretxlz ool

a1,

2 TP BHebE| LHA =

-

SUHM MEZAIE

2 IIHO|A o2

Kohno et al. Eur J Cancer.

Signal transduction
and activation of
transcription factors
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St=

7y

=% (Intrinsic resistance)
M ZI} ZX] 509,

ehetx| 2 nhgollM e

et al. Eur J Cancer. 2005).

e
Acqguired drug resistance
against drug A

.ﬁgﬂ Apoptosis

S

.

Acquired drug resistance
against drug B

— —
U= MEZIE Hot=ol HA

txof Lol

= (Acquired resistance)

U XL a0 CfEUHSLIAM (MDR) 2

2005) .

A typical MDR

MOoR

MoR

MDA

f0404¢

Acquired drug

Alterod expression
rosistance

of drug resistance-
related genes
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(2) efMlze| etet A2 o &S 2A7|H

O <F=CHAL O|A/ Drug targete| FAA ciald, HOl / &4 DNA 57 7|He| M3t / ME AMHZQ|
AX 52| o el=0| M =Ze| X Z M 205t HeZE L™ UL, MK MAHA
o=z 2 A7t MEED JUS

O HiOFEZIMZ S0|X °QlX} dglol FJ|
o atet X2 UM ES3} djotE7|ME S0|™ QIXf whse| AbptM 1 dheh X 2IHoA Aolde=E

MEZEol|= tfotE7 (M =z SN QXEe| wdio] ZII=EH0 US (OB 3; Modified from Noh et
al. J Clin Invest. 2012).
E7 peptide
: E7-spaciic
p”“"g CD8' T call

l ESC specific factor expression

a8 3. Immune selectionO| ZI&Eo| w2} M Ze| E7|MEZ-FAF §EFo0| St

get X2 o 250 sjotET|ME E0lX X} wEiol Aptdol oo cHHMel AFHIEE
2 2Lt (Pubmed HAZI 1500{H 2| =F) IpstA HMbhoM =2 = ASUS 2T gel=
o

O| FOIX|X| AAS.

BiotE7 M=/ LdE7IMEE et ststx|2H S0l s o 2 M2 7t (28 45 Modified

o a

from Zhou et al. Nat Rev Drug Discov. 2009).

Resistant to Chemotherapeutics

guiescent or slowly proliferating nature

high expression level of ATP binding cassette (Abc) drug pumps
intrinsic high levels of anti-apoptotic molecules

relative resistance to oxidative or DNA damage

efficiency of DMNA repair
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2 QIX} Oct4

JOII

(3) HiolE7|M =

O HijotE7|Ml = HMelXt Oct4 (E 5).
Hh5 Al AlGat =7| dfobe A mb

e QOct4= Pousfl SFHRAbo| 2of5H ad
ofl M2t gbsdE .
o HiOIEZ|MEZAM Oct47t §12™

HME ME2ts0| RAlZE

HZ=2ts0| AKX, Oct4E FAIMAFTH E7|\M =2 Z3t=A

=3

e Yamanaka 7t M2 7
etz oy HEE R

— Inner Cell Mass
b (1OM, Octd positive)

Fibroblast o

division I-.';"
@ =¥ —| .
Lygote Morula Y (014 negative)
({3ctd positive) (014 positive) ...

Blustocyst
exiraction

%
o— — ®
j Pty Ry
IPSCs < 1CM cells
@ (Ox14 positive)
‘ Differentiated cells Cultured ES cells
(Ot negntive) (O positive)

HioFE 7| M ZA M= Oct4, Sox2, NanogOl Z7I& SHAXQI MARIXIZE MESIsS =Xstl, TFCP2L1,
KLF4, TBX2, KLF2 S0| FIIZ &%t A= &

self-renewal

From Takashima etal, Cell
2014 158:1254

O 6. HjotE7|M = S MALIXL HERIR



(4) Oct4ot efntol 2HA|

- Oct42} CancerE FHZ ®A| 4000{H 2| SCIZ =20| PubmedollAl HAME

- Octd= 9k, CHEQH, e, zZier, Maider, Ziatdet guket, AZEE, Hagh 5 HEEY
2toll M cancer malignancy, &t Lfadnte| A7 HE .
O Oct4et waketmiol oA
o MALREIM ZO| Oct4S zpEdstH AdEI|MZIF YEOA (OB 7; Beltran et al. Breast
Cancer Research 2011 )
K
P e
% 1 @" 'é% Positive
Immortalization” i 1 -
" 3%% Tk 5oloction
Sall-renawal ability Activation of TFs of TICs
J,p?ﬁ"*'*‘“‘ -Down-regulation of TSGs
TnJ’E T -Geneliciepigenetic alteralions?
O8 7. fure 2EHOM Oct4 S22 tumor-initiating cel 10| ZHSO{ &
o Octd U3d0| =2 AM=ZoA Oct4 LS X SHH tMdZol AXE (T8 8).
JLL mouse tumor model MCF7 human tumor model
in vitro in vivo in vivo
E 20 F con shControl shOctd
=60 £ 16 | T
=0 = 1z} E
2 i ) =
g« !
&40 S 20 [ sn1 shoctd E
220 = 16 | =
S 10 g 12} =
&I— : 'E f L E 1 1 i 1 1 i 1
C =
Mo sh shCon shOctd 4 8 12 16 10 20 30 40 50 10 20 30 40 50
24 h after siRNA transfection Days post-tumor challenge Days postiumar challenge
Hu et al. Cancer Res. 2008
% 8. dFof Oct4 LFO| =2 MF AdME 2 27t dMEE 0| LS LA =
SIRNAZ Oct4 s ZFH I LIV 20 &
O Oct4e} taotme| 2hA
o chagt BRIZNOIM MAZNI BY, ZUS BOIME £7|D Frletg @S o LS
ol AatEAZE AS (28 9)
Pou5f1 (Octd) Towl Serows crstadesccarcinoms
log2 media-centered intensity =) (%) [#+) (+++) Conslation
Nmif Ne=il Nell Nmil N=l7 couthcient
[=] O = H RGO stage 0458
6 § @ @y @ 3y
Normal n ] 1 15 1] n
| N 4 3} 1 1 2
Ovarian Clear Cell [ Oitferareiotion 0887
Ad inoma wel ] 3 2 2 1
—— Moderate 35 ] 2 5 4
Poor 55 1 n " n
Hendrix et al. Cancer Res. 2006 Zhang et al. J Clin Pathol. 2010
O8 9. MAab 2 hAMetolA Oct4e] el ME I o ghet chA|ef Oct4 Wl M EZHe| AbabA



o etAl (Cisplatin) LHMO|l =2 ot MESOAM Oct4 Ud =5 (28 10).

o a

Ovarian Cancer; Cisplatin resistance

Cell line model Tissue model
Genes IGROV1 IGROV1 CP 12628 (chemo- 12344 (chemo-
{sensitive) (resistant) sensitive tissue) resistant tissue)

50

=k

Poubf1 0

Cheng et al. Gynecol Oncol. 2010

iff]

12 10. Cisplatin LHAMO] =2 M=ZF E2 stXI=Zlo|M Oct4 esio] =

O Oct4et zZhetntol A
o Oct4 20| =2 AMZEOA Octs LS AMSHH ghetd ool Zt4st (22 11).

Liver Cancer; Cisplatin & Doxorubicin resistance

=
a

pOctd + Cis

in vitro in vivo
* p=0.236 1 -cisplatinl
100 7 =0 002  p=0033  p=0.042  p=0.058 E ::g-;‘muf *K 0024 B + cisplatin . * pControl
4 ;
;g 80 700 * I
Ef —~ 800
Z 60 % *
£ E a0 - . pControl + Cis
2 a0 o 400 e
= L
g % 300 » . . pOcts
g 200 "
" =
- W

A
-
~
z
[

pControl pOctd

Wang et al. Hepatology. 2010

8 11. HCC (hepatocellular carcinoma)ollAl Oct4 ZZ0| &tetd W 2 =2

(5) HAZH{E (PTM; posttranslational modification)oll 2|8t Oct4 HMALEM =H

O gt x| 25 7Here 25t Octd 7|15 =& AT,
e (OctdE HAY(translation)™ =Fo|M Z=HSI= HS HHS (siRNAS 0|2 E2 HAIEHAE =
M5tz stetd Mafldl= dM7IR= dato]| HE5H7|ol= oz ).

* 0Oct42| 7|50| PTMA

bl &
- =222 dEsks e

1o

o |gk
i

i

n

>

0

L

MOIXE Oct42| 228HmM| ofo|=4toll B3l (0-GlcNAcylation)Z7F €L, &
sh7F do{LX| 2st= Octd4= 7|s0| 81X s XMotaEs e (28 12; Jang et al. Cell Stem
Cell 2012).



Ocd WT Ocid T228A

T2280-GICNAC

GFP

X HMAMzzZel HE3s 5E0

0

- E5lol| 9|8t Oct47|s =HS MMAIEYM =Ho| o/&(28 13; Jang et al. Cell Stem Cell

2012) .
100
o
B 75 O-GlcNAc-Ocid
I _ [—— - =
fs |
= £ 50
52
& ﬁ —— — —q
0
EEda)r 0

+STZ

32 13. 0ct42l 0-GlcNAc PTMEHE O Oct4 TAL &AM =H

!

« PTMZ HHSt= 2=t MoijM= AtHH ez Jieo| 0|

O Oct4 PTMof| CHEF 7|& En (O 14).
e Oct42| PTMoll CHoll M= & 100{# 2| SCIZ =&0| Pubmeddl A ZAHE
o I 120 Hez|= s} ZHo| 043 PTMO| EI =0 oL} FAAHel 7|52 ot o ¢A =2 =
M =2l (K123 Sumoylation, T235 2ldtste| 7|5 5).
o X 2SS TFSF Oct4 PIMEZE 2 S1112] Erkoll 2|8k Ql&tst, S2362 O|&kelE kinaseoll 28k Ql4t
sl2 °2lst Oct4 7l A3l (Spelat et al. JBC 2012, Jang et al. Cell Stem Cell 2012
Brumbaugh et al. PNAS 2012) S22 &et EfZlozE %E’S%ﬁ

Known Oct4 PTM
o
I\EJ
e T e s F TN g
[ pl _FI.EI | k-E,-'] |\§"] \E/.'L\E’,J ! _P'_.,IE‘ ] [ E'._I.E )

(S pous U poun Sz

= Activation = N.D P: Phosphorylation
G: O-GlcNAcylation
= Repression — Controversial 8: Sumoylation

a2 14, 224Xl Oct4e| Posttranslational modification & 11 7|s

_10_



(6) Oct4 7|5 =He St et Bl &2 Aol TH

|

i M @ Octd4c HiotE7IMIZ2f MAIME S 2ET|MEOME L3z dME7|IMEE
G| S

a
o MzolMs Hi=X o2z FAZ0] H2 g AR Jts.
S

O 52 M3 7k54 @ Octagl 7158 PTNS S8 ZHE & Ucks 2olo| 97 WS vigoz 57|
MEOIMS ATE geiTol MBsHE AT2 4T JHsNo| =3

O of2f gol =g Jksd : EExR0| 2S35HE Ciket oS0 N8 JHsY 58

1-3. eiolgt e

(1) 1RHEE © 0ctazh o ME M, ARE, Seirl Wiol olxls 98 7Y

ot MZFE0|A Octd Bhed 753_'.:_, skebx| LHM HE oot
o & MIEFESO0|A Oct4 g
[ ]

= 7‘:
2 MzFSolM 2 x[=of AP%EIE iPé—.*iIE?HI%Oi

O Oct4 &sio] 2 & MEFS0IM Oct4el 7|5
|

o Oct4 EMHT Wl Uavt of MEFSS MY, Aol olxlE ¥E Hol
® Oct4 ENHT A0t of MEFS shetxl 2 Sofl et Aol ojxl= G ol

(S e |
® (ct4 ‘je*?jol A2 o MEFSolM aHetx| 2 A
o SISA|ZH LM E= MEZF0AM Octd LFO| BItz|=X

o U IS MEFOIM Ootd sl ZAAl LA Zastex| piE

(2) 2xpAE @ 2 2hA DIHO|AM QOct4e| Ads dF
O Oct4d| o|st SEXUAI == JIsMd BF
o H{OI=ET|MZO|AM Octd &dl 81519} |actate MM, AbA A @olo| Atataby o)

® (ct4 ChIP-sequencing Z2t M2 S5t Oct42e SAHAI =& ENl MH

O Oct4oll ofet SHMAL =H- 7| AT
® Oct4 7t =2UjAt =& EZIE =HsI=

7l
® (Oct4 ol 2|5t EtZl =Ho| M= SHfAL =

>
A
_O'I_
rir
o
o

e
ot

O Oct4oll olet SHUAL =HO| E7[M 2o atnpgol o|xls dek AT
® (ct4 olet EXAL ZHO| E7|M=Z 7XA & Z=tof o|x[= Pek A7
o (ct4ol ofst SHCHAL =Ho| =7|M 22| H2tEDt FM0| o[ dek A+
® Oct4oll olet SACHAL Z=Ho| Z7|Mzol etstof ojxl= F&F AT

(3) BAHAZ : Oct49] 715S EAFTAA Aost= 714 A+
O 0Oct4 HATHS (PTM; posttranslational modification) &l

® Endogenous Oct4 CHA Flag-tagged OctdE 2dist= HfolE7|ME MZSF F5F (F-0ct4 WT MEFZ
HH)



® F-Oct4 WT MEFOIM Oct4 4TS MRS & DYLAT|2 P 24 o3
o J|Z YEES 850l AT WA AT Octd PN EF 2

O 0c4 7|50l HHl pTME MY
o HjolE7|MZO|M endogenous Oct4ES EH PTM E27H 28 point mutants 2 X|& T ME35t=s0l| ofx|
o|

f

= ofzt 3t
® (Oct4 SH PIM £7H 24 point mutants 7F AMEL EI|MEZRe| AR50l o|xl= A& &ol

- o

=~
|'O
-

O PIM & S5t 0ct4 7|5 =H 7
® ol PTMO| Zt0{5t= 24 SH
o ST PTM 2 Z7|MZolA 2| 2

® (ctd PTMS| UM EFoA{el gt o

2. el 7l=/le HE

O =4 diot=7|M =z AFX @ M2t HAES, 88Y W, AMOf o AS2 s, SHUL
Olabz W=, Tl ZAEB= 15 0| HiotE7[MEEH AFTE MAN =Fo=2 Zdstl YLt
HEE =7|MzZe MEXZo2 S8 =82 X3 AFE sty 2AF+ZES 7|82 AFst=
=2 S5

O =i djotE7| M= EAtZFS 7[MAFA 0 ME2t] HEST, F8Y W5 0| Hfot=7|M=Ze &
AAeE 7|18 Al 2 AFE MAN s=Fo2 st Y2t tjolE7|M=ZE o3t MER &
of B2l w2 m fAHE AFE st UX= ES

O MAHM2c=z d=2| Austin Smith (Cambridge), Bl=r2| Rudolf Jaenisch (MIT), Konrad Hochedinger
(Harvard), 22| Shinya Yamanaka (Kyoto) %= S ZZsE IS0 Hjot&E7|MZ 7| Xof et =
2 7 dusg YEstn A2, et Bl ZiE A= Aol FEstn U S

O HiotEZ|MEZE 0|S¢E & dA7= ™ MAM2ZE oA AlZt=l Blue Oceand

XY

_12_



3. A8 g 3 ZIf

(1) Octa7t 2t M= MZH AME &hebx WMol o|xl& HE AY

b wkaek gl Hek MEZSFE cisplatinoll ofist LHAM HE &ol

. cisplatin M2| AlZF 22X Aok g Hek MEZFE0| cisplating CIS SE 2 24, 48, 72, 96,120
AlZF XM2lslo] cisplating X2lsHX| 22 tix=Zof H|s] LME ME=EES BHE NTTEEHS

(281) 72 h Me2lst7 |2 2H

IGR-0v1

E

g

el Survhal Rata %)
5 & B B

120

g

g 3

=

Call Survhval Rate )
-]

100

8

Conl i Survival Rate %)
o

-]

st
=

NCI/ADR-FES

Coall Survhva | Rate )

OVCAR-S.
140
——T 4
120 ——
— o TEhe
Z100
2
2 %
2
‘§ &0
T 40
“
0
0
o 0| .mﬂm-i'u%m B0 100

ERVXK

Cell Survheal Rate M)

o an (2] 1]

Cell Survival Rate ()

2 % “’ummn‘ﬁm . 109
OVCAR-8
140 —
p—re
120 - T2 ke
&
| g 100
i
= 48
¥
el
5 o

~
o

Call Surv val Rate (%)

0 0 a0 60 80 100 o &0 0 100
Cisplatin (M) Cisplatin (uh] Cisplatin {uM]
HOP-92 NC1-H23 NCI-H322M
150
i 1 — 120 .
16 i £ B |
o 320 < =
Lo b e - z
2 300 2 &
N 3 3
i w i E
S a0 - 8
bt
o
[ n 0 &0 £ 100 ] m @ &0 a0 100 o 1 an &0 30 100
Cptaa ) gt o) ciptain )
O3 1. chkst vk 3 H M EFO|A cisplatin M2l 8= F AlZHE oF M=Z 4& F§EE #HY

|
=

L. Cisplatinofl cHst IC5

0
I E YE HES

02

dHoz SHSINCEH

d oochetet gt & Het MEFAM cisplating sEEE 72 A2 M2|5t
MTTEHCO 2 £F-3sto] 10502 28 (282).

_13_
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a1, oo MEZEFo|AM Cisplatinol cHet e ==  OVCAR-8> NCI/ADR-RES> SK-0V3 > [GR-OV1>
OVCAR-5> OVCAR-4 > OVCAR-3 =22 EXE.

HlAMEM H e MEFoAM= NCI-H522 > NCI-H322M > NCI-H226 > EKVX > A549 > HOP-62 > NCI-H460>

NCI-H23xo 2 =X .

Cisplatin 0f C st IC50
(Ovarian Cancer)

OVCAR-8 12.2
——OVCAR-8
—#—NJ/ADR-RES NCI/ADR-RES 6.4
g ——SK-OV3
; —=—IGR-OV1 SK-0V3 46
£ ==L S IGR-OV1 46
E —+—OVCAR-4
£ OVCAR-3 OVCAR-5 44
§ OVCAR-4 43
3
” - T OVCAR-3 31
— —
& 10 0 30 a0 50

Cisplatin (pi)

Cisplatin Cell Survival Rate (35)
conc (M) IGR-OV1 NCI/ADR-RES OVCAR-3 OVCAR-4 OVCAR-5 OVCAR-8 SK-OV3

0 100 100 100 100 io0 100 io0
1 93.5+2.27 95.6+8.67 83.5+4.49 92.4+4.76 94.6+8.85 91.2+3.68 89.1+3.69
5 44.4+21.82 60.0£3.91 19.9:£10.75 40.0£10.84 41.6+9.86 75.4£2.83 45.1+7.40
10 5.02+1.96 22.6+13.12 3.7£2.26 11.63+8.20 27.327.67 62.7+2.68 25.5:11.01
20 14.5+2.82 1.8:0.31 2.3x0.78 2.5x1.09 5.2+2.93 6.2:0.41 11.0+2.65
50 8.9:2.47 2.9:117 1.1:0.34 1.1:0.04 2.0£1.39 5.6:2.4 12.2:7.04

Cisplatin 0f| C{$t IC50
(Non-Small Cell Lung Cancer)

NscL

NCI-H522 105
100 BR i NCI-H322M 8.3
2 == NJ-H322ZM aH =
S g0 - A i NCI-H226 78
= e EV X,
gﬁ[} s A 540 EKVX 6.6
- fios’ A549 58
F40
= HOP-62 5.3
920
NCI-H460 45
g 1 - - _— NCI-H23 3.0
e] 10 20 30 40 50

Cisplatin (puM)

Cell Survival Rate (%)

Cisplatin
conc. (Uh1) A549 EKVX HOP-62 NCI-H23 NC-H226 H;g_m NO-H460  NC-H522
0 100 100 100 100 100 100 100 100
1 86.824.36 83.1%6.85 90.1+109 777:113 04.4:099 865:12.0 784+296  102.4+35
5 55.9+0.61  57.0+572  52.3+201  23.3:7.73 74.1:4.83 50.1+21.0 46.9:829  86.8:4.20
10 2174759  37.8:6.05 261:871 262077 30.7:1.38 457:619  101:173  51.5:0.08
20 2.0£1.00 11.6£3.04 7.7£3.16 0.4:0.19 115:1.63  20.9:6.10 0.9:0.18  27.3:17.0
50 0.6:0.38 2.7+0.60 954223 014015 3.041.13 9.9:156 1.2:046 14.449.04

2 2. NCI-60%ch

MTT SHo =2 EXHsIUC

k>

o
%3
=
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N, kel HeMEXRSOIA BlotEY|ME Solelxtel mRNA B MEE Stoldt A (CTAAE CfSEe
HMEFIM L3 20| o2 w2 (12 3).

ESC specific factor expression level
(Ovarian Cancer)

0
Ll

m BB e B

2 TN N :

G - F f €= £ 0O P

2 £58 9983y

=2 295000220
OCT4A 34 cycle
S0XZ 34 cycle
NANOG 30 cycle
NANOG 34 cycle
ACTE 27 cycle

ESC specific factor expression level (NSCLC)

IMRS0
Tera-1 +)
NCI-HZ226
NCIHZ23
NCI-H322M
NCHHA60
NCI-H522

OCT4A 34 cycle
Sox2 34 cycle
NANOG 30 cycle
NANOG 34 cycle

ACTB 24 cycle

8 3. NCI-60cta-et 5 H M| L0l Al HfolE7|MZ S0[QIX}Z2] mRNA 28 M T E RT-PCR,
semiquantitive PCR, agrose gel electrophoresisE &Sl =2lstCl. Negative control2 IMRI0OZ Positive
control 2 Tera-1 MZFE Al2

Hl

o M EZEFL AR HiotEI|ME S0|QlXte| CiHAl dbsi T E Western blot2ZE EQlsh Zu}f Chuix
0 = o

— =
CTAA2F NANOGS| &2 ZEZX| A1, SOX2E 5 MEFOAM X2 +FE2E LUsizof AS



= =
T w = o4
i N R e
i R s 0 S B EOE
F T = i | T ¥ L2
S 5 = o o o o O
= = < Ll oI = = = =
OCT4A -
SOX2 - -
NANOG e
T8 4. NCI-60 H M ZZ ol M HijotE7| M S0|QUAIS 2| CHEZA gts] M T E Western blot2 2
2ol CF. NNegative control 2 IMR90S Positive control 2 Tera-1 MEZFE AL25I%C,
b, oAt 2 Het MEFSo|M HjofE7|ME S0[QAE Yl ME2l cisplatin LA ME Ato|e| Abmt
ZHA|

A @b M|ZEF0l A1 OVCAR-8, NCI/ADR-RES SO[ 1C5001 AX|2k mRNA levelolA SEH3| djotE7|Mx £0]

[AMEZA He MEZFoA= NCI-H522, NCI-H322M, NCI-H226 S<2| 1C500] I X|TF OCT4A, NANOGS| TheH
2 ASESHK|] 28 S0x22| Z<S LMol & NCI-H322Mt NCI-H5220 A EFsi0| Z7t=[0] RU7|
SEX|2F cisplatin WA HEef & ARIA7E A0 HOo|X|= 23

. =nddst & MEFSOM Cisplatinol CHE LMol S Zet M=ES0| EMe (28 5).

SO0|E/T cisplating 50uMel DE=2 AFY ol4 M2sIUS W XL MolUs MESO| EX
s EXol o2 2H MZFol cisplating 50 uMZ 1072t X2lst & cell plateo] €0 U= MEZE
2 crystal violeteZ YAt (28 5). AHo| AEE 2E AMEFES cisplatinol s 1C500]
~10uM == 1 o|stel HdES Zetet mf heterogenous®h MZEF Liol £E3| cisplatinol CHSH LMol =2
MzZS0| EMsicty MZtE . =37 o dA7st Z2a, MEo| A8t 2E LdMEFOM cisplating 50uMe|
DR ALK 22 ~3EE MElsh s o{ds] dotle MES0| EX .
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NCI-H226

HOPG2

Before
Cisplatin
Treatment
Cisplatin
(50uM)
10 days ‘i y
8 5. I5E2 Cisplating ZAIZE M2lsto{ s FX|ZD Aotds MEE0| EXE. M ZFof
cisplatin® 1sE=2 10€7 X2lF crystal violet staining@z MZES FMSIL AIRIZS Hct.
x| =l (a8 6)

of, getd ol 53 Z =0 HfotE7|MZ &30l EIt=0] U=
Cisplatin Resistance Cell Populations & ESC Specific Factor

Control 1gG

OCT4A

e .. ..
Cells survive after

Cisplatin =2 months

Cells survive after
Cisplatin 72 h

Cisplatin ()
o .. .. ..
EKVX
SOX2

) .. .- ..

SOX2
gio| S7H.

O
=

Zst MZE0|A 0CT4, SOX22| d
HiO}E 7| M Z QlA}E29| |
positive control 2 &}od

8 6. Cisplatin LHAo| £5]
4t510| S7H= O

cisplatinoll Ch&t LMol E35
Mo HMZ ol S,
— 17 —

2lof,

o] =
AX =

, OCT4A, S0X2 7+ £0

3}o|
—||_

oII

7
(eZ]
=1



‘EE

A aolstn, Uy MEFOIA cisplatinol thet 4ol S8 Zsk MEols olSel walo| Z3}
=of 9l Al of£E atolgh AT, MM 2 walo| Zilsol YSeS el

Bh, 2RUS MEFUoIM HSFE FeH LMol Y3t MES0| EXEHT UAS JHsNol B
cisplatinol LIAO Z3tetal shotEI|MZ oINS S Welste MESO| MSPel ZXstn AUEA, opw
HenEolM MZIZIXE HHelstr| 2lsh cisplatin Xal3t7| Mol MEES SOX2 Hoi®Al F soreening?h
Z3t YR MEZSOMEE SOKe7t LHEE XS Ol (3B 7). 5§ HSRE I25XD jolEI| M ELIXE
wolsts MZ S0l ZREHD UAUS.

O 7. SOKe HARMAD 2ol NEo| AT SOXT WHE.

A stetHl LiMol 53] Zet MESOIM ulolEIIME S0l QRS WS ARAIF|H o] 23t
x| Ba
cisplatinol &0l ZstHA tHotEIIMEIRIES Leisks MESOA sHotEIIMZ IR0l Eetml U
Mol ZL8t HeS shs Al LB Eolsty| SIsiAl HHoHEIIME XSS knockdownAlZ| T BEH S Azl
8 AT Mol MEl gle X AB 2. 3 ZD 0ct47} knockdomn® B tetd UM MESo| FItEoR
o S5 %2 el (13 8)

2 8. Oct4 KnockdownAl|

sto
S

ol LI MZES0| =7lMez O =2
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(2) f &4 BpYolM Oct4o Hg A7

7t. Oct4oll ofgt =HAL =8 7Isd BT

o3t dgg s 525

==
I} Oct47F o2 Glycolytic enzyme=2l gene regionoll 21 ZHgtets wA (8 1).

o
A
I
N
|
i}
P
2!
gt
i
et}
rr 0
Rl
N
or
0z
< o
HI
N
do
=lOI__I
o
28
IS
(ep]
=2
iy
n
D
o
o
Elis
1z
!

A - Iso of Glyoaolyti ins
ZHBTc4cel B E farms ytic Protel
ous —_
Pow{éen) 001 o2 Decuio 10 | K (Hexokinase)

Octa| - E 8 4 isoforms; 1.2.9, 4 (=glucokinase)
2 | GPI(Glucose-6-phosphateisomerase)

sz el - i I . e

bl T e | PFK (Phosphofructokinase)

ACE | e—— (1:«::: packup 3isoforms; P, M. L
'5" "P<0.005 [ 1 ALy ) 3isoforms;a b,c

o
TP

(Triosephosphate | GAPDH (Glyceraldehyde-3-phosphate
dehydroge
Nulmmr?ﬂ 2Imfoms:£apdns. hs
; PGK (Phosphoglycerate kinase)

2isoforms; 1,2

. [_-,_
3 ;;g . 2 350 | PGAM(Phosphoglycerate mutase)
2 300 : :
g 250 ¥ 2isolarms: 1.2
w200 8 00 disaforms 1236 [
150 e 150 POK 3isoforms; 1,2,3
% 108 ; § 100 J_ [rep]
& % l l - s 50 l | PR (Pyruvate kinase) 4 isoforms; L, R, M1, M2
0 0 POH '2 Genes; Pkir, Pkm
D DL Dbz O D DI D2 Oa4  TCAcycle < [ Pyruvate
beckup backup | LOH (Lactate dehydrogenase)
*p0.02 *p<0.05 Laciate Jisoforms;a, b c
F Benn Octd ChiP-Seq Sox2 ChiP-Seq Nanog ChiP-Seq
st Jang et al. Ang et al, Marson et al. Whyte et al.
Hk1 target target - - =
Hkz target target target target target
—Hk | - | taget = taget - = -
Gek (Hid) target target target target =
Gpil target target target target -
Pfkm target - target target target
| P - 2 target target =
Phkp target target target target target
Aldoa - - - target target
Aldob - - = - -
Aldoc target - - = -
Tpit target = target target target |
Gapdh target target target target s
Gapdhs target - - - -
Paok1 target target - target =
Pgk2 - & * i &
Pgam1 - target - - target
Pgam2 __ target i o target target
Eng1 target target target - -
Enc2 = target + target target
Enc3 - - - - target
Pidr target target - target target
Pkm1 - - - target target
Pkm2 target target - target target
Ldha = E = = =
Lanb : farget target farget -
Ldhe - - - - -
Pdk1 target target targat target target
[ N - - target_
Pdk3 - - - - target
P4 target target - - target
G
scale scala scaie
1kb; 1kb kb "
1o 10 :H!
oot K allale . vl ke 1= FT T T
—————— - —_—R ——————
sale L HI2  seale, 44 Pikp Scale  Pdkl Y
10 10 10
oy 1 1
coe e R ] |-
al Hi2 Ptkp scale Pdk1
o e '“: b - ; 14 |
MNan
“, bia 1 T b o o 1 beakd
e ———————f -
Hi2 Plkp Pdk1

ujn

T8 1. Oct47t HiobE7 (M Z SHUALE &
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o
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inl
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Lt Oct47t siEutgel HZE A el HK2et PKM22| el x=H et

Oct47} Glycolytic enzyme=2| welg =Hst= X &eolsty| s MIIX| A|AEA|A Real-time gPCRZ
glycolytic enzyme 2| mRNA eiS ZALE. A Hujl= 7IA1IiE HtM ol HfkH Ol serumt LIF =740
M, F #Hol= E7|MEZE 2§ (MEK inhibitor + GSK inhibitor) Z=ZolAl BiStHAM OctdES M H, backupdt

= AM2a". M #Huj= dfolET7|MEZE embryoid body 2 —E—EMIE’IE A AEL o] M AlAHEIOIMe ZIE &
3.:.3|' OCt47} HK2, PKM2, PFKP, PDK12| mRNAE Z=HSI1, protein =L 2 HIAE = |FHEA= HK2, PKM2Y
A
" SeumtlIF:Octd deplefion Serum+LIF: Ocd depletion & Smummr-omdepleﬁan % serum+LIF: Oct4 depletion
Lal ol :
824, : @ 40
i # I 2 #Dox-D0
g 3 i 10 =D0kD1
b % ) R a L | ifs = Dox-D2
g 08 I - | o i 20 | w0 batkup
T “H I.I h‘°' Ll i
0 ] 0 0.0 IJ h
2 Pime Ml Gl Mm PR Ase D0 God Gedw Pgkf  Pgamt Ppam2  Enof  Ero2  Emod Ldha Lahb Lahc Pdk2 Pdk3 Pakd
B
) :: 2: Octd depletion # 21 Octd deplefon Y 2:Ocdepletion " 2i:Oct4 depletion
) Co o
2 T 4
c 30
§§11 I 4
Egm kli} uDox-DO
i e : 20 2001
gt ) ‘ 2 I 5 DoxD2
g2 111 . [ i I T 10ci4 backup
i w I (S A ! X = 10
w Huisdililud il Wl IJ
10 w0 i 0 I : 4 B a0
He WG P M As TH G Gads P Py Pyt Pem? Bt Em2 Ewd A Phmt b Pl PR
C
" SerumLIF: EB formation 5 Serum+LIF; EB formation : Serum+LIF: EB formation 2 Serum+LIF: EB formation
5 35
gg ! 2 3 L .
%; 08 2l ) 2 08 |
i3 ) “EBO
L & . 2 06 vn2
< .
55 04 : ) i 15 ] “EB4
EL 1
0 = L 0- 0+ & - =l
Hif Gt Fim  PM Tt Gapdh Gapdhs Pkt Poam! Pgam2 Enol Pir Pkm Ldha  Ldhb  Pgk2  Pgkd
D G"T'” | coz:' 35',7'.':2“: {Octd d;:plaliunl :E‘::-m:’uF E
E (<] a [N ] Do D1 D2 Backup
c{é&m : E : , :
_Gpli1 x o
: : : ot | - -
B — - — o E:) T e ———
T T — :
o —— : : Hk2 ‘ S N ——— —v‘
Tpi1 | X o X |
7,5:99!\5 : i : |
a— : : Pry - — - -
Pgami | X E3 1
7?:32 é x =
= :: o - -
- —— o s Pak1 ‘ -—“‘
Ldha X (=] (=]
Lahb | 3 X 9
.ldht: T [=] ;7 6
- — x ActB ‘ e e w—— ‘
Pokd. =

O: Octd dependent, X: No dependency, - not detected

J8 2. Oct47h HK22t PKM22| oS =HEshct.
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Ct. Oct47t HK22F PKM22| Hed

ChIPE &dll Oct47t HK2, PKM2 ZZ2E{o| Zgt

=off Oct47t Z22H dS x=Hets &¢l

A

Hk2 Skb

RNAseq day0 260 |- - -
RNAseq day7(-LIF) 250 | i

Octd 60 I = "
Sox2 s0 |

Nanog 50 | i.
Pol2 160 |

il
bal
o
Jal
o)
Hu
B
>

2olst, 2| 2E gene2 HMIZAfSH0d reporter assays

B

Hk2 gene region

Qctd RE-  caltt TT gic T n ATG c/it AaAt
gt/a AA c/ig A n TACg/a TiTa
-tkb  +1 +0.5kb +0.8kb+1.4 kb +14 kb
+——F
Mouse Hk2 Exon Exon 2
——in

HumanHK2 +1 +2kb +2.3kb +2.9 kb +20

kb
- Exon . Canonical . Oct4 binding
E box

motif (Oct4 RE)

1409

Mouse Hk2 GGCGCGCC ATTTACATAAGAAAG CGCCTCCG

2888 2902
Human HK2 GCCGGGTC ATTTACATAAGAAAG AGCCTCAG

C E14 cel

0.12

0.1
0.08
0.06
0.04
002

0

Nanog Hk2

ulgG
® Anti-Oct4

A

Pkm2

Relative bound level

D Hk2 promoter
Reporter assay in ZHBTc4 cells

Octd RE

+24kp DNA
2B

Genomic
DNA-1kb +1

£
7
)
&

100

50 -
I i |
LA
- 2

Dox 4 day

Relative luciferase aclivity (%)

Hk2 promoter
E Reporter assay in NIH3T3 cells
250
200

150 I B Octd ™

Oct4 +
100 -
50 I
0

Octd(-) Octd(+)

Relative luciferase aclivity (%)

38 3. Oct47} HK22b PKM22|

Genomic

ZzZEo ZE

Pkm2 gene region

Oct4RE-  calt TT glc Tn ATG c/t AaAt
gtfa AA c/g An TAC g/a TiTa
-1 kb +1 +09kb . +BAkb
-+ pan g
Mouse Pkm2  pyon Exon 2
e L—a-
Human PKMZ + ¢ +13kp +12kb
- Exon ® Oct4 binding

motif (Oct4 RE)

922 938
Mouse Pkm2 CTAGCGGT CCTTGGTAATGCAGCTACAAGTTA

1358 1373
Human PKm2 TCTCAGCC TTTTGTTATGGACTG CCCCCTG

0.02 ZHBTC4 cell
]
50016 algG
E = Anti-Oct4
3 0012
a
@
2 0.008
=
&
0.004 '
0 e . i
Dox —— ns = * = b
Nanog Hk2 Pkm2
Pkm2 promoter
Reporter assay in ZHBTc4 cells
Genomic e % Gerbiie
DNA -1kb +1 Octd RE*-EK DNA
ANN—— Luciferase ———
g 100
=
5
S
<
% s
5
g I
@
=2 0
§ Dox ~ 2 4day
Pkm2 promoter
Reporter assay in NIH3T3 cells
250
@ Octd ™
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Relative luciferase activity (%)

200 1
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0
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o
kd

Fl
Hu
Ha
m



Oct4ofl 2ofsh si{Entd =Ho| JIX|= de|at&el ool 5|7 sk Oct47t gle at&olAM ER REX
HK2, PKM22| S RXIAIZI Z9 sfiEdntdol Zasix] 20 X & (a8 4).
A CAG Flag-Mock CAG Flag-Hk2&Pkm2 B [ .
10 I
Dox (day) DO D1 D2 Do D1 D2 . 9 -2
Hk2 | S— e -_— e = .% 8 o
TRV E—— Y ¥ 5 7 " = Hk2+Pkm2
6 {
Flag-Hk?2 e 8 g :
Flag-Pkm2 e g ;
Octs e - i
so2 ww— —| gp - | 14
1 1 0 4
Nenog (WP — = | (@@~ | Dox DO D1 D2
ACIE ———re—  E— (day) *: p<0.05, **: not significant, p>0.05
C [ D hics
200 . 200 "
2 150 R 150
‘g 100 ' = Mock e 100 = Mock
£ wHk2+Pkm2  ® = Hk2+Pkm2
o
x 59 = 50
0 - 0
Dox Do D1 D2 Dox Do D1 D2
(day) o (day) o
*: p<0.05, **: not significant, p=0.3 *: p<0.05, **: not significant, p>0.8
O3 4. HK2, Pkm2E SAlof otsd A|ZAFH Oct47t T siZat™ol =74 7X1&
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of. dfotE7|M = Zat2tHolM sHEetEE A RAISHHE E7(ME 227t =d

Oct4Zl gle= At=oM EFZl RTXFCL HK2, PKM2o| EHedis Sdff sHEdE S |FXIAIZ|HAM E7MZE
7|1, 23t MEE alkaline phosphatase Aoz &olst Zu &5y} gl sk O oM
Mol Hadel b, M Amo| HaMel AL o|FUX|X| ZSS gl (I8 5)
A Oh 12h 24h 36h 48h 72h
LIF (+) LIF(-) —» LIF(+)

12h —» 60h 24h —> 48h36h —* 36h 48h —» 24h 72h —»

Hk2&Pkm?2

Scale bar = 100um

8 u Differentiated c . 4
120.0 - = Undifferentiated =
100.0 T 10 -
= S %
< Mock
£ 20 B2 = Hk28&PKkm2
_g 60.0 =g
© 400 % 41
20.0 = g <4
0.0 +— - — LIF-) Oh  LIF(-) 24h/
Mock Hk2&Pkm2 LIF(+) 48h
*: p<0.05, **: not significant, p>0.5
D E
180 o = 180
£ & 160 -
& € 140
Q o 120
o © 100
-,E = Mock E 80 u Mock
2 wHK28PkM2 & 60 - w Hk28&Pkm2
40
20 -
: 1 0
LIF(-) Oh  LIF(-) 24h/ LIF(-) Oh  LIF(-) 24h/
LIF(+) 48h LIF(+) 48h
*: p<0.05, **: not significant, p>0.3 *: p<0.03, **: not significant, p>0.2

O8 5. HjotETIME ERtREoM i E =4 RAISHHE E7IME 257t HEof H
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v, HiotE7|ME E3tntdoM s ZE S = FXIotH 28 FA-MEIL FME.
HK2, PKM22| &g =7 R®AlstH LR ZI7|M=EIF St E35t5X| 20 FX|=0, ZIx=HAME
teratoma A S=Hg X|H(OE 6). LESF teratomall FAHIE LT EEHSI0| AstE X HAMS He
(Data not shown).
A B
E14
CAG-Hk2&Pkm2
AP
staining | £14CAG- LIF(-)  Phase Contrast AP staining
Hk2&Pkm L e ¢
E14CAG- day 68
Phase
Contrast | E14 CAG- ; . 7
Hk2&Pkm2] g’
— = day 75
Immuno-
staining o
(Octa) Scale bar = 100um
Scale bar = 100um
o™ (o]
E E
o o
c - b o2 D E14 Hk2&Pkm2 D127
(] f fr- ;
st To b A Negative SSEA1
W we wao Control  staining
i
SSEA1&DAPI °_-
Merge =z
L
0
w
SSEA1
E
Ectoderm Mesoderm Endoderm
E14D0
E14
Hk2&Pkm2
Do
E14
Hk2&Pkm2
D127
neural tissue striated muscle ciliated columnar epithelium
J8 6. EIE S = FAlstH A&7 ZI7|MZEI BZAAME AL E27|MEY /X

_24_



At BiotEZ Mz Z=tatgolM s S A 7RIS M=o

AT
A
-
HA
1o
m
0

Oct47t HastHetz sfgdutgol =4 #AI=[H dijot E7|M=zIL Aoz ZateX| F0 A-FAMZR
H3lE 0| RE EXISFOIAM 8H5]7] 9ok RNA-seqS SHslod BAEH 1 Hn AuHo= djolEI|ME £
stabgoll M =3t MEAHO| ZAE FHUALSS UEHo| Srtetl, MEMED ZHE XSS 2ol &
sk, sHEnEol =4 FXAIE MEZEE s, ME AfED 2HE FHAES wedo] AHE M2 FA=
£ A2 el (28 7)
A B N
E
4
o
o 3
8 6§ 2 5%
¥ ¥ < < <O senescence
w w = LI L wo
apoptosis
’ [ - mesenchymal cell differentiation
‘ epithelial cell differentiation
0 2 4 6 8
-log 10 P-value
DNA metabolic process
- cell cycle
cell proliferation l
-30 0 +30
- 30 +3 stem cell maintenance |@
Relative to mean - S I - v v
Loga(fold change) 0 5 0 15 20 25
-log 10 P-value
c D
Bub1B
Stat4
Mcm7 )
Bub1 Octd
2 ] ) Mem3
g Proliferation mzmg K —— Normal decrease of Glycolysis
E)’ Kif11 Glycolytic ' Sustenance of Glycolysis
& Cel Cycle Mcm8 A ° 7N
\ Partial differentiation
€ senescence Ctgf Pluripotency (immortal)
g RhoB \
£ Differentiation lgfop4 \ g Complete
T Igfbps \ Differentiation
§ Apoptosis SE‘?;
30 0 +30 (FSiT Differentiation
Relati Myh10
elative to mean Cdkn2a
FPKM Sox9

a8 7. o-RAF MES EXN E3

_25_



(3) Octd®] 7155 AT qA Aolst= 71 A+

7. Oct4 L4l HAZFH{S (PTM; posttranslational modification)S ZE8ZEAIE &3l =5 &eolst
I, &g xlol PTM 271 =HHO|AME 2t (2F 1).
I—
Octd 2| ¥ Xl pTMm Of CHBH 7|5 H T
hOCTd mOCT4 PTM H and M Conserved? Function
s12 B0 s 1 S12A T87A S100A *S106A
192) PO ':f;;_"“‘;m“‘{:; ND
hES3-GLETSOREG
=) mk i e ICCTTCGCACCUCCAL TGEAGGCTTTGLAGCCTG GTBGAAGCCAMCTCAGA  3GALCGOCTCTGAGEE
t51°5] P o mMS100-ARVESNSEG ND
5107] P o rfiifﬂj;-\ftsNSEGl"S ND
: hS111-5DGASPERC  ND
$111 PO ﬁlﬂlﬂ—SEGTS‘.-EPC 1 1”1 '\ |1 |'| |' r T
i 1 1 1 |
mig e e SEEEECG [ 'W |l ll... A A,
T118 PX ';'é,‘?,f?&“m’ﬁ;‘;; MO _'_Ui. _.U 5 l'ld | J I | LA
hE123-PLAVKLERE }
MIELLE-PNAVELERY |
Ki23 Kil8 Sm O !
i K118R S282A S347A S351A
i
hT235-KRERTSIEN 1
Tt Tz | T o TRt CCGTGAGGTTGGAG A ASATCAGETATT  [GGGCGCTCCCAT! IGCAAAC TG
H hS236-RKRTSIENR 1
5236 5229 P O mSIRKRTSIENR . ND
1
5288 PP e D
352) B D
5355 B
(5359 P o) el ND

a8 1. Oct4el 2Zl PTMZL ol S PTMO|l YOILEX] RotE SHMOIAM H%

Lt Oct4 7|0l 25Xl PTME ME 1

Oct4 PTMS| 7|52 Me|&d el =ZollM M&ts| mhetstr| 2a endogeous Oct4Ci Al Flag-tagged Oct4S i
ZM3ME endogenous level BHEDH BHSIA|F| = A|AED &2 (T8 2).

T8 2. endogenous Oct4S M 75t exogenous Oct4E physiological level 2 H1Ws| CHA| EE A|AH
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A3e|Y. O Zo Mzjstdoz =35 PTMO| o{3{R SXME (2 3).
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