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Transcriptional Regulation of Human Nanog Gene by OCT4 and SOX2

Hyun Jeong Seok, Young Eun Kim, Jeong-A Park and Younghee Lee'

Dept. of Biochemistry, College of Natural Sciences,
Chungbuk National University, Cheongju 361-763, Korea

ABSTRACT : Embryonic stem (ES) cells can self-renew maintaining the undifferentiated state. Self-renewal requires many
factors such as OCT4, SOX2, and NANOG. It is previously known that OCT4 and SOX2 can bind to NANOG promoter
and support Nanog gene expression in mouse ES cells by the detailed studies using the mouse Nanog promoter. Here, we
constructed serial deletion mutant promoter-reporter constructs to investigate the human Nanog gene promoter in detail. The
highest promoter activity was obtained in the 0.6 kb (—253/4+365) promoter-reporter construct which includes the binding
sites of OCT4 and SOX2. To further confirm contribution of OCT4 and SOX2 in Nanog gene expression, we introduced
site- directed mutation(s) in the OCT4 and/or SOX2 binding sites of the human Nanog promoter 0.6 kb (—253/+365) and
checked the influence of the mutation on the promoter activity using human EC cell line NCCIT. Mutation either in OCT4
binding site or SOX2 binding site significantly reduced the activity of Nanog promoter which directly confirmed that OCT4
and SOX2 binding is essential in human Nanog gene expression.
Key words : Human Nanog gene, Promoter, Regulation, OCT4, SOX2.

EdWolE 7H promoter-reporter constructE A Z23FSth Promoter®] FHul &4 0.6 kb(—253/
+365) promoter-reporter constructol] 4] WA E Q1| o] constructel = OCT4 2 SOX29] AFE7} gty OCT49
0X29] 7|9%E 937 2139 OCT4 2 SOX2¢| AFHH-$lol A7) 5ol EdwolE 3813 promoter 249l

92}
lo

HAE GFE AR A3t OCT4H SOX2 o= & Fuleke Edwol7F EA18HH promoter &/ 0] #A13] A3 = et

B a7 A58 B 217 Nanog #87 WA slo OCT4 % SOX27F B749E 44408 Fa18 + Ak
M E of tall A4 Foll Sth(Evans & Kaufman. 1981; Thomson

=714 E(pluripotent stem cell)= A7} ] A (self-
A Z7te} thekdt A ER £518 F
U 58S 7L A S7HEREA, FF A ZAEE 9
oF thefet M) FHYoE &8 F US JOE o FH

o, B2 Aeaksol 27141320] A7t A Aol ¥ % mechanism

57

renewal)= 5t

" RAAR: FRERE AFEA FYT NNE 12384 FEYSE A
Fah et Akt ($) 361-763, () 043-261-3387, () 043-267-
2306, E-mail: yhl4177@cbnu.ac.kr

et al., 1995; Reubinoff et al., 2000; Odorico et al., 2001).
H o} 7] A & (embryonic stem cell, ES cell)= thx 4l o}
A E71A Eelth wjokE | ] A7t AN FA = B
< 291(0CT4, SOX2, FOXD39} NANOG)©] 2H&-gH(Niwa
et al., 2000; Silva et al., 2006; Babaie et al., 2007; Jaenisch
& Young, 2008). ¥, H] o}kl X (embryonal carcinoma
cells, EC cells)= wjo}Z7|A 271 7HA & ol 74A] &4
%, 2714 X <l SSEA-1, SSEA-3, SSEA-4, OCT4, TRA-
1-60, TRA-1-81 55 &3}, alkaline phosphatase £J



124 497 - PG -

= pE SHAME wjolE7]| A EE T ol
HA, FAA Addo] Lo|tEE wjolZ | E At B
|25 02 &85 7 9 thhttp:/stemcells.nih.gov/info/
2001report).

oA AlEe A "asgk AR F el NANOG
protein 2003'd ¥= o =H 2] I8 Austin Smith 259}
A& vt #8AF4 Shinya Yamanaka BALel] ©J3f ujjo}
Z7)A Z A A th(Mitsui et al., 2003; Chambers et
al., 2003). NANOG T2 HARIZEZA consensus se-
quence((C/G)(G/A)(C/G)C(G/C)ATTAN(G/C))oll Adst=
Ao ol w i Mitsui et al., 2003). NANOG T 2
Ag 7140l ok AT obF S EAE 22U, NANOG
T AZF A F st HARIAR] OCT4, SOX2, Rex-1 5
& A ME AE 4 (circuit) 2 2-&-3te] 27t
A A 71edak= A S 2 B ITKShi et al., 2006; Shultz &
Hoffmann, 2007). 3+, NANOG+ GATA6<] promoter©]l
A3le] GATA6 H3 & o

ANANE BES P 27
ATKSingh et al, 2007). e A+ Azl &3H
NANOGE 3 #3+5 fRrdle 222 481 NF-kBS
o AHAe AT F3 NF-kBY HARAL AT
STAT33 dEste] E71412e] 54 FA9 7] 3K Torres
& Watt, 2008). NANOG+ multi-domain protein® 2, 27}

A transactivation domain =

N
9,
>

7
T

2=3)
A, g
o

N-terminal transactivation
domain@} C-terminal transactivation domain?l CDE %3}t
3t I th(Pan & Pei, 2003). N-terminal domain-> & 4H3

O 2~ ol-
;l—ETAJ\'\:—

7F F 95709 ofp|ito® FAJE T CDE 150 residue
2 FAHo 9o, transactivation motifd] A Z& 4 <)
© obiat 24 Ee PR 57301 Aol = 738l
transcription activations F7/H3l= A2 4HA 9l
NANOG7} 243 7H me] ] domain°] B2 <1 A7}
o thgk A o} LA WA A GRS EE, o] domain
o] £4< B3lthd NANOGY Z7IH X thgidl 9
7IAE factorZA S F2A4Q] ol & Y & Us A
]W%E}(Pan & Thomson, 2007).
A24e] BE S olsfar] 9

promoters 418k, AARQIALS] A F9E Oﬂéf?} *4
gt

9] transactivatorl] A1 Ser, Thr, acidic residue

=
4 4

g o} - 0] g A7 A2
Y52 Nanog promoter®] 41 53l transcription®] A%}
a17] A 180 bp(AF) = 118 bp(e17h) SIAA OCT4/
SOX2 AgAE & 78+ o, Al promoter study*
3] o] FHo| Nanog FA A & wj-$- 3o
A3t (Rodda et al., 2005; Kuroda et al., 2005). ©] F-&
A, 7, A7kl & BEE O JJoEE, kAo 2

£ 917} promoter| M= o & = glo

o
zog]_o 3

-

o
ks
, A]xﬂi 1124 :%"

st sk Axt= gtk ¢k, AF Nanog promoter
ol STAT3, T$ FOXD3 @#d <x7t ZAdsA =HH

promoter’t 43} AT p533 TCF3 w2 <lzje] 9
34 JA 7t Fol d#EHh(Pan G & Thomson, 2007). 3]
ZolE A7 welE7|AEANA OCT49 SOX2 w23
KLF4, PBX1 ©@¥jdo] M2 2834 Nanog promotere]l
dEE Foe Aol gHA F, KLF4¢h PBX1 B d &
FAEA 7| Nanog promoter®] &4 o] Z718tal, KLF49}t
PBX1 @ A& EAMO|AI|H Nanog promoter?] &4
°] 7.% gtk & OCT49 SOX2 w23} KLF4, PBX1
Ao 7 A& | Nanog promoter] &4¢] B Z713

o] & A th(Chan et al., 2009). ¥ Aol M= QA7+ Nanog
promoter cloningd}, th¥et 2719 deletions 7}H pro-
moter constructE Al 2-ske] 17F uij o} kA I
ter EA-E AT ZH promoter F$]2 =
53] OCT4/SOX2 A% #91¢] x}a Sol4

o

Zoﬂ A] promo-
24& gelst

Rnom, Zoy
o2 §x3y, 1 AHE v wFO 2N A7+ Nanog S A

SRR RET )
Mz H U
1. BHOIUM RS B

A7 wjetdA 5 NCCIT+= American Type Culture
Collection(ATCC, Manassas, VA, USA)IA T3}

wjol A E = 2~3Ymte} Al WS FATh W F HA
of At e wioldM EZE 1X PBS(137 mM NaCl, 2.7

mM KCl, 4 mM Na,HPOy, 1.5 mM KH,PO)ZE F H A%
3t & TrypLE Express(Invitrogen, Carlsbad, CA, USA)E
H7¥sted 37C, 5% CO,, &3 incubatorol A 57 73
o gY AEZ F2lE AEZE 10% FBS, 100 U/nl peni-
cillin?} 0.1 mM 2-mercaptoethanol®] %X3¥ RPMI-1640

medium ¥l %NS ¥l 2,000 rpmlE 3E FoF AHNE
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sto] 3|k A5 NS AASL A iR o A F-FAIA
wj ek Aol 7+ F(5%10° cells/10 cn dish), 5% CO.7}F 4

£ 37T v 7)ol M i kaldth. NCCITS) ¥317F 22 d
71%-91= 10 ° M retinoic acid(all-trans, Sigma-Aldrich)Z
59712 A28kt

2. Nanog Promoter Constructs H|%t

0.4 kb(—61/4365), 0.6 kb(—253/+365), 0.8 kb(—348/
1365), 1.0 Kb(—651/4365), 1.2 kb( —838/4+365), 1.4 kb(—1,053/
+365), 1.6 kb(—1,232/4365)2] Zolol &F3st+= Nanog
promoter A& primer¢t 217} genomic DNAE ©]-§-3}o]
PCRZ ZZA|Zth A gl A3 primer= Table 191 A A]
39tk PCR 2719 24 denaturation 94°C 1 min, annealing
58T 1 min, extension 72°C 1 min 24 S 35 cycle W53}
%1°.H, HiPi Plus Taq polymerase(ELPIS-Biotech, Daejon,
Korea)& ©|-&3t5ith 5Z ¥ DNAT agarose 7|95 <
3l 2715 glsk, gel extraction kit(Solgent, Daejon,
Korea)& AHE3le] &4 #2]3k & TA cloning kit(Solgent)
£ AHE3sle] DHS5e competent cellol A cloning@}tSdth.
Clonings DNA A €2 Solgento] 2|&|3le] HE& EAd
H H]3L site(http://prodes.toulouse.inra. fr/multalin/) & %3}
of Mg HYEAE T3l Stk Agtaiel Kpn 13

Table 1. PCR primer sequences used in this study
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Bgl 1 & ¢85t 7} promoter A1 €S promoter”} $1= pGL3-
basic ¥ E](Promega, Madison, WI, USA)°l 243}
promoter-reporter constructE A 23T SH1E reporter
vector= midi prep kit(Qiagen, Valencia, CA)E ©]43}4
R d T transfection Aol AFEETH

OCT4Y} SOX2 binding site 5 3l S F F-9]o 5
HolE L3 promoter mutantE A Z38}7] 9181 muta-
tion =4 primers AZstAth AMES primer A ¥
Table 19 A1 A13}S1th Mutation =8 primerg ©]-83}4
13 PCRE 38t &, ¥ojzl PCR productE annealingdt
o primerg F7tetA @3 Taq polymeraseE 3 7tate]
extension®] E7| & &, 0.6 kb(—253/4365) A2 e A
£3 primers ©]£3l4 mutant promoter M E& FZAH
t} $Z3 MES TA cloning ¥ DNA sequencings E3|
X8 891517, pGL3-basic ¥EZ subcloningdl] mutant

promoters $H4J3FA T}

3. Reporter Construct Transfection % Luciferase
Activity £

5x10°9] Hjo}tA £ 2 6-well dishol platingd+ 5 12417+
% Lipofectamine 2000(Invitrogen)S ©]43}%] Nanog pro-

moter construct$} pRL-null ¥ EE &7 tarnsfection’] 7]

Purpose Target Primer sequence (5° — 37)
0.4 kb CGCTCGAGTCAGTAGGGGGTGTG
0.6 kb CGCTCGAGGAACCATATTCCTGAT
0.8 kb , CGCTCGAGACCATGCGTGGCTAA
For deletion mutant 1.0 kb > CGCTCGAGCTAATGAGAATTTCAA
constructs 1.2 kb CGCTCGAGACTAAGGTAGGTGCT
1.4 kb CGCTCGAGATGTTAGTGCTGGAA
1.6 kb CGCTCGAGAGCAGAGTGCAGAG
Downstream primer 3 CGAGATCTTGAGGCATCTCAGCA
5 CAGCTACTTTCAAATTACAATGGCCTTG
OCT4 mutation
3 CCATTGTAATTTGAAAGTAGCTGCAGAG
For site-directed . 5 TTTTGCATTAACCTGGCCTTGGTGAGAC
mutagenesis SOX2 mutation 3 ACCAAGGCCAGGTTAATGCAAAAGTAGC
OCT4 and 5 CAGCTACTTTCAAATTAACCTGGCCTTGGTGAGAC
SOX2 mutation 3 ACCAAGGCCAGGTTAATTTGAAAGTAGCTGCAGAG




126 H8% - A9

o} 16717
(Promega)s ©]&3t] MEZNE AN luciferase TS
%73 %, pRL-null 45 o] &3td XS HA3A T
Luciferase 273 luminometer(Junior LB 9509, Berthold,
Bad Wildbad, Germany)E ©]-&3t9] Z43}9]th

% Dual-Luciferase” Reporter Assay System

4. Western Blotting

M lysate® B & wEe B AL HEFEte] 2 <
9 NEE 12% SDS-PAGE geldl #3512 719 %3
ot Aoz #2dh B AL nitrocellulose membranes
(Millipore Corp, Bedford, MA, USA)Z &Zth. H|E014

A S Ao AgS WA sl 5% skim milk7t 71
1X PBS-Tween 20(PBS-T) &4 02 147k &<t vH-3-8 &
12k OCT4(Santa Cruz Biotechnology, Santa Cruz, CA,
USA), NANOG(Millipore Corp) == GAPDHO 5] 29
87 (Santa Cruz Biotechnology) & 3 A7} 5-9F WHS-A| 7 T}
PBS-T £9°2 A&g &, 23} A (Amersham Pharmacia
Biotech, Piscataway, NJ, USA)Z & A|7F FoF wk-g-A| i th
West-Zol™ Plus(iNtRON Biotechnology, Seoul, Korea)E
AHgstel WeNSHS FABTh

2 o2

2 1

1. U7k HHOIUMZEFUAM Nanog TR &ed 5—-.K.’_l
917t wjo}= 7| M L= transfection &-&°] v wo
promoter 77} o} &5}, wjolehAl E50] Aol = L”i
t} transfection©] A &0t R, B AT A= Nanog
AR wES gQlar] AAate] 17k wjolE A E Al <l
ZF oA 2FE ARSI E ST Q17 ol ZF
A Z71A X vH7¢l OCT4, NANOG T4 o]
FHES T FEA AT 5 UTh o= 71EY
A A|3l= A F}o] th(http:/stemeells.nih. gov/inf0/2001
report). SHH, Wlo}E /A X E wjoldA Eo A KEE
2 & retinoic acidE A2 & OCT4 2
NANOG? Z&& Aoe A3, L3k 7|7ko] 733
TE o) WA WEo] FA 7Aache AT F AN
CHFig. 1). 18 EE WE3FH & KA A gt Al
XA A Nanog &% golst71 2 3t
}\}\Tq—-

Hﬁ

=

A7+ promoter] &4

wpgel - 093]

w4} 44

RA
0O 1 2 3 4 5 (days)

NANOG

I GO

Fig. 1. Expression of OCT4 and NANOG in NCCIT cells and
during differentiation of NCCIT cells. Differentiation of
NCCIT cells was stimulated by treating the cells with 10~
M retinoic acid (RA) for 5 days. Expression levels of
OCT4 and NANOG were confirmed by Western blotting
analysis. The amount of GAPDH was shown as a control.

2. Nanog Promoter2| Deletion Mutant Construct |
Z+ 9l Promoter 4 &0l

Nanog promoter®] AA}F 24 7] 28 o]&)sl7] 913814, 1.6
kb promoteroﬂ A AlZte] kst Aol Nanog promoter
MEE gH3T, deletion mutant constructE Al 23} th
(Fig. 2A). 997 promoter-reporter construct2 NCCIT
cellol transfectionA]7] ¢ promoter A4S AHE ZAx}
0.4 kb promoter(—61/+365)% A= &4do] v]$- wou} 0.6
kb promoter(—253/+365)° A= promoter construct %l A1
7HE 7he @448 S8 4 AU thFig. 2B). 0.4 kb promoter
(—61/4365)¢} 0.6 kb promoter(—253/+365) constructE
vl ws] EH, Fig. 2Bl H& vk 7o 0.6 kb promoter
(—253/4365)9l= OCT4, SOX29 2% A7t 2ddch
(—118/—101). ZZIHEZ ©]E promoter construct AFo]llA]
H ol promoter 49 ko] OCT4, SOX29 4] of &
o 9J& 2AHE= AYE A= 4= Utk Promoter construct
oA upstream A Eo] ©] dojd 7-9(0.8 kb, 1.0 kb, 1.2
kb, 1.4 kb, 1.6 kb)9l= promoter &4 o] 238 tAadl=
RS golgk 4 9l =, o] negative element®] =4 7}

S4E AABIL SIthFig. 2).

3. OCT4, SOX2 Zg 222 xf2| S0[X S¢HO|
Promoter %t %! Promoter &4 =9I

OCT4, SOX2 ol g o] Agt o] z}o] zo;\q L} R

7] $13t4, 0.6 kb(—253/+365) promoter constructE 7|47t
OS2 3t4, OCT4 & SOX2 Tl d A% #91E 3 /g 3
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A.
-118 -101
OCT450X2 ,—)
1232 - +i 16kb
-1053 - 1.4kb
+1
-838 - 1.2kb
+1
-651 - 1.0kb
+1
-448 - 08kb
+1
-253 — -71 06kb
+
Bl—3— 04kb
Transcription
start site
B.

60 -

50 -

40

30 4

20

Luciferase activity
(fold activation)

10 4

vector 0.4kb 0.6kb 08kb 1kb 1.2kb 1.4kb 1.6kb
control
Fig. 2. Construction and analysis of serially deleted mutant con-

structs of the Nanog promoter. (A) Schematic illustration
of serially deleted mutant promoter constructs cloned in
pGL3-basic luciferase reporter plasmid. The positions of
the OCT4 and SOX2 binding sites are indicated. (B)
Luciferase activity of the serially deleted mutant promoter
constructs. Promoter-reporter constructs were transfected
to NCCIT cells along with pRL-null vector. After 16 hr
incubation, luciferase activity was measured and normalized
with pRL-null activity. Luciferase activity is shown as a
fold-activation compared with the cells transfected with
pGL3-basic vector as a control. The data represent mean
fold activation from three independent experiments.

A7) mutants}, F 2 £ TEE WA mutantsS
AzeAth SdHolE 28 93] 2 HAE HEL Fig

3A9] AAsH T
celldl| transfection 171 ¥ promoter &< ¥ A3},
OCT4, SOX2 @il d ZAg 79| 5 shuvt Fdwo] AAR
Nanog promoter?] &4¢] §243] 7+438lo] pGL-basic vector
control#} fFAMEE 0] HE A AT ¢ UTh(Fig. 3B).

Mutant promoter constructe NCCIT
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A.
5 CTCTGCAGCTAdI T I_IGCATi'ACAATGbCC 3
OCT4 SOX2
OCT4 SOX2
WT  TTTTGCAT TACAATG
OCT4mt  TTTCAAAT TACAATG
SOX2mt  TTTTGCAT TAACCTG
OCT4mt/SOX2mt  TTTCAAAT TAACCTG
B.

53 0CT4 SOX2

-2
OCT4/SOX2 mt

— o ]

Luciferase vector control
1

0 5 10 15 20
Luciferase activity (fold activation)

Fig. 3. Construction and analysis of mutant Nanog promoter
constructs including site-directed mutation(s) in the OCT4
and/or SOX2 binding sites. (A) Site-directed mutagenesis.
Changes of the nucleotides are indicated in bold letters.
(B) Effect of OCT4 and/or SOX2 binding site mutation
on the Nanog promoter activity. NCCIT cells were

transfected with the mutant promoter-reporter constructs.
Cell lysates were prepared and the luciferase activity
was measured and normalized with pRL-null activity.
Luciferase activity is shown as a fold-activation compared
with the cells transfected with pGL3-basic vector as a
control.
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Hlolz 7|22 Aol 9lo] z7F AJAYS] mechanismS
wlo} Z71A 25 2315 A EA vkt

=)
TR 712E AFeH, RS/ Z A

A7F A e Fag S Fof sho] BE NANOG T
9] W mechanisme HshE AL W Fastth Aw
7HA 9] B AL WA Nanog promoter 2 A7 wio}=7]
AE EE HloldAEE o] &3} o] Fo]H M, promoter
ML A S 7IREe R QI7F Nanog A7 HHE
AFelE chromatin immunoprecipitation assay 5= 53 &
ol3t= W0 2 A8 = 1 th(Rodda et al., 2005; Kuroda et
al., 2005). I8 22 AAZ 217+ Nanog promoterE cloning
3to] site-directed mutagenesis 5= 3l AlEaA 43
A= AANEA G Aot & AP E 17 Nanog
promoter?] ThF3H mutant constructE A3} Q17F Hjof
PAEFAA T SAS AT EM, QA7 Nanog pro-
moter®] 24 A st stk B A A3,
0.6 kb(—253/+365) promoter construct”} minimal promoter
EAFY T UST IAsACH(Fig. 2), A2l 5014 &4
HolE B3 OCT4¢9F SOX2 “wulde] Agt 97} &5 ot
T8t A SIS 4 ASATHFig. 3). U7 Nanog
promoter constructE A F Bl oFkA| 21 F9°l transfection
T3 ol wpriA e 23S o
A=, & 5ol Foll F#38HA Nanog promoter

7F A5 F 9o, 53] OCT4, SOX29| F274& vt

negative elementZ= p53 A 917} Ath(Lin et al., 2005).
p33< wlolE TNz 1 &

ogt Asf AgellA 7190 e] Bzl v7E $IthHan et al.,
2007). p53°| Nanog promoterel Z2%3}H Nanog 4 A+<]
o] A n, &3lol] wE p539] A st b HFol
A Nanog®| o] Aty 7loste ACE dHA Q)

S35 o] 93]

w4} 44

. ol9jell = ©Z promoter 919 T4 R #E T
of #Hek AT Ayt FFo o & ZCE o tH
A-FA A A ZEE promoter-reporter constructe= FF <l
S 2Ase JdAE AANEke &

A= Aot

ol X ri X

Nanog promoter
A 248 &

ZAR| 2
B ATE 20089% SRS A TAAANG e A
AE wo} FYHAYFYT
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