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RNAi #i ] NANOG 1% xJ T4z 20 A HepG2 st MDRI1 ik K b 8 RH S 8IS0

J G, A SRNBGR L RRE, TR AR RME R, G RAE BRRAR (510120 )N, LRSI S EE RS MEL)

[(HE] Hm R0 NANOG kx40 HepG2 th Z 24T 2555 1 (multidrug resistance gene 1, MDR1) 3
Ik B B R U R, Jiik K HE R NANOG JE[H (145 54 siRNA F5 L iTJ 41 i HepG2 , Real-time PCR F1 Western
blot #;i siRNA L2k NANOG %:[A j5 NANOG \MDR1 mRNA FIE [ (1) 423k , A 5 BT S0 46460 0 U 2R NANOG A J5 Xt
21 i35 5E RE 7 ) 52, U S AR R TR NANOG SE [R5 X200 it J1 301 9 2 i, CCK-8 32 Az i Bk NANOG 3% [H J5§ HepG2
AN P R ORI 0L, 85 B NANOG JERURE R P siRNA #% 48 JFF98 41 il HepG2 )5, g A 21 il NANOG
mRNAFIEE K5k, 5 Mock 21 LUAE 4357124 (0. 32 +0.05) F1(0. 38 £0.08) ; 55 Mock ZH LA, VUER NANOG H:[Hf5 , 4 Jid e b
R TR (8.51 £3.63)% vs (17.13 £2.24)% , P <0.05], 3 A G,/ G, 1) 41 ffl bt 451 388 22 [ (75.33 £8.21) % wvs
(57.81 £5.05)% , P <0.05] ,HepG2 2 Jitd i By 2 2 AU AR P 1855 (P < 0. 05) , HepG2 4l i ¥ MDR1 mRNA FItE (£ IL T
F%, 5 Mock 41 HLfH 4351 9 (0. 35 £0.06) F1(0.41 £0.08) , &5  ##l NANOG &35 7] 5] & T4 4l il HepG2 H MDRI 1y
IR T VR 448 5 200 Ko B B 2 A AR

[XER] & ;NANOG; 8 K ; Z 25 245 3L A 15 Ay filgtek:

[HEESHES] R73-36;R735.7;R979. 14 [ XEFRER] A

RNAIi knockdown of NANOG inhibits MDR1 expression and promotes doxorubicin

sensitivity in human hepatoma HepG2 cells
Zhou Jiajia, Chen Rufu, Deng Xiaogeng, Zhou Yu, Zhou Quanbo, Zhang Jie, Wu Yaohao, Zeng Lexiang, Qiu Ronglin
(Department of Surgery, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou, Guangdong Province, 510120, China)

[ Abstract | Objective To investigate the effect of NANOG knockdown on multidrug resistance gene 1
(MDR1) expression and doxorubicin chemosensitivity of human hepatocarcinoma HepG2 cells. Methods
Transient transfection of the specific siRNA targeting NANOG gene into HepG2 cells was performed. The
expression of NANOG and MDR1 at mRNA and protein levels was detected by real-time PCR and Western
blotting. The influence of NANOG knockdown on cell proliferation ability was examined by colony formation as-
say. The influence on cell cycle was tested by flow cytometry. The doxorubicin chemosensitivity of HepG2 cells
was detected by CCK-8 assay. Results Transfection of the specific siRNA targeting NANOG gene into HepG2
cells could effectively inhibit the expression of NANOG mRNA and protein, with the ratio of siRNA group to
mock group of 0.32 +0.05 and 0.38 +0. 08, respectively. Compared with mock group, the siRNA-mediated
silencing of NANOG gene in HepG2 cells resulted in decreased cell clone formation rate [ (8.51 £3.63)% us
(17.13 £2.24)% , P <0.05], increased proportion of cells in G,/G, phase [ (75.33 +8.21)% wvs (57.81 +
5.05)% , P<0.05], and increased chemosensitivity to doxorubicin (P <0.05). Furthermore, knockdown of
NANOG gene caused the down-regulation of MDR1 mRNA and protein expression, with the ratio of siRNA
group to mock group of 0. 35 £0. 06 and 0. 41 +0. 08, respectively. Conclusion Inhibition of NANOG
expression in HepG2 cells causes down-regulation of MDR1 expression and enhances the chemosensitivity of
cells to doxorubicin.

[ Key words ] hepatocellular carcinoma; NANOG; doxorubicin; multidrug resistance gene 1;
chemosensitivity
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HT4m g ( hepatocellular carcinoma, HCC) 2% I,
FRGMERE 2 — , KO3, HoAH DR SE A TE TR [ H1E
2 fii. HETFEIGIT 2 LT AR b £ KA 7 & n 25
BIRYT ARSI 25 R AR PR EAR UL, 52000 T AR
BITROIG o 3 A K 3 HY A0 i 1 41 ( cancer
stem cell, CSC) BB IA R Jibsgd P9 — /NGB o HAT 4 A
R 1 9 A L e TR T8 SR R RS R AT T 24 AR
B TR T NANOG HrF] OCT4,SOX2 J:[F] 4
FRE G T4 0, gk o & e metk s 2 ae bt +
AERERIc 2 —" B9 & B NANOG 7¢ FLARIE | i
GG B i A S R TR S IR R VRS (it
AT T RBFSE RN RNA T4 (RNAD BEBR AT
JEANML HepG2 rft NANOG (#3235, Hid # fil NANOG
FEIRXF I 98 0 B ) R 2 BRI B 22 2 2 B T 1
( multidrug resistance gene 1, MDR1 ) Z& 3k B2 .

1 HBE57®

1.1 #mfetk % siRNA

N4 Bk HepG2 H A SE 80 2 AR T, 76 & 10% JiG 4R i
[ RPMIL640 $557 5 555, B F 37 °C 5% CO, FAHXT R
95% MfE IR EE TR A, 1 ~2 d i, siRNA H13E[E Ambion 24
") e 2k %3t 1. H (www. ambion. com/techlib/misc/siRNA _
finder. html) 35 T 58 B, ¥ B8 SCHk [ 6 1 B 0] Ao £ 0 3R A 26
siRNA T3t £ 31 /5 5 NANOG: 5'- CCAGACCTGGAACAAT-
TCA-3";GFP;5'-ACTACCTGTTCCATGGCCA -3"; /i ] M i 1 A=
YA TG N
1.2 ZZRXA R KRR

RPMI1640 #5238 % il 2 I A [ Gibeo 22 &) ; NANOG
MDR1 G N B e iR A Cell Signaling Technology 2\ 7] ;
B4 RNA $2HURF Trizol JE FifAk 2000 ( Lipofectamine™ 2000) #
I B Invitrogen 7\ 7 ; Real-time PCR (7| & 4 H TaKaRa 2\ &) ;
Fi 7% 2 ( doxorubicin, DOX) W4 H 5% & il 25 24 vl ; w1k Py b
(propidium iodide, PI) Il H Sigma 2\ &) ; CCK-8 {5 B H A< [F]
{ZAbZERF ST T -
1.3 st

O AE K ) HepG2 21 i, 42: 80 T 6 fLIE S, B 5%
24 h G R ARG ik 80% ~85% I AT AL G . YLHT2 h
TGN B LV R R R, SEER Ay - A A, B Al s A
2000 ZhPHZH (LLF fa K Mock 41) ;B 20, 5 5 f4 2000 % 4% GFP-
siRNA 41 (DL F & #& siGFP 41); C 41, g & fA& 2000 % 4e
NANOG-siRNA #H (L R i #x siNANOG #H ) . #%Jlig i fA 2000 #%
Pl G UL AT AN N e 24 ~ 48 h S W SR AN M AT S £
SRS, UNEERRAE 96 FLAR T, 42 Uk B P AH N Hh i 5 20 i E R R
Pl
1.4 Real-time PCR #n)|

YA 4% YL 24 h J5, Trizol E4RHUAS 2H 40 MK RNA, 2£ 513

FECEETHAG M RNA Ve i X 4l 4% Real-time PCR 35 £ £
Ve B 45 4 ) cDNA, Nanog I3 5] #: 5'-ACCTGGTGCAC-
CCAATCCTGG-3"; R84 5'-CCCCAGCAGCTTCCAAGGCAG-3';
MDRI | Ji#5|#):5'-CCGAGCACACCTGGGCATCG-3'; MDR1 F
Wis 4 :5'-GGCCTCCTTTGCTGCCCTCAC-3! 5 B-actin | 15| 4 :
5'-TGGGCCTCGTCGCCCACATA-3"; F i 5] #7: 5'-GTCGTCGA-
CAACGGCTCCGG-3'; B-actin-F, PCR JZ Ji 4 4£:95 C 20 s,
95 °C 10 5,60 °C 30 5,70 °C 10 s,35 MEW, FEIRAREK
W3V G, SR A 2-2 4 Bl AT AT
1.5 Western blot 4|

ALY 48 h 5, Fie vl B AR SR BUR R (1, BCA YA 2 2
WS . el 10% SDS-PAGE BEZHLTK , 45 EREFLINA 25 pg IR
FIRE & HLTK S 5 BN S RS AR ET 4 R 5 (PVDF) I |-, PVDF JIE L)
50 o/L BEARWIREHA 2 b, 435N A NANOG \MDR1 4t A\ Hi5g
BE—Pi(1:1000) T4 CFE LR, 2 TBST k3 o, A
MR E AL BRI ) E BT ellBi (1:5 000) , =R MFHE 1 h, TBST
Y 3 UK, ECL b2t & ekl M & B3 (B 6., 4 Bio-Rad 2\
BRI Mk Quantity One Xof PRI HEAT 2B -0 5 0 JEE (R
1.6 “FARSUIET =5

ANMLAEE Y 24 h 5, 4 20 R D O A S I HIC B 4T
W, HUS00 A e Fp TR R ILP, AR 3 A ER AL, T
37 C 5% CO, FIAHNHB R 95% a3 7 do
LR E 1% 45 iR e o, WAMEE R 5 e BT i (%
A 10 A URELL SIS R 1A TORE) | SERETE R (% ) = SEkE
T 1 F R AR AL x 100%
1.7 T FFH AN

BOBUE K] HepG2 4l , 80T 96 FLAR, 5597 24 h )5
RN MR Ay ik 85% Ao ATI HEAT AN MGG Y . AL YL 24 h,
A DOX IEW BAME N 1 pg/mL 5 pg/mL, 54015 5 4 FAT
L, AREEHTFR 24 h R 48 h, B4 AN 5 L AR 6 B 3R 3 I im
A 10 pL CCK-8 ik, ¥ F 37 CHEE 2 h, H B A= 40M E
450 nm {1565 FEAE [ D(450) ], CCK-8 AR 240 A7 %
1.8 A X mpe KAk

YL Yy 48 h J5, AL AU, FH PBS il 55 B S 41 A
FH 750 mL/L Z 4 °C g 2, [ 4L 28 PBS Piik 2 IR,
BRI PL YL, IR 30 min, 9 20 40 A B
of o 0 2 0 40
1.9 %itsam

AR x s FoR R SPSS 13,0 et kit i i . £
2 18] BLER FH B R 38 T 22 M, 2B 1) 0 G L 2R e e/ s S 3
Z5L(LSD ) .

2 #R
2.1 RNAi #f NANOG %3k ¢4 %
Real-time PCR Kl &% 7%, >R JH RNAi #)ifil NANOG ik J5

siNANOG £ 41l /il NANOG mRNA #3k7K F-# 45 Mock 21 2 F
B, LLAE D (0.32 £0.05) , 225 A Gt 5 L (P <0.05) 5siGFP
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205 Mock ZHAH tt NANOG mRNA FiA/K M TCHH B 22 5%, HUfE 201
SA(0.95+0.06) (P >0.05), /LK 1, Western blot 45 5 il 715, .
SINANOGZL ) NANOG 7K |13 7K -4 Mock 411] i3 F I, JR & s a
A} (0.38 £0.08) , Z A48 X (P <0.05) ;siGFP 41 Jlg ok
5 Mock 4L NANOG 2 [ 2 /K -0 JE ] 3.2 5, R B e () s
S4(0.96 £0.05) (P >0.05), ULIA 2, =
5 iz T 2 3
D 215
® 0.8 1: Mock 28;2; siGFP #1;3; siNANOG #1;a;: P <0.05, %5 Mock 41
;72 0.6 SIGFP 48}k
5 04 B4 FHSTERRIIANEAME NANOG Rik3t HepG2
% 02 AR R AR RSN
Z
0

217
1: Mock 2832 siGFP 48;3: siNANOG 41; a: P <0.05,5 Mock 21 .
siGFP 48 3t 4%
1 Real-time PCR #il| & £8 RNAi #]14) HepG2 2 NANOG
mRNA fjFRiE

1 2 3

NANOG(42x10°)— . - —

GAPDH(36x10°)—> M. S— — oy

1.2
1.0
0.8
0.6
0.4

NANOG & A kK

0.2
0

1

2
415
A Western blot #-| 2& £ ;B . ¥ 2 T 45#4k 1: Mock 2832 siGFP
213 siNANOG #H;a.P <0.05,%5 Mock 48 siGFP a1k 4%

2  Western blot #&illl & 48 RNAi i HepG2 ZHfE R NANOG
EBalE

2.2 NANOG 2 je 3%, T4 75 %, 09 % v

B2H ORI L ER : Mock 4 (17.13 £2.24) % ,siGFP 41Ky
(16.40 +2.74) % ,siNANOG #H }5(8.51 £3.63)% , siNANOG
ZH A0 T8 e T R K T Mock 4, ZR A8 L (P <
0.05) ;siGFP £ 5 Mock £H 411 il 5 B4 & Al R TG W @ 2% % (P >
0.05). LK 3.4,

A:Mock #1;B:siGFP 41;C:siNANOG 1
3 BRWMBURSARMEEEEEEL (£8%)

2.3 NANOG x}mfiee ) 3 09 % v

Ui 2 A0 A T 45 2R R, 5 Mock 4141l Gy/G, 3]
(57.81 +5.05% ) Hi Lk, siNANOG £H40 G,/ G, 1 Fi 43 LL TH %
H9(75.33 £8.21) % ,S + G,/ M S AN MBS AR 7 i /> , 22 544 ¢
H2 73 (P <0.05), siGFP 405 Mock ZH 40l G,/G, i & 4>
FEW 225 (P>0.05) o WL S,

1001 [ el
a
S+G/M
sof D5+
% 60
=z
=
= 401 a
F
20
0
1 2 3

215
1: Mock #8;2: siGFP 28;3: siNANOG #;a:P <0.05, 55 Mock 41 .
siGFP 48 pb 4%
ES5 R ARKETNZE HepG2 AR B HA Tk

2.4 NANOG ¢ 2m Bl 5 2 A5 B P 69 % v

CCK-8 ¥ 4 Il 4% 5 & 7%, siNANOG 41 41 ffd 75 Fi 55 &
1 pg/mL J 5 pg/mL Ab3 24 h J5 4 MIAEVE 260350y (13. 14
5.41)% F1 (10. 51 £ 6. 15)% , ¥ {% F Mock 41 [ (40. 31 =
5.08)% (32.76 £5.22)% | , £ R HGiiT2 & X (P <0.05);
siGFP 21 5 Mock HAH L L & 2 5 (P > 0.05), IL[&] 6A,
SINANOGAH AU 7E B 75 25 1 pg/mL 4L B 48 h J5 40 MU 77 35 %
(9.67 £5.33) % ik F Mock £41(34.35 £5.17) % , =25 H G it
H (P <0.05) ;siNANOG ZHAHMIAERFE 2 5 pg/mL 4031 48 h
J5 A AETE %(3.23 £4.65) % 5 Mock 41 (11.54 +3.21) % #H
FTE R 25 (P >0.05) ,siGFP 415 Mock 2140 H. 35 TC . % 2%
S (P >0.05), WK 6B, 3= 8] RNAi 1 ] NANOG =ik )5
HepG2 21 ffi Xof B 25 2% A SR M 1 58
2.5 NANOG + MDR1 %k #9%h

Real-time PCR #:Jl { 7~ , 5% JH siRNA i NANOG %3k )5
sINANOG #H 4 it MDR1 mRNA 23k /K SE 2% Mock ¢4H Bl 5 F
R, LLE 2 (0.35 £0.06) , 2 A G #E L (P <0.05) ;siGFP
215 Mock ZHAH Ht MDR1 mRNA 35K -0 JC B i 22 5, Hefl
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S4(0.93 £0.05) (P >0.05) , Western blot 455 il 7, siNANOG
211y MDRI 7 4 £ ik K 55 Mock 21 B B F &, JKJE LU (E N
(0.41£0.08), ZRA G X (P <0.05);siGFP 415
Mock 41 /) MDR1 £ [ 3% 35 /K F- W JC B & 25 5, K B LA
(0.94£0.08) (P>0.05), W& 7, FH RNAi #ii{i] NANOG %

ik B HepG2 #fifarh MDR1 mRNA I () 3Ri5
60

@ Mock 41 O siGFP 4 siNANOG 41

S50F

40

30F

TR (%)

20

10

0

) e (pg/mL)
B Mock 41 DO siGFP 4 ERsiNANOG 41
40

50

301

TG (%)

201
a

10F

1

e (ug/ml)
A:24h;B:48h 1.1 pg/mL; 2.5 pg/mlL;a:P <0.05,5 Mock 41,
siGFP 28 bt 4%
B 6 CCK-8 il A=) K B B & 1E A R E R 8 /5 & 48 HepG2
MppTFEETN
1 2 3
S SR e < \[DRI1(180x10°)

S S S G APDH(36x10°)

1 2 3
415
A: Western blot 4 25 R ;B: ¥ EHA4 R 1: Mock 4852 siGFP
2833 siNANOG %8 ;a:P <0.05,5 Mock 28 . siGFP 20 tb &
7 Western blot #& Il RNAi #1#] NANOG X i% /5 HepG2 4
i MDR1 &E B )&k

3 i

S JeA o 24 S s AR o 98 A 2R IO 32 UL
CSC BHLE Ay Ji e ik 285 BIF 52 ity 7 S A3t 18 B g« CSC

A] BB e 5 ke S AT 24 R Sk, T CSC A EE
WA TR 2. H e N FLIR I I B 55
S IR B F) CSCHT Y JHCC et 7 7R T 40
M2 (liver cancer stem cells, LCSCs) [9-10] , A fE & HCC
fRIF It 2 E B . NANOG S 3t 4F 3k % IR — 4>
Hexy ESCs [ 38 5B F1 2 ) 43 L 08 BB 1Y =1 22 5 SR I
T NANOG S5 26 15 5 g % /L & B B CSC
MW PEAR G D NANOG BEPR 6 A ¥ 1l T 40 )5
SE ST AR MR 9 % 42 s RNAT Bk NANOG
AT LR g K T A B e AN B G B, BH AR R E
J&P 5L NANOG 43 T-FRic 9 43 6 T 40 i R T 96
Y, BAT LCSC AL B 2B W2tk , R I NANOG 5
LCSC X & B 401™)  i ioh i 25 2 1 24 T 7 4 19 K562/
A2 70 g 32 B o B 2 T 4R g f: Pk, £ B NANOG /5 3%
B HRR NANOG 634 0] fi 55 Fibed 1 400 i i e 92 240
ML TT TN 254 ¢ o

REHIE“NANOG J& 525 [ 4 i ALy 7 i 257 1Y
fiis , A< b 58 K H RNAL T 98 i 9 4 il HepG2
NANOG [} 3Rk , %< HepG2 4 i A= ¥)2# 47 H B 22 4k,
257 RNAL R il NANOG 21k, mJ 100 240 il i -
RELY 20 S8 1 T G/ Gy 1), 5 oAt 2 5 A 9 45 2R —
P PR CCK-8 LA HepG2 4 ity i i
T E IEURE, & B4 RNAQ K ¥ NANOG £ ik 5,
HepG2 2 Jitd Xof B 25 25 1y Sl jget: 14 5, 5 B3 %o R 2 %
Mock X I 2 A [k 22 7 A7 G2 it ¢ B X, 3= B4 1l
NANOG 3K 1] A 40 i HepG2 X il 5 25 (1) it 24
P, #E7~8 NANOG Rk n] 82 5 45 HepG2 4l it (1) i
FHRM2E, W50, MDR1 i) 5% ik & 2%
PR Ay 7 2R I B Y, SR AT 1L MDRI Sy 5
PRI RNAT F AR AT DLl i JH- s 4 D HepG2 X 2415 &R
(TR 250 . St — 4 B E MDRI /2 75 78 NANOG
PR PR T 2 hGRAE R, AT T HepG2 4fi g v
MDRI mRNA F1 8 H 1 £ 5, & ;4 RNAI T i
NANOG # ik 5, HepG2 4fi Jifi #* MDR1 mRNA Fi%E 4
RO BT B, F B 6 NANOG Rk 7] i
HepG2 4fififiHt MDRI £ [H (9235, #27% MDRI1 A fgJ2:
NANOG ##5 HepG2 4 75 % i 25 9 35 25 N . R
2, ,NANOG J2 3 i faf P AL 2 5 % MDRI1 5L A iy
Fik? HAMIAERE , RSO FRRADFSE

M2 ARSI T E NANOG 1) RNAL $ AR 9145
TESZMH] NANOG 263K 0] US98 9 41 i HepG2 Xof i
R INBUENE, 7T 685 @i bk NANOG J5 MDRI1 &K 3%
B TNRA K, SR, NANOG = 5 i 45 MDRI i [H %
I L HIA A A, R AT X 2 A
CSC R Z A B 551 Mg it 25000, S48 Sl IR
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