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HepG2 21 il ; i =X 41 M ARA I 43-3#E T J5 CD133 3Rk 3 ; NOD/SCID /)N FRU B S 36 Bor il 1 $E 08K CD133 BE R 94341
(725 A4 AR FHPEIR YL ) s RT-PCR I Western blot #5454 CD133 F£ K mRNA FlEE (#3570 b TE AR S5 56 46 0
25 4 B 25N [ 30 2k BRSPS 100 5 BT R T A1 23R, 20 A R ORI A0 &% 2 0 B O AR 0 2= 280 D, D N B 3
L (SER ) 5 Jt 220 M ARG 45 2H 20 M AL B T 1 00 o 8558 IR MR A 45 2R R, 40 i G CD133 3Rk #4351
H(1.36 £0.20) % Fi1(87.62 +1.92)% , CDI33 " 44N IECH 1 x 10°/ml Bf B 0] I B B RS 48R . RT-PCR 1 Western
blot Ky &5 @7 , BHME B4l CD133 mRNA FIE (13255332 2 B Bl . i CAn AR I 25 2R 8w« PH B4 G, .S
k> G, W3, A TSR N, ST LS IR R FHPEIR YL AL D, Dq N {5 SF, ¥k/0N , sk B s
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RNAI targeting CD133 enhances radiosensitivity in CD133 positive liver cancer stem

cells
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[ Abstract | Objective  To determine the effects of CD133-downregulation on the radiosensitivity of
CD133 " HepG2 cancer stem cells (CSCs) in hepatocellular carcinoma. Methods  Magnetic-activated cell
sorting ( MACS) was used to isolate CD133 " and CD133 " cells from HepG2 cells. Flow cytometry was used to
detect the expression of CD133 before and after cells isolation. The NOD/SCID mice transplantation tumor
experiments were performed to validate the cancer stem-like properties of sorted CD133 * cells. Targeted silen-
cing towards CD133 gene was performed, and the cells were divided into blank control group, negative-transfec-
tion group and positive-transfection group. RT-PCR and Western blotting were used to detect the mRNA and
protein expression of CD133. Colony formation assay was applied to detect colony formation efficiency and
survival rate after irradiation at different doses. Survival curve was drawn and radiobiology parameters D,, Dq, N
and SER (sensitive enhancement ratio) were counted. Flow cytometry was used to test cell cycle and apoptosis.
Results  Flow cytometry indicated that the expression rate of CD133 was (1.36 £0.20)% and (87.62 +
1.92)% respectively before and after MACS isolation. When the obtained CD133 * cells at a dose of 1 x10°/ml,
subcutaneous tumor was found in the NOD/SCID mice after implantation. The expression levels of CD133 at
mRNA and protein level were significantly decreased in positive-transfection group. After CD133-downregula-
tion, the cells at G1 and S phase were decreased whereas those at G2 phase and apoptotic rate were increased
significantly. Colony formation results showed that D,, Dq, N and SF, were decreased while and SER was
increased significantly in positive-transfection group (P <0.05). Conclusion CDI133, as a marker of CSCs

[BE&mE] EEAARAREGH FIH (81171365)
[{EEEE] Z/0M, . (023)68485060, E-mail ; lishaolin@ cqmu. edu. cn



534 5523 W =K B K ¥ %M
J Third Mil Med Univ

2374 2012412 H 15 H

Vol. 34, No. 23
Dec. 15 2012

in liver cancer, could be a target for radiosensitization in liver CSCs treatment.
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1 #REFE

1.1 EZEZMEL5EXA

N JHF 92 40 M #k HepG2 (1 3 whREBe 15 40 il )% ) 5 RPMI
1640 $5773E JBi A iR 4 L3 ( Gibeo-BRL, 38 [ 5 I AL M b s/
FOAEIR A3 SR BB /N BL(NOD/SCID ) iy 5 PR BB R 2 52 55 5l )
LI MACS R % .CDI133/2-PE i 3tk . CD133MicroBead
Kit 3B ik .CD133/1 ( W6B3Cl1 ) pure Western Hi{4 . FcR Bloc-
king BELITH] \MouselgG2b-PE [a] B BR g 14 1 2T 4E 2 g £ < [
T(bFGF) A KT (EGF) K I 40 i X5 (LIF) 2
i H 7% [E MiltenyiBiotec 2\ #) ; & RNA $2£HX )z RT-PCR i{#| &
I B 32 [ Santa Cruz 2\ ] ;CD133 1 GADPH 5|4 .CD133 T4
P55 AE A P A VD I A= ) B AT BR 2 ) 52 1l
1.2 Fi&k
1.2.1  HepG2 4 jitd £ iy 15 % 5 1% 48 HepG2 4 i & T &
12% Jif 4 ML3E 1Y RPMI1640 15779 ,5% CO, 37 C M AR 11
SEEAR rh R IR BRI B E I AN A T TR 22 S
1.2.2 CDI133 " HepG2 T4 1~ 41 Hfd i 53 15 5 Al AL 15 5% i
SRR 10° B0 g , AT S TR Sk , 4 e 45 TR 7™ A%

28 MACS LB A58k : DA 4 PBS Yk , iE & REFH L,
buffer J %, £ ,300 x g B0 10 min, ;850 % Fig. @300 ul
buffer T £ 20 ffd, 1 A 100 wpl 3% 44 BH Wt %] ( FcR Blocking
Reagent) , B4 E A 100 wl CD133 45 %k ( MicroBeads) , 75,
SHRAIG 4 CHEE 30 min, @MIA 1 ~2 ml buffer ¥ %k 40 i,
300 x g B0 10 min, FE47 Z R _LIE W . @H buffer RN E
500 pl, GRTELFF IR Sr ket MS L8R, Mg imA
500 wl buffer JEYE3EAE . ©KF 6 Ay 1 & 407 19 40 2 A, 4 501
WeAE CDI33 7 4 Jifs 5 CDI133 " 4 Mg 3 1 4. ¥ 7 15 21
CDI133 " 4 ity 55 32 78 &7 4 EGF 40 ng/ml, FGF 20 ng/ml, LIF
20 ng/ml [y DMEM B35,

1.2.3 kil 4r 3% /i f5 HepG2 1y CD133 Rk By
JEFTH) HepG2 4N . 43 £ J5 (1) CD133 " 40 fifg, HE AN R 1 x
107/80 wl buffer, fii A 20 ul FCR Blocking Reagent; il 10 pl
CD133/2 $ifk, 74018 5], BEOGTRAE 20 min(4 ~8 C) AT ~
2 ml buffer/10" ~4ii il , 300 x g #5.0> 10 min, [fI3& & buffer i &
M, T A

1.2.4  SURETERSLEN L CD133 ™ il 5 CD13 ™ 41 Jild 7o pE T
HRE SR PR BE A5 B30 B 124 CD133 ™ 4l 5 CD133 ™ 41
Jafi S 1 x 10°/ml, L4 1 000 4~ 41 g 45 L 43 B0 T 6 £LAR
UGB 3 R, 10 ~ 14 d JE 4 kIR, 75 RiEw, A
PBS /MR PE 2 o MAPRE Giemsa Y4 i i 5] — 400 wl/ 1L,
Bl 2 min, S8 J5 A Giemsa 4 i 5 = 800 pl/fL, Y €4
8 min, SR J5 VKRR L P OW, ST, &5 THEt
2 WA T =50 AN UM A 4R, I S B Y AL (plat-
ing efficiency, PE), PE = SEV580H /R 40041 x 100% |,
1.2.5 NOD/SCID /) Bl J88 52 5 W4y 25 5 1 CD133 ™ |
CD133 * A% A 1 x 10°/200 pl 1 x10°/200 pl 1 x 107200 ul,
3 ANUREE ST AHERIE] 9 K NOD/SCID /NERFEMI KL T o R~k R
3 W, ZE M4 b CDI33 ™ 4 i, A5 U b A CDI33 ™ 4 ., W %%
5 Ja] B SEEE P IS B O AN AR RO I , DU g 2, DU
#=0.5 em JFMEIE Y. AN/ ERIE TS B AR <0.5 em
DA A AR 2R 0

1.2.6 fgfmaEde CDI33 "4 WOCImiEEE 71 CD133 " -
HepG2 ZHa R0 T 6 FLACP, B L2 1.0 x 10° 4, goibpe H oy
7S VAL B | BB e A, o 9 R 2 5 B Je%
YL TS IGA5 1 AR B B (MO (A ) 20 43 il e 4y T %
JF5](NC) 20 f1 CD133-shRNA J5 %1 (1895 3 2 x 10°UT/FL, 25
HANAEMERL, 24 h 530K, 5557 4 d J5 7E48) B 90 WM
BET s E2O0E H (GFP) BRIk,

1.2.7 RT-PCR #4520 418 CD133 JLH i &1k Bk
B3 440 1 x 10° N4, HHRHUR RNA B2 pl 5 RNA Dy fs
Wi 5% cDNA FiE4T PCR 9784, CD133 [ {i#514):5'-GA-
TTCATACTGGTGGCTGGGTGG-3", T 75| #: 5'-GCAGGTGAA-
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GAGTGCCGTAAGT-3", ;=¥ K & h 436 bp, 2 GAPDH L-iif
514).5-ACCACAGTCCATGCCATCAC-3', Fif5| 4.5 -TCCAC-
CACCCTGTTGCTGTA-3' ,FEH By 452 bp, 471844 R FiAp
FE 94 °C 5 min;94 °C 305,55 °C 30 5,72 °C 30 s 3£ 30 AEFF 5
72 C 5 min, §HGWL 2% SR HEBE R LK , 45 A E i BEAL
TR R GEHEAT 34T
1.2.8 Western blot M & 2H 41 iy CD133 & [ ik g3
PG 104>, i A 20 i S A v 412 B A L2 1, B 40 pug A
T2 SDS-PAGE HLJK 3 25, S8 )5 Hi e 22 PVDF 5, in A
CD133 —$idsf P b 3, B B o S AL W bR 10 1 SE 5T B/ A 1eG
(1:1.000) VA5 —HUM A ] 37 CIEE 1 h, JT] TBS 2 vl
VEAE 4 . HECL 370 & A LB RS IABUR &, Y 5000 TR
L YEH S ming ERGEFIRE B JE R, B-actin /EN NS
1.2.9  SaBEIERSE IR I A5 AL A B R
TR B K CD133 " IIAR B2 1 x 10°/ml, AR 445 RS 70 11
SRS R 9 240 M KR, ARS8 T AR N R o S SR
e SRS 24 h AL TR ORI 7 (0.2.4.6.8 .10 Gy) ff
SFo RS SRAT R B BN 5 (Varian 23EX) ,6MV-X fff
28 TR Kz JE IR 5 SSD = 100 cm, ] i %R 300 cGy/min, 122 ff
180°,6 AL T 1 em JEEZHZR4R (LA I80 A USON 5200 ) , BES
¥ 20 cm x20 em, PUGHE3 R, 10 ~ 14 d 52 LR, 57
% EIEW, T PBS /DR UE 2 R AT Giemsa J 15
— 400 pl/AL, [ 2 2 min, 2R J5 A Giemsa 3¢ % i 7 —
800 wl/fL, 444 8 min, SR )5 /K IS VE L P M, = T 1R
B Ja TEEOG B T T 80=50 41 i 5% , JF 1155 PE
(PE = SeRERH /R0 40 JE 4 x 100% ) LA KA1 73 %4 (survival
fraction, SF) ,SF = 52 BT 4 iy PE/XJ BRZH 400 PE x 100%
1.2.10 R EY 28 DL 3 Uk BRSH A 73 23 B
EHEAT 3T, T Excel 2221 1 4% 20 2000 £ 5 A 0 i 2k AR
PEZHAFHERI SF =1 - (1 —e ”™)" i ] SigmaPlot 11.0 %k
fF3R H D, \Dq.N 1 SF, (survival fraction at 2 Gy) , H:H47 Dq =D, x
In(N) . 58 i 5 484 £8 HE ( sensitizing enhancement ratio, SER ) ,
SER = THUATA Do/ TG4 Dy o
L2010 e e e iy J 40 e J) 490 K o 2728 b WG it
T EE TR 45 AL AL 0. 25 % [ I Ak 2o il B B0 2 M B S T
%R A IR T, 5028 70% JoK SRER 2 4 Cad i, T 4
ASCHG) 240 0 488
1.3 “%it$454

FIEAEI LA x 5 Ko, SR SPSS 17.0 e it At 2 1]
FCBAT BRI R J5 22534

2 HR

2.1 HepG2 fmf 4 ik 77 J5 69 CDI133 &gk ik &
T AR AAS T SR 43 9 HepG2 4 g vh CD133* (3234

R (1.36 £0.20) % , jE i SRR /P f5 CD133 " 3Rk |

FE)(87.62+1.92)%

2.2 Rdn ik SACIEFR /73] 69 CDI33 " -HepG2 2a i
CD133 " i AE 5 1A A 1 19 JG L5 35 97 5 P Bk A I

1M CD133" 4 MIAEAR ] 25 T BUE 28 53 i Jm B i A T, DAL
alifbr EfF 2 CD133 " -HepG2 ZH. ULIA 1.

E1 CDI33*- HepG2 4Hffi(A)F1 CDI133 - HepG2 4fE(B) %
MFEFHALRER  (x100)

2.3 CDI33* mel CDI3 ™ b L% kbt

CDI33 " ZififL kb, CD133 ™ 4ii il B A5 BE 5 Y s BT gy,
FiMETH R N (35.03 £2.35) % , i CDI33 i sk B MR AL
H(6.4+0.72)% . Wi#%ESAGIFEX(P<0.01),
2.4 CDI33" @i 5 CD13 " @ g, NOD/SCID /s R4k

M R B

AT BGAIE CD133 " 4 ) FHE45 i, B ATIXT L T CD133 7 41
Mu5 CD133 ™ 4 i e 6 J& % NOD / SCID /N T i fie )1, 45
HLE R CD133 " 4 AE 1 x 10°/ml A1k B FEIG 1 H/NEE
SR FRARRT 1 x 10°/ml 40 B2 R 3 /N BLIY AT B A% A
I8, MAEAR R 0L CD133 ™ 4 ANBeIE B Aa R . DLIEI 2,

B
A BB RRAARALE B B HB A REF IR (HE x200)
B2 CD133* -HepG2 #f7E NOD/SCID /IR K2 T~ By 2 3 W 5%

2.5 ) E %R BT ILENG g 0 R iR
PR R T 3 d, 7R B IO BMETIME R GFP ik,
555 RIRF 0, o PR S 80% L) 1, TLIE 3,

Al AL B E SR R4
E3 TRZHMEREZRIERSES d 7 CD133 " -HepG2 4
BRFHBRER  (x40)

2.6 RB#s A48 CD133 mRNA % CDI33 & & 9 kA
AT AR HTTIRSCR , BT Tx L 5 45 413317 T RT-PCR %
Western blot #1145 5 % 90 BH PR R GL4H CD133 mRNA }% CD133
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F1 SHMARZEERERRFEIE(n=3)
EEE [ R 21 PR R 21
HRSRIEE (Gy) PR AN AR (FL)
PE(%) SF(% ) PE(%) SF(% ) PE(%) SF(% )
0 200 36.00 £1.32 100.00 £3.67 36.17 £4.07 100.00 £11.31 17.00 £3.12 100.00 +18.37
2 300 33.00 +0.88 91.67 £2.45 32.11 £3.01 89.20 +8.35 12.67 +1.33 74.51 £7.84%
4 400 26.08 £0. 14 72.45 £0.40 25.83 £2.52 71.76 £6.99 8.16 £1.04 48.04 +6. 120
6 500 19.33 £0.42 53.70 £1.16 19.00 +0.60 52.78 +1.67 4.27 £1.36 25.10 £8.01"
8 600 12.28 +0.67 34.10 £1.87 11.94 £1.50 33.18 £4.18 1.56 +0.59 9.15 +3.44b
10 700 5.33 £0.68 14.81 +1.88 4.90 £1.15 13.62 £3.21 0.38 +0.22 2.24 +1.28P

PE: LMW s % s SF: m Jo A i o0 B sa: P <0.05,b: P <0.01, 52 & 2040 I & e a2

EARBEYVIE TR, A4 CD133 mRNA/GAPDH
(0.531 7 +0.152 7) Bl BAE T2 (41 (1. 134 2 £0.405 7) 5B
JEYL4H (1,065 5 £0.343 4) (P <0.01) , PHEEL4 CDI133 &
P35k f/B-actin (0. 249 7 +0.077 5) IR B X T2 94
(0.409 4 £0.252 9) S Y41 (0.493 2 £0.220 1) (P <
0.01), WE 4.5,

GAPDH(452 bp)— «—CD133(436 bp)

1,5: % G4;2,6: FAER G037 AR FME 4. 474
4 RT-PCR #&il|& 40 CD133 mRNA HjRiA

«—CD133(120x10%)

1 2 3
———

.G 4;2: MRS LE,;3. fabER g
B 5 Western blot 1l &40 CD133 EHRIFRIL

2.7 BLHAH AW AN AL

AN e BT LR SATAG 0 B0 3% 1, AR 22 HE s 8
RUTFS 44 SF, . D, \Dq K& N {H, 855 %8, FHERR G411
PE SF SF, D, .Dq J N B #4525 [ 21 A B PR gL 20 B g odiv )
FORCR G L (SER) A7 (1.37 £0.02) , 2 R HA S E L
(P<0.01), WLFE2,

R2 BAMRMHENESHEE (=3, xx5)
ikl Sk, Dy(Gy)

SHA 0.9167+0.0245 3.681 7+0.081 1 4.3404 +£0.065 6 3.251 3 +0.026 8

Dq(Gy) N

FRHEIRE L2 0. 892 0 +0.083 5 3.751 7+0.498 3 4.047 8 £0.968 0 3.210 0 +1.247 8

BHPEIERGLH 0. 745 1 +0.078 42 2.710 3 +0. 102 8> 2.249 6 +0.595 3P 2.313 0 £0.433 0°

a:P<0.05,b.P <0.01, k5% & 28 [ b B e 2R e 45

2.8 B CDI33 j5 g i B B 2 8 = 0 T AL
T B HE S rTREMILY , B ok A XA A A 1
YUK CD133 J5 301 B Y vy A A, 45 54 e B PR PR R e 4G S )

W8> G2 A JA T LR (P <0.05) . WA 6.7,

160
120
§ 80 E%
o =00
40 . =
0 \ @ 0
0 20 40 60 80 100120 0 20 40 60 80100 120
I (FL2-A) JEIE(FL2-A) JEIE(FL2-A)
A:Z OB R Co Ak Je 20
6 AR EHMEELHNTH
10* '
%Yo36 363] 10
10 . 10°
= 1074 =10° =10
104 9] 10'7 93.9
10° 44 oA,
10 10" 10* 10° 10° 10° 10' 10* 10° 10°
Annexin-V Annexin-V Annexin-V
A:EGM;B AL C R g
B7 HXEEARENSAMEERTER
3 itig

JF9es b LR B B, % B Tl o i a2 2 4
SR SRS ZE , B A TP ET RS, Mk
TS IR A s & 5%, Ak — 2 i TR H 3 A A
v ZERR AR BB TR A S s — L R TSR AR AR
AT FRAEF EE . BT R BN RYT
) E L R , LA H 1 I 4 2 %) S5 £ 4 i
ZWZE  HRYT 245 5 T B80S T IR P8 55 7™ 51 9 RE
KA FEOEREOT 1Y B X b BEE =
HEIETEANIRYT R BRYT LR E MR YT
FEHURYY B 12 IF R AN K, i 1EH AF k41 21 %
1) 28 BER B 750 R s, i B OB T H 45
B, B F CSCs HA X5 BB AL IT ST IR R, %
W RBOAYT G R KR R R e
i LCSCs Xof 5 28 () AT 18 A 988 B S HI6 97 1 — > T
BEGRME Fo HR A Sy I g T 2 MR 3R T bR AR,
CDI133 REEAE NI T AiAIE YT AR S, , 2 75 ) s +
2N T SRR P 4 S 7. Rappa 2503 shRNA
J# CD133 S %%t CD133 25 [ PSS A R 1 BT, TiE
S CD133 5320 i A% 14 J8 €0 22 988 o 1 40 M 1) T 2 A=
Yk, SR T B IR T . Smith 2520 A
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FH CD133 i A (I 20 B 2514 25 90 1R 7 I A RS 0 5
KRR X CD133 § 3697 B ik 4R A T 1y
YHE, WONE TR A CD133 fIEITHT R T R4
F R

ARSI DA T 20 i 2 i AR 5 4 CD133 Ry il R
B S, AT CD133 5 Hoi S Ut A2 k. B 5%
T o0 G0 R T K 3 1k AT A 3 4 3 A v 1) CD133 4]
HL, 3t X 40 B R S5 e PR Rk R R (87. 62 +
1.92) % . WKJ53RA 158 15 NOD/SCID /)N FiU I8 52 56 M
T RSB IS IE T CD133 " 40 i T i, R)G
A3 VRGeS 40 41 0 PR 12 5 2 S TG 2 e 4 A B
PR, 5 d 5 E 296 B e N g B gt ud ot
HH (GFP) [k, HFH MG 3% 55 80% UL I
RT-PCR 1 Western blot 253 i 7 FH PR R YL 2H BE & &
T CD133 [ 3E . bl JE FRATTXT & S 5 A AT AR )
G JE A e B S, 25 SRk B B R R e AL 1)
YUMLAFIE FRZR B . T %, ELCH A= 924250 D, .Dq K&
N I /N, H SER 2 (1.37 £0.02) o 554
X H T R A SOHL R HEAT TR AR e s A
ARAGE I 23 2H 41 e J1 309 B R 12 9 AR Ak, FRATT & IR B 42 ke
Yt G K S HAsi/b G, AR B3 2 | A i 0 TRt B
AN R RIS % B AN R SR 309 B O T S R
PERAELCR S WU S 1 20 i Xof 5 26 2 i
T 32 R T G,/ M. IR B 4 e e SRy ' 2, T it 25 240
PR T ) S S B L B 2 3 Y X T
Bk CD133 3§85 B RURMEAE T A BRI RS

25 B TR, CD133 VB i T A R hbr S 2
— X g T A T P e B EME
PUBK CD133 JE[H 5 35 42 i 1 i T 20 B 6 51 46 1
HURNE  $278 CD133 RISk a8 40 B il S vy 16 4
A R
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