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shRNA F# HERG B EATTERE T AR BZMEERE
RHE, A KRR, IR, AELA,F W AEF(EFEZHFR FHAHHRTA,LTE 100850 )

[ ZE] 8. TR FELM/N B RNAC small hairpin interfering RNA, shRNA ) T4 A ERG( human ether-a-go-go-related
gene , HERG A 1677 4 BUS S 2 40 RS AL BOY 7SO FIALA . 7 o < T BUR 3% S 3R AR mU6pro #4136 herg HE
K &A=k RNA THEBUR( shRNA-herg ). 18 X BALB/c #/INRUEZ ™ E2F U S 409 SH-SYSY 4, 2 37 AR B2 T it
LML, Y R BA S 100 mm’ B BEALSM A 3 41, 43 3 D A 3R K ZHC 1) X BRBTREZEC 1T ) TR TR T ). 45
ZHIRE N 3 A S A R K O BRBORE T RRE, LU B 7 d WS 1 IR, JESE 15 do WS4 2 Mg A A% 0L , RT-PCR U 22 8
HE herg FEN mRNA 87284k, Ry LA iR 41 21 7h HERG #EEE A 2Efk. 4 & 29897 )5 45 A M A4 K 32 3
WA, I ILZHAM9E 2853500y 3. 04% F1129.78% (P <0.05 )o MIELZUN herg H:F mRNA & \HERG Pl A A, M4A
BT HRRT . 4 FE Y shRNA TP TR Al S #0 PRI ) herg JEDN B H AW 9 HERG A1 18 45 (19 R 15, A 3L
HIC AR 2 0 IR (R AR

[ 64817 ] K R4&5H/N B RNA; HERG 813018 ; AU 4000 ; RNA T4

[ FESZES ] R730.264 [ X#EiRERB] A

shRNA interfering human ether-o-go-go-related potassium channel in treatment
of subcutaneously implanted human neuroblastoma SH-SYSY cells in nude mice

JIA Yong-sheng,ZHAO Jie, WEI Xiao-li, JIN Qing-e,ZHENG Jian-quan, LI Xin, YAN Hai-tao( Institute of Pharmacology
and Toxicology, Academy of Military Medical Sciences, Beijing 100850, China )

[ Abstract ] Objective: To explore the therapeutic efficacy and mechanism of shRNA in treatment of subcutaneously im-
planted SH-SY5Y cells in nude mice by interfering human ether-a-go-go-related gene ( HERG )potassium channel expres-
sion. Methods: Eukaryotic vector mU6pro was used to construct herg gene-targeting small hairpin interfering RNA plas-
mid: shRNA-herg. Eighteen BALB/c nude mice were inoculated with SH-SYSY cells subcutaneously to establish neuro-
blastoma model. When the implanted tumors grew to about 100 mm®, the mice were divided into randomly 3 groups: Intra-
tumor injection of normal saline ( group [ ), shRNA-control plasmid ( group II ), and shRNA-herg plasmid ( group II ).
The injections were given twice at an interval of 7 d after the first injection. The tumor growth was observed; the expres-
sion of mRNA and protein of HERG potassium was determined by RT-PCR and the immunohistochemical method, respec-
tively. Results: The tumor growth was obviously inhibited in group III ; the inhibitory rates in group Il and group Il were
3.04% and 29.78% , respectively ( P < 0.05 ). Compared with group [ and I, group Tl had lower levels of HERG
mRNA and protein after treatment. Conclusion: The constructed shRNA can depress the growth of neuroblastoma by
specifically silencing the expression of HERG potassium protein.

[ Key words | small hairpin interfering RNA; human ether-a-go-go-related potassium channel; neuroblastoma; RNA

interference
[ Chin J Cancer Biother, 2007, 14(2): 126-131 ]
BRI ELAT M PR R RS 24 TR T BN B T, AK erg 2P human ether-o-

Py 25 . Hodi@ i RNA T30( RNA interfer- go-go-related gene, herg ) 4 i HERG 2 2 + i &
ence, RNAD FAIGYT IR IEAE1S 22 B2 Fl

I FH A AT RE B i R i IR T R AR T R 2 [EE£WMB] EZRAKBEELS R E( No. 3047209 ,30500620 )
—1. erg FEP( ether-ai-go-go-related gene,erg A% [ #EE®A ] BIHE(1979-), 5, WALAKE AL BLTIIA:,

F2Y) ERG B 5 1 i i ( ether-o-go-go-related gene NG L e Bt Sy 1K
[ BifYEE ] ABE4L,E-mail: zhengjq@ nic. bmi. ac. cn

potassium channel , ERG potassium channel )J&—F 5
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( human ether-oi-go-go-related gene potassium chan-
nel, HERG potassium channel )7E 122 88 40 g 2
Fik R LR IF 5 M B0 R S5 e A KR
AT AR TAE S SR, A RNA T
ARIEAMACT-IUER herg FEP, AT B 5 400 1) Rl 22 200
L9 SH-SYSY ALY AR K ANIG 5 . itk — 20 WL
RNA T AR SAAIE IR 7 RO | AR S 5038 1ok 7
SERR BB AU 28 40 RS R Y A AT
HER LI herg FEDN B % R 4544/ B RNA (small
hairpin interfering RNA ,shRNA )4 Fuki #1778 N
FESHATT , BRI & B8 167 B 7 0 o i it 5
Sorfd .

1 MR

1.1 ZZXA it

HERG T BTA % BETTRL A A4 R AR S 56 =
IR AF . T4 HH A H Promega 23\, RPMI
1640 B33 T8 4 [ 22 [F Sigma 24 A, i 4= 10075 14
H UM A % Hyclone A F), &% GEH R AL
25 Ay A FR A Al LipofectamineTM 2 000 | Trizol
A& B EE Invitrogen A, RT 5] & W B B
HHLRAT] L2 x Taq PCR Master Mix AR EEI NS N
ANl —PUH 2 B ESUME anti-HERG( sc-15968 )
Bk, W 1 25 E Santa Cruz A 7 3 — 30 B i 4k
B bRIC iy 1gG Uik, W A At Kok E Y ER A A,
BALB/c #R 5L, HEME,2 ~ 4 % ,20 ~24 ¢, A F 54
R 2B I s Y b0 (LR Y A AR S
Grade I, SCXK-2002-001 ). A #f 4 40 g 588 SH-
SYSY 4iifisiy [H W FE RN A4 e .
1.2 shRNA Fik fiaegikit 5

herg 5. JF 3 L) GenBank ' NM000238 (1))F %]
UE,RNA THAIFEFS R 1 431 ~ 1 449 bp, [A]HF%
TH—BEBAMX B F 41, i L 20 1t 5 40 3 5 A ] L (H
BRSEHEF AR . AR SRS BT 51 GC
RN T 45% ~55% 28], 2 BLAST 54445307, 5
NI DR TE B S (R BT 51 5 ] X
WP FNR T A AR 25, P 23 0 0 b Xba TFN BbsIH
YIS RN 9 bp ZR 38551 43 B 16 SORH 2 2 #0
1,005 AT AER RNA REBFIA %0+, T
R . IFE X 5'-TTTGCCACCTACGTCAATGC-
CAATTCAAGAGATTGGCATTGAC GTAGGTGGTTTTT-
3", ;L X 8% 5'-CTAGAAAAACCACCTACGTCAATGC-
CAATCTCTTGAATTGGC ATTGACGTAGGTGG-3'. BA
PE X MO A IE X #E 5'-TTTGGAGCTATTGTC
GACGCTTCTTCAAGAGAGAAGCGTCGACAATAGCTC

TTTTT-3', & X ## 5'-CTAGAAAAAGAGCTATTGIC
GACGCTTCTCTCTTGAAGAAGCGTCGACAATAGCTC-
3o VULJPAI i A F A . DNA BUEEIR &,
1E 8E( 125 nmol/ml )6 Ml,fiﬁ(%@ ( 125 nmol/L )6
wl, FESFFZK 1.5 pl, 10 x 3B K buffer( 1 mol/L NaCl,
100 mol/L Tris,pH 7.4, x 10 {5 )1.5 pl. Bz ZR N
ZE 95 °C, 10 min, B H) 2 FRCE S Bk
#, Xbal . BbsI XU Y] 25 Jii ki mU6pro, H I & BUHE
DNA i AJLHT, T4 /T o herg HEIR T4 BRL
FBA T BE TR 43731 67 4% 4 shRNA-herg 1 shRNA-

control .

Bhs 1

U6 promoter shRNA-herg y
Hindlll_s—— ; e
L : 5 TITOOCACCTOACTICAATOCCAS A
7 Xbal 3 ITITIGOTOOATGCAGTIACAATT,

/ “aa

transcribe

mUGpro shRNA-conirol _rc

5 TTIOOAGCIATIOTCOACOCTIC A
1 -TITTICTCGATAAC AGC TC i(‘l.i.’\.-llia a

amg GA

E1 TFHERAENEENERIERRNEZ FIREN
Fig.1 Hairpin structure formed by

interfering plasmid in cells

1.3 #3 BALB/c #R /N RK T RAY & 20 Jo #5478
A

B T X B A R A KRS R A% SH-SYSY 4
Ji,0. 25% W e T Ak, 250 08, BT TR IE 1Y
RPMI 1640 7, &% 4 Jif 2% B 25 2 x 10°/250 wl, T
PRITESARC 6 541k WA i vE AR ERZEMIE 5 .
1.4 SEaissy

24 i 26 AN RS MRS 4597 K 2 100 mm” B, Fifi
BT A A EER K A0 T ) RSB ZHC 1T ) 4
RO ), BFeH e B, 1. M4H4 5k shRNA-con-
trol A1 shRNA-herg JFi #7 50 pg 5 20 wl JE i1k
200020 wl JCIIL7E RPMI 1640 R4 5 #4798 N 1T
Bt BT dES 1K ,15 d IS ARSE, BUE B i H K
Bt WA mm® ) = ab®>/2( a.b IR
KR ). MR % ) =( XA MIEIRTR - 1697
ZH R AR )/ Xk HE A b RE A x 100% o
1.5 %% RT-PCR &40 shRNA *H4R R % T #
HLIE AL herg KR KA 0% 0R

B U PRI A2 10 mg, #% Trizol iR &
VLA — A R UR 414U RNA . SRJG KR RT K51
BRI T 5,20 wl W AR R 65 CHRIR S
min, 7K 5 min,37 CA£IE 60 min,70 CA#IE 15 min
A1 cDNA 55 1 58, PCR [ 51 ¥)H 1 Sangon 2
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A A . herg 3 A L iF 51 ¥ 5'-CAGCGGCTG-
TACTCGGGCACAG-3', F i 51 ¥ 5'-CAGAAGTG-
GTCGGAGAACTC-3', ¥ i Bt ol 569 bp * ' BlR H
THIE B8 0B 5L PR ( glyceraldehyde phosphate dehydro-
genase gene, GAPDH gene ) I Ui 5| ¥ 5'-GATTTG-
GTCGTATTGGGGCGC-3', T i 51 ¥ 5'-CAGAGAT-
GACCCTTTTGGCTCC-3', 9" #% - BtA 339 bp. HL2 ul
WL P AN, B RIEEI45 1 wl,2 x Taq
PCR Master Mix Y475V . W 25184 :95 °C FAs 1
5 min,94 C7Z5ME 1 min,62 CiE K 1 min ,72 °CZEfH 1
min,30 MEHG 72 CIEfH 10 min , Pk GAPDH 3£A
NS AAE10 pl 770 ,1% BEEWHEERE i Uk 2k T
WK, SR J5 M Gel-Pro analyzer %K {4 ( Jx A& 5
4.0.00. 001 )XFEERE G FEFH 4347
1.6 SoJZ 4R LR AL 5 40 ) i 9 20 4% HERG 4718 i %
B Ak

Jihfe ZH 24T B H-E S BRAA 2 , [RlBS DL anti-
HERG ##ic HERG #3182 11, WEIRYT Je M 41 41
HERG #iliE & HFRAN . RAEH b Rk
FH S-P %, A Y1 8 B I 2K 5 L 7E 3% 1)
H,0, /W I E 10 min, ZEMW/K kI PBS 12
5 min J5, %Y1 EF 1 mmol/L EDTA ( pH 8.0 )
F10.01 mol/L HIBRERERZZ Ml H 92 C ~98 C +F
2210 ~15 min #ATPURE S o L SR i B A U
A JFAE HERG $ifA( anti-HERG )IF R H I H .4 C
S VIR 4 PBS iUk 3 W, I Rbi 1 1eG
Pifk,37 C IEF 30 min. PBS L DAB A5
WA, FR 4 min JFIAK YL, B R BIPEXT IR
PBS ft# HERG #ii4k,
1.7 %itsam

SHGBARLA x £ 5 Fon, FH SARSS. 0 B {447 ¢
K6, LA P <0.05 &2

2 # R

2.1 mEEE

shRNA-herg I shRNA-control Uk £2 Hind Il F1
Xab 1 XUEEY], [R5 mU6pro 55 2844 XU EE 1) X HE
1% B R EE I HL UK , mU6pro 45 38 A XU V) I 5
265,23 591 3 060 bp 1 1 084 bp ; 1M k4 2 i ks )
1:3 060 bp #1331 bp( & 2 ). ¥eFpik BEA 4
AN, 25 R IR A, UESE T 2 AR R
2.2 shRNA %t & F oAb 2 4 fe A5 4878 9 374

Zead 3 YR NS BORAYT I LA T L T4 3098
RIPHIE 3. 0% F129. 8% , LM LA 3 Si it
HEX(P<0.05,%1),

2.3 shRNA *f & T Ay 2t B A5 ML 78 F herg
mRNA £ A 8 % vf)

PE 5 RT-PCR 255 LB IR MR G R VK 2% 114
LR AN herg FEH mRNA % #0728k, Gel-Pro
analyzer BCIFXT B BGOSR 43 Br. 45 2R &l 3
i, 5 1 MM, M4 herg FEH BT mRNA & &
IR A

bp 1 2 3 M bp
g o — 2000
S | 000
1 084— e 750

331— — 500
B2 = FH shRNA-herg #1 shRNA-
control WEGVIEE LR
Fig.2 Enzyme digestion analysis of recombinant
plasmids shRNA-herg and shRNA-control
1: shRNA-herg- Hind[ll /Xab 1 ; 2: shRNA-control-
HindIll /Xab | ; 3:mU6pro-Hindlll /Xab | ; M: Marker

%1 shRNA 3t 5 T 48 Ak 8 22 20 R 728 A 40
Tab.1 Inhibition of subcutaneous neuroblastoma
after shRNA treatment ( 7 =6 )

Tumor volume Inhibitory
Groups -
(x+s,V/mm’) rate( % )
NS(C 1) 2 247 +238
shRNA-control( 1T ) 2179 +188 3.0
shRNA-herg( T ) 1 577 +276 29.8*

*P <0.05 vs shRNA-control group

M 1 2 3

600—
500—
400—
200—

0 1 2 3

Group

4=
B
-
z
Z
T
[
[~}
<
>
g
=

3 shRNA Xt THEMHEZ
ZHRAYE R herg mRNA Fik B S 0H
Fig.3 Effect of ShRNA on herg expression
in subcutaneous neuroblastoma
1: NS group; 2: shRNA-control group; 3: shRNA-herg group
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2.4 shRNA *f R T HLIE LR F 0980

1 AR AL A o, R R i
B, Qe = 20 DL, 1B A =F &, 2
IRBEA UL o 55 TI 4L P R84 23N 1 BN ) R 2 IR A
HH BUASTRY] (4 JC 254 A FURLIR L G ) Jo , A LA [ 4
RTS8 Lk, 1] B4 /0 W P 4 )

2.5 shRNA xtAPsE 428 HERG 47818 % & & A 6
Fp

HERG #i@ 8 8 A je (o 2R, W T 40 T
AR S 575 T . I0 41 AT U0 240 Jf J5 L 4 B 6 i 30

HERG #1318 25 [ 4 4 FH M, 26 T 41K WL HERG 47
8 T A Y B

4 shRNA Xt T#EAB#HEMAMBEHERAFHFM H-E, x100 )
Fig.4 Effect of sShRNA on histology of subcutaneous neuroblastomal H-E, x 100 )
1: NS group; 2: shRNA-control group; 3: shRNA-herg group

5 shRNA X{AEZH2 HERG $HEEZBRIMHI( S-P, x100 )
Fig.5 Inhibition of HERG potassium protein in subcutaneous neuroblastoma by shRNA ( S-P, x100 )
A: NS group; B: shRNA-control group; C: shRNA-herg group

3

Herg 3£ H /2 H /N ER eag ( ether-a-go-go gene,
eag )[R TR YL A AR T 6 N2 D) cDNA SCFE 7 5515 5]
(), & 4 Bt B 3R B i A B 3 G A PR O oy
IKr 19 o SEFRA . FEVFZ I R P, herg S
ik L RSN HERG 4438 18 19 25 4 ]
P FIE herg FEH IR AN G E . HETHFFTIA
Sy :( 1 )HERG 38 18 AT i 20 it 5% v A7 4cb F 22 4 Ak
FRARAS , iR 40 i e 4 2L it A rh s Sl o G 0,
(2 ESE sre (B K 2 PR 4G i FR 22 3s T 20
5 HERG #0383 G A 5600, (3)— 2L J5 2 i
AR FEAE—Fh HERG 25 [ N-Jfk 26 il 25 S 44
HERG1B. HERGIB/HERGI F () | ] DL { kb
TS HH A 20 e 5% A7 B i AR Ak, AT 5 200 fH It ]
Wit S W, HEAT 2 A RE " HERG
SER A SN RE S A M B AU 32 A X, (4 )HERG fi
MR8 20 i 18 58 5 B g IR A6 7 ( tumor necrosis

factor, TNF ) f3 )¢, HERG 5 /g3 3R 38 (R 7 32 1k 1
( TNFRI1 )7EMSE bR AT 4R A0 M AL 5 s 1 NF-
kB I TE . (5 )HERG il 5% & 232K 2 ]
ety I 2R 0N R 5 bR A 1R B RE A
(6 )Pardo La 25" 3 5o 75 20 M 7K - | G 738 B /N R,
PP SR EAG BRI 1E 1) RGEHTSE, $2HH T EAG
HAHUETERE( oncogenic potential ), TEIlf /R I2 58 H
LS AR TEAWIFS EGE - F EAG Fr5 1 sp s BT
PRSI £ R, KA T5% 1) 9 3R Gk
EAG !, TEERTEAE4141F HERG 5 #£iA. Barret
BN R B MR I TR AS , X AT Barret
B B NS T S A I K B, KZ9H 69% 1)
% HERG m3Rik "7 . BRSSP R HERG
A 52 0] ol X AT 25 ) i UM  HERG 4 1 3R 3A
IKV5 g XTI S A I R B R ) T T
JEMERIEAR G, 523 LA MAHDC, HERG 338 PH T
LT 8 2 0] 2 g s 4 e X 22 32 be R Al skt
AKMEFR 1, HERG 8138 18 2 — MR A H 5 0 Mg G
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RNA T A RTE mRNA 7K S 803 R T2k
fILE ) HE R, Kennerdell 25200 % 31 % e B 45 74 Y
RNA 0] DL SRR N5 TR0 A% 1) RNAT |, %%
FEPR AN S X SR 3 R 5 A SR A Y Jp
FEIRIEAT R I RE LR (17 S5 7= ) B S I PRI L
BRAFR 1% . shRNA TR AL et mT DR e %
Y, T R R B S R i R R 5CR , lt ve Fi
TARINE LY siRNA FE A 40 J5 Bl & 2438 5 1
B RS, OIE R TR B 5. 5 HAl RNA
THTF-BAH I, shRNA HE AR I BA 257 58 S5
APV T AA 525 5% ) shRNA $5 AR K ITER herg K&
SRR HERG 4138 T8 X AR 4 22 240 it Jd
RS . A SEIG LA herg JE PR 0 5 21 T [
A 1] hergl A1 herglb 3% K )/ 4t RNA( small
interfering RNA, siRNA ) B LG AL AT, shRNA
FRTTRL, VAT 35 herg H& DK A A R A 22 40 it g5
FIFFEXT G, WS shRNA JTOAE Xk A4 26 41 it I8 1)
BITVER . 4ad 3 WO RS BORLIR YT, 56 41 4=
FHA AR, 309 Rk 29. 8% 5 &5 T AH IR SR A
W1 3.0% ), I . IMZEH09E A0 L BA B 5 it
B (P <0.05), 4] shRNA T4t HERG #1381 n]
IO S 2 AN iR A K . RT-PCR A28 2 A AG
s, 5 1 T4, 4 HERG 438 18 A% mRNA
FEE 5 W B AR, S — 2D S0 T 4 e A=
K JE R JE HERG #3818 R iAW D o DB herg J
PRI o) g A R R SR R AT AW 7 212 AR R
S5 1L I AR AL 20 B S 5, > WAL 2R
555 T 2L Jieo e L 2 P 1 BRAS () 8 B SR A [ Jo i A />
Wo AEHARGE 22 Rk HERG A9 40 B 42T %
PESEGE ; E B 20 9 v HERG AT DA 3 M 45 7 e A=
K F( VEGF )53 Wb, ASLH LA herg HEP, 1l
HERG 355 H AL ZURFE AT 56 -5 e 20 A i 42 i
2 H8 71T B )BT i AR e /A O, T ) O I 4 o 2
M AT BESE VEGF 43 idi /> P o 3 Se i iR A5 Ff
HE— 2SI RIS UE . AR 525058 1 R 9 T T shRNA
TR I AR, o TR P9 S AN RE AR 47 AR
I shRNA (4 ) 1, 356 FH R 2 A0k A 14 17 I 9
T ol R R I PR LU SE R T T . ARk i
HERG #1388 {7 g 2 5 Be % & 2R IR IR , 75 22 85
TR — A B DR R . BARAHIFIE 7RI/ RRLSE
B R IIESE IS B A 38 R O LA 2
() HERG %38 38 4 5 i A1 1) 2 H 300 20 L0 i 3
VEHLAE 3 SR & A Y 5 B2 HL 3, R 28 AR ul 2459
FRIZGEE DB S B0 QT [T,

A5 L 0 2 M0 Bhad | 0 AR B
FE2 LA SR S i 4 24t R BE ST A T A
HHFHIEME , DI —2E i TH0 | HERG #1117 B
HIAEONEREE Y 259 i 21 5 25 erythromycin )\ 78
WA FI( cisapride )45, JT R AR &I T EATH BT
FETHE 122 B 2 e Z R T T A .
it HERG #1138 18 1657 I gg iR 78 I 5 — B i o 125
WIERIT IR, SR E ATEZMIRE S &
b2/
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