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TR A S FR G R Y SEB AT R R ZE A I 0 T VEGF RNA BUIEIREAR , 4558 : i3 HHMEE 17X VEGF RNA —Zi4k#y
IR ERIBREEIX( +8, +36 F+71 {0 A% 1,3 F1 4 )FAEERRRIRC +17 3 15 A% 2 4 MRS 14 ORI ZE TR ; 3 I
FRTIZE BT +8, +36 1 +71 RLAAAZRER 1,3 F1 4 )RT I BOMAE IR X VEGF RNA A 7R UIE] , (i HK 43Sk 2%
WK 61.7% , 27. 6% 1 44. 8% ( B G ZEBHTE M )EY 66. 3% ,27.0% F1 30. 0% ( A ) Bt 25 Bk 5 VEGF-LUC BEH Bk
WA A SMMC-7721 AR AZE 1,3 F14 VEGF-LUC /K43 IR BN HR 1Y) 81. 4% ,56. 6% F1 69. 1% ; Fa e k%l X VEGF
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The Hammerhead Ribozyme Mediated Repression of VEGF for Cancer Gene
Therapy
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[ Abstract ] Objective: To establish a novel and robust hammerhead ribozyme system against the Vascular Endothelial
Growth Factor ( VEGF ) for anti-cancer gene therapy. Methods: The structural analysis of the 2"'structure of the VEGF
RNA and the vector construction of hammerhead ribozymes ( 14 ) against VEGF leader region( +1 to +75 ); The in vitro
analyses of ribozyme mediated specific cleavage; The in cell evaluation of the ribozyme mediated cleavage of the VEGF
RNA. Results: Ribozymes targeting +8, +36, or +71 ( Rzl,3 and 4 ) of the exposed region or +17 ( Rz2 ) of the un-
exposed region of VEGF RNA were constructed in pGVal and pFB retroviral vector systems; Rzl ,3 and 4, but not R22,
specifically cleaved the VEGF RNA and brought the VEGF RNA level down to 61.7% , 27.6% and 44. 8% /( luciferase
activity )as well as 66.3% , 27.0% and 30.0% ( protein level ) of the control; The same set of ribozymes reduced the co-
transfected VEGF-LUC RNA level down to 81.4% ,56.6% and 69.1% of the control in a transient transfection analysis
and essentially abolished the endogenous VEGF RNA in the stable transfected setting. Conclusion: We have established
three effective hammerhead ribozyme vector systems targeting +8, +36 and +71 of the VEGF RNA.

[ Key words | vascular endothelial gowth factor( VEGF ); hammerhead ribozyme; the ribozyme mediated cleavage in
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IAF A BRI R RS S v A AR A AR A
PIFz "2 i@t iR h VEGF B3 B 3234 k47 1
], 2 IR B VA YT B ST L LB I A A
AR Sy 6 1 B R 1 4 F- £ 4 2 T B A 4% 0 1)
VEGF J HC 32 1 (3 i e 9 /N4 25 4 R e 13
A B SR N SRS B LM . S #1 T BAAE R
Y8 7 A ( antisense RNA or DNA )[7'8], RNA T3¢
( RNA interference )" FUAZRG "' . #2152 BE % 47 5 1k Hb
LI RNA ARFBC X, 4K 76 55 1 14 07 2 1S %, o
R B A7 A AR R A L TERR R
eSO AZ (. hammerhead ribozyme )z /)M K #) 40 ~ 50
AREHFIR ), A7 45K T8 SN T 17 5 B A, TR i 45 )
Bz REw N ARRES B e Rk X VEGF
() A A0 SR A 194 35 DR 0 26 4, o R 00 . A
P IR S0 R R DR T B A R B

1 RS

L1 R

pecDNA3-HA J&7E Invitrogen Y pcDNA # A JLAl |-
AN 3 A~ HA Z kARS8 P 5B k. pGVal R 5
JRORE R — il v A 1 A% R A R 55 e o ) A R s
%:( Andre Lieber 75t % “”O TNT® T7 Quick Coupled
Transcription/ Translation System 245 PN #% 5%/ 0 135 12 5
# ,TNT® T7 Coupled Reticulocyte Lysate System 4 N
B ) & LA ) Luciferase 2¢ % i IS % ( Promega 2
Al ). Lipofectamine % SuperScript I Reverse Tran-
scriptase JU 5 R 55 Invitrogen NEL ). HA HLER( San-
taCruz 22 A ) 40 MIAR SMMC-7721( |- AL R Bt 41
JLZE No. TCHuU68 ).
1.2 VEGF RNA( NMO001025370 ) —£5 4544 {1y 151 il e
SRR BET
1.3 ORI b
1301 BRBEERIK Bk

FHXF VEGF f5 S RS IX( +1 - +75) P REIE
f_\if'\ +8( 5’-tcgaagcagactgatgagtccg’[gaggacgaa agttcatctt-
gca -3’1 5'-agatgaactttcgtcctcacggactcateagtetget-3' ), +
17( 5'-tcgaacccaactgatgagtcegtgaggacgaaacatcagaatgea-3” Fll
5'-ttetgetgtttegtectcacggacteateagttgget-3' ), +36( 5'-tcga-
caaggcclgatgagicegtgaggacgaaaggctceaatgea-3’  Fl 5/ -tig-
gagcctttegtectcacggacteatcaggeettg-3" )Fll +71( 5/ -tegagect-
ggctgatgagtecgtgaggacgaaaccacttggtgea-3 "HS '-ccaagtggtt
tegtecteacggacteatcagecagge-3' AL T SE A% R (& 1)
25 5" 3w 1B KB AUE DNA J5 WElE % pGVal 2K RY
Sal I #l Pst I {ii it ifi 75 3] pGVal - Rz1( +8 ), pGVal
-Rz2( +17 ),pGVal — Rz3( +36 )Fl pGVal — Rz4( +

TU)VASBTRL, 388 3 U0 FI I s HOE R 812 ).
1.3.2  VEGF 3Rk JFURLAY 4 gt

HUH Jfiki pcDNA3/VEGF #J BamH [ Fl Xba I ]
) VEGF 4% 1 Bt , 5 A peDNA-HA #i & 2 5 e fir
& BamH T #1 Xba I {5 Z 6], 3845 52 VH. ] 57
ccgetegageegecteggettg 3' A1 T7 51 #3833 PCR Jr % X%
VH H i) VEGFI21 #EAT 28 1145 5 1 A i 2k 278, 4k i
L TORER] HA -LUC( 78 HA M3 A T3 kol
S Z RS FE A, AR LUC ) 24K BamH [ A1 Xho
[z sirh A3 204 A HA FR45 R VEGF-LUC il 7 ik (K]
IR HAR AR5 sEfE VHIC K12 ),
1.3.3  RXRED S 75 2044 pFB-Ry IR

pGVal Ak M HZRIBLT 14 1 pGVal-Ry( 14 )5
H DNA B Xba T (#MFE ) Mlu T F B K/N:520 bp il
570 bp, L IE AL TS RS Va 1 ,Va 1 , Loop
J¥91) )i 2 pFB-neo 1% 4% 5% 95 7 244 ( Stratagene 24
A EcoR TCAME ), Mlu T 783, ZEgE) AN ¥
XF ORI LSS RE .
1.4 A AT BT U0 S SR I PP AG

L4 1 U W LIRS % B 5 VEGF RNA
( VHL )it

)RR, TNT® T7 Quick Coupled Transcrip-
tion & 4t X £ Mk VHL( Xba T ) #ll pGval-Rz( 14 )
( Hind I )ZEAT IR N EE 5% BEZ X BT 5(9 RNA LI RT-
PCR By 77 ¥E#EAT € b ( LABR BERRBERY kL DNA A58 5E
®HNZ ).
1.4.2 FEFN-S X VEGF RNA ) #5256

1 nmol/L #% [ F1JiE ¥ RNA 7E Tris( pH 7.5 )50
mmol/L, EDTA 1 mmol/L % 95°C F 221 90 s, Fifi R
VK2 min J5, A MeCl, B MK E 10 mmol/L,
37°C AL 1 he YIE W4 CBEIURE WA T DEPC 7K
o
1.4.3  SlYEM AT R AL AT E e
PIRREHEAT T R vegfpe 1: 5'-tggcagtagetgegetgat-
agacatccatg-3’' +110 ~ + 84, Fll vegfpe 2 :5'-tgcagcectgg-
gaccacttggcatggtg-3', +81 ~ +54)
1.4.4 KENBFE

S 41120 35 1 % A TNT® T7 Quick Coupled Transla-
tion System R8N BRI G SOH AR M A0 BR A T4
NEE . B2 wl 3R N BIRE 4, IA 10 pl H,0 R
51,5 30 wul Luciferase IR G, ME 10 s B2
B BURIA i BRI 5 x S B RESE
P, 65°C A5 YE 10 mine FH 7.5% Y SDS PAGE #4743
B HLUKEE AR FH2E TR A U RS R R AT 4 K I
o RS, 7 1: 1 000 # B HA ( Catologue
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No. SC-7392 , 24 [ Santa Crutz 28] )—$i( Poik % B1E
PBS +0.05% Tween-20 + 5% RS Wi ks b ) b 4°C 454
S . BEH PBST ¥ 3 ¥, B:K 15 min, 7E 1:5 000 i

BRI SR AT 1 h, WER E, nA ECL
( £ Pierce A F R B0,

1 VEGF RNA Hj—, Z R G FnE S R8s
Fig. 1 The 1st and 2nd structure of the VEGF RNA as well as the designated ribozymes concerns

A:Ribozyme and its RNA substrate. The essentials are indicated, including the catalytic core, the pairing regions, the UHN

sequence; B: The 2nd structure of the VEGF RNA and the target sites of the designed ribozymes ( Rzl to 4 ) are indicated

by both circles and arrows; C: The 1st structure of the VEGF RNA and the essentials: the target location( ribozyme ),

the leader sequence ( in italic ),the primers for the primer extension and RT-PCR analysis

1.5 JLfEyesrss

SV ﬁ*ﬁ?fﬁ Lipofectamine( X H Invitrogene o
H) VKRB A TRE pGval-Re( 14 )55 VEGF 263k i kr
(VHL) 08 4: 102 pg: 0.5 wg) B i) BF if 34 5% e
SMMC-7721 4fE( [RIEF 5544 0. 1 pg MILLSZ CMV JE 3h
TFHHI 1Y Renilla 2 RAFH K ). 37CHFR 24 h
S, 05 A0 e 2 ot Y b PR AR SO A R S L 2
P Renilla 26 % 2R il 16 1 48 1E S5 A0 FH X 3 K U986
R A % -5 A A X TR 1) U B MR TR s
1.6 KT AR 20 Rk 19 2 57 B % i o 9 R VEGF
RNA 7KF-H2F 5 & RT-PCR 43H7

W AR Lipofectamine B 2R AR Y pGval Fl
pGval-Rz( 14 )JFTHi DNA 435 5% 4L 2| SMMC-7721 4 g
oI G418 AbFR O ok M ek T A I B 4 H AT
e E AN R . 82K E B RT-PCR 20X A i LA S+
PR UG A 06 5 5% ) A VEGF( oligo-dT 5| 4 1 3 %%

SEOIKESEFT 4081, RT-PCR 51 WLER 1,
2 # R

2.1 MBI IR AR A F

S DR AZ Bl PR = A0 20 2R, B — SR ST G A 1R
BB T 5 RNA 43 F B X 45 & /o X 3 (&
1A ). TEHEAL YT E st A v e Sk bR A il 1 2 ik
I BLR P 5 S04y FEC S5 AL SRS 1E NUH )5
HATOIEIC Horp N AT DOCHAE — PP R H 2R T G
DAAMRAE—Ff ) ") A Tl i B it 25, PR 4 o — 3 5 4
TIFURHT—5C I N, T VT E] B RNA 9 W R g 4
ZY)E RNA 20T (18 )3 51 A F He s R a5 784y
FRERI X, ik, AT MFOLD %1%} VEGF RNA
TREERIEAT N & 1B R C ), I VEGF 94>
WX +1-+75), BT 3 DRI X HIAIEN A
( +8, +36 Ml +71,Rzl,3 Fil4) A1 AAEZRE X A7
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SO +17,R22 )0 52 Ml Sk R AZ 6 76 20 Ji P9 D81 300%
R D AT =« AR 20 PN A 6k KT, A ) B P
SEME 5 RN 45 A IR . Lieber A FT & R
1) pGVal ZAARTERLS FARGF Huff b T 3 Bl 5 %3k
P pol T3 3l nl A £ A% il 3 DX 1) s 2k 6 3k
KB KA AE Val /N T RNA JE 5 P A 2222 X, BE
PRIE TR RS e M AR AL TR RNA 19 78 70 2 52
(E2A) . FFTBETT A5 T 04 5 0 4 A% Tl B 42 o

5] pGVal-Rz # 44 H , 384% pGVal-Rz14( |8 2B )5 &
EE1 oA & 2C) T T, A% S2 LE#f( Ros ). AR
For0T, BATAEA T BE AT 3 T7 RNA £ R BT
TR PN e S B 3F, ST 7E LA A I v 3Rk Y AR
( HA ), K335 HA #3251k 3 /R-VEGF( VH ) 8 HA #5345
Ik 3 IR-VEGF-Z¢ ) 6 K i HA-VEGF-LUC )RNA }
F( VHL ) & 2D ), 38048 N sk FIBHPE , Western 437
( HA FUiR )IESE H b A BB U k(0 B 2E,F ).

B2 Rik#%EEH pGVal 5 VEGF KH ik
Fig. 2 The pGValfor ribozymes and the constructs of the VEGF for the analysis

A: pGVal vector and the hypothetic pattern of the interaction between the ribozyme and RNA substrates; B: The construction
scheme of pGVal-Rz; C: The diagnostic digestion of the pGVal-Rz and pGVal with Sal [ and Pst I , respectively;
( N: The uncut; and the cut with Sal T (S) or Pst Il P ); M:the size markers ); D: The structural outline of VH and VHL;
E: The diagnostic digestion of VHL by Xho [ ,BamH [ ,and Xba [ in combination; F: The VHL protein ( 82 kd ) was

made by the in vitro transcription/translation of the linearized VHL DNA and detected by an anti-HA mediated Western analysis.

&1 RT-PCR ##HETHARIEIY
Tab. 1 Primer for RT-PCR

Sense primer( 5’ ~3")

Antisense primer( 5’ ~3")

Product Length

VEGF ctgaggagtcecaacatcace
Ribozyme tgtgcgacgtegtcgac
B—actin aagtactccgtgtggatcgg

cacgctccaggacttatace

tcaagttgggogacaaaaag

206 bp

Ribozyme 100 bp

acgteggttacecgecce
gees gocee Blank Vector 55bp

616 bp
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2.2 AN ETUI RN S5 R L] Rl ,3 A4 A] A R
S Y E] VEGF121RNA L, {H Rz2 W5

ST T BT A A% T RE 5 X RNA 4> FAEA
BT R DI ED FRATTE i T7TRNA RGBT 1
WA Wk R D46 RY VH, VHL Fl pGVal-Rz( 1-
4 )DNA R FRAT T AH L ) RNA, 2821 % # RT-PCR
EEE i 4 ARG RNA 2 7, $ MR 5 ik vp
Jirik &4 % VEGF RNA 5% HA-VEGF-LUC #E4741%],
ISR EAE T HN K e DI BIfL s . anfsl 3
frn,Rz1C +8),3( +36 )F4( +71 )] LAFE T A9 (oL
SUANIED Y 5 100 A (R 04 ZE i A5y . P DL R23

TN A R Re2 UIEIC + 17 )0 JC AT AG: 0 10 0 3% 1
XA SAE RNA 0454 Fab TR ER X AEY)
5 B 2A M B 1B, COAAT . S 5 x4 #1055
AT AL PEAL, FATX ) HJ§ HA-VEGF-LUC RNA
EAT BHIE, Ak ARSI 2¢O 2R TG M A VEGF-LUC #1U 2R
FE R, 455 B84 Rel 3,4 Y1%1J5 Al i VEGF-LUC
B9 (0 28 TG PR R ARG 1 X B 22 TOA% T 1Y) RNA L%
H O 44.8% ,27.6% M 61. 7% ( &l 4A ), H 2 & 1%
XM 31.9% ,27.0% F166.3%( K1 4B ), 1% Ra2
AL B A S BE( 90. 4% F1 97. 8% )5 XF HEAH 2% 4 1k
(F4),

B3 ASIEmEiThilE NimEy R EERIERmE R
Fig. 3 Evaluation of the ribozyme mediated specific cleavage of VEGF by primer-extension analysis.

A: The target sequence of ribozyme and the primers for the primer — extension analysis; An equal mole of ribozyme and VEGF RNA

substrate was incubated in the designated condition, followed by analysis. The sequence ladder ( U, C, G and A ) was made with the

same primer by Sanger reaction for the precise mapping of the cleavage sites; Panel B to E: Rzl to Rz4, respectively. The arrows

indicate the extended bands, reflecting the designated cleavage.

2.3 MO SR 20 Ral,3 A4 AT A R0CH S H
)%] VEGFRNA , {H R22 N7

KTYIEN RNA Z2 5 & A E A, LR L4 RNA
X G B A PN D) E SO0 BT AR AR 1 A5 R K 23 ) A
56 4= I WA PN A A TR AT JE A T o FRAT T4 T A4 A% Tl =
IKJTKL: pGVal-Ra( 14 ) 825 4k 5 VHL 46 Je A
SMMC-7721 #4ifi( FF-LA Renilla 2¢ 6Kl NS ), i@
T I e e PR A A il ) DD AR . BT SA 4

SRR AR 1,3 A1 4 ] 43 Bl L5 YL (4 il B o8
2R il 4 2 PR 3 P AR B X B 81. 5% ,52. 6% Fil
69.2% , A% 2 WIS . FRAT4k T AR N 9 LA pFB i 5%
SER R BRR A R A ORI G G 4kl ) G418 254
e E ST T RE R EERY SMMC-7721 41 RR( 5
B ), Sfe i — 25 ik S A il 4% 1) ZE 4 A 9 A ] VEGF
FIRMHOR . X R B-actin Fll VEGF
KA RNA ZKSF2E4T T LA RT-PCR B9 E &, &AM1K
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. LERTA B AN RR P A B W A R R, I SRR
FEH B-actin —FEICH i 1 3k 22 51 5 (H RS e ik A% il
1,3 F14 Zifikk P, VEGF AY/KSEVL S TC A, i 7E

SMMC-7721 , F 3k To A% BB 28 M A% 1 2 A0 40 it Bk 3% 3k

KPR K 5B ).

El4 7£ VEGF MK BEHMAE QKT LTERE VB YK N AT

Fig. 4 Evaluation of the ribozyme mediated cleavage at the protein level

The RNA recovered from the in vitro cleavage reactions of VHL template were translated. A and B, 2 pl of the translated

products were measured for the firefly luciferase activity, presenting in plot and in table; C and D, 8 wl of the translated

products was quantified by an anti-HA; Mediated Western analysis, presented in autorad and in density.

B 5 #1 VEGF BB MBI %
Fig. 5 Evaluation of the ribozyme cleavage of the VEGF in cell

A: The effect of the ribozyme on the luciferase activity from the co-transfected VHL construct was measured in the
SMMC-7721 cell lysate; B: The effect of the ribozyme on the endogenous VEGF RNA in the stable transformed
SMMC-7721 clones; Lanes 1 —4: Rzl —4; 5: pGVal;6: the parental SMMC-7721 cells;7: the size markers

3 3 i

BT 45 S 3 B, g 1 i A5 A v B B Ak &
AR PR R P A RE S Rk 2 S AR W A AR Y 0
Rz —" o {H S 1 B e & B VEGF kAR
T8 PT84 O R A e O R B TR YR Y ) AR
SR RS B AR R LIAZBE( ribozyme ) 5 % P %
Sy A7 BRL B S R AZ G R A T AP0 ] VEGF JE R 223K 11

AR R G, IR ARG A 2 R AT A AR R .

& K iR AN i R ) VEGE DA 2509k 43 6 51 20 Jf 4 A
AT A, 1 H VEGF Z/DAEAE TR A AN TRl Y
B R ATAE X VEGF MfE 2 k( +1 % +75
AT IR )9 R A G 78 e ah# - 258 B NUH J7 415X
PN ZER AR T 3 AR Ral: +8,R23: +36
MRz : +71)C B 1 ). b7 HIWr MFOLD X RNA 7K
S R EER A 43 BT AR B BT A, T AT TR
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Wit T FHER &R XA SR 20 +17)(E 1), R
T E BRAZ B R KOTAIC BRE ME 25 N RNA B A% it 1]
KT ) P2 A 2 AN ) ), R A A i PR v 3]
Lieber A% fitf 2235 1 2k R 42( pGVal )X & 2A-C ). [A]
AR AR ST T HA BRARIE ) VEGE 1 ok 5t
FH LA A YR A A0 ) 2k R E(
2)), XA ) 0 50K B IE AL R K M R Ak, 5]
WS (R FRATRENE 76 7 51 K- B UE A% 1,3, F1 4
AJ7E VEGF RNA( VH ) b Tl (1 55 AL U1, I LAAZ il
3 HONARL, ARG 2 WIS EE M B 3). [FFER 4SS
A AT AN DL VHL #5844 >k 5 A9 88 RNA B4 b, 7¢
VEGF-LUC il 28 F 7K F- b 5 73 B 45 3 A i O ok
WFOL R, K 4A MRS EA R, [ 48), &
L FRATE 3R HE T 41 % VEGF 121 RNA — 45 5%
X 3 AN %) il U0V FH 00 e 90 e S v R A sk b
Xof Al 2 5 DX U] 5 B SIE B RN 2538

SR, RNA 7E 40 9 AR DL 4 #1498 20F7 78, A
A A X 30 S A% it A 20 PR P 0 R S T D ) % G
BOCRIEATIEMY o 302 i s S Y RN 8 O (0 38 g PR A
I, Fe A K IRAT SR 1,3 F1 4 A 3 Hodh S A% il
3ONEE ), MAZREE 2 Joak( B SA ). RIS 56 55 Y &
RALEAET 20% (1 Ja BRAE, FRATT 8 1M 6 38 4% S A il 1-
AR R IE B AR T T R RIX LW Y SMMC-7721
BT RN MR , I 43 500 X6 A% il R N R VEGE RNA 11
K PCR kit & . RATEMEZLRAER T,
Wil 1,3 Fl4 Y0 fdi VEGF 59 RNA [ 238 P Jo 46
(7K 5 T A2 2 B R IR /K- 5 oAl 3 AN AH 2,
{BX} VEGF A RNA 2 JCAT ] v 46 i A2 mi( &1 5B ).

ML IRATE S, T — AR VEGF 2235 1k
SORAZ Y EAR R S A% 1,3 A4 ), IF 3R W] MFOLD
BRAEXTH RNA 2 445 F4) 110 0000 2 A8 45501 S 40 1Ak i
(IFRIEHE R o FRATTIESS Iy a7 i e 3 1 v s 38 iR %
B IR TR A R R, AR EE BRI/ DN R R
FEP S R 2 AL LA o e e 34 8%
Pl 1,3 4 (3L P e ORI A K3k, T BB — 2
FEXT VEGF Rk AIRR .
O XA PR R PR s B

[& % X k]
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