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H: 1% (angiogenin, ANG) fit) 56 28 Sk AR K PN Bz 40 M2 (human umbilical vein endothelial cells, HUVECs ) ¥4%8 A 1T #% fig
WISENA . Jitk 1 RT-PCR J5 k473 RI [, V1S4 A6 A peDNA3. 1, #9 @Rl & 235 84k peDNA3. 1-RI, 7E ig BT 44
S 4 HUVECs, RT-PCR £ RI,ANG F£[R ) mRNA 357K ; Western blot £ RT,ANG \MMP-2 MMP-9 (§] 3 157K ;
CO-IP 35K ANG 1 RI (9 AH B AE F, MTT 354800 40 i i 385 48 0% 77, i UM SR A B R oA . 50 ek ks
P ) s 7% 0% peDNA3. 1-RT 20 40l RI 5 A A mRNA J 25 1 A9 2R 2 % IR ZH (5% 4% peDNA3. 1 23 g M 2 R R 7% G ot
L) B 5 BE PRI (P <0.05) , 1] ANG FE[H (1) mRNA K2 1 (19 3R B B BEAR (P <0. 05) , MMP-2 \MMP-9 & |1 3R A /K-
IRFEAR (P <0.05) ; CO-IP I 5] ANG FI RI AEAAE N BESS G 5 % ¢ peDNA3. 1-RI B4 3] HUVECs 4H il J5 48 i ) 34 5
T BIAL(P <0.05) ,G, ~ G, B LLBIBH B 1IN, S HHw /. g5 AT A s 09 BA% 385K TORE RE 2 3 Y im RI LA K 7R
PR3 55 R A] DA B AR % 5K B BRI ANG (3R3K  EAMIBN S ANG S5, AT 20 PN 52 240 B () 15 7 iR RS fig

[RBIA] OWAZ BRI R T BRI N R 4 5 1 A8 A 3R 5 L RS

[hEESES]  R322.12;R329.23;R394-33 [ XHFRERD] A

Construction of eukaryotic expression vector pcDNA3. 1-RI and its effect on human
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[ Abstract | Objective To construct an eukaryotic expression vector of ribonuclease inhibitor ( RI)
gene, pcDNA3. 1-RI, and to investigate the effect of pcDNA3. 1-RI on the growth of human umbilical vein en-
dothelial cells (HUVECs) and the relationship between RI and angiogenin ( ANG). Methods RI gene seg-
ments amplified by RT-PCR and digested by restriction enzymes were inserted into pcDNA3. 1 to construct the
recombinant vector pcDNA3. 1-RI, which was transferred into HUVECs by liposomes. The mRNA levels of RI
and ANG were detected by RT-PCR, and the protein expression levels of RI, ANG, MMP-2 and MMP-9 were
detected by Western blotting. The interaction between ANG and Rl was examined by co-immunoprecipitation
(Co-IP). The proliferation activity of HUVECs was detected by MTT assay, and cell cycle distribution was de-
tected by flow cytometry. Results The recombinant vector pcDNA3. 1-RI was successfully constructed. The
mRNA and protein expression of Rl in the experimental group ( HUVECs transfected with pcDNA3. 1-RI) sig-
nificantly increased as compared with that in the control group (HUVECs transfected with pcDNA3.1) and in
the blank control group (P <0.05). The mRNA and protein expression of ANG decreased in the experimental
group, and MMP-2 and MMP-9 protein expression decreased as well (P <0.05). In the experimental group,
cell proliferation activity of HUVECs significantly decreased (P <0.05), and the cells were arrested at G,-S
phase. The Co-IP detected the interaction between ANG and RI. Conclusion FEukaryotic expression vector
pcDNA3. 1-RI is constructed successfully, and it can increase the mRNA and protein expression of RI. RI can

interact with ANG and downregulate ANG expression at the transcription level to inhibit the proliferation and mi-
gration of HUVECs.
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A% K % % Tl 410 1) [ T ( ribonuclease inhibitor, RI)
SR L B0 A ML T T — b R MR AR 1, AR 4 o o
257050 x 10, Zifs AHY RIFEHEE M T 11 S5
PSR A 1=, B 11p15.5", RIERNZHRREGE A
(RNase A) (il 1, G5 i K idi it RNase D) 1: 14k
SR S A A, A ) LS A AR
WFFT A, Wk i JRs £ 3 1M RNase A 35 7% 7155, RI
TEVETRE T, Ak UK (angiogenin, ANG ) Ji: 1985
4 Feet Z5 1 0 W45 7 e AN IO ik HT-29 (9 15 9% i
HR R — R R T, e — A AR R, 123
AN IEFR AL AL XT3 F R 20 14 x 107 (4 A4 Bl
PEEE (0T, FEAR I RMAR S0 325 B AT 5 B A4 375 i A8 A
NI, BB AR HE AR AR, -2 5 4 ot A8 AR
JRIA T ANG 38 HAT 55 RNase iP5, X6 15 P9 1 400
RRGAT B | 189 58 A0 LA IR R Tz B0 R AR
cDNA J¥31HER1, ANG 5 RNase A 1R &5 i[RI PE1E 5
Folkman Hil Fenselau 25 ] X G} 4k #r W, ANG 5
RNase A 7 & W HANRIA SR ZE#, —F AT LIS A
ek RT B4 . (AR5 ANG A 8 K RT)
(ki=7.1x107" L/mol) """ ZAfff 5 Fi] Fi] B A% ik
AR, 0 A8 Ry S M B 6 1K TORL peDNA3. 1-RI 3%
IR (AR A K Rz 48 (human umbilical vein
endothelial cells, HUVECs) N7P= A 41 %) RI LR A& F#
5 BR0F RT 5 ANG #95¢ 5 Sk HUVECs 4 a4 5 (1T
R fie 1 s An ] BefE FBLE

1 #M¥EFZE

1.1 £Z4H

R AR pcDNA3. 1 B4k E. coli DH50 7701 JIE4I I H 2
PREE R K2R AN A 4 K asi A% 24 HO0E 2 A4 A7 , HUVECs 411 il hy
PR BE R R 58— W IR I Bt AR S 2 g
1.2 &KX HA)

T, DNA % $ 0 45 Fi R D9 VDl 306 6 S 3 79 L o O
it \DL 2000 & DL 15000 ¥4 H % £ %) T8 (Ki&E) ARA
TR 4 B4l Ak R & W B Omega 23 &, i§ JE 4K Lipo-
fectamine 2000 /1 Trizol iXF| M4 B Invitrogen 23 &), BT A RI #1
R ARS8 %= A H, SR L ViTE CO-IP 5] S P A ANG,
MMP-2 MMP-9 $ifA2g [ 26 [ Santa Cruz 23w, HRP #Ric 2
P TG HRP FRICFH 5 1gG 0 B AL 5t h A2 S AR EIHOR
A PR 7] MTT 4 4 5 55 3 VA5 A 1 A4 il e 2
Y TR AT B R AT 34 6= 2 b 4t

1.3 ABEEREGHE

R 45 PubMed o % 59 A RI 3 A cDNA J¥ 41 (NM _
002939. 3) , i FH% 1%k Primer Permier 5.0 %3154, 7E HE%:
cDNA FHI AR 275 , I CEEIA T (R4 5L Al KOZAK ¢
G, IFEEAZ A = 438 IE 8% :5'-GCTCTAGAATGAGC-
CTGGACATCCAGAG-3" (& Xba 1 W) {7 &), ;e X 4%:5'-
CCCAAGCTTGGAGATGACCCTCAGGGAT-3' (&5 Hind T ) {37
B o R TR FGE TR R D K& k. BIYYH
A TAEY TREARRSH ARG N 7701 AZEIEH
JFAMAE N EREL RNA S8 /5 F RT-PCR Jrikd 39 RI LR, Y1
[, FH Xba T F1 Hind T HOBURE YT, 4RV 5 /9 R LA H B
5% Xba T 1 Hind T X EG Y 1 25 2844 pcDNA3. 1 ¥ 82, 544k
E. coli DHSo 334, 32 MU i 45 Xba | F1 Hind 11 3G HI 400 45 %
SEIEHR 36 _EWEAE T A W) T AR H AR R 45 A BN 510 1,
TEA 4 Bk AT 44 4 peDNA3. 1-RI,
1.4 Zaphis B it

FEYLTT 24 b SE SRR AL AR N, L 2 x 10°/FLFh
6 FLEFFRM . i1 3 ml B 10% B4 1l 7% 1) DMEM 35 3% ) F 4
fL, T 5% CO, i) 37 CIRFAWT , Frdi il 80% 22 A4l A it (%5
Y Bt AR AT 57 % , SR G mip 40 M AR KOR 2 12 h, 20 H
ANRBARSF HU AR B3 10 L, S5 08 A Hz fok bk 5 F %) 6 peD-
NA3. 1-RI il pcDNA3. 1 i Lipofectamine 2000 %% %t HUVECs 4
M, FERE YR 12,24 (48 72 h AR AN, A MTT e ) 400 Jfd 33
Bt 5 FH P Y030 3 200 i A AG ) 40 A J31 5 B Western blot 465 il
RIANG MR HRIARAE . 41143 3 41:pcDNA3. 1-RI 41,
pcDNA3. 1 73 241 Fxt FR A
1.5 RT-PCR A& 45 4« 4w i 69 R1LANG 2 B mRNA

R R

W4 g 48 h J5 I A AL A, Trizol 32870 42 B AN A &
RNA {5 338 2 53 3 ) 4 R U 25 vk R A 7 30 1 51, DAt s it
Y cDNA SRR , 54T PCR )%, RIFEE 1-9i#5 (4 :5'-GCT-
CTAGAATGAGCCTGGACATCCAGAG-3', F i 5] 4 5'-CCCAA-
GCTTGGAGATGACCCTCAGGGAT-3', 7= ¥ £ i & 1 383 bp;
ANG A i 5] #: 5'-CCCAAGCTTATGGTGATGGGCCTGGG-
CG-3', F i B ¥ 5'-CGGGATCCAACGGACGACGGAAAATTGA-3'
FEI A 369 bp; S GAPDH [ 1514 :5'-GCTGTC-
CCTGTACGCCTCTG-3', F i 81 4 : 5'-TGCCGATGGTGATGAC-
CTGG-3', = & 4 270 bp, PCR F=¥I4: 2% 35 g WE LI FL ik
5391, H Bio-Rad BERE AR R G RARIRAE, I H Quantity one &
HR
1.6 #:42mfie, R, ANG MMP2 MMP9 & & % ik 64 4]

B BRI A RS AR E - 20 °C, 42 2% SDS-PAGE
BRI AT /0 8 SR F SR 2= PVDF B, R 5% iNs 03
FyEFE 2 hy o B A SRPLA ANG Uik (1:300 Fa k) L BBLA
RIFLiA(1:750 # k) 4 CWEE 8 43 1A HRP FRic i
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i PR 1gG(1:2 000 7 k) 4 CHERE & ; MG b2 &
P AT RS TR
1.7 Zmie. A ANG 5 RI 25448 A a9 46

STk peDNA3. 1-RI F1 peDNA3. 1 25 #{& ] Lipofectamine
2000 #% 9% HUVECs ZHHd, 5945 48 h ISR 20 B, i A2 2t 48
S % W (B B TR AR ) oK b B S B 43 B
B2 LA Western blot 43 HTVE BHA4: X BN mye HLAE
Rt HEL 5 0 A 2R R o0 N 1 g mye $U4A, 4 °C B 18 4% S0
BISRH AL AT ) 10 wl protein A B R4 RN A B Fn4T 44
U A A ) 20 L L R B P o R 4 P 4 C BB I RN 2
~4 h RS protein A BEEHEER(HIE  NA 15 pl 1Y 2 x SDS
FREZE W, WK 5 min; i 17 Western blot fill A He Pt A ANG
Bk (1: 300 Fke) B ANG 5 RIS A RET) .
1.8 43 miadg ia & /) oA

YT 24 b, 38 HRAE AL SR A, B 10% Jif AR 1 i
F9 DMEM 55 37 3 il i 20 40 OB, LA 1 x 10° /L3R T 96 FLIS
IR, 33 NH , K BTRL peDNA3. 1-RI Hl peDNA3. 1 75 B {& ]
Lipofectamine 2000 %% %t HUVECs 40fitg, 45 2H% 5 &AL, [ i
BEASHNA0AE NS SR 128 FUXHIREL, T 37 °C,5% CO, B4
Wt il FHER 1.2 3 4 d 5 RFLINA MTT 359, R 2285 57
4 b, 0 U R AR ZE 1 B SR T I S A TS AGE T 490 nm
KINEAFEMELD(490) ], LB E g As b5, D (490) fH
PhAsbR, 2 AR KR
1.9 A5 3 tm o 4m 6L JB) 2 09 A m)

SR YLRT 24 h, 38 i TR RE T AL R 4B M, T 10% iR 4R 1
F9 DMEM 5 75 3% il 1 20 40 OB, LA 1 x 10° /L3R T 96 FLIS
Fib, 23 4, 4 pecDNA3. 1-RI Fil pcDNA3. 1 25 44 ] Lipo-
fectamine 2000 #:2Jt HUVECs 4i/ifg ,48 h J5 N EFa B YL 44
YA, 25 0.25% IS AL , B PBS B, 4% A 40 M2, 75
FH70% .FEF 4 CREE 24 h 5, % R ERHR 2= A Bl 24 B
il , SEY A 3 IR
1.10  %it oM

BARLL x + s Fn, R SPSS 10. 0 e it 44, il Lh 8547
T 25T I g K.

2 HR

2.1 RIAWABEREREGER
RT-PCR J5 ¥ 484 1Y 147 ) 25 B NS W B e Hhy T 407 s 24
1383 bp, 5 HM KK E—2, WK 1,
M

M.DNA #7: (DL 15000) ;1,2 . RT-PCR /=4
E1 RT-PCR & 1 HA RI ERF

2.2 bR ek R B b 4
28 2% L BE A EEE B B 1k 43 M, TT UL 1 383 bp i RI LR 4%
LA 2,

2 000 bp—
1 500 bp—
1 000 bp—

500 bp— 1383bp

M:DNA 47/ (DL 15000) ;1 ~5:RT-PCR %
2 TRBEHEEER BRI TR [ W R RIEE

2.3 RIARABEAELREHET

TSR R A L TR AT s, A BRI 28 Xba | Hind T XU
PIR4yal T2 1 383 bp 15 500 bp By 24, VLIE 3, 7 4%
SRR AR A Y B 08518 B SE R R P 81 S8 A —
U, F I TG R R

M:DNA #74 (DL 15000) ;1 ~10; pcDNA3. 1-RI R #7 = 4
B3 EAFH pcDNA3.1-RI £ Xba | HindI WEGYI S ELE R

2.4 ##mp RI ANG A B mRNA ¢4 FK-F

F AN PCR =28 2% SRR WEBERL FRL UK 25 SR DL 4 ]
i, 1 383 bp Ay RT P 4547 ,369 bp i ANG J [K 454 F1 270 bp
BJP9Z GAPDH JE[K 4574 ; pcDNA3. 1-RI £ 4 Jiid RT JL 5 mRNA
B K B 22490, 5 peDNA3. 1 25 k4l % FRZEAH LE, 43
BIEFT 51% F1 57% , B 25 54 Gt 8 L (P <0.05) ; 1fif
peDNA3. 1-RI 0 41 il ANG £ mRNA %5 5K F F R, 5
peDNA3. 1 Zs 8 fR 4l X HRZAAR L, 2050 TR T 35% F142% , AL
ESABRIEE XL (P<0.05),
2.5 :Fmpe R ANG & & 64 £ ik K-F

Western blot £55 2% Quantity one AH X} & & 43 #7 W7 , peD-
NA3. 1-RI ZH40f1 RI K 14 (% 38 38 K - 48 peDNA3. 1 25 30 144 |
Xof BRI R, LA 5K 65% F 69% , H 22 5% B 4t
(P <0.01) s H ANG & A9 K K48 peDNA3. 1 254
TREL X BRLLRRAIR , T 203 51 R 59% R 57% , 25 5+ HAT e it
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FEL(P<0.05), WS,

1 23456 7 8 9MIM2

<—2 000 bp
<1500 bp

<—1 000 bp
<—500 bp

250 bp
<—100 bp

RI(1383 bp)

ANG(369 bp)
GAPDH(270 bp )

M1 :DNA #7: (DL 15000) ; M2 : DNA 47 ( DL 2000) ;1 .4 .7 : peD-
NA3. 1-RT £8;2 .5 8:pcDNA3. | & 4Kk21;3.6.9; #1840
B4 X206 RI. ANG £FE mRNA # R RT-PCR %2

1 2 3

e
SRS —ANG(14x10°)
B N ina0) ()
ORI EANG M B-actin
b
i
|

AN R

A Western blot #& M 2 &  1:pcDNA3. 1-RI 28;2:pcDNA3. 1 = #
PR3 bR B FE B oM a:P<0.01,b:P<0.05,5 peD-
NA3. 1-RT 4Ltk

&5 Western blot #& il 4 HUVECs #fifg RI ANG EHRIKIE

2.6 @il ANG 5 RI £&4-4 7

T SLPUTE CO-IP Ji ik, i ivE 5 RI flA KA W
myc & [ BIT] LAZE pcDNA3. 1-RT 4046 3] ANG &1, WK 6,
ZiR IR ANG 5 RI7E4 N REAH AR

1 2 3 4

_

1./ 2 B8 2852 pcDNA3. 1 & # /K 40; 3. ' & %+ 18 48
4.pcDNA3. 1-RI 41
E 6 CO-IP #illl ANG 5 RI 7£ HUVECs ff N & &8

2.7 #:4mpp MMP-2 MMP-9 & & &) & & K-F
Western blot %% 5 7, pcDNA3. 1-RI £H 4}t iy MMP-2 . MMP-

9 B MR IK KP4 peDNA3. 1 255 8K 20 X B2 1 25 PRI,

MMP-2 F A T FERA 58 79% F1 79% ,MMP-9 & 1 T R4

R 76% M 18% , HE5HF BA G5 L (P<0.01), WK,

1 2 3
— —

—MMP-2 (72x10%)

—MMP-9 (92x10°)

—B-actin 42x10) (A

OMMP-2 EIMMP-9 MB-actin

a

ﬂg 25t

A

l pc A3.l I peDNA3.1-RI 4 @

2SR
253

A Western blot 4| 253% 1.3 20;2, pcDNA3. 1 = #H 4k ;
3:pcDNA3. 1-RT 48;B: ¥ 2 F 4547 a:P<0.01,k5 pcDNA3. 1-
RI za 1642

&7 Western blot #il| & 48 HUVECs 28 fi MMP-2 MMP-9 &1

e

2.8 HHfmintdgiE D

K25 5 58 7%, peDNA3. 1-RI 414111 D (490) {8 F 45
JE 5 2 RIFUR, B3 AL TF pCDNA3. 1 25 2R AL R R4 (P <
0.05) ,7if pCDNA3. 1 258 S5 IRA T B2 R (P >0.05),
W8, ¥t 1.2 3.4 dJ5,pecDNA3. 1-RT 25 A4 30 il 224351 g
66.12% \14.71% 22.93% F1 49. 15% , FWE % RI ZEH Y
Fik ] B EREAT HUVECs 405 TE ),

—s— pcDNA3.1-RI 41

121
—m— pcDNA3.1 253k

1.0r
—A— X IEZ
08}

0.6

D(490)

041
02F

0 . ! . |
A i) (e/d)
a: P<0.05,5 pCDNA3. 1 % 4k 20 % %} JB 41 pL g
E8 #&% HUVECs B4tz

2.9 EEFmpe e ta i )R A

pcDNA3. 1-RI £1 5 peDNA3. 1 23 £ K20 0 BEZH 240 AR L
S S A 43 B0 T 38.66% 1 65.37% , H 2% A G2
HY(P<0.05),G, .G, s i Wi £, S w4l
P . R KA RI LA Al G, ~ S HAPH W, 30 4
HUVECsHI {3454 .
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78 A B IR V6T SR s BRI  JFHA Bo iik
I NG 7R 25 K 2 T R IR R SRR A 1O
NIRRT ERAE T — Ak B k. IRt R
968 240 L ok FNAR 22 25 AR i) e g A A R R i v v
ANG [ve B S8 T, B AT RE 5 Mo 19 R A= LR
JERUEACS VI OC . FESh ) S b, il 48 A iR 1Y 45
HEATNEE ) RARINEIFR RL, 5w TRy
JSCEERG A TR S5 34 AT 41 il b g 19 2B KRR, 3 AT
3k R A AR R U

ANG J& T RNase ¥ F iGN — b1, 1 HA RNase 1Y
T T, 2 00048 A s PR e R AR A T 3 2 1 TR
TN Ak | E 5 B X IR S AR AT R
TR P X LA e M0 A A B Y A W 2E Dy R b AN AT b
f1 , TR ELAT SR 2 35 e I A A A i Y o
FP 9 Sk RN 2 ) 27 25 o3 A 2R RT W RERE 5 ANG
B G, MRS R X G2k RT 5 ANG /970131
ECHEARS G TR BB NEEZ — a5 K
FH 5 RNase A (455 AES29 100 5017170 S,
ARSI i R FR I8 RFER RIS ANG 956 R &
XF N JBE K P e 200 v i KT A% g ) B 52, DL 4R
75 RTZEAD ]I 4E T2 B 14 43 HL I o

AWFFER Y], RT EE peDNA3. 1-RT EAX 35 Bk
AR IA T R B mRNA R 13 ANG 5 RI A[ L)
TEAMML N 45 6 5 RT K] DL 482 78 7% Sk -F L R IR
ANG fYFRIK f ANG 3 K K AR KRy 3R 8 KK
WG, i HUVECs M50 T G, ], A 2273 2408055 , A\
M7 i 2 4 il HUVECs 21 B35

25 bk, R FEDH (2 2238 0] LA S 38 0041 0l 4
B AN LA G5 ST RS T ) i 48 AR . RT BRI
SRR A e i A B R R, R RL
TLALE A VR FATAILR , F — 20 e B RI LAY DB, Al
SRy TR ) T LA A o) I PR R 24 i R A i
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