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by ultrasound-mediated microbubble destruction
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[Abstract] Objective To assess the effect of bel-xl gene on N-methyl-D-aspartate (NMDA)-induced apoptosis on cultured
retinal ganglion cells (RGCs) by ultrasound-mediated microbubble destruction. Methods RGCs were cultured in 24-well
plates. NMDA-induced apoptosis in cultured RGCs was established. The experiment was divided into three groups: control,
NMDA treatment and bcl-xl transfection+ NMDA treatment group (bcl-xl gene was transfected into RGCs 48 h by ultra-
sound-mediated microbubble destruction before NMDA-induced apoptosis was established). The expression of bel-xI protein
in transfected and non-transfected RGCs was assessed by immunohistochemistry assay. The morphotic character of RGCs
was revealed by acridine orange and ethidium bromide staining. DNA fragment was detected by agarose gel electrophoresis.
Results The expression of bel-xI protein in transfected and non-transfected RGCs was different. Lots of apoptotic bodies
was found in NMDA treatment group, less were found in the other two groups. Representative DNA fragment was detected
in the NMDA treatment group. Conclusion Transfection of bel-xI has anti-apoptosis effect on cultured RGCs from apoptosis
induced by NMDA with ultrasound-mediated microbubble destruction. It may be a promising gene therapy for retinal and op-
tic nerve diseases.

[Key words] Ultrasound contrast agent; Retinal ganglion cells; Apoptosis; Bel-xl; Gene therapy

B ERUE TS bel-x1 K F 540 X fE #2215 40 g
BTIERABNEEHR

Z ABL,x R, AR
(. BRER KM RS —ERIRE L EK 4000105
2. HIRBER KBRS R, EIK 400010)

[(H# ZE] BH FMESBOEA S bel-xl B H BT M B AR 205 0 M (RGCO W T MEH . FiE  EIMR A K 5F Long
Evans K il RGCs, 3 #37. N-F 3-D- R & Z B (NMDA) #5145 19 RGCs P T-HBR B AR S 5 32 19 RGCs 400 A 41 (IE 3 X 8
), B 41 (NMDA 41) ,C 4 (bel-x1 ¥ %t + NMDA 41 ; Hiot C 417 A NMDA fij 48 h Fi#7 fltifd /v % bel-x1 5 4 RGCs,
B 48 h T SR F AR 2E AR 43 BT 6 Y 200 i R SR % e 40 B bel-x] 2B 1K 5 A NMDA 36 h J5 R FI Y 548 /18 4k 2. 58 (AO/
EB) WU s Y €0, 465 00 48 6L 08 1~ ) T8 A R AT L B Be Wl rl DR U 48 B0 T2 DNA R W, S5 R e e 4 AhoAG I 2 B 7 o 40 it 5 R
FEUYNM A bel-x| B R XK A 25, AO/EB K & B B 40T WA E R T /MK, C 4 0] WAV IR T- 400 . BAs b A bR
IR % B B 415 800 i) DNA“BREE 7407 .1 A LA C 410 A DNA“BEEE " &t . 4518 B HUE A S bel-x1 F R T
) S 28 7 240 PR R T — S A T A T RE A 400 T A P 2 5 0 1) ik BRL YA o A R — R 1 O

[Rsim] MG Rm; PR 2 400 ; P15 bel-xl; FERIT L

[FESES] R445.1; Q95-33 [XHEKFRIRFE] A [XEHS] 1003-3289(2006)08-1147-04

[BE&TB] A2 EE [ RR %34 E E 5 H %I (304302300 .

(MEEE ] Q977 —) L N FE S AR BE BRIl . B85 [ B OBHR . E-mail: liwei_cqums@yahoo. com
CEWAESE ] XI5 R E R R MR 5 —EREIREL, 400010, E-mail: liusu2836@sina. com

(Y7 B H#] 2006-04-29 [f&E B #] 2006-05-30



il 25 %oF 75 't IR 9 BEAIL ) AF 55 (R TR A 5 AT 2
FEHR B IR YT AU AR IR 2 R 405 1 28 75 2% B T fa] DA G Ath 3%
Bt — LR 22, B 1k mRAE IR X R R I b 22 40 Creti-
nal ganglion cells, RGCs) i#5 3& , N $2 H T & IR IR 19
B — A AR X S 21 2T B ER B 5T i 7 1 N
P, EFRTEOCIR A L RGCs T2 K 56 B3R 55 (0 52 05 , T
fITEESE T RGCs 2475 8 M40 05 B0 A0, ) FH i 90 6 —— | s
T A 5 A 35 R 7 00 IR0 5 oft 22 5 4 A 3 38 19 S I T A
FT AR A e e ORI S8 AT S RO A S PR T3
bel-x1 Bt RGCs JA T A BF 5% , A 22 4 W0 4 22 0 97 42 418 1 12
i
1 MREFZE
1.1 ik SFFV. neo-bel-xI il & K4 ®  Hed M7 k&2 95
KIGFF# DHb5a, ¥ JFi k. SFFV. neo-bel-x1 % £ B S 4k 45 1% 5%
AL P31, #3857 & (EndoFree Plasmid Maxi Kit, Qia-
gen /A ], 8 D TR AR A fb SR, U SR Pse 11l
I, 1% Bt e Wi F, Uk S5 il 1 25
1.2 SRR AR AR A 3R R e S BOCERT
T & BB KR, O & F fl il Long Evans KR i
DL e R JEE 50 ml (LB, BIA 0. 3 Y BS BRI .4 CIICE 1 )8
J5 B0 (3000 r/min, 20 min) , BU_F 35 W o0 2 AR AE . AR B
SRR B I i T W8 35 9 60 24 FLIG IR0 37°CHET . 5 i
HJE 1~2 K Long Evans KRBT 75X M L BRI 1~
2 min J&7 , fERE Y TAE G B9 & b B Sk 4 AR Bk, 4% IR A1
735 il £ 200 M Ak VL B B P B 3% L 9T R /N BB K B Thy-1. 1
BT [ LR S A0 B Ak 2% 75 48 E RGCs,

1.3 A MEA SR A MR e OGS 3 4 Q5 R
SEAL BRI 1 3, 2R B AR /K 08 T SO VR B VR VR B & 45 pg/
ml, FIA MR BE 50 pg/ml iR DNA F 30 iR 2 i % 2
R, BT 4CkAA T 30 min, FiFEMR P AL A 100 pl A
FYUAER MM K DMEM £ 529, A 100 pL 306 5Ok iR
AWL37TCHEE 3 he RAMA A 300 kHz Hi% 1. 25 W/
em’ ESEYE VIR 60 s 5 SLEKE 24 FLEEFRRE T CO, W E
H 5 YRR SR P, 37°C LA 6 h, W 45 YL, it DMEM
R Ak SR 3%

1.4 N-HI-D-RA G (NMDA) J G #E R g dsr RGCs
Hige 3 KJa W24 fLARM4HHL . 3o AB.C 4, K A 4028
IEHE X IR, B 4125 NMDA BRI 41, C 4124 bel-xl # 4 +
NMDA ##I4], C A4l R 3E57 1 K5 H 5 UL A bel-
xIFE QL 40 M, 78 B.C 400 AV FE A 20 nmol/L. NMDA
J&i o BRI AR Ak il 5 TR A TP Ak S B 3R 12~ 36 h, 78 B A fa] 45
WM T E YL AR b, & B B 4K & B 40 B A 4k
a5 AR DLTR LSS W I  BOAS 2 A B AT SR 8 A AT

1.5 i bkl bel-x1 #% 4% 48 h J5, S-P #5540 U fk
Y@L AN bel-x1 A FRIE, #% SP il & vl W F A7,
—Hi /N BRBT A Z s U, il &R 4L, DAB
B, BT WSS MR B M AR O S AR AE
FH

1.6 4N I T BT A5 2 K

Jin A NMDA 36 h J5, 5] & &

T B B o e (0 T B SRR A L IR O K AR TS 3 R B A A
T SR 5% 100 mg/L ¥& T PBS 0 BE#8 1 100 mg/L ¥ T
PBS WIRIL 52 (EB) 45 5 pl RSV E M R RFT .30 s J&
FH OG0 B A5 I B WL 5 IR

1.7 BENeBEEB I in A NMDA 36 h J5 . & 21 W& 40 i
AR SIEL 2 X 10° 40, M A 500 pl 40 3 24 % W (10 mmol/L
Tris+ HCI, 10 mmol/L EDTA. 150 mmol/L NaCl, 0. 5%
SDS, 50 mg/ml RNA fi§,pH fH} 7. 4) 37°C 4b 3 30 min,
A 0.1 mg/ml 2 F B K 50°CAFE 3 h, SR )5 AR R B /&
D5 &M IR, 12 000 g 5 min B0 W B3 285 A 1/10
Y 3 mol/L BBSER AN AN 2. 5 AR TE /K 28 —20°C i
WULTE DNA,12 000 g 10 min B.0 L, JEEE T TE F.,1%
TN T s EL Uk L EB Y 8 3 A

2 #£R

2.1 J&ki SFFV. neo-bel-x| B %% SFFV. neo-bel-xl &
B2t Pse 1 EVIIG , UK R A — 45— 5.1 kb 477 , IR
SFFV. neo-bel-x1 K343 M7 2 BURL & A B — 0 Pse 1YL
MK R 5.1 kb A2 A, AT 35 IE BT 4K R8O SFFV. neo-
bel-x1(E 1),

1 SFFV. neo-bel-xI fiki Pst 1 BV % & . M:A-EcoT141 digest
DAN Maker; 1. SFFV. neo-bel-x1 J5i ki 4 B VI A 45 H

2.2 GRCs JERZME LA xE B8 DR T WL, 40 M3
FhIE IR 4~6 h JFLRMGBE, 24 h S AN FEASE & NEBE . 24 h )5
A BN L IE A R T /N SR 5 48 h R A0 A4 B A i R B
K REAMIE L (E 2);72 h 5 AR — S8k, 558
HE— R, A B M T A G AN 2 , H 2RI A %
Pz AN G R Ak AR Y £ ) 7R 48] B 2 O BT T R L RGCs
2 PFME R 3 BN (B TR sl AV (B0 T 5 4% €658 S, 350 0 W B T IR
RGCs i1 i iy 2858 ( 3) .



— S
- - iy
e
-} - =
o~ o~
- -
- -

= -d'-"»'}_ o~
:';' . ~ -ﬂé‘r =
-~ " - '™
7 x - L
- P
LS - - 2

B
-
o

D, e ks o —
. ’g g‘-.o ot =4 © -

'y ’.m';:(‘; — -
‘r;ﬁ\.a "'_'. _’{3‘,'3 :
PG
(3] AR el

2 }ig% 2 R RGCsCHl 2% B3 BE X 200) 3 RAHEFR 2 KW RGCs, Thyl. 1 5 BEHT A Y 41 A 7R 4% € (F 3% 91 X 200) & 4
KFGY bel-x1 B RGCs 1 bel-x1 2 13635 2 5040 i 23R #5 4 (DAB . <2000

¢
'-u./k.
Y

1

é/
0

s o '..4:

. "
'

';

¢

[+ %

+
-

P
lp g\

r

&

) SNERAAT
L e e 4 ¢
»J 'e-9p 95

B 5 54 bel-xl Y RGCs Y bel-x1 2 1 #3152 5040 i 2 A% . (DAB 8.8 X 200)
0, A% i e, A T 24 A R O T /M (R SR GO 38 R 4R 1B BB X 400)

e % I 4 RO 36 3 8 B AUBE X 400)

2.3 MPEHALAI  FE Y A8 h S, SP s 40 M Ak 2 Y e s
Rl bel-x| 28 [ 1915 K B0 AR i YL 40 i 22 B0 2 v A £, e e
Y 2 A R UR A, R e AN S R e A Y bel-xl R
HKFEH 257 (E 4.5,
2.4 QM T-MIE AR A NMDA J§ 12~36 h +
88 W T OULEE . & B B 4 2 504N A A R A 45 L AR B L R
LSS, Y B A4 R Z 8 & ooz it . C 2 5
ZTTAR AR R E Y25, 40 M 18] Bl 28 R L, A5 20 %50 200 o e 4k 2
£l N S ST O AN (N B2 vk = o
TR ARW R, HOLRERME T, T BHZH NE
ARG w11 87 P O AT i s R R e N NS D
M C 4K 2 Ak 1E AN L /B e e, B [ 45 (L 7
2.5 DNA BgbHEE R B ik B AT 0L B 4119 DNA H 3L &1
SR IA A C AL HIRDNAE 8),
3 iFig

it 25 75 G HR 22 56 ML A0 T A 5T ©HIE BH 2% 4y P 3k 1R
5595 AR A5 245 A 98 T VDM 56 . Nakazawa 26
TEBEES K N 1 4T NMDA 1~ 200 nmol J5 32 8125 %) 51 4 4k 8
P RGCs # %% ; Sihprandi % 76 1 45 BB 55 7K N 1 5312 20
nmol/L NMDA FERI R 3E 70 % 1) RGCs. ARSLIRTE R AN 37
RGCs J1IIA 20 nmol/L NMDA , W 22 % 3 B 21 45 K £ %1
R N N U EZWIve 7 K (T 1A NY U WIVE iR VIE S A ]
5 Luo 2502 A 338 45 B — 20, B R #h 2 oo 0 244 Mk &
BE TR 0% A 1 M B0 A UG 5 R OB R M U R 22 AR b R
RGCs ZH AL,

20 08 T R R SR PR Rk A A R L A P ) i TR

B 6 AO/EB Y K5 Y bel-xl 4 L ML U T 40
7  AO-EB YL (a5 4 bel-x1 41K 2800 5 (50 A0, /0 Bk i

421

B 8 DNA LR HEERH 7k  M:DNA Marker; A:IE% % #; B.
DNA E“BAk 7407 ; C: R I DNA“AIR”

BeiEHE M T kA SRR A AN R R A S
SR K 6 PR A 2 3K AT () 22 M R 4 A R U . HT 2 &k
B2 Bl L R g 0 1) 7 W 2 i T i P e 5 RGCs 1
WFR BRI bel-2 M. 78 mRNA FE 1K FE X bel-2
SRR 11 T8 3w R A R A S I 7 O SRR o e
W HIMEL T bel-xl 1965 B2 2 bel-2 19 16 A%, H T A 1Y 190 I it
AT ML) R IK bel-x. Ui B 7E AR BB bel-xl 2
bel-2 Z2 05 32 BB, B AT LL4E 5 A 22 00 25 A A 108 A
A AR 2 3l R DT IS TF 6 B B bel-x1 Rk TH & H A A H R



KA TR X PR RE S & T M g m A o6, A
S A R RO A S bel-x] BT I A T 40 i R T
DNA A Wik A6 25 38 578 B 4R DNA HEE & Btk i
AYIF CARM S, 4008 -0 £ Z A A L aSiE 2 e e
TR A e A L G 4 5T DNA 78/ M B 22 (8] 9 75 422 Ak W 34
JE i 50~300 kbp K A9 DNA K F B, B 180~200 bp & %%
B SRR IR A B TE 8 I H bk b 3 A RO L Uk B 5 B 41
WP T O AR B L 0 B AN T £, R,
BT BB I IR A B WL R B4 AN S R A 4
A IR IR R AT /IME C Al B AL T 20 i
Z . HLUKRGCs W E;CHE AHELBRAT-MPEREL., -
T 2 T RS O A 5 bel-x1 35 IR B 0 IR 22 7 40 i R T
H—EEH B RRR T &L T k4., XAlRES RGCs
T RZHELHWERL R, 055 oA 55 K e
4 Y ROR A K

R A T o0 e 2 i R R e ORI S RS 2 R R
KL BUA M N 4 A5 EILEREASES T AR R S A
S R A Y SR R S P, R IS B Al R R 4
A EL L A R R 4 RGCs #E LR N2y 5 %, #8745 i
Bl iR B G ORI B VIAL ] o R B A 2R T U B R
23 VAN 75 | 762 240 L S 37 4 1 L AR 3 BOR. DNA #E A2 il
VAL S I 8 6 5 ok R AR 25 A 18 (8 0 34 58 2 Ak BT i — 5 4R
TSR R YR . S R R R 7R O, R ST I JRD £ A
JOTRL I TR B S L A Y A R T I AR s O O ST O R AR 300
kHz 58 1. 25 W/em® ELLE  BRAGTAT ] 60 s ROk BE 45
pg/ml, JURL VR B 50 pg/ml B 5% Y 20 2 48 5 O (26, 87 £
3.12) 90 s IR G YL ROR W AN 4 3R, T 1F — 25 ] A 4 1 i

A S 36 BT R A 7R R e B TR A R T A, BT R B0 i
FERHE 2 — R LR TR 6 25 X AR TR (SF) B A
A 55 AR S GO S R, LR IR G5 R R ORI S, Y Ry
PedeE T H RIFR 77 22500 e MM . o s 2 1E

7

o — AR B W FEAT Ak T RE A B B 2E— 20 59 WF 5 B 355 4 i
He B 5 B P i S 3 L B AT S 2 TR AR Sh ) S . Bl
L ) TR AT A ) BGPTSR i TN B A D T i
oA A 0 A 2 5 114 DR 3 7 B AV A T A A B T 3

(5% k]

[1] Zhang JB. Cell and Tissue Culture Technology[M]. Beijing: Peo-
ples Medical Publishing House, 2002:14.

TR A AN UK 3R RO TM L b st R AR AL 2002
14.

[2] Nakazawa T, Shimura M, Endo S, et al. N-Methyl-D-Aspartic
acid suppresses Akt activity through protein phosphatase in retinal
ganglion cells[J]. Mol Vis, 2005,11:1173-1182.

[3] Luo X, Heidinger V, Picaud S, et al. Selective excitotoxic degen-
eration of adult pig retinal ganglion cells in vitro[J]. Invest Oph-
thalmol Vis Sci, 2001,42(5):1096-1106.

[4] Taniyama Y, Tachibana K, Hiraoka K, et al. Development of safe
and efficient novel nonviral gene transfer using ultrasound: en-
hancement of transfection efficiency of naked plasmid DNA in skel-
etal muscle[J]. Gene Ther, 2002,9(6):372-380.

[5] Unger EC, Hersh E, Vannan M, et al. Local drug and gene deliv-
ery through microbubbles[J]. Prog Cardiovasc Dis, 2001, 44 (1) :
45-54.

[6] Shohet RV, Chen S, Zhou YT, et al. Echocardiographic destruc-
tion of albumin microbubbles directs gene delivery to the myocardi-
um[J]. Circulation, 2000,101(22):2554-2556.

[7] Taniyama Y, Tachibana K, Hiraoka K, et al. Local delivery of
plasmid DNA into rat carotid artery using ultrasound[J]. Circula-
tion, 2002,105(10):1233-1239.

[8] Schneider M. Contrast media in ultrasonography: from synthesis
to clinical use. The SonoVue example[J]. Ann Cardiol Angeiol

(Paris), 2002,51(4):218-220.

KT g R e SCRAT BIE PR e R
W SC s

AL 20 48 A KA F5 18 SCR B SHRIE T BB PR O AE 3 19 St 2 AE i 3%

i 2003 —2005 A 3K

BAE SCEAT BTV IR R ST A 5 A ) 2 A BT IEK 3R A SR AIE 5 A B P (R 1 ) 2 2 A P B A R AR A0 A2

NG T B AL 5 IFE LR TAE 4 T 200 S L,

ARBAR SO BRI A I 51 (Y A8 R SRR R R ISR AT BRAAE TS . A7 T P AR I8 SO A5 IE 0 SR T A R

BT G T &S A TR B R E IR .

R AR bl - AU Rt T E X FE R LS S i bl 15 hk 301 3 o [ R 2 AR B R 2 #7525 - 100088,

HL1E:010-82050373 ;44 E : 010-82050374 ,
L 7 B4 : ¢jmit@ cjmit. com,



