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HHARA IR AN FPIANBIEEA A v XEEEA
A iv Milano ZEHLIETEZH B C2C12 FF IR IE

EAESC, EE FEH, BEE, FH IR, B SuReA
(1. AT EAKRFHIRBHERLTF R P, TR HTET 210029;
2LAFBEARERSAHR, IHAERT 210029)

[REIE] @iz, kB iRngrn, ARS8, BREAXRE EEEOANV, ABEOAN
Milano; LR 4 2@ fie

[ E) BH UTLE2ABRMEBRENBANIFARBEEG AVAEIEE G A iv Milano £ /s LUK M 4 fo
C2C12 PR R A AR E —FHMWTAG LT DR BAARALE R RO ERLE, FEF AEFAAALE T L RNA
AR, AEHRRELBERANFEEAREE G AV cDNA, S X TH L HAEE G A ivMilano cDNA. 2 F45 &5 &
B AIVVERIER G AivMilano & cDNA #§ N T 40 2 B IRAR X & S AR AL, T 54090 A 2k 4% 4 6,38 a0 2 203T 3K 4%
T ABAEE A A IVARRIEE G A Iv Milano 49 F 41 IR 48 X % & 34Kk, ARG AR CEL RS ITIR % . B8 N
FTH2ABRMAREFERAE, T ABBH R ARG ERERANELAE. 2AALSREET S A VR
A5 % & A ivMilano ¢cDNA 89 %A BN E G A ivFe & IE & & A iv Milano %9 4887 48 X 5% & 34/ ROLR M 49 6 C2C12
AT R, BRI AW ERNEORET N, R REBEBREFVWEINEH, SRERY. HBAEKEE
BAIVABEASES AlvMilano W EHRMEBENBEEH A2 IONL £F. T02 BRA8£BELERIF.
HIEEOAVARIEE G A ivMilano 2 #3843 0.39 £0. 04 mg/L #2 0. 31 0. 03 mg/ L #9 KA K F. 25 R H %
AERBEO AIVRBIER A A v Milano 89 TAMA X% FHAK, JHE CCL2 WP HRFA R EE, AF—F KL
TR Z A Aol 7 R B AR AL R R 69 k4T T T Ak,
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[ ABSTRACT] Aim To construct recombinant adeno- associated viruses (rAAV) vectors carrying human apolipoprotein A iv
(apoA iv) and apo A iv Milano ¢DNA, and explore a new strategy to prevent and treat the atherosclerotic diseases. Methods
Human apo A iv ¢cDNA with a histag in upward of the ¢cDNA sequence was obtained by reverse transcriptiorr polymerase chain
reaction (RT-PCR) and polymerase chain reaction (PCR), human apo A v Milano ¢cDNA was then prepared by Site- Directed Mu-
tagenesis. The particle numbers of TAAV vectors after extractd with a most economic and convenient method was assayed by Dot
blot, and the purity was assayed by SDS polyacrylamide gel electrophoresis (SDS-PAGE) .  The expression efficiency of the apo A
iv and apo A iv Milano in C2C12 after infected by rAAV vectors were detected by ELISA method. Results The titre of the
rAAV vectors of apo A iv and apo A iv Milano was about 2 x 10'/1, and the result of SDS- PAGE showed the purity of the rAAV
vectors was good. The expressed apo A iv level is 0. 39 £0. 04 mg/L and the apo A iv Milano is 0. 31 £0. 03 mg/L in the
DMEM culture medium. Conclusions The success of the TAAV vectors construction and purification and the expression of
apo A iv and apo A iv Milano in C2Cj; cells mediated by these vectors, makes the injection of rAAV encoding human apo A iv
(rAAVA) and rAAV encoding human apo A iv milano (rAAVAM) vectors in mouse muscular cells possible, and contributes to the

hope of finding a safe and effective way to prevent and treat atherosclerotic diseases.
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HARE A A ivE &% EE & E (high density
lipoprotein, HDL) %) 5 %2 25 ji 35 43, H. 24 OF % g H
P Ik 2 #% %2 % ( lecithin cholesterol acyl transferase,
LCAT) F)7E B 0% 7. HDL A LCAT #1215 fH [ 7
Y%z, By b RH B R LR Ah A 2H 20 2 Ui RR, fE 313N
RO RERE AL M R R R EEMEAT . A
JlEEH A iv Milano #5713 A HDL L#EHEE A ivi
SRAETAH AR B 7KF, T HH W = Be 7K 22 e,
B 2 b AT RO ML R AL R R IR A IEE A
O, R MIRT R LA R A A iv Milano L IE#
NBHEE A A IvE A 5 5m IK40 30 ko ¢ AR H
BRI 52 22 3 o I 4F B AN A A % ik N E 4L
IR A iv Milano £ HAE B IA 2 ik o 148 40 14
PRI ) —Fh 75, A5 —E K, B E R E A 2
H—REh i, ATBRAMB T HEEREREED A
iv Milano &% H RETE/R A K IR IX T B2 — M B A T
fES B . % T IR AH 5% i # (adeno- associated
viruse, AAV) B KHA . w2k A2 i e 4H 240 L 1Y)
R AL AL AAV UKL 3048 PNTC3CMVB A H 4 Bl
KL pDG AR, BT T &8 IR AN B EH
A VAR EE E A iv Milano (1 5 41 JRAH IS 55 2 A4,
DI G/ BRLYR PR AR5 R ik . RN IR R
— Pt B 00 TSI FRVE 97 2 JKAE A4 P 5 0 ) v A
THE.

1 #MR5REE

L1 #&

JAKL PNTC3CMVB.pDG i Dickson # 1% (Universi-
ty of London, UK) ¥, Lipofectamine 2000 %7 ( %
Invitrogen /2 &) , IM109. A B & 293T 48 A o /N AL
TR M C2C12 ¥ A A £ B = & 7, QuikChange
Site Directed Mutagenesis Kit 1 7| & ( % E Stratagene
NE, Gl E L EREREEBERARL AR,
Taq B8 ( 5 % A XA 8, F 38 44X 5 & Not I
A1 Xho- 1 .RNA B 17 | 7| ( H A& Takara Biotech /A &),
Fe o ORI & (AL R A BAR IR A F]), DIG
B R & (B 4+ Roche 2 F]), B & B ( 3 E Mill
pore /A &) , HRP( % [E Sigma A 5]), ;L AFJEE & A
i E(EEEREWERAE), T-A L& NF
B4 B L B8 ( CIAP) \M-MLV 3 # % B ( % [E Promega
ONE]), E (% E NEB A ) . 9600 & PCR {3 ( %
ABI 2 7)), 1% 1% & # & QAL % E Sovall 2 7)),
MODEL 2000 # # 22} ( % [E Robbins Scientific /A
) .

1.2 FRAEEL . IR R RS YR &

AW T HIZEN T EHT, MBS
il Takara /A X 7| & # AT, RZ A4 EHE & Ly F
7 ENE = .
1.3 BEMERNEART

JIE#FFA S 42 B RNA, #h1& RNA X i #
KR HENFT EHAT. BHFTR AR NI
. b ¥ 5’-CITGGATCCACCATGAAAGCTGCGGTGC
TGACG3’, T # 5’-CITAAGCTTTCACTGGTGITGA
GCTTCITAGI-3" « KRR % 20 WL, 3 o AR 1 2%
Sk R KL J& ¢DNA (49 300 ng), 10 x buffer 2 UL, 25
mmol/ L. Mg®* 1. 5 WL, 5 mmol/L. dNTP 0. 5 HL, 10
mmol/ L5| #7 %4 0. 5 ML, ddH,0 15 UL, 5 Mu/L Taq &
0.5M.. RAAEF:94CHZ ¥ 3 min; 94 °CE % 30
s,50 CiE K 30 s, 72 °CHEf# 1 min, 35 MEZ /G 72°C
FE {8 7 min, % & 4 CRIE. HEERANP LR &, &
TIRARAARIEGAVEEEEZE S A ivMilano &
cDNA #2465 A0 F 31 46 m 7 HIS 47 &7, DUE A A
SRR a#HATR 4

Ao HIS #7 % B 77 & B AT Z R B A B 5 R AL
( polymerase chain reaction, PCR), % — %k f1 8 — &k
PCR¥ 6 Mg HS EamBEMNEAREE S
A iv cDNA B 3 %8 F % 77, % =K PCR 7| A\ NotI
BB &, AE N AAV Hfk fikl. = PCR R
RIeh Bl 41 A % — 3k PCR £ 3l 47 5°-ATCGCAC-
CATCACCATCACCATATGAAAGCTGCGGTGCTGACCTT
G-3, T# 54 5 -TTGCGGCCGCAATCACTGGGTGIT
GAGCITC-3; % — sk PCR L #5141 5’ -CITGGATC-
CACCATGCGTGGATCGCACCATCACCATCACCAT — AT-
GAAAG3’, T ¥ 5l # 5’ -TTGCGGCCGCAAT-
CACTGGGTGITGAGCITG 3’ ; % =k PCR L 5| 4
5’ -TTGCGGCCGCAAATGCGTGGATCGCACCAT CA-3’,
T % 35 # 5 -TTGCGGCCGCAATCACTGGGT
GITGAGCITC-3" » K RLf& % 20 ML, % — K PCR Hy##
WAZENANBEIEEE A v DNA B T-A T & 1 UL
(200 ng) , % Z K B % =K PCR KK # LK PCR 7=
#7(300 ng) , 10 x buffer 2 UL, 25 mmol/ L Mg** 1.5 UL,
5 mmol/L dNTP 0. 5 VL, 10 mmol/L 5| 47 %& 0. 5 UL,
ddH,0 15 VL, 5 Mu/L Taq B8 0.5 WL, K A F:94C
A 3 min; 94 CE M 30 s, 51 C( % — K PCR)/
53°C(%® =& PCR)/51°C( % =& PCR) i X 30 s,
72 CHE f# 1 min, 35 NEFF G 72 CE M# 7 min, % &
4°CRIE. ® =K PCR =HENT-A % &, 7N F#
TEE.

FI R E A RTRAE, 40T HIS 424 F2 Not-1
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LA EF ANREEZ G AlvcDNA FF| 8K
T A HFEE G A iv Milano ¢DNA. Lt 3% 3| 4 5°-
CTGGGCGAGGAGATG |T] GCGACCGCGCGCGE-3", T
% Bl ¥ 5 ’-GACCCGCTCCTCTAC CGCTG-
GCGCGCGCG-3, mEH H REmE ., WIAH &
B AT HRAE, SFNF L,
1.4 REAHEETE A VAEEETHE A iv Milano
EARRE KR SRR AR E

BEAHEBEEGAIVEEEEZ G A iv Milano
cDNA By T-A 72 [& Fi A & Jifr PNTC3CMVB A Not-1
BT E AT R R R %, W E WA H R
BB A fh 5, Bl /N4 B w4 B2 B 4 PNTC3CMVB B
VIEHFEAAV B FBHATEHRUOAE, K
EHREEAAIVREEE G A ivMilano F B % E R
B3 B b Pl AT B R A . S WL H B 4T
B4, R, MERN R AEREWRE T
Jl Xho I #HATEE Y14 % .
1.5 HmEBAFHEEAA VAEFEREZEB A iv Milano
FEHEBRBXREH R . BN

HEK293T 28 #f LL( 1. 0~ 2. 0) x 107/ 10 em By %5
FEEMT 10 eom 4 MK, K HiL B 70% ~ 80%
WIIC A, #iUE, AR AR B AR 103 B bl S AT
L hEREARL LE. 2B R[S R E
B AAV HR, BLLK B EHATRSE.
1.6 MAEZFXELEERBABEER A VMBESE
H A iv Milano B E 28 BRHE X% 5 Bk

FRAT B ER AT 7 A 3 e B8 OB e P T i s i Bk
$ K PCR 4. T4 & K3 & 4 58 7 & %A
&L AT
1.7 TR EREER N 58 7R % B B B AR ER Ik A
RIS AEAEER A VAIERAEER A iv Milano BFIE 4R
REXFESEE

10 ML S LHy rAAV B, Ir A\ 2x B B
R 10 ML, B K% 5 min, In . 48 K 15%, &
PR 5%, TEE 110V, Bk 140 min. #Uk T8, A%
D mELE2h G, RERME 2,
1.8 mEBAHEER A VAEFEZEHB A iv Milano
RIEHREXRERRS C2C12 4

35 mm B 6 FLAR B 1 x 10° A C2C12 % ff 3 4T 8
B ZRIAE T0%~ 80% W4 E. FEHER
T Ar 50 UL rAAV B9 300~ 500 HL T i vE
DMEM 5%, LB E M LT N E, B 37 CHRKE
F A6 B Y 30 min JE 4 10% /N4 L vE B DMEM 3
FH#E, 24 h J5# T M IEH DMEM 3E 55 %, LUE # 4
MRE N EH, 5 24h FREHMIEFRK, - 20 TR

7, LR #ATRM.
1.9 HRP#RICIAZAEER A ivIlE
FI 8 5 3t e 4 AT .
110 F=4RIEHIAEN
B AR ELNEEEGAVEREEES
A ivMilano 8 % ik .

2 G R

2.1 RAEM¥ERK

#FHHEE H A iv ¢DNA ¥ 5 Gene Bank (4
NG A iv DNA FEAIFHST, H HIS AR25 K
F AR B Y IERR( B 1, Figure 1)

M A B

2000bp £

1000bp
750bp |

250bp
100bp

& 1. RT-PCR & PCR F=#EERRERK M 22000 bp ) Marker,
A NULIE R AR 23 32 L RNA AR 28 00 4 5 3R & B BE I B2
PRI NS IE 1 A iv <DNA (825 bp), B N4 =X PCR R B F™
AR B H Nor 1 B U4 w2 J HIS #r3 M NHAE B 0 A iv cDNA
(862 bp)

Figure 1. The electrophoretogram of RT- PCR and PCR prod

ucts

2.2 EBRT

WAEE A A v I G B4 N A, 1 LR
B RIh(E 2, Figure 2)
2.3 EHEBREXFEEE

25y I g ig NER 2 B A VI rAAV (1AAV
encoding human apo A iv, rAAVA) Fl 465 N #5155 H
A iWlilano [¥] rAAV (1tAAV encoding human apoA iv mi-
lano, rAAVAM) HEATHE s 8 2 H TS 5, 15 H R0k 2L
BI%105 2 x 104N/ L( B 3, Figure 3)
2.4 EHEBREXRELEE

VP1.VP2.VP3 /& 4 B AAV-2 4 =Fh B H
R, BN 87.72 A1 62 kDa, VP1. VP2 A1 VP3
=FhER ATE AAV-2 LB 208 1010 10, 7E SDS
PAGE HUJKJETE R T 3 2R EM: 257 . VPL.VP2
VP3 fF& K4 101010 B HL ), I H 2% 7 i, 6=
2y, nf WA FE R4 (B 4, Figure 4)
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80 390

G CG6CGE6CGCGCG G TCGCGCATC CTCC T CGCC C

400
HEEEA M

cDNA [F 7%

200 210

G 6GCGCG6CGECGECGEBGET CGC ACATCTCCT CGGCCTC

2. ERRELR

Figure 2. The results of Site Directed Mutagenesis

E3 AR MNEAREXHFESEE 1~ 6 A4 4
1:10, 1:20, 1: 40, 1: 80, 1: 100, 1: 200 Xt rAAVA 34 S5 kL 54T B ¢
LA b it

Figure 3. The result of Dot blot to detect the titre of rAAV

— 43kDa

4. SDS-PAGE 1M EHBRIBXFEEE
Figure 4. The results of SDS PAGE to detect the purity of
rAAV

2.5 EBEEFRIEEBER

AT A A VIR 0.39 £0. 04 mg/ L {FRIE K
F, BAEEE E A iv Milano 3875 0. 31 £0. 03 mg/ L [115E
IE7KF, B UL rAAVA K2 yAAVAM Z AR Y AT LA R
KIEHMEA(K 1,Table 1) .

x1. EBEEERMEZENEBRIEERL
Table 1. The ELISA result of the protein expression of human

apoA-1 and apoA-1 Milano (x L5, n= 5, mg/L)

a4 A BHWE

Xt e 40 0. 024 £0. 015
WATE A A ivMilano 41 0. 31 £0. 03¢
HARE T A ival 0.39%0. 04"

a: P< 0.01, b: P<0.01, S5xB4ILLES .

220
HAsE G Al

Milano cDNA F3%

3 i

BIRE O A V& AR —F E I B A bushk
SRR E R R AR B . REREA A vl —
FERTARAR, REIEER A A v 173 MR AR
RANE BRI — M E R, HM 80 FERAER
KA R B JG , Tt a0 fik ol B A 4k 4 55 99 10 4 F Fn
ERNE — BRI ARG, L5 RN+ EH
JEZEH A iv Milano #7473, #8H A ™ H 11K a fE &
1 T B = AR 3 B I A 1 T[] A e SR
v H I = U, 3 I PR A I — A SR e IR 3
fkzsm s fa R &R . AT IR ¥ AR, SR E
A iv Milano ## a IRE R EEEA A ivAEH 41K
[I7KF, (B O L 95 B8 998 20 ) B 2 LU RA At 7] AR 3
ER—HE FIE® ML, ARMEEHIREA
A iv Milano ] HDL A 48 Ji r 45 B [E BE F) 2% 2 4%
o, N T RE R R s AR R R R R AR K
KR BRAEANE S A iv Milano HLEIEER E A ivE
TR, 1% B T S BRI R AR E
BERE A-IM/A-IM AR SRR AR A A-IM/ 2,
fedE A AL BN, Hle B A A-IM/ A-M 7E (i 4&
PRHR 2 22 M P K, E T T B RAR . A
RAIFBARE A A-M B sh bk ok #1450 i 4 A 2 22
BT S Se B AE B R IR & A iV Milano T
DAZE IR A% TR o5 41 161) AL /)N AR SR 48 09 42 T i IfL 4%
2 B, oo IR O TR R B B S A AR Y .
RRMEARRIEEE A iv Milano MBEASHIE &)
AT DA 1) 2 fik 6 A5 B K 1 & AR R e I Hmig IR B
FE Sk P /N R 3 Bk BE e b i iR 5 A0 B0 A i
S, MREEMBREA EBREINRRETHE
FIE NS E A A iv Milano 1] LURIE Z) 51 20 4 iR
I, kb B e i R R R B RO &L . 7 2001
SR 2003 4F (1) =4 [A], 75 35 B & 2 AR N — A s PR
F 3 AT B — TR 7EAIE BH #R Bk 45 T 2 T IR 3l ik
CEAIE R BEABIREA A iv Milano MEEAE I E &
YI(ETC-216) , 83 ML P8 75 ] DL BH S5 00 %2 31 20 Jik
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BEYL R . XA S AE RO BEE A A v Mi-
lano /7 76 BBk SKAFAE AL PR 32 it 1 B I8 M S8 K
¥ o

ARSI R iR AR O 0 2 4 D 2 DR B 4% 1) B4R,
HERBIMSA R 24, 245K KIS N A
BEVEIE A, B R AR, TR A T R
AR ZSARI AL, H 02 K W] B S N 18 32 40 i
Gttt 1180 gl ih, BRAR OG5 3 AR A 3 ) i R
FRAGIE T 4080 S BB ik i H 5 R
GuBE SN, AT H 8 AT AAE g 25 40 P
ABIRIENT . KEALLR rAAV (153 B gl B F I
CsCl 5 BEAR I B8 O R AU, (IO AR, T EL T 75
WIS & 51, KORBRHI T AAV (BT EMIB A . A
SCRF 5 R AAV BLA Tirf 52 22 Fl oA L7 7
(RN CBEEE) BIRFEREAT rAAV 70 B AL RIR 4
S5 SR AUE WY AZ 5 A R P fa1 B0, P 5 K0 A7 6% IR B,
rAAV B ER, U AT, DhRE IR KR R 4T, (EAHE f&
Ho

Fikes T EAMBAEE A A iv Milano 8 H 52 T
73 R 9 B0 ik s Ao B A R 0 1 — R RO Tk, (B
peisle aks = ORIN G S - S TTDIF MR R e R T
AR A6 20 e BAE FH, AN B B K, 1 L th AR 45
Bio L IER RS AR A iv Milano 2 1 7£ 4
WE ARG E IR, AL L FE B
vt TERMIEERZ, o4, Hi
R, B o AT BRAE, xAAV BUR T DU B R SN K
WL, KITKEREHKES. BRARIEEA A iv/ 8
JEE A A iv Milano £ Z AT H A G L, H)E T2
WEE A, £ MR AT (LR, 8e 4] DAE 1 #
WL 3, BEN A8 34 7 A= 3t 20 Kk A Ak 1 5 9 ) 4R
o JEIELARE S S AERIEBAGE E A iv Milano &
A0 i AR S0 B 3R, T 3B B2 3 A ivMilano
HAKPFAREGRANRE LR —FMETE.2
DPRSEHIRI T AN — DR R AAV I+ 7
(I8 R e 3% BEAT B KT Sk 0, AR rAAV B4R T
I PR IR RTAT PEAN 22 A VR BE 7047 1 1 264k, o9 IRER
— 257 397 O PRI AR T B0 K SR AR SR A R B T VR
RUETHE,
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