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RBATHER, 7‘7;‘2’5 M HMG-CoAR A& B A>3 it 5 Z B AF A ¥ 550 (TLT2 4= T3) , M & F 412 55 F RNAI
BRI LS A B g H22 b R ROESH R, @it gRT-PCR #&# HMG-CoAR mRNA 3 & ; A i Western
Blot \ELISA 7 % %47 HMG-CoAR # & ik K-F, R L EHAFRAL, ZA 5B ﬂ‘i’%%-k%%éérﬂﬂﬂéﬁ HMG-
CoAR £ ik K-F R FMAK(P <0.05) , B BF & % 5 R J5 1 R 49 T JIE HMG-CoAR mRNA K-F & & 42 A B P
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[ ABSTRACT ] Aim To develop novel strategies to treat familial hypercholesterolemia (FH) , we explored knocking
down the endogenous hydroxymethylglutaryl CoA reductase (HMG-CoAR) expression in C57BL/6] mouse by lentivirus me-
diated RNAI approach in this study. Methods Three lentiviral RNAi vectors targeting sites (T1, T2 and T3) in
HMG-CoA reductase gene were subject to infect H22 cell line and tail vein injection to C57BL /6] mouse after viral packa-
ging. HMG-CoAR mRNA abundance was measured by qRT-PCR; Western Blot and ELISA assay were used to detect the
HMG-CoAR protein expression in infected mouse liver or plasma. Results The expression of HMG-CoAR in stably
transfected H22 cells of three experimental groups was dramatically reduced in comparison to control (P <0.05).  Signifi-
cantly lowing HMG-CoAR was detected in mouse liver and plasma 5 days after infection (P <0.05). Among the three
target sites, T3 was proved to be the most effective, in which the HMG-CoAR level was only 1/3 of control group.  Moreo-
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ver, the result of time course analysis of the inhibition effects showed that the HMG-CoAR expression was supressed at least

up to 50 days in all three groups.
it was more effective than others.

dogenous HMG-CoAR expression in cell line and mouse.

by knocking down HMG-CoAR level.

RN v H & P2 ML JE (familial hypercholesterol-
emia, FH) XFxlla #4555 2 1 IAUCAE , 2 T 40 iR 1
HYMER 5 4 B 25 11 321K (low-density lipoprotein receptor,
LDLR ) JIREGR IS 2 A R A e o T 5 R Ay —
Fst AR B . 24 LDLR JEPH & A= 2878 1, 4i i
NIRRT AT 25 2 R A 1 2 B B 2y e A S i, ol
LDL AR5 73k B by, 76 18 BE AN BT TOAR , S 80U L
1 2% S P &% (total cholesterol , TC) A2 E HR &
FIIE[E B (low-density lipoprotein cholesterol , LDLC ) i
F TV IR Z AL U B R R K Sl ik it A Ak
& RBRAFOIERNEEHRER . FERN AR
B Rerh, IR RKF-ER 752 LDLR AUSHRiEs
W oh, b 5 HE SRR A G, Hh 2z — 227
PR — R BTk %0 % A ( hydroxymethylglutaryl CoA
HMG-CoA ) i J5i it ( HMG-CoA reductase , HMG-CoAR )
TEPERTIETT . HMG-CoAR 2 JIH [ -5 nl iy PR il , JH:
T PRS2 AR AR T K R DL SR B IR DL S5 45 R
R, AT T IS AR TT YT Bk A
fliT45 /2 HMG-CoAR B FR] , H AT 25 ) W i 2k
R RIGIR RN BRI 25 e
So A HMG-CoAR {15, Jok /b P IR AR [0 87
J, SEBL AR L3 o TC \LDLC 7KF-, 7R 3CLA HMG-
CoAR UKL i 1 1 i #E T RNA T3 (RNAQ)
75454 CSTBL /6] 2l 2 /1 Uil py Ik HMG-
CoAR JEHFIR , AT T — i 1 T8 HMG-CoAR
BEPIFIR I HE— AL KR AR A P BT T i K A T ik
HEAT FH PGB S

1 #MREFE

L1 #EFRF

K B AF # TPO10 B % A 40 % . 293T 40 g .
pLKO. 1 #K DA K AE X & % 30K DA RO 3 4% R &
41,3 48 j Ak HEK293T 48 j 34 h A L3 218 4 R
% (Polybrene ) ( Sigma-Aldrich) ; /M . HMG-CoAR %
BX %% 2 ARk 7l & W B Mybiosource /A ] ( Catalog
NO: MBS705517 ) ; HMG-CoAR #i 1A 4 B BioVision
/N ] (Catalog NO: 3952-100) ; 7 JI§ ¥ % it DNA [H]
YRk ] & B TRIzol KA (A& RAR £ 4y A 5] ) 3 &

T1 site exhibited most stable inhibition effect, yet T3 site showed more fluctuating though
Conclusion Three RNAi targeted vectors were demonstrated to be able to inhibit en-

The results pave the way for lowing serum lipid in FH treatment

PRI e YT B T4 3% B8 Taq B (Takara 2 ) ;
6 4F i RPMI 1640 3 7% &£ & DMEM 3 % £ (Hy-
clone /A7) ; 3 # K B ( Promega /A 7] ) ; DNA Marker
(ELEREEMAT); H v EMRA N E =407
4;PCR 5| Y B w4 B s £ A RAE AR,
1.2 shRNA BJi%it % HMG-CoAR RNAi 185 &8
N afE S

1 H A & (Ambion /A F ), & /N B HMG-
CoAR #t [ ( GenBank: NM_008255.2) th {& =¥ £ 4
BAL A I3 BB )T F] (T1:316 bp ~336 bp;T2:
1351 bp ~ 1369 bp; T3:2065 bp ~ 2075 bp) , 3t LA
CTCGAG J #UF 4549, & R 7] 7= £ shRNA By 48 j 5
MHB R B (K1), 8B 1 wl IE @ Ff2 K # siRNA
EHEF®H K T 95C 4 min 70°C 10 min 4 2 3 %
BAHZEER,BRKGEEZ Age | 7 EcoR 1 W EE Y]
th 12 75 % # K pLKO. 1 puro 3%, 3 A 18 55 & # 1k
pLK 0. 1 puro # N\ A £ty b i Fn T i % iF — <t 81 4
LKO5 \LKO3 (5% 2) #£47 PCR #7 % & & , ¥ [H M 7 &
By FRLHE— % T A A
1.3 BRENHE

R B AL BT B 18 TR 3R g 5 900 ng
pCMV-dR8. 91 #1100 ng VSV-G/pMD2G 4, % Jii 4 ,
X R E 3T AR K BB 293 4 i SR | B R 45 T IR
B EBAT IR L 6 h FH# R A 10% FBS By
DMEM 5% 4 35 553, 3 7 37°C \5% CO, 41 T 4t 4
R, TRBRERRNEE, 48 h ERESHR
B BUR By 20 0 3 Sk B A, 3F 15000 1/min A 3 H
N 0.5hFEE KERSE,RET -T0CEA
1.4 i B E e 4 A a2

BRWE — R, & 6 FLWR F o A AL 2
x 10° #9 293T 21 jfL, 45 Fr ik & W & 4% 1,107,
1072107 10 ™ K 10 7° b 7] S5 47 4 5 76 B, 44 0.5
mL F B 5 R R A e N B A R AL,
37CHF 12 h 5, E#4 10% i 7% i DMEM , 48 ~
72 h E#REC DNA, A 5] 4 RRE1l & RRE2 (% 2) #
fTEE PCR, oM & &A1k & % N &K, HRE
HNH o E Bt ENL, REREAKX.TU/ ml =
(C xNx Dx1000)/V,i+ 45 H & 418 % &% E(C
KR E A AN ERE BN R q et
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ARAE BT A5 6% & 8 2, & /N R H22 AT 4 &
WA A S uL R K .8 mg/L KL A 4

& 1. SRR 5 FIBR RS B 5 43 5% i B B AR E ER R

7EH R DMEM,2 h J& 3% i 52 3% 57K, T 37°C .
5%CO, A FTHEHE k., %%3580% ~90%
CAEE 900 me/1L By E vk B & HEAT f 18, K45
BENAR LRI HER AT T PN LE,

Table 1. Oligonucleotides designed according to the target sequence and the negative control sequences

o B TSI
1 neYs::: 5'-CCGGTacgtgctgageagegacatcaCTCGAGtgatgtegetgetcageacgt TTTTTG-3'
& 5'-AATTCAAAA AtgatgtcgetgetcageacgtCTCGAGacgtgetgageagegacatcaA-3'
2 neYs::: 5'-CCGGTaaccattagtggtggaageCTCGAGgettecaccactaatggtt TTTTTG-3”
J S 5'-AATTCAAAAAgcttccaccactaatggttCTCGAGaaccattagtggtggaageA-3”
3 neYs::: 5'-CCGGTgacgeaacctcetatateegttCTCGAGaacggatatagaggttgegtc TTTTTG-3'
Jz X5 5'-AATTCAAAAAaacggatatagaggtigegtcCTCGAGgacgeaacctctatateegttA-3 '
F2. 3115 IR Cr (., ARAE Cu i, 15 AACH 1A, DL 275
Table 2. Primer sequence RFEIA G A RERK B E R A
ElLRR 519 PRy FARERSTRER, FAHERELHN3 A, H
LKO5 5'-TGGACTATCATATGCTTACCGTAAC-3’ 198 il‘i }(ﬁ’ /E!g\ [,>L N }f 7}({{ %gi 5
17 e s 00 o1
RRE2 5'-GATGCCCCAGACTGTGAGTT-3' 109 MESES RPN ALRBEEZ G, K
H1 5'-GCTTGGCCTCCATTGAGAT-3 2 %% &, BCA % % &, M 20 wg ¥ 47 SDS-PAGE #
H2 5'-ATGCATCCGGAAAAGTCTTG-3' = 0 S - - - EE o N
GAPDHI  5'-AGGTCGGTGTGAACGGATTTG-3' os VSELERT ?T %’E FHE( {VC &) ,NC f& éé b N iiilﬂ
GAPDH2  5'-GGGGTCGTTGATGGCAACA-3' Ja B 4 & AR IR B % 40 HMG-CoAR 4L 1K (—41)
(1:1000) LA B # AR 3T 4 b 47 B8 A7 IE 4L R 1gG ALk
L5 skl (1:1000) ( =%%) #AT 2T, & 5w ok B %3
CS7TBL /6] A /MNREFMEFR SR YT #t MG 2RI ER2 L EEMEIOD),

A IR VTR R E A N E IR 20 ~25°C, A XTI
40% ~70% , *t 8 Bl ihZA A HKE N 25 ~30 g 1
C57BL/6) b R At /N (n =4) A 200 pL & & 4
18 7% 2 19 PBS WEE| & B ¥ MOE 4T, D& R o At BB
4, BALKRHEL3 K,
1.6 WH*kE=ZE RT-PCR 9 #1 HMG-CoAR mRNA
*E

SE S S K A A /N BT AL 3, 4 B R BRI
4 L AT TRIzol S AEZ AR & RNA, B4R B i e
AR RNA 572 2 | %ﬁb/\ztytfa‘ T & oA 0 4
. % SuperScript® I Reverse Transcriptase ( Cat.
18080-044 , Invitrogen, CA) 3 % 5% i% ¢cDNA Z J7 15
J| Applied Biosystems7500 & & PCR L 71 iQ™
SYBR® Green Supermix ( Cat. 170-8880 , Bio-Rad ) , | 5l
#1 H1 H2 # Il HMG-CoAR mRNA 9 48 3 £ &, VA
GAPDH 1E A 3 ey iy 2t B, Bl ik it 5 W& F
(5l 4 GAPDH1 #2 GAPDH2), #| Ji 7500 software
syste X &M 5 B9 KO8 E B PCR ROBL 45 R¥EAT 47

1.8 ELISA EE5H HMG-CoAR RikKFE
A 5t X B A LA K3 S E A RNAI 187 8 R %
HySLEb 2H | A2 UE 4t B9 10,20 .30 .40 Fn 50 K, 9 3T
R E R B A 3 HMG-CoAR #y 5% 1k A F # 47 £
A, RAE ELISA R &30 W FH AT X 81, & &
BB U7 450 nm KK F N EA LY XL FE
(OD 1), FH&EE 3 Kk, X THEN@M, A
PBS 8 B 4 ik E & IO”/L,a‘{C?ﬁJ//(Jff\ DS i
ML, 2B, B EE AT ELISA A&
1.9 FitFEHH
B A B4 & Flw £5 %, A SPSS10. 0 3% 4t
AR BE R KA ¢ A%, 2L P < 0.05

2 # R

2.1 HMG-CoAR EREF# ki
XEANTR] T4 R Br 5 38 4 % 42 %) o 2 Jookr i A 7
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PCR %5 (1), 20 5 3R A H G BE (D28 2 AR A A
) 9K 60 bp Ze A7 ve R, A AR siRNA AT RE
IS RE A K0 20 B Sy PR Y R A T
JP P2 RS B — 8, XRE, RTiE T =
AN SRS ] HMG-CoAR JEPA T1 T2 T3 i
[ pHRil .pHRi2 .pHRi3 RNAi # {4

pHRi1 pHRi2 pHRi3 pLKO.1 M

250 b
s S0P
-<—198 bp

100 bp

257 bp—>

1. IANFEBH PCREELER

Figure 1. PCR result of insertion fragment

2.2 #RAErh HMG-CoAR BIRIE

W02 5 9 pHRil . pHRi2 M pHRi3 % 25 4 44
X R 245 9 2, W AR, 2 BIARAS 2 8 x 10°
TU/mL 2 x 10" TU/mL F16 x 10" TU/mL JGEERE . 12
B HELA ) B IR GS/N BUR R JE A 41 R H22 , Z2
W R PUIETE J5 AR S e i AR M s B, B K
FERWEUTWORABME, TFAE I HMG-CoAR 2 K 7E 4t
HIgFATEIL, 455 R =S8 4H 22 ] i 2k K -
HeAe—3K, 1528 2 A BEAR L, K- BB BRI (P <
0.05) , iR =Bl P4 ZE A4 M T A b A1 1) 48 7 Py
HMG-CoAR FEHFIR(FK3)

R3. AEELHMIEH HMG-CoAR RiLKE (¥ +5, ney/L,
n=3)

Table 3. The expression of HMG-CoAR in stably transfect-
ed H22 cells

ik HMG-CoAR ¥ JiF
pLKO. 1 8.10 +1.04
pHRil 4.86 +1.53"
pHRi2 4.65 +0. 43"
pHRi3 4.22 +0. 83"

a i P <0.05,55 pLKO. 1 (ZS 38 AAXT ) AR L,

2.3 INRARR HMG-CoAR ERE MRS
XEESTE 5 R /Iy BUEAT A 351 K U ik 41 21

mRNA , i3 5 RT-PCR HC A/ A N A [) 52 5640

1 HMG-CoAR mRNA 3= B i A X 22 A5 B0, 45 2R i

7~ HMG-CoAR %% 55 32 B4, =4~ SL 50 2H 1) mR-
NA ZKF-BL R ARG, 25 550 B EPE(P <0.05;3K 4)
2.4 INRAER HMG-CoAR B B RIE

XA RREES 5 RIGM/NR, E—2 00T
AR SE5 2H 1Y HMG-CoAR 78 2 /K L 1 3818
B, Western Blot 25 5% w525 2R YL 4/ A
e, =ASSEI2H v HMG-CoAR 7 JFF It 1 263588 32
FIRRIFEE M T3, b T3 A A s (F2)
] B, %o 4% 21 /0N BB BRI AR, A0 40 JD I MG -
CoAR Wik &, 45HR 5 Western Blot Z5 R AH{LL, =
AEG L H HMG-CoAR 1 3K 7K 5 45 2 (A % ]
22 3A B TE (P <0.05) B &5 400 K F X
H AR, =4S285 41 b 030 RCR WAFFE 22 57,
Horfr pHRi3 B IR e B &, vk 3 3 f5 2,
i pHRil 1 pHRi2 f1 HMG-CoAR B33k K45
AHIE , BN B pHRi3 B4 i 2R (H AL 1 i KT
2RI IR (pLKO. 1) (P <0.05; % 4), N T i#F—
ABGUE RNAL T4 AR 19 80k, AT AR A9
TR EESG 5 R /N BRI 2 s I [ s A S R4 T 4G
MR8 5 HMG-CoAR 5 M 32 il i BOURAH HE , AN
[Fi] Ak 32 S L[] Pt 7K1 A8 A U B B N H 5 28 3
PR HEAH FAR SR 22 55 W 35 (P <0. 05,38 4) . 1T
EL 3 36T /0N B 2 O [ K S FA ARG 2 — 2B
B pHRi3 HA AR HIRER (P <0.01)

pHRi1 pHRi2  pHRI3  pLKO.1

o e— — e HMG-CoAR

A S S WS GAPDH

& 2. HMG-CoAR BJ Western Blot #ill 25 5
Figure 2. Results of Western Blot detection for HMIG-CoAR

RT3 ARl RNAT AT /N B 9 A 2L 1
MRIBE S, BB XSS 10 .20 30 .40 F150 K/
L% H HMG-CoAR () 3k K EHEAT RGN, 245 5 &
78 = RNAL AR FRZH o HMG-CoAR FE [N 351
Fb s A BRI BRAIG, BB RNAL B9 T 38R mT
K50 ZK(E3), Hrb pHRil MHIRCR o FAE ;
2 pHRi2 Kb B /N B, HMG-CoAR ik K F 5
pHRil AhFRL A A, (HAM SRR B oy KL 5 i
5 pHRil [ pHRi2 AbFEZHAH L, pHRi3 B9 AR fie A
FoE , H R AR UL, 7R3 2 4 H I E] P9 HMG-
CoAR KL V— H A& AR, AT T3 $E A9 T4k
LESTITICRDIN
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x4, INRBFBEH HMG-CoAR EERFRIE R M 4% A RE BB (¥ +5,n =3)
Table 4. The expression of HMG-CoAR and the content of total cholesterol in serum (x +s,n=3)

ik JF 21 HMG - CoAR mRNA P41 HMG - CoAR £ Ifi3¢ HMG - CoAR(pg/L) I3 TC(mmol/L)
pLKO. 1 9.00 = 1.24 0.94 +0. 04 2.66 =0. 34 2.47 £0.03
pHRil 4.86 +0.77" 0.56 0. 01° 1.51 0. 18" 2.00 +0. 05
pHRi2 5.42+1.41° 0.54 £0.01° 1.72 +0.01° 1.92 +0. 04"
pHRi3 3.41 £0. 83" 0. 42 +0. 06" 0.87 +0.12" 1. 66 +0. 05"

a’ P<0.05,b >4 P<0.01,%5 pLKO. 1 (Z5 4% 4A%F ) A L,

—~ 357
=)

3z 3
B 2.5+
®

X5 2
%1.5’
<C

8 1
|

[0} |
20'5
I 0"

0 10 20 30 40 50
BfiE (X))

B 3. fEiESt E A E R E A& ELISA R4 /N R R HMG-
CoAR HYFRIAKFE (x +5,n =3)

Figure 3. The expression of HMG-CoAR gene in mouse ser-
um at days 10, 20, 30, 40 and 50 after injection with leti-
virous by ELISA

3 iF it

i LDLR 2P I REGRFE TR 89 FH, AR N IR
L, A0 i JIE [ P 98 AR, O T S BORL R B Dk R
PREEARDCHN . LARITX T FH By BEEPIG T 24 h
TER N AMEPE R IR LDLR 24, 7 S A5 B AE 4R = 1A
WIE S DIRERY LDLR 7K, 34 57 J A1 i IEL ] e it
N A3 4 i o ke, Kankkonen sl ol
JeFAIFRE S JE 274 TBG 0K 8l /MR LDLR SE[H
SIS S 3K 5B O 1 SE B AR LDLR A
K RETE 32 7R N B 432 30 1 1 3 0 AR 3R 4%, AATTH
LDLR F:HJH 71X 10 kb K, &4 2 R0 14
DNA F B sh/ME LDLR SR Fak T sty 35
MR RIEEE T FH BRI AT, i, X FH 1Y)
BLPINAYT , NATTHE B 645 a5 AR v 5 Al 78 45 55
A F 300 1100 AL R a3 1) 5 02 R G
(reverse cholesterol transportation, RCT) , ¥ fif ¥f
1) 15 %% BE BE 2 (high-density lipoprotein , HDL) iz [F]
JHEIE P 23, BRAR AR B L 80 h R R B o, 28
JEEE T A1 ( ApoAl) /& HDL K #k s & M, IH-1E

i HDL 2S5 F R T AR EE [, 76 0 [ B 1 336 ) 7
iz R EZAEM, $ &R N A HDL/ ApoAl 7K F-HJ
S D 0 I R ) K A L%, Van Craeyveld
2 (10 56 LA A 3 223K ApoAl J , AMEA | T HDL
JIEL I K S P 2 s, 7T L AL 8 o Rl Ak B B A fe i
B, Wt #IE ApoAl 5 MK A LDLR 3 H
A BANON , 476 LDLR /N i 4355 ApoAl
A LDLR Bl A b A AL BE B () R e v, B = A 1
BEHUAA IR IS, o WL, B A T HIR i A
SRR FIR B E FH REPNSIT A CTBL,

HMG-CoAR v T M Jiz N T AR L=, Sk 22 U 5 i
HEH,#L HMG-CoA A= B 2GR (MVA) |, HET A
PR R BRI AR R — A A ] R
I, HMG-CoAR & MVA 42 i) — A FR i, 72 JH
[T S S P 2 Akt R v ke 2 DG BEAE F ,  J2 A1 T
HOHAb R A A W A b i I AT FE L
AN A IE F A FE P, HMG-CoAR B35 752
JIE I 1 2 A A, 24 HMG-CoAR 32 35 42 417 il
B, A P TR 1 G KT R AR I R 5 Y
HMG-CoAR 1 fill 71) 201 4% Fofr 4th VT 25 245 49 343 W] Bl 1K o
15 IR v B AT Bl KRB A B R RV T
F25IE T IR b b A B H R 25, SR
KA AR At 2515 ok i 22 BIAE D, ks S UL A I i
JERERR (45

HMG-CoAR #t [H 7 T 13 5 4 (o1& KB I
(ql3.3-q14) i FEHAE AL T ARSF [R5 3 R A7
FET LR R R S S O
ZRFpd, EARDEE T, AT /N R HMG-CoAR
LR A it DX BEBE — B A #5138 3 12 9 7
F RNAL HR 7N T8 HMG-CoAR LR YA
KI5 2 4R B AR L, = BEER A E A W B
AR, AR = B P 51 v, S e 4 K
VR R IR 22 X, 2 DN BRUAAR P 1) 52 56
BT AT UL SR = B AN AR e, Ak, FRAT
I =A™ S 56 20 AE AN [A] 5[] XF HMG-CoAR JE K 11



134

ISSN 1007-3949 Chin J Arterioscler, Vol 21 ,No 2,2013

TG BCHEAT T 0T, R 30 T3 B A5 B SR 40 7 2% 2
G (E L AR e, T T 85 ) RCR e e e
{HARE ERE J I H X HMG-CoAR FE[H i 2% i
s R T LA RIRCHI Tk 50 2K, s g R AT
i FH EE PR 97 S A0 i SR ws R — 2P FE LD-
LR ™~ % FH BRI/ Ef 38 3 0 ) HMG-CoAR
R s # A MR35 LDLR (740 FH 19
FEPRIAY T O 5E 25 A

[ &% 30Hk]
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