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Abstract Lipoprotein lipase (LPL) is the rate limiting enzyme for triglycerides hydrolysis, which
catalyses the hydrolysis of the triacylglycerol component of chylomicrons and very low density lipoproteins,
thereby providing fatty acids and monoacylglycerol for tissue utilization. LPL gene mutation or deletion may affect
the activity of LPL, and result in lipid metabolism disorder. Although the LPL deficiency disease is rare, no cure
method is developed till now. In this study, the gene therapy construct MSCV-hLPL was made, which could infect
muscle cell line (C,C),), kidney cell line (HEK293T) and pre-adipocyte cell line (3T3-L1) with over 80% efficiency.
Nevertheless, active LPL could be detected at the surface of all these three kinds of cells. Then, three types of cells
were injected into nude mice, LPL activity increased significantly in the muscle tissues under the injection sites of
the 3T3-L1 line. Our results show that MSCV-hLPL could correct the LPL™~ genotype and the adipose tissue may
be the best tissue for transplantation in the future. This is a ground-breaking test in LPL deficiency treatment field,
which lays a good foundation for using iPSC to correct the LPL deficiency.
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Jig &% A JI5 B (lipoprotein lipase, LPL)J& i Jlij 41
I 11 N 0 o g s B e Y E R 1
AT, LPLEA2ANAH ] 1) 8 36 DL AR 3L B 45 5 T8
B SRR A RIS PP, LPL 2R AR I R 45 A AL
U5 RGN A B A0 M 3 T PRI R £ It 20 £
(sulfuric acid heparan glycoprotein, HSPG) 4t &, 4
SE T 76 40 LA P B A0 i 2 TR, AT A R RN
MMz vh, KA 3L BE 30K (chylomicron, CM)
B A% % £ g B I (very low density lipoprotein,
VLDL)H [ H i = E&(triglyceride, TG), fL45HLAA i
U PR L H 7 P DA, LPLZ M SR AR (1) DG i
. HLPLJS AR D) g ik e IsF, 2 5| S B R v T il
R I (2l = N 11 mmol/L, TE
MK T1.7 mmol/L), i 2% A4 FEFL 8, H il
— g A AR AT 10658, BRI EAET,
RE VRIS AR IR, SRR %
JIE AR P IS 8 RS2 P v e AR s i LB R I,
T FE AR IR A, R N ks S AR, AR
JUEAIL RO,

LPLIE Al 1) 35t A% B3 ot M SR LPLYE 1 K F(ik
) ) dp T B PR, X s e (AR B R a4,
BEARAMEITEN . RREH 5 R ERP 2 K
PO AR, IR B T 2R RE ARG
LPLGR JRAE IR AR, 15 S H) /Iy B 2R 36 U 3 A JE
PEIOATATYE, WA ANLPLER SR /) BB A Y
Or B AT e B, RIS 5 2 fe T Ml HoR Gl i 3
N2-4 T i s DR =, A 3L H 3 14 e A0 3R 43 LPLAR 5k
TG0, AR 5 A 45 77 LPLS DRI IR 55 DRLVA T 7 A4
A 1E T 40 M IR LPLIE PR B, B2 SR A T4 i 734k,
% AE R AR B TR YELPLI 4121, A A 0] s /s B
R, AR RRE v LPLEL RAE, HoOkE 9 T AR
iy K (1) B 1 e ) 8, HL A AR G 1R I DR S HH T S5
HAT, F T e dn i S0 R e Ak, R s 3 2 e
AR & HE A, Bt LASTIH ) 5K
AW B —, TR RN IE 40 fLPLER R HE
R FERNG T B0 58—, IRIERERS My b 4L
LPLIYHEAH 2L, 10 T4 oA HbRdH 2. A3
FRIIRE B T 308 S99 B3 2AMSCV-hLPL, 1] LA =i 5%
2 G 2 P IR IR 40 [ IF R 3 WA W& PE I LPL, 164k,
WA T NG T AL Z3RIL A 20 ZnT DL Ah YL PL A
Bl R AR5 W] DAL /N AR N ARE 20 WAL PL 3 Il 3 20
0

=\ o

1 #5734

1.1 #7#l
111 k. AR R FER R T SRR

{A MSCV-IRES-GFP(http://www.addgene.org/20672/)
K L9 5 AL 3E Bl Bh 5 K pCL-Eco(http://www.ad-
dgene.org/12371/) i B} ' 47 2 K 2% P14 £ Dennis
Roop# % B84, 5 N JHLPLIYcDNAJT 41 [t 4 44
pSK-hLPL 1 £t &' H7 2 K 2% FHih 73 #Robert EckelZ(
e B, ZAKEE.coli Topl0W [ Invitrogen A 7] .
/NSRRI 40 R3T3-L1. /N RUSULAE it 2 C2C12
R YR 6 (1) 5 41 il RHEK293 1 AS 52 56 % (R A7
FoxnI#f W [ 7 v b 55 % % (Jackson Labora-
tory).

1.12  Bafe £ F 4 (XA T 5 ELDNA S A5 1
phusion & It 17 FR i 94 A U] 5 24 )& I New England
Biotechnology A ®, 24 % 7 %7 %. Jif 4 5.
DMEM; 72 56014 [ Sigma /s &, T4 DNAE B2 [ 1
InvitrogenA ], DNA[RISGAR G Bk AR B0A
FEE RO &% H Qiagen A+

1.2 A%

121 % R457 BIKMSCV-hLPL##E  LIpSK-
hLPL A AR, it 5 Xho THIEcoR TV 25 1 5a
FES AT & 1B T) FLRIR1(GE D), PCRY )5, 74
Sk Al 5 1 RO Y), B e ks, R e
JKEDNA [ & [0, FF Xho TRIEcoR 18X
e ST AR AAMS CV L B U 7], Bt JIE B U Jz L ik
)i, F B DNA [ G [0, 48 A 7 B (hLPL)
LBV )5 B ARMSCV) BE R EE3: 1R 75, A I TADNA
R 16 CCRI A% RE, Pk Top10 E.colilfZ
A4, TEMSCV £ SelE A7 s EIEFL R IE 5 ik
FIPIF2FIR2(3 1), 10 B A PCRES 2 51 ) A7 5 |
Wy, TR A B M TR, SRR I .

122 mEeeE 1z FHphenix-ECO4 i

F1 KRB FAASIHFS)

Table 1 Primers used in this study
SiaR SIFEEIG—3)
Primer name Primer sequence(5'—3")
hLPL-FI ~ ATC CGCTCG AGA TGG AGA GCA AAG CCC TGC
hLPL-R1 ~ CCG GAATTC TCA GCC TGA CTT CTTATT CAGAGA C
MSCV-F2 CCC TTG AAC CTC CTC GTT CGA CC
MSCV-R2  CAT ATA GAC AAA CGC ACA CCG GC
RIS HIIE S I (¥1.XRo TR EcoR TR HIE G D) A7 2o

The underlines indicate the restriction sites of X0 I and EcoR 1.
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Za, 00 o A 7 95 B 2 W (http://www.stanford.
edu/group/nolan/retroviral _systems/phx.html 2012-04-
21). 3T3-L1. C2CI12FHEK2934H it & 4K J110%
FBSIHIDMEM#: F 5E, 40 i 28 K 28 55 97 ML70%
W) J5 FE WS N T4 2 — R B 1% poloyborne#s i,
DARE F7 5 993 75 B S 11K LU A 0 s 23 B, e
SEEIRA), 8 hE B R H Pk LURH [ LE AN 0
BRI, 8 WS 4. B59748 h, RN . s
PEFIA 27540 M 7 LPLIG %, AMSCV 23312 Y by
POy

123 RSMERMBLPLE MM HRE K
LPLAGPE 3 A1 Wt B 923, INATIVR 11)0.4 mLIF 3R
(100 pg/mL)F10.6 mL DMEME; F53, 4 °Clik
B 10 min. 4 °CELy, BiEH TS 40 f NLPLIE 1
3T 32 mg/mLR SR EFFIPBSYE T a5 77 1L gk
YeJi24 hif g, 4 °CE Ly 4 AYTIE T8 T0.6 mLAh
& (8 g/L Triton X-100. 0.4 mg/L SDS. 32.5 pg/LAT
#. 5 mmol/L EDTA TpH7.4[1150 mmol/LH iz £h iz
SRR, IR WRFTIRAT, 4 °C By, BU RIS, K H
TR P TR 35 b 1 25 0 5 LPLYE PR 40 B4,y v
QiR H0.5 mLAFIAE, IA100 pg/mLATF 0.1 mL,
37 °Cif %445 min, CFATHE. HUH100 pLJE, IIA
100 pL “Chric iy =yl H i Bs 1 4 Ji&#, 37 °CoKt
45 min, P E “ChrIC I B IR T R & i (UChr
PR R A kA B 1K AR, R I 0 PR )
nmol/min& 7~ iZ 4 M55 F= W 1 B LPLI WG . 7E 4N
MR AT A OL T, K B LPLAEPE T A LPLAT X %
PE, AN E 4 BRI LPLAG xS H 24T

124 EHRERAEARLPLIER AT 25k
MSCV-hLPLAZ #* J& HJ3T3-L1. C2C12HAIHEK293
40 W TPBSHY, 1 4 M K B 7E1x107/mL (i), JZ
TV SRR B , A URR SR SR A R, R S
£0.25 mLA4H fide MSCV 7 4 A4 47 3% 1) 40 B v 4
Y 4 25 ¥R JT7 41 (blank treatment group). ¥ Hf &
12~20 d, 7 AL SERR FUCRAY . A SERTAE £14 h, BRI
/INER(2,2,2-tribromoethanol, 250 mg/kg), 7. %I i ) B
FE, A FA L E AR S50 (B A 50 ) P Bz Bk
FUUPRAE A 565 R, 20 A S 3807 55 0k G LPL
ZE5to MBS PR [RIAT 28 AR 105 2 AT i S A7 5 ik
FAUULA FHLPLAEPE, JiFE 4 R 42U E fEKRPDZE /i
(130 mmol/L NaCl. 5 mmol/L KCI. 1.27 mmol/L MgSOs-
0.95 mmol/L CaCl,. 5 mmol/L glucose. 10 mmol/L

NaH,PO./Na,HPO,, pH7.4)H BY i £)2~4 mm?[1] /)5
B, FREL40~70 mgfit 0.4 mL KDRPZEMHEH, I
15 pg/mLIF 3, 37 °C/K¥ %45 min, fCPATHE,
ST B FH A R DR R b R IR B o B R R
LPLI)E 1, LABELI0 mgheAS i I LPL R G AR AH
X iE A, o EEAN RIS 5 5 23 WAL PL I S O

2 HFR
2.1 FRINHAEE T ERE AT EAMSCV-hLPL

DA AR pSK-hLPL A Bt , PCRY M4 J5, W) 4
N 5 10 W RS P D — 4% 24914 Kb K/ ) L —
M5, ST U hLPLSw G X K MAFF (B D). #5
RN, it EcoR TR Xho TRG VI L T0 N
MSCV#AA, F| % PCRIF L BH M va e, $RA5 3L
1RI7 HAAMSCV-hLPL.
22 BLAYEAAC2CI2. 'SHi4HAE ZHEK293%0
BIRERA4E AR B3 T3-L17E (RSN ] LS A4 LPL

)T #4125 4 2 phoenix-Eco, i it &1L 45 5
YLy R FEMSCV-hLPL, 3750 # Bl . &k
S50 I I, 994 B ARV Al B IR M 1:5(V/V) R] A
T R e T S B At

FRT I h, S04 4k PLPL = 2 i I8 s 40 i
i e s 9 R e Y S N (B NP SHTRZE R B
IR, 7N BB IR T Al e 6% R IALPL o ST X 265 3,
AWFFCIERE T AAMEFE IR 41 J(C2C1241 HE RR)
5 U 41 o (HEK 293 ) FI i S 17 40 Mg (3T3-L1)3EAT T
BER YL SELG, TR AR A8 R A I LPLIM A SR

TR B S G B4R, &Pl i Py 38 Rk T 4%
S GER 1, ULH =Bl i i 28 ] DA o 4 (B

2000 bp

1500 bp

1 000 bp
750 bp

E1 PCRY EHH LI FHANIRLPLAREX

Fig.1 Human LPL coding sequence with stop codon was
amplified by PCR
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:

AD: /N ENLA IR C2C12; B.E: /M BT HR N 4L AR 3T3-L1; CF: AR 40 5 HEK293,
A,D: mouse myoblast cell line C2C12; B,E: mouse preadipocytes cell line 3T3-L1; C,F: human embryonic kidney cell line HEK293.
El2 MSVC-hLPLE R &R/ EGFPRIAM R

Fig.2 Expression of EGFP in cells transfected with MSVC-hLPL

3T3-L1 C2Cl12 HEK293 ( A)
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B3 =FhZAIAAEAEMSCV-hLPLR 54K 40 A 3% E AN 4 i
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Fig.3 LPL activity assay of 3 cell lines(cell membrane and

inside) transfected with MSCV-hLPL 4 days after infection

LPL relative activity
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Blank treated mouse Treated mouse 1 Treated mouse 2

2)o RS S g8, J3 A8 15 B4 5 25 4l i 3R
RIS ALPLIGPE AL A0 (E13). S FRANMKIMLPLAG ()
T8 2 35w TRt AL, 3, 3T3-L IR A e * T GConrolsic  minjectedsiel  @injected ste
(36485), 11 HAH X3 P A 85 ey, 18 10,73, C2C12388 1
T 1215, AHGHE IS 30.71; MTHEK293 % F 41 A K
DRILPLIE M, BT DALV 0 5k, (HEE 58540
JHLLPLAH X 3% 2 14 510.26. - = F0 40 it 9 74 I LPL
{ﬁ‘r&l‘gz/f{igz:ﬁ%o ui%%%%’ ﬁz%tl]é&]ﬁ@z: ’ Blank treated mose Treated mouse 1 Treated mous
ACn] BA s 250 AR AL G TR I, 10 HLE BR A2 i
B0 M I, X2 H TR A4 D B IR b HE A A, A TEI 4 ML FRC2C12; B ¥E B 41 R3T3-LL; C: I 41 i &
U B = 0 B 1) mT DA A AR ) s I s ok AR e LA HEK293.

A: injected with C2C12; B: injected with 3T3-L1; C: injected with
LPL. HEK293.

2.3 BIBERALRAE R3T3-L1ZE(R A AT LAEALPLA) E4 BRI AIALALPLIE ST
VA Fig.4 LPL activity analysis of the injection sites of the nude mice
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WO b = b At i, 43 ) S BRR B
AVE S A0 B B Ry 1107 A2 A (G 1 BR T R0bR A 5D,
B FUN BT AR AT, RERR AN B G = R, I
v — HAE 4 2% 1R 97 4l(blank treatment group), H!
T EMSCV S B I 4l B, 53 P8 HAE iRy 4
(treated mouse 1 & 2). 3~5 AR IML—X, 12 dAbAEH:
STHEK 293/ E, 16 dAbFEIT S C2C1219 /N R, 20 d
AEHETE 3 T3-L1I /N o

i AR, VS A AR R A DA TE R T —
AN AR SR A0 A o T I %N B S A T
(9 Bz A0 7 L s LPLYG R 20 7, % BRVE 5 o5
(1) Bz Jok 40 ZRLPLYE M JC U A 1k A A, HE 0 v S 4t
AREWLPLE b7 I R RAL 23 o VRS 50N 7 i)
LA 20 2 LPLAS AL WL &4, Lrh, KI4A N 1 5FC2C12
a0 MR N B, &5 R I S VAT /N B A LPL
T 5 IR A 22 AN B VR YT D RES R
WU LPLG PETH s34 Ae A7 4B A v 3 T3-
L1/ R, 25 FVR T /DS B S 0 47 LPLE P 5 6 i
T 22 e AN B3, VAT /N RS SR 5 LA 4128
LPLyG M Tt 1 5%, E4C o 1 THEK 29341, 6
SR A 2 e AN 2. DL gl R, R 4N
JRLRITL AT 400 J 08 T A /) AR Y 880 0 i FE 4 LPL
RABEILRA L T, v DU TR MR R8T
LPLG A

3 itig

20064F, [ 4<% Yamanaka i Xk 5] T 5%
RET4H LGPSC)FARI, WAk, i1 HAR AR 2
AR R R R AT 5, 51k 22 [ 2 R R AR 411
IV, HE 22 1200940 B T /N BiPSCH A7 42 fig
PEITI8 EIPSCHIF 7L UL H T IS — 20 . B8R
iPSCIEAEAER FRCRAL. WA 4. T
BRI AE AL 22 A S5 1) JEU), AH AR A B AR TR
o, IX G ) 23 ) MM fiA . AH WAl KPS CH AR B
PSR S 2, S H i RMIF AR (1) 75 2\ B 1
), NMIHHEE LT iPSCERANG B HAIZUR T, R
Je AT 38 B A, (XA SR G U R RS . A
T H FUR) FHIPS CH A X B RIS 14 5 J3 LPL R 2K
E 967 BEATIE ST, BARAZ R AL E 153 2
—PRE R L), BT AN ER
X, T S R R AR TR 52 B X A I
oM, A AT AL g T O R RN B, 53 4h, LPLER

SRAEAE Ry BREE DR AR i, BT BRI R A R
ot A FHIPSCHL A ¥ 7 LPLAER 25 B A5 1% ),
LIS M 1] DA A PR R PRI AR T

ATH R T BRI B AAMSCV-hLPL, %
DAL 6 97 38044 75 22 5 AT B IR R B %, MSCV
28 3 eI 1Y) T i SR B 304 (http://www.addgene.
org/18770/), 5 I mE # A AT L, e ARA T BLR
PRZAMAR JRRANN, B RER G T4 M, 1l oA
SO T4l M 204k . AT H v R 2 IELPLAE PR Bk 2%
R F 2 e T4 M, 852 H 08 BE m 20or
LPLIA LR, Jr LLEAAMSC VAR £F& 40 H 1)
PR, BRI S s A R AR S AR 8|
6 A1 LR T (R AR, AR AR I H B AT 4 AR U W LPL
BE DR B (R RV vk, BT LA AR N0 B AT A
(1 RS BEAT PEA o 1 FLBE A 3 BRA YT 0 S R AN T
Ji&, MG e A R AR PRt 2 [

LPLIERITE Bl WA 1 22 T 248 B (1 4l i vh 30k,
HEIE AR N LPLINA SUE IR 4120, B B L4
ZURLL LR, (AR ARSI IR 40 1, Re S BT
I3 WA TG TR ILPL, T AR WARE . AT B UAIE
W AR Ah 5% 55 1C2C 12, 3T3-L1IFHEK293 %8 fE % &
23 A AV P () FEZHLPL, A R 3 T3-L 140 g
O3 WA FILPLIG PR3 N 1 3645, 78 = Fh IS 40 i b 5
o VAR R 1005 S5 s 3 AR MR H R PR 36
R AT PR, (RO AT H WA AT R . R
BAIAS HE A LPLAR A f sk iy, SRR -, 15E
0 M A 2V ARSI A P, TRk B R 40 A X A
A BT A AR RS R LPLA T3k i, & Lk
NI (B4, TLIR, SRS N T LPLIR P, A —
RIS R, T DAL S 308 B 1w (B 1t
PRI BN SYEA 7= A TH

5, AR BB R EAT T 40 v 59 5250, 4
iR SR BV SR PRI, R LR B A AR R R B
JE R — A PEAR S G 4L U, Rl AR L oy
(1) 52 R 4123 B T LA 4 2R 38 AT LPLYS 14 43 4T,
R ILC2C12FA3T3-L1AS 1) LLLE A4 N 43 WA A7 13% 1 (1)
LPLE|SEIT UL AL 2R b, 3 v 4B 20 23 WP LPLYS 17F,
T 07 1 R e 4L P LPLIG PR AR A AN 3 . HLAR
PR BRI o AT, AR R IEI T A5 A AP
F7E e, X e KU R B B REfE AR PP LPLIY,
T L B 4 P AR R EE AL LPLIR A 2, AR AR R A
A IILPLIN TS 50T, B 2], B, AW
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