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Establishment of human apolipoprotein E €2 and &4 modified neural stem cells

Jiang Yong'”, Wu Haitao', Sun Xiaochuan', Chen Ligang’, Kuai Li*, Guo Zhongduo', Gu Yingjiang’, Liu Luotong’
(' Department of Neurosurgery, First Affiliated Hospital Luzhou Medical College, Luzhou, Sichuan Province, 646000 ; *Department of Neu-
rosurgery, First Affiliated Hospital, Chongqing Medical University, Chongging, 400016, China)

[Abstract ] Objective To construct the eukaryotic expression vector of apolipoprotein E ( APOE) &2
and g4 and establish APOE subtype gene-modified neural stem cells (NSCs) based on the clone of human
APOE &3 gene. Methods APOE &3 ¢DNA was cloned in our previous work. Site-directed mutagenesis was
used to obtain ¢cDNA encoding APOE £2 and &4 isforms. The APOE &2 and &4 isforms were inserted in the eu-
karyotic expression vector pEGFP-N1. Primary NSCs were isolated, cultivated and purified from rat embryo pal-
lium of APOE knock-out mice. Recombinant plasmid was transfected into NSCs with Lipofectamine 2000 and
selectively cultured with G418. After NSCs expressed the EGFP gene and APOE, they were amplified. Expres-
sion of target gene in the amplified NSCs was analyzed by RT-PCR, Western blotting and laser confocal micros-
copy, respectively. Results The eukaryotic expression vectors of APOEg2 and APOEg4 were constructed.
The plasmids were transfected into NSCs by Lipofectamine 2000(40.0 £2.3)% . The NSCs could express EG-
FP after transfection. Some clones expressing EGFP were formed after selective culture with G418 at 10 day.
The differented rate of neuronis (32.15 £2.61)% . RT-PCR, Western blotting and laser confocal microscopy
demonstrated that the human APOE gene isoforms (&2, &4) were expressed in NSCs. Conclusion Eukaryotic
expression vector of APOE (g2, g4) can be transfected into NSCs and multipotent NSCs expressing target gene
can be obtained and are able to renew, thus laying a foundation for further studies on the function of APOE subtype.
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K, Bt X fi A0 g it 52 4 2 S %) 5k DR Aty K A FH AL )
RITFSR R 2, B Ig & E E (apolipoprotein E, APOE) %t
PRl 22 251 55 A8 0 ) R DG 8 08 1k b 28R 22 B 0 5
i APOE i 19 S i i (KB |, APOE LA
FETESEA R 2 80, A 3 DA AN 62,83,
g4, o gmAS X N A 3 AP EE P apoE2 | apoE3 \ap0E4[3] o
FE NSMIFSE s, #5317 APOE g4 S50 FEH B H AT R 5
S A BLAHOG , AT A TBI F0E St T po e a2,

ARSEIOAE BT TAE BT RT3  APOE &3 L%
Feak R LR I, R o R AR R R AT N R
APOE g2 J¢ APOE g4 HAZ RN, ¥ HAZRKILE
153 5% 4« APOE &R B4 28 T 4H il ( neural stem
cells, NSCs) Jf-Fiie 2 il s 02 I8 (0 40 L 3, AT 57
T APOE £2 APOE &4 fHI 2 T4 BIREAY, Sy ik — 2K
A5 R PR R A 3 % i 403 477 55 s B 2% AR
ML B BLAilh

1 RS

1.1 £ &4 A

PMDI19-T-APOEs3 k2 /& pEGFP-N1 B G418 % phy A5
U5 % {547, High Fidelity PrimeScript™ RT-PCR Kit ,TaKaRa Aga-
rose Gel DNA Purification Kit Ver. 2. 0 ,TaKaRa DNA Ligation Kit
E. coli Competent Cell JM109 | FR il 14 N VI i EcoR 1 /BamH T |
T,DNA %[ . DNA Marker DL 2000 \-Hind Il DNA Marker 14
W [ TaKaRa 2\ &), Bk Al 420 & g B0 & A -
1455/ W], Nestin Hii{ .GFAP $if& J Gal-C $if&M) [ Chemi-
con AT, NF200 $if£&l A Santa Cruz /A, FCS I H Hyclone
/N, Lipofectamine 2000 4 H Invitrogen A& . i A apoE £
Hi oy DAKO AR 74 . FHif 166 1 B RIUH -2 F APOE
AR A2 R 60 Kl [ At st R2E L s bt
1.2 AR APOE £2 B APOE &4 E {5 A FH Ak £ ik
L2.1 5t 56m RIS EREH -6 T 515]
W,519 mKE T YA B A, APOES2 & S & AR5 ),
1F01: 5'-TGACCTGCAGAAGTGCCTGGCAGTGTAC-3" ( T Xl £k
AR B 3L ) , 1R01: 5'-TCGGCATCGCGGAGGAGCCGCTTAC-
3'; APOEe4 E L&A 5[ #),2F01: 5'-TGGAGGACGTGC-GCG-
GCCGCCTGGTGCAG-3" (TR N7 Ar ik ) ,2R01: 5'-TGTC-
CGCGCCCAGCCGGGCCTG-3"
1.2.2 HEFERHEE Raife LIRS0 50 " 5008 i ok
PMDI19-T-APOE&3 J#5iAi , 235 Lk 1F01/1R01 1 2F01/2R01 K
SIH#EAT R 18 PCR 4738 Ji5 43 5400 Jg [0 i, I b G [l i ;™= 4 g
kMR (kAL 38 (BKL) )5 , 2 S REDIE S , 737l im 444 €2-PCR Al
e4-PCR, 4 £2-PCR F €4-PCR 43 Ji|{fi /] TaKaRa DNA Ligation
Kit 8 Solution T #E47 H %, 54 k. & E. coli Competent Cell
IMI109 o A A AR SR R R . B ME SERE PCR 2477 2
EcoR 1 /BamH 1 #4773 J5 i B, [ B} pEGFP-NI1 #E47 X
UG, UIBE S, T2 TS B 5 e [l i fy 4k 44 Ak pEGFP-N1
ik 2 T,DNA ¥E £2 1§ 3% 8 % 1% 2 35 218 pEGFP-N1-
APOEg2 K pEGFP-N1-APOEg4, F EcoR 1 /BamH 1 347 X
YIRS , 3% K3 5 AR A /1

1.3 APOE @ip 8% Famiathp Biirs %572

¥ APOE @ik BRI 22 B (ELS d) BESAL L, 7 01 25140 T
FE I G B A0 S AT 4 5 i B R g Jo ) i
KMAE AU 88 310 5 B 40 i B, LA T NSCs #5583 (£
FRLSY  DMEM/F12 1: 1 bFGF 20 pg/L.B27 20 pe/L), #
1 x 10°/ml {40 e JBE 20 A 3590 T, LA 37 °C 5% CO, 85
FRAH . AH2E BB 2K NSCs iy AR & A B NS L, B R 40
5 K, JRACTURETE UE 2R AT 8 AR AR 5%, BUE 3 AR BkAT
Nestin Gy L% 52
1.4 APOE &2 B ed 154040 2 Fim e % 09 & 5
1.4.1  JR A vk % Yt NSCs RULEr 1 d BRI PR
NSCs (55 3 1) B0 UCEE , FEALI 40 B il £ S A e 2o . % L
43T 6 FLEEFRAL, BEFLINA 2 ml (43 R58 344k pEGFP ikl |
pEGFP-N1-APOE 4% W B & 21 ki 4l 45 U IR AL o 77 41 g il
AREEZT 90% ~95% , 43 A% APOE (&2 . &4 ) T 41 J5i b 4% & lipo-
fectamine 2000 $EAESLBIIEFTHE e, £E 37 °C,5% CO, {535 5
~6 h J5, T NSCs 5355, 7637 C 5% CO, 1153248 ~72 h
Ja , B EA GAI8 Y NSCs BESEMIE IR AT IR BE 2 Ji] . Fh e
Ja TG R AR B BT LR EGFP 28Kk,
1.4.2 RT-PCR Kl APOE #% 5§ /K ik a3 W AR i
Y2, #¢ Trizol 125 U BH 5 42 41 i 5 RNA 1 pg AT R
5k, i H] High Fidelity PrimeScript™ RT-PCR Kit, Oligo dT
Primer Jy 5 5365 |9, AW 2E 14T R 5. L B-actin( 165 bp)
FINZ AT PCR I, 2 254 :98 °C 10 5,68 °C 1 min,30
AMEFR . BUEEARFR RT-PCR P29 SEAT BN B 100 v K - IR A
1.4.3 Western blot %58 B AR YL i, 370 A R
PRI A H . Brandford 35 5¢ 5. 2447 5 I 20 pg Ab B )R Y R
FIRE S 54T SDS-PAGE HL VK, 45 5 )5 IR BE e, P 4% ER ALK 2
HEB R AR 1 e RNRE 5% WLIR Ky 2 IR PR35 4P
J& , —Pt (bt A apoE FLiA) K —Hu (AR BEFRIC 1Y PR
IgG) W5 , 2R )5 ECL {0 )5 75 BE I HE IO SR A H AR B F iR
1.4.4 APOE &2 J¢ &4 FPUEMAY NSCs IR0 B0
AR RSB L 1 NSCs, LUAFR 2 T 400 A Ak 5 52 W T 8, b T
i 2 B E IR I R, 3% 10 d FukEE %
AL RETE H 3 ABC yEEFT NF200, GFAP, Gal-C 4 ffd %8 40
ety 43 % e e o0 2 T I3 4N B S /D 2 B TS 4 o

2 HR

2.1 APOE &2 APOE g4 5150k R 69 B Az f ok Bk &

TERTIIARAR Y APOE &3 EAZ IR AR AR I, SR FH o5,
AR H A AT AR I 19 A% Fe 3k B AR pEGFP-N1-APOEs2 %
pEGFP-N1-APOEeg4, PCR 434 ™ ¥ T Jig 0l 55 IS FiL ik 435 2R DL 14
1, BR205.7 kb BSR4

M 1 2 3

9% b=

250 bp—

100 bp—

M. \-HindIll DNA 47 ;1: pEGFP-N1-APOEg2;2 . pEGFP-N1-APOEg4

E 1 pEGFP-N1-APOEg2 71 pEGFP-N1- APOEe4 EHRIA G
TREMERR Ik R
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pEGFP-N1 44 5 K /Ny 4.7 kb, ¥ APOE J [ 5 it 3|
pEGFP-N1 #fA F15 3109 SR /N4 R 5.7 kb, 43 51144 pEGFP-
N1-APOEg2 % pEGFP-N1-APOEed Ll EcoR 1/BamH T XL )
JEAHE)29 4.7 kb F1950 bp 2 AN B (B 2) o IR RIEFE ALY
SRR AR AT, RS EAZ R A AR Y U7 ) B F 5 IE
B, B AE R IE R JC iR . DA 25 R SR I 8 s 58 A8 IE o, 4 H
1 F 3k ORI B AT .

M1 1 2 M2

SXIAE

M1: \-Hind Tl DNA 4% 25 1: pEGFP-N1-APOEe2;2; pEGFP-NI-
APOEg4 ;M2 :DNA 473 DL 2000
B2 EAEFKIEANF R REIEETIS

2.3 AvzFmiesy B AR

Y% R 24 h 5K 0L AR PP I, 48 h JE AT DLERIR A
Free, BT AR KRS B 4 BR ( neurosphere ) (2 ~ 10 >4 i)
B8 WA TR B A QR B 22170 78 7 20, AR R /R
& JOCHER P ZER (18 3) , e 404k 2= Y 6 7R 2 Nestin
g A

E3 W THEEESET2 h EHRENHER (x200)
2.4 pEGFP-N1-APOE & & & 1445 APOE ik &
NSCs #3315

APOE &[5 B NSCs 43 1) 4% Y1 45 2. Y pEGFP-N1-APOE J5
296 h J5 KGR EIOE,48 h kB m g, oL R E R MG T
AL B HE A BURE pEGFP-N1-APOE #%4% fy i 22 -1 4 Jfa A1 v m]
Ul EGFP S5, 5 S 240 i = BEAE vh F T 40 A v, 4 i 22
R, R LFE e (] 4) o 2806 0 0 T ISR % 44 22 (40. 0 =
2.3)% . %YL 48 h 5 G418 HATHHE, ik 4 h RIF] W5
oAk EGFP () NSCs JF 4R G RE FET-, K92 2 48 h, K2
— AR IR EGFP UM L 225617 A5 UL 4] NSCs 7255 6 K
AN A ERFE T 5 M 5% 4 pEGFP-N1-APOE 5543 pEGFP (1Y
NSCs 7EFfi 1 255 10 R AN ST . ik f% 3 ARG R
Ui, Forp—F8 54T Nestin ffie e a2 fH M, —¥85 4t il
2 5% FCS 5 5431k 96 h J5 FE47 NF200 , GFAP , Gal-2 4 53 Ye

o WA FRERK (B 5 ~7) , RPFE YIS A0 M5 B4 NSCs
FRRE . P A 20 Ry LR (32,15 £2.61) % , 4541
ZIAIJEH i 22 5 . RT-PCR il 45 3 % 09, §a <2 3% 35 pEGFP-
N1-APOE ¢ NSCs 1] DAZ%iA APOE £:[H HIN 2 B-actin £ [N, 1]
TEARFEY NI APOE 2 [H ) NSCs HF A WS A APOE fY
FIK(E 8) , Western blot #:F A { 54 %4 pEGFP-N1-APOE (¥
NSCs 2 7] W — 4 e B 44 (9) o

AR BiRBA
E4 BEEBERRENEEERBZTHAMR ( x200)

L a5 7

ES5 SEmpusRnRmimE NF200 240  (ABC x400)
E6 REMaLERNRMEERE GFAP PHE (ABC x400)
E7 SEHABAEFRATRERS Gal-C £&FM1E (ABC x400)

M 1 2 3

L9%8 B

250 bp—
100 bp—

M: 474 (DL 2000) ;1; #% % ik APOE A E ey 2 Fmpm;2. &

ik EGFP ¢h4h 2 F ;3. ReEFE 2T min

8 FERIE APOE EFEM#HEZ T4 . K% EGFP & T
YRR R A E T 4R RT-PCR 4R

1 2

-<¥2.4><103

X% EGFP Hi##& T4 (1) R Fkik APOE E[F L
F4AAE (2) Western blot Z5 R

3 it

APOE J& [N Z2 2514 55 o 453 4 15 I 2 U1 1% A DG 2
J2 F R 407 45 A T 55 B4 0 APOE 5 R 771
M, BEA 3 NEN R 82 &3 &4, 43 5l g i A
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v & H : apoE2 \apoE3 \apoE4 . ‘EAI1Z A A2 AT
RRBE— 2554 155 112 457 e 158 A& FE R AN TA],
apoE3 7E 112 fi /2 ¥ et & 12 , 158 v 2 K Z B4 ; apoE2
FEIX A7 B AR W 2R , apoE4 HI#0 2 RS 2R -
BRI [ B 5 PR L T 4 0 1) 25 11 R B LR 1Y
NS B SRR A R 5 B 58 4 AN ] i) 4 24
W S A I R FSE R B, A APOE
e (4 B F IR 7 64 T A2 1 ARG, B 5 PR BT
o ATRBRZH BT IR I & 3O A e [ B R AR
r, APOEed & X2 /1 iR 453 473 22 1 300 156 o 2 1) 15 B
DI, IR, 4% PR 0 7 A T R i i 445 25 5 1 4%
PR BOVE ML M R SE 4 W, R, 7 B AR AL
APOEe3 STl 3iAg mosemb b, SR J1 ok 8 o 21 58 S
ARFE AR AR “ A5 K" APOEs2 K APOEed HA5 %
B, AT A I A% 07 5 DR 1 A 2 A T B
HIhRE2E FRaE LR

A S RASAR XD UL AR APOEE2 Jr g4 45
f D] DNA 31, (0 & it i 1 R & 1, &
FAR T IKGmA X, DT ) 44 & AR APOEe2 K
g4 EN LR HA R IR AL, 5 AHMILEL, RFEHR
—7Fh APOE, Jif 4 % (1) apoE 2 3£ 2 /¥ 51 5 A apoE
ZFR(Z130% ) ,fH 35 1Y) apoE ZARE, A 305
AL, P AL 55 TLAS BN A X 32 A 45 A A1 5 B 1) 5%
F U L APOE S5 £ M (48454 e APOE
B B AR 22 i i, BE AT HERR A B APOE 914,
NREFI B apoE 244, win] it — 457 N APOE £
SV R 1 A= BRI RE AL BEAE H o

AHFSESE R R, A THI A N APOE JE [ f 22
K20 B e 3k 3 A4, T IR o (% v APOE i B FRU Y
NSCs, % G418 Hy P 7 Ve I , AE I 15 M 0 Fa o ik
APOE £\ %) NSCs 52/, H1 T 52/ %] pEGFP ity
HIYZER APOE 5 pEGFP HA M [A] (3SR AE , 1 i
MHENZ IS S B H R E RN E N 590 %
FUF R R, Bore SO St 38 A B MUE T TT WL 8 2
PSR NSCs & g (g™ szt b 3058 42 3
eI R A AT SR 3] NSCs HofR A & 8 [ 4%
ORIk, R FE YL A0 By , BT 547 J5 S22
Wz .

T pEGFP-N1 #74#t G418 ] neo L[N, YL 5
FIFH G418 4T 4L 1 FF P o e 0 i 2 — AN T 1 28
B ARSI IR E A 6 K AT L AT Y R 1 40 L
S TAE TS, i Y T R AN SR A K PET
I BE 2 10 d J5nl WA se I i, 28 G418 fifi ik
18 3 AR, O I R A 8 B T 7 nT UL EGFP By K ik,
NSCs WSS X IR To i g 25 57, 3% e J5 1) NSCs 1]
AREEa i MAGARER FE . 42 5% FCS 5596 h 5, o
BN LUk 2 Y (5 5B NF200 . GFAP |, Gal-2 3 35 FH
e, FHEYY APOE 453V 15 5 40 Jfi 7 J5 %) NSCs A9 4

KR e g, Seg ik — 2R RT-PCR 1907
5 mRNA 73 APOE JE47 146N , 45 RS2 4% Gt
JR B NSCs H APOE ) 335tk 25 14538 5 [R]FFi] Western
blot 75 I3 F BUKF- Xt APOE #EAT TG, 25 R 3%
B YL 0 it BUAH L apoE f23k , R H1 iRk /K-
UESE T #e L5 i NSCs 45 APOE AHW 8 H AKX

AR I T AR E R IB N UEHE APOE €2 %
g4 1) NSCs sl Jf H 2% e 17 NSCs [ FeHHr,
Z 1 AR, G RE L IO IR B R . B R
SEAPRAMITSE APOE 4425 3 X A D REHR At 1 410 ffa A
T, I Ay i — 2B AR5 2 i i 453 40 1 72 e B FL iU
(705 B BE5E R4 10 S 30 R

S E Lk
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