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DISC1 E A3 R & Xt 8 72 K 51 40 B Jiz BE 1H Y 22 T
XNE, BT, GEE, 24, A (400038 R, 58 =2 K2p Al PR A3 4 41 24 SRR 2 =)

[(HWZE] HIY  AER R 2UE R 2L 1 ( Disrupted-In-Schizophrenia 1, DISC1) # 14 3 3k UKL , 46 I H ik 22 37K /= %o
EIUIE T AN ( Astrocytes , ASTs ) BRI, J5i%  £FXF /N DISCL JEF mRNA Zii%)7 3, & i n] 9 3 4 K 5|
P15 LL/INEUIR 1T cDNA SRR EAT PCR 373, Mt 2 K 3RIA TOE, i 44 0 pEGFP-n1-DISC1, 43 5I#f i3 & ik 2H pEGFP-nl-
DISC1 1725 M Xt BB 2H pEGFP-nl Hi% YL R ACRE SR ASTs, L Western blot & SE 9% Y6 YL (446 M DISC1-GFP Bl 47 11 19 3%
ik, FI A Tmage-Pro Plus 5. 0 FF43Hrx%) HR 415 DISC o ik 41 B2 0 st Joe 4 it o Aol R T ALK K/ &5 AT AL ¢DNA
B4 DISCL 4w 74 14 A pEGFP-nl 244, SUEHY) AN 7 45 SUE 55, DISCL & 11 4w 18 17 51 4 A 80045, I RE IE B 3245
Bk, MEEBURIG Y ASTs 60 h 5, i] WL DISCI-GFP filv& 25 3R 5k ; S5 % FRATAH LE , DISCI 3 3R352H ASTs i) A5 Ji 18 F1
HIRHE (P <0.05) . &5 Wiifgd/ Nl DISCL 4K IR RiRER A, DISCT FEPH i 2355 PR ASTs S mifs i,

[ R ] Ko ZUAEWIRIE N 15 A% SRIE TR 5 B TP I Joa 4 L ; o e e

[HEEHESEE] R329.24;R394-33;R394.2 [ XHEktrESE] A

Effect of DISC1 overexpression on membrane expansion of astrocytes

Liu Shubao, Tian Yanping, Chen Xianjun, Wu Xiyan, Xiao Lan (Department of Histology and Embryology, College of Basic
Medical Sciences, Third Military Medical University, Chongqing, 400038, China)

[ Abstract | Objective To construct an expression plasmid vector carrying disrupted-in-schizophrenia 1
(DISC1) gene, and to determine the effect of DISC1 overexpression on membrane expansion of astrocytes.
Methods Primers for the full-length of mouse DISC1 gene was designed and synthesized. The coding sequence
of DISC1 gene was amplified by PCR from ¢cDNA reversed from mouse white matter RNA | and then was inserted
into a vector pEGFP-nl using recombinant DNA technique. After verified by enzyme digestion and DNA
sequencing, the recombinant plasmid named pEGFP-n1-DISC1 ( DISC1 overexpression group) and the empty
control pEGFP-nl vector ( control group) were transferred into astrocytes by electroporation, respectively. The
expression of DISCI-GFP fusion protein in astrocytes was detected by Western blotting and immunofluorescent
staining. The membrane expansion of astrocytes in the DISC1 overexpression group and control group were
determined by analyzing the extended area of astrocytes with software Image-Pro Plus 5.0. Results The en-
zyme digestion and DNA sequencing confirmed that the coding sequence of mouse DISC1 was consistent with
that in GenBank. The DISC1 was cloned into pEGFP-nl vector in a right direction and named as pEGFP-nl-
DISC1. The recombinant and control plasmids were effectively transferred into astrocytes with 40% of cells
emitting green fluorescence after 60 h of transfection. The expression of DISC1 was only observed in cells trans-
fected with pEGFP-n1-DISC1, and the membrane extended area of the DISCI overexpression group significantly
increased as compared with that of the control group (P <0.05). Conclusion An exogenous expression
plasmid vector carrying mouse DISCI is successfully constructed, and DISCI overexpression may induce the
membrane expansion of astrocytes.

[ Key words |  disrupted-in-schizophrenia 1; eukaryotic expression plasmid; astrocytes; membrane
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KGR ZEREWTZRLILA 1 (disrupted-In-Schizophrenia 1,
DISC1 ) [RI7E RS #5010 A% 22 AKX R P R gL (4
PRS00 (1, 11) (q42; ql4. 3) 5 iz Jk N 1K 24 1M 15
21 BN Ry R R AR B T R B R AL
DISCI &K EMA LMK, 52 ME 53
(0 200 ZAEE (15 F A EE ML G0 2
SRR S R E NG (AN S 2 CR = R P = i ]
DISC1 7Erp ik 2 RGEAE I RYBF 9T £ 2 P a4
TG4 L (neural genesis) A 205 il & &7, A K
ABE 1 A 0 28 0 FIVAI D 28 PA) 14 SI6 400 o7 7 T
AT WA ST % BUAE Wi 5 L0 S8 77 AE il 2 7 K
MR B A4S, XU B E I E R B 50 . e
SIS 56 BT B A e AR R BRI 1 5 DISCI
mRNA 3Rk 7% 5, $& 75 DISC1 7Efl 1 B iy &R & &
T S VR T PR e e Sk R A e Sk 0 o)
A AWESE DISC VEI A RGRRZ — . Atk 4Bt
FERME A= C57 /N BRUF IR A4 42 Bt mRNA , ¥4 2 DISCI
AMIBIR R, 38 o % e I AR S TR Y ASTs, 25 46l
S3Mrid # ik DISCL 25 [ %f ASTs Jog [l fi Ji& T AR Y 52
i), ) R 5 S 5% DISCL 5 PR 7 i 5 v A9 1
U T T B —E i B A

1 WS

1.1 #M#t5&EA

Yl %3 ( DMEM/F12 3410075 ) 4 A Hyclone 23] 5 /1N
BT GFP Btk [ 8 2 K/A W], Bt DISCI Hifk . B4 B-actin
Pk J2 HRP ricdi/N B PRI [ Santa Cruz 23] ; Alexa568-
FRic Wi/ Boe St 5 ECL B3l &1 B Tnvitrogen 4%
5 B AL S B AR B Lonza 24 &) ; RNA 2GR 5 OME-
GA A T], R SR T, DNA ¥ 482l J 5 B DNA A A
W TaKaRa 24 &), PCR 5191 fH [ 1§ 3R 28 7] & i ; pEGFP-nl
W A 38 2= RAEY A F] RGP UIES EcoRT Xholfy Fermentas /v
Gl
1.2 F%
1.2.1 /NEORIRDHIR A X RNA $2HL, W% 5 cDNA  BUH
A PSR C57 /MR 3 R =FEERETmYhL),
37 CHRE A AL BEER KGO IV v, TB0HE DR IR Ak DX i 4 29, AR 4%
OMEGA RNA 2 677 120 BRHEE RNA, v B f5 F ik 4
FE RNA 884, 15658 RNA i cDNA, i 54K 52 :RNA 1 pg,
Oligo(dT) 2 wL,ddH,0 M5 ZE 13.5 wl, i85, B.0,70 °C
10 min, 57 BJ 7K 7K ¥4, 2 min, 5 x M-MLV Buffer 4 pL, dNTP
10 mmol/L 2 pL,M-MLV 0.5 pL, S/A&F 20 pL, 1857, 8.0 R
2514 :30 °C 10 min—42 °C 60 min—75 °C 15 min—4 °C End,
-20 C &£ cDNA, i B-actin 5|4 PCR Jz i & M Jiz #% 5%
cDNAJFi i, R Wi fA % : ddH,0 12.2 pL,PCR Buffer 2 pL, MgCl,

1.2 pL,dNTPs 0.8 pL, [  F5[#4% 0.8 pL, Taq fiff 0.2 pL,
¢DNA 2 uL, BAARF 20 pL, KM 2544 :94 C 4 min—94 C 30 s
58 C 30572 C 30 s x 36 fGH—72 C 10 min,4 CIE1F,
1. 5% By R W U6 S FRL VK 25 28 o

1.2.2  PCR §"## DISCI 4K FE R XUEFY) % 2. 4l fk
DISCI 4K ILHY W59 R : &4 EcoR T BV &1 L 75
#):5'-CCGCTCGAGATGCAGGGCGGGGGTCC3' , % 4 Xho 1 fif§
Yl &5 1 F iiE B 4 5'-GGAATTCGGGCCTCGGTTTCCTGAG-
CAC-3', JZ % f& %: Pyrobest DNA Polymerase (5 U/plL)
0.25 uL,10 x Pyrobest Buffer I 5 pL,dNTP Mixture 4 wL, fRAR
¢DNA 200 ng, FiEBI1H 2 pl, #5142 pl, KEZEHK
34.75 pL, BRFLS0 pl, Jhi 44 :94 °C 4 min,94 °C 30 s—
72 °C 3 min x5 ¥ ,94 °C 30 s—70 C 30 s—72 °C 2 min
50 s x5 {EH,94 C 30 s—68 °C 30 s—72 C 2 min 50 s x5 1§
¥,94 °C 30 s—65 °C 30 s—72 C 2 min 50 s x 20 ¥ ,72 C
10 min, 4 C {17, PCR /=¥ 4lifL )5, EcoR 1 . Xho 1 BRI,
DISC1 PCR 7= 4 fitf ] & % : DISC1 30 pL, H,0 4 pL, EcoR I
3 pL,Xho I 3 plL, Buffer Tango 10 pL, SRR 50 L, #k{&
pEGFP-n1 Vector 3]k % : pEGFP-n1 30 pL,H,0 4 pL, EcoRI
3 uL,Xho I 3 pL,Buffer Tango 10 L, SAFH 50 wL, 37 °CH¥
B, B st kit F) & OMEGA Gel Extraction 4fiff DISC1
J pEGFP-nl Vector,

1.2.3  glifb /SRl =iz Jefk 2% T, DNA Ligase
%4 DISC1 il pEGFP-nl vector fiff Y] 7= ¥, i% 2 1k £ : DISC1
5 pL,pEGFP-n1 1 pL,10 x T, Ligation Buffer 1 wL,T, DNA Lig-
ase 1 wL,H,0 2 wlL, MUAFR 10 wL,16 CHEHE 16 h, FALA0E
HART I o6 10 wL 3EE =00 A 100 L J& 32 A5 405 JM109
o, UK CE 30 min, 42 C v 90 s, 57 BIE F oK 1 5 min, TA
1 mL LBy fAbs 356,37 CREFE 1 b, B0 5 A T Kan”
LB B A5 FREE | ,37 CHER 12 ~ 16 h, PRHCA ST RE B ik Hefh T
5 mL Kan* LB J{AR; 3L 37 CHiF 12 ~ 14 h, SR OMEGA
AR BOR 7 & EZNA Plasmind Mini Kit T4 BUSkr, 45 EcoRI,
Xho T SUEGYI , 1% 36 W 5% e v Tk 268 2, BHVE 5 [ 0 7 3% H
ClustalX2 A4 X434 o SO 45 5 18 14 BB R F50 mL
Kan* LB W {A3E 353 37 CHEFE 12 ~ 14 h, Qiagen F NTF 2 FikL
PRBURF £ QIAGEN Plasmid Plus Midi Kit $2HUdi7 .

1.2.4 BIPRBRAMEFRMAMRELY RARIE R T4
(Astrocytes , ASTs ) 3 5 Rl LI P B A 20fF 28 07 ') AT, A
FHER (PO ~3) 2l 21 4 g ik i ASTs F 10% fig 4= il
1§ DMEM/F12 ¥5573k,5% CO, 37 CRiFEMWTE R 9%, Frdiif
BRI 90% YRS R T AL , 1% X 4% pEGFP-n1-DISC1 Jfi i
(i FABH ) LA LR 23 UKL pEGFP-nl (23 JFORLXT HREH ) 433 Ha
59y ASTs 40 ( 57 Lonza 23 /) Nucleofector® I Device A-33 2
), 10° Al FH 1 g R, (] B0 oA 5 e 85 74 0 ( Wild
ASTs) 41, J AR 45 52 50 75 20K 41 4% 2% B 8 10°/mL 2 %0 T
60 mmi% 7 ML 24 gl A o

1.2.5 Western blot %t Ye (R DISCI ik 4
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%Y 60 h 5, F RIPA 24 24605  JRBCEEE 1, B35 g MR
F 4T SDS-Page HLk , W54 55 22 PVDF I, 43 M A/ Bt
GFP(1:1 000)./)E L DISCL (1:1 000) F1/h B4 B-actin
(1:1000) ,4 °Cid %, PBST k5 A HRP FRic I 2EHT/NR 1eG
THi(1:1000) % 3 h, ECLifH & B,

Y60 h JSEUHBY B 4% 2B WP EEE S 15 min,0. 01 mol/L
PBS %k 5 1 1% BSA #9411 h, il A—3#7¢ DISCI (1:200)4 °C it
%, PBS B 5 AN Alexa568-45xic — i (1: 1 000) ,37 °C 2 h, 4
Jfi%F DAPI(0.5 pg/mL) Ze 4 10 min, EEHEE A, 9650 I iBE
(NIKON90i, H 4% Nikon 23] )200 x SRAER %
1.2.6 DISC1 s 3Rk X} ASTs JB 2575 1k i) WL 4% D& AT
BT (400 x ) 43 5 %) iz Yo 73 [k ) JE AT DISCI 3 2 36 Joii A 119
ASTs W E HRAH , [R] i AH 2% AT (400 x ) X BF A= 78 ASTs |
F(n=9), ] Image-Pro Plus 5.0 Zf4, 43 51 %F £ Ff ASTs )
JoT A AR AT B AL A AT o
1.3 %t o

SR FH SPSS 13.0 Geit 3 Ak A7 SR IR 3 5 25 70 BT F ¢ R
BRI X £5 TR o

2 HR

2.1 D ROK R BERR AR KRB RNA 69 52

K RNA I 1% 8 B8 A% 19 8 1190 52 {X ( NanoDrop® ND-
1000 Spectrophotometer ) ] 5 3 Bt RNA ¥ & 24 1 200 ng/pl,
260,280 = 1. 96 ; B HEE I i vk b /s BT SR LAY RNA 5766 58
) 5.85,185.28S 3 -4k, FH B-actin 5[4 PCR S A& fs2
i 57 cDNA KGN 7R B-actin Z5 B — W58 . Ui TFIRAA RNA
$RELLL K cDNA U5 i)
2.2 DISC1 AR B #) K ey y ¥ A L5 pEGFP-nl

Vector S Bgdy % 2

PCR #" 3§ DISC1, PCR 7= ¥y Hi vk 25 SR WLIAT 1, 2%l 5 —H]]
56, K/ 2 500 bp, 4lifl )5 PCR 45 pEGFP-nl # &
[F] 28 EcoR 1 Fl Xho 1 XY 12 h J& , 45l {2 7= DISC1 B H
M A BE, /N K 2 556 bp, pEGFP-nl J5ki £k 4k 474, K/ R
4700 bp., B IR B iR AZ R A 11 s A3UE DU ik &, DISCI
FEHH M A B 120 ng/ L, pEGFP-nl #AKHREF 136 ng/ L,
AT

1900 bp—

3500 bp—

5000 b «2 556 bp
p

1 000 bp—

500 bp—

M :DNA #774 (500 ~7 000 bp) ;1.2:2 21 DISC1 PCR A8 F) & B A& 5
E 1 DISC1 44 PCR ¥"1& B £k E I E

2.3 DISCI A K& A By b x

BEHLIRHL S 55 14 14 7% 4 BUTORE, F EcoR 1 Xho 1 3
U0 12 h M pk S S LI 2. 5 AR H TR P A 3 AN
i DISC1 H 147 K/ A 2 500 bp Z247, [A]I£E 4 700 bp 7247
AEM A, 5 LMk 1Y pEGFP-nl 2 & K/ — S, B 1
DISC1 H A SAIARIELIER . IFEE R 08 | S ypd
B/ Br5 NCBI %45 %2 DISC1 3 R 731 58 4 AH [R] , 4 Fir £ S5
444 pEGFP-n1-DISC1

M, 1 2 3 4 5 M,

7 000 bp—
5500 bp—
3500 bp—
2 000 bp— <2000 bp

1 000 bp— <1000 bp

<750 bp
<500 bp

«250 bp
<100 bp

500 bp—

M, :DNA #74£(500 ~7 000 bp) ;1 ~5.: 3¢ % F& 14 AR #2;M, . DNA 47
4 (100 ~2 000 bp)
B2 EcoR 1 Xho 1 MEGY]Y E B 55 fE AL

2.4 DISCI-GFP fx&-% & f2 ASTs ¥ #9 F ik

K GGt pEGFP-n1 25 ki i) ASTs 41 i il A e e o 1)
T A= 7Y ASTs 4H A%t 1B, 458 7R pEGFP-nl DISC1 %3
FAREE YL ASTs 60 h J5 ¥ HE WAk (26, DR 2 5 B 40 i
KU 40% | B5E e 3 R 25 40% . Western blot 25 5 7R, Y
pEGFP-n1-DISC1 4 YL 4l fii 5 DISC1 YRk, HHXT 4> F i
120 x10*, 2 DISC1(92.5 x 10°) 5 GFP(27 x 10°) it & F H 114
KNS THE 27 x 10° b FUAT 23 okt L1 A GFP 26 43k, B/
TIZH 1 pEGFP-n1-DISC1 il 2 4G 457 5 [RIE 2 B-actin
AR R 5 R U IR AT B 0 TORE B T 2R 3k HE /N B DISCL
5 GFP G HEH, WA 3,

1 2 3
S ” «—120x10°

‘h""' ~

DISC1-GFP—

GFP— «—27x10°

B 12x10°

1.9 A A 202 . % Fi kst 182033 . DISCI-GFP gk 4% & 40
B3 Western blot #&ill] ASTs F14pE DISC1-GFP & H IR %

B-actin— | —

[Flf DISCH S5t e (4 R AU ¢ pEGFP-n1-DISC1 Jit
RLEI AL bR AT DISCL BHYEZOL, IF H -5 2x A 9OE AR, WLIAT 4,
HE—PUE W] KA % (8 9O I 8 F et 2 DISCL-GFP il 4 H
DISCI i3k .
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A ~D: % Fiki st 405 E ~ H:DISCI-GFP @& % & 41;A \E:DAP1;B.F:GFP;C.G:DISC1;D H: & & A
B4 REILREHRN ASTs fkikpysME DISCI-GFP &H (| x200)

2.5 DISCI % & xt 2 % I i 2m Il IEA® e e AR 64 v

H:Ye DISC1 35 ik 60 h J&, B T W% 27 DISCL
T B AR ) ST IR I 40T S Ao e T R ) R A A, LI 5
iff—20 % ASTs Jo7 Bé a) AR £ 43 A7, 45 R WoR: BF AR A A
[(1104.9 £278.6) wm® ] Fil %% e dof B ki 2 [ (1 242.6 =
239.4) pm® ] B 2 5 240 i 5 e 2 i B 8 A T+ DISCI 6 14
it FHRLA (1 853.1+£322.5) um®, P <0. 057, fij BF A I 2 528
kL IR Z R JEGe 2425 7 (P >0.05) . $i8] DISC1 & 3T
FIR ] FEUR IV I 5T 490 A o S o Jr T FR S K

AFARE (FMERZHE);B:ZEREMNSBA(RLEHE);
C:DISCI % & i & ik 20 ( 3k RMAL)
ES5 RAEBEKRAMBREGRE@RNZES ( x400)

3 i

DISCI JE[RAE A 43 240 32 2 5 I IN & > —,
WFSE HAE 0 22 2 G v A A T8 0 ), RS
FeM R KK P DISCL 727 Sy ¥tk [] | Bz 2 A 8eik i
SRR Feik ., ThAKIRZ: R g5 h, %) DISCL % (14
FIIRE AT A 245 th 7 X 28 7T B LR (AR 20 i 1
FBIFSE s Mao 251120 % B DISCI 8 14 76 M 28 iy 1A 40 it
L GSK-3B fiE M, 25 Wt {5538 B, 2 134

2 VA0 6 4 8 7 5 ) s AT AR SR 6 DISCI
FEA LIS BER Ly DIXDCL 454, 433 B b 1)
DIXDC1 A{H W] DL 5 DISC1 #H B A/EH, wrl L 5
NDELL % [ 454, #Eifi % 5 DISCL/Dixdel/Ndell =75
HAFEAR, S 5REMAICHTR . fIT Lepagnol-
Bestel 21 & Hi#E DISC1 FE[H 55 7 A4 T AL
1B LN, BRI R E BN T
S REER A SC Y A8, I HLREUS R A s 28
S SRRy AR K o X UEBH DISC1 2 (1 #E i 420t 1)
EESEBEPMERZEXREZ, AR LR 2
RE FH I R /b S R Ak A St Rt
DISC1 Xof i 14 5 (23 260 435 /0 5 fise o 40 Jf A2 T S I
) AR 7 5 1 RS AT 56, 17 DISCI A 4h
Ik RS A ST 4 TR DISCL (T A 3 25 1) il Bh
YEH .

TEARWFFEH, /N VR A9 DISCT FF I e 132 4 4 i
A 2 556 bp, T DISCI #bn % 5 F FZe (% i 70
B GC o RRR U R i i 5 A 7 B E SCEE |
Y GC & & mik 76. 5% , 5 GC S5 9 T BN
cDNAH PCR #7342 500 £ 19 H 19 Fr Bk & R A,
U, AR B ST R 2 51 A 1 AR TR i 7 5, 5
FERE R KO B 0 A5 0 T AR R 2 A 4 DISCL JF ik
Be EAE B B S 3 — o 1, AR5 PR A aE AR IR
JEAME R REY 8 B R B, X AR DISCL HiW A
Bl i, Wb T HAB R 2 7 ). e R R Y ASTs
B, FRAT 45 A A S 5 = wr I T AE, XF Lonza 23 w] 1)
Nucleofector I Device T-20 £ #& )5 #E 47 L &, & B
A-B3FRIY B A I 55 e ASTs, 7 YL % 4 40% A7,
FA IR EN Y]
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A& DISC1 JE[H i 13 A Hh L T2H A, i 854 42,
SERRER L R T 93.6 x 107, AHFSTE T
NCBI ¥4 e & 81, /INER 9 DISCI FE M [RRE S 13 N4
BT g 852 B HLMR R HE, AT 4> T i A 92.5 x
10°, AL FEHI Hx) s BN 5 A2 69 DISCL J: A )
TR 83% , Z2 1~ D) RE &5 A4 35 1) S FE R )7 2 1w 3 1
SFo LA A1t o149, skt /N DISCL 4
KB Br, 3138 33 BamH T A1 Hind T XU ) H 1k %8 58 1%
R BERZ)2 500 bp, W fF &5 R R E 2 b 1 S g
) R BB 5 578 RO 278 o il it s e R I
JiE S5 20 B, B DISC1-GFP il B P 28 3K o #4) 2 il
oy, it — B WF 58 45 2L s DISCl & Had #Kik Jq, fE
PP T T 2 5 e TG ARG K, AT RE RO T R
JES2 5 240 L P IS N 5 | R 2 et {2 5 iX ER Enomoto
2t B DISCL 5 WLsh & A 45 45 & 1 ( Girdin) 4
HAE AR R 28 0 il 22 T2 B R0 AH 2R 5 T DISC1
TERE I A R R WSS T %0 T, Lk
DISC1 35 [ #2315 275 | 7 2 T2 e o 400 O30 2 1 4
HNEZ—, AR FiE—H05%

B ARBESE N CST /N BRI ZH 2R BRI A IX 3 B
SEEE R DISC1 mRNA , 58K, pEGFP-n1-DISCI AN F IR
JORLIG A g, B D) #%36 H DISCI-GFP @& 8 [, I &
B DISC1 75 [ 3t 36 1k J F2 2 3¢ I 200 o ) o i T AL 3
K, H L5 | 4 A i AR PR A N 38 5 2 i SR F o itk — 2
Wi,

SE k-

[1] Millar J K, Wilson-Annan J C, Anderson S, et al. Disruption of two
novel genes by a translocation co-segregating with schizophrenia[ J].
Hum Mol Genet, 2000, 9(9): 1415 - 1423.

[2] Namba T, Kaibuchi K. Switching DISCI function in neurogenesis:
Dixdcl selects DISC1 binding partners[ J]. Dev Cell, 2010, 19(1):
7 -38.

[3] Karam C S, Ballon J S, Bivens N M, et al. Signaling pathways in
schizophrenia: emerging targets and therapeutic strategies[ J]. Trends
Pharmacol Sci, 2010, 31(8) : 381 -390.

[4] Wexler E M, Geschwind D H. DISCI ; a schizophrenia gene with mul-
tiple personalities[ J]. Neuron, 2011, 72(4): 501 —503.

[5] WuQ, Li Y, Xiao B. DISCI-related signaling pathways in adult neu-
rogenesis of the hippocampus[ J]. Gene, 2013, 518(2) ; 223 -230.

[6] Bradshaw N J, Porteous D J. DISC1-binding proteins in neural devel-
opment, signalling and schizophrenia[ J]. Neuropharmacology, 2012,
62(3): 1230 - 1241.

[7] Jaaro-Peled H, Hayashi-Takagi A, Seshadri S, et al. Neurodevelop-
mental mechanisms of schizophrenia: understanding disturbed postnatal
brain maturation through neuregulin-1-ErbB4 and DISC1[J]. Trends
Neurosci, 2009, 32(9) : 485 —495.

[8] Malavasi E L, Ogawa F, Porteous D J, et al. DISC1 variants 37W and
607F disrupt its nuclear targeting and regulatory role in ATF4-mediated
transcription[ J]. Hum Mol Genet, 2012, 21(12) . 2779 -2792.

[9] Osbun N, Li J, ODriscoll M C, et al. Genetic and functional analyses
identify DISCI as a novel callosal agenesis candidate gene[ J]. Am J
Med Genet A, 2011, 155A(8): 1865 - 1876.

[10] Tw=, MATY, £, 4. Cd43 TR REBIK R4

A R AR B RS R [ T]. 5 =B KR 2R, 2012, 34
(8): 701 -704.

[11] Lipska B K, Peters T, Hyde T M, et al. Expression of DISC1 binding
partners is reduced in schizophrenia and associated with DISC1 SNPs
[J]. Hum Mol Genet, 2006, 15(8) : 1245 - 1258.

[12] Mao Y, Ge X, Frank C L, et al. Disrupted in schizophrenia 1 regu-
lates neuronal progenitor proliferation via modulation of GSK3beta/
beta-catenin signaling[ J]. Cell, 2009, 136(6) : 1017 - 1031.

[13] Singh K K, Ge X, Mao Y, et al. Dixdcl is a critical regulator of
DISC1 and embryonic cortical development[ J]. Neuron, 2010, 67
(1):33-48.

[14] Koike H, Arguello P A, Kvajo M, et al. Discl is mutated in the
129S6/SvEv strain and modulates working memory in mice[ J]. Proc
Natl Acad Sci U S A, 2006, 103(10) : 3693 —3697.

[15] Lepagnol-Bestel A M, Kvajo M, Karayiorgou M, et al. A Discl muta-
tion differentially affects neurites and spines in hippocampal and corti-
cal neurons[ J]. Mol Cell Neurosci, 2013, 54 84 - 92.

[16] Wood J D, Bonath F, Kumar S, et al. Disrupted-in-schizophrenia 1
and neuregulin 1 are required for the specification of oligodendrocytes
and neurones in the zebrafish brain[ J]. Hum Mol Genet, 2009, 18
(3): 391 -404.

[17] Flynn S W, Lang D J, Mackay A L, et al. Abnormalities of myelina-
tion in schizophrenia detected in vivo with MRI, and post-mortem with
analysis of oligodendrocyte proteins [ J]. Mol Psychiatry, 2003, 8
(9): 811 -820.

[18] Enomoto A, Asai N, Namba T, et al. Roles of disrupted-in-schizo-
phrenia 1-interacting protein girdin in postnatal development of the
dentate gyrus[ J]. Neuron, 2009, 63(6): 774 —787.

(255 :2013-01-19 ;£ [ :2013-02-25 )

(%4 RIEir)



