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bOLE LT, MAEKMIE. 22, BEIENZETOND (1), EEARRITK
30% & < IEERSHIR R AT 2 BEBIITIRIEIML TS (Fig. 1),
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Fig. 1 The number of patients with mental disorders.
https://www.mhlw.go.jp/file/05-Shingikai-12201000-Shakaiengokyokushougaihokenfukushibu-
Kikakuka/0000108755_12.pdf & v 5| H

DX D 7m0 b LR AERERES (World Health Organization: WHO) DO#f~(Z X
D& D ORITIARFIZ BN TAEFREAMF (disability-adjusted life year
disability-adjusted life year: DALY) T8 & 5028 % I THRE LB T ST
% (Tablel), F£7=. TOMOREMIEKBETH DF8HIE, FAKMIE, SmIERREE
b DALY O EAZITAZE LTV D, Lo L, FEREN NI KT T8I L K
THHITHEDOLT, T 22W 5L, BRGIECHERND 5, 2k

IZFW\CiL, BIfEIX Diagnostic and Statistical Manual of Mental Disorders (DSM) -5



DI FEHE 2 FLICRIR2 I & » TR Z 2T L TV 235, BRIEO TR fE T =

o sy | IR PR DALY
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SRR X, BRI Table 1 Disability-adjusted life year of several diseases.

HARAEY) SRR R SE 21 &8 3 R &g A
B AR I Ik D

RIERTRR D, HEFHICHES Lz, L L, JUSHRIKICRE VLTI, AL
FIED = RIERD — D> TH D RRMUIERITH T HRRDA T THLHZ L, HD
FICBWTIE, (EARROONL2ETL2 D 2BMAZET 52 EEL L O
BRI TWD (2,3), TDd, EMRZMNIIESW - KEBREICBIT 5
AR RRN ZFE L, EERAA T~ — 0 — O RIMLEYNER TR L2
BENND LW MEZ R TE DFEF OB LE L STV D
FROBE A RT D722, BHEREDFRKELR T 28R T 57/ 2
MHED BTN D, FEMEBO S 7 LBFFRIEL, 1980 BRI —IIHER A & 51
PR & O THREDO—BER AT 2 DERMT) LREORIBENDFH



TERZFARD [FHEM5E) ICEVinEoTz, Z20%, BETF~— T —DFRIIC
L0, BHEEROFRKREE T BREE EOEZICHLINERET D THEE 1
PHARNTAIFZE ) SBIA STz, ZOHEICLY, Tav vy U XBFIVA a7 4
—DFEREIETELTYRA IR T 0 AF U P URORRELETE LT
YFUFUBRRE SN (A7), FBEBIZBWT S ZOFIEIC XV REKES
FREESND Z LRI SN, 2R —E LTSRN/ G LR D5
7oo FRLOFEITMZ T, EWFRZR A% BRI EMEER ) &K
AL ORE ARG 5 DR BEARNT ) 23T, UK JrkspE ok
HER BRIV D BEROBRETHD Z LN RV D HROE
BT N EH Svie (8), LinL. M 24T 5 BEDOHMNDIpnZ &
AR T OB BRI NS T AR A TND Z & AEER TN &%
D, HEER R RIKBE T ORIEICITE > TV,

ZOWRMEFTHET HFiEE LTT ) LT A REEMENT (genome-wide
association study: GWAS) 232ME S ivlz, ZAUIRFE DB T2k T/
BIREIFIED N—F 5 L H I HZLM (single nucleotide polymorphism: SNP)
DBAFE & BB OB % B 72 EH L o THRETT 2 FIETH 5, R AICE
T 2007 ARIBABMERRE E (C B9 D a2 Thbic (9), ME RIS LT
H 25D GWAS 2MTHTEY (10-13), 2014 4EIZ[F T4 LV 108 fE o B
BALFENFE SN (14), B0 ZBREANOEARIZLY DNA~ A7 u7T
A ZRWTERFN T ) AR ORI OEBE OB R AR~ 2 B —HRDF
Ihiz (15), = v —#HEAIL, FEITRNSDODRBORIEY A7 2 RELE
fbE¥H VA7 77 72— L THEINTEY, £, AHIZBNTHRH
B2 ERRGABRIC & - TG AMIEREZ TR 2 a2 B — B2 L8R E Lz
(16), ZoHTH, REMNZ2 L O E LT 220112 IO KB FET b b,



Z O@EfaEE 1 2,000-4,000 NMiZ— ANOFEIETRD O, ZOBMGRE %2 FF
STzt ORI 0% KA KIMIEZ FEAET D Z & B IFENIE L LB W T
EHSNTWD (17-22), TD X DI, MHHIREBIIEIZRT %7 /7 L08R
R B DR EE R T D REICH 23> TH A2 R L T 5,

H O —DODOFEE LT, EREEIZAWA I v 7 AW L D31 A~ —
N—RENFT N D, REORIFERLIGREALRETE | SRIROERIZER
BEPER DI DR 2 W TZE R 2 S Tn b, REMR A, F~—T—L L
T 9 ORI 2 I ik # K - (Brain-derived neurotrophic factor: BDNF)
METFHID . BDNF X, @2 DFEEFOMEF TR LTS Z L& (23,
24), @91 D SHEDOIRFIZ L > TEDOFEBENBEIES D Z & (25). @FEXULE
ik, FRBHE IR RURNERIE 2 O T IRRIC L > THRBLENRIE T H Z &
(26,27) NEESNTWVD, TOMIZ, HIMEKT D mRNA IZEH L72WF7En
5, AIMEF Ot h=2 87V AR—Z—mRNAZEN A F~v—T—L LT
HEH SN TS (28-30),

VGF nerve growth factor inducible (VGF) %, 615(t F) 721X 617 (v 7V A )&
N7y M) HOT I JBhER5 (1, 68kDa) ¥ /X7 ETHY ., N K
NIRRTy 7T v EAET D . VGFIE, flaIicB W T, A5/ MINICH
TELTEHY . mUWBFREZR T, Ca WAL S IRER O L HIZ XV Mfas ik
HEn5 (31-33), MWMEFEICBW T VGF 1%, AS/MaN T ke oy
NE =B 1B K212 & - THIMr S bk % 22 AR BENE 2 4795 TLQP-21,
AQEE-30. LQEQ-19. TLQP-62 %D_X7'F K% 435 (31, 34-36), VGF I%, ##
TRAR A LA N S0 WAL LRSI SRR Ly INICIR W T HIRIRIZ A LTk
D RIMECE. WS KR OWIR TEIC IS W TRICR BN RSB Hivd (35,

37). Fiz. tREATIEMEREEN . BUo SfEH. MRREEMRISEER 2 A9 2



T ENMBNTWD (38-40), VGF (., 1985 2tk IR ¥ (Nerve growth
factor: NGF) HIZ X » CHEGFE IS HE 1 & LTHE S L, NGF I
T, BDNF, ==—u ka7 ¢ -3 (Neurotrophin-3: NT-3) (Z X 2 HI¥iZ L > T
LRBFEIND (41,42), E-aF, BRidE &I, VGF IX, BDNF O
SRR CTH B Tyrosine receptor kinase (Trk) B U gk 223 5 Z L 23 ss
i, VGF LR EKRF L DRI T 477 4 — RNy J)L—TPRIBENT
W5 (43),

IRHJZRBLE N DIR~D & VGF X, 9 DI EE O B IMER K OIILiE 2B\ T
FEENEAD L TEY, §19 2EOEGIZ LY MG VGF OFIUR T Ikl
SNDHZ ENHESINTNWD (44,45), —J7., A RIERSE TIX, IKEBEIK
R OHTSERT R B38BT 5 VGF OIEH BN M X VGF O THh 5 7922.1
RO BRI D 2 B — K ZRINED D (46-48), F7-. Bix T HEAFITHF
TN Lo T, MEKREORIELENENT 4 T FADFRIZENT 7922
FEIK & OB BTN D (49), S HIT, MBMEFEEDOBEEICE N THIE
N ORTERATRE 7 v — R~ U3 9 BPIZ 38V T VGF ORBLENAT 5 Z &7
WHEINTWD (50), LLEDORERIT, VGF OB EDELIFE 4 OF5H%E B
REIZSE A RIT T AlRetE 2 R L T D,

FREOE RN, VGF OMSEEMNT 2 B AIIZ VGF ~7 1 K~ o AR M
B VGF R~ U 2R HWIZREN EN TS, VGF ~T R RKIE~ 7 AT
PEEEDOITEN R LIS ORMIIROMK T A
HHIDH I END, VGF OFRELE & 5 OWfifie & OB R E TN D
(38,39,43), Z DX 9T VGF OFIUK T 23 mikHEERE - FErh R BN RRIZ KT
B OWTIEE RN EINTND, LiL, 9 DRCRia iRERE IS

Ff

X, #190 SITE O K OVELE
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BWTEED b D VGF OFEHIE NN IR INEERE « KR BN RRIC M T 350 %8



[ZDWTIE, RHZRRAZ,

Z ZCAMIZETIX. VGF OB NN SR BN HEIC X T B A T 2
ZEEHAMELT, FHLIETIE, YRR L VR BREIRBL~ v X %
T VGF OF8 BUEINAS KSR T B K OVIN O SRR 7R 8 2 R F T B % it
L7z, %2 8T, BEEOHME NELEFERIFEO bIEE L ORE K
WA KIEREIZI1T 5 VGF OFBIE MO 527l L7z, % 3 # T
X, BHERDRKD—2L LTEX LI TN DMRIEEIZI T 5 VGF D%

FlCHOW TR 21T 7,



#1E VGF FEBIHENINC K 2 R TE) M QYIS (2 K IE 3 58
HLHE S

AR, Fam CRANT2a@ v | EEAFRITK 30% & BT DHERA
CHRED LT, ZHISHT D25 E, IBFERITENHICHENL S TR0,
L7238 o T, MR A2 1T & 5 A0 P 2 F5 AR O RS K QYR RN EE D
AR ZRIERAEDHEL LIV ETH D,

FErER R A SR T D 72 DI B ORI E 2 N To A A~ — T —WF R
RLBEDT ) MMEBRNSHRRBIETZRET D7/ LFZEITOR TS, Z
LD DWFFERER & BT R IKE s F DOIRBIC R IT 252 RF T 5720, Fo
WESEREE W T27 V88 OFERPEA LN TWD (51,52), €T
VENNZIZ, FFE DBAR T A AN BN LT B s T A8 K O # 512
EoETFAGYPEN SND, BEFUEHMIL, B2 T7 o LA
LI h T oAV ==y 7~ 0 A, MR R K > THRBIRT % K E DAL

AL, BIETF2XRBSED /v 770 h~U R BERMOBRR T 254
BIOBIRTIZTFANT D /) v 7 A v UARET BND, ThbDET VI
ZHWT, BRIEIR T OB~ D RBEN R S LT\ D, E7VEM & v
TR RE DRI E DX, & N COMGEARE T, B/ 22 IR B2 A DML
DN D, LEX D T VEMIE. KRR B RE ORI QNS A LSBT
DREICEIETH D,

KRR RO T VBT, FiEZSYE (face validity), #5244 (construct
validity)., T34 (predictive validity) @ 3 DD &4 A T7- 3 2 L NEET
&% (Table 2) (53), FKZ UL, BT /VEMIDPAGHEEDIER & EI7-1TE) 52
WaERTZEThY, MY MET, =7 VE IR B OJRIRIC S\ T
FRINTND Z L TH Y TRIZEHEITREHEBICAE D RIEIEN T LE)



MZBWTHRERICIRHITH D Z & ThDH, MY OMENEE LV &
EOHBTING 3 OO YMEZ TR /-T2 ST L. &5 D980
RKOLNTWD,

%2 2t
RERUE T 7L BD R RICI T B IR & BT R 25 = &

HRZ NI £ LB AR B OBIRIC I SO TR S TS 2

FRRLYE 7 LB OITBIR A HMERIC B0 ORI IBHRIEC k- CEHT 5 = &

Table2 Three kinds of validity of animal models of mental disorders.
b &R OE S 55204 5535 2000 4F X SZER| A

FimCib 7=k 912, VGFIZ615(t k) £/ 617 (U A, 7 k) fHD
TR BN DE NI E (8 68kDa) ThH Y., IMNODEIRIC /AR LT
BY. FHCRIMEE, WS M OBR T THREADESBOSND (35,37), %

. AT . BUO OfE. MREEMREEER AT L2 L0
5. VGF [ZHMRARRIZIWN T, BERAEFIEHNZAT5 2RO TS
(38-40),

VGF 1T 5 29 i K OB BE B W THRBNED T 5, —FH. o
AR — MR TIE, O OFEE R ORE RFVEEZ BV TREEINT 5,
UL XY VGF DR B A K #hERE IZFHLTWD Z &R STV
% (44,45,47,48,50), Lo RND, VGF ~7 1 K~ U AN Ry JE 1Y
VGF X~ 7 A & VT VGF ORERERNT 23T O T\ %, VGF XK~ T AT
P OITEY R E &g ORI RO T 255
HHID (38,39,43), ZD & 9T VGF DIEBUR T A& I INHERE « FEHRIE U

FOETHBERGE L2135, UL, 2 DR O JGRERE T

Fk

- O ATE O K O LR

il

D BV VGF OIETLEINAS i M RE - R U RR D KX IC oW
TIE, TR ST,



ARETIL, SRIMHEREIC 1T D VGF OFEBNN DB A2 Wadtd 5 7= 01T,
WFIEE CIER L 72 VGF iR RFIF B~ 7 X % T, FiAx OITENIFERIENT R O

= v 2V F FN T I O RERE R R 24T - 7,

o5 2 Fi M BN O T A
2-1  SEEAR

AREBUZHNTZEEY) R OGREEIILL T O®E Y Th D,

R (HCIl), TrisHCl, =% J —)b, A X J—) Ty L, NTHRILVAT )V
F b K. Sample Buffer Solution 2ME+) (x4), A &/ A X —CLD, FH4 ¥ a—
JVEET R U o 2 (sodium deoxycholate), R T /UAfilE7) kU 7 A (sodium
dodecyl sulfate: SDS)., RF v /Lfiiile) Y 7 AR Y 727 U7 2 K7L [SDS
polyacrylamide gel]. 6-7 X / ~%# > [i# (6-aminohexanoic acid), Agarose S, ¥
f£71 U 7 2 (potassium chloride: KCI) & Wako (Osaka, Japan), VU /K38~ b
UL -+ K4 (sodium hydrogenphosphate 12-water: Na;HPO4 + 12H,0), U
VT KFEF N U AT KR (sodium dihydrogenphosphate dehydrate:

NaH2PO4 + 2H20), 7'V v >, 2-7'm X7 —/Lid NacalaiTesque (Kyoto, Japan).,
H{k7F ~ U v L (sodium chloride: NaCl), -~ k3L B % —/ L% Kishida
Chemical (Osaka, Japan), BCA protein assay kit (% Thermo Scientific (Waltham, MA,
USA). Tris-Buffered Saline (TBS), Tris Borate EDTA (TBE) (& Takara (Shiga,
Japan), EDTA - 2Na (disodium ethylenediamine tetraacetate) | [c{—fb==WFFE AT
(Kumamoto, Japan), A% A X /L7 {d Morinaga milk industry Co., Ltd. (Tokyo,
Japan) LV, A1 %> b (EUKITT) (& As One (Osaka, Japan), protease inhibitor
cocktail, phosphatase inhibitor cocktail 11,  phosphatase inhibitor cocktail 111, cresyl

violet, HEfR7 > & =17 A Igepal CA-630 /% Sigma-Aldrich (St.Louis, MO,



USA). proteinase K solution (X Qiagen (Venlo, Nerthaland), DNA ladder /% Nippon
genetics (Tokyo, Japan), Can get signal solution 1, Can get signal solution 2, Blend
Taq® -Plus-1X B PE#5 (Osaka, Japan), Tween 20 Solution (% Bio-Rad Laboratories
(Hercules, CA, USA), X7 7 ¢ > & Sakura Finetek Japan (Tokyo, Japan) L ¥ &4
THUEA L7,

Phosphate buffered saline (PBS) /%, KCI, KH2PO4, NaCl, Na;HPO4 « 12H,0
AR K E IS L, S8 L7z, Phosphate buffer (PB) 1.

NaH2POs « 2H,0, NazHPO4 « 12H,0 % 2K 8 KT ¥sfig LaiEd U7z,

2-2 FEBIGIE
2-2-1 FEBREW)

T RTO~ T A (8-18 Wfn, HEME) 1XRXEIRLEE: 24°C (EPH: 22-26°C), #XEIT
J&£: 55% (Hi[H: 40-70%)., BAKEG#- 12 IefE] (HEBA: 7R 8:00-1-1% 8:00) (ZHERF 4
T B SR AR A A B 4 B £ 72 13AR T 6 B =S TRE L, <Y
NI T T AF v 78— (it 245 x {175 x &S 125cem, F 723t 36.9 x
B§ 156 x m S 13.2cm) MV, HHEK/K TICHETZEE (CE-2; CLEA, Tokyo,
Japan) ([ZCHIF L7c, 1TENRERIT B R EEHUR 2 bR & 9~ THHT 9:00 2> 6 T
8:00 DRNTAT o 7=, EBRZAT O ITHI-» TE, KRR KBRS - By
BRZE B 2\ ZE EBURGRRGE ATV, ARl a0 ECHER L, £, Bis
T BB, I RIERREAEMGRE - A At —T7 T 4 —ZBRITHEETH
AR ERHBFE ATV, FFa 2/ TR LT,

2-2-2  VGF R~ v 2 {Efl
2-2-2-1 VGF \ER I~ 7 A EHd

10



IR T OB NIZRINORIHZICHE LIZ-DNA Z~ A 7 nAf =7
AV THZETERLE, KRBT A 7 A0V ey g LB ABET
1% Vof Ba 1O LI CAG 7' E—%— Tt mRNA QL ELDT=D DR
VAR Z7Faf L TnD, ARBRTIEERO X 5 IR L7 /EM: VGF
WEPFEH~ 7 X & BART AL —REE&FE (Shizuoka, Japan) 75 A L 72 i
PEBDFL vV AZREL L CAEENT~v T AZHEH L,

2-2-22 RIARY = ) AT

% 4 LSO~ U 2D LR % Fedmiy D 5 mm 8]V | Cell Lysis Solution (25
mM Tris-HCI pH 8.0, 10 mM EDTApH 8.0, 1% SDS) }z O} Proteinase K (2 & U &
fELToe TDH%RTIEM FEET E=0 LMFIRICE D X U X0 BEREL, 2-
propanol, 70% ethanol (Z & Y DNA Zfliti L7z, CAG ' mE—¥—, KU Af}
e 7P A DOINER#S 577 A4 ~—%HWTPCR 217V, ¥~ U ZEsFH
% [Al7E L7-., VGF (forward); 5'-CCTACAGCTCCTGGGCAACGTGCTGGTT-3',
VGF (reverse); 5-AGAGGGAAAAAGATCTCAGTGGTAT-3’
HAWE SO 1 X TAKARA PCR Thermal Cycler Dice® Gradient (Takara, Shiga, Japan) %
FAWT 3594 7 V157, 194 7V OREEIT DNA ZME: 94°C, 208, 7=

— V7 + = AT 3 166°C, 300 M2 TIT - 72,

2-2-3 DUITAK T uy M
2-2-3-1 BRI

VU AEMEAL, WAEmL L, M LEME, KLl 7 Ay —1L D
RiCE & ATERTCE. KIMBCE. S R OMSEIRICEIY 7530 72, Mk, ~
A7 aFa—TIZ AN, BREEREACCTREBRER L, 7 gy ooy
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BRI £ T-80°C IIRAFE LTz, Z v 37 EHhH#EIZIZ. RIPA buffer [50 mM
Tris HCI (pH 8.0), 150 mM NaCl, 05% 74 F v a2— V- FU 7 A 0.1%
SDS. 1% lgepal CA-630] 1 ml {2} L, protease inhibitor cocktail, phosphatase
inhibitor cocktail 11 &N I % ZiZ240 10 ul T 218A L CHW=, kT Eito
& X7 R &= A, AE YA P— (Physcotron, Microtec Co., Chiba,
Japan) Z W T30 IARET A XA LT, ZD%%, 30 ZRPKFITHERE S &,
10,000 rpm, 4°C, 20 srffliz ol L7z, =m0 mBE L7z BIE &2 EIRL, Z v~y
BHhR & LT,

2-2-3-2 XUV EER

& X7 '8 TE BT BCA protein assay kit 2 VN CTIT o 72, fEHEHTROER D 7=
WoOY 7L LT, 0, 125, 25, 50, 125, 250, 500, 750, 1,000, 1,500 X%
X 2,000 pg/ml O EZFHEL L 7= bovine serum albumin (BSA) % 7=, Working
reagent Z iK%, B> 7% 37°C DA 2 F 2 _X—F — 1T 30 Z R OG S
% D1% Varioskan Flash (Thermo Scientific) % T 532 nm O WY THIE L
T2o XU RJEYREEL, Sample Buffer Solution }2 T8 RIPA buffer 2 TRl

L. #HEE DY 7 T-80°C ITRTE LT,

2-2-3-3 UZRHZ LT H Y b

BN ERE AR L= 7 A& -80°C B EY L, K B CRlR S
7c1% 100°C T5 /A LEE L, HIRIZ TR ALY XU Lz, SDSHRY T
7 VNT I R NVEKENEEEICE Y L, BERICIKENHZER (25 mM Tris,
190 mM Glycine, 3.5 mM SDS) # AL, 7 /L&Y fHiF 7= kEhdEE IR LT,
PREDEERE O HIC & KRR 2 ATz, 10 =L 72 0 OFRINEIX, 7 &

12



~—N—%&Sul, HEVoTE10u(Spg) &Lz, YU AERRNE, Sl
Keti7=0 20 mA (2 TIKkE) L 7=, k&R, 77 /L% cathode buffer (25 mM Tris, 40
mM 6-aminohexanoic acid, 20% methanol) (Z 15 53 [fi& L7z, EEREIZA & /) —
JUZ 30 iR L, kK2R LTz, D%, anode buffer 2 (25 mM Tris, 20%
methanol) (Zi& L7z, BSA#HI2> 5, anode buffer 1 (0.3 M Tris, 20% methanol) (Z
iz LTz A&, anode buffer 2 |21 L7 A&, E25 M, 7L, 2 #® cathode buffer
(IR LT ARONEICE A, 1A% 720 100 mA T 45 53 [ERE LTz, #5554,
0.05% Tween 20 &7 0.01 M TBS (0.05% Tween TBS) Ty L. 5% A% A I )L
IR LT, ERNENRERTLRHE 7 n vy X7 L, £ D% 0.05%
Tween TBS T4 L. Can get signal solution 1 TA7HR L 72— & PUAICIE L, 4°C
TMEFE S, 0%, EERT 0.05% Tween TBS TPE!F L. Can get
signal solution 2 TR L 7 ZIRFUKIZIR L, =R T 1 RfEEE S 7, 0.05%
Tween TBS THEH L7cfe, 1 L/ AX—CPLDIC2 MR LTz, £Dt%, LAS-
4000 UV mini (Fujifilm, Tokyo, Japan) A T Multi Gauge Ver. 3.0 (Fujifilm) %
TR L7z,

—IRPURIZIL, goat anti-VGF antibody [1: 400 dilution; Santa Cruz (Dallas, Texas,
USA)]. mouse anti-B-actin antibody (1: 5,000 dilution; Sigma-Aldrich) % 7z, —
WHURIZIE,. HRP-conjugated goat anti-mouse IgG antibody (1: 2,000 dilution;
Thermo Scientific), HRP-conjugated rabbit anti-goat 1gG (1: 75,000 dilution; Thermo

Scientific) % v 7=,

2-2-4 )7 )L%A A RT-PCR
2-2-4-1 mRNA fii H f ONfiis 5
BB U7 II~ A 7 o F 2 — T AL, IRIRZEFIC L0 20 L,

13



B 7% RNA filiH & T-80°C IZPR1F L 72, NucleoSpin RNA (Takara) (2 & D
total RNA Z#iH L7=, i L7= RNA D 1% NanoVue Plus (GE Healthcare
Bio-Sciences AB, Uppsala, Sweden) T43JtlliE Lked7-, &5 1 84 cDNA I
PrimeScript RT reagent Kit (Takara) Z 20 ul & L7=, B RE O > 7

IZ. U7 V%A ALRT-PCR %4795 £ TOHM. -20°C TLRIAFEL T,

2-2-4-2 7 /V% A L RT-PCR

U744 . PCR X, Thermal Cycler Dice Real Time System TP800 (Takara)
W TIT> 72, PCR OGN 0.4 uM D4 primer, 10 pl @ SYBR Premix Ex
Taq™ II (Takara) % H\ 425 20 ul T{To 72, PCR )&iE,. 95°C T 30 W&
SH7z1%. 95°C; 5 FH]. 60°C; 30 B[ & 40 VA 7 M AT - 72, IR
primer OFELH1E, Vgf mMRNA5-CAG GCT CGAATG TCC GAAAG-3' (sense), Vgf
MRNA 5-CTT GGATAA GGG TGT CAAAGT CTC A -3’ (antisense), p-actin
mRNA 5- CATCCGTAAAGACCTCTATGCCAAC-3' (sense) MK TN p-actin mRNA

5'- ATGGAGCCACCGATCCACA-3' (antisense) T 5.

2-2-5  MOOFARE RO ES
2-2-5-1  AEAREI A 1ERL

<~ A% RV E X —)L (50 mg/kg) THRREEL . IE A A O & iR
L7zDb, 4% /X7 KRV A7)V 7 e REA 0.1 M phosphate buffer (PB; pH 7.4) %
FELENITIEAN L CHEREE L7z, 8 %A L, RIS TA7< &
b 24 FF[E] ACHE L7, DWT, [EE L7 E 70%— % / —/b, 90%T % / —
N, KT Z ) =)L UL ROEIRANT T 4 NTRE S ERK AT o 7,

TD%, T T 4 TREEH L, I/ 87 h—2A (Leica, Tokyo, Japan) % H

14



WT5um OFEEIYIF AER L, A7 4 KFZ A (Matsunami, Osaka, Japan) (Z
= TRAF LT,

2-2-5-2 JLIINRA ALy MY

RITT7 4 YR, FV L UCRLUTNT 7 ¢ BT LT, fil o TERER
[IREZ Tl 7 —VERIRIZIR U, ZAEKICIRE LTz, Y1 0% 10-
S 1% LI s F Ly MRITIR LT 6%, 288K, 70%T 4% / —/L
TP L. 95%, k=¥ —/LOIEIZS 3R LK LT, Z0%F 1L
W22 L= BICE AL,

2-2-5-3  FHAFEAL
et T BEMEE (Keyence, Osaka, Japan) % FH VTR U 7=, VB K OV NN
DA FE ORI AT 5 72012, 40 fFFORFRTIRE 21T o 70, M. TN,
BRI, KB K O B O IR FEREAT 1X 140 pm RIRR CTREI A 2 JHE L
Cavalieri’s principle (volume = s1d1 + S2d2 + ... + snlh, S = area, d = distance between
two sections) (2L > CHEMH L7- (54,55), &7E
DN ZAT O 72T 4 FEORERTIRE 21T -
7o B AT D TR RN 21T - 72 #PHIZ LT
DIBY Th D, B UMM bregma + 1.94

~2.18mm, BREMA KL OKAKEZE: bregma+ 1.70

~0.10mm, ##%: bregma-0.94 ~4.04 mm, Ffx

RE IR D 2 I E 35 72 12, bregma + 0.50
~0.10 mm OFFHOMEI & vy _ _ o
Fig. 2 Diagram of the brain section indicates
TFig.2 12779 d1l 225 d5 DiF%  five regions measured for length using cresyl violet.
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HE LTz, HIELEEZHWTULFOMEROIEZ B H Lz, 2 = db, BRERIK

=d4 - d3,

ol

1% =d5, fIEAZE =d4—d3. HEEZ =d4, Paxinos, G H D~ 7 A
W7 b7 A2 WTHHOANEZRE LT-, A E . (KL OWE O NI IX

Image J (National Institutes of Health, Bethesda, MD, USA) % Hv 7=,

2-2-6 N DR SR ER N D IR E
NGF &% O BDNF O3 EL &%, Mouse NGF 2 TF BDNF ELISA kit (KA0400.
KAO0331, and KA0544 respectively, Abnova, Taiwan) % H\TH > KA w7 ELISA

E R TR O

2-2-7 {THRBR . e S
NE >
2-2-7-1 A—7 7 4 —)L Rk 15 ¢cm
<>
AR T T AT v 7 ROEE
B 30gm 15l
(fi€ 30 x £ 30 x E & 15 x cm)
EHWTERZI T2, YU R%E
HEENICE X, 120 4 HBICE Al
FETn, BB \
)
Ethovision XT (Noldus, Wageningen, Central Zone
The Netherlands) % F V> CHEAT L
. E10 . REATEIOREL 2 5 Fig. 3 Ilusration of open field.

R ERER I, Fig. 3 1Z/RT#E 15 x K8 15 cm M5 72 5 H ek (Central Zone)

N C O ERFE % Ethovision XT (Noldus) THH L7z,
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2-2-7-2 B FEER) R

H TG BRI £ OWEICHE L TITo 72 (56), #RBRIL A FEIEE)T — & X
§E - FHT L AT DB % N TH 572, A E— AR v — (NS-ASOL;
neuroscience, inc., Tokyo, Japan) % fil& 77— 23 L, ke ik~ => ~ 8 CH
(NS-HUBO1; neuroscience, inc.) &/ L T, 24 FERE O EERERBEIZ %9 2 BIb# .
24 B o0 B EE) & 2 T — X WEFREAT A 7 A (NS-DAS-32; neuroscience, inc.)
THIE L7z, FERT LREfEOERE LT —4iTHar ta—¥a=y
N (RVTFFT VXL 32 R— hH D AT A neuroscience, inc.) % VTR

Hrive, BIEIZT# 0RO A D% 0L TO 24 1T - 72,

4

, S EBROEE: R BN S

Fig. 4 lustration of locomotor activity test.

2-2-7-3 Y TR AR

Y FRGREABRITIB EOMEEZ B EICL TITo 72 (B7), RBRIZT T AF v
TORRD 3 OOT —L%EFFOY FRIOKE (HE10x 40 x &S 12cm) %
ANTITo72, WEITH LN UDRDIZ1IAROT — LI~y A% EX, 8/7H
HAICERSE, S TARTRET — DR D Z L7732 35D 7T — L% EE
IR LI 6%, IEERT —AOER (alteration) & L7=, ZOHE, EFZk

T — ADORREFINI~ T AR T — MM AS BN G 2 250\ HTH D |
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7 —ADOEREE (alteration rate) LI FOHUZ LV ki,

Alteration rate = (525 BRI/ i KIEIREL) %100,

S e,

O ELWT —ADER x RoTe T —ADFEIR

Fig. 5 Ilustration of Y-maze test.

2-2-7-4 = Eh[ERERER

ARRENTIEEDOREITHEL YT 12

(58), it 15.5 x £ 9.6 x &S 18 cm M H 7
LB EME32x ME32x EE 27em D
RO e DAEE Z Az, . B o]ax
IO T Z A F v 7D RT

Lo TEEI 6N TEY . RTHHENT

WHBIZABIATERTE 5, ABR1 A

77Uy B (B
H (BIMEEAT) I~ 22 W52 % 30 Fig. 6  llustration of passive avoidance test.

M. AEZEBIITEIS Y-, 20O, RTIEEHE->TWE, F0O% KT %
BHE . WU X CORRHEIC A6 R7 20, BN % 30 B E BIZTT7E)

(]

SHTZ, T, ABR2 HH EIREAT. 3B 1 B H o 24 BFEIER) 13, BEAAL
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Ao TBRIZER Y 2 v 7 (016 mA, 2sec) #5220 MTRER 1 B B & FREED
FhiE 21T o7, 6T, ABR3 A H FEEIT. B2 0 B0 24 FFfHR)
X, B L B H EAROFRE 21T, LRZ 6008 L L, ~ 7 AR
ADETOEREHIE LT,

2-2-7-5 AESPEATEIRAER

HAMATERBRIBEDORE B EIZL TTo7 (57), RBRIZET A H AT
EiXiE LT To7, 2COfESMETEN E LT, B —Y CREBEINIZ~YT R 2
Wil 7 AF v 7 r—VNT 10 pEBES Y, 2[E0TE2 T A0 A T
TR Lz, 10 M oOBEMERZ DT 2 —L A Ny T T+ v F &2 AW THE

l/f:o ﬁﬁ*ﬁ}jvvxg)ﬁ’fi%ﬁgﬁ§z:%®%ﬁ§ %*ﬁ‘l(‘) «C:\//rj—_of:o

é?% D g;?

Social interaction Non-social interaction

Fig. 7 lustration of social interaction test.

2-2-7-6 SR IERAGR
RBRERRIT. BEOREEZSEICL TTo72 (56), kBRiLE & 50 cm DL
EICHET 72N T ADREBEEL, ~VAZ T2 5 L, ZDOK
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DITENVZ ET A7 AT Thse LT, HEB)RFE T Ethovision XT (Noldus) # H

THEMT LT,

b 50 cm

Fig. 8 Ilustration of tail suspension test.

2-2-7-7 SRR VKR

R ERBIIR EOREEZSEZIZL TTo72 (56), ¥ 7 A%/K (24+1°C)
DAL=V Y U F— (BEL 14 x K16 cm) 12 7 Sy [BFED 3~7 43 [ o ey
MARE L, ~ U ARERGUKITIEND, Kl LB T OICHE R K
INROB X (R OB X AMEIE L, F I OBRENEZEZ AR ST DI T 0N E)
WTWDARER) & [HEH)) LA Lo, BT~ U 2 OBE AR OREE

BMT) TITo7

24+1°C
Sy
16 cm

14 cm

Fig. 9 Hlustration of forced swimmming test.

2-2-8 Rt EHIMRAT
FBREGE L HIE £ AEHERR S (SEM) TR L7o, SptEr 7z ke,
Statistical Package for the Social Sciences 15.0 J for Windows (SPSS Japan, Inc.,

Tokyo, Japan) Z H Vv T, Student’s two-tailed t-test, paired t-test & Y Mann—
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Whitney U-test (2 X V1T o7, 2 BRI D/ #3#T 2 Two-way ANOVA with

repeated measures & VN TIT o 72, fElR=EN) 5% KliA AEEZH D & LT,

B3 FEBRAE
3-1 VGF @RIFEH~ v 2 DRl

E4 T ULEI AN W =0 S e (74 = % VS 07 AN IN G B Sl QAV/ el B 155 1
R~ T A ER LT (Fig. 10A, B), HABISFHREAVICRIST 5 PCR DR
26 VGF gL~ 7 A DB #1T > 7= (Fig. 10C), 8 7»5 18 i VGF i
FIFBL~ 7 A RO AR~ 7 22 W TREIZH SR ZITRO oo Tz
(Fig. 10D), VGF @E|FHl~ 7 2D VGF % > 737 Kk O Vgf mRNA O3B &%
et a7eoic, v=xZ Ty NEONY 7 VZ A A RT-PCR 217572,
VGF % > /X7 'E K OF Vgf mRNA O3 ELE 1L VCF i RIFE B~ 7 X OFf % D HH
WICBWTHEEICHI L7 (Fig. 10E, F), VGF #EIRH~ 7 A (X1 >DFA
DHDFFTTH D, L7eh > T, ARRERITH T 2 H AR T O AEIL O 528
HERINTHZ LR TERY, £ 2T, BABLTOMATNZHREFI LIz L Z
A, YT AD 4TGRO leucine rich repeat and Ig domain containing 2 (lingo 2)
DHF2A4 2 hrrTholz, VGF HMEIFEEL~ v A IZBW T, Lingo 2 D mRNA

DIEBLEDNA EIZHEA LTz (Fig. 10G),
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Fig. 10 Generation of VGF-overexpressing mice.

(A) Schematic representation of the VGF transgene used to generate VGF-overexpressing mice. (B)
Photographs of WT (left) and VGF-overexpressing (right) mice. (C) The VGF transgene is
detectable by PCR in only the VGF-overexpressing mice. (D) Comparison of the body weights of
WT and VGF-overexpressing mice at 8 to 18weeks of age. Data are expressed as the mean + SEM.

Continued on the next page
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(WT, n=6; Tg, n = 4). (E) Expression levels of VGF in several brain regions in WT and VGF-
overexpressing mice were evaluated by western blotting relative to B-actin levels. Data are expressed
as the mean fold difference versus WT mice £ SEM. (WT, n = 6; Tg, n = 5). Representative bands
from the western blotting of VGF and B-actin are shown at the top. *P < 0.05 vs. WT mice (Student’s
t-test). (F) Expression levels of Vgf mRNA in several brain regions in WT and VGF-overexpressing
mice were evaluated by real-time RT-PCR relative to g-actin levels. Data are expressed as the mean
fold difference versus WT mice + SEM. (WT, n=4; Tg, n=4). "P < 0.05, P < 0.01 vs. WT mice
(Student’s t-test). (G) Expression levels of lingo2 mMRNA in several brain regions in WT and VGF-
overexpressing mice were evaluated by real-time RT-PCR. Tg: VGF-overexpressing mice, WT:

wild-type.

3-2 VGF@FIFEH~ v A DO HIZAL

AE 3-1 THENL L7 VGF FIFEHL ~ 7 R & W TR OARR 7 HIRE 21T -
7= VGFBFIFEH ~ 7 2 3B AR~ 2 L LT, MEESFEIE T LE
(Fig. 11A), ZDORFHIH Wz~ T ADEEIZHOWTIE, VGF I~ 7 X
K O AT < 7 A CHEHFRIZR A B ZE2ITRO b h» 7o (Fig. 11B),

J7. REIZXT D HE RO T VEF IR~ 7 2 2B W TRUME M 2358 8
Hiv7z (P =0.052, data not shown), 52, 7 LI b A ALy MR EE HN
T VGF EIFR B~ 7 A DO IR 21T > 7o, BpAR <~ X &
VGF i fFE T~ 7 A 2BV TR EARFE O AT 2038 b viz (Fig. 11C,
D), £7-. TOHLKRITAMOMEE BV THHE TH -7 (Fig. 11E), Mz T,
VGF i@ RIFE I ~ 7 22BN TEMOEFEO A E 7208 M ORI 5
MUK ER D ARFE DA B AT iz (Fig. 11F, G), MIAKER O L KILRTH O
SEIRIC B W TR B BHFE Th o 72D T, AMANSAZE T 2 X ek o0 ALk 7 O F 1A &
1To 7z, AHAOTEEIZ I TR 21T - 72 EBAZIZ DWW T Fig. 11H (2R LT

%, VGF HMBIFEH~ 7 A DMEAEORE 1T, AN~ T 2 LKL THEID
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B LT (Fig. 110), —J7, E EFRREZDO R E T LR BT v/

Mot (Fig. 111),
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Fig. 11 Histological analysis of WT and VGF-overexpressing mice.
Body weight (A) and brain weight (B) of adult WT and VGF-overexpressing mice. Data are
Continued on the next page
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expressed as the mean + SEM. (WT, n = 10; Tg, n = 13), ™P < 0.01 vs. WT mice (Student’s t-test).
(C) Representative photomicrographs show coronal sections stained with cresyl violet in WT and
VGF-overexpressing mice. Scale bar = 1000 um. Right panels show enlargements of the lateral
ventricle region. Scale bar = 300 um. (D) The lateral ventricle region in WT and VGF-
overexpressing mice is visualized per section in a ventral to dorsal manner. Genotype; F (1, 8) =
13.491, P < 0.001, section; F (18, 144) = 32.716, P < 0.001, genotype x section; F (18, 144) = 3.223,
P <0.001, two-way ANOVA with repeated measures. In the same mice as above, the lateral ventricle
volume (E), whole brain volume (F), and ratio of lateral ventricle volume to whole brain volume (G)
was measured. Data are expressed as the mean = SEM. (WT, n=5; Tgn=5),"P <0.05, ™P < 0.01
vs. WT mice (Student’s t-test). (H) Diagram of the brain section indicates the five regions
measured for length using cresyl violet. The width of each brain region was defined as follows:
whole brain = d4, striatum = d3 — d2, motor cortex = d5, somatosensory cortex = d4—d3, and septum
= d4. (1) Width of the whole brain, striatum, parietal lobe, temporal lobe, and septum of WT and
VGF-overexpressing mice. Data are expressed as the mean + SEM. (WT,n=11; Tg,n=9), "P<
0.05 vs. WT mice (Student’s t-test). Tg: VGF-overexpressing mice, WT: wild-type.

3-3 VGFEEFEBL~ 7 2 DGR DTEREFHIZA L,

ARED 3-2 DFGRING . ALK E <R B IVIZBREAR ORI R 2 5
AT o T, BMEEOERBE L OMIIREEZ 7 LIS A Ly M L7 iky)
FZHWTHHE L7z, VR EIREI ~ 7 RZBW T, BAM~ T X Lk LT
MR DORBENAZITHD Lz (Fig. 12A), — 5. #BE KR OEE OIRFEIC 2L
TR e o 7= (Fig. 12B, C), F72. MR OMMALE E ORGFHIIB W T
%, BERITEL IR 2 OFREIZES L TnD Z &b, #E&AR% Fig. 12D
D X DN 4 SO 43T TR BE DR 21T > 72 (59), VGF g R~ ¥
AT E AR T R L) 35N (dorsal medial: DM) fEIIZ 35U TR FE 3
AEICHIIN L7 (Fig. 12D), # O fElE TITZE(L3 380 b - 7= (Fig.
12D), F7=. MR D CAL, CA3, tfR[a] (dentate gyrus: DG) o 4-fEIE Dl i %2

« TBERE M VKN R DO IRFEIC LD 58D Hivia o 7= (Fig. 13), Mz T, #¢
FEOT RN =V AOH#EFAIT 5729512, Cleaved-PARP DI BLZ fF} L
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77. VGF BEPREL~ 7 A K O AR < w7 2L TRZRIRIZI51T % Cleaved-PARP

DIBULFD B - 7= (Fig. 14),
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Fig. 12 Histological analysis of the striatum in WT and VGF-overexpressing mice.

(A) Striatal volume in WT and VGF-overexpressing mice. Data are expressed as the mean + SEM.
(WT,n=5;Tg, n=06), *P <0.05 vs. WT mice (Student’s t-test). (B) Diagram of the striatum
indicates the four regions in which cells were counted using cresyl violet. (C) Coronal sections of the
striatum were stained with cresyl violet. Representative photomicrographs show coronal sections of
four quadrants (DL, DM, VL, and VM) in WT (upper) and VGF-overexpressing (lower) mice. Scale
bar =50 pm. (D) The number of Nissl-stained cells was counted for each of the four quadrants.

Data are expressed as the mean + SEM. (WT, n=11; Tg, n=9), *P <0.05 vs. WT mice (Student’s t-

test). DM: dorsal medial, DL: dorsal lateral, Tg: VGF-overexpressing mice, VM: ventral medial, VL.
ventral lateral, WT: wild-type.
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Fig. 13 Histological analysis of the hippocampus and cortex in WT and VGF-overexpressing

mice.

(A-C) Histological analysis of the hippocampus. (A) The number of Nissl-stained cells counted in
the CAL, CA3, and DG. Data are expressed as the mean = SEM. (WT, n=11; Tg, n=9). (B)

Hippocampal volume in WT and VGF-overexpressing mice. (C) The hippocampal region of WT and

VGF-overexpressing mice is visualized per section in a rostral to caudal manner.

Data are

expressed as the mean + SEM. (WT, n=10; Tg, n = 9). (D) Cortical volume of WT and VGF-
overexpressing mice. Data are expressed as the mean £ SEM. (WT, n=5; Tg, n = 6).

gyrus, Tg: VGF-overexpressing mice, WT: wild-type.
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--—- — e — — — ——--—-
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Fig. 14 Western blot analysis of PARP expression in the striatum.

Representative immunoblot showing the PARP expression level. Western blot did not detect cleaved
PARP in WT or VGF-overexpressing mice. NB-1RGB cells treated with UV-A (10 J/cm?) irradiation
is the positive control (both ends of lanes, PC). Tg: VGF-overexpressing mice, WT: wild-type.

3-4 VGF EFIFEH ~ 7 A DN DAL K T D FE T &

ELISA Z AW TN OFENLIZ 1T % NGF & U BDNF O3 8 2 3F il L
2o VGFIBFIFRHL~ v X QAR < 7 X D# T NGF & T BDNF DI &2
Bl & 232 8 0IEF8 & B o> 7= (Fig. 15A, B),
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Fig. 15 Tissue neurotrophic factor levels in brain sections.

Levels of the neurotrophic factors (A) NGF and (B) BDNF were assayed by enzyme immunoassay
(EIA). Data are expressed as the mean £ SEM. (WT, n = 4; Tg, n = 6). Tg: VGF-overexpressing
mice, WT: wild-type.
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3-5 FTEhEAER

35-1 A—F 74— Rl

VGF M RIFE B~ ¥ 2 D 120 4y T DI EZHE L7z, VGF ERFEEl
~ U ZAOIEE L, AR v X LR L CHEICHEM L (Fig. 16A-D), *
7o, REBTP O~ ZAOITENEBE Lo L 2 A, BEREE O 23 T8I
BESN, [FHESEE DO 10 DBV T, ZoEEERE L,
VGF @RI~ 7 ATV THEEI R OBV, RO LD D R E I
MU7z (Fig. 16E), A —7"> 7 ¢ —/L RikBRIZH 1 B PR ER R, PR
OB GIZ L > TEORMNHEMT 52 0D, RNELE#ETEIORES LT—
XEICEH ST b (60), ARFRERF O VGF mFIFEEL~ 7 A D H R EIRFH]

(X, BRI~ D R L g U CHRICHEN L7z (Fig. 16F, G),
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Fig. 16 Open field test.

Mice were placed in an open field, and their locomotion was assessed for 120 min. WT (h = 22),
VGF-overexpressing mice (n = 20). (A) Total distance was scored for each 10 min period. Genotype;
F (1, 40) = 15.524, P < 0.001, time; F (11, 440) = 81.235, P < 0.001, genotype x time; F (11, 440) =
1.283, P = 0.231, two-way ANOVA with repeated measures. (B) Representative images show typical
examples of exploring behavior of WT and VGF-overexpressing mice during the first 10 min of the
open field test. (C) Total distance of first 60 min (t = -3.188, df = 40, p = 0.003). (D) Total distance
during last 60 min. Data are expressed as the mean + SEM. P < 0.05, P < 0.01 vs. WT mice
(Student’s t-test). (E) The number of jumps during first 10 min of the open field test. Actual
number of jumps observed in individual mice. *P < 0.05 vs. WT mice (Mann-Whitney U-

Continued on the next page
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test). (F) Time spent in the center was scored for each 10 min period. Genotype; F (1, 40) = 8.108, P
=0.007, time; F (11, 440) = 14.652, P < 0.001, genotype x time; F (11, 440) = 0.937, P = 0.504,
two-way ANOVA with repeated measures. (G) Time spent in the center throughout 120 min. Data
are expressed as the mean + SEM. "P < 0.05, “P < 0.01 vs. WT mice (Student’s t-test). Tg: VGF-
overexpressing mice, WT: wild-type.

3-5-2  H IS EE)ERER

VT, BrllRRE ClidZe <. ENZEREE T C VGF MEIFR B~ 7 A O H)
BEMAT O OICHBEHERR LT o7, AN~ X LA~ VGF iEH
P~ AOAF (PRI 8 FE~F1% 8 ) @ HIETFENEIZA(LITRD b2 )
ST, K (Ftk 8 RE~FRi1 8 FF) O HREIEENEIXAZITHEM L7 (Fig. 17A,
B).
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Fig. 17 Locomotor activity test.

Mice were placed into an open field, and their locomotion was assessed every hour for 1 day after 24
h of acclimatization (n = 8). (A) Locomotor activity throughout the 24-h period. Day: genotype; F (1,
14) =0.001, P = 0.979, time; F (11, 154) = 1.431, P = 0.164, genotype x time; F (11, 154) = 0.920, P
=0.523, night: genotype; F (1, 14) =5.112, P = 0.040, time; F (11, 154) = 10.352, P < 0.001, genotype
x time; F (11, 154) = 1.220, P = 0.278, total: genotype; F (1, 14) = 3.729, P = 0.074, time; F (23, 322)
=14.065, P < 0.001, genotype x time; F (23, 322) = 1.569, P = 0.049, two-way ANOVA with repeated
measures. (B) Locomotor activity was analyzed separately during the day and night. Data are

Continued on the next page
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expressed as the mean + SEM. "P < 0.05 vs. WT mice (Student’s t-test). Tg: VGF-overexpressing
mice, WT: wild-type.
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3-5-3 Y TR AR

VU AIF T ORREFOEARDH Y, v A% Y FRIOKEO 4G E <
&L BEIX ORIV T — MRS Z L7, 32007 — A ZIAFICHRET

BN SD D, Y FRREABRIIZOBEEZFHL, V%7 AF ) —%FF

9 247ERBRTH D (61, 62), 8 MDEBITENCI VT, VGF mFEIHH~
U AR T X L g U C IR R T — A OB WK L72 (Fig.
18A), —J7. 8 rMICHIT 57 — AOZBRBUTF LR~ 7 A & VGF il RIF B~
U ARNZEAITB O b v d- 7= (Fig. 18B),

A "x B
70 ¢ 30
- 5
60 | g2
€ 50 8 I
S 820
© L 1=
: 40 2|
= €
<30 S
= 10
20 | l‘_*og
10 } >
0 0
WT WT Tg

Fig. 18 Y-maze test.

WT (n = 22), VGF-overexpressing mice (n = 19). (A) The number of arm entries. Data are
expressed as the mean + SEM. "P < 0.05 vs. WT mice (Student’s t-test). (B) The percentage of
alternation was calculated as (actual alternations/maximum alternations) x 100. Tg: VGF-
overexpressing mice, WT: wild-type.
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3-5-4 S @)ElEERER

S BhEDEERAER 2 FV ) C VR iBRIFE L ~ 7 A ORI RLIE 2 51 L7z, 75k 2
HE (FIFE1T: Training) 2B\ C, AR~ R & VGF @RI~ 7 AT
EFICA D ETORMICEITRO b o7 (Fig. 19), £7=, #BR3 HH
(FRBREATT: Test) 12BNV T, BAM~ T 2 KT VCF BRI ~ 7 2 I 1C
ADREMNABEICHEM LU (Fig. 19), L»L., EBRIHHICBWCHLHER2 A
H & FRRICE AR~ 7 2 L VCF lREH ~ 7 AW THFEICA D £ TORRHIC
ZAITRRD b2 o 72 (Fig. 19),

**

**
600 N.S.
500
f
< 400
9]
5
S 300
>
£ 200 N.S.
©
-
" 1
0 1
WT Tg WT Tg
Training Test

Fig. 19 Passive avoidance test.
WT (n=22), VGF-overexpressing mice (n=20). Latency to enter the dark compartment in WT and
VGF-overexpressing mice at training and test session. Data are expressed as the mean + SEM.

**P < (.01 vs. training session (paired t-test). Tg: VGF-overexpressing mice, WT: wild-type.
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3-5-5 Rk HEABR

YUADREEEL, HSIZRHLT L, —ERHOERITEIOR, BifEA2tE
TEDL TR TODIRME (WETTEY) 2R d . BEAFOH D DA E TE) 240
Hil3 5 2 Lann, EEFEITE O SITEIORE L LTHWHA TV S, VGF i
FIFEBL~ U A DM D ATEORREZ T 572910, AR TITRAEE L,
v U A% TS LR CESR M ZNE L, VeF RS~ v 2137
Sy O MEh R S B AR~ 7 R L i L CEEICHIIN L7 (Fig. 20),

*

350 1
300

250

200

150

100

Immobility time (sec) (TST)

50

WT Tg

Fig. 20 Tail-suspension test.

WT (n=20), VGF-overexpressing mice (n = 19). Immobile time of tail suspension test. Mice were
tail suspended with an adhesive tape 50 cm above the floor for 7 min, and immobile time was
measured. Data are expressed as the mean + SEM. *p <0.05 vs. WT mice (Student’s t-test). Tg:
VGF-overexpressing mice, WT: wild-type.
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3-5-6 il K PkRAER

AFERIT. 1977 21 Porsolt H 12 K - TS S 7= 5 ATV ORI 41T 9
ZENTETEHHABRTH D (63). ¥V AZEDONIRVKDFIZAND &K
Ml BIZERZZ T 2 LI TV LR 08 (B TED) 2R3, RRREEER & FIERIC
ZOATENIBEAFOHL D DRI Lo Tl S D, RBEBEERABROM R 2 L 0 <
XZFT D T OIZFRMIKKGRERIC K o T HHIFFH 2 E L, VGF IR H~ v
ADN D OATEOREE &5l L7, BfER~ 7 2 L is LT, VGF iR~
U AD 3~T 1T 2 BERFFR] A Z I L2 (Fig. 21),

**

200 r
160 [

120

80

Immobility time (sec) (FST)

40

WT Tg

Fig. 21 Forced swimming test.

WT (n=22), VGF-overexpressing mice (n = 20). Immobile time of forced swimming test. Mice
were placed in water for a period of 7 min; only the last 4 min immobility time was measured. Data

are expressed as the mean = SEM. **P < (.01 vs. WT mice (Student’s t-test). Tg: VGF-
overexpressing mice, WT: wild-type.
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3-5-7 thMEATENRARR
~ U AD 10 5B HHESMATEN 2 RIE Lz, VR ImRIFHEL~ v 2Dk
B O S B AR~ 7 2 & i L TR RIS LT (Fig. 22),

*%
140 -

120 | T

100 t

80 |

60 |

40 |

Social interaction time (s)

20

Fig. 22 Social interaction test.

WT (n=9), VGF-overexpressing mice (n = 8). Social interaction time measured for 10 min. Data are
expressed as the mean £ SEM. **P < 0.01 vs. WT mice (Student’s t-test). Tg: VGF-overexpressing
mice, WT: wild-type.
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BAH B

VGF OFEBUEINT, MEKRIEL D DIHOBF BN THESNATWND
(48), AT TIX, VCFIBFIFHEL~ U R Z/ER L, VGF DI BN AN FEAP1TE) K
O OAEIE I T B Z MG L7z, VGF BRI~ v A TEHFETH Y |
VGF R~ U A L B ) RENATRE T o 72 (64), LAL. AREFFE=ECIER L
72 VGF B EIFBl~ 7 AL 6 T4 L2123, 30D T A NTBIHIZHEDN &

V. 274 3 +5078 VGF ORI ELNTRD L2 W, FfEmICR b
VGF RIFHB~ T AT 1 74 v DHThoTe, LIeRn>T, VGFITAEFET
(TAEFEICE G- U, VGF DOIEBL L~V OB DN EAFRE N 5O A T3 Al Re s
EZohD, £, 5672 VGF MEIFRBL~ U A LA~ 7 X & OFTH
R EDO B #EN L OMEEIZE(LITFED DLV, IMEESAEICED L
72 VGF (TR DOFANCEE RN T CTh D Erk, Akt XN GSK3B D U U igfk %
T2 Z ENHE SN TEY, VGF IO DR T 20 L TIMOIZ A 5
THAEEMENB 2 BivD (50, 65),

TURMER DYEK ., A S OSREAR D RFE D I B OBRER IR D il f 28 B oD 149 N5
DIR DT REFHY 72 F 5 73 VGF lRIFEH ~ 7 A 2B W TR b iz, LasL,
KRB S OIS I\ ZTERE PR B IR D e o Tz, IO ZERE & HHRET %
ZENFHNTWAAIMNE OYERIT, MEHESFET 2HBMANCE L, BRI
ETHRMNCEBWTHEETH L Z Eovh, VGF REIEHL~ 7 2 OMIINE OFEK
ITHREAR D ZEAFI B L TV D ATBEMEDS R Siuf-, X T, VGF i EIR B~

ATMERIZB W TEZN R BRERRO DRI bbb T, TR h—
A~ —7H—"Td % Cleaved-PARP DFEHLIFED B2 > Tz, WEDIRED
B, 7R b= RUITPE S D ZEHEIZIE Cleaved-PARP 38T 5 Z &b
(66). VGF @EIFEH~ 7 ADMKAETIL, VTR F—T A TR 52N
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EWRIE ST, A IRIE D BFE ORTFERT R EIZB W CTREDE S DR K
OHEIRE FE DS MATRD 5N TEY . ZOHRGIITMIBORKE S BENED L
TWDHZ EBRHER STV D (67,68), VGF BEIFEIL~ 7 2 DIEKMRIZINT
b [REERDO BT DFRD B D AREMED B 5,

F7o. VGF BRI~ U A0, BHEEDET L~ AL L TEREmE YL
M7= BN ERET 272012, FEROITEIRRER 21T > 72, VGF @REIREL~ ¥
ANVIHTAFERBE R R — A — 2B W GG 28 L7z, Mx T, VGF il s
Bl U A X IIRFERF A EICHM L TEB Y | ALK T LTV 2 rTEEMEN
Ex oD, iz, Y FARKEKRERIZIE W T VEF I~ 7 XLV —F
7 AE) — (B IEENEO LN, HEELANTV—F T AEY —
TSGR Z ST < D ONFEIR N BIE LT 5 (69, 70), EALHIZ, VGF it
FIFRBL~ 7 AR LT LR OATENR I ITMEAE O RE N FF G LT 5 etk
WRIE STz, MAKFIEET L~T AZBWTYH, VGF @RI~ 7 AR
LICBEEN L V—F 0 VT AE Y —ORENRDOOND Z LD, VGF DFEHHY
INEHE G FRFEIT IV TR 50 DI DATEV R F TR G- 5 Al Rt AS sk &
iz (71-74),

IR TE RO R K PKERBR I J0 1T o IEERFIE, P ) DEOE LI > TE
DORFEPBD T D72, — AT 5 SFRITBIOEIE L L CiBET L THWS
NTW5 (56), — 7. [AFROITEIRF X, HA RIED IR & b B LT
BY. N-AF/L-D-T AT X (N-methyl-D-aspartate: NMDA) 5 2K+ HT
HCTHDHT7 =7 )P (Phencyclidine: PCP) 512 X B A KRIET T /v
YU AETRDOOND (75,76), /o, tELRMEOREIL, o Sk O E KM
JEDET N~ T AZEBWTRD BV, A RMIEDRIEERICEEL T\WD
ERHEINTND (77-79), L7=A->7T, VGFBEEL~ T 21X, 92
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A RIERARICEE L /TERE 2 R 4@ B2 6nd (Fig 23), UL EX
V. AEWER L7z VGF MRIFEBL~ 7 A%, W22l 727 5 D9F R O
BRMIEICEE LIATHRFE 2R L, ROZLAMELHIZTET VLYV ATHD
Z NI,

BEEE VGF #RREH~ U R M A RARE 5 O
EFN TR EBFITT R
HEHE T T (71-73) -
VeSS0 ! 1 (74, 80) 1 (81, 82)
5 SRATH T 1 (75, 76) 1 (81, 83, 84)
thei ! (77, 78) 1 (79, 81)
T :8m | B, BE. — —EOREPFELA TV

Fig. 23 The summary of behavioral changes in VGF-overexpressing mice.

VGF K~ 7 AL, VGF mFIFEEL~ 7 X L[AERIC 5 DHRAITEI O KL UG
{BPEE 271 (38,39), L7=723-> T, VGF OIEMAR T K OVEMD 1348 L 7=
TIRELZRTZENPALNICRoTe, 2O LiE, VGF K~ 7 A KD
VGF RIFEBL~ ¥ 2 DILWOITEN R T O FIICAFET 250 F A 1 =X 5% PR
THZEDMOTEHETHDHZ AR L TW5, £7-, BDNF ORI T &
OEREM LA R T~ U A3l L7ZATEIRF 2" Z LRl S Tnd (85,
86), BDNF (ZBH L Tix. £ DX\ KL OMERIFEI T D MMEEBR O EE TH
Do T2 & ZE. M5 D BDNF O XHRIT 5 SHATE 2 IS & 528, —J7 TR
2B 2 IR 227 O BDNF O KHE 1T 5 SERITEN A8 S8 2 (87, 88),
S BT, T VGF IZB L TH [ABRICHESS &A% Tk, VGF O KR K DNt
FHEDP W OITHRFE 25| T2 & HmE SNz (89), L7=23-> T, BDNF
EIRIRRIC VGF & 2 O KB M ONERRIFEBL S 2 IMERAL IR AF L CTITEN R 2k d
AIREMEDN B Z BV D,
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AR K 912, SHFIEE CTIERICX 72 VGF EIRBl~ T R L1 74 v D&
ThD, TOFER, AT OBIR T OET N RITTHELPRTE o, £
i, FAEALDOREEIToTo & T AT AD 4 FYEIRD Lingo2 iB51 D 2
AL PR AHEASNTEY, Lingo2 OIEHEDN R L TWD Z ERH G
IZ72 72, Lingo2 D& DZERIT, b MIBWTAEMEER L O/ R—F Y
VIRICBEET S Z ERHME S TWS (90,91), LavL., ZO@EfnT DAY
IMEREICBE T 2 A IX R, AIFSE TR VGF MBI BL~ o 2 OfERIX
Lingo2 OE{sF#EH Tld/2 < VGF OFIUEIZER T 5 &E X TWD, £D
B L LT, ORKZ R TEIn FWE~ U X L AROIRIR) VOF RIS~
TALBNTRD NN & QFEE-HREOMBRHMILIED R —F Y 95
IBIZ B W TR BN DD, VEF IERIFEH ~ 7 ZADMKRICBNTT AN h—v
A~—7J1—"T& % Cleaved-PARP DFEEL)N WT v~ U R L[RIfEETH L Z & 248
ELTWD (92,93), LrL, A~ AD Lingo2 Di&fn+ B D5 %R
52 EIEEEITIITERWD, SH%OWRICENT, MR ELIZZ7Y 7
Moo —2—%2 =) v 7 A~ ZA%ER L, Lingo2 OiEfs 17
DFEOERINTINZ T, EOMIEF O VGF O@FIHENTEIRFICHS TS
WEH OGNS H0END D,

VIb, KRETIT VEF WRIFEH ~ U ZIHEE RFES 5 DI B L 71T
R KOO TR B 2R+ 2 L 2B 6T Lic, ZO/REND
VGF OFEBUENN TR B DORIER OMOFEICEALG LY, Z0’s ik
B~ A IEHEROET NI RAE LTHHTH A REEN R INT, i
BRI B T VGF ORBLEMNT 57217 T/ < VGF MEIET L BT
A RTIE & ORHNR B D 2 & BSEEBRITIC Lo THRE SN TWD, L
L. BRI HAEITHD OO, VGF OFEMP A LTIERIEIC LD X )
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I HT 2 OFEM72 A T = X AT DOWTUIRIEHA LT/ > TR, 52
B CIL, VGF OFBLE A M S W IZBROH A RKFIEDIFHIEA I = X L ~DFE
EBEICH B 22T R, VR IREIFRBL~ U A DA RED = K7 = /
AT ELTHRbBEISHWONLEEDO—D2THLT L7V AL Y g~
AR L7z, AT, VR IERIFEH ~ U ANMAELMEETT LT AL LT
TS A T T DN E B O T B T2 OISR EN 5T A B AR SR o
TEH &t LTz,
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H2E WA RMIEWRREIZRT D VGF ORI O R -

WA RMAEL, AT ORI 1% RET HRBHARETHD (94, ZDOHRED
SR, DRSEHEETRBEMIER & BIE OMR, FAESCERORERZ & T
PRt RSO T 23 i REfEE 20 1T 5D (95), FmEietkid,
HURHIR SIS L o THRFEDIR Z 50TV, BRIEERIZEHEYIRIE DR D 78
<. EORDIEERORBEN/LEN TN D,

FEARTIEIL, BRI, BRI, INEiE - A F2ROR L & OE
BT HFE 2 OIRFERIGHMEBE STV D, PTHREN R BEDOE LT,
RS ARG 7V & X R ED BT Hbivh, R8T RGRIE, F1DTO
HURBHIRE CTH D 7 n L7 o~ ¥ v O R % RBICBR S = 25O HUR 5
ORI E & RN 2 Do FARERHEME ST 2 Z L b Sz
(96), BUEDRAKIVEDIRIFIEDO R HIL, RN AGRIZESWTEY . R
R ARG B U 72 3EBR PR BARTFRIEND T LSRRI FRIC VW BT
W5 (97-99), L2rL. RN ARG UG IR IR R 2 7R S 72 W PRk
K ORI RERE E O RIER T 2 &, REMERNZFET D, —
F. IE I UBBRGERIL, ARETHDL T =27 Y P (Phencyclidine: PCP)
R BHEEIR 72T TR < FRMRERICEEBI L2 ER b5l S 2 L, £ OEH RS
NMDA ! 7 v & I Ul RIKERET 5 Z L b vz (100), Z DA
2T NMDA D% 7=y FORBP~ U X & WTZZEr Tz, Zh
5OV U ADRHARIVERDOITEIRT 2 T2 2 &b, ARG EY M
MEE o7z (101, 102), F72, NMDA ZEIKD 7Y o U AEAEALICH & L 7 v
I UMY T T VERIET D Dt U ik, ERRAY M ONEBRAISHE S JSFIE D 3
JER AU L7z 2 L BT RIR RSB & LTI ST (103,104), L
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2L, A RIEBE T, MRS s I UBIREDEM L TWnWD Z /L
XX UTEOFL AT AT L 2 X RS AR mGIuR2/3 T F = A L
PG IAIEICH A TH D 2 & 2B L @ES, A RIE CIXMAN T/ L
ZIVBIRENEMLTNWD Z LRI TEY, =B LIZA@RELNT
WRUY (105), BLEND . ZivE TOWRREIGE TITERZ SERICTH TE T,
FORIGFRSEBHFE D 72 DI H 7 5 R RERIERS T OfRA LB Tdh 2,

—IIERAERD A B ERIVETH LHE. b 9 —HDOMFD I L% 80%
DIERTRIET D Z LD, MERMIEDEBRIA T D—> & L TERISAIER
EZHNTWD (106), ZD L) RN DL, MEKMEIZENTH, FmT
TR~ A ST GWAS & F W= BFE23 T T %, Disrupted-in-
schizophrenia-1 (DISC1), ==a—L 27 U 1, T 4 AA VT 4 LV EOH 705
MBS 7. 22911, 10921.1 &N 15q13.3 &, AL IRV A @Ay Xk E R o
V= ERNE R SN (107-111), L2cL., REFEERO TEN &2 558
BFIERIE SNV TWRWTED ERDHFZE KD B b,

VGF & #iG RFHIEIC B3 D ERIRAOHE & L C, it AFEBE ORME BT &
RTBAAT R EIZ 3BT VGF OFEBLENIIN L TV D Z & X VGF BIs 13 MFE(ET
% 7022.1 OERA D a ©—KZRNKITF LD (46-48), MA T, A LMIE
BRI T HEROBSTFESEENT D b 7922 & HtG FHHAE O BIE RS S 4
TW5 (49), LLEX Y. VGF ORI, MAKFMIEDHREIZE S LT\ 5D
AREMEN B Z BN D, L, BRI EHEIZH D DD, VGF OIEBIHE A
A RKIVERBIZ E DO XD IZH G T 20FOFEMR A 1 = X NIRIEH 0T
X720, 31 E T, VGF OFEBLA I S W7 VGF g HL~ U 212\ T,
Ha RAEDBEE TRO LN DHERAITENRE L IO RE BB b b
ZEEWLMMT L., L., VGFIERIFEEL~ 7 A D36 JFE D BE K UMK
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RRET NI T ATRALNDL T LI2ULAL e B g v DR &Rk $ N
WZOWTIEHAHATH D, =612, JUFMHHHEIZ X > T VR mEPEH~ 7 2D
ARTTBRENEEINDNICOVTHRERHATH S,

ARETIX, VGF ORBLEZ N & W72 BROMA KFIE DIFIE A 1 = X L~D
TG A EENICH ST R VEF BRI BL~ 7 A OF A KEDO = K7
2/ AT ELTROEISKHWONDIFBIEDO =D THL T L/VLAL e EY
g Rt Lz, MA T, VGFIBRIFEE~ 7 ANHERFVEET L~ T AL L
TOFRZGEE TGN EHSNICT 572012 VGF BfIRH~ v 20
WTEBYN KT 2 PR R SO EH &2 M5t L7z,

28 EEBRME R OT7iE
2-1 EERME

AREBRIZH WY R OGAIITILL T 0@ TH 5,

Proteinase K |Z Qiagen (Venlo, Netherland), %7 > % v ~aXY R—)L,
SDS. W7 o E=7U L, =& /—/L, Agarose S (% Wako (Osaka, Japan).
EDTA (& Sigma-Aldrich (St. Louis, MO, USA). Tris Borate EDTA (TBE) ¥ Takara
(Shiga, Japan). DNA ladder i Nippon genetics (Tokyo, Japan), L& /KX
Otsuka Pharmaceutical Co., Ltd. (Tokyo, Japan). Tris-HCI, 2-7' v/ /) —/L
dimethyl sulfoxide (DMSO) X Nacalai Tesque (Kyoto, Japan), Blend Taq® -Plus-i&

HYERG (Osaka, Japan) X W =N FHEA L7,

2-2 EBHE
2-2-1 SEER#EhY

VGF B~ A XH 1 E TR LEEME W, & XThO~7 A (11-20
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TS, HEME) 1 XRREIRSE: 24°C (HiPH: 22-26°C), RRETLE: 55% (#uPH: 40-70%).
BG4S 12 Bef (FRBA: 4FRiT 8:00-7F-1% 8:00) (ZHERE & AU7- il B RS2 e S A dn Bt
FIRABEE T IIART 6 BB ECTHE Lz, ~UVREITTAT v 78—
Y (fE24.5x FE175x m & 125em 72013, #E36.9x £ 15.6 x =S 13.2 cm)
AV, HBEBAKFICEREE (CE-2; CREA) I THHE Lz, fTEIRBRIXT~
TFRT 9:00 7> 5 1 8:00 DRINCAT - 72, EBREIT I I2H T2 - Tk, IR 3ER}
KFBWEE - B FEREBSICHMEGER B LTV, FaZid bET
FEhi L7z, Fio, BETFUEBMIT, KRERRKFAEGGRE - M At —T T
@ —ZHERICBE A2 FERBFE ATV, A S TER LT,

2-22 RURY ) HFAET

YURAY ) EA L TIEE L 2-2-2-2 ITHEL T To T,

2-2-3  1TEhEABR
2-2-3-1 L VUVAA B EY g URER

TULIIVAAL e By g R, BililE B2 DENZH VR EITT 2 2 &1
ORI T DSOS Il S L BR AR (Fig. 24), 7LV AL e
voa URBRIE, NE B ROSHIEREE (SR-LAB; San Diego Instrument, CA,
USA) Z W CTIBEDOWEIZTHE L TITo 70 (112), AZEE L, PHEfHNICIRE)
TP —DONWTRIET Y U F = R OERIMZ AT 5720 D A v —J1 — L
CHIEA = o B a— 2 =i b7 5, MEBMERNIC, ~ 7 X &2 HEHEREIZA
N5 MBS 7, BERICIDESISIZBTIL T LSV AL e By g
DOREIZBNT, v AT 6 FIEN O 2 —#HORR A 52 72, Z ORITKIC

%, a) MEfI¥K. b) 80 dB (prepulse ™), c) 120 dB (pulse D), d) 73 dB @
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prepulse + 120 dB, €) 76 dB @ prepulse + 120 dB, f) 82 dB @ prepulse + 120 dB 73
EEND, Pulse DHDEEDOEIEE L prepulse % G-z 721 @ pulse [Zxf 3 5%
BRI DFEZ T L)V A A B BV g > (DeltaPPl) & @EF L7-, Pulse I% 40
ms, prepulse 1% 20 ms OFFfERFE CTd 5, Pulse & prepulse O BALAIFE D 721X
100ms TH 5, vV A ERRO—EHORHZ 17 ny 7 L LTi67ry 75
ZT7e % BT A TARMOREMIZAIENTHD . P 30sITHELTE (208205
40 s DHiPH), 5%
D17 w7 A

PP: SEATHITK
B Lo . ! p: il
e, LS

D5Tav 7D
BB S ts DY ! I
VLIV AA

7LV AN X0 BSOS S D
yevETa D

T N Fig. 24 Ilustration of prepulse inhibition.

2-2-2-2 A —72 7 4 —v Rl

F =TT 4= FRBRITE L EOHIEICHEL T, T P&y
K=V OERZ#HFTT 2702, 47 ¥ e (1 mg/kg/day; Wako, Osaka,
Japan) &/~ XU R—/L (0.2 mg/kg/day; Wako) % 1%DMSO & A A& KIC

BAE L, 1 H 1[E 15 HRE, 10 mL/kg THEFEN®& G LT, &5 H &K O 5111
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DBGETRE DS & TTIAT > 7o, ek 5006 30 I RICATER R 217 -

=
—o

2-2-2-3 WX LT U—IE
ABPHTEEOREICHE L TiTo 72 (113), ¥ 7 Az a2~ K—/L (0.2
mg/kg/day) F7-ITABETH D 1%DMSO & FAFL R /K% 10mL/kg T1 H 1
B, 7 AR, BERENEES Lo, #5 1 AHKONT A HO#EL 90 ke # L
R 2 E Lz, A X LY —E, 3.5 cm O ST & KIS ERE
L7ZER 03cm OBIC~ U ZADFIKZ B & BERZH 6t 5 £ ToRH
AN T U T ERAOCTEHRI L., X L7 — ORI O R KT 2
e Lz, ZoRITE MY IRL, ZDWEE D X2 LT o — R & L
7

2-2-4  FLAHFRIFRAT

FEEREGEI T E + RS (SEM) TR L7z, #iah#ro7e b, SPSS
(IBM, Armonk, NY, USA) % v T, Student’s two-tailed t-test, paired t-test }z O
Mann-Whitney U-test IZ X V17> 72, 2 B[R D558 %2 Two-way ANOVA with
genotype and drugs as between-subject variables & Two-way ANOVA with repeated

measures Z HWNCTIT o7z, fEMREN 5% R E A E=d 0 & L,

o5 38 FHBRAKR
31 T/ AA e By a VRBRICE T Dt
ERERNTFSHEICBWNT T L UL AL v BV g ORI A SEHIED

PR E L CHONTWS, VGFIBEIRH~ T AD T LISV AL e B
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a VORI AT 9 7=, BERANSEZ AW L oL AL e By g Uik
1T-7=, VGF IR B~ v 21X 120 dB OBER R O SR L= (Fig.
25A), X 51T, VGFFEIFH -~ AL 82dB &2 7 L /7L A IZHWZERIZ 7 Lo

WAL e Y a UBNERICED LT (Fig. 25B),

A B
180 80
|:| WT
160| 70t W
I | It
1401 5 60l
§ 120 E 50¢ *%
£ 100} =
=% @ 40L
% 80 *k =
2 o g 30f
= - =
= <
& 2l 20
0 . , 0 .
WT Tg 73 76 82 (dB)

Fig. 25 Prepulse inhibition (PPI) of acoustic startle response in VGF-overexpressing mice.
(A) Acoustic startle response of WT and VGF-overexpressing mice. (B) Delta PPl of WT and VGF-
overexpressing mice. Prepulse; F (2, 92) = 80.093, P < 0.001, Genotype; F (1, 46) = 4.754, P =
0.034, Prepulse x Genotype; F (2, 92) = 4.994, P = 0.009, two-way ANOVA with repeated measures.
Data are expressed as the mean £SEM. * P < 0.05, ** P < (.01 vs. WT mice (Student’s t-test). WT
(n = 24), VGF-overexpressing mice (n = 24). Tg: VGF-overexpressing mice, WT: wild-type.

3-2 VGF mFIFEEL~ v 2 OuiEENZ 1T 5 HUkEmRHE O /EH]
F1EICBWT, VEFlBRIEHR ~ 7 2%, A= 7 4 —/L FERBRIZEBWT
WIGE A R LTz, VGF MEIEIEL~ 7 2 OEIEEN D HEA KRR DI TE) B S

PEPFBNICT D DICERPUREMFRIE TH 2 1R F— L K OFEER R

MIRFE TH LA T P& DIEM 2 /ET LTz, Fig. 26B (2 120 oA —7"

74— FRBRIZEB T 5 10 73 T & OIHENE, Fig. 26C (24D D 60 43 [H DG

g4~ Lz, VGFMEFRHL~ 7 A 20R Lz Eid, ~aeXY R—1 KOF

TV ORI Lo THEL, AR XA LFERETCH - (Fig.
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Fig. 26 The effects of chronic treatment with olanzapine and haloperidol on locomotor
activity of VGF-overexpressing mice.

(A) Representative images show typical examples of exploratory behavior in WT and VGF-
overexpressing mice during the first 60 min of the open field test. (B) Total distance was scored for
each 10-min period. (C) Total distance during the first 60 min. Genotype; F (1, 90) = 8.089, P =
0.006, Drugs; F (2, 90) = 68.538, P < 0.001, Genotype x Drugs; F (2, 90) = 2.422, P = 0.094, two-
way ANOVA with genotype and drugs as between-subject variables. Data are expressed as the mean
+SEM. ** P < 0.01 vs. vehicle-treated WT mice (Dunnett’s test), ## P < 0.01 vs. vehicle-treated WT
mice (Student’s t-test), $$ P < 0.01 vs. vehicle-treated VGF-overexpressing mice (Dunnett’s test).
Vehicle-treated WT mice (n = 22), olanzapine-treated WT mice (n = 13), haloperidol-treated WT
mice (n = 8), vehicle-treated VGF-overexpressing mice (h = 27), olanzapine-treated VGF-
overexpressing mice (n = 14), haloperidol-treated VGF-overexpressing mice (n = 12). Hal:

Haloperidol, Ola: Olanzapine, Tg: VGF-overexpressing mice, Veh: Vehicle, WT: wild-type.
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3-2 VGF BFEFEH~ U A DEF RO B2 0 ATENZ 1T D HURGHRSE D 1EH
A =77 4 —v RRERIZEBW T, VEFBEIREL~ 7 A X\iG#Eh N 2 T
RO ENVITEIZ R T 2 L &2 L ETHLMNII LI, 225\ T, HUEHE
O ER I G TIEERNIIN R . @RI 2RO B2 D ATENS R /EHIC DV TR
FHL7-. VGFBEIFH~ w7 A%, BAM < 2 &g U CRElI 2RO EnN 01T
gz~ L7z (Fig. 27), VGFmEEHL~ 7 AZEB W TRE®H B L@ 2RO B
DATENX, e XY R Lol 5 Lo TR EICHH S 47z (Fig. 27).
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Fig. 27 The effect of chronic treatment with olanzapine and haloperidol on jumping behavior
in VGF-overexpressing mice.

The number of jumps in the open field test during the first 10 min. The circles show the actual
number of jumps observed in individual mice. ** P < 0.01 vs. vehicle-treated WT mice (Mann-
Whitney U-test), # P < 0.05 vs. vehicle-treated VGF-overexpressing mice (Mann-Whitney U-test).
Vehicle-treated WT mice (n = 22), olanzapine-treated WT mice (n = 13), haloperidol-treated WT
mice (n = 8), vehicle-treated VGF-overexpressing mice (n = 26), olanzapine-treated VGF-
overexpressing mice (n = 14), haloperidol-treated VGF-overexpressing mice (n = 11). Hal:

Haloperidol, Ola: Olanzapine, Tg: VGF-overexpressing mice, Veh: Vehicle, WT: wild-type.

3-4 VGFIEFHL~ U ADMEIRD R334k ObRE

VGF FIRHE~ TV ADA—T7 07 4 —)L FRRICEB T HiliGE 8 ~a <Y R
—VEOF T o OREICE > TsE Lo, (EREFICET 26 &
LT, VGFEREIFHL ~ 7 A2 T R/ AR OBERER TTHE L T\ 2 O Tl
RODNEHEE LT, e Y R— VRO D X LT T BE- RGO R83
VDR EEWT D ETHIERI &SNS, £, RS UARROBERED
BT nL, ~aXY R=AFERIVZ VT —ORENENT HZ ERHES
TV % (114,115), ~u Xl R—1LO2MEE S & 5 W Ik 512 X - THl
FEZINDIZ VT —%F LT 2 A, VGFREIFEEL~ 7 A 2B T
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ARl g 2L L TR DRI X L7 —03380 b7 (Fig. 28A, B),
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Fig. 28 Cataleptic behavior of VGF-overexpressing mice.

(A) The retention time of haloperidol-induced catalepsy in WT and VGF-overexpressing mice on
day 1. Data are expressed as the mean +SEM. ## P < 0.01 vs. vehicle-treated VGF-overexpressing
mice, $ P < 0.05 vs. haloperidol-treated WT mice (Student’s t-test). Vehicle-treated WT mice (n = 7),
haloperidol-treated WT mice (n = 10), vehicle-treated VGF-overexpressing mice (n = 16),
haloperidol-treated VGF-overexpressing mice (n = 14). (B) The retention time of haloperidol-
induced catalepsy in WT and VGF-overexpressing mice on day 7. Data are expressed as the mean
+SEM. * P < 0.05 vs. vehicle-treated WT mice, ## p < 0.01 vs. vehicle-treated VGF-overexpressing
mice, $$ P < 0.01 vs. haloperidol-treated WT mice (Student’s t-test). Vehicle-treated WT mice (n =
7), haloperidol-treated WT mice (n = 9), vehicle-treated VGF-overexpressing mice (n = 14),
haloperidol-treated VGF-overexpressing mice (n = 12). Hal: Haloperidol, Ola: Olanzapine, Tg:
VGF-overexpressing mice, Veh: Vehicle, WT: wild-type.

57



FATH B
F2ETIXVGF I E~ v A2 AW T, MALKREOFMEHMCTH D
TLINIVAAL e BV g D BRE O K OB SR O SO & FEE L 72,

VGF @ H~ 7 213, (1) L2V AL e By a v ORE . (2) bR
FIZKDBWEHOLHE /Y 3) ~NuRY F—=ihFh & L7 v — UG DO¥ENN %
RLTZ,

T VLIV AA e BV a E SWETRITRIC & o TZ DB ORI D FOGHED
W % R E BN SR EKEAE (Sensorimotor gating) D= & L THWSHT
W5 (116,117), T L/ VAL e B Y g LV OREEL, HAKFIEDBE KO
ZDIRIEET VBN THEBIZERO b D i b — K72 PRI TH 5
(118, 119), VGFmFEPEH~w AL, HF1ETHL NI Lz, @EE), v—x
J A —EE ) OBATEO BN OGS K 45 O ff & e 12 B L 72
ITENRFICMAZ T, T2V AL e By g v OEELRD LN, Lizho
T, VGF #EIFRHL~ 7 A IXmZLMHEOm M HHRARKFEDOET LV E LTHH
ThdEZOND,

KRBT D UTEEN LA ISTHRE OB IERER L BN 5 D Z L3I b
TWD (72), BRI OSEB A 2260 & R IIE OB € 7 /L ITiE B 2 75 L
(72, 73,120, 121), Z OATENIER K OFEERGUBMHRIEIC K-> TdES D 2
ERHIE SN TWS (120-122), [FIERIC, VGF BEPREEL~ 7 A DR L 72 {GE)

ERIPURERIE CH D e R R— L R OFEERGUSHRER CH 47 v
B Ok GIC L o THE L, 2F D, VEFIRFEIRIL~ ¥ A2V R T 185 E)
(X, BHEIER O L L THW LA ERIEET /L~ U A DOEIGHE) & [
DI FONEZ R T Z E R ENT o7, Lichi> T, BHEROBLRIZE
WTIE, VR IR B~ ¥ 2 I PRI S AT 2T 2 LRI IS, ek
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FHREDIER T, BHHEIERITIN 2 CRatERER K OB AR RERRE N T b d, &
o, FEBREWH RIS MEOMR R KOS ST O SN REMEE RIS (123-
125), ¥/ —F L 7 AEY —EEKRQRT LNV AAL e BV 3 OREEITR
HIRSHERE E I B E N L STV (119, 126), A FRIOMKRFHIBW T, i
iR 3EIZ L > T VGF BRI HL~ 7 A DOiEE A EINDH Z L &R LT
M. ZOMOITEN R0 2 PURIRE OERIIR M2 £ E TH D, VGF D
FEBUEIN & B A HAE R RE O BEME A2 B 5789 5 72912, VGF R HL~ &
AP T RRIERE R B OFRAERE R 253 2 HURSIHIR S O MR 2 M3~ 2 L B
Nd D,

FLIEOKMFNILY . VEFIBRIEE ~ v 2 IA—T7 7 4 — v FRlBRIZEB 0
TRBEEOMRN ENVITEIZ R Z L2 LN LI, SHIT, &2 BOBRG
X0 FOFTENIHEMRER CH D a2 R— LR 51 X o Tk
L7-, E5AY [Pituitary adenylate cyclase-activating polypeptide (PACAP) K+HH~
7 2] ROEKHEZH) (MK-801 #5-E 5 /L) e it 7 BV TRBEZ
EHEOROP LR VAATENRO OGN TEY, "] F—= X oTWESN
LT ENERESNTWDS (71,122, 127), #ERFMAEDIHAE & O BIEIIRZAY]
RN T OITEY R IR RFE AR & B A D 0 | VGF il RIF B~
U AR O O OFEARIVEE T /L~ U ADRTRO A 0 178 T30 L=y
FAR=ALEHGTLAREREZDOND,

BRI, PO SIS 5 BOSMEZ TG 2 72012, ~e Y F—/L k%
NEVTo—RERE T T2, WA VT U— L, ZEICHRE S 72 B8 & 1R
LS, BOOBETEXL ) ELARWVIREDOZ L2EKRT S, ¥ LT U—
TR BEIEE DO —2 L LTHLNTEY, /=% 2 LIR-CE RS 58
OGN K DFEAIME NS —F 0V AEBEREOBRICRO S b (128), HEARSMERME
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EEEREIL. BE-BREIERO RS R L - Tillflich s Z e ndmbinT
W, RAIUZERTH D DaZFRE KBS TR FRE~ T AT
Ay R=Z Lo THEHRIND I X LT U —F%ERITHEKRT S (115,
129), R/ UMREROMIZ, BRERIRITHAET D 2 U AEEMEMRS 712 X
FRVEEIPERIR S I 2 L 72— DRIENCE G595 Z ENME S TW5 (130),
KREOFEBRE D, VEF WEIEH~ 7 X I m XY F—/Z Lo THE I
HIE VT —ORENFEEICHEM LU, A—70 7 40—V FRBRICBIT 55
R OIER L AbETHE 2D &, VGFIEEIFREL~ 7 21X, KX RO
BERERFE VRO LD Z BRIz, VGF R~ U RZBWT, {EHOM
TR RTIEPE DR | AR EME 2N T 2 A 8/ NaD Y A XD K OA )N
FUCNE ST Z X BEDOBDPROHIND Z LN LTS (38,131,
132), 2O Z b, VERIERIFEH ~ 7 AW T~ DR REYE D4
B, e e 5 Z & THRIORBIANED LIV AIREEDRE 2 b i
Do

Vb, RETIE VR mEIFEE~ 7 20, OGRKIEDOHHIRBE TH D
TVUINNVAL e B g OEE, @QFURHFRRERIC K SiEEEOUEE, @ m
NRY R=VFERDZ VT —DORERICHEZ RS Z 2N LIz, LR
2T, VGF ORI IHE A RKIMIEIR B O RN v 7 F VT G342 Wi
PERRIE S N7z, 8 3 E T, VGF ORHBINNHEA KTER BRI H 5
DA = AL Z W BNTT I RO —D2 & L TZET b5k 3 s
FEIGRICHE S Z Y T, VGF OB AR DR Bz LT,

60



53 E MRRIEAEICIIT D VGF OFEELHE N oD B 5-
FLH S

IRV F HEED A D FE AR FE TR S L o MRE N BIEL D, AN O
iE. ROtk LR AR D, Pax6, Enl, Gbx2, Otx2, FGF8 %
DBIE A DRI DM E ZRET D Z ERHA LN >TWD (133), D
C BAEBIIZBW T, MR R IRIFR R F T 3R R AT K o TR
ARG E 7o I TR AT 2 PEAE T 2, bbb, ZOBRNMETH D,
& E R AR (FPRREHIAL) DS & S b DBRHEIE, Notch <OHRHE A AL & R+

(Fibroblast growth factor: FGF) &£ DK 112 L » THEHEEIZHIFEI ST\ D

A\

(134-136), Z3fb% OFPREAIEIE, BEAECHRE ISR T AL 5 D R 2 % TR
%o LLE. IROIEEGEFRIZZE O KR FDEHEZ B O & o T ICHIfE ST
W5,

A RAIEDIRRBIZ I N T, R ORI EDHE L TV D AIREMEAS RIE X
NTW5D, ZOfGEE, TR EREFERG] SMFFHEITWD, TORKE L
TE MZBNT, BHED U A L A EILOIRR R, BRI RS G KFRE D
FEICB T 25 Z DRI TWD, 72, b OERIKRAYZRFEMIZ IS X |
B LU B N TS RHED BFE M KITTRERR STV D, T2&x
X, RO A NAEGET Ve LT, BT A M A o REETARRHE
poly: IC (A ik 2 AREH) 5T LVEMIZB N T, HAKFEROITE R H
HHEND T ERHE SN TWD (187,138), F7-. HAKRIEREICR T D4
PRI BRI, BREERICMZ TEIRERDBE G752 LN 6T
5o BARBIIZIX, HEARMIEDORIE Y X7 2 KRE M E 5 22 FROKRE
fi 11.2 SEIK O OBAGF Mk T E D D 22011.2 KRIGEGRERE ) HIERL L /-
iPS MR H R OAR R 1L, SRRAIRE A~ D 3L DN T D & DR
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b2 (139), I HIT, MAEKIVERIELBENDH D & FLNTND 16 FIANK
%l 13.11 FEIRIZAF7E S 5 Nuclear Distribution E Homolog 1 (NDE1) 2352

HEICHELZ RITTHR T THLZ b o0> TS (140), BLEXY | #HAK

FRE DR REMEIAICIT, MRREICE R 2 Y CRMERNEE TH D,

VGF [ZAMER DB Y | HE6 JaiiE B2 O ik # bR M OVRTSERTRE CHIIN L. VGF
PAFET D8 T CTd D 7922 SIS A IS FHE DO FAEICBIE 4 5 2 & 3y
ENTWD (47-49), F£7=. # 1. 2 EOFEBREE LY. VGF @RIFEH~ 7 20
MO IFREROITBRE 2R L2 L0 b, 8L ~ULZBWTH VGF D% H
FEIMAIRE A RAVERRRICBI S L T D TREMED R Sz, BT - A
MOWTEBEHZIRW T, VGF OMOFEIEIIFEERI B TR O Z W LR
I TWND (141), L7235 T, VGF OISELHININDNKE G RFE R B T3 52
ERETT 5 LT, MREEIZK TS VEGF OFHIFREWEE X LD, VGF O
PRI AT T BB LTI SN ETIZ 5 #fE ST s (39, 40, 142-
144), LU 2 b o E, M & ORI B E O H AR B 28 Hilfia K& U5 28 /il
(b MRSEMARAE: SHSYSY) % H\ 7= invitro DRETOHTH Y . AR (invivo)
21T 5 VGF OMRFEZEIZ BT DX ENIRIEARI R BB L,

% 2T, VGF OFBUIND AR O R HE I JAT T R L R 2 e s
ELTMRZERG E L, /IMRITIRE OB RNCALE L, KM E WS, 5
R DM fEI & BV CIEET D728, IO RIS ORI ANEAE LIC < < Ak
2R RRFHCIE LT\ D, Fio, ANKIEBIEZ: 4 @& 2 A L TR0 Al
(TN > & 53 F-Jg . v ofiifafg, BERsiiafE o 3 I s bhnd, &
O FIZIIBEE & 4 5t O/ MREPFET D, £ OB @ EE N MU REF /72
MFHT b iR
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Fig. 29 Cerebellar layer structure.
(A) ~ T AOIMELE NIKONLE, (B) /NIMEZE OWE ., (C) /MK G & B AR
B (- ApREFIEDO 7 v T 4 7 p 98 K0 5IH)

HrLRoduy (Fig. 29), /NI < 2 @B 2 F 2 s & B2 b T &
D5, ITAEDWIFEIZ Ko TMMITEFECRA. 1TENHE 2 b =] 5 HE R MR T
bHHZ LMo TETWD (145), F7o. /INEHERE ORGE I LHE A RFHIER B
PSE., EERBZEERFICBNTLRO LD Z & BERIKIIC S 2 O
AE « FE/EZMFTET D AMEIZE VY (145),

AETIE, VEF IR B~ 7 2 D/NMEDIFEZRFR DR M NE Doy A T =
A LDIRF EAT > T2,
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F 28 EBRME KOG
2-1  FEBRAMEL

ARFEERIZ AN e ORI LT oMY TH %,

TrisHCI, HCl, =% J—)L A X ) —)L F L, NTHRJILALTILTE
K. Sample Buffer Solution (2ME+) (x4), A &/ AX—CLD, T4 % a—/L
fz7 kU 7 A& (sodium deoxycholate), K7 > /Lfiifg) kU 7 L (sodium dodecyl
sulfate; SDS)., RT YRR+ R U AR Y 77 U)LT 2 K41 [sodium
dodecyl sulfate (SDS) polyacrylamide gel]. 6-7" X / ~F%# % (6-aminohexanoic
acid), Agarose S, ¥iit 7 U 7 A (potassium chloride: KCI), /~X/XA > KU v
> 1% Wako (Osaka, Japan), VU »g/Kk#%E —F bV oA « + " JKF¥ (sodium
hydrogenphosphate 12-water), U >/ /K37~ U o7 A " KF4¥) (sodium
dihydrogenphosphate dehydrate), 2°J > >, 2-7'm X/ — L Blocking One-P /%
NacalaiTesque (Kyoto, Japan), #ift.7~ K U &7 2 (sodium chloride: NaCl), X3 R/
)L B % — L Kishida Chemical (Osaka, Japan), BCA protein assay kit, Hank’s
Balanced Salt Solution (HBSS). Hochst 33342, Neurobasal medium, B27
supplement [ X Thermo Scientific (Waltham, MA, USA). Mouse on Mouse (M.0.M.)
Blocking Reagent, M.O.M. protein concentrate, Vectastain Elite ABC Reagent,
ImMmPACT DAB Substrate, Normal goat serum % Vector Labs (Burlingame, CA,
USA), _X=U > A bk L 7 <A T Meiji Seika (Tokyo, Japan), 7 /L4
1~ 7 > kX Diagnostic Bio Systems (Pleasanton, CA, USA). Tris-Buffered Saline
(TBS). Tris Borate EDTA (TBE) [ Takara (Shiga, Japan), EDTA - 2Na (disodium
ethylenediamine tetraacetate) |Z[FI{—{b*~AFZEFT (Kumamoto, Japan). protease

inhibitor cocktail, phosphatase inhibitor cocktail 11, phosphatase inhibitor cocktail
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11, cresyl violet, FEf&7 > € =1 A Igepal CA-630. poly-d-lysine, 5-Bromo-2-
deoxyuridine (BrdU) [ Sigma-Aldrich (St.Louis, MO, USA), proteinase K solution
X Qiagen (Venlo, Nerthaland), DNA ladder {& Nippon genetics (Tokyo, Japan), Can
get signal solution 1, Can get signal solution 2, Blend Taq® -Plus-i3 #E#); (Osaka,
Japan), Tween 20 Solution, Triton X-100 (% Bio-Rad Laboratories (Hercules, CA,
USA). O.C.T compound (& Sakura Finetek Japan (Tokyo, Japan) & ¥ %14 A
L7,

Phosphate buffered saline (PBS) /%, KCI, KH2PO4, NaCl, Na;HPO4 « 12H,0
Z 7KK E T IR ICE AR L. Fi#E L 7=, Phosphate buffer (PB) 1.

NaH2PO. + 2H,0. NasHPO4 » 12H,0 % 2K B4 K\ ZiafiR UaREi L 7-,

2-2 FEBGIE
2-2-1 FEEBEW)

VGF mRIFHL~ U7 25 1, 2 TR LEEHE AW, T XTHO~vT X (8-
18 A, HEVE) (FEXEIREL: 24°C (HiPH: 22-26°C), % E WL 55% (il  40-
70%), AAEEA 12 FER (FREA: A1 8:00-2F1% 8:00) |ZHERF S fu7- I B K aE [ 2
MR 4 BEET2I3AT 6 MEME BT ECHE Lz, ~VALIT T AT v
78— (fi€ 245 x RE175x @& X 125 cm £ 72134 36.9 x A5 156 x X
13.2cm) =MV, BHEHEAK TICEEEE (CE-2; CREA) IZTHE L7z, 178
BRIZ T~ C/FR 9:00 226 7714 8:00 DRIICAT o 72, FEBRZEAT H 1272 T,
Iz BRI FE R E - B FEERE B 2 B EBORR 21TV, B e
Fo ETHEM L, £o. BAFUEEMIT. ERERKFEAMGR - S04

=77 4 —RARITEE TR TR 21TV, A2 GTEM L,
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222 VUAY = ) XA LT

YA 2 ) AA U TIEE L E2-2-2-2 [T TfTo 7=,

2-2-3 DT ATy Mty
2-2-3-1 EHRHL

YU AL, a7, W LI, KL A7 Ay —L1 D
RicEE, NHEEY 537, MRkIE. v 7 eFa—T ORI AN, KIKE
RERNTRERH LTz, Yo7 Ey X7 B E CT-80°CIZERIF LT,
T OREFHE, HF1F2-2-3-2 % F2-2-3-3I2HE U THT o 72, —IRPURITIL,
goat polyclonal anti-VGF (sc-10383; Santa Cruz Biotechnology). rabbit monoclonal
anti-phospho-p44/42 MAPK (Erk1/2) (#4377; Cell Signaling Technology). rabbit
polyclonal anti-Erk1/2 (#9012; Cell Signaling Technology). mouse monoclonal anti-
pTrk (sc-8058, Santa Cruz Biotechnology). mouse monoclonal anti-TrkB (sc-377218;
Santa Cruz Biotechnology). mouse monoclonal anti-GLI-2 (sc-271786; Santa Cruz
Biotechnology). rabbit monoclonal anti-non-phospho (active) p-catenin (#8814, Cell
Signaling Technology) A U'mouse monoclonal anti-B-actin (A2228; Sigma-Aldrich)
Z =, TR$TAIZIZ, HRP-conjugated rabbit anti-goat, goat anti-mouse, and

goat anti-rabbit (Thermo Fisher Scientific) z Hv> 7z,

2-2-4 U7 )% AL RT-PCR

U7 NVHZALRT-PCRIZ, B L1E22-4ICHEL T T2, AW T T4 ~—
X, Vgf mMRNA5-CAG GCT CGAATG TCC GAAAG-3' (sense), Vgf mRNA 5'-
CTT GGATAA GGG TGT CAAAGT CTC A-3' (antisense), pS-actin mRNA 5'-

CATCCGTAAAGACCTCTATGCCAAC-3' (sense) K& U} p-actin mRNA 5'-
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ATGGAGCCACCGATCCACA-3' (antisense) T 5,

2-2-5 /NIRRT
2-2-5-1 AR A 1ERL

RAREZIZAESR I HAH~ Y A& UL E X —)L (50 mglkg) CTHERLE 7=
I FARIE R 2 i L. 4%/ T RV AT VT B K& 0.1 M phosphate buffer (PB;
pH 7.4) Z/LsmEWNICIEA L CRERIEE LTz, £ 0k, MMz IRY BRE FHEIC T
Wi &b 24 W] 4°C S T ChE L7z, 25% A 7 v — A CThlKZ{T- 7214
2. IR % T O.C.T. compound (2 & 0 #ifkE L, Y19 % £ CT-80°C 12T
TRAE LTz, ARREEHE A B < /MM OAERR BRI, 10 pm, (AFEEEATR I 50 pm
O ENEDOY &7 VA AL > N (Leica) Z HWTHER L7, MAS =2—7
4T ENTEATA KA T A (Matsunami) (2, -80°C CTRfFELT-, —EME
EAROT=OIT, /INKRER O GG A XM D 250 um AN OB % /N-ER
ERIL/ NI R ES 10 EO WK AR L= D H 0 250 um AN O] A 2 FZBRIC
76

2-2-5-2 J LI LA F Ly FYufh
WU R X, 20 9] 1% 7 L b3 A 4 Ly MRIZIZ L CYetath, ZKBEK.,
70% T % J — )L CHE L, 95%., HE/Kkx ¥/ — LOJEIZ 5 i LK L7,

FD%FXT L AZ2EE LT BIZE A LT,

2-2-5-3 /IO EFEEEA
Yufafg T BEMSE (BZ-XT710; Keyence) & W TH# Lz, ik~ 7 2D
FARRREAM O 72012 /NIM B R OEERER OB 2 Z L O OB & vz, £
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72, A% 3 HAO~ T ZAOMBEEAI DT DI, /MK EERD Y X L O YY)
R a R, iR~ T 20/NEORIEZ T 572012, 5 1% 2-2-5-3 |
LT, 250 pm D[EBE T Cavalieri’s principle Z {1 LB H L 7=, AFERFM O i

/X, lateral 0.875 mm 7>& 2.725 mm O FiH TIT7 o7,

2-2-6  /DMEEIE) R 2 TSR e
2-2-6-1 AL R 1Rk

AREE 2-2-5-1 (Y U CHEGIEI T 2 ERL L 7=, Ht CalbindinD28K ik % F\ 7= %
PEYeth 1 50 um, OO FUAZ F 2 g Y ta 1T 10 pm OFELIYI R & FHW T

1T-o77,

2-2-6-2 YL

/NI R D & VT O FEEIY) A Ve, BT Brain lipid binding protein
(BLBP) Pk HW 7o s e LIS YL i 2 AT o 72, BOUSIE O 2P <
728\ Super PAP pen (Daido sangyo, Osaka, Japan) % i\ CY) v o J& FH % FH A
72 ~ U ARKO—RPURE FH DB IX M.O.M. Blocking Regent (Vector Labs,
Burlingame, CA, USA) IZX Y 17 m v ¥ 7 Lz, LSO ETT 10 %
serum (Vector labs) (2 XV 17 v v 7/ Liz, 7myxo 7k, —kbUK
ZHWTAC TLBEIL, 8RS Sz, TO%, Rk Zz AV T1
F70E 2 BEHAUS S, VT, Hoechst33342 (2 KV YL 24T o 7, Uit
#% . Fluoromount UK¥EMEEI AFAS) TEA LTz, 7z, it calbindinD28K }x Y
Ki67 fiik & H W 7 e D BRI, JUROBGERMEZ R 572912 0.5 LY

0.3% TritonX-100 %z v 7=,
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P1 BLBP HLikZ H W = o et I X BB et 2T o 7, £, AR~ VA
F 2 H =B DONEMALD T2 DI 0.3%iEMEAL KT 10% A & — VEEiR & -V T
30 RIS S T=, F D, 10 % serum (Vector Labs) (210 1B 7 2 v &%
JUlc, TRy Xrr%h, —REUEEZWT 4°C TLBRIGES BT, £k
biotinylated goat anti-rabbit IgG (1:200 dilution: Vector Labs) (ZC 1 FEfi] St 1,
Vectastain Elite ABC Reagent (Vector Labs) C 30 73 )is & H7-%. ImmPACT
DAB Substrate (Vector Labs) % N CHeft L7z, Yeta b 7884 K T 2 [RIYEF L.,
70%. 95%., 99%, KT X ) —/LDIAIZIR LIAK L7z, F L2 555 2
mliz L7ct2. HALT,

—WRPUARIZIZ, mouse anti-calbindinD28K [1:250 dilution (C9848; Sigma-
Aldrich)], rabbit anti-BLBP [1:300 dilution (ABN14; Millipore, Bedford, MA,
USA)]. mouse anti-NeuN [1:100 dilution (MAB377)]. mouse anti-phospho-Histone
H3 (pHH3) antibody [1:500 dilution (#9706; Cell Signaling Technology). rabbit anti-
Ki67 antibody [1:100 dilution (AB9260; Millipore)]. —RFiiRIZi%, Alexa Fluor®
546 goat anti-mouse 1gG [1:1000 dilution (A11018; Thermo Fisher Scientific)]. Alexa
Fluor® 488 rabbit anti-mouse IgG [1:1000 dilution (A21204; Thermo Fisher
Scientific)]. Alexa Fluor® 488 goat anti-rabbit 1gG [1:1000 dilution (A11008; Thermo
Fisher Scientific)] & Of biotinylated goat anti-rabbit IgG [1:200 dilution (Vector Labs)]
R L7z,

YB3 LA (Keyence) & 7213 S L — W — AR BAMMES
(FLUOVIEW FV10i; Olympus, Tokyo, Japan) % HW\THgsZ L7z, 705> il
DAARE K OB 1%, /MIHAR O calbindinD28K il 2 HF I L=, 7L
F I OBRRZEE DR SIXFEERD 8 & T D SHT O - 2 BRI ORI H

L7z, NeuN*HifE & O pHH3 A DO FMIaE X5 6 BE 535 9 BEDM] (1REE) 12
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BUWTEHHI L 7=, Hoechst /i o> Kie7 R D EE 1% 8-9 EED [ D BAZLH 4512

BOWTEHAIL 7=,

2-2-7 /)RR ATBHI AR O MBS 28 2 O TR
2-2-7-1 WM&

/NIRRT A AT BRI T A7 4 B B OB AR~ T 2 KON VGF i RIFE B~ &
AD/MZ FHWT, Lee HY S DG ZE T 72, Mz BB <12
HBSS 7 /L2 —2ANIC ATz, £DH%, A 2N ToOBEIT> 7, #ll
ZIOUMDF A B Ay a7 4F—ZH@L, 7FrofifaFEoRE
Ffa %R L7=o B2, 100 pg/mL @ poly-D-lysine (Sigma-Aldrich) CT=—7 ¢
YIZLTBWET 4y v alliEREL, 200558 Lic, 74 v a 2B
Yy BT 2 LT, iRilE Lo O R -C R A AR & s Lo
WT A but A ka2 EEL 7o, HiBrdU fiik A W /o R0 7- 012, 96
well 7L — (2 3.5 x 10% cells/well, #i Mathl Hiik % V7= 5o Yeta D 7212
AT A RF ¥ 73— (Thermo Fisher Scientific) (Z 3.5 x 10° cells/well > a5
THME L, £/, %Bwell 7L— FRPRT A FF v 23— 3dH 572 Lo 100
ug/mL @ poly-D-lysine (Sigma-Aldrich) Ta—7 4 > 7 LTEBW=H D& A
7o HWIZEEHIE, Neurobasal medium (Thermo Fisher Scientific), B27
supplement (Thermo Fisher Scientific), GlutaMax | (Thermo Fisher Scientific) & Tf
PUER & Uiz, MR RE#LEIE, 37 °C. 5% CO2 5 FT1T 572, #i Mathl
Fukz V7o s e i3, Ml 2 75 FE L C 3 PRI IR 72, BrdU 1, il
FEHRE 27 M1, RAIREEDY 10 UM 272 2 & 9 IZIRIN L 7=, BrdU ¥RN 24 B
[H 280 BrdU Hifk 2 F o g geta 2 r sh 72,

70



2-2-7-2  SepElay

WA 4% 3T /L L7 V5 & REA 0.1 M phosphate buffer (PB; pH
7.4) T155y[, SR THEE LT, £k, ATLE L LT 2M O T 30 4>
], 0.3% TritonX-100 (Bio-Rad Labs) T 10 /7 & V0.1 £72120.05% KV 7'
THEHBHIZLEZ{To72, ED%, 50 mM glycine &4 PBS % il x 21l C 15 47 [H
¥l L7, D%, 3% goat serum (Thermo Fisher Scientific) < 30 2y~ 2 v %
YT U, Tryx o o%, —REEEZ AW T 4°C TS SETZ, £D
%, TRPURE 1 BERISOG &8, Hoechst33342 € 5 NS & W72, A —
WHUARIL, rat anti-BrdU antibody [1:300 dilution (ab6326; abcam, Cambridge, MA,
USA)] AT mouse anti-Math1 antibody [1:100 dilution (sc-136173, santa cruz)]. —
B IE Fluor®546 goat anti-rat 1gG or Fluor®546 goat anti-mouse 1gG T 5.,

et f T IEMNEE (Keyence) & 7213346 8 L — W — A R B S
(FLUOVIEW FV10i; Olympus, Tokyo, Japan) % H\CTHgsZ L7z, BrdU #iid D E

ERIEEM L. Hoechst Ol A F o> BrdU *HlliE O E|& T L 7-.

2-2-8 1TERABR

2-2-8-1 m—XZuy Nl
FEBIITMER e —% 2 v R (Fig. 30,

Ugo Basile, Gemonio, ltaly) % A 7=, ik

AT Z 50 & L, 4725 40 rpm (20

WD L OITERE L, s o 3 A

HELT, HEET2ey RO EMAGE T

LFETORRFZRE L, 1 HRIEZ w7 X

Fig. 30 Rotarod apparatus.
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ZRERIZIE ST 7202 5rpm TEIEET 51 > R kI 2 /rfix2 [BlEtd7z, 2-4 H
HIZ ERROBRE CHilEER 25 L=, 2 HAIZ 4[F., 2. 3 HAIX I FFITA

117,

2-2-8-2 7 v F7U v MER

A R OB IR IR B N DA 7 2N ENAHT T2, Dk, fit7x £30
X @I 12em N HRLEBOIHIY UV AEZENTHRICH TS, vUR%
BITSHLEBIITH LT, BVRERNTH D, HEIHD RO Kb
DD 1HE %R 5 B0 L2 BT 24~ U ADOBITHERR ORI V-,
HERIIEMR T TITbh, ST 8% — 03, (1) B OO 4IE, (2) Ak

KOO RIED oD /8F A—X T L 7=,

2-2-9  HERHFRIMENT
FEERFE BITEE + BENERASE (SEM) THE L., fERE 5%l F2AE L L
72o FERFFER 72 LEERIT SPSS (IBM, Armonk, NY, USA) % T, Student’s two-

tailed t-test [C X V1T o7, fGIRFEN BN ARMAEAEAH Y & L1,

3-1 VGF aRIFEI ~ 7 A D AR E K ORARE DO VGF Dt Fl 78 3L O e
EFTIOIC, v RZ T uy MERGY 7% A A RT-PCR IEZ VT
VGF M FIFE B~ ¥ A DA FEL & O O VGF ORI LA 78 L7z,
AR O VGF BRI HL -~ 7 A28\ T Vgf mRNA O HE A B8N L7
(Fig. 31A), F7-. 4% 3 HH® VGF FIFEHL~ 7 A2V T Vgf mRNA LT

VGF & R 7 ENA RIS L= (Fig. 31B, C),
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Fig. 31 Upregulation of VGF in the cerebella of VGF-overexpressing mice

A. The expression level of Vgf mMRNA in adult mice (8-18 weeks old) relative to the g-actin level
evaluated by real-time RT-PCR. Data are expressed as the mean fold difference versus WT mice +
SEM. (n=50r6). ** P <0.01 vs. WT mice (Student’s t-test). B. The expression level of Vgf mMRNA
during the developmental period (postnatal day 3) relative to the g-actin level evaluated by real-time
RT-PCR. Data are expressed as the mean fold difference versus WT mice £ SEM. (n = 3 or 6). ** P
<0.01 vs. WT mice (Student’s t-test). C. Typical bands show VGF and B-actin. The expression level
of VGF protein during the developmental period (postnatal day 3) relative to the B-actin level
evaluated by western blot analysis. Data are expressed as the mean fold difference versus WT mice £
SEM. (n =8 or 11). * P < 0.05 vs. WT mice (Student’s t-test). Tg: VGF-overexpressing mice, WT:
wild-type.

3-2 = v ANV X D AR VGF B RIFBL~ 7 2 O/ Nd O F kR
ANIMORAREEA & LT F T DI & O TN O ARFE 2 374 L
Too /NI HRER DN B HEERERIZ A1) 7= Lateral 0.875 mm 2> 5 2.725 mm O FH 0D /)M i
DOFFEIX. VGF BRI H ~ 7 ZIZBWTHEIZHEA Lz (Fig. 32A), /Miidh
PRI AMAN By T, v e, EhaE . BRI
bd, fW\WT, VR IBRIFEH ~ U XD 5y1 ., BhifiiaE, AEOmE% R
R OCPERE Z N EAUCB W TR L 72, VGF IEREIFEHL~ 7 2 0 i K OVER
oOmEEIT A B Lz (Fig. 32B,C, E, F), £7=. HERIZICHEERIHE
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o e Oy 7). RIS 3 TR RS K OB O T FE O B 7 8 3R
BT (Fig. 32D, G), X 512, §Hfi L7z VGF iEIZ L~ 7 A D3 X T O
(4 Bivh 4 45) 123 T, BDNF" R O BDNF <° NT-3 O it & il 9~ % Ca?*-
dependent activator protein for secretion (CAPS) 27~ 7 A %5 D 4% S 22 [N+ D 28 8
ol & 2 LIEBICER b2 BRI O VI ZE &5 VII ZEDO ] OB )

HZ: L7z (Fig. 32B) (146, 147),
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Fig. 32 Histological analysis of the cerebella in adult VGF-overexpressing mice.

A. The cerebellar volume of WT and VGF-overexpressing mice. Data are expressed as the mean +
SEM. (n =4). * P <0.05 vs. WT mice (Student’s t-test). B. Left: Representative images of
cerebellar vermis stained with cresyl violet in adult WT and VGF-overexpressing mice. Scale bar =
500 um. Right: Enlarged images of the fissure between the sixth and seventh folia. C. The cerebellar
sagittal section area in the cerebellar vermis of WT and VGF-overexpressing mice. Data are
expressed as the mean + SEM. (n = 4). ** P < 0.01 vs. WT mice (Student’s t-test). D. The cerebellar
sagittal section area of white matter, granule layer, and molecular layer of WT and VGF-
overexpressing mice. Data are expressed as the mean £ SEM (n=4). * P < 0.05, ** P < 0.01 vs.

Continued on the next page
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WT mice (Student’s t-test). E. Representative images of cerebellar hemispheres stained with cresyl
violet in adult WT and VGF-overexpressing mice.  Scale bar = 500 um. F. The cerebellar sagittal
section area in the cerebellar hemispheres of adult WT and VGF-overexpressing mice. Data are
expressed as the mean + SEM. (n = 4). * P <0.05 vs. WT mice (Student’s t-test). G. The cerebellar
sagittal section area of white matter, granule layer, and molecular layer of adult WT and VGF-
overexpressing mice. Data are expressed as the mean £ SEM. (n =4). * P <0.05, ** P <0.01 vs.
WT mice (Student’s t-test). Tg: VGF-overexpressing mice, WT: wild-type

3-2  pAH VGF mEIFEHL~ 7 2 D 7V L il O AR

TF T fifd O~ — 5 —Th 5 CalbindinD28K (2% 2 FLik 2 HV 7= fa
Qa2 Ko T, ATl oigiez i i Lz, o VGF mR 58~
U ADT A i oM, A R K ORIk 2SR O S 1, BRAER R OY

VGF IR B~ o A DO TE(LITFERD HivZe - 7= (Fig. 33A-D),
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Fig. 33 Immunohistochemistry of Prukinje cell and in adult VGF-overexpressing mice.

A. Representative images of calbindinD28K staining in WT and VGF-overexpressing mice. B. The
number of calbindinD28K™ cells in the entire cerebellum of WT and VGF-overexpressing mice. C.
The cell densities of calbindinD28K*cells in the entire cerebellum of WT and VGF-overexpressing
mice. D. The length of the dendrites in WT and VGF-overexpressing mice. Data are expressed as the
mean £ SEM. (n = 4). Tg: VGF-overexpressing mice, WT: wild-type
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3-3  AAH VGF BREIFEH~ 7 A DN~ 2 7Y T OFA Rk

W= )T O~—H—"T 2 BLBP (2T D HiiA % F 7= fafeYetalc
Lo T, IO VGF BRI~ T ADN—7~ 7 ) T OREE FEf L
7co VGFMEFBL~ T ADN—7 < 7 ) 7%, AR~ 7 2 LFEERIZT LF
VMBI B O THEZER L TR, N—T~r 7 U T OERITSTEO
THImED £ THONTU e (Fig. 34), BUAHI O VGF BRI ~ 7 A DT L o
AR D=7 < o 7 TR R 7R BT D LR o 72,

BLBP

Fig. 34 Immunohistochemistry of Bergmann glia in adult VGF-overexpressing mice.

E. Representative images of BLBP staining in WT and VGF-overexpressing mice. Scale bar = 100
um. Arrowheads show the BLBP* Bergmann glia. BLBP: brain lipid binding protein, Tg: VGF-
overexpressing mice, WT: wild-type

3-4  FEEH O VGF HRIFEE ~ 7 A ORI O kA

il DRl & Felg U, Bl oAk E AT C 28k 3388 & 7o BTk A oD 8 A it
FROFNZAT > 72, Fig. 35 (27 K 912, FEROHIRE I3 & I Is- 12 M ek L A7
T 5 ZEMIE CTEEA S, /NIKD B b SMANZALE T D AR (External granule
layer: EGL) ZiEE LESIE L T\ 5, Z D%, JERLE D i b P8 O R ai
BHIE 2333 %, SMERLE OSMUNIALE LRt 2 A L 72 BRI 13 Ki67



ARHLTEY ., HMbT5 L EORBENHLE LMD~ —I—TH 5 Tujl
RIHLT D (148, 149), b L= ERIHINIZ NN — 2~ o 7 U T OZER A T
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Fig. 35 Illustration of development of granule cells.
(4« FERAFFED 7 1 7 0 7 p 100 &V 51H)
MOIZ, A% 3 H BORRWE O BE OO R 2 FHWT, =y AR EIC X
HALRFEAT 21T > 72, VGF MBIF B~ 7 2 D/NURIRDOEFEN I AR~ & 2 &
b U CHBICIEA L, AT, FEH O B ia Risk AL 23 F1E 7 2 S
R OWEFE S BAR~ 7 2 & i L CHEICHED Lz (Fig. 36A, B), =512,
TNF v T HRALIS DF RSy R A R 2 TR O~ — 5 —Td 5 NeuN OFitfk%

FAWT, IGL H NeuN* g DML & Mgt L7, VGF iEIFR I~ 7 2D IGL
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> NeuN* ffR OF £ 23 A B2 L7z (Fig. 36C, D), Z L5 DOFERNS |
VGF IR B~ v 2 ORI E ORI AES B ER DR E TnDH 2 &R
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Fig. 36 Histological analysis of the developing cerebellum in VGF-overexpressing mice.

A. Representative images of cerebellar vermis stained with cresyl violet in postnatal day 3 of WT
and VGF-overexpressing mice. Scale bar = 500 um. B. The size of the whole cerebellum and EGL in
postnatal day 3 of WT and VGF-overexpressing mice. Data are expressed as the mean + SEM. (n=8
or 10). * P < 0.05 vs. WT mice (Student’s t-test). C, D. NeuN staining (red) shows the differentiated
granule cells in the IGL of WT and VGF-overexpressing mice. C. Representative images of NeuN
staining in WT and VGF-overexpressing mice.  Scale bar = 250 um. D. The number of NeuN* cells
in the IGL. Data are expressed as the mean £ SEM. (n =3 or 4). * P < 0.05 vs. WT mice (Student’s
t-test). EGL: external granule layer, GCP: granule cell precursor, IGL: internal granule layer, Tg:

VGF-overexpressing mice, WT: wild-type.
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3-5 FEMO VGF IERIFEHL~ 7 A ORI 0O 78 A F2 O FHAfh

Fig. 36 T b7z VGF BRI L~ v X D/ NMFRLH e O AT R D K 2
BT D7Dz, A% 3 B HO VGF I RIFE L~ 7 A 0O BERLAR e Fif S A
DYEIHRE M O LBE DRI 21T - 7=, HEIHRE DRI & LT, Mifld/E 8o M o
~—N—"Toh % pHH3 OHiEZ W CREREEITo T2, AR~ T R L g
LT, AMERLE T > pHH3SH O MIOED A B L7z (Fig. 37A, B), Lk
DAY | FNERLE T OR BRI Ki67, btk OMIIEIE Tujl 2388145 =
LD, ANERLE F ORI IS 5 KieT L OFIE 255 2 & THlll
DHALREZ Rl CX 5 (150), BFAEM -~ 7 A KON VGF iFEI R H~ 7 A3
Ki67* e | LAMERL g O SMANZ JHTE LT 0 . Hoechst iRz & 8 2 Ki67*HER

DEIEGIZZEITRO v - 72 (Fig. 37C, D),
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Fig. 37 Changes in the development of the granule cells in VGF-overexpressing mice.
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A, B. pHH3 staining (green) shows proliferating GCPs in the EGL. A. Representative images of
pHH3 staining in WT and VGF-overexpressing mice. Scale bar = 100 um. B. The number of pHH3*

Continued on the next page

81



cells in the EGL. Data are expressed as the mean + SEM. (n = 8 or 10). * P < 0.05 vs. WT mice
(Student’s t-test). C, D. Ki67 staining (magenta) shows proliferating GCPs in the EGL. C.
Representative images of Ki67 staining in WT and VGF-overexpressing mice. Scale bar = 50 um.
D. The percentage of Ki67* cells into Hoechst* all cells tin the EGL. Data are expressed as the mean
= SEM. (n =8 or 10). EGL.: external granule layer, GCP: granule cell precursor, IGL: internal
granule layer, pHH3: phospho histone H3, Tg: VGF-overexpressing mice, WT: wild-type.

3-6  WIREEEMAIZ I3 1T 2 FEok A e i SIHE e oD HE Al RE O R

/NI DAERIATAS 2 RN TR FHT 3N T DR e A IR i oD S B RE D IR 703
RO BN, FBEOES % invitro IZBWTHRE Lz, £, ARSI THEA L
7o FAREE MR/ NIRRT M A BT BR AR D~ — B — T d> 5 Math1 a3 FEH 12
BEIFEL QW (Fig. 38A), BrdU (7> 7 a7 Thv ., HlaEHo
SHICB W THITZIZAR S DNAICEVIAEND, L= -> T, BrdU i
FhRD D Z L TRIROBGRE 2 FH I CX 5, VGF MR EL~ 7 A kD /MK
IR EE M O BrdUHia s 138 A5~ 7 2 R O PIREE M LR TR E

=3V L= (Fig. 38B, C).
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Fig. 38 Reduction of potential proliferation in GCPs of VGF-overexpressing mice.

A. Representative images show proliferating cells (red by BrdU expression) in WT and VGF-
overexpressing mice. Nuclei are blue by Hoechst 33342 staining. Scale bar = 500 um. B.
Representative images of Math1 staining in WT and VGF-overexpressing mice. C. The quantitative
data shows the percentage of BrdU* cells in WT and VGF-overexpressing mice. Data are expressed
as the fold difference versus WT mice + SEM. (n =6 or 7). * P < 0.05 vs. WT mice (Student’s t-

test).BrdU: 5-bromo-2’-deoxyuridine, GCP: granule cell precursor, Tg: VGF-overexpressing mice,
WT: wild-type.
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3-7 VGF BFIFEHL~ 7 A DIEZEH O/ NK O YETEEE S 7 L DI B,

ZNFE TORFHIRWTRERO bR AL DO FEAERE Dy A =X L%
BT D7Dl BRI OEIEIZEE 54 5 > 7 L O R BlE 2 i L
2o Fig. 39 |ZRT & 9 (SR O Y52 1 Shh & 7 F /L= Wit & 7 F L,
MAPK & 7 FNVENEBEETH DL Z ENHE SN TND, FEHO VGF &%
B~ U ZAD/NRIZEBT D ERROY 7 FVEbE G LTz, 4% 3 B H D VGF
BRI~ 7 ZAD/NEIZFB DT, MAPK &7 L DORE 2 /37 B Td % Erkl
BTk @ U LA EICHEIN L7 (Fig. 40A, B), —J7. Shh ¥ 7 L E O}
Wnt & 7 VOGRS X TE T D Gli2 K ONEMESRL 8- 7 = OFBLEITE
{LIXERD B 7z h» - 7= (Fig. 40C),
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Fig. 39 Signaling which is implicated in the proliferation of granule cell precursors.
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Fig. 40 The expression changes of MAPK, Wnt, and Shh signaling in VGF-overexpressing
mice during the developmental period.

A. Representative images show pErk, Erk, and p-actin. The quantitative data show the expression
pErkl and pErk2 during the developmental period relative to Erk1 and Erk2 levels. Data are
expressed as the fold difference versus WT mice £ SEM. (n =8 or 11). * P < 0.05 vs. WT mice
(Student’s t-test). B. Representative images show pTrk, TrkB, and B-actin. The quantitative data
show the expression pTrk during the developmental period relative to the TrkB level. Data are
expressed as the fold difference versus WT mice £ SEM. (n =3 or 6). * P < 0.05 vs. WT mice
(Student’s t-test). C. Representative images show Gli2, active B-catenin, and p-actin. The
quantitative data show the expression Gli2 and active p-catenin during the developmental period
relative to the B-actin level. Data are expressed as the fold difference versus WT mice £ SEM. (n =8
or 11). Shh: sonic hedgehog, Tg: VGF-overexpressing mice, WT: wild-type.
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3-8 VGF R~ 7 A DEENERE Dl

BRGNS/ NN D BB AERE D — > T D IEEMEREIC DWW TR 24T 9 729
W2, r—&nuy NRRBRE O 7y 87U v MRz 1To70, v—& 1y FalBRiZ
BT 50 Bl U A2, BT 5 E TORRZHMT 2B TH Y i
FHEZOFM AT > Z LN TE 5, VEFBEFEHL~ U 2T T X TORITIZEB W
T, AR~ 2 L HAREERT 28N O% T 5 £ TORRMPAREIZHED Lz
(Fig. 41A), E£7=. 7 v b7V v FBRIZ~ U A DBAT LTZERO BB 573
F—UEFHIIL. ~ U AT ZFHET 2R B Th 5., VOF mREIFEBL~ v
ANTEBWT, B RIROA BRI & RO BIEOAE /2B MRS b il

(Fig. 41B, C),
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Fig. 41 Ataxic phenotypes of VGF-overexpressing mice.

A. Latency to fall of WT and VGF-overexpressing mice. Data are expressed as the mean £ SEM. (n
=8or10). * P <0.05, ** P <0.01 vs. WT mice (Student’s t-test). B. Representative images of the
footprint test in WT and VGF-overexpressing mice. C. The stride length and base width of front and
hind feet. Data are expressed as the mean + SEM. (n = 8 or 10). * P < 0.05 vs. WT mice (Student’s t-
test). Tg: VGF-overexpressing mice, WT: wild-type.
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N DFEA T L, A RMAES B PIEZ W0 & T DR A OWRRBIZE S L
TWVD T EDRMBATVD (151-153), VGF |3y #3528 Ml a M ORI B
FREE BRI T, AR AR e VR K Ok S8 i i RAEEER 2 %
T ENEE S TVWD (39,40, 142,143), LU, VGF BDAEKDIOIEAIZ E
D &5 725 B % JAT T IIA e 3 Z N, RETIX, VGF A3/ MM O kAl
DIEANT B AT T AIREMEZ 4D CTHRRE LT, AR R OV T O VGF
WFRIFEHL ~ 7 2 DO/ OARTER K OFR D FE ERE A 52 Lz, &
7o ERIEZED O/ B W THIHIZBE L TV 2D MAPK & 7 L DL %
ST LTz, v A O VGF I RIFE T ~ 7 22U T/IMM DO HERE A3 B
.9~ 2 S RE O FH AR b LT,

= CIRAT2I@ Y | ANKIFSMA BT, 7 v i, R e
;OBEEEARREREZ AL TRY ., BRFHNREAES ThDH, Fiz.
/NI ZE DOREIE D © PRI D /NI HGER & AMETD /NI ERERIZ 53 1 & 20Nk B
AL SRR I PAE OZEE A LT D (154), AREI TR, VGF BRI
~ U ZAD AR O/NME ORI RRFI NS | e b BB RGO BT
KA o /e T & 2 FERIAIE O F AT DWW TGRS L7z,

fhE T L7ciBY . ENEN B EEA S 5 PRI AT IX, BT ~#K 5
E T 2R 9 &5 LAVERLE 2 TER % (155), FMERLE (230 T/
KRR AT X 2 el . 2 O%ME 204 2, 61, sk Liz/h
MR AL~ L % o A g & B 2 C IGL e T 5, AREOERBRAE D
5. VGF mFIFEEL~ 7 Z O/ NKFERLA e TSI O FERESME T LT\ b Z &
2B BN L, E DR E ORI RIS D72 708 o TW D AJREME DN /R S 4
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oo Flo, ZOHTAI=ALE LTMAPK V7 VORRE X VR & L
T, Erk KON Trk © U U FRfb 23 L=,

Trk £ BDNF =° NT-3 Z# & O 7o kiR RO KK TH 5D (156), FEEH DI
FU T, trkA mRNA 1E trkB <° trkC mRNA [Z kbl U TREEN D/ b F
72 trkB mRNA (% Vgf mRNA L b EWHRHAZ L T s Z gt snTtng
(157), UL bEDZ &b, KEOFEBRBARICE N TR D LA Trk D U U gbo
JUMEIE, TrkB (K AF 9 2 AIBEMEDS RIE S v, B A 713 MMk R AR oD 434k
LONEEZRE L, b LT BRI OB, MEFF AR 5 2 v S
T\ % (146,147,158, 159), & 5|2, BDNF <> NT-3 O % #il#H35 Ca®*-
dependent activator protein for secretion (CAPS) 27~ 7 223\ T, FEAL AR RTEE
AR DA b EIE U, AR g N B AR~ 7 2T W TR & A EBIE S )
S TR S MZRO N TW D (147), —FRAIZHIRE I O [al#EE MK 3
L&, MIEOHFERENME T 92 Z & 2K 5 & AR K I X RN A
BRI e UG B 0 L. HARE 2R T S8, bz et T 515 &
BTDHZEIREEEND (160), Erk (% Ras/Raf/MEK/ERK ¥ 7 /L A/r— K
D FFROEFTIH 5, Erk IZAMIOBEHIIC 5N TIEHER . N6 00 [ 5 1) 12 f8)
XEDLENWEINTND (161), 7=, ErkiX 44 kDa @ Erkl & 42 kDa &
Erk2 D _2oD7 A Y 7 —Linb7e%, Erkl & Erk2 13 83%DFHFEIM: A4 L T
WD, PR RIS L TERDIEHZA L TV 2 EnmbiTind (162,
163), Erk2 |ZAMAIEsE 2 e dt S D 1EH 2 & 2 D%t LT, Erkl [IMIfuHEsEIZ
PRI < (163, 164), = BT, /MMERALA I ATER Ml 2 W Tid, Erk O
PEALIE RAS ° Wnt3 241 L CTHIHRE 2D S5 Z E 3l S Tund (159,
165), LD Z &b REOFEBREBE LK NBEORENHELET5H L VGF
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WY 72 MM O DI AT F B W TEBICOR N> T Y, TORFEIX
/NI OB B A R AE T, L7223 > T, VGFIBEPEITL~ v X T\ THR
D O AT BRI RTBEAN AL DI A FLE 13, /MK OPRRREIRE DI R B 2 K E
L. O REEEREICIEE 2 5 2 7o T REME2 VR S fvfz, LasL., VGF i
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Trk/Erk > 721G (L L, BRI O R A2 EE L, s o EEhfEaE I

MIFTZEEW LN LT,
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VGF (\O/)

Fig. 42 The mechanism of the role of VGF in cerebellar development.
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