MBI lRAE & & B'E (FABP7) (& caveolin-1 ®
BHAEN L CIRE 7 7 MEREZHIE T2

K4 B B

FTE 1A RFER R E R A FE R
VAT LKUENE TR I

AN

A B SR 0T B

SR 27 %1 A



P

3

K

ARILHOUEFEIILL TR T —BERIIE> THW

CCL7 chemokine (C-C motif) ligand 7

Cxcl5 C-X-C motif chemokine 5

DAPI 4',6-diamidino-2- phenylindole
db-cAMP N,N-dibutyladenosine 3',5'-phosphoric acid
DHA docosahexaenoic acid

DMEM Dulbecco’s modified Eagle’s medium
EPA eicosapentaenoic acid

EEA-1 early endosome antigen-1

EGF epidermal growth factor

FABP fatty acid binding protein

FABP7-KO FABP7-knock out (FABP7 i& {5 /K 2%)
FBS fetal bovine serum

GFAP glial fibrillary acidic protein

GDNF glial cell-line derived neurotrophic factor
GFRal GDNF family receptor a-1

HRP horseradish peroxidase

IL-6 interleukin-6

LPS lipopolysaccharide

MCP-1 monocyte chemotactic protein-1

MAPKs mitogen-activated protein kinases



NF-«xB

PBS

PUFAs

nuclear factor-kappa B
phosphate buffered saline
polyunsaturated fatty acids
tumor necrosis factor-o

toll-like receptor 4

i



ER/N

1. EE
2. WFFROFE
3. BEY
4. 51
4-1. Hifk
4-2. EBREY K OEE 5L
4-3. FIREEERT A bt A FOERK
4-4. U J7 > NIZ X 2 MAafiE e OSSN
4-5. A AR A R
4-6. ELISA 1£IZ X 5 TNF-a DE &
4-7. 7E & Real-time PCR {%
4-8. ¥4/ T LA
4-9. f5E 7 7 MyE o
4-10. Vo AKX Ty MNE
4-11. SHZRARRA LTI
4-12. ALV ATR—LER
4-13. DA NARY Z—% AW B FEA
4-14. HEFHLER
5. fE S
5-1. FABP7-KO 7 A b ¥ A MIBITLHIEE T 7 MEESHED

SEREIET

111

10

10

11

12

13

13

14

14

15

15

16

17

17

18

18

19

19



5-2. FABP7-KO 7 A b a ¥ A MBI HHIIEAN Y 7 EHER O
WA NoA DOFEAIKRT

5-3. FABP7-KO 7 &2 k=¥ MZI1J 5 caveolin-1 ZEE DK T

5-4.FABP7-KO 7 A b ¥ A MIBIT D H_AY — LK
JEET 7 MYETOa L AT —LEDIKT

5-5. caveolin-1 @FIFEHLIZ L H FABP7-KO 7 A b r#A |k
DIFE T 7 MERERE DU

. B

v

24

27

31

33

38

44

45

46



1. &R

BNt & E Y (fatty acid-binding proteins: FABPs) |84~ gafnfisihEs
L L4 5 2 L CHIINIEEEIE A L T\ %, FABPT (3FEHO
RTT ARt A MRS FEEL, 7R Mt NOEEEFEREICEE L
TWLEEBZOND, MK EICHFEET 2IEE T 7 M TSI 5OG Lz
SERENPEBTLH T, TR MlaN s 7 T I BEORER E L TEER
HENAE R, AFERTIE, 7 A et A hOMBEEICBIT2BET 7 FOF
A% OBEREFEBLIZ FABPT 28 E D K H 1T L TV A MIZER Lz, AR
~ FABP7 Ef&z¥ /K% (FABP7-KO) 7 A b ¥ k Tl lipopolysaccharide (LPS)
H)i# 7% D toll-like receptor 4 (TLR4) DAFE 7 7 h ~DRAT & L AUTHE < MR~
7J U >/ (mitogen-activated protein kinases (MAPKs), nuclear factor-kappa B
(NF-xB)) &% O' tumor necrosis factor-o. (TNF-a) O FELENKE T L Tz, F7-
FABP7-KO 7 % b 1 # 1 |k Tl glial cell-line derived neurotrophic factor (GDNF)
PRANZ X % GDNF family receptor a-1 (GFRal) DEE T 7 b ~DHEE LD LT
Wz, £Z T FABP7T-KO 7 A ha¥hrA MIBITLHEET 7 MNEEEHEDORE
ZERE R OVEHE AR L~V TRHE LT2RER. caveolin-1 DR BUK T 23580 H i
7co £72 FABP7-KO 7 A hu¥A FTIINEET 7 FoEICBITH5a L AT 11—
NVENBHEIIET L, AT Y — LAY caveolin-1 & W= Y —A~
— % —early endosome antigen-1 (EEA-1) DLFFEIZ LB AFBO N2, S5
ZAULBHFABP7-KO 7 2 ko MIR b7z 2 ki caveolin-1 DIBFIFE B 2 758
THZETHELL, LEOFER LY | FABP7 73 caveolin-1 OFHLA /i L CHEE
77 MERICREELZKITL, TA Mad A bOINBRBICE ZRE L Tnd 2

1



EDEA LN o T, RBFZESE BT FABP7 36 X OSBRI A3 B 54~ 5 drA 4
FRPEIR BSCJE O R REFRAR-CHT - IR IR BB R ICEm T2 b D &2 D,



2. EOE R

JEEZ 7 MIavATua—L, A7 358, HWIREICEATLE~A 70
RAAL L ToHY | ARIR T TR R m iGN O R # % #-> (Simons and
Toomre 2000), AEE 7 7 MIFm 2 iEEE &2 “FHAEREET 7 8 L, 77 &
aflOEE R LD “ANATT O 2K SN D (Yamada 1955), U~ AT
21T A Y (caveolin) & PFEINHEESTHLEHENFEMICHEET D
(Parolini et al. 1999; Rothberg et al. 1992), 774 721X ¥ ¥ £ (cavin) & FRiEHL
HEHELFEL TERY (Bastiani et al. 2009; Izumi et al. 1997; Mineo et al. 1998;
Vinten et al. 2001), = D% 7 % A FD—->T¥ % cavin-1 I caveolin & DI HAEH
IZ X0 I R_ATEEDHERFICEI S5 % (Harvey and Calaghan 2012; Voldstedlund

et al. 2003) (Fig. 1),

99999900000 o (229990990

060000006004 boo000660000

® Phospholipid
¥ Sphingolipid
Cholestrol

Caveolin dimer

Cavin

Fig.1. Structure of caveolae and its compornents Caveolae are specialised lipid rafts
enriched in cholesterol and sphingolipids, characterised by the presence of caveolin and
cavin proteins. Cartoon of a caveolae depicting the organisation of caveolin (red) and

cavin (green) proteins. Figure taken form “Harvey et al. 2012 with modification.



RN Y T RilEEZ T2 8, Z2< OAEEMEOZFIRIIIRE T 7
NMIERBL, MIENICERZEET S ERMLN TS, flxiE, TLR4 L%
DIV RTHDH LIPS #ZEKTHERET 7 F~EFME L. Toll/IL-1R (TIR)
domain-containing adapter protein X> TIR domain-containing adapter inducing
IFN-B-related adapter molecule 72 & & 7 7 A % — % RT 5 2 & THlAN T 7
JVIZES 595 MAPKs <> NF-kB #5172 (Allen et al. 2007; Piao et al. 2013;

Triantafilou et al. 2002) (Fig. 2),

Fig.2. Membrane organization of transmitter signaling molecules The lipid raft
signalling proposes that microdomains spatially organize signalling molecules at the
membrane to promote kinetically interactions that are necessary for signal transduction.
Alternatively, lipid raft microdomains inhibit interactions by separating signalling
molecules, thereby dampening signalling responses. Figure taken form “Allen et al.

20077,



i HAE'E 7 7 ML GDNF + 2 U > 7 (Tansey et al. 2000; Trupp et al.
1999). epidermal growth factor (EGF) 3~ F U > 7" (Hofman et al. 2008), RAS
7 FV 2 (Royetal. 1999), A > 2V 7 F V2 (Mastick et al. 1995), ~~
v ViR y 7)) 7 (Incardona and Eaton 2000) 7¢ S EH4 5, Tk

(R SR OERE N L CRIaNY 7 ) v ZICBE 5T 5RE T 7 L ol
L, SREOSEHEI X T 2 MAOISEICERREELZRIETLOEEZ D,

TA YA MIRPMEETRELZWZ U THTHY . HEEERTO

YA NIA L OEL, =a—n r OFENSRE, WRIEEMEORY AL E
ZHET 5 2 & CRERBE ORI OEE M A R 5% B A2 FFD (Benveniste
1998), ZD XD RT A hutA FOWEERF ITEEA e iR B L 5 2
L. 208, 23R SE (Cannella and Raine 1995), 7 /LY /~A <~ —JF (Akiyama
etal. 1993), /X—F >V > ¥% (Dong and Benveniste 2001) 7 £ D AR B
BWCT, TR MY A FEROYVA N IA T EIA > DORFEFEE L OREE
HER|E SN TND, MBI ZDOE S22 A N A 2 - FEDA L DOEAZT
B DAL, N0 2T HRZREOIEE 7 7 M LR~ A o
B RAL~OERBIZLVHBENIEZSNADT, 7A hath A NOIRE T
7 MEREZ AT 5 Z L IXFHA IR B ORREA W = X A HfFT 5 5 X TH

TEThHD,

JEE 7 7 N OAE L OMERE I I TR EaffERiEE (polyunsaturated fatty
acids: PUFAs) MESBEE L TWA Z ENE STV S (Williams et al. 2012), &
NETIZ, Fat~FH = E (docosahexaenoic acid: DHA) 0= A 2 H X %
T f# (eicosapentaenoic acid: EPA) 7¢ & n-3 52 PUFAs D& E3EE 7 7 D
FERAERAE R R 73 & b &5 Z & (Schley etal. 2007), % 7RO E M %2 25 S
HTTCHRET 7 N ECOSEK Y 7 A X —TER &2 IH 3 5 Z & (Lauritzen et al.



2000), & HICRIEMEY A N A OFEA (Fanetal. 2004), V >/ EROBEFE (Jolly
etal. 1997), MRS EME T MILOTEMEL (Arrington et al. 2001) % Z A2 U5
HZEPHESIN TS, EHIZn-3 % PUFAs (U 7~ F (Kremer et al. 1985),
me B (Arm et al. 1988), ZFMAFE(LAE (Weinstock-Guttman et al. 2005), 7 /L7 /N
A ~—9 (Vedin etal. 2012), FEERFE (Peet 2004) 72 & DIFE IR 2 FHEH T
L2 EDBALNIR-oTND, DFEY, ZNALDIFEROEITIC, PUFAs IZL Y
FEISINDIEE T 7 MERENRBEG L TWND I EREBZOLNDN, RIZZDOFEM
IZA B 2T o Tz,

PUFAs |ZAEDIEFMEMERFD 5 2 CUBEDRKER TH Y | MIZEDRERAL
SRMBEE O XL F—& LTEETHL, LorLl, KIZRET, MaNT
TOWRBEHET H1-OIITX Y V7T —2MNE L35, BViBHESER'E (Fatty
Acid Binding Protein: FABP) |X. PUFAs Z "[i& (b L. & OMIlENEIRE 2 HlfH 3 5
DFE14-15kDa D F7 7 I U —Th 5D, ZHE TOHFET, FABP ILHEfEME
DOIERLEK Sy (Jefferson et al. 1990), FHARAN T 7 F MRZEDTEME (Glatz et al. 1995),
T har RUTIIZBTS BB~V XV Y — MBI BB LG
(Furuhashi and Hotamisligil 2008) DO #I#INZRE 5T Ath, EANZEETH S
peroxisome proliferator-activated receptor DIEMEZ HilfH 35 Z L XA ST/ - T
VW% (Wolfrum et al. 2001) (Fig.3). FABP |{Zi% 12 FE DOV 7 % A4 TINEFEEL., <
DH D FABP7 (brain-typed FABP) [ZA6D 7 A ha ¥ A K (Owada et al. 1996) (Z
BB T H, THE TITHERMIERSE DMK T FABPT DFEL L~V )32k L
TWA Z & & BT L (Watanabe et al. 2007), = 52 FABP7 & {57 /K&
(FABP7-KO)~ 7 A RN EYWHHE N7 & OIFETEIR T 27+ 2 L2 R LT-
(Owada et al. 2006), F7=. ZFMEILIE (Kipp etal. 2011), 7 /YA ~—i5{ &%

UVS—F 2 295 (Teunissen et al. 2011) B3 DM T FABP7 OB L~V 324k



LTS ZLEBHALMNTR>TWD, LaL, 6 PR EICB T 5
FABP7 DEENIRIEAALREE TH D,

ARIFFETIL, T A hathA MNIIIT5H FABPT EEE T 7 MERE & O RS
#FHB L. FABP7-KO ¥~V ADT A kA MU 5B RIEILE e D21t
& FABP7 RIBIZLDIEE T 7 F OIERM OMRERCIZE R % 2 C Tt 2 5iAT
L7z,

Growth factor cytokine

receptors receptors humoral factors
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Fig. 3. Cellular functions of FABPs Scheme showing putative cellular functions of
FABPs through trafficking of fatty acids to specific compartments in the cell such as
membrane (composition of phospholipid); mitochondria (oxidation); endoplasmic
reticulum (ER stress); cytosolic (intracellular signaling); nucleus (transcriptional

regulation via several transcriptional factors).



3. BHY

ARWFFETIL, 7 A hrt A MNMZIIT 5 FABPT EHEE T 7 MERE & 0O B
ZHLML, O FRBOFEMAZBER T LI L2 BE LT,

BRI, BRI O'FABP7-KO ~ 7 A K DR L7-#fiEs# T A b
YA FERAWT, T X bAoA ~OINEBRIBISEME~D FABPT DB 5 Z 5 L
72o F£9 LPS-TLR4 > 7} /L (TLR4 DIEE T 7 F~OBAT, MlaN> 7 F 1o
IEHEAL, YA MU A L DFEE) (Fig. 4) 2E7 /L& L TRV, FABP7 OS5 %%
T L7z, WIZ, BBE T 7 MERRIZIIT 5 FABPT D&AFIZIEE 7 7 MERA X
RO EDRBREMNT LTz, SOICIEET 7 b OBRER QAU KT 5 FABPT @
HREA MR D120, I_F Y — 0 (WA TEN LIz FY—21) LIEE

57 MNMyEFICEENAT L AT e — LB LT,



MAPKs

S f’L’me,.T/lw>

(RAF-6

Fig. 4. LPS-TLR4 signaling Scheme shows well-known LPS-TLR4 signaling cascade.
LPS induces TLR4 recruitment into lipid rafts (caveolae), activation of its downstream
cascade including MAPKs and NF-«B signaling and production such as TNF-a. In this

study, we focused whether FABP7 is involved in these cascades.



4. FE

4-1. itk

R L LRIV T, — kP & LT anti-mouse FABP7 HiL{f
(Abdelwahab et al. 2003). anti-caveolin-1. glial fibrillary acidic protein (GFAP)#L{A&
(Cell Signaling Technology, MA, USA), anti-cavin-1, cavin-3 $iL{& (Abcam,
Cambridge, England). anti-early endosome antigen-1 (EEA-1) #i{& (BD Transduction
Laboratories, CA, USA) Zfi/H L7c, ZkHifE & L T goat anti-rabbit [gG-Alexa488,
goat anti-guinea-pig IgG-Alexa 555, goat anti-rat [gG-Alexa568 (Life Technologies, CA,
USA) ZfEH L7,

Ve AZ 7 ry MEZEWT, =Rtk L LT anti- total-IkB-a., p38 MAPK,
phospho-p38 MAPK (Thr180/Tyr182), SAPK/JNK. phospho-SAPK/INK
(Thr183/Tyr185). p44/42MAPK (Erk1/2). phospho-p44/42 MAPK (Erk1/2)
(Thr202/Tyr204) Hi{& (Cell Signaling Technology, MA, USA). anti-non-phospho-
IkB-o.. TLR4, GFRal, caveolin-1, flotillin-1. B-actin HT{& (Santa Cruz Biotechnology,
TX, USA). anti-cavin-1, cavin-3 (Abcam, Cambridge, England) $L{&%{FEH L 7=,
“RPLK & LT horseradish peroxidase (HRP)-conjugated goat-anti rabbit IgG FL{A&
HRP-conjugated goat anti-mouse IgG $ifA& (Merck Millipore, MA, USA) ZfEH L7,

K —IRPUBE DA BE R ITBIRICAT (Table 1),
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Experiment Antibody Species Dilution Reference or vendor

immunohistochemistry anti-mouse FABP7 rabbit 0.5 pug/ml Owada et al. 2006
anti-mouse FABP7 guinea-pig 0.5 ug/ml Owada et al. 2006
anti-GFAP rat 1:200 cell signaling technology
anti-caveolin-1 rabbit 1:100 cell signaling technology
anti-cavin-1 rabbit 1:100 Santa cruz
anti-cavin-3 rabbit 1:100 Santa cruz
anti-EEA-1 mouse :2 BD Transduction Laboratories
Westerm blotting anti-mouse FABP7 rabbit  O.lug/ml Owadaetal. 2006
anti-total IkB-a rabbit 1:500 cell signaling technology
anti-non-phospho-IkB-ot rabbit 1:500 Santa cruz

anti-p38 MAPK rabbit 1:1000 cell signaling technology

anti-phospho p38MAPK (Thr180/Tyr182) rabbit 1:1000 cell signaling technology
anti-Erk1/2 rabbit 1:1000 cell signaling technology
anti-phospho-Erk1/2 (Thr202/Tyr204) rabbit 1:1000 cell signaling technology
anti-SAPK/JNK rabbit 1:1000 cell signaling technology
anti-phospho-SAPK/JNK (Thr183/Tyr185) rabbit 1:500 cell signaling technology

anti-TLR4 mouse 1:500 Santa cruz
anti-GFRa-1 rabbit :50 Santa cruz
anti-caveolin-1 rabbit 1: Santa cruz
anti-cavin-1 rabbit :50 Abcam
anti-cavin-3 rabbit 1:500 Abcam
anti-flotillin-1 rabbit 1:500 Santa cruz

anti-B-actin mouse :50 Santa cruz

Table.1 List of primary antibodies used in this study

4-2. EREM R OEFRE HiE

BFAEAL L LTV CSTBL/6) ~ 7 AT (k) TAREBMRIVEAL, BFE
HEFE X472, FABP7-KO + 7 AL A RFRFFLE SRR KA B #EERZ L0
fit 5. 2= 1F 7= (Owada et al. 2006), B FAHIEIL~ U A FED S 0.8 mg/ml
protease K (Promega, W1, USA) % fi\ T DNA ##iH L. PCRETIT-72, AW
7277 A ~—I|% common 5’: aggcagcagcttctgetgag, wild 3’: tgtcagettccaggttgege,
mutant 3’ ggtcagettgecgtaggtgg T 5, ARFEFR THEH L2831l 0 RFEEmELE
EBRMENOT A Y T v 7 T—ERERN—ERED T, 12 KFHEHELT, 12 K
FITOSRETCTERE Lz, AERIZARFINSENRE LA FTA4 BX
O O RFEFREWY ERIGSHTIE > TITo 7o, REBRBBICHZ > T, AF
HYERHEE OB L RENOREZEROEREZ T,
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4-3. IREEET A b a1 R OIERR
B A K% O FABP7-KO ~ 7 ADRIE & 0 OISR T A b A &

Sharifi & 5% (Sharifi et al. 201 1)IZHE-> THFE L7z, BAEMICIZ, oty b
THAEER (PO-1)~ T ADKE & BHEE 2 U5 L TRk 2 M L7214,
mM D-glucose. 1%Penicillin-Streptmycin (Gibco, USA) % & A 72 Hanks’ balanced
salt solutions (Sigma, USA) FIZH L CHEME, MREK, B L HBEEL . KINRE % 7
Bt U7z, 0B L 72 RIMEZEIZ 0.25% trypsin (Gibeo) AR ZFRM L, 37°C T 10 %
A > FaX— kL7, & 51T 10% fetal bovine serum (FBS) (Hyclone, USA)., 1%
Penicillin-Streptmycin % /Il 2. 7= Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen, USA) Zifs L, By 7 0 70 X 0 iR Z B L 7=, FISRETR
% 100 um 7 @ A > = (Falcon, USA) TIEiE L7-%. =EIE T 1300 rpm. 5

IO K DM 24TV, FHE DMEM Gl laBiBik 4 1Er L 72, T75
7 7 A2 (Falcon) (Z 20x108E DA Z#EFE L, 37C, 5% COfF7E F THEE L
Too 77 AaNOMBEN 2 > 7 v MZiE L 7= FF, Bio-Shaker (Taitec, USA) T
200 rpm/min,, 24 FFEIRE D L, AT 4 U ARHBIC LV FEREL /=2 —Rr Y| ~
A7 T, FVIATF et VelRELE, IBEOD2 B, Mlaz
0.05%trypsin LR S L o> THIBEL . EBRHOT v ¥ 2 KO Lb— MIHARRE
2x10°fil/m]l THERE L7z, £ D%, HOMRN = 7>y MIRoERER T,
T A MaYA RO 95%LL Ed D Z & % anti-GFAP #LIRIZ X 5 ik
FUE THEGR L, OMUEET A had A hE L TERICHER L, ERinEr
s/NRIZT D720, FIREERET A bt A N OERITRE TIZB W CHER T
BEFRIFFIZAT 5 72,
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4-4. VTV FIT & 2R &R RO EN

U B RHREK 24 FERIRTICHIRIEET A bt A hOEBEAT 4 VL% 1%
FBS, 1% Penicillin-Streptmycin %l 2. 72 DMEM |[Z&H#i L 7=, U #> FHE & LT
LPS (Escherichia coli O111:B4 H 3£, Sigma-Aldrich Japan) & GDNF (Pepro Tech Inc.
NJ, USA) # M 7z, Semple b D FiE% 212, LPS 1% 10-10000 ng/ml DORSE T
WL, 0~24 BfiA > % =~X— k L7z (Semple et al. 2010), Pierchala & D ik
Z23|Z, GDNF % 50 ng/ml DL THRIML 10 551 > F aX— L7,

b LTe (BB L) 7T A brthA M EAERIT 572012, Murphy & D F ik
[Z7€ - T N,N-Dibutyladenosine 3',5'-phosphoric acid (db-cAMP, Sigma-Aldrich
Japan) % 250 uM OIRE TIHRAI L7z, & IX 21 KT, 3 BB (T db-cAMP
Z¥sH L7= (Murphy et al. 1997),

HRF ) EAEDODRICKTT D FABPT OBE- % #iFtd 572912, Liao ©
Y Madeira & O FEIZHEW, MfgEEEEOX7FF K7 T e R7a7r 77—
FHZEAI MG132 (Sigma-Aldrich Japan) % 5 uM OJEE TR L, 24 B A > % =
N— bk L7, MGI32 I3FMEBED 0.1%LL T & 725 & 512 DMSO THEfiE L 7=

(Liao et al. 2013; Madeira et al. 2011),

4-5. MR AETFIERARR

7 A ~aYt A MZOEF R OHMIEHETEZ MTS [3-(4,5-dimethylthiazol-2-y1)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] &% & b
VR 70— B RPEFRABRIE IS 0 MFT L 72 MTS 3% Tl CellTiter 96 Aqueous
nonradioactive cell proliferation assay kit (Promega) % VN CiTo 72, HiEIZF » b
DO FFAEICHE - 72, BITEIE 490 nm D F T Multi-Spectrophotometer (Viento

®) Z W TTUV, KC4™ version3.0 software CTHEHT L 7=,
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4-6. ELISA YEIZ & 5 TNF-a OE&

LPS Hlif#& D7 A b ¥4 MEE RiFAZBE L, 1,000 rpm, 10 53fE], 4°C T
=%, BiE AR L TN E T-20°C TERIE L7z, TNF-a ELISA kit (R&D
system) % FHUVNT TNF-a Z7HI7E L7z, FiEiEF v MERGBAZIZE- 72, JIEIX
490 nm D £ T Multi-Spectrophotometer (Viento®) % AV THTV >, KC4™ version

3.0 software THEMT L 7=,

4-7. & Real-time PCR ¥

RNeasy plus Mini kit (Qiagen) % VN THEfEA~ 6 total RNA ZfiH L7=, ik
3% v FOEABTAZFINE - 7o, i ST total RNA (7 A F L U AR 7 LT
— P ALER (Promega)f%. DU®640 spectrophotometer (Beckman coulterTM, USA) %
T RNA ORE, MEZHEIE L7, #H5 1L anchored-oligo(dt)is & FV Y,
Transcriptor High Fidelity cDNA Synthesis Kit (Roche, Suisse) Z{#H L TiT-7-,
FiEZF y M OMFEHAEICHE > 72, E& Real-time PCR (% Applied Biosystems
StepOnePlusTM real-time PCR system (Applied Biosystems, USA) % W\ TIT-o 7=,
TagMan ® 7 @ — 7 (Applied Biosystems) I% glyceraldehyde 3-phosphate
dehydrogenase (GAPDH): Mm03302249 g1, FABP7: Mm00445225 ml, TNF-a:
Mm00443258 ml, TLR4: Mm00445273 ml, GFRal: Mm00439086 ml, caveolin-1:
Mm00483057 ml, caveolin-2: Mm00516827 ml, cavin-1 (Ptrf): Mm00477266 ml,
cavin-2 (Sdpr): Mm00507087 ml, cavin-3 (Prkcdbp): Mm00466330 gl, cavin-4
(Murc): Mm00471507 m1 and flotillin-1: Mm01275485 m1 % FH\ 7=, FE&ikiZ
GAPDH DfE7>5 CtfE (cycle threshold) ZMIEL (ZDfEZEZ ACt L9 5), &5
[car hue—vd ACt fEZ BRIOY 7N D ACt fE & BT 5 AACE 15T,

Applied Biosystems StepOnePlusTM real-time PCR system software v2.0 (Applied

14



Biosystems) Z FHWTIT o7,

48. v/ uTF7 LAk

LPS HlIHIC X 2 BInFHIROLL 2 BRI D 7edic~ A 7 n T b
A ExIT > 72, LPS (1,000 pg/mL) ZIRML, 4B A > F 2X— L7z, B4
B FABP7-KO 7 A hu¥A & 3% 7LD 9%, RNA integrity number (RIN)
RIS HA L FULEDY T NDHZMMA L7z, RIN E RNA6000 nano kit Jz O
Agilent 2100 Bioanalyzer (Agilent, CA, USA) & AW THT L7z, ~Af 7 nT LA
T~ 7°I% GeneChip® Mouse Gene 1.0 ST Array (Affymetrix) % FV 7z, Ambion®
WT Expression kit (Life Technologies) & O Affymetrix® GeneChip® WT Terminal
Labeling kit (Affymetrix) % F\>T 200 ng @ total RNA % cDNA &% L 72, #HIE
GeneChip® system (Affymetrix) T{TV>, Partek® Genomics Suite 6.5 (Partek, MO,

USA) V7 b U =7 % RV THENT L7,

4-9. [BE 7 7 M oyE ORI

Park & &N Wong & D H{EEZBHIZ, ¥V a EREEARLEIETT A e
A FBAEE 7 7 NrE Z= 4 L7z (Park et al. 2009; Wong et al. 2009), 7 A k&
TA (K 8x100M@) %V v EafiRmE A &K (PBS) T2 [EI%EF L, MEB buffer
(20 mM 2-Morpholinoethanesulfonic acid, monohydrate (MES) (Sigma-Aldrich Japan),
150 mM NaCl, 1% Triton-X, protease inhibitor (Roche, Suisse), pH6.5) 1.5 ml Z FH
TR 2 TER U7z, PERR LI fliis iR 2K E T 10 EIZ T o ARE Y =
JF A XL, 13 PET #BE#iE LHAF = —7 (HITACHI, Japan) (2 L72, 80%A 7
2 —A/MEB buffer 2% &M<, KX <EFLZHKIC 30% A7 7—A/MEB buffer

ZS5mlEBEL, 3HIZ5%A7 12— Z%/MEB buffer  3ml g L7z, P40ST = —

15



— (HITACHI) % A, 4°C. 21 FFfE], 40000 rpm Tl L7z, HEAB O
WRaeFa2—70O L0 1 ml TORRLESEZ &ICH T, E7EICEEND
BHEIT N 7 v ol iR/ 7 b LEE (M) 7 v o EEgROREKIREIL 15%)

ARG L. TEE % SDS-PAGE sample buffer CIEfE L7=, 1ERE L=V 7%
VAKX Ty NCHERALT,

JEE 7 7 NMrBEIXROIERRE T 7 N B COZXBROBTEMFT 5720
2, JBE T 7 N 4~T BRE LIS — VR OGEIRE 7 7 by 8~11 ZiRA
LT —=NEff LTz, K7 —VOEREREIZBCAEZHWTHEEL, V=
ARG Ty NI LT,

4-10. VxR F T ay b E

7uTr 7T —EBHREA], "R 77 ¥ —EFHEHA| (Roche Diagnostics, Mannheim,
Germany) % & A/72 SDS-PAGE sample buffe |2 CTER'E &% L 7=, BCA protein
Assay Kit #fiH L, EAEREZRE Lz, AR LY 703 10%XE 15%
SDS-polyacrylamide %~/ EIZEEBH L. Immobilon-P5? polyvinylidene difluoride
membrane (Millipore, USA) IZEEE L7z, AT L D7 vy *x 713 5% BSA
(Wako, Japan) & N 0.1% Tween-20 (Wako) % & A7 Tris-buffered saline % FV >,
iR, 1K CIT o7, —RPURIZIZ 4C TS S, ZIRPURIZ=IR T
1 BRSO ¥ 72, #HIE ECL kit (Amersham Pharmacia Biotech, Piscataway, NJ,
USA) ZHWTCITo 70, SIE RIS O E B/ X NIH image J fi#tr >~ 7 k% A

Y
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4-11. SRR LY
TARaYA & PBS T2 EREL, 4%/ X7 KV AT LT RTS5 5,
IR CTREE Lz, EE L7z =R T 0.1% Triton X-100/PBS | SRS &
PUADR BN Z & D, IR ERNGBERIGD T 1y %2 7 DT S%EHE T
FIMEZ M Z TERIBT1ERA > F 2— b Lz, —&RPURIT 4°CT—BRRE S
Wiz, £D%, ZIRFEZEIRT | FEEG S E7z, Y EIT 4,6-diamidino-2-
phenylindole (DAPI, life Technologies, CA, USA) % v 7z, BiZEIZITHES L —F
— B TEMEE (Zeiss LSMS10META, Carl Zeiss, Oberkochen, Germany) % {5 f L
770
Caveolin-1 D8 Y3 1% Zen software (Carl Zeiss) % A\ CHEMT L 7=, AHFEAE
D STRE ZFRNT T H 72012, BIERICR S 40 pm O A ML 1251 E . 2 pm
TLOHENBMELFHII L2, Mg 1 D% 720 10 ROMAEFIE, & 10 EOM
ZIRHT L7z, F 72 caveolin-1 Bl H.-> EEA-1 BMEDHIRRPN/ NE DR A f#T %
723 Ippolito & D J5 5% 2% (2 NIH Image J % F\ T Puncta analysis 2175 7=,
H {5 D BUSSME L O R IX 2 CTHAR T A hath o MchbE Ty b L,
FABP7-KO 7 A ko ¥ A k% [F UEME TN Lz, 2 TOHFIEII_EERIET

1T-o7,

4-12. I VAT R—VEER

ek, [BE 7 7 MyBE 7 —v, ERE T 7 MpE T — L ERENICE
FNbLaLATa—/LDOBE%, Head b DA 5412, Amplex® Red cholesterol
assay (Life Technologies) % FWNTHENT L7=, SN 727 — X 1L BCA IETHEAT L
TEHEECTHELL,
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4-13. YA NARY Z—% AN TCBIGTFEA

FABP7-KO 7 A hrdA MIBITSH, ¥~V A FABPT OFREIN (T~ T A
caveolin-1 OBFEIFIHOFE L, VA NART X —ZHNT{ToTz, X7 ¥ —%
BLOCK-iT Inducible Polll miR RNAi expression vecor kit with EmGFP (Life
Technologies) Z V), ¥ v NOFEHFELZHBR L TYTo7e, £7. 7AXA b
A4 F®D cDNA %7 7L — MIL, ¥ X FABP7 ¢cDNA KU~ 7 & caveolin-1
cDNA % PCR {£CHEE L. pDONR221 X7 Z— L T4 F— g VLG5 Z b
T, pENTR™-mFABP7 (X% mCav-1) X7 ¥ —%{EfRL7-, IHICZDRTH
—|Z pENTR5/CMV promoter X7 % — & pLenti6.4/R4R2/V5- DEST X7 % — % #f
HEit 5 Z LT plenti6.4/CMV/mFABP7 (1% mCav-1) X7 % —Z{ERLL /-,
293FT ffcd %, 10% FBS. 1% penicillin-streptomycin, 1% sodium pyruvate (Wako,
Tokyo, Japan), 1% non-essential amino acids (Sigma Aldrich Japan) % & ¢ DMEM [
TH:# L. Lipofectamine 2000 (Life Technologies) % A\ T pLenti6.4/CMV/
mFABP7 (XX mCav-1) X7 ¥ —%BEEA LT, A 72 FfEltg, & EE
ZEUL L, A /LA li% Lenti-X p24 Rapid Titer Kit (Takara Bio Inc. Tokyo, Japan)
ZRWTHE L, BEFEAMIMBERT D U7 A 0 Afiz 1x10° pg/mL (ZFHE L, 7
ZhwYA MIHEMLTZ, 2 br—A L LT LacZ 2B T L7 ¥ —

(pLenti6.4/CMV/LacZ) % RIRFIZVERL LEEH L7z,

4-14. FEFHOE
BTCOT — 2T EHEFEAEEZ TEH U7z, 2 B O Fb#g T student’s t-test,
S B I EER O i X — JTELE 53 B0 one-way ANOVA 27 = —F — DRTE

(Tukey's test) 21TV, fEFRE 5% A2 &> CTHEHLEAEREEZR Y LHE LT,
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5. fEix

5-1. FABP7-KO 7 2 bu¥A MIBITHEET 7 NEESZAKROERET
ZAVE TIZ LPS #liEL TLR4 DIEE 7 7 h~OBATZFHEH L, MlaNs o
FIVDBRIE X I D Z & (Wong et al. 2009), & DIEFEH n-3 R EIFIAE LR IC
THHI SN D Z & (Lee et al. 2003; Wong et al. 2009) N #E SN TW5H, £ ZCTT
A bt A hTOLPS #lli##% D TLR4 DE T 7 S BATIZ FABPT B 53 2% 0
EIMEME LI, £7 .7 X hrt A ~dD FABP7 DB L~ NEHTEA LPS
P CEELEZ T2 L 2R L= (Fig. 5A, B). FABP7-KO 7 A2 ka1 k
TIE LPS I 10 3% T TLR4 DEE T 7 b ~DOEREMN B AT b ~FEE (2R
AL TCWZAS (Fig 5D, E), AR (N FABP7-KO 7 A b v KT TLR4 &
HE DB L U ELIZ R o 2o 7= (Fig. 5C), FHAEE T 7 hd~—
A —T& % flotillin-1 DFEHIZ OV TE AR K TN FABP7T-KO 7 A Fa¥ A ~ET
DENH B 5T IEE T 7 F43HE (fraction 4~7) IZ& £ D EIZHOWTH LPS
FPERET, HE% COELITR b/ -7 (Fig. 5SD,F), —J . TLR4 DIERRHE 7
7 N3 (fraction 8-11) 7BAEE 7 7 My BEI~DBAT ZRETT 5 72012, W4 H
T—IZEFEND TLRA B2 U = AX 7 1y METHENT L7-fE S, FABP7-KO
T A kvt A FCILLPS filitk D TLR4 DIFE 7 7 My EA~DORBATRE AR

T LT = (Fig. 5G, H, 1),
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Fig. 5. FABP7-deficiency in astrocytes decreased the recruitment of TLR4 into lipid

raft fractions after LPS stimulation.

(A) Protein level of FABP7 in astrocytes in the presence or absence of LPS was
evaluated by Western blotting. Astrocytes were stimulated with LPS (1,000 ng/mL) for
0, 1,4, 8, 12 and 24 h. Total proteins from WT and FABP7-KO olfactory bulb were
used as a positive and a negative control, respectively. Band density was analyzed using
NIH-Image J. B-actin was used as loading control. (B) Localization of FABP7 in
astrocytes before and after LPS stimulation for 10 min was examined by
immunofluorescence staining. (FABP7 (green), nucleus (blue)), scale bar: 50 um (C)
Protein level of TLR4 in astrocytes in the presence or absence of LPS was evaluated by
Western blotting. (D) Recruitment of TLR4 and accumulation of flotillin-1 to lipid raft
fractions 10 min after LPS stimulation were measured by Western blotting. The 9
fractions from the top of gradient were shown. Coomassie brilliant blue staining showed
that the proteins of lipid raft fractions from WT and FABP7-KO astrocytes were equally
isolated and loaded in SDS-PAGE. (E, F) The sum of fraction 4-7 density of TLR4 and
flotillin-1 were analyzed using NIH-Image J. (G) The levels of TLR4 and flotillin-1 in
total pool, lipid raft fraction pool and non-lipid raft fraction pool with or without LPS
stimulation for 10 min were measured by Western blotting. (H, I) Band density of TLR4
protein levels in lipid raft pool and non-lipid raft pool was analyzed using NIH-Image J.
Data shown are the means =+ s.e.m. and representative of 3 independent experiments.

*p<0.05; Student’s t-test versus WT astrocytes
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WITHDZ RO Y H 2 REFHEER 3T 5 FABPT KIBOFEZ RFTT 572
DIZ, FBE T 7 MyEICE £ D GFRa 1 DEMELZBREFT LT-, REAEF
GFRa 1 OFEL L~ 3B AR K TN FABP7-KO 7 A h ¥ A NETOZEITR 51
7¢o 7= (Fig. 6C), FABP7-KO 7 A k 2¥ A K TiX GDNF {RI#%ZDOIEE T 7 ©
STENZE F4 5 GFRa 1 BNEFAERNZEEEICHE D LTz (Fig. 6A,B), &5
WZHEE 7 7 MBS — )V EFERRE T 7 N E S — VA R LTS RIZB N TS,
GDNF /1% GFRo 1 OIERFE 7 7 MEEMNOIEE T 7 b ~D#47 )% FABPT-
KO 7 A ha¥A s TIIEARIZ B LTz (Fig. 6C,D,E), ML EX D,
FABP7-KO 7 A bk mrHA hTlE, VY RIZLHHfaES BEOIRE T 7 b~

DERBNETLTWAZ ERNRENT,
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Fig.6. FABP7-deficiency in astrocytes decreased the accumulation of GFRal in lipid
raft fractions after GDNF treatment. (A) Accumulation of GFRal in lipid raft fractions
10 min after GDNF treatment (50 ng/ml) was evaluated by Western blotting. Coomassie
brilliant blue staining showed that the proteins of lipid raft fractions from WT and
FABP7-KO astrocytes were equally isolated and loaded in SDS-PAGE. (B) The sum of
fraction 4-7 density of GFRal before and after GDNF treatment were analyzed using
NIH-Image J. (C) The levels of GFRal and flotillin-1 in total pool, lipid raft fraction
pool and non-lipid raft fraction pool with or without GDNF treatment for 10 min were
evaluated by Western blotting. (D, E) Band density of GFRal protein level in lipid raft
pool and non-lipid raft pool was analyzed using NIH-Image J. Data shown are the
means =+ s.e.m. and representative of 3 independent experiments. *p<0.05; Student’s

t-test versus WT astrocytes
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5-2. FABP7-KO 7 X tu¥ A MZBITF HMBENY 7T /ERR O A U A

v DEAET

FABP7-KO 7 A b ¥ A FNCTUH L REGIZ L HDZREDIEET 7 h~D
ERENHD LT Z &2, LPS #5% TLR4 ¥ 7 /LD Tl # % NF-kB <
MAPKs OIEMHALIZ DWW TS L7z, Hi1V B2k MAPKs (ERK1/2 (ERK).
p38MAPK (p38). SAPK/INK (JNK)) HtlkZ AW\ - w = 2% 7 1 MENT TIE,
FABP7-KO 7 A F a ¥ A bk TIXEFARIZ B~ LPS #li# 30 43 CD ERK, p38,
INK OV U EREDNEA LT = (Fig. 7A)s £723EV U ER{L IkB-o & 785k 3 59T
EERWey 2 A2 7 vy MENTTIL, FABP7-KO 7 A b ¥4 kCTlLEAE
BT EE A~ LPS #lli##% 30 43 TOIE Y b IxB-o 3G EITHA L TW /o (Fig. 7A).
—H T, &IkB-a L~V (FEV VK IxB-a KON Rl IkB-a i J5) (2B LT
1L, BRI KR ONFABP7-KO 7 2 h A MNEODOZEN R bivied-> 7z (Fig. 7A),
VL&Y, FABP7-KO 7 A b a4 F TIEEARIIH~ NF«B & 77 /LMET
LTWAZ RSN,

RIZ NF-kB <° MAPKs ¥ 7 J /LD Tl & 2 B inF R B O MEEIIENT 2 B
L T~vA7uaT bA it LTz, LPSHI# 4 BRI OT A et A Kb
DWENBYA NI A I AV (TNF-o, interleukin-6 (IL-6), chemokine
(C-C motif) ligand 7 (CCL7),  C-X-C motif chemokine 5 (Cxcl5), monocyte
chemotactic protein-1 (MCP-1)) D& TFEL FABP7-KO 7 A k¥4 K Tid¥
ARNZEENEFEIIET LT (Fig. 7B). & 512 LPS #il#4#% TNF-a mRNA % /&
& Real-time PCRVEIZ LV | 53 HIEH D TNF-a D&% ELISAVEIC LD, Zh
LIV LToRER . TNF-o OB TR B VWS FABP7-KO 7 A bt A |
TIEHFARNCEEME T LTWA Z RSt (Fig. 7C,D,E), 7 A A K
(263 % LPS O R K ORI OB EIE A i E T 2 72O MTS R OY R
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VR TN — BB BRIE T o 720, BARI K ONFABP7-KO 7 A F A
NIRRT R S o 72 (Fig. 8).

TNF-o/GAPDH

W

LPS stimulation (I

Fig. 7. FABP7-deficiency in astrocytes decreased the activity of MAPKs (p38, ERK1/2,
JNK) and NF-kB, and TNF-a production after LPS stimulation. (A) Induction of
phosphorylation of p38MAPK, ERK1/2, SAPK/INK and IkB-a after LPS stimulation
(1,000 ng/mL) was examined by Western blotting. The non-phospho-IxB-a antibody
detected just non-phospho-protein and total IkxB-a antibody detected both phospho- and
non-phospho-IkB-a. The p38MAPK, ERK1/2, and SAPK/JNK antibodies detected total
protein. (B) Gene expression of TNF-a, IL-6, Ccl7, Cxcl5 and MCP1 4 h after LPS
stimulation was examined by microarray analysis. (C) Gene expression of TNF-awas
examined by qPCR. (D, E) Production of TNF-a after LPS stimulation was measured
by ELISA. (D) Astrocytes were stimulated with LPS for 24 h. (E) Astrocytes were
stimulated with LPS (1,000 ng/ml). Data shown are the means + s.e.m. and
representative of 3 independent experiments. # p<0.05; one-way ANOVA versus

non-treated WT astrocytes, *<0.05; Student’s t-test versus WT astrocytes
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Fig. 8. Cell viability did not change after LPS stimulation between WT and
FABP7-KO astrocytes. To evaluate the cell viability of WT and FABP7-KO astrocytes
after LPS stimulation, the MTS assay (A, B) and trypan blue exclusion test (C, D) were
performed. (A, C) Astrocytes were stimulated for 24 h with LPS (0, 10, 100, 1000 and
10000 ng/ml). (B, D) Astrocytes were stimulated with LPS (1,000 ng/ml) for 0, 4, 8, 12
and 24 h.
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5-3. FABP7-KO 7 X b e %A MZEIT 5 caveolin-1 BEDET
Caveolin, cavin, flotillin-1 [ZfEE T 7 M(IAT) DO EHEREIZIB VT

VEDERE TH D (Bucci et al. 2000; Mundy et al. 2012), #Z C7 A b ¥ A1 b

DBAInTIHHL % TE & real-time PCR THEY L7z, 2415 @O H T caveolin-1. cavin-3,

flotillin-1 DOFEELDERFENZ FVN T & D3 530> o 72 (Table 2),

WT FABP7-KO WT FABP7-KO
non-treated non-treated LPS stumulation(4h) LPS stmulation (4h)

Table 2. The mRNA expression of caveolin-1, but not caveolin-2, cavin-1, 2, 3, 4 or
flotillin-1 was decreased in FABP7-KO astrocytes before and after LPS stimulation.
The mRNA expression of caveolae-related molecules in WT and FABP7-KO astrocytes
before and after LPS stimulation for 4 h was evaluated by qPCR. Data shown are the

meansts.e.m. and representative of 3 independent experiments. *p<0.05; Student’s

t-test versus WT astrocytes
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By A= B K (NFABP7-KO 7 2 A MMIZFUT 5 caveolin-1, cavin-1, cavin-3,
flotillin-1 DL~V E T = 2 Z 70y N CHRETS & BERENZ &
FABP7-KO 7 A b ¥ K TiL, caveolin-1 OFILAY LPS FIFKAT, A% (I
LT AY, 10D cavin-1, cavin-3, flotillin-1 OFEITITEN R S 72 - 7= (Fig.
9A), EEF L ~ULT%, FABP7-KO 7 % k¥ |k Tl caveolin-1 DIEELD I
DNEFAETRNZ L A~E T LTz (Fig. 9B).

—J5C., 8N caveolin-1 &I, ERAENMOEELZZ T H N EMEINT
V5%  (Hayer et al. 2010b), ¥ Z CFABP7-KO 7 A ~u ¥4 N CTHRH I
caveolin-1 DFEFTUX FIZE QB D FEEOEENEEE L TWH N E D hERiHd
DTz, MGI32 REZDT A bt A MIBT 5 caveolin-1 DEHEFZ 7 =
AH Ty TN LTz, MG132 ALEIZ K> TFABP7-KO 7 A Fa¥A D
caveolin-1 L~ Bp AR L RIS D FEEL L~LIZIE L7z (Fig. 9C), FABP7-KO 7
Z haHA hTO caveolin-1 DFEHL~VLDIETIL, BEFREFETIEY T
<, HMORICERESMROTIUEIC L S Z LRBENT,
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Fig. 9. FABP7-deficiency in astrocytes decreased the expression of caveolin-1.
(A) Protein levels of caveolin-1, cavin-1, 3 and flotillin-1 with or without LPS
stimulation (1,000 ng/mL) in total cell lysates were measured by Western blotting. Band
density was analyzed using NIH-Image J. (B) Gene expression of caveolin-1, cavin-1,
cavin-3 and flotillin-1 after LPS stimulation was examined by qPCR. (C) The level of
caveolin-1 after treatment of MG132 (5 uM) for 24 h was evaluated by Western blotting.
Band density was analyzed using NIH-Image J. Data shown are the means + s.e.m. and
representative of 3 independent experiments. *<0.05; Student’s t-test versus non-treated

WT astrocytes
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B®IC, B8 T 7 MyHEIZEFE LT caveolin-1. cavin-1, cavin-3 U = A X T
oy MNETEETDE, 2EAEAZAVW-TEERE L FFEIC, caveolin-1 D3
DHPEFATINZ L FABP7T-KO 7 A F ¥ A N TIRTLTWD Z &R I

7=, (Fig. 10A, B, C, D, E, F),

Lo W'T control

relative Lo W cantre

Fig. 10. FABP7-deficiency in astrocytes decreased the accumulation of caveolin-1 in
lipid raft fractions. (A) Accumulation of caveolin-1, cavin-1, 3 and flotillin-1 with or
without LPS stimulation for 10 min in lipid raft fractions was measured by Western
blotting. Coomassie brilliant blue staining showed that the proteins of lipid raft fractions
from WT and FABP7-KO astrocytes were equally isolated and loaded in SDS-PAGE. (B,
C, D) The sum of fraction 4-7 density of caveolin-1 (B), cavin-1 (C) and cavin-3 (D)
were analyzed using NIH-Image J. (E) The levels of caveolin-1 and flotillin-1 in total
pool, lipid raft fraction pool and non-lipid raft fraction pool with or without LPS
stimulation for 10 min were evaluated by Western blotting. (F) Band density of
caveolin-1 protein levels was analyzed using NIH-Image J. Data shown are the means +
s.e.m. and representative of 3 independent experiments. *p<0.05; Student’s t-test versus

WT astrocytes

30



5-4. FABP7-KO 72 hu¥ A MNIBITFTHIRFY —LRUEE T 7 NETD
IV RATr—VEDET

EET 7 FOFDO—DTHDHIRATIXZHFEOMENBE DT » h 7
4 —25E L THRE L. caveolin-1 [ X4 Y — AR (RERRPNIZRBED L 7= 1~ 4
F/NiE) (CEEpEEIAZ R 7-3 (Mundy etal. 2012), (X U2, FABP7-KO 7 A
FEH A MTEIT D caveolin-1 FEELDWAD DN 1 <~ A Y — LB E L 52 T
WOMNE D D ERET LTz, SEYAOR S, FABP7T-KO 7 A b A bk Tidif
fafs, MR B 2EIC caveolin-1 O JETE 2 7R3k SR EE AN BF AR T L BRI L
TW /= (Fig. 11A, B), — 5 T cavin-1, cavin-3 (ZIZZ LN R 51720 o 7= (Fig.
11A), £/, I_F Y — L Z 7T caveolin-1 EFJHl= Y NV —LAD~—h—
T 5 EEA-1 OLBIE (H-34 7 /M) (Lietal. 2013) 2% FABP7-KO 7 A k1
A N CEEE W LTz (Fig. 11C, D, E), 215 DFERIZ X Y FABP7T-KO 7
A A hTO caveolin-1 EEETICLHIEE T 7 MERBDOET &= ¥
A b=V AEEBDO B LR E T,

FEE 7 7 N3 E D 2 L AT 1 — /L&l caveolin-1 DFHL L ~L L FEEIT 5
ZEPMEINTWADT (Head et al. 2011), BRI K (N FABP7-KO 7 A k¥
A FNOMREEDOa VAT e — VEETIIRET 7 NyE T —v, FERET
NSBE S —NVIZEENS AL AT — L E&EZHFE L, MlaSEoalr 27 o
—)VEITEE CEN R LN ->722% (Fig. 11H), fBEZ 7 Nyl 7 — /LD a b
A7 v —/)L&IXFABP7-KO 7 A hut A1 N CHERIK TN RO (Fig. 11F),
—hH T, HEEZ 7 MBI 7 — BT 53 VAT o — V&R, AR
FABP7-KO 7 A hu¥ A FOFHNEMEE R LT (Fig 11G), LA EDOFER LD |
FABP7-KO 7 A ka1 kTl caveolin-1 DIKF & fifafE LD 2 L A7 1 — /LK
TIZE-THEEZ 7 MERE = R A b= RICERAPET TND Z EBR
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sum of fraction 4-7 sum of fraction 8-11 total level

T

Fig. 11. FABP7-deficiency in astrocytes affected the caveolin-1-positive early
endosome and the levels of cholesterol in lipid raft fractions. (A) The localization
and expression of caveolin-1, cavin-1 and cavin-3 were evaluated by
immunofluorescence staining. scale bar: 50 pm (B) Fluorescence intensity of caveolin-1
in the membrane and cytoplasm was evaluated by Zen software. (C) The expression of
EEA-1 and co-localization of EEA-1 with caveolin-1 were evaluated by
immunofluorescence staining (caveolin-1 (green), EEA-1 (red)). scale bar: 50 pm (D,
E) The levels of EEA-1-positive compartments and co-localization of EEA-1 with
caveolin-1 were analyzed using puncta analyzer. (F, G, H) The levels of cholesterol in
lipid raft (fraction 4-7), in non-lipid raft (fraction 8-11) and in total cells were evaluated.
Data shown are the means + s.e.m. and representative of 3 independent experiments.

*<0.05; Student’s t-test versus WT astrocytes
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5-5. Caveolin-1 BRIFEIRIZ L D FABPT-KO 7 X hu¥A FDIEE T 7 MERER
B owE

ZZETORMENG, 7R rtA N TOD FABPT ORI caveolin-1 D%
RILTAOIEE T 7 MEBEOEFZFHES 5 Z LRSS, £ Z T FABP7-KO
TA YA MIRONDIEE T 7 b OREZ(LD caveolin-1 DIRTIZ LD Z
LEHERT D20, LTOEREIT-72, £7. FABPT-KO 7 X b A |k
\Z FABP7 ZHHHL 4 % & caveolin-1 DFEENELRF R OEHAE L~V THEIEL
(Fig. 12A), SBBFYREIZ L > TENUDPMIBBIZHFETET 5 caveolin-1 EDOHMICHE
O Z EPRERR ST (Fig. 12B), & 512 caveolin-1 Z i\ F R w72
FABP7-KO 7 2 b rH A FTlE JBE T 7 F 2 EIZE £ 5 caveolin-1 23404
5 & EBHIT, LPS Rl D TLR4 DREE T 7 b 4y B ~DEEFE K O TNF-0 DEA
HEAN L 72 (Fig. 12C), LA EDOFERIZE Y | FABP7-KO 7 A hr¥ A MIA LA
LIRE T 7 N OREEEZ AN caveolin-1 DK TFIZ X 5 Z L BNEMF T BTz,
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Fig. 12. Rescue expression of caveolin-1 in FABP7-KO astrocytes improved TLR4
recruitment into lipid raft fractions and TNF-o production after LPS treatment.

(A) The levels of FABP7, caveolin-1 and TLR4 in FABP7-reexpressed- and caveolin-1-
transfected-FABP7-KO astrocytes were evaluated by Western blotting. LacZ-expressed
FABP7-KO astrocyte (CTRL) was used as control. Band density of caveolin-1 protein
level was analyzed using NIH-Image J. (B) The localization and expression of
caveolin-1 in FABP7-reexpressed FABP7-KO astrocytes were evaluated by
immunofluorescence staining. scale bar: 50 um (C) Recruitment of TLR4 and levels of
caveolin-1 and flotillin-1 in lipid raft fractions 10 min after LPS stimulation in
caveolin-1-transfected FABP7-KO astrocytes were measured by Western blotting.
Coomassie brilliant blue staining showed that the proteins of lipid raft fractions from
caveolin-1-transfected FABP7-KO and CTRL were equally isolated and loaded in
SDS-PAGE. (D) Production of TNF-a after LPS stimulation in FABP7-reexpressed- and
caveolin-1-transfected FABP7-KO astrocytes was measured by ELISA. Data shown are
the means + s.e.m. and representative of 3 independent experiments. *<0.05; Student’s

t-test versus LacZ-expressed FABP7-KO astrocytes
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TA MY A ML, hE CHEEMNER KRB & B - b LR RE T,
FRa O PERAEARE AL (Murphy et al. 1997) C/MERANERISE 4 (Baskin et al. 1997) 723
RIpDHZENHEINTND, £ITREIL, 7R MrdA FOREHFCS
TEIRFEDN , FRATHE RT3 JIET B HOWTHREE LT, EHRR AT o158,
E 51T db-cAMP 512 L 0 b AR L7236 & biZ, AR K O FABP7-KO 7
A haH A FEIZEREOEWITIRED LivZer- 7= (Fig. 13), —F T, 527
A baY A M RHEESCOEFE LT 727 A ba A b TIX FABP7,
caveolin-1 D IFEFL° LPS HliE#% O TNF-a DREENFRIIL T L TV /2 (Fig. 14),
X HIZ, $h557e BAR K OV FABP7-KO 7 A ha ¥ MR CTH 517z caveolin-1
DFEELSC LPS HlF % D TNF-o0 DFEBLOE WD, REEESCHEFE LT
A2 ket A M TEHA LN T (Fig 14),
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Fig. 13. There was no obvious morphological change before or after LPS stimulation

between WT and FABP7-KO astrocytes cultured for 7 days or 21 days even though
treated with db-cAMP. Morphology of primary cultured astrocytes was observed by
phase-contrast microscopy. Astrocytes were treated with db-cAMP (250 uM) for 7 days
(7 DIC) or 21 days (21 DIC) after passage. At 7 DIC and 21 DIC, astrocytes were
stimulated with LPS (1,000 ng/ml) for 4 h. scale bar: 100 um
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Fig. 14. The mRNA expression of TNF-a, caveolin-1 and FABP7 was decreased in
WT astrocytes at DIC 21 compared with at DIC 7, and the difference in TNF-a and
caveolin-1 levels between WT and FABP7-KO astrocytes was not detectable at DIC
21. The mRNA expression of TNF-a (A), caveolin-1 (B) and FABP7 (C) was measured
by qPCR. Astrocytes were treated with db-cAMP (250 uM) for DIC 7 or DIC 21 after
passage. At 7 DIC and 21 DIC, astrocytes were stimulated with LPS (1,000 ng/ml) for 4

h. Data shown are the means + s.e.m. and representative of 3 independent experiments.
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6. Z8

AHFZETIL, FABP7-KO 7 & b a# A MIEBWT, LPS HlliE# D TLR4 DJF
BT 7 N ~OBATHIEANY 7V 7 (MAPKs, NF-kB) JEMEAL, 38 K O TNF-a
FEALW) —EHOWEDLIWTNHET LTSI ERHALNI T, S HIT,
ZORBISEDIR T, IFE 7 7 NOBEERENEHAE TH D caveolin-1 DFEHL
BETICL-THIERE I SN TV D AREMD R &7, MR O FE AR
ThHhHT A Rt A FOIBEREGZIZE W T, FABPT IZIEE T 7 MER &
REOFET 2/ L CHEREFI ZH, HMORZEOMBREHERICECEE LT

WHZ EWEZBND (Fig. 15),

A B
WT astrocyte
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. . . . raveolin-
cell signaling cell signaling caveolin-1
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Fig.15. Schematic illustration depicting the putative functions of FABP?7 in the
astrocytes (A) In WT astrocyte, FABP7 regulates the caveolin-1 gene expression. The
receptors recruit into lipid rafts in response to the stimuli, and the downstream signaling
is initiated. FABP7 suppresses the degradation of caveolin-1. (B) In FABP7-KO
astrocyte, the decreased expression of caveolin-1 impaired lipid raft function and its

downstream signaling.
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MRAREIZ 35T 5 U o MO BROIEME L. EITIEEZ 7 b BT
HE S TWD Z ERHLN TS (Pelkmans and Zerial 2005), Caveolin-1 [Xf§
BT 7 hD—DOTHLNRTTOEIILERETHY . WA T OMEERIEIC
LSBT 2EHERHEMESR CThH D (Parolini et al. 1999; Simons and Toomre
2000), T, SHRDANATOHERBEREHATE L TR EL T 7 I =N
WE IR, £2O—2TH 5 Cavin-1 I caveolin-1 & DFRASEA %I L TR X
B AR AT L (Hayer et al. 2010a), 77 -XA4 7 OMIAERN BE L THA T
BT DI ENHLNMIEIN TS (Voldstedlund et al. 2003), & Z TARAFIE T
I%. LPS #LIZ L% TLR4 DEE 7 7 b ~DATH FABP7-KO 7 A b a1
TR L72FR E LT, FABP7-KO 7 A ha¥hA hTIEHRF Y RoF v B
mEDIEE T 7 MEREBHEOESLRIEIZEMNEL TN DD TRV L HE
WLz, TARadA MBI HIEET 7 MEKEBE ORI 2 M LR,
BRIRVE N Z L (T caveolin-1 2ZFABP7-KO 7 A h B+ MIBWTELGTF LV K
OEAEL~VTHEHAD L TWD Z EBRHLMNIR -T2, & HIZ FABP7-KO 7 %
et A TR Y T REBRMREANY 7T TORTICE DY A A U
ADIKTIZIMA, I_XF Y —LEEPMET L TWDS Z DR LNIR ST,
caveolin-1 A FRBIZ L HEE 7 7 MERROEFIZ OV TOMHITEL, E b
D 1M E N AR O caveolin-1 / > 7 # 0 2K 0 TINF ZFEOIRE T 7 NEIT
B9 5 Z L (D'Alessio et al. 2012), Caveolin-1 BIZ 7 KIE~ 7 A D CIXLPS
B EAZ X A NF«xB > 7} VU > 73l & inducible nitric oxide synthase K (¥
intracellular adhesion molecule-1 PFEAZME T % Z & (Garrean et al. 2006) 73
HENTWD, W2, BRHEFMILIC caveolin-1 ZiERFEH X & 5 & TGF-p/smadl
T EME AN 5 Z & (Haines et al. 2012), = =—12 2| caveolin-1 % i&

FIHBL I D L7 AO¥HHE 2 | brain-derived neurotrophic factor 3 77 U >
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T OIEMENTLEET H Z & (Head etal. 2011) RAE SN TWD, F£7-. MCF7 #
2T D caveolin-1 FEELIFHIIL, FIKIZ X D IL-1B 2B/ EO=Y KA h—T R %
B EEDH T ENHE SN TS (Martinez-Perez et al. 2005), 2415 D&% E&
G D & ARIOMITH LI/ 572 FABP7-KO 7 A hr¥A hTO%
BEDY T FMEIFREE T 7 NBATRO A Y — L O I caveolin-1 DFEE
BFICE2bOTIHRVNEZZ B, 2T, [FET 7 MER~D FABP7
EHA9BE 5 2 BAfEIC T 5 72 2 FABP7-KO 7 A k r A NZEIF 5 FABPT ©
FHRBERLITo1-, TOMKE, FABP7 #BEREBESEL 2 L2k v, MlakEc
F1E3 % caveolin-1 EAMEN L, & 51T caveolin-1 ZiBF|% B & 7= FABP7-KO
TA YA FTIHEE T 7 FEIZE £ 5 caveolin-1 2381 L, R LPS
FJi#1% D TLRA DIFE T 7 3 Ei~DEEFE K O TNF-a DEEAENEN L 72,
ZAVETIZ PUFAs EREE 7 7 MEREDBEEIZ DWW T DORFZER KD 0MT DAL
TH Y., n-3 % PUFAs IRANIC X 2 MR D i B ERtE Rl & OV 2 i@ M D 221k
(Schley et al. 2007). n-3 52 PUFAs DN L H8E T 7 b L TOZFIE T T A X
—FERDOIHE| & Z ik < FEN > 7 UEE O T (Lauritzen et al. 2000) 73
HEINTWDE, SEOMZE TiX FABPT ODFFO7 A haHA ~ TOREZHL
IZT272DIHREERT X b A MW, PIEERT 2 a1 M
SYSUEFEN G AT, FERERIC b ARV T A b e A N Th D, RERT
A buathg b LTz (BGEA L) 72 hat o N CIEiiEo iR BAs Rk
(Murphy et al. 1997)<C/ B MG 2 M (Baskin et al. 1997) 235725 Z & NRE S
NTWab, 22T, EROUEEERT A hathA b CREVRT A hathA b)) ©
iz RHEEE O db-cAMP (2 L 0 L S H -G ET A bt M afER L
B DOl T FABP7 73 caveolin-1 D FEHL K& T8 LPS Hilf#% > TNF-a OFELIZEH

DOMEI DdEBEET LI, TORER, MELET A badA b TERRART A
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R A MZEH caveolin-1 O FEEL K OY LPS Hl 14 O TNF-a OFEME T LT
WD ZENRHALMNI o7, S BIT, $hE57R B AR KON FABP7-KO 7 A |k m ¥
A FETH S 4L7z caveolin-1 OFEHS LPS H# O TNF-a ORBUZBIT HFE
RELRAT A Mot A N TIER Lol 65T, FABP7 IZR#ET A K
2 A FEDHRERT At A MIBWTIEE Y 7 MEBEOHIEICEE S L
TV EEZBILD, FABPT DRI L 0 & BRI D JE BN T JE 8

Z75¢ (Owadaetal. 1996) Z Ev5, 7 A b A MIFEHT 5 FABPT DEE
77 NEN LN 7O, RRORERET, LVEVER
MEF > TWDRIBENEZ LD, 41 FABPTIC K DIEE 7 7 REREMHIHH &
M DIEZEIZDONT, L VMR 2T 2 0E N H D,

—MRENTEMALT 2 hud A b (BOSHET 2 had A ke BTN D) I
LREGHISNES T, TERIC o FMEIE L, RIEMET A N A U ROMRRERF 2 &
B2 e AT 42— H — & RHT A, ZHETIZ, TV A ~—9" (Wyss-Coray
etal. 2003), /N> F > F¥F (Bradford etal. 2010), #$—3 > > ¥ (Chen et al.
2009)., FHZEMEMEMIZREE(LAE (Nagai et al. 2007) &\ o 7=t N OMRKIEMER B
PR ZEMEIR B CITIEMAL T 2 b o N EEREEZ R TEEZLNTE
D . B2 TNF-0° MCP-1 72 EDY A b I A NI L FMERE(LAE (Van Der Voorn et
al. 1999) <°/3— > 9% (Niranjan et al. 2012) Tl, T 5 DORIELHFREDTE

SRS BELTWA, D%V, TA Mo A FDOFABPTICL BIEET 7 b
PEREDFIENLZ 5 LR EMEOIRREICE W TIELS S LTV D ATREE R & 5,
S, TA YA FORRET 7 bR EREMERBOIRE & OBEIZ OV
T FABP7-KO ¥ 7 2 &7 MW TR N S 5,

FEEEREBREORE ZAWS ) AU A REEMFEHTIZ L - T, FABP7
(IREARFESCHMEZR E O MEMEEDOHEE LDV RH D Z LIRS
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TV 5% (Iwayama et al. 2010; Maekawa et al. 2010; Watanabe et al. 2007), — 7 C.
MERIPECTCOBRETIZ, INVEI VBN TV AR—Z—1 OB TFRENT A
FeH A R T25EFLEHEML TV D Z EnN#HEIN TS (Matute et al. 2005),
Ll MERMEICE L Thikx 22 BEOTEME & OBERHE SN TWD
HT, TAMatA FOIRE T 7 b &HERKTVED BB 5 Fn LT EN,
BIRIR\N 2 212, ARBFZE TR L7z caveolin-1 2 K187 5 caveolin-1-KO ~ 7 A
TIIHAELTVEDOHIRREDO—>TH 57 L UL AHIH] (PPI) MFEE ST
WA ZENRMESIN TS (Allenetal. 2011), = dD X 9 72 caveolin-1-KO ~ 7 &
& ORBBOFELIMEIL, AHFFETH D A & 72 572 FABP7-KO ~ 7 A D caveolin-1
HEUERTICL > THHATEDEEZA DI, FABPTIZ L DIEE 7 7 MMERE D4
INT A RaYA ML AR ATAEICEE L KT L, A RRIES B BEDR
REICIR<S BIET 5 Z L 2R L T\ 5,

JEEZ 7 N ORERER O ORBEE RGNV U 4 —~ & TR O AR
FEEICBEG 45 Z ST L<mbonTng, fIziX, 7V A —~vHifoEMEC
I3 7 7 |~ transient receptor potential canonical F ¥ R /L DEFENMETH
» (Bomben et al. 2011), — 5 CHEE 7 7 MZIET 5 caveolin-1 & connexind3 MDAH
AERANZ U A —~HlaDiRB A2 RET 5 Z & (Strale et al. 2012) B#HE X4
TWb, 72, FABPT BV VAT T A h—<|ZHWEHEER L, €O L5
SOREEHIET S Z LA STV D (De Rosa et al. 2012; Mita et al. 2010) (X
o, EMEEMARE (Slipicevic et al. 2008) X°7 U 4—~ (Kaloshi et al. 2007) Ti%
FABP7 DFEITL L~V & DEETHRIIFFEFICHRVMEENRAOND, 20X 51T,
FABP7 \Z X 2 EE 7 7 h DIEMER K OVT RS 7 F /AR R O Tz A7 TR
ERCIEEIEFE D JREA & 72 > TV 5 FIREMEIEL R W\ FABP7 12 X % caveolin-1 D3
FIEH A B = X BT D3RI LD, 7 A —~& 30D &3 2
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D AMPER LT S\ T OF 2 B ASETe = & B S LD,
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«
!

AHFFETIE, FABPTICLDHEE T 7 &N LT A haihA MEREOHT-
IRFREIERE 2R LTz, FABPTIC K D7 A b a¥A kO RIBSZHIE A 7 =
A LOFEIL, MRIEEOH T DT MRIUEERBCBMER, 51237
UA—~%IL U & T HEEEBEOFRBEIRMEC, Fri 7oA T POIE R &
SNTHIRT, BETHLLEHEEEL TV,
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8. BiEy

RF
fﬁ

FFFEEED D120 | KR 28, HEfEL 50 £ L7zlpX
FRFPEEFRFFER SR E S FER  KE e EIE# N2 LET,

FIIEE T 7 FOBEORBIEZEEE L T ZEWVE LA RFEESR
R AR RE I P2 Ik BUEAE. FoBlEER & ERkA.
~A 7 a7 bA ZhfT LT EEWE LI 0 RFERFEREFZRFILRHELZE
B T BEAE. RoBFEMEE &R R—EAID LD R R
= LET,

ERAMRETATT DICH Y EERHER., HEREZTHY LR
A BRFPRFRETFRFER AT 28 A Sh0k4, BERERTKR
FIREFSRIERE G atk  FAed. BUULFEHIIEET o FRE R SR E
F—2u FIl RBELECOLIVESEHN T LET,

BRBIZ, AR ZZIT T D820 | IR FEBRTFESR R NI ATR S
Xt 5 EEREIE LW ATEE £ LI 0 RFERFRRETF R R 2R iR
FIF B #BE MREAE, FOBAEB ORI L0 EEHW T
LET,
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