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1. 2

RIEOWHENS T, BB TR0 s3I0 7% bebT
Warberg 215 & . ZhiTHi< de novo RERER G DS, FEEHAIILAH OFHE T H
DA RIS, FBICB T DEERBOY Tn /I I IR EBOEYT
HIRFMEZ B T2 9 2 T, RERQEZEDTWD, VAT TR F—~IFT
UA—~DH TS THEIELS . TOHUEA] - BEFRRIESOMHESLHEREICIT
7 F—~E@MENEE L TS EEZ LN TWDR, 7 A—~Epiilaicts
T OEERBOEEIZ OV TIIREARHATH D, EVMREKEER (Fatty acid
synthase : FASN) X de novo JERBE B AICNEDEFR TH D | FRA EICE
WTHS BHLTWD Z ERHESNTND, RIFFETIEL, BEBRKS U 4 —
~#HEfd (GSCs) 12381 5 FASN OHEBL L DAY FHIERIC OV THENT L
2o VAT T A N—~BENLRBN L GSCs 13X, MFRMNIC X0 5LikE
EATO IR B Lo & 2 A, de novo lRE AR TLHE L Tz, £72, GSCs
IZEB T FASN OFEWHILGRO Hiv7e, —F . GSCs 1T L TI{ERINIC &
L540FEEZIT 72 & Z A nestin, Sox2. EiEEfE & % o /37 & (Fatty acid
binding protein : FABP) 7 72 & D#H#ifa~— 1 —DFHFUE T & & b2, FASN
DERBIMETF Lz, —F. /HMb~—Hh—Th 5 GFAP (glial fibrillary acidic
protein) DFEL EFZANHDO LTz, I HIZ, FASN [HEA| (cerulenin) DR
IZ £V de novo FEREAG K ZHET 5 L. GSCs DRMREMET L7z, Bk
DOFERD B, FASN X7V A4 —~@Aia OB # 3 KO de novo RENiBE &
It LT, GSCs DRLMEHER: & RIFREICE G- L T D 2 L AR SN,



2. MMEDOHEE

7 ) A=~ IGO0 T TR OBIEHEOS VIS THY . TP TH
LEMEENENT U AT T A b=~ L OEFHE T REN 1~2 F & FHRIE
FAZEU (Stupp et al., 2002), 7'V AT T A b —< LIBEETMEDOEE TH Y |

PUEA « BEHRIERIE~OMHESCERITIL Y U A —~vSlasBE s LT
EEZLN TS (Reyaetal, 2001; Ward et al., 2007), L7=23->TC, 7 U477
A N =~ ORIBITITHFRIBEIEORBERLETH Y . ZOIREEHDO 1oL L
TOU ) F—~ BRI RT 2 M FREOBIERHED HiL TV D

TR, BIZBT A0 ) e 7o I 70, BOEWFRIFRMEE L T3E
WICHEE S TW5 (Caims etal., 2011), 7 VA7 7 X h—~ %25 LoEREIX
BAbAY ) R L L D BAFRAVEEIERR IS AR LT ATP ZEA L TV 5 2 L3
53TV 5 (Warbarg Zh5 : Wolf et al., 2010), & OO OB IS 1T B 45
e LT, BB, 2 L AT B —/LERR, FEIC de novo RERIEE G HiCR D HH A
ZIF 545 (Menendez et al., 2007), 31 21X, Monoacylglycerol lipase (MAGL)
1Z de novo IEMIBA G ALRICIBWTEHEREER TH Y . BHERICKIT 22 D%
B EA LR B ER (LD TLES~ DR E STV 5 (Nomura et al., 2010)
7V A —~IZB L Cldsir, MENEEERELZHETT 59 F Ch 2 ENBES
4 /X7 & (Fatty acid binding protein : FABP) 73, 7 UA T T A h—~vD=
2— B A7 = TIZEBH LTS Z EAsEI N (De Rosa et al., 2012), &
HIZ7 Y A —~HIIEIZBWTCFABPT O / v 7 X7 ABRIRBA21T H L A,
REENENEIET, JLE L7Z (Mita et al., 2007; 2010), L22L72R 6, 7
U A —~ Mz 2 BB OFEMR A T =X L0, TOEEICEL T

REAZR SR,



RENiBA & B2 (Fatty acid synthase : FASN) (% acetyl-CoA & malonyl-CoA
7> & palmitate ~DZEH & il 9~ % de novo FEE BRI HADMBANESR TH 5
(Wakil et al., 1989), FASN OFEBLIIFAVKIL T CTHEBLL LA L, LlERE
(Cabarcas et al., 2010) . 2 BUBEIRIFICIS 1T 54 2 U UHHIME (Menendez et al.,
2009) . #k% 729 (Menendez et al., 2007) % & Tefk 4 22 REBDFIEICEE L T
EARHIIZIE FASN O3 EH 17U 4 ——~ (Zhao et al., 2006) . FLJE (Wang
etal, 2001). BISZREEE (Swinnen et al., 2002) . KIS (Rashid et al., 1997) . Jifi
& (Piyathilake et al., 2000) ([ZF W THE I TWD, FRITOHFZENSIL, iPS
HEREIZ 3T FASN OFELNTLHE, D FE Y de novo FEMIEEA R TTEL TH Y |
FASN Z LR HET S & iPSHMIAD U 71 7T I 0 FEens RE [Tl S
WO HEL H D (Vazquez-Martin et al., 2012), Z D Z &7, FASN Z4 L
7z de novo RENTER & BN AR/ AL REAERF IC B BE A% B &2 ] 72 L TV D FIBEMEDN B R
HiLd, & HIZ, FASN (IR REERMA-CH R AT C B W T HREB L TEBY |
~ 7 A DOFMRERTEEAR AR AT I FASN 2 KIE &+ 5 & adult neurogenesis 23K T
T 25 2 ERHE X7 (Knoblochetal., 2013), L2 L7223 5, FASN 23T
DRICEEHERFIZE G L TV ANE I MIZHONTIE, WEERATH S,



3. BH®

RIFFETIL, 7Y A —~ el OReE T dh 2 BIEEESCR S LRERERFIC X L
T de novo JEMIEA KA G L TWODENEHLNCT L2 2 BRE LT,
BRMIZIE, BEHRRS ) A —~eflfatk (GSCs) % FW\TRbAEHERE
x4 % FASN OREZfET L7z, T/ VAT IR b—vBEER, BEH
k7 A —~ SRR I I T FASN ORI A #E L7z, RIZ, FASN OZEHAC
R DBEEFEBRZITV, FASN 237 U A4 —~ 8 Ak O R L REMERHZ B 53 5 )

BhrEmmer L7,



4. HiE

4-1. EBRANE DK

b MUV E AW, AR mEEZEES (No. H21-49-3) 2LV
ARINTEY, TXTOBENPSGEFRTOAN 7+ —L Fartr h&BFT
W5, £l KRERIISVY X ESORAIZEST L TITo7, BIERIT
I A RFEFHBHERERGEEZRESOEEO L LITTo 7,

4-2. BEBNRS ) A —~ BRIk OB

GSC ¥ CTd 5 G144 & G179 1L Dr. Peter Dirks (Arthur and Sonia Labatt Brain
Tumor Research Center, Toronto, Canada) Zfft5 L T 7272 7= (Pollard et al.,
2009), TDOMD GSC BRI, 7 VA7 T A b—~FffiEH Y > 75 sphere
BAEEZAWTHL L., GSC# Y10 (80 /B M) . Y02 (70 mi&tE) . Y04
(63BN . Y14 (71 @ FBIE) I2o0TiE, 2 O#HfarEL & OMREIZ o0
T TIc#E LT % (Sadahiro et al., 2014), LA, GSC #RHISL 5k 4 f#4
5, £, 7V FT T A M=~ EBEDHNFHNCEIR SN EE 4 trypsin (1.33
mg/mL) . hyaluronidase (0.67 mg/mL). kynurenic acid (0.17 mg/mL) Z 37°C,
50 A ¥ 2= B Ll LV E TR LT, £ 406 OfifaIE EGF (20
ng/mL) & FGF (20 ng/mL) % & T o4 1 jEES 1 CTH%E#E L | neurosphere Z Rk L 7=,
KIZ accutase % /12 T neurosphere Z 47 S E T, 1% laminin T 37°C overnight
& a—7 ¢ 7 &7z dish IZFE 7=, Hormone mix, EGF (20 ng/mL). FGF
(20 ng/mL), B27 (Carlsbad, CA, USA) % &M iGEsH% 3~4 HIB I
Gy7EHA L THER AT o 7o, MERIT accutase THEfA A Z3HESH 1:5 205 1:8 ITAM

L CHEME L7z, 72, 21L#5E 1213 Dulbecco’s modified Eagle’s medium (DMEM)



IZ 10%FBS Zi{I0 L7-55#1C 9~21 AMEEE L7z, §#e B27 i Invitrogen
(Carlsbad, CA, USA) 7>5 . FBS (X HyClone Laboratories, Inc. (Logan, UT, USA)
MD, ZLS O3 KT Sigma-Aldrich Corporation (St. Louis, MO, USA) 76 i

ANL7T=,

4-3. De novo JEE AT vEA

De novo JE'B A AL ["Cl-glucose (PerkinElmer, Boston, MA, USA) &
['“Cl-acetate  (PerkinElmer) % FAWCHFT L7z, Mgz o 7>y h % CH#
L. 7V T A Y b= %% HEANIH L < FBS Z & LR WA L
2. #EBEIZ['*Cl-glucose & ['*Cl-acetate Z WAL, T2 24 B[, 8 BER A o
Foa_— L7z, Mifldd ) o ieiEEAr ek (PBS) Thyd Lok, Mifdz (=
I U7z, #1737 E &I bicinchoninic acid £ (Pierce, Rockfold, IL, USA) % AW
THIE L7z, WwIZ, Mz O#AEE % Bligh-dyer 5 (Bligh et al., 1959) Tl L
720 0.5mlDAK ) —/LL025ml D7 raRLAEMx, 2 5HELESS
Hletk, BRT20 0L EA U FaX— &8, RIZ02ml D7 rRF/VALLE
0.2 ml ® PBS Z /% voltex L. 3000 rpm, 20 7= IE CTiE/O%,. 7 2 RA/LA
JEZ/SAY =B~y TR L., EH0 AT CIRELEE ST, ~F )/
AL = (19:1) IZHEEfE L 7=, 5ml ® Ultima gold liquid scintillation counting
cocktail ~(PerkinElmer) Z /M x . EAE > FL—a v % — (Aloka
radioisotope counter machine) THUTRETE M A HIE L7z, HIEMEIX DPM/pg protein

IZHRE LTz,

4-4. ERBY 7NV Z A L PCRIE

RNeasy plus Mini kit (Qiagen) % H\CHIMEAS total RNA ZfiHH L7=,



HBIEx Y FOERRAEICHE -T2, I L7 total RNA (3T A F L VR 7 LT
—B4LEE (Promega) % . NANODROP LITE (Thermo Scientific, Hudson, NH, USA)
% AV T mRNA OJRFEE %A HIE L7z, Transcriptor High Fidelity reverse transcriptase
kit (Roche Diagnostics, GmbH, Mannheim Germany) . oligod (T) 7714 ~—%H
WTHERE 21TV, cDNA 265K L7z, HiEiEF v bOERABRAFICE 72, &
= 7 V%A L PCR (gPCR) Z Applied Biosystems StepOnePlusTM real-time PCR
system (Applied Biosystems, Carlsbad, CA, USA) %\ TiT>72, Tagman® 7' &
—7 (Applied Biosystems) |(Z{%. nestin (Hs04187831 gl)., CDI133 (promininl)
(Hs01009250 m1) , Sox2 (Hs00415716_m1) , FABP7 (Hs00361426 m1) . I8 mRNA
(Hs03928985 gl) %\ /=, EE(LiX 18SmRNA OfEMN D CtfE (Z DfE% ACt
BET5) ZHIEL, &bhicay ba—d ACt Ex BRIDOY > 7LD ACt fE
L 95 AACt £ T, Applied Biosystems StepOnePlusTM real-time PCR system

software v2.0 (Applied Biosystems) % FV\TIT-o7=,

4-5. REREL~< T R (NOD-SCID mouse) ~DISHEEER L fRHT

~ 7 A1 EED NOD-SCID ~ 7 A (5 # i, 20~25 g) Z 1 L 7=, NOD/SCID
Y URAFIARY LT (B, BAR) DAL, BEIZLLTOFIETIT- 72,
PRI 2 PEBE NS U BERL B ESEBIZIRE LTc, NIV F v U v & 30G
DOEH 2 FAWT, 1 IEH 72D 100,000 {E DML A & e PBS2 ul Z#5%% (Bregma 725
1 mm A5, 2mm Ml B D 2.5 mm F45) ICHEHN L, 25MTHEREL,
IHIT 5 st EEER. $txtknio, vV RE S —VICRE L, EFEREEZE
HEZ L) OB 22 B E CRE L, BELTKESEORTZMEITIL, <
U R EREREER., WDONT 7 ¢ VUIR E AR L R L PR A X 01T

72o Wi/XT 7 4 %%, $T FASN $if& (Sigma-Aldrich, 1:100) % FH\ T 1 RFLIE



G Z24TV, B4 F AP rabbit 1gG H1K (Vector Laboratories, Burlingame, CA,
USA, 1:2200) ZM\WT 2 RHFUVERIE 2T -7z, BER GO A HE(LIE
diaminobenzidine (DAB) % A\, avidin-biotinylated peroxidase complex (ABC)

£ (Vector Laboratories) T{T-> 7=,

4-6. SR E

IR FRIRREHI IR, 70 BTV AT T A h—~BEORBIER L H
Wio, B b U AT T A b —<IEARD FASN & Sox2 O ZEYLEL, LIFTH 4 »3
W U728 SUTRLE L 72 FIEICHE > TiT> 72 (Morihiro et al., 2013),  Ef&mIC
X, T 7 4 VA LTEARDRL T 7 ¢ 24T\, HISTOFINE (pH9, =F
LA B, BA) %AV T Microwave C 40 7 MFURIRIEL 21T > 72, Protein
block % Protein Block Serum-Free Ready-To-Use (Dako) %M L T 10 43 L7z
# . rabbit anti-FASN antibody (Sigma-Aldrich, 1:100) % F\ T 60 43 & DO — &k HiiE
i % &7z, RIC alkaline phosphatase-conjugated donkey anti-rabbit IgG (Jackson
ImmunoResearch Laboratories, West Grove, PA, USA, 1:50) Z T 30 2D
TIRPUAR S % S 47z, Vulean Fast Red Chromogen Kit 2 (BIOCARE MEDICAL .
Concord, CA, USA) ZHM\\T FABP7 ¥ S¥7, “fEEEOFEELEN—
FEFE H O IR D alkaline phosphatase (ALP) & RZEKIET 5 DA< T-20IC
denaturing solution kit (BIOCARE MEDICAL) % F\T 5 4R S & C—FE%d
HOZIRFUED ALP OiEM %72 < L7, goat anti-Sox2 antibody (Santa Cruz
Biotechnology, Dallas, Texas, USA, 1:100) % FHV T 60 43 ] O —RIUS IS %
S 72, KIZT ALP-conjugated donkey anti-goat IgG (Jackson ImmunoResearch
Laboratories, 1:50) % T 30 2D _IRPUAEK G % 72, PermaBlue/AP

(Diagnostic BioSystems, Pleasanton, CA, USA) % H\ T Sox2 #¥ A It



RBICEANEAT Tz, WBORTT 7 arbua—e LTUMEDT I AT Z
2 b=~ i & i,

FIEMIAEF Y EIZ OV T, UTOFIETIT>72, Mlaz 4% /X7 HL
LTNT e R 15 40/, |IRCEE Lz, FEFRIRERISOT 1y X270
TZ0IT 5%IEF Y X MK &2 M A T 40 oA > % 2— k L7z, —IRHUAIE rabbit
anti-FASN  (1:100), mouse anti-nestin (Millipore Corporation Billerica, MA, USA,
1:200) . goat anti-Sox2 (1:500) . antibody or mouse anti-CD133 (Miltenyi Biotec Inc.,
Auburn, CA, USA, 1:50) Z V>, 4°C T—Befi S 7z, ZIRFUAIL Alexa Fluor®
488 goat anti-rabbit IgG, Alexa Fluor® 488 goat anti-mouse IgG, Alexa Fluor® 568
goat anti-rabbit IgG, or Alexa Fluor® 568 donkey anti-goat IgG (Invitrogen, 0.5 pg/ml)
ZAV, =R T 1 S S ¥z, BYL AL 4, 6-Diamidino-2- phenylindole

(DAPI, Sigma-Aldrich, MO, USA) #Zf# fH L 72, Fluoromount (Diagnostic
BioSystems, CA, USA) TH AtL, HES L —F —FAEE (LSM710, Carl Zeiss,

Oberkochen, Germany) TH#I%2, i L7z, EfEOMLEIZIE Image] & Ve,

4-7. Y= RFZ 7 uy ME

100 mM Tris-Cl  (pH 6.8) . 4% SDS. 20% glycerol, 200 mM B-mercaptoethanol
Z & de buffer IC L VM BEALZHM L, ¥ /X7 EREEIL, BCA Protein
assay (Pierce, Rockfold, IL, USA) TH#IE L7-, FWFE LY 7 /% 15-30 ug
9> 12%SDS-polyacrylamide 7 /L FIZEBH L SDS-PAGE % 1T -7z, KIZ,
Immobilon-PSQ polyvinylidene difluoride membrane (Millipore, USA) ~H&E- L. 5%
skimmed milk |Z &V 7' 12 v % 7 EAT o T2, —IRPLIAKIL anti-FASN (Sigma-Aldrich,
1:1000) . anti-CD133 (Miltenyi Biotec, 1:100). anti-FABP7 (Owada et al., 2006,

1:1000) , anti-nestin (Millipore, 1:5000) , anti-Sox2 (Millipore-Chemicon 1:1000) .



anti-B-actin (Santa Cruz Biotechnology, 1:2000) Hi{&% AT 4 CT—Men S H
7. V4|2 HRP £25% 2 kPR (Millipore, MA, USA) % =RiE 1 BEf TS &
. ECL reagents (GE Healthcare UK Ltd, Amersham Place, England) % T4 >

IRUBNR REBE LT,

4-8. Mg AT HERAER

Cerulenin % ¥§I11% D GSCs D A7 % MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] 7 » & A {2 L ¥
Mgt L7z, MTS 7 vt A %, CellTiter 96 Aqueous nonradioactive cell proliferation
assay kit (Promega, Madison, WI, USA) Z MW\ TiTo7z, FHiEFx v b OFEHR
BHEICE ST, 96 7 = /L7 L — KT 8,000 fE9 >z #EfE L, 20, 30, 40 uM
O cerulenin Z VRN, 0, 24, 48, 72 FFfIRICTIN AL MTS Z M L7z, MTS %
LT 2.5 BRI OB EE & 490 nm D& T ARVO™ X Multilabel Plate Reader

(PerkinElmer) % FHWCHIE L 7=,

4-9. RET v A

GSCs Dz 1% Matrigel (BD Bioscience, San Jose, CA, USA) = FiWTIT > 7=,
8 um ORT YA X% FfD Transwell inserts (Corning Life Sciences, Corning, NY,
USA) % 200 pg/ml Matrigel Ta2—7 47 L7, £ ¥ —FDLEBEIZIX
DMEM/F-12 (2 FGF,EGF D AN A =85 #1 2 A 41, T 213 DMEM/F-12 (Z FGF,
EGF . B27 #7'U A > I hormone mix Z AN /=354 A7z, GSCsid1 v =
JUAZ 20,000 B9 OFERE L7z, 48 ek, A vV — MEODO EBICEK > TWHIER
EMazlREL, A Y — MEOTRBICRELMEZEEL, 1% b1
TN—TCYeta Uiz, ST CT U A LB IR LT 5 HBFOEERREZ L, ©

10



DA E R A T,

4-10. sphere 7 > & A
sphere 7 1 |Z Singh & ® 5% (Singh et al., 2003) Z&E(Z L7z, GSCs
(Y02, Y04, Y10 cells) % 96 7 /L7 L — hIZ 8,000 A+ > L. 0.2 ml

BERR AN Z T2 ML 37°C T7T BB LA 7 27 0 L RE S 2HIE LT,
4-11. FEFHLE

B TCOT —X [TEE - AZUERAZETEH L7z, 2 BERI D ELER I student’s t-test

ATV, fEBRER 5% AN (P<0.05) #H > THEFEAEEH Y CHE LT,

11



5. fask

5-1. GSCs 281} 5 de novo JERFER A FR D TLHE
TN a— R 5 WIIERE O IRFE ST DR E Y ENCER Y A E N HEIE 2 HIE

95 de novo JEEERT A (Brownetal, 2007) Z#1T\, BEHKT U 4 —
~E@Alfd (GSCs) & MBI LV o bEFEE 21T o728k (dif-GSCs) T de novo
FEEAGREICERBROOLNDINE I DHER LTZ, HBERIZT v A 21T D0
(M IED DMEM-F12 A5 ¢ 7 LZAHR LTz, “[C]-glucose 75 AEE 43 12 B
D ZEN7-EIX. GSCs Tl G144, Y10, G179 TiL T4 65.38 + 4.45 DPM/ug,
48.16 = 3.76 DPM/ug. 86.52+ 11.30 DPM/ug THo7=DIZxf L, b Li=7 U 4
—<MfER TH B dif-G144. dif-Y10.dif-G179 TlIZ N F1 32.32 £ 0.82 DPM/pg.
12.38 + 0.48 DPM/pg. 34.09 + 1.38 DPM/ug TH Y . GSCs & FL#: L T de novo fig
BARRMET L7 (Fig. 1A), "“[Cl-acetate AV T % G144, Y10, G179 #nZ
AU 271.73 + 18.26 DPM/pg. 235.82 + 30.84 DPM/pg. 323.07 £29.91 DPM/pg Td -
7= DIzt L, dif-G144, dif-Y10, dif-G179 TiXZ 241 99.62 + 0.98 DPM/ug. 52.86
+5.33 DPM/pg, 110.08 £ 29.65 DPM/ug T&H U | [FEROME RN FE S H 417 (Fig. 1B),
ZIH DFERND dif-GSCs & ik LT, GSCs Tl de novo fEE &R TLE L T

WA ENHLNZ /2o T2,

12
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éo 100 { M dif-GSCs % 350 1 Mdif-GSCs
= S 300 -
e %0 3 250
g 60 2 200
= * i *
W 40 A ¥ § 150 - %
=) -, 100 «
0 : : 0 ' .
G144 Y10 G179 G144 Y10 G179

Fig. 1. De novo lipogenesis using glucose and acetate as carbon source in GSCs and
differentiated non-GSCs

G144, Y10 and G179 cells were incubated with ['*C]-glucose (A) or [*C]-acetate (B)
for 24 or 8 h to measure glucose or acetate incorporation into total lipid, respectively.
Data are represented as means + SEM for three independent experiments for each cell
line. * P<0.01.

5-2. GSCs TR} DI EREER (FASN) DOFRH

Fx 1% de novo IEE AR OBERER TH D FASNICER LTz, B N7 U AT
7 A P —=<HEARIZEBVT FASN 2358 < B L TR Y| Sox2 & D 2 HYEEAEEIT-
7o & Z A, FASN & Sox2 MBS THBIE L T 7o (Fig. 2A), FASN (FE A
R OFMARE T, Sox2 IFEICHELFE D B iz (Fig. 2A) , IRIZ GSCs (G144, Y10)
IZE8BU T, FASN OFELE qPCR LU= AKX 7wy N CTHERLT, FASN @
mRNA (¥ GSCs T FEH L TEY ., diff-GSCs TIXBEHAEN WA L= (Fig. 3),
VAKX Ty hTHREEEIC FASN O3FBUL GSCs T BB L TR,
dif-GSCs TlEFRp{b~—1—"T&H % CD133, Sox2, FABP7 ORHER D & &
|2 FASN D33 4, 98/0 L 7= (De Rosa et al., 2012; Morihiro et al., 2013; Brescia et al.,

2013; Berezovsky et al., 2014) , #fE Al {b. 7448 FASN (% GSCs O HIFE 1258 <

13



FH L, Kok~ ——TdH D Sox2. Nestin, CD133 & £/F7E L TV 7=, Dif-G144
TIEINBRGE~— T —DORHFAEDIKRT & & HIT FASN OFBBIK T LR 7,
T, BHEET L~ AZEBWTEH FASN (ZBMEERALIC TR < 33 L T\ iz (Fig.

4),

B-actin

Phase contrast

Fig. 2. Expression of FASN in human glioblastoma cells and GSC lines

(A) Human glioblastoma cells show the strong expression of FASN (blue) and the
neural stem cell marker, Sox2 (red). Sox2 expression is confined to the nuclei, whereas
FASN is expressed in the cytosol. The white arrows show FASN'Sox2" cells. (B)

14



Western blotting showing the expression of FASN, CD133, Sox2, and FABP7 in G144,
Y10, G179, Y02, Y04 and Y14 GSC lines. Upon differentiation in the presence of FBS,
FASN expression, similar to that of CD133, Sox2, and FABP7, was down-regulated.
Expression of -actin was used as an internal control. (C) Expression of FASN in GSC
lines before and after differentiation. GSCs show strong expression of FASN and other
neural stem cell markers, Sox2, nestin and CD133. Upon differentiation in the presence
of FBS, FASN expression is down-regulated, similar to that of Sox2, nestin, and CD133.
Immunofluorescence micrographs showing the co-expression of FASN with Sox2 (a, e,
a’) and nestin (b, f, b’) in G144 and Y10 GSC lines. Phase contrast micrographs
showing the morphology of GSC lines (G144 and Y10) in the presence of EGF and FGF
(d, h) or after differentiation in the presence of FBS (d’). Bars in a-c, e-g, a’-c’ =50 um,
Bars in d, h, d’ =20 um

127 moGscs mdif-GSCs =2 1
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e X3
(7]
Eos - X 08
0 *% o>
<06 306 ¥
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o o 3 n ‘ .
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ﬁ 391 0.8 %k
L3 8 T
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8 £33 — 0.2 A
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0 - . T r O o0 T ; T
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Fig. 3. Downregulation of FASN mRNA expression upon differentiation

qPCR results showing strong expression of FASN in G144, Y10 G179, Y02 and Y04
GSC lines. Upon differentiation in the presence of FBS, FASN mRNA expression,
similar to that of FABP7, Sox2, and CD133 was down-regulated. * P < 0.05, ** P<
0.001 compared with control.
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Fig. 4. Characteristics of the GSC lines
Localization of FASN in mouse brain transplanted with G144 GSCs. Right, magnified

image of the area was enclosed by the rectangle. Black bar = 1 mm, white bar = 50 um

5-3. FASN OFHEIZ L 5 GSCs RERENET

Cerulenin % FASN OFEZEA|ITH V | de novo JEEAE K Z FLET 2 A TH
% (Lupu et al., 2006), 7' U A —~#HIlEICI51T 5 FASN OBEEZ 5729,
cerulenin & 5- L MTS 7 v & A LT v A %47 > 7=, Cerulenin @ GSCs (G144,
Y10) OHEFEIZH T DE%E MTS 7 v A 2 WV THRFE L=, G144, Y10 (2 20,
30. 40 pM O cerulenin % 0. 24, 48, 72 BFREI#& 5 L7 & 2 A 30, 40 pM Tl,
48 FE[EI#4 s D BAFERE AN K & <R T L72D12%F L.20 uM TIHETF L7227~ » 7= (Fig.
5A), —J7. B L7 U F—~fllagk TodH 5 U7, U373 (1230 uM Z#sin L T
b EFREMET Lird> 72 (Fig. 5B), GSCs (220 uM O cerulenin % 48 F#fH]
wna 5 &, fMlaoREERILEED 2 £ 72< denovo FERFBE G R ENB EIZ. K
40%(E T L7~ (Fig. 5C), L7=28-> 7T GSCs 137V A —~#fjak (U7, U373)
&g U C cerulenin (2R DN Em W ENHFI L, S HIZ7 U A —~
B ORFE O —DIZ, mIRIEEDZE 5415 (Singh et al., 2003; Molina et al.,
2010), % Z T Matrigel i#7 v & A Z1T>7& T A, 10, 20 uM cerulenin #AN

48 . G144 IZB W TENEI 40%, 50%. ZiFEEEMET L7= (Fig. 5D),
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Fig. 5. Effects of cerulenin on GSC and glioblastoma cell viability and invasion

(A) Effects of cerulenin on GSC viability. Cell viability was assessed 0, 24, 48 h
treatment with 0, 20, 30, 40 uM cerulenin by MTS assay. G144 and Y10 cell viability
was significantly reduced by 30, 40 uM cerulenin. * P < 0.05, " P < 0.01, ** P< 0.001
(B) Cell viability was assessed 0, 24, 48 h treatment with 0, 20, 30, 40 uM cerulenin by
MTS assay. U373 and U87 cell viability was significantly reduced by 40 uM cerulenin.
P <0.01, ** P< 0.001 (C) De novo lipogenesis using glucose as carbon source in
GSCs and GSCs incubated with 20 uM cerulenin. * P < 0.05 (D) Quantitative results of
Matrigel invasion assay. Each column represents mean = SEM for three independent
experiments. * P < 0.05.
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5-4. FASN DOFHZEIZ X 5 GSCs @ sphere FTEERBEDIE T

5-3.0FEF 05 G144, Y10 (I2E1F 5 30, 40 pM CTOFMREEFE DO 1L, HH
famtElC DM L B2 bhic7D, LIBOERITIT 10, 20 pM OJRE % H
W=, GSCs (Y02, Y04, Y10) (Z 10, 20 uM @ cerulenin Z ¥/ L, sphere F/ik
REZ T & 2 A, GSCs D sphere B3 L7z (Fig. 6A, C), 10 uM @ cerulenin
Tl sphere DIEREIZ K E R ZALITERD B8 > 723, 20 uM @ cerulenin % 5-

C sphere DEENAEIZEA L= (Fig. 6B, C).

The diameter of spheres

control \ control Cer10uM Cer20uM|

control CerlOuM Cer20uMm

Fig. 6. Effects of cerulenin on sphere formation

The number of spheres (A) and the diameter of GSC sphere (B) treated with 0 (control),
10, 20 uM cerulenin. * P < 0.01, ** P< 0.001 compared with control. (C) Representative
phase contrast micrographs showing the morphology of Y10 in the control and the

presence of 10 and 20 uM cerulenin. Bars =100 pm

18



5-5. FASN DOFHEIZ X % GSCs DR~ — 1 —DRBET

FASN D FELDY GSCs DRGACREHERFICRE G L TV D E 9 i~ D 7212,
10 uM cerulenin 2 9 AWML, Kofb~—HT—DFH% qQPCR L V= A X T
7 hCHERR L7z, Cerulenin Z#$¢5 L7- G144 (=2 h m—/ L L i L C gPCR
T nestin ., FABP7, CD133 OFBEMET L (Fig. 7A) . Z /X7 E L ~ULTH A
ROBRENEONTZ (Fig. 7B), W27V 7O fb~—H4—ThH 5 GFAP (glial
fibrillary acidic protein) OIS EH L7z (Fig. 7C) HN==—n Dok~ —7
—To % NeuN OFEBUZE LT /2o 7 (Fig. 7C), LA EDOFERN G, FASN 73

495 de novo RERAEE & X IE GSCs DARDAVEEHERFICHMATH D L EZ L,
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Fig. 7. Effects of cerulenin on stemness and differentiation status

(A) qPCR results showing the expression of nestin, CD133, Sox2 and FABP7 in G144
GSC lines before and after administration of cerulenin. * P < 0.05, * P < 0.01 (B) The
protein level of nestin, CD133, Sox2 and FABP7 was down-regulated by cerulenin. * P
< 0.05, " P < 0.01 C. Expression of GFAP and NeuN in GSC lines before and after

administration of cerulenin. * P <0.01
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6. Z452

SEFA 1. 1) 7V A —~vEpfilatki T mE RN X 0 5EFEE 21T o 728k
LB L. de novo lEEARMNTLE L TW5H Z &, 2) GSCs (281 T FASN 7235
HKELTWDHZ L&, 3) MFRIMC LD 5 LFFEEZITH & FASN OFBENMET
9252 L .4)GSCs 137V A —~Hfakk L Y cerulenin [ZxF9 DR MENREH WD &
5) FASN OFRZEFITIMC L 0 IZBEENMET L7 2 &, 6) FASN ORREAIFRINIC &
DEpa~ — I —DRBEMET L, M~ — I —ORBEN EF L2 L, &2H
ST LTz,

AL UIX LIS 2R EE 27, £OF TH R bEDEA T
WHBLED, FREFERIZE D 7V a3 — R ZFEBAYICFIHT 2 Warburg #0253 & KX
IHHDTH% (Warburg et al., 1956) . € DAt BT H R T DR L L
TN I RBOTTENRZE T OND, ~ U AFEeMiaiL 7 v 2 < o fk-v X
TAVEREBERORBRE SVE T A OB REERNTLHE L T\ 5 (Diehn et al.,
2009), FEEIZ=RVFX—HFE, V7O OEA, MAEBEOREE L LT
FHWICEEREHEZRZLCHY, MaORFHEENEZ H2BICB N THEE
BYWETHD, INVa—RET NI IVREOBREDBEBOFETHL &V O #H
ENRWZTETVDLIOICHEDL LT, IFERBMOBEO NS Ao —IlBT 5%
REITARRA STV RV, RAFZE ClEFk 13 de novo RENFEEE LAY GSCs 75
dif-GSCs ~DLBATICBIE L T\ 570 &8 9 DR L. de novo ENEE S
dif-GSCs & He#: LT GSCs TILHE L TV 5 Z & &% A U 7=, UNELRE O s il A AsA
B CIXIRIN U7 BEEE S EAL O R D 12 de novo RENIEG FIZMER S LTz

(Liao et al., 2014), & HICKIGEEMILIL, EEAZ LV Z<EZTNHET
b L Te KGR MAE-CIEE M & IR TE 5 2 WO HE S H D (Tirinato et al.,
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2015), 2O OFERLFERR, ARIOF L DT —F Th, de novo IEHIFEERL &
ARENAEIER BTN 7 ) A —~ DA A U —ICE5 L TWDH I ENREI
77

A a1 F 2 13O BE K GSC (128 T FASN 2B L T\ D5 Z & &7

HDTHLNI LTz, BEROES ETFEROEIIX, 7 VAT TR F—vMEE
PWED 7 F—~ &g L CH AR S WIS 2 £ H T8N O & 5 i
foz kv EgirZ & EEBICEBR LTS (Singh et al, 2003; Molina et al.,
2010) , Cerulenin {Z & %5 FASN OFREIC L 0 IPEE OBKMEE T /VIZIB T D IEEE
& ERE S (Pizeretal, 1996) . t M¥LEEMEAD (ZR-75-1, SKBR3., MCF-7) @
MR SE 2 358 L (Pizer et al., 1996) . KIGFE ML HCT116, H R AHAZEE HL60,
FLEEAERE MCF-7 @ DNA ERZMEH], TR = 22FE LI MEINT
W% (Pizer et al, 1998), T HDETA & —E L T, Fx 345 E FASN OFHLEDN
GSC DEFHRE L IREREZ MK LI Z EAFEFA LTz, L LG, ZOA =
X LDFHMZONTIL, AR IDLRIFAEDLETH D,

FASN [ZR&HENEE, EIT/ VI FUEE AL (Lupu et al., 2006) . FFiZ
53 ZRE O ORI O MU RE D BT LA RS LB R ) VIR OGRS T S
(Menendez et al., 2007), FEFICHIRIRNZ LI12, BHEEOSGWT U A —~<
(Godbout et al., 1998) <> GSCs (De Rosa et al., 2012) ([ZEZH LT\ 5 LARHIEE

DHRANF v U T & /X7 'E Tl 5 FABP7 25 FASN 58U L 7= BN F — 2 %
9, FABPT (ZEMEOEHNT A buHA h—~ORMEHEESC, M 8 B TR
23R < FEBL LTIV GSCs T siRNA & AV T DFELAINH] 35 & AR o HE5E
AE & EAEBENME T L7z (DeRosaetal., 2012), FASN & FABP7 7% GSCs D il
FNZHFRIICEEE L TV D0 E 9 DIARATH 273, FiliF % 1L FABP7 287 A
et A MZBWT, JBET 7 hEMENdfilaE~ 1 7 1 KA A > Ol

22



FAEFHLTWDZ L EZBH LN L7z (Kagawa et al,, 2015), £ 72, FASN XAl R
FEHIIAIZ I WTY VBB, FICARR T 7 F UL aY bR ATy FIONTH )
—NVT IVOEETREL, IBET 7 Mo TV I#E S H D (Swinnen
etal., 2003), L7=23>T GSC DEEFEIZIH T, I8ET 7 MR NT 5BV 7
(Z FASN & FABP7 SBERERIICHFH L CHIEI L TW D RIREME L ZE 2 b b, IFE
77 k& GSCs DA A 1P —IZ81F % FABP7 & FASN Oi#re &I DT
X, BB I DI EINLENETH D,

F 4 1% GSCs IZHT 5 de novo NEWIBEE D EFRICHE B L12H3. de novo
WG ALY GSCs DRI ZAMERFT 5501 A T = X LITDOWNTE WETZARHA
TdH %, FASN D GSCs IZB T HREA S HITHIZET 22 LIk, 77U AT T
AR =D Fr Y —ICB T HENBAMOERLMHATELLEX D, #

RENRE DIRIE. & 5\ ME GSCs DL « bz Rt 2 X 5 2R IFE AR 4
RETHZENTENIE, VAT TR —~DOHHIBEEDOBERICEILO L
Hfrsins,
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g
=i
I

i

AR T, BEBR S ) A —~epiliflatkz v T, FASN 24T L7z de novo
NEWiBE G R DY GSCs DARIMEREMERFICEI G- L T\ 5 Z & 2 #iE L7, GSCs 15
7% de novo JENIEEG DRI EIAERBAE ORFIA N 7 U A — < HRIR R
BEORFRICHE T 27200 Tl | LOEDO/NA Fr ¥ —OBECH B s
FRIEDRBICHOEETHDL LERD,
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8. WEE

ARWFFEZED DI HIZ 0 | HIEE, HEHELZ B Y £ L7l 0 RFERFRA S
AR IR SRR A. RALRFERFEREFRUTIER & E 5
% ORINEE AR LET,
£, Z VA -~k OBETEEL THEEL TS ESWELLLR R
FRZGEAFREINEL T BB HEERMEEIC L LV IRSEH N Z LET,
RBIZ, AR Z 2T T HICHI D | ERIFIESR R IS ARG T
LEELREBE LB N ZTEE £ Lo, W0 RFERFRES RO ZER S E T

3N

FOBERIZOL LD EHWZLET,
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