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Regulation of membrane domain functions by lipid transport and lipid metabolism
in cancer cells
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Lipid rafts, membrane domains rich in cholesterol and sphingolipids, play
diverse and important roles in malignant properties of cancer cells. However, a regulatory mechanism
for functions of the membrane domains remains poorly understood. In this work, we studied
mechanisms by which intracellular lipid transport and lipid metabolism cooperatively regulate
functionality of lipid rafts in cancer cells. Our results showed that intracellular transport of
cholesterol and sphingolipids regulates lipid biosynthesis and integrity of lipid rafts, supporting
malignant properties of cancer cells.



B X C—19, F—19—1., Z—19 (dt3@)
1. BFZEBRAE ST 5

DAKHBE CIIFF A 72 R LD UIXUISERD B, ZOME I A MO EMTEE R SICEE
7B R LTS (1), BARIRTIEY /vn—xd)ﬂi(ai\?%& CEIUTPED fRBE R O TLEDFRO B
5o IHIT EET@E}Z@ILL’Z’HE&L?”_H‘:WFQ&T@W{K%75>/ufEHH’7 CRHBEYR AR L THY | 23 A
H@@%‘@%,‘ CHEREHEZRZL TS, IBEAG KA KI5 FE 2R K F LT, Sterol
Regulatory Element-Binding Protein (SREBP) 3% 75414 (2), SREBP (%, 2L 27 m—/LCffF
HAER DG AR 53 DIFIE T X COBEE B R T O G A TG D 5K 1 THY , MBS T
DIEHALHFEOHILTY \E) Fo, AV AT E— VA ERIK O _ETEICALE T DA B Tk, 4V
RIEDT V= AT EEIR T 7V =3 VR V= V7T = VN B S D,

NEEZ7ME, AL AT e — )L R OAT 4 ANFEIZERIER AL THY | #7237 5V EREA -+
«?D:n/l\‘ﬁ-%h—/xfé'élﬁﬁl%fot&b SRTELTWA, IBEZ 7 M. D3 Ao BEME S 8 BRI A 6D C
ALK ’Z’%t TWDD, Z O & OBSRE DO FA ST IZ SOV T I C BRSO, &
7. Zﬁ/ur(ﬂﬂ)i@ BIDIRERMEDIEE T 7 ML DIFEEREECEMREZ L D X IZHIFEIL THDs,
ZOEEIRFEA LS IUTURLY,

MFZERFE 1T, AT/ —~<HlalcBnWT, A7/ —<HiRK GD3 O%H N Akt-mTOR 7
F A% LT SREBP AiEME(LT 5 Z L ClREGRZEET L2 ZLaMELTVWS B), &6
& . SREBP O{EMALIZPE D a L AT o — W AEGRRKOTUHED, JFE 7 7 b OIS & OBEEREE DR

WCHEERFEZREZLTWAZ EEHLMNILE (8), F-. #FFEFEE 5L, ATP-binding
cassette (ABC) "I AR—FZ—D1>TdhH5H ABCAL #KIE Lﬁrf‘ﬂﬂﬂ'ﬂ’( IR 2 L AT
o —/VERENEL L, 2L AT r—LOM, FET 7 h~—h—IZRETDHAT ¢ o ITFERE
GM1 °h XAV o ASHIfaEZ *aﬁ‘é LEbiz 7’3“\%7%3_75%&573[1?5 LERELTWS

(4), ZNHOREFIT, MEEICKIT S a L 2T H*/V’?”X 7 4 v AHEIEE OBRENIEE 7 7 b
EECHREZREI L TV D Z & 2RI LTV D08, ZOREIZR S THE IR 3 %\,

2. WO EM

H‘:Eﬁ77 M, Ml OBEREFE BRI AR D THEERBEEIZ R L TR Y | HNAMlao B EEE
BOTHHEEREREZRIZL TN D, LiPUZCZP% TEEZ 7~ OFSRERREREME 1B 2
:ti U< ZOBMRITN A% & Tk x BB OIEIEME T O BRI IR OPRR O L THEE L
2o T %, ARBFFERRE T, H“W7 7 bR 0 HERIEE T TH LAV AT oL ER
74 /ﬂﬁﬁbﬁ@fﬂiﬂﬁﬂ\?@] LIEEMABOERZH O NICT D & & bIZ, MEDEDE B X
= /1‘%&% R THEENZOWTHLMNI T2 & %EE’J& L7z, &bIZ, ﬁ)hflﬂﬂ’ﬂ@ﬁ@% B
BUZB T 2 I E M- IRERH OEEN R KB ZHL NI T Lz Bfs L TANIZEZ &£
i L7z,

3. WD HikE

(1) AEEARHIBSE A 1 0 R BT
IREAEAKRSCIEE OBUAAICE G T 2B OREIX, &M RT'PCR KXWy A&
7 a oy MEIZE - THIT LTz,

(2) REERHNCRET DT
a L 2T o — RN DT - [UCHEfk = L 2T 10— LT T UL LMD S S
BHEMH L, EErau~ /o770 —CRALZ%Z, 2L AT a—A0bba L AT a—
NRIAL AT B —)LT AT N~DEREET=F— LT,
174’ > IARREAHNC BT D MEAT : MR A BHUERR A 7 0 T TT UL LTk, Hll

BafHL, Egrsa~ 77 —TCREBLZ, BR%, X702 3FE (7

X74’ a3 3Ix ) GleCer, LacCer,Gb3, GM3) DO&REZHIE LT,

(3) A AMMIL D FEMETZE O FAfh
AR O M E L, MIaHEFERE, = v =—EpkEE. MiaEERE CREm L 7=,

feufii
N

4. WHIERCR

(1) BAKBIZET 5 2 L 2T a— AR OMEHT

BEOMN A E VT, 2 L AT v — 1 AEHZBE T % ABCAL 5 X OV SREBP O3
LUV D AT o T2y FOFER, THT21E L A E DN AUHINT ABCAL O3 BT IR
PLFChoTz, B L 2 v AT a— L&k Efilil4 5 EE B/ - CTh 5 SREBP-1 iZ
BTORAMILTRBLL Z OIEHEALATRO ivie —J7, EIZ2 LRT m— L &R A& i
% SREBP-2 O3 8L L IEMALIZ A T 7 —~ HEE TIEEEANZ TR BT, T DO A
HIRORE CIZZ DIEMAKIZIZE E A RO e o 7=, BAMBOFEEIZ L - T, SREBP @
RBLOTEMEL N R 5 = RSz,



(2) WfbATm—MIZ L5 a L 2T o — L AREHE

AN L AT 2 —v® 60~90%FE M A3 2 Dok L, /Magke b=
KU F7oarzra— L EiFMEalL 25ae—10 1%t LS IFZEFNLU T TH A (2), Hia
o=z L 27 e — U T—EOEE THEMNICBOA T i, /ML hay R 7k X
e 2 H O/ B ISR R R BT D KB LEE R = A T A LEER T &> TG
225 (X1), avATue—LR#EY CTh L5k A7 ve—1it, SREBP-2 Db
TELHIER T & 2o T A, LXR OAFEPY T FeE L TUHET D, F/2, BB LA
T 0 — VT ERE S R RS REICBE A 5.2 5 Z L RE SR TWD (B), L LAaRnbH, N
KDL A T 71— VBT 28130 7 < . WIRERRIE A 7 v — L O pEAE LN IR EE L
AT B =)L DNIN AURIRENT B E R R ;Ob\f S5 _ﬁﬁﬁ%i&&bé &L, NEMED
felb A 7 1 — VPEA D38 A O FEME O IR AN T T B OV TR 5 720,
:vx?u~w@2ﬂi2ﬂm7@%%%%%%%%?6&&&1Cﬂ@MLCWWM
DFEBZEREL, ZNOORENa L AT o — LIEFHERIE O RO REER T Th 5
SREBP } O LXR DOJEMEIC 5 2 A B O\ TR 21T o 7=, FOFER. FEA SN AL
27 a—)LOFEEIZ L > T, SREBP X LXR OIEMIC G2 DB BN E 5 2 LR EN
77 DF VD, CH25H IZXL > TEAIND 258 KufFval A7 e—/b (25-HC) &
CYP27A1 2 L » CEA SN S 27-HC 1% SREBP-2 i&M: A B2 3H4 2 —J7. CYP7A1
Ik > TEA SN D 7-HC 1% SREBP-2 i HEICIZ & A B Z RIT SRV 2 ERBIE SN,
WIRITERR L A 7 1 — 2B W T H KEMEOALEIZ KX > T SREBP-2 {51 O [ EZD FLm # 7
HIZEDNREN, &5, ZhORNEMRIL AT o0 —12 k%5 SREBP-2 OfEM4mHIIE
SREBP #&IZHili#lT % Insig & /X7 EDOZEIZ L > THIEEZ END Z LRI
Too — 7 NIRMEER L A T 1 — L DFEAIC L D LXR OIEME(LIZIE L A ERBD SN o7,
BIREOBIEAT 0 — 2 XD LXR OIEMHEALIZRO 5D Z Enn, MlaNTEASND
AL AT B —WMILXR OV H 2 Rz iz W ERRB sz,

eV T, WIRITERRIE A 7 v — L O PEAE DR O TR E 25 2 2 BT OV TN 21T
oto%@ﬁ% CH25H & CYP27A1 O3 HIT L - T, M OBEFERE N EZE IR S D

(kL. CYP7AL OZREBUTMIBIEICITE A B EZ RIT SRV N RENTZ, Zh

%@#%ib NIRERR (LA 7 71— LI K 2 Al FE )i X, SREBP {EPESIHICAE - IEE
ARREEOIKTICERT 5 B 2 b,

(B) A7 ¢ v THENRE OFBLHIHIEAS

AT 4 v TREIREIX, IRE T 7 MBI > 7 -ofiiasiss o 7 v & 3
LTWAZERMBITWADN, MR ~OREHEME I E A CEE STV,
T, x74/:ﬁﬁﬁk&%_ﬁﬁ77b_%ﬁ¢5(w17/ﬁ—maxﬂy O
H’UW%UJ_ 5T S p24 77 S U —H LRI EICHER L, TR DT, FOREE, p24 7
7V =KL RIE T%éﬂmezﬁvTMMHO@%ﬁM% IXoTHiflaRmD A7 4
/nﬁﬁm®%ﬁVAwﬂﬁwﬁé EWRENT, (IR 2 D T-HE R, Zh b
p24 77 2 U —H R EIT O NETERREN ST i F‘OD:I“JV/“MSAOD%%%{EPﬁ#é
ZET, AT« /:l*f‘ﬁ‘ﬁb”’*@%/\ﬁﬂz%nﬂﬂn LTWAZ ENRBEEINZ, GD3 728DV T
UNIIR 7 ¢ o THERRE X, IBE T 7 b THRAMBOEMEEE OEMICEH G L TWnWbH I &
DHHNTNDZ EMH p24 77 2V —=H U RXIBEIC LD AT ¢ v THERE O EA TR
2 AKIRE DI 2 RS T 5 AIREMER B 2 BTz,

s ( PL, Chol, Lano (D
\/

\PL Chol, Desm, 7KC
Nao

NPC1/2-independent
retrograde transport

L
ABCA1 ABCG1
\ / ABCG4

Golgi———

Golgi OSBP
\ Chol <= Lano = Chol
- =9
/ .I, SREBP ER

270HC 250HC —=— Chol <— Lano — Chol 4__'
\ @ ' D
INSIG DHL g
@"HMGCR / Acetyl-CoA

\b UD—b Proteasomal degradation

Chol

Mitochondria

1. N 27 o — it O (Yamauchi and Rogers, 2018, Front. Endocrinol. &
V5l



(4) #HE

1.

2.

3.

JEEZ 7 NOBEERERIFE THD I VAT B — /LKA T (PR OHTHIENC
DUWTHT 21T o 72, FlAN = L A7 o — Lok & AR, X 1IRT X 512 T
BHECTH Y . T ORBEO S THEFFIIARI RSN L, 2 L AT o — AR RS B85
e TIiX, 2 VAT a— A REEDNTH 2NERMEER{LAT v —i kL% SREBP-2 & LXR
OIEVEFRERNZ I\ T, AL U 72 AR O FE SRR S viz, BRi, WIRMERIL A 7 v —v
12k > TLXR DIEMHALR LN Lns |, EASNDE LA T 0 — LD/ IIESC
b A7 1 — iz X% LXRIEMHAL 2 BUICHIE T 2 K1 OFER EOREEENR S 2 b, S
DIRDENTDRMETH D, £T2. A7 4 TFEIRE OG-SR R I ~DORBLUZE L CTlx
p24 7 7 2 U —H LRTEINAERN S AN DIRA~DE T I RE AT 5 2 &T-%@
AR EHIET 5 2 & DRI S T, Kﬂnfﬁbmx74/:ﬁWWEAmﬂ@I%ﬂTé
Nni=, aLxFra—1L 27 ¢ I[EHI H“’?77 MD%EJZ CHEEREETH, 25D
AN S & A OB NIRE 7 7 N OBREMEICEE & E EZ R L TWD Z ERB B
2o,

(51 CiEk]

Schulze A. and Harris AL. (2012) How cancer cell metabolism is tuned for proliferation and vulnerable
to disruption. Nature 491. 364-373.

Yamauchi Y. and Rogers M. (2018) Sterol metabolism and transport in atherosclerosis and cancer.
Front. Endocrinol. 9. 509 (1-22).

Yamauchi Y, Furukawa K, Hamamura K, Furukawa K, (2011) Positive feedback loop between PI3K-
Akt-mTORCI signaling and the lipogenic pathway boosts Akt signaling: Induction of the lipogenic
pathway by a melanoma antigen, Cancer Res, 71, 4989-4997.

Yamauchi Y. et al. (2015) Deficiency in the lipid exporter ABCA1 impairs retrograde sterol movement
and disrupts sterol sensing at the endoplasmic reticulum. J. Biol. Chem. 290. 23464-23477.

Bielska A.A., Schlesinger P., Covey DF., Ory DS. (2012) Oxysterols as non-genomic regulators of
cholesterol homeostasis. Trends Endocrinol. Metab. 23. 99-106.



9 9 4 2

Kuan YC, Takahashi Y, Maruyama T, Shimizu M, Yamauchi Y, Sato R. 295

Ring finger protein 5 activates sterol regulatory element-binding protein 2 (SREBP2) to promote 2020
cholesterol biosynthesis via inducing polyubiquitination of SREBP chaperone SCAP.

J Biol Chem. 3918-3928

DOl
10.1074/jbc.RA119.011849

Chikazawa M, Shimizu M, Yamauchi Y, Sato R. 522

Bridging molecules are secreted from the skeletal muscle and potentially regulate muscle 2020

differentiation

Biochem Biophys Res Commun 113-120
DOl

10.1016/j .bbrc.2019.11.010

Yamauchi Yoshio Rogers Maximillian A. 9

Sterol Metabolism and Transport in Atherosclerosis and Cancer 2018

Frontiers in Endocrinology -

DOl
10.3389/fendo.2018.00509

Yamauchi Y, Yokoyama S, Chang TY. 1583

Methods for Monitoring ABCAl-Dependent Sterol Release 2017

Methods Mol Biol 257-273
DOI

10.1007/978-1-4939-6875-6_19.




Chang TY, Yamauchi Y, Hasan MT, Chang C 58

Cellular cholesterol homeostasis and Alzheimer®s disease. 2017

J Lipid Res 2239-2254
DOl

10.1194/j1r .R075630

Komura N, Suzuki KG, Ando H, Konishi M, Koikeda M, Imamura A, Chadda R, Fujiwara TK, Tsuboi H, 12

Sheng R, Cho W, Furukawa K, Furukawa K, Yamauchi Y, Ishida H, Kusumi A, Kiso M.

Raft-based interactions of gangliosides with a GPl-anchored receptor 2016

Nature Chem Biol 402-410
DOl

10.1038/nchembio.2059

Bhuiyan RH, Kondo Y, Yamaguchi T, Tokuda N, Ohkawa Y, Hashimoto N, Ohmi Y, Yamauchi Y, Furukawa 26

K, Okajima T, Furukawa K

Expression analysis of 0-series gangliosides in human cancer cell lines with monoclonal 2016

antibodies generated using knockout mice of ganglioside synthase genes

Glycobiology 984-998
DOl

10.1093/glycob/cww049

Nogimori K, Hori T, Kawaguchi K, Fukui T, Mii S, Nakada H, Matsumoto Y, Yamauchi Y, Takahashi 49

M, Furukawa K, Tetsuya 0, Yokoi K, Hasegawa Y, Furukawa K

Increased expression levels of ppGalNAc-T13 in lung cancers: Significance in the prognostic 2016

diagnosis

Int J Oncol 1369-1376
DOl

10.3892/ij0.2016.3638




Yamaguchi T, Yamauchi Y, Furukawa K, Ohmi Y, Ohkawa Y, Zhang Q, Okajima T, Furukawa K 6

Expression of B4GALNT1, an essential glycosyltransferase for the synthesis of complex 2016

gangliosides, suppresses BACELl degradation and modulates APP processing

Sci Rep 34505
DOl

10.1038/srep34505

19 5 1
ABCA1
2020
2020
Insig
92
2019
92

2019




Regulation of cellular sterol homeostasis by endogenous oxysterols

92

2019

Yamauchi Y, Saito H, Sato R

Role of endogenous oxysterols in cellular cholesterol homeostasis

60th International Conference on the Bioscience of Lipids

2019

73

2019

mTOR

72

2018




Sterol flux at the plasma membrane and sterol sensing at the ER

91

2018

102

2018

41

2018

SREBP-SCAP

41

2018




2019

2018
lipogenic phenotype
59
2017
mTOR SREBP
2018
2018
SREBP-2
2018

2018




Ankrdl

2018

2018

SREBP

SREBP

2016

Ta-Yuan Chang

ABCA1

HDL

2017

2017

Ta-Yuan Chang

ABCA1

HDL

2017

2017




(Sato Ryuichiro)

(50187259)

(12601)




