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Quantitative/qualitative changes of hypothalamic gangliosides and the regulatory
mechanism of receptor functions in the development of obesity
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Hyperphagia/high-fat-diet consumption causes impaired leptin responsiveness
through stress or inflammation in hypothalamus. However, the precise mechanisms remain to be
elucidated. We found that in hyperphagic obese model, mice with knockout of glycolipid ganglioside
synthase GM3S displayed significantly lower body weight and food intake, and that gangliosides
modulate hypothalamic leptin receptor signaling. Furthermore, we found that high-fat-diet-induced
hypothalamic inflammation was suppressed in the GM3S knockout mice, suggesting that a novel
functional role of gangliosides in the control of feeding and metabolism.



B X C—19,. F—19—1, Z—19 ({38)

1. WFERRMRE O 5

AHXRY w7 vy Ra—AOREICBW L, BRSO BEREE ZNEI A R v
BHMEOERENMES B> T b, £z, BIEHEOBIMER Fcs i) 2HAx DA N L A%
MLTULTFUBBUEAE L, BR - RHFRHERERTE L ORN D EDRINTNDID, £
DOFEM7R TR IR S S, Fex T, L7 F U2 RIET 28 - JERE 7 /1iC
BWT, FERE Y 7V A K GM3 GalllE#E (GM3S) 2 KT~ T AEERLT-L 2 A,
FZHHIARE - BEFEOEMA I Z S, R FEIZB W T L 7T VINE N B IHER ST
LHZEERHLTWS, LnL, TOWREICHD A D =X LEIARHTH- 72,

2. WHEOHRM

BERRE A > 77V A R, AEREOR/INMER 2R T 28y 0—>2 L LTy 7 IniE &
RS B> T, ZOAEGHRKEOMBEWE CH LT 7Y A K GM3 &, I L 505
IARERR DABMERIEN PRI BLAS AN L, 2 BB PRIF - MR E o B Iz W T FiRE o L7
DRERD BN D, AHFFETIE, IEMBEBRICBOWTAELIHETHORA NV AT TON 7 4
v RO RN BN L L TNNER - REFAEISREICEE RS RIR S 72 D8
BEE L, IEHRIERRE COZ R X —EE RSB IR T o T 7 ) 4 o % W
LT 5,

3. WHRROITIE

(1) RN ARBIC L0 FESNBEK FIA hLACBIT 20 7 U 4y RORBZEL
OV TH, FRIICE(LT 59 TROME & RBT,

(2) 7J‘/7 U F ]\@%véfﬁ‘%'ﬂﬁzh 1/7°?:~\/§L’§{2'§%j|\ Lf:*;%ﬁ . 1ﬁ§§ﬁ)ﬁ§ﬁ“/7ﬂ‘/w:lﬁ—izé
BBV THRMET - 72,

(3) BHARMBIOT 77U AT R GMS R~y RZEWCEEBEIEAREZITV., BE -
BRI HE R RIR Y TNV B E B2 D LB 2 DN DR P RIEICEN
HOENDNE I DRFTEITo 72, S BT, Mtz AV CRIEIGEIZOW TR 21T -
77

4. HFFERE

(1) 122V T, HH), C5TBL/6 R D~ 7 A% AW TERMIAEANIC L AR FHRIED K
ZERLTN, 8B CIL INF- a BB T O ERRE ERIIA N2 ot 22T, L0 H
W 2 AE S 5 KK ~ 7V A2 HWe & 2 A, 4 #lfE TR FEICEBIT 2 RIEMEY A R4 v
TNF- o BBAG T OB EAPNHER TEz, —F T, B 7V Ay RERICEED DA DA R E
G REDFEEUNZ OV TRELL BT L DOIFRWTEE o7z, BIL KR FE > 7%
Folch B THiH UIREfENT 24T 72, LvL, A7 U AT RO LRBEEEIZ R W'
oo T,

(2) 1Z2WT, FUR THE eIk & 0 /ERL L 72 GM3S KRIBHEIR Z W T L 7' &k
L (K1), B8 =3 X—REBHNCED D L7 F U Z/IEO Tty 7 )& LT STATS
BELOERK OV UELICHE H LB AT & Ol 2 T2 & 2 A, GM3S KM TIXL 75
CYEINZ XD STAT3 @ U ligfl (pSTAT3) 2355 LT\ /e23, —J7 CERK @ U U ig{k (pERK) 23
RELTUELTWeE (K2), V7T UZBER T ERK i bIL, STATS {EMHEAL & [ U < R
THEEOER - [UHHEREICEE CH D Z ENWEINTEY, BE - WlET L~ U ZADJEHE
23 GM3S RIBICE D F LK KE LB ROBEIZH D A I =XLOOEDERLMNI LT,



4 .HexCer'

e B T e o e BB == =
- ‘

B

-; : , { 3 Gb3

§ . Gb4 y {
Pt - e e e @S
E#ME GM3S KRk E#ME GM3S Kk
1. PR TS b eIk & 0 8L L 7= GM3S KAE N

AR GM3Skig FFER GM3Skig
0 5 15 30 60 90 0 5 15 30 60 90 0 5 15 30 60 90 0 5 15 30 60 90

PERK m‘ztm PSTATS M —— - i ¥
Bt et STATS ——"

2. GM3S KIBfHIAZ W= L 7 F Bt o Et

(3) BRI LTUNGM3S KB KK ~ 7 A2 4 B O S EARA2ITo7-& 2 A, GM3S KiE~
U ACIIAREREM, MBHE B ME SN TEB Y, 1K TEO TNF- o BT ORE LA NEE
WZHIH STV, o7 U Ay RORKN, MNOGERYIaTh LI 7 a7 U 7 OiEMH(L
WG 2 BT 5720, 7 v 7 ) THIBERIZIS W T GM3S KO Mifd 2 /ERL L, RIEISEIZ
R 5 Toll BEZ A (TLRs) DIEMAL 2 & FR U 7 FRlidt: DG LYo A A v 5WwE
WX VREI L2, GM3S KO MW TIiE, URSHEZR E D TLRA U 4 > FIZ K A IEMEAL 3 ]
ENTW e, ULEDFERNS, W7V Ay R 7 a7 U 7 OFEMAGHEE 20 L CHRE Ti%k
SEOEREZRE L TWAZ LARBI NI,



6 4 1 2

Kanoh Hirotaka, Nitta Takahiro, Go Shinji, Inamori Kei- ichiro et al. 39
Homeostatic and pathogenic roles of GM3 ganglioside molecular species in TLR4 signaling in 2020
obesity
The EMBO Journal e101732
DOl
10.15252/embj .2019101732
Inamori Kei-ichiro, Inokuchi Jin-ichi 21
Roles of Gangliosides in Hypothalamic Control of Energy Balance: New Insights 2020
International Journal of Molecular Sciences 5349 5349
DOl
10.3390/ijms21155349
92
2020
323 335
DOl
10.14952/SEIKAGAKU.2020.920323
Inamori K, Ito H, Tamura Y, Nitta T, Yang X, Nihei W, Shishido F, Imazu S, Tsukita S, Yamada T, 59
Katagiri H, Inokuchi J
Deficient ganglioside synthesis restores responsiveness to leptin and melanocortin signaling in 2018
obese KKAy mice.
Journal of Lipid Research 1472-1481

DOl
10.1194/j1r .M085753




Nihei W, Nagafuku M, Hayamizu H, Odagiri Y, Tamura Y, Kikuchi Y, Veillon L, Kanoh H, Inamori K, 59
Arai K, Kabayama K, Fukase K, Inokuchi J

NPC1L1-dependent intestinal cholesterol absorption requires ganglioside GM3 in membrane 2018

microdomains.

Journal of Lipid Research 2181-2187
DOl

10.1194/j1r .M089201

Nitta T, Kanoh H, Inamori K, Suzuki A, Takahashi T, Inokuchi J 29

Globo-series glycosphingolipids enhance Toll-like receptor 4-mediated inflammation and play a 2019
pathophysiological role in diabetic nephropathy.

Glycobiology 260-268

DOl
10.1093/glycob/cwy105

11 1 1

Glycosphingolipids in central and peripheral leptin signaling

141

2021

38

2019




92

2019

Kei-ichiro Inamori, Hirotaka Kanoh, Takahiro Nitta, Jin-ichi Inokuchi

Glycosphingolipids and leptin signaling

11th Asian Community of Glycoscience and Glycotechnology (ACGG) Conference

2019

7 AAA (Academy of Aging and CArdiovascular-Diabetes Research)

2019

84

2018




37

2018

91

2018

KKAy

12

2018

KKAy

11

2018




KKAy

57

2018

Inokuchi J, Inamori K, Kabayama K, Nagafuku M, Uemura S, Go S, Suzuki A, Ohno I, Kanoh H,
Shishido F

2018

Academic Press

44 (152-195)

Biology of GM3 ganglioside (Book Chapter in Gangliosides in Health and Diseases)

https://www.tohoku-mpu.ac.jp/pharmacy/lab/1p_do4/




