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Glycosphingolipids (GSLs) are located exclusively on the outer leaflet of the cellular plasma membrane and are
believed to regulate many biological events including development, cellular trafficking, signaling and cellular
interactions.

GSLs are based on ceramide and glycan moiety, and have structural diversity in both ceramide (in its sphingosine
and acyl chain structure) and glycan portion. Each molecular species should have distinct biological functions.
Gangliosides are a group of glycosphingolipids with one or more sialic acids in their glycan portion. Our group has
previously shown that ganglioside GM3 level was increased in cultured adipocytes in a state of tumor necrosis
factor a-induced insulin resistance, and the depletion of GSLs by the inhibition of glucosylceramide synthase, results
in nearly complete recovery from the resistance of insulin receptor signaling.

In this study, we have systematically examined the effect of high fat diet (HFD)-induced obesity focusing on
the structural alterations of GSLs in insulin-target organs (liver, skeletal muscle and adipose tissues), and serum
and pancreas. We found the distinct structural alterations of the ceramide portion of GSLs in the HFD-induced
obese mice, which include 1) the increase of long acyl chains, 2) introduction of OH moiety at C2 (a ) position, 3)
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the introduction of double bond.
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Fig. 1. Biosynthetic pathway of Glycosphingolipids (GSLs).

GSLs are based on ceramide (Cer) and glycan moiety, and have structural diversity in both ceramide (in its
sphingosine and acyl chain structure) and glycan portion. Major classification have traditionally been based on
the glycan. Gangliosides are a group of glycosphingolipids with one or more sialic acids in their glycan portion.
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Fig. 2. Proposed mechanism behind the shift of insulin receptor (IR) from caveolae to GSLs enriched microdomains in

adipocytes during a state of insulin resistance.
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Fig. 3. Phenotype of HFD induced obesity mice.

a) Body weight

b) Fasted blood Glucose

¢) Fed blood Glucose

d) Intraperitoneal Glucose Tolerance Test (IPGTT)
e ) Intraperitoneal Insulin Tolerance Test (IPITT)
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WEEE 72 X R B R 2 2 e B S 7
%, KA VA COBEPENEN 2TV, A ¥
A AR T 72 (Fig 3-e). ZOR%E, 1
YA VIR EPIER S o IUHEE o B T SR BE T
ZIZFESETH Y, MEHEAMIZL TS 2 RY
YOREZHICKREREBIH WAL I
LOFERIE, RO 10 EEEREY 5272~
AT HIHERIGEC S Cd b ERIE S NS,

2. EEBBARICED MR CREZHHEBD
27«4 > IBIEEZEIL (TLC IC K B4T)
1080, =R &% 5 % 72 C57BL/6 Mk~
AD, KA YA VIEZWMBEOR T 4~ TNRE

O TLC T & 1T - 72, ORI IRT.

o i i

R BT, BHPIAO N WREA T 4 > T
WEARE 12 GM3, GM2 (Fig. 4-a), A7 4 v I
PEREIZZVay veT I FTHo7 (Fig 4-b).
BRI E 5 272~ 2D GM3, GM2, ZLva



54 AnEZE, 4%

18%], Lucas Veillon, fEf&—H8, H/ f-—

Fig. 4. Glycosphingolipid expression patterns in the livers
of HFD-fed mice (C57BL/6).

The acidic (a) and neutral (b) lipids were separated on
HPTLC plates and visualized with orcinol-sulfuric reagents. (c)
is the enlarged view of the GM2 bands.

(a)

Fig. 6. Glycosphingolipid expression patterns in the
skeletal muscles of HFD-fed mice (C57BL/6).
The acidic (a) and neutral (b) lipids were separated on

HPTLC plates and visualized with orcinol-sulfuric reagents. (c)
is the enlarged view of the GM3 bands position in (a).
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Fig. 5. Glycosphingolipid expression patterns in the serums
of HFD-fed mice (C57BL/6).

The acidic (a) and neutral (b) lipids were separated on
HPTLC plates and visualized with orcinol-sulfuric reagents. (c)
is the enlarged view of the GM2 bands.
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Fig. 7. Glycosphingolipid expression patterns in the
adipose tissues of HFD-fed mice (C57BL/6).
The acidic (a) and neutral (b) lipids were separated on
HPTLC plates and visualized with orcinol-sulfuric reagents. (c)
is the enlarged view of the GM3 bands.
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Fig. 8 Glycosphingolipid expression patterns in the head
of pancreases of HFD-fed mice (C57BL/6).

The acidic (a) and neutral (b) lipids were separated on
HPTLC plates and visualized with orcinol-sulfuric reagents. (c)
is the enlarged view of the GMI bands.
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Fig. 9. Glycosphingolipid expression patterns in the tail
of pancreases of HFD-fed mice (C57BL/6).

The acidic (a) and neutral (b) lipids were separated on
HPTLC plates and visualized with orcinol-sulfuric reagents. (c)
is the enlarged view of the GMI bands.

*indicate sphingomyelin
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Fig. 11. Effect of HFD on the structures of GlcCer molecular species in the adipose tissue, serum, liver, skeletal muscle.

Analysis of GlcCer by LC-MS/MS was performed as described in materials and methods.
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Fig. 12. Quantitative analysis of GlcCer in insulin target organ of HFD-induced obesity mice.

Total GlcCer level was increased in the a) liver, b) serum, d) adipose tissue of HFD-fed mice.
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Fig. 13. Glycosphingolipid expression patterns in the HepG2 cell. Glycosphingolipids were obtained
from the HepG2 cell of control and palmitate treated cell.

The acidic (a) and neutral (b) lipids were separated on HPTLC plates and visualized with orcinol-sulfuric
reagents. (c) is the enlarged view of the GM3 bands. (d) is the enlarged view of Sialyl Palagloboside (SPG).
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