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Sphingolipid metabolic pathway (mainly degradation)

Glucosylceramide synthase
Sphingomyelin /

Sphingomyelin synthase I Sphingomyelinase (acid, neutral)

Ceramide Kinase Ceramide L. GlcCeramide
Ceramide 1-phosphate Ceramidase (acid, neutral)

Ceramide synthase Sphingosine

Sphingosine kinase 1 and 2

Sphingosine 1I-
phosphate

phosphatase Sphingosine 1-phosphate lyase

Hexadecenal Phosphoethanolamine



Sphingolipid biostat (rheostat) model

Ceramide, Sphingosine Sphingosine 1-phosphate
Cell growth suppression z Cell growth
Cell death Survival
Cell senescence Motion
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(I) ATRA story

All trans retinoic acid and sphingolipid
Metabolic pathways
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(1) Up-regulation of acid
sphingomyelinase during retinoic acid-
induced myeloid differentiation of NB4, a
human acute promyelocytic leukemia cell
line

Murate T. et al.
J Biol Chem 277:9936-9943, 2002 [1]
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(2) Transcriptional regulation of neutral
sphingoimyelinase 2 in all-trans retinoic acid-
treated human breast cancer cell line, MCF-7

Ito H. et al.
J Biochem 151:599-610, 2012 [2]
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In MCEF-7 breast cancer cells

ATRA

l

PKC delta activation (RAR/RXR dependent)

l

Sp1 activation

|

Increased NSMase2 expression



(3) ATRA inhibits ceramide kinase
transcription in a human
neuroblastoma cell line, SH-SYS3SY
cells: the role of COUP-TFI

Murakami M. et al.
J Neurochem. 2010 Jan;112(2):511-520. [3]



Ceramide

ATRAIZEAHIBARAESSF X703, SIPOE{LE
(A) (B) (C)

400 ¢ ,
CATRA(H) [ 015
300 | L5 . b=
c ** : <
@ p < 0.005 - 2 _
o *p <0.05 OB S0
(V2] bt T =
o 200 S5 1. =
& *% g > g g
< g 02 §> £ 0.05
100 } 0.5 A =
ﬂ I (%
0 Hll | ] O T 0
N 6 ®
& & 4
Yoy Y ,cﬁL (;» ATRA

‘b\' ‘b'\' ‘b\' ‘b ‘b
I S P A

tHE#8 [4]  Tanaka et al. J. Biochem 151(6);611-620, 2012 [4]



ATRA [EE53F 37— (CERK) RIEZFHHT 5

SH-SY5Y cell (neuroblastoma cell)

(a)
z 120 (b)
= 100} et ATRA (uM)
« 80 (=) 103102 101 10° 10! (kDa)
é 60 CERK I“-— <« 60
8 B-actin I—-—————- <+ 43
.g 40
= 20
D
B (d)
0
0 1.2
ATRA z 10
l% .
£ 0.8
»
v
(c) < 0.6
—ATRA_ Retinol Z
(-) 24h _48h (o) 24h 48h (kDa) g 0.4
— e =
CERK [ ——]- 0 £,
B-actin | s — P‘-F 4 é
’ . (-) 24h 48h24h 48h  (-) 24h 48h
ATRA Retinol ATRA
CERK SPHK1

88 [3]



ATRA [ZSH-SY5Y cell) f##E R 9t
TiEEI D
(b) (c)

100 (*0)

(a) ATRA (-) ATRA (+)

Mock

! ATRA §+)
ATRAD) Mock CERK sc17

_ATRA_  _ATRA
-) 24h48h (-) 24h48h *PJ)
GAP-43 e 43
B-actin | s e o w— |43

(]
o

(o2}
o

CERK
sc 17

N
o

N
o

Neurite (+) cells
(Neurite > 50 pm)

(@)

Mock CERK scl7

(d)
ATRA (+)
(e)loo(%) ! ATRA (-) (f)
Scrambled | = o
. .
SIRNA 3§ 50 Scrambled siRNA CERK siRNA
¥ B ATRA ATRA
o o 20 ()24 748N (-) 24h4gh (kDa)
£ T 20 GAP-43 [ # el
o .
CERK % é 0 B-aCtIn I ‘-’»-—\4—45-'\-—|4' 43
SiRNA Scrambled CERK
siRNA siRNA

H B [3]



()

-1700

(b)

TOE—2— T

Tr_apscription initiation point (NM_022766)

ATRA (+)  ATRA (+)/(-) rati

(bp) Luc _ﬂ_ﬁH* * p<0.001 !ATRA ) ((;;é) reto
-1100 L uc — - 0.55
-580 Luc — [ 053
134 ———T "= - — 037
-100 Luc | H O 56
85 " _ - 0.40

—p 40 T Luc 0.58 €«—
-28 ™I uc 0.87
-3 ] LUC 1 1 1 L L L 1 1 ] 1.00

Promoter construct 0 50 100 150 200 250 300 350 400
Relative luciferase activity
RARE-like motif

TCCCCGGCGCCCG

-40 (bp) 1

Luc

ATRA(+)
E ATRA(-)

* p<0.001

— — ]«

RARE mutation

Luc

__—;_—lN.S.

-28 =

Luc

p—

AAATTTCAAATTT ., _

Luc

Promoter construct

Hi 8 [3]

hl

10 20 30 40 50 60
Relative luciferase activity

ATRA (+)/(-) ratio
0.58
0.86
0.87
1.00



ChIP assay
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(4) Role of down-regulated neutral ceramidase
during all-trans retinoic acid-induced neuronal
differentiation in SH-SY5Y neuroblastoma cells

Tanaka K. et al.
J. Biochem. 2012:151(6);611-620 [4]

Decreased NCDase transcription by
ATRA-induced GATA?2 suppression
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Summary of ATRA story

ATRA modulates sphingolipid metabolic pathway, leading
to increased ceramide levels (context-dependent).

Sphingomyelin

Ceramid kinase
via COUP-TFEI —

induced s réssion o
B i

Ceramide 1-phosphate

Sphingosine

Sphingomyelinase (acid, neutral) T

via RAR/RXR or activated Sp1

CELL GROWTH ARREST,
APOPTOSIS

and/or DIFFERENTIATION
Neutral Ceramidase

via suppressed GATA2 level




(I) Sphingosine kinase 1 (SPHK1) story



Sphingolipid metabolic pathway (mainly degradation)

Glucosyl ceramide synthase
Sphingomyelin /

Sphingomyelin synthase I Sphingomyelinase (acid, neutral)

Ceramid kinase Ceramide L. GlcCeramide
Ceramide 1-phosphate Ceramidase (acid, neutral)

Ceramide synthase Sphingosine

Sphingosine kinase 1 and 2

Sphingosine 1I-
phosphate

phosphatase Sphingosine 1-phosphate lyase

Hexadecenal Phosphoethanolamine



(5) RET signaling-induced SPHK1 gene expression plays
a role in both GDNF-induced differentiation and
MEN2-type oncogenesis

Murakami M. et al.
J Neurochem 102:1585-1594, 2007 [5]

RET is the GDNF receptor subunit
TGW cell: RET(+) cell line
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(6) Sphingosine kinase 1/S1P pathway involvement
in the GDNF-induced GAP43 transcription

Murakami N. et al.

J Cell Biochem 112:3449-3468, 2011
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Schematic presentation of
GDNF/RET/SPHK/S1P/GAD43
pathway
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(7) Transcription factor specificity protein 1 (Sp1l) is
the main regulator of nerve growth factor-induced
sphingosine kinase 1 gene expression of the rat
pheochromocytoma cell line, PC12.

Sobue S. et al.

J Neurochem 95:940-949, 2005



(8) Aberrant expression of SPHKI1 in

hematological malignancies :
Myelodysplastic syndrome and AML

SPHK]1 is oncogenic

Sobue S. efal. Leukemia 20: 2042-2046, 2006 [6]
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(9) The relevance of SPHK1 as a marker for
Daunorubicin sensitivity of leukemia cells

SPHK]1 as the sensor of leukemia chemosensitivity

Sobue S. et al. Int J Hematol 87:266-275, 2008 [7]
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Changes in Cellular Ceramides and S1P Content after Daunorubicin Treatment

Cell Ceramide
C1e6 C18 C24 S1P
Daunorubicin - + - + - + - +
(pmol/0.5 mg protein)
DA K562 375 464 19.6 34.8 726 715 6.1 5.4
. ) +/-SD 75.7 159 3.8 11.7 12.8 43 1.1 1.2
resistant I
KUS812F 120 185 72 125 757 848 102 123
+/-SD 2.4 9.3 1.7 0.6 103 241 0.9 1.9
ALM-17 1118 1678 498 1047 1760 4692 243 115
DA- +/-SD 508 214 16.6 66.2 238 739 4.3 1.7
sensitivey  npy 579 703 141 208 670 1436 82 35
+/-SD 80.7 41.5 35.5 8.2 109 254 3.3 1.3

DA: Daunorubicin
Hi g [7] Sphingolipid: Measured by LC-MS/MS
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(10) Sphingosine kinase 1 expression is
downregulated during differentiation of Friend
cells due to decreased c-MYB

Mizutani N. et al.
Biophim Biophys Acta 2013 [8]
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My journey to the sphinx of the lipids

 Cellular sphingolipid metabolites are finely
regulated by a series of metabolic enzymes [

* The aberrant expression of sphingolipid
metabolic enzymes leads to the abnormal
cellular behavior, such as oncogenesis or
apoptosis.

* The modulation of respective sphingolipid
metabolic enzyme Is the promising strategy In
the field of oncology, iImmunology, metabolic
diseases and degenerative disorders.

https://www3.nd.edu/~aseriann/sphingo.html
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