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Effects of Unnatural Lysosphingolipids on Cell Growth, Morphology
and Lipid Metabolism in Mouse Neuroblastoma Cells in Culture

Eiko Suclyama
Department of Lipid Biochemistry, Institute of Cardiovascular Disease,
Shinshu University School of Medicine
(Directer : Prof. Tamotsu TAKETOMI)

Effects of exogenous lysosphingolipids, which are composed of sphingosine base and polar head groups
such as phosphocholine and sugar chain, on cell growth, morphology, and lipid composition were examined in
three neuroblastoma cell lines derived from A/J C1300 clone; NS-20Y, Neuro2a, and N1E-115. All of the
synthetic lysosphingolipids such as L-##reo dominant sphingosylphosphocholine and D-ervthyo psychosine,
glucosyl-psychosine and lysosulfatide inhibited cell growth and produced various kinds of cell damage. These
cells had similar phospholipid compositions, being mainly composed of phosphatidylethanolamine,
ethanolamine-plasmalogen, phosphatidylcholine, choline-plasmalogen, phosphatidylserine and sphingomyelin.
However, we observed differences in ganglioside compositions, which consisted of GM3, GM2, GM1, GD3 and
GDla in NS-20Y and Neuro2a, and of GM3 and GM2 in N1E-115. The exogenous sphingosylphosphocholine
induced neurite outgrowth in all cell lines at a concentration of more than 50xM. Synthetic N-acetyl
sphingosylphosphocholine showed a similar effect but natural sphingomyelin did not. Moreover, the exogenous
sphingosylphosphocholine was found to increase cellular sphingomyelin, cholesterol and GM3 in all cell lines,
although the mechanism is unknown. From pulse and chase experiments of L-t#eo dominant [3-*H]sphin-
gosylphosphocholine in cells, it was assumed that the exogenous sphingosylphosphocholine is incorporated and
degraded into phosphocholine and sphingosine by phospholipase C or sphingomyelinase in cells, and that the
sphingosine is rapidly acylated to newly synthesized ceramide which is gradually converted to newly synthes-
ized sphingomyelin either by phosphatidylcholine : ceramide cholinephosphotransferase, or by CDP-choline :
ceramide cholinephosphotransferase. Shinshu Med. J., 40 : 45—59, 1992
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Fig. 1 Chemical structure of lysosphingolipids
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Fig. 3 Effects of four lysosphingolipids on cell growth in three mouse neuroblastoma cell

lines, NS-20Y (A), Neuro2a (B) and N1E-115 (C). Cells were seeded at a density of
1X10* cells/cm? and then cultured for 5 or 6 days with 2 ml of Dulbecco’s MEM
containing 109 FCS, 100 Units/ml of penicillin, 100xg/ml of streptomycin and one
of the following lysosphingolipids : SPC (-@-), Ps (-W-), Glc-Ps (-4-) and lysoCS
(-A-). After the culture, cells were harvested by trypsin treatment and the number
of cells was counted. Each cell number is expressed as a percentage of the control.
* P<0.01 (vs. control)

Fig. 4 Morphology of NS-20Y cells incubated with 100M of SPC (A), NAcSPC (B),

No. 1, 1992

SM (C) and no-treated (control, D) at 3 days in culture. (original magnification X 78)
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Fig. 5 Distribution patterns of phospholipids treated with SPC (A), NAcSPC

(C), SM (D) and control (B) from NS-20Y cells. For developing, solvent
B (for the first run, see text) and solvent C (for the second run) were
used. All spots were detected by spraying cupric-phosphoric acid
reagent and heating at 150°C for 15 min'®. PC, phosphatidylcholine ;
P-PC, choline-plasmalogen ; PE, phosphatidylethanolamine; P-PE,
ethanolamine-plasmalogen ; PS, phosphatidylserine ; SM,
sphingomyelin

Table 1 Phospholipid composition in mouse neuroblastoma cells

NS-20Y Neuro2a N1E-115

CTL*SPC NAcSPC SM  CTL SPC NAcSPC SM  CTL SPC NAcSPC SM

phospholipids (%)

PE* 9.4 7.0 6.4 10.1 12.1 14.2 13.9 7.5 14.4 15.8 17.5 14.2
E-PL® 12.4 11.9 16.8 28.4 21.4 6.9 15.5 32.5 21.0 15.7 14.6 13.4
PC? 65.1 58.8 65.4 50.5 42.7 47.7 40.2 46.8 50.2 41.5 49.6 45.4
C-PL? 3.0 4.1 4.0 6.5 9.8 8.1 14.1 6.7 3.9 71 69 8.7
pPSf 6.4 5.9 1.4 2.3 9.6 11.7 7.6 3.1 5.6 6.7 4.7 9.7
SM 3.5 11.3 5.9 2.0 4.4 11.4 8.7 3.5 4.9 13.2 6.8 8.6

2 control ; ® phosphatidylethanolamine ; ¢ ethanolamine-plasmalogen ;
4 phosphatidylcholine ; ¢ choline-plasmalogen ;  phosphatidylserine

fEINEEEE  Vol. 40
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Table 2 Ganglioside composition in mouse neuroblastoma cells

NS-20Y

Neuro2a

N1E-115

CTL SPC NAcSPC SM

CTL SPC NAcSPC SM

CTL SPC NAcSPC SM

gangliosides (%)

GM3 2.0 9.9 4.2 1.9 16.5 26.2 21.7 15.8 30.3 47.0 33.5 34.5
GM2 15.2 245 12.8 19.4 23.2 33.0 20.5 33.6 69.6 53.0 66.5 65.5
GM1 4.9 12.2 5.1 5.3 16.0 10.9 15.5 14.3
GD3 4.2 1.6 7.7 5.3 5.0 3.5 7.3 6.7
GDla 73.3 51.1 70.2 66.7 39.2 26.4 35.0 29.7

A

std 1 2 3 4

std 1 2 3 4

2 3 &

std 1

Fig. 6 Distribution patterns of gangliosides treated with SPC (lane 2), NAcSPC (lane 3),
SM (lane 4) and control (lane 1) from three neuroblastoma cell lines. Developing was

carried out with solvent D (see text) and all spots were detected by spraying
resorcinol-HCI reagent'” and heating at 95°C for 25 min'®.
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Fig. 7 Distribution of radioactivity incorporated into NS-20Y cells after pulse with
25uM of [3-*H]SPC (0.46 xCi/flask) for 0.5-24 hrs. TLC was carried out with
solvent system A (see text) and visualized by fluorography. Authentic SM and
ceramide (Cer) were detected with cupric-phosphoric acid reagent!®. Major
three radioactive spots are shown as X, Y and Z. O, origin; F, front

(A) (B)

-

- -
-
o-|® :
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Fig. 8 Identification of the radioactive lipids from NS-20Y cells incubated with
[3-*H]SPC (X and Y). The products derived from X and Y after hydrolysis
were analyzed by TLC-fluorography. Lane 1 and 3, authentic sphingosine
(dihydrosphingosine) ; 2 and 4, products from X after methanolysis!®;
5, authentic ceramide; 6, authentic SM; 7, product from Y after
phospholipase C treatment®”; 8, product from Y after sphingomyelinase
treatment®”. Panel (A) was developed with solvent H. Panels (B) and (C) were

developed with solvent A (see text). O, origin
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Table 3 Distribution .of radioactive compounds from NS-20Y
cells after pulse with 25uM of [3-*H]SPC (0.46 xCi/
flask). Values are shown as mean =+ S.D. of 3

experiments.
Incubation [3-*H]SPC incorporation (dpm/10° cells)

time (h) Cer SM SPC
0.5 124+18 12017 321+34
343£105 17513 50092
2 715+48 323+25 456 57
992184 776+131 79177

24 2,358+114 2,288+163 7881234
A B

- -
i

stds o0 1

SM-

Radioactivity (% of control)

00—

4 8 24 48h

g

[3)]
[=]

r—;
SM
Cer
A i 1 i
o014 8 24 48

Chase (h)

Fig. 9 Distribution of radioactive ceramide and SM from NS-20Y cells during the chase.
Panel (A), fluorogram ; Panel (B), Each lane of the fluorogram was determined by
densitometric scanning and plotted. ; O, origin; Cer, ceramide

The condition of TLC-fluorography and detection was same as that in Fig. 7.
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Fig. 10 The difference between naturally occurring
sphingomyelin and newly synthesized
L-threo dominant sphingomyelin extracted
from NS-20Y cells after the incubation with
SPC. Lane 1, total lipids from NS-20Y cells
(control) ; lane 2, total lipids from NS-20Y
cells incubated with SPC; lane 3, radioactive
lipids from NS-20Y cells incubated with
[3-*H]SPC. The samples applied to the lane
1 and 2 were treated with 0.2N NaOH in
methanol at 37°C for 2 hrs. TLC condition
was same as that in Fig. 7. O, origin
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Fig. 11 The major proposed pathways of sphingomyelin biosynthesis.
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Fig. 12 The assumed metabolism of exogenous L-fhreo
dominant sphingosylphosphocholine in mouse neuro-

blastoma NS-20Y cells.
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