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Scyphostatin is a specific inhibitor for mammalian neutral magnesium-dependent
sphingomyelinase with a fifty percent inhibition concentration (ICs,) value of 1.0 um. When
used to inhibit lysosomal acid sphingomyelinase, an approximately 50-fold greater
concentration is required. In human peripheral monocytes, the compound inhibits bacterial
lipopolysaccharide (LPS)-induced prostaglandin E, production and LPS-induced
interleukin-1f production with IC;, values of 0.8 uM and 0.1 uMm, respectively. In rat, p.o.
administration of the compound has also been shown to inhibit carrageenin-induced paw
edema. Thus, itis hoped that utility of scyphostatin as a pharmacological tool will contribute
to our understanding of the role of ceramide in the cellular inflammation process.

Inflammatory diseases are characterized by edema,
cellular infiltration, tissue destruction, and release
of arachidonate metabolites. Tumor necrosis factor
(TNF)e, interleukin 15 (IL-15), IL-6, IL-8, and a number
of other prototypic inflammatory cytokines have been
implicated as central contributors to inflammatory
responses. These cytokines share the ability to induce
neutrophil degranulation, bone resorption, prostaglan-
din E, (PGE,) production, procoagulant activity, and
collagenase secretion. In immune cells, bacterial
lipopolysaccharide (LPS), the molecule responsible for
the induction of septic or endotoxic shock, stimulates
the secretion of these biologically active cytokines such
as TNFa, IL-18, 1L-6, and IL-8. In this regard, some
studies have linked the LPS-induced activation mecha-
nism to the sphingomyelin (SM) cycle, a newly described
signal transduction pathway!~%.

The SM cycle is initiated by the hydrolysis of
membrane SM to ceramide and phosphocholine via
activation of neutral pH-optimum and magnesium-
dependent sphingomyelinase (N-SMase). Ceramide has
emerged as a second messenger molecule thought to
mimic most of the cellular effects of TNF«, IL-1f, and

LPS in terminal differentiation, apoptosis, and cell cycle
arrest®~®, For example, some of the biological effects
of ceramide in immune cells include PGE, production
through cyclooxygenase II activation, IL-6 production,
nuclear factor-xB, and inducible nitric-oxide syn-
thase” ™~ 12,

As reported in a preceding paper, scyphostatin, a new
inhibitor of N-SMase, has been isolated from the culture
broth of Trichopeziza mollissima. This paper describes
the biological activities of scyphostatin with a primary
focus on the inflammation processes stimulated by LPS.

Materials and Methods

Materials

Unless otherwise specified, all reagents were obtained
from Sigma. All the cell lines were purchased from the
American Type Culture Collection. [N-methyl-1*C]
sphingomyelin (bovine) was purchased from Amersham
Co., Ltd.; bacterial lipopolysaccharide (LPS) from Difco;
ELISA kits for PGE, and IL-1p from Cayman; ELISA
kits for TNFa and IL-6 from Genzyme; ELISA kit for
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IL-8 from R & D; and AlmarBlue from Bio Source.

Iissue Culture

All the cells were maintained at a density of
1 x105~5x10°% cellsyml at 37°C in a humidified
atmosphere of 5% CO, and 95% air. The medium used
in this study was either RPMI1640 (GibcoBRL) or
Dulbecco’s modified Eagle’s medium (GibcoBRL) sup-
plemented with 10% heat-inactivated fetal calf serum,
100 units/ml penicillin G, and 100 ug/ml streptomycin
sulfate. For enzyme preparations, cells were allowed to
grow to 60 ~80% confluence and then washed, collected,
and treated as indicated.

SMase Assay and Other Enzyme Assays

Preparation of the N-SMase fraction from rat brains
was performed by the methods described in the previous
paper. The other N-SMase fractions in mammalian cells
were prepared according to the method of OKAZAKI er
al.*®. Other enzymes used in this study were obtained
by the following methods: phosphatidylcholine-specific
phospholipase C (PC-PLC) by the method of Wu et
al.*®; phosphatidic acid-specific phosphohydrolase (PA-
phosphohydrolase) by the method of PANAGIA ef al.*¥);
Cathepsin L by the method of MasoN ef al.1®; and [L-18
converting enzyme by the method of THORNBERRY et
al*?. The mixed micelle assay system described in the
previous paper was used for the measurement of
N-SMase activity, with a slight modification in 0.1 mm
[ N-methyl-**C] sphingomyelin. A-SMase activity was
also measured under the same condition used for the
N-SMase assay, but in this case the pH was 5.6,
magnesium was omitted, and the enzyme source replaced
with rat liver lysosomal fraction. The other enzyme assays
were carried out as follows: PC-PLC by the method of
WU et al.'¥; PA-phosphohydrolase by the method of
PANAGIA et al.'¥); Cathepsin L by the method of BARRETT
et al*®; and 1L-18 converting enzyme by the method
of HOWARD ef al.'®. k

Productions of the Inflammatory Mediators in Human

Monocytes

Adherent monocytes were isolated from human
peripheral blood. After incubating the monocytes
(1.0 x 10° cells/ml) stimulated by 10 ug/ml LPS for 4 or 24
hours, the PGE,, IL-18, TNFa, IL-6, and IL-8 levels in
the conditioned medium were measured by ELISA Kkits.
Scyphostatin was added to this system together with the
LPS-addition. Cell toxicities of scyphostatin for the
monocytes were tested by AlmarBlue reagent.
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Table 1. Specificity of scyphostatin on enzyme
inhibition.

Enzyme Origin ICs(uM)
N-SMase rat brain microsome 1.0
A-SMase rat liver lysosome 49.3
N-SMase S. aureus >1,000
N-SMase B. cereus >1,000
PC-PLC rat liver cytosol >1,000
PA-PHL rat liver microsome >1,000
Cathepsin L rat liver >1,000
ICE human recombinant DNA >1,000

Abbreviations: N-SMase, neutral sphingomyelinase; A-SMase,
acidic sphingomyelinase; PC-PLC, phosphatidylcholine-specific
PA-PHL,
phosphohydrolase; ICE, Interleukin-1p converting enzyme.

phospholipase  C; phosphatidic  acid  specific-

Carrageenin-induced Paw Edema Study

Male Wistar-Imamichi rats used in this study were
purchased from Imamichi Institute of Animal Reproduc-
tion, Ibaraki, Japan. After an administration of
scyphostatin or vehicle to the rat (6 weeks old, weight
120~ 140 g), an inflammation-inducing solution of 1%
carrageenin (Viscarind02) in 0.9% NaCl was subcutane-
ously injected into the bottom of the paw. After 3 hours,
the volume of paw edema was measured by plethysmo-
meter (Ugo Basile) by soaking the paw in a bucket of
water, and the results were given as an edema intensity.
Acute toxicity of scyphostatin in vivo was tested using
mice (ddY, male, 5 weeks old) purchased from Japan
SLC Co., Ltd. through the p.o. administration of 300
mg/kg scyphostatin in corn oil. The animals were ob-
served for 7 days and dissected.

Results and Discussion

Specificity of Scyphostatin in Enzyme Inhibition

Scyphostatin was discovered in the fermentation
broth of Trichopeziza mollissima during the course of a
screening for N-SMase inhibitors. In addition to inhi-
biting N-SMase activity derived from rat brain micro-
some with a concentration required for 50% inhibition
(ICs,) of 1.0 um (Table 1), scyphostatin also inhibits the
N-SMase activities using membrane fractions from the
following mammalian cell-lines with IC;4s of the same
order: human myeloid leukemia U937, human leukemia
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Fig. 1. Effect of scyphostatin on PGE,
production in human monocytes.
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Abbreviation: Dex, Dexamethasone.

Molt-4, murine fibrosarcoma 1929, and human T cell
leukemia Jurkat (data not shown). Thus, to our knowl-
edge, scyphostatin is the most potent inhibitor for
N-SMases in the cell-free system.

Our next aim was to assess the specificity of scy-

phostatin on enzyme inhibition. For this assessment,
we examined the effects of the compound on the other
SMases, phosphatidylcholine (PC)-phospholipase C, and
phosphatidic acid (PA)-phosphohydrolase. Further-
more, since the compound possesses an electrophile
epoxy-enone moiety, we also examined the effects on
SH-bearing enzymes. As shown in Table 1, scyphostatin
inhibits A-SMase activity at an ICs, of 49.3 um, a value
only about one-fiftieth of IC;,, for inhibition of N-SMase
activity. On the other hand, scyphostatin showed vir-
tually no inhibitory activity towards bacterial SMases,
PC-phospholipase C, PA-phosphohydrolase, Cathepsin
L, and IL-1§ converting enzyme (Table 1). These results
indicate that scyphostatin is a specific inhibitor for
N-SMase. As one interpretation, we postulate that the
structural similarity between scyphostatin and ceramide
is the rationale for the inhibition-specificity.

Effcets of Scyphostatin on Inflammatory Mediator
Production in Human Monocytes

In order to estimate the activity of scyphostatin on the
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Table 2. Effect of scyphostatin on production
of various cytokines.

Cytokine I1C,y(uM)
IL-1B 0.1
IL-6 1.4
IL-8 2.1
TNFo - 1.3

Fig. 2. Effect of scyphostatin on IL-18
productions in human monocytes.
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inflammatory process, we initially carried out a
representative study on LPS-induced PGE, production
in human monocytes. As shown in Fig. 1, when scy-
phostain was added to the system, LPS-induced PGE,
production after 24 hours was dose-dependently inhibited
at an IC;,, value of 0.8 um. Next, we tested the effects of
scyphostatin on inflammatory cytokine productions in
the same system. Since both IL-6 and IL-8 productions
were secondarily affected by IL-1f and TNFa, we
measured these four cytokine productions after 4 hours
of LPS stimulation. In the experiments shown in Table 2,
scyphostatin inhibited IL-1f production more potently
than it did PGE, and other cytokines. Thus, scyphostatin
dose-dependently inhibited the LPS-induced IL-18
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Table 3. Effect of scyphostatin on carrageenin-
induced paw edema.

Dose n Edema intensity % Inhibition
(mg/kg) {mean + S.E.M.)
0 5 0.515 £ 0.021
25 o 5 0.413+0.026 * 19.8
100 5 0.263£0.031" 48.8
* :p<0.05, ** :p<0.001

inhibition at 0.luMm, a
concentration with no toxicity to the cells (Fig. 2).

production with a 50%

Although we are currently unable to offer any speculation
about the inhibition mechanism, these results certainly
imply that scyphostatin can be classed as a potent
inhibitor for IL-18 production.

Effect of Scyphostatin on In Vive
Acute Inflammation

To evaluate the pharmacological effect of scyphostatin

on acute inflammation in vivo, we performed a
carrageenin-induced paw edema study. As shown in
Table 3, carrageenin-induced paw edema was dose-
dependently inhibited by an oral administration of
scyphostatin. Since the generation of the paw edema is
largely caused by PGE,, the inhibition with scyphostatin
appeared to be reflected in the PGE, production
inhibition shown in Fig. 1. In our investigation of the
acute toxicity of scyphostatin in vivo, no abnormality in
mice was observed within at least 7 days following an
oral administration with an excess concentration of
300 mg/kg scyphostatin (data not shown).

Although the mechanism is not sufficiently clarified,
our results suggest that an endogenous ceramide released
through the N-SMase cycle transduces signaling in
LPS- and several inflammatory cytokines-activated
immune cells. The present study also indicates that
scyphostatin may provide us with a useful tool for
exploring the molecular mechanism of cellular inflam-

mation processes.

Acknowledgments

We thank Ms. Yoko KawaMmMURA for experimental
assistance with both the PC-PLC and PA phosphohydro-

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

JUNE 1999

lasae assays.

References

TomiNnaga, K.; T. KIRIKAE & M. NAKaNoO: Lipopoly-
saccharide (LPS)-induced IL-6 production by em-
bryonic fibroblasts isolated -and cloned from LPS-
responsive and LPS-hyporesponsive mice. Molecular
Immunology 34: 1147~ 1156, 1997
Hamovitz-FrRIEDMAN, A.; C. CoOrRDON-CARDO, S.
Bayoumy, M. Garzorro, M. McLouGHLIN, R.
GaLLiLy, C. K. Epwarps 111, E. H. SCHUCHMAN, Z.
Fuks & R. KovLesnICK: Lipopolysaccharide induces
disseminated endothelial apoptosis requiring ceramide
generation. J. Exp. Med. 186: 1831~ 1841, 1997
Prau, J. C.; E. B. WaLKER & G. L. Carp: A
comparison of the effects of lipopolysaccharide and
ceramide on arachidonic acid metabolism in THP-1
monocytic cells. Cellular Immunology 186: 147 ~ 153,
1998

Pauan, K.; F. G. SHEikH, M. KHAN, A. M. S.
NamBooDIRl & I. SINGH: Sphingomyelinase and
ceramide stimulate the expression of inducible
nitric-oxide synthase in rat primary astrocytes. J. Biol.
Chem. 273: 2591 ~2600, 1998

HaNNUN, Y. A.: Sphingolipid-mediated signal trans-
duction. Mol. Bio. Intel. Unit, Springer 19 ~ 34, 1997
MaTHias, S.; L. A. Pena & R. N. KoLesnick: Signal
transduction of stress via ceramide. Biochem. J. 335:
465~ 480, 1998

PusBKAREVA, M.; L. M. OBempo & Y. A. HANNUN:
Ceramide: an endogenous regulator of apoptosis and
growth suppression. Immunol. Today 16: 294~297,
1995

ZHANG, Y. & R. KovLesnick: Signaling through the
sphingomyelin pathway. Endocrinology 136: 4157 ~
4160, 1995

LAULEDERKIND, S. J. F.; A. BIELAWSKA, R. RAGHOW,
Y. A. HaANNUN & L. R. Barrou: Ceramide induces
interleukin 6 gene expression in human fibroblasts. J.
Exp. Med. 182: 599 ~ 604, 1995

Havakawa, M.; S. Jayapev, M. TsuimoTto, Y. A.
HanNUN & F. ITo: Role of ceramide in stimulation
of the transcription of cytosolic phospholipase A, and
cyclooxygenase 2. Biochem. Biophys. Res. Commun.
220: 681 ~ 686, 1996

KirTikARA, K.; S. J. F. LAULEDERKIND, R. RAGHOW,
T. KaNEKURA & L. R. BALLOU: An accessory role for
ceramide in interleukin-1§ induced prostaglandin
synthesis. Mol. Cellular Biochem. 181: 41 ~48, 1998
Boranp, M. P. & L. A. J. O’NEILL: Ceramide activates
NF-«B by inducing the processing of pl105. J. Biol.
Chem. 273: 15494~ 15500, 1998

Okazaki, T.; A. BiIELawska, N. DomaE, R. BELL &
Y. A. HANNUN: Characteristics and partial purification
of a novel cytosolic, magnesium-independent, neutral
sphingomyelinase activated in the early signal
transduction of 1 alpha,25-dihydroxyvitamin D;-
induced HL-60 cell differentiation. J. Biol. Chem. 269:
4070~ 4077, 1994

Wu, X.; H. Lu, L. Znou & H. CHen: Changes of
phosphatidylcholine-specific phospholipase C in hepa-



VOL. 52 NO. 6

15)

16)

17)

tocarcinogenesis and in the proliferation and differ-
entiation of rat liver cancer cells. Cell Biol. Int. 21:
375~381, 1997

PANAGIA, V.; C.OU, Y. TAIRA, J. DA1 & N. S. DHALLA:
Phospholipase D activity in subcellular membranes of
rat ventricular myocardium. Biochim. Biophys. Acta
1064: 242 ~250, 1991

MasoN, R. W.; G. D. GrReeN & A. J. BARRETT: Human
liver cathepsin L. Biochem. J 226: 233~ 241, 1985
THORNBERRY, N. A.; H. G. BuLL, J. R. CaLAYCAY,
K. T. CHAPMAN, A. D. HowaArD, M. J. KosTUrA, D.
K. MiILLER, S. M. MoLiNEaU, J. R. WEIDNER, J.
AUNINS, et al.: A novel heterodimeric cysteine protease

18)

19)

THE JOURNAL OF ANTIBIOTICS 535

is required for interleukin-18 processing in monocytes.
Nature 356: 768~ 774, 1992

BARRETT, A. J. & H. KIrsCHKE: Cathepsin B, cathepsin
H, and cathepsin L. Methods Enzymol. 80: 535~ 561,
1981

HowaRrD, A. D.; M. J. KosTURA, N. THORNBERRY, G.
J. DiNG, G. Limjuco, J. WEIDNER, J. P. SALLEY, K.
A. HogqQuisT, D. D. CHAPLIN, R. A. MUMFORD, et al.:
IL-1-converting enzyme requires aspartic acid residues
for processing of the IL-1f precursor at two distinct
sites and does not cleave 31-kDa IL-1 alpha. J.
Immunol. 147: 2964 ~2969, 1991



