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Inhibition by Sphingosine of Leukemic Cell Killing by Human Monocytes
Activated with Interleukin-2: A Possible Role of Protein Kinase C
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Sphingosine and its analogs, which inhibit protein kinase C (PKC), are known to be potent induc-
ers of apoptosis in tumor cells. However, we were concerned that sphingosine might also interfere
with anti-tumor cells of the immune system. Therefore, we evaluated the effect of sphingosine on
activation of human monocytes by interleukin-2 (IL-2) for killing of leukemic cells. Monocytes,
purified by elutriation and adherence, were activated with IL-2 or interferon-gamma (IFNy) in

the presence or absence of sphingosine or another inhibitor for 18 h. Then the monocytes were
washed and the culture medium was replaced with fresh medium to remove the sphingosine. HL-
60 and K562 leukemic cells were added to the monocyte cultures. Over the next 48 h, the cytotoxic
activity of the monocytes towards the leukemic cells was assessed by means df'andium-releas-

ing assay. IL-2-activated monocytes lysed 48% of HL-60 cells and 443% of K562 cells. Sphin-
gosine, dihydrosphingosine, N,N-dimethylsphingosine, and the PKC inhibitor H7 inhibited the
activation of monocytes by IL-2, blocking cytotoxic activity against the leukemic cells by approxi-
mately 75%. These inhibitors were not toxic to monocytes at the concentrations used. In a PKC
assay, sphingosine and H7 inhibited PKC activity in IL-2-treated monocytes. Thus, sphingosines,
by inhibiting PKC activity, inhibited activation of monocytes by IL-2, which inhibited the killing

of leukemic cells.
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Macrophages play important roles in a number of pro-the activation mechanism of macrophages is complex and
cesses, including antigen presentation, lymphocyte activaaot yet fully elucidated.
tion, tissue repair, and host defense against infectons. IL-2 was originally described as a T cell growth fac-
Besides these functions, macrophages can destroy tumeor!® Later, it was reported that monocytes and macro-
cells effectively while leaving normal untransformed cells phages also possess IL-2 receptors on their suffagén
unharmed® To exhibit such activity, macrophages must response to IL-2, monocytes and macrophages secrete
be activated by lymphokines such as IfNer bacterial several cytokines, including ILRI'? TNF-0,'® IL-6,'
products such as LPS, or béth.The biochemical mech- and IL-829 IL-2 also primes monocytes for enhanced
anism of macrophage activation with these agents haselease of oxygen radica?®.Another prominent effect of
been investigated. The activation process involve¥ Ca IL-2 on monocytes and macrophages is the induction of
mobilization? alteration of lipid mediator®,activation of  cytocidal activity directed towards tumor cells. &
PKC29 protein tyrosine phosphorylation¥ and activa- and other investigatofs®2% have reported that IL-2 or
tion of mitogen-activated protein kina¥e'V We recently  IFN-y activates human monocytes and macrophages to be
reported that a serine protease inhibitor, 4-(2-aminoetheytocidal towards leukemic cells or other tumor cells.
yh)benzenesulfonyl fluoride, inhibited the killing of leu-  However, the biochemical mechanism by which IL-2
kemic cells by human macrophages treated with yF-N- activates monocytes and macrophages is not completely
and LPS? This result suggests that a serine protease isinderstood” Recently sphingosine and its analogs have
also involved in activation of human macrophages. Thusbeen shown to inhibit isolated PKC, and to inhibit PKC
activity within cells?®® It is also known that sphingosine,
! Present address: Shimada Municipal Hospital, 1200-5 Nodagr other PKC inhibitors such as H7 or staurosporine,
Shimada, Shizuoka 427-8502. induce apoptosis in leukemic celts.Thus, sphingosine
?To whom correspondence should be addressed. _ has a potential role as a therapeutic agent to induce apo-
Abbreviations used: DMSO, dimethyl sulfoxide; H7, 1-(5-150- ynqjs in tumor cell® However, it is also important to
quinolinesulfonyl)-2-methylpiperazine; IFi-interferon-gamma; . . . .
IL, interleukin; LPS, lipopolysaccharide; MTT, 3-[4, 5-dimeth- examine t_he effect of sphlngosllne on the immune system,
ylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide; PKC, protein including its effects on the anti-tumor functions of mono-
kinase C; PMA, phorbol myristate acetate; T&Ftumor necro-  Cytes and macrophages. Therefore, in this study, we inves-
sis factor-alpha. tigated the effect of sphingosine, a potent PKC inhibitor,
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on the activation of monocytes by IL-2 for the killing of natants were aspirated from the wells. The formazan crys-

leukemic cells. tals were dissolved in DMSO (15@l/well) with the
addition of 0.1M glycine (25 ul/well). The absorbance
MATERIALS AND METHODS was measured at 550 nm using a microplate spectropho-

tometer. Only live cells produce formazan.
Reagents Recombinant human IFN-(1.0x10° U/mg) Cytotoxicity assay After treatment of monocytes with
was purchased from Becton Dickinson (Bedford, MA), IL-2 or IFN-y in the presence or absence of sphingosine
and recombinant human IL-2 (&80° U/mg) from Gen- for 18 h, monocyte-mediated cytotoxicity was assayed as
zyme (Cambridge, MA).p-erythro-Sphingosine, dihy- previously describet? Briefly, 3x1(f target cells were
drosphingosine, N,N-dimethylsphingosine, and H7 werelabeled with *indium oxine (Amersham Healthcare,
purchased from Calbiochem (La Jolla, CA). Stock solu-Medi-physics, Inc., Memphis, TN) for 15 min at room
tions of sphingosines were made in DMSO (Sigma Chemtemperature. Labeled target cellsx18®) were added to
ical, St. Louis, MO) at a concentration of 30MmBrief the monocytes in the microplates, after the monocyte
sonication was needed to dissolve dihydrosphingosine imedium had been replaced with fresh complete medium.
DMSO. The stock solutions were stored-20°C. When  The total volume was 200I. The effector-to-target ratio
added to culture medium, the final concentration ofwas 40:1. After 48 h incubation in a 5% CiDcubator,
DMSO did not exceed 0.1%. PMA was purchased fromthe microplates were centrifuged at g5@r 5 min.
Sigma Chemical, dissolved in DMSO at Mimand stored  Supernatants (5Qul) were collected to measure their
at —20°C. All reagents were LPS-free, as assessed byadioactivity. The specific cytotoxic activity was calcu-
means of thé.imulusamebocyte lysate assay. lated as follows: [(experimental cpispontaneous cpm)/
Leukemic cells HL-60 and K562 cell lines were pro- (maximum cpmspontaneous cpm]l00%. The maxi-
vided by the American Type Culture Collection, Rock- mum cpm release was that obtained from target cells
ville, MD. These leukemic cells were maintained in exposed to 1% sodium dodecyl sulfate (Sigma Chemical).
complete medium (RPMI 1640 (Life Technologies, GrandThe spontaneous cpm release was that obtained from tar-
Island, NY), containing 5% heat-inactivated human ABget cells cultured in monocyte-free medium. The sponta-
serum, 50 U/ml penicillin, and 5@ig/ml streptomycin), neous release was less than 15% of the maximum release.
and passaged three times weekly. Mycoplasma contamindhe cytotoxicity assay was performed in triplicate.
tion was checked and no contamination was found. PKC assay PKC activity of monocytes was assessed by
Monocyte culture Monocytes were separated from buffy using a Protein Kinase Assay Kit (Calbiochem). The
coats (Life Blood Mid-South Regional Center, Memphis, assay kit is based on an enzyme-linked immunosorbent
TN) as described previousi.Briefly, mononuclear cells assay that utilizes a synthetic pseudo-peptide as the sub-
were isolated from buffy coats by means of dextran (Calstrate for PKC and a monoclonal antibody that recognizes
biochem) sedimentation and Histopaque (Sigma Chemithe phosphorylated form of the substrate. For the PKC
cal) gradient centrifugation. The harvested mononucleaassay, the monocytes were incubated overnight in 35 mm
cells were then subjected to counterflow centrifugal elutri-dishes, then treated for 30 min with IL-2 (1000 U/ml) or
ation. The purity of monocytes after this step was moreFN-y (100 U/ml), in the presence or absence of sphingo-
than 80% as judged from nonspecific esterase stainingsine. After the 30 min incubation with the agents being
The monocytes were suspended in complete medium at t@sted, the monocytes were washed with phosphate-buff-
density of Z1(f/ml and plated into 96-well microplates ered saline, then collected by scraping with a rubber
(Falcon 3072, Falcon, Franklin Lakes, NJyx12P/well) policeman. The cells (5Q(F) were suspended in 0.5 ml
for the cytotoxicity assay. For the PKC assayl® of lysing buffer (20 rM Tris-HCI, 5 nM EDTA, 10 nM
monocytes were plated on 35 mm culture dishes (FalcoEGTA, 0.3% 2-mercaptoethanol, IMnphenylmethylsul-
3001). After 2 h incubation in a 5% G@ncubator, the fonyl fluoride, and 10 Wl benzamidine, pH 7.5) and son-
plates or dishes were washed to remove non-adhereitated for 30 s on ice. The supernatants were obtained
cells. At this step, more than 98% of the adherent cellsafter centrifugation for 10 min at 150Samples of super-
were monocytes, as determined by nonspecific esteraseatants (12u) were assayed directly. Purified PKC of rat
staining and phagocytosis @andida albicans brain (Calbiochem) was used as a standard. One unit of
Viability assay To examine the toxicity of the inhibitors kinase activity is defined as one nanomole of phosphate
to monocytes, monocyte viability in the microplates wastransferred to the substrate per min per ml. Results were
assessed by MTT assay as previously repdftegtiefly, calculated as units per mg protein, after the protein con-
after treatment of the monocytes with IL-2 or IfNwith centrations of the samples had been determined by the
or without sphingosine or another agent, @l0of MTT Lowry method.
(Sigma Chemical, 5 mg/ml) was added to each well for 4Statistics Probabilities P values) were determined by
h. After formation of formazan crystals, the culture super-ANOVA, using Scheffe's F-test for post-hoc comparisons
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among groups, except that in Fig. 5, showing PKC activPKC inhibitor H7, was added to monocyte monolayers
ity, P values were determined by ANOVA, using Fisher’s during the activation phase with IFNer IL-2. After the
protected least significant difference test. Single-factormonocytes had been washed and the monocyte medium
ANOVA was always performed, and two-factor or three-

factor ANOVA was also performed, when appropriate for

the experimental design.

RESULTS

Leukemic cells were lysed by cytokine-activated mono-
cytes. Although unactivated monocytes exhibited low
cytolytic activity towards HL-60 and K562 cells, mono-
cytes activated with IFN-(100 U/ml) or IL-2 (1000 U/
ml) showed enhanced cytolytic activity towards these leu-
kemic cells. Higher cytolytic activity was found in mono-
cytes treated with IL-2, compared with monocytes
activated with IFNy, as assessed by tH&In-releasing
assay (Table ).

In preliminary experiments, we determined the concen- ,
trations of IFNy and IL-2 that gave the optimal activation None IFN- y
response, but with minimal toxicity to the monocytes, as Macrophage Activator
measured by the MTT assay of monocyte viability (data
not shown). IL-2 showed no significant toxicity at con-
centrations up to 1000 U/ml, the highest concentration
used. IFNy showed slight but significant toxicity at 100
U/ml. Despite the slight toxicity, 100 U/ml of IFilgave
maximum activation of monocytes for killing of leukemic
cells.

In earlier experiments using this system, we showed
that activated monocytes lysed leukemic cells, but did not
lyse normal lymphocyte®) Thus, the cytotoxicity of the
IL-2-activated or IFNy-activated monocytes was directed
specifically towards leukemic cells.

Sphingosine inhibited the killing of leukemic cells by
monocytes. Sphingosine, which inhibits PKC, or another

% Cytotoxicity towards HL-60

B (6]
o (@]
P B B

W
T

% Cytotoxicity towards K562

None [FN- vy iL-2

Table 1. The Killing Activity of Activated Monocytes towards Macrophage Activator
Leukemic Cells
Activation of monocytes Fig. 1 Effect of sphlngosme or H7 on activation of monocytes
Target cells for killing of leukemic cells. Monocytes were either unactivated
None IFNy IL-2 or activated with IFNy (100 U/ml) or IL-2 (1000 U/ml) for 18
% Cytotoxicity h. At the beginning of this activation phase, in some cultures,
HL-60 cells 2809 28 6:3.5 47526 sphingosine (25uM) or H7 (25uM) was added to the mono-

cytes. After 18 h incubation, monocyte medium was replaced
K562 cells 7.&0.7 27221 44328 with fresh complete medium, and the target HL-60 or K562 leu-
a) Monocytes were either unactivated (None) or activated withkemic cells were added. Then monocyte-mediated cytotoxicity
IFN-y (100 U/ml) or IL-2 (1000 U/ml) for 18 h. towards the leukemic cells was assessed by use of'the
b) The cytotoxic activity of the monocytes towards HL-60 or releasing assay. Results are me&ts from three independent
K562 cells was assessed by means of'dn-releasing assay experiments, each with triplicate sets of monocyte cultures. Only
after co-cultivation for 48 h. Results are mesSE from five cells activated by IFN-or IL-2 in the absence of inhibitor were
separate experiments, each with triplicate cultures. With bothsignificantly different from control cells that had been exposed
target cell lines, the Kkilling after activation with IFNwas sig- to neither activator nor inhibitor. Both sphingosine and H7 sig-
nificantly greater than killing with no activation, and the killing nificantly inhibited killing by IFNy-activated or IL-2-activated
after activation with IL-2 was significantly greater than the kill- monocytes B<0.01 by two-factor ANOVA).® no inhibitor,
ing after activation with IFNg by ANOVA with P<0.01. O H7, @ sphingosine.
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replaced with fresh complete medium to remove thethe killing of leukemic cells by IFN-activated or IL-2-
inhibitor, leukemic cells were added to the monocyte cul-activated monocytes (data not shown).

ture, and the cytolytic activity of the monocytes towards The inhibitory effect of sphingosine on the activation of
the leukemic cells was assessed. Sphingosingul{®5or monocytes by IL-2 was concentration-dependent (Fig. 2).
H7 (25 uM) inhibited the killing of HL-60 or K562 cells A high concentration of sphingosine (M) inhibited the

by monocytes activated with IFi-or IL-2 (Fig. 1). The  killing of HL-60 by 74% and K562 by 81%. Because the
vehicle for sphingosine, DMSO (0.1%), had no effect onmonocytes were washed before addition of the leukemic
cells, the leukemic cells were not directly exposed to sig-
nificant concentrations of sphingosine in this protocol.
Therefore, the inhibition of killing by sphingosine was
due to an effect on the monocytes, not an effect on the
target cells.

The inhibition by sphingosine might have been due to
non-specific toxicity of sphingosine to monocytes. So we
checked the viability of monocytes after treatment with
inhibitors, with or without activators, by use of the MTT
assay. No significant reduction of cell viability was seen
after treatment of monocytes with sphingosine (2),
dihydrosphingosine (20uM), N,N-dimethylsphingosine

% Cytotoxicity towards HL-60

60

Concentration of Sphingosine (uM)

I
o

n
T
s

% Cytotoxicity towards HL-60
w
T

Time of Addition of Sphingosine

(hours after beginning of activation step)

% Cytotoxicity towards K562

Fig. 3. Time course of the inhibition by sphingosine of mono-
cyte activation for killing HL-60 cells. Sphingosine (2&) was
added to monocytes at the indicated time after addition of IL-2
. . . (1000 U/ml) to monocytes. After a total incubation time of 18 h,

Concentration of Sphingosine (iM) the monocyte medium was replaced with fresh complete

medium, and the HL-60 leukemic cells were added. Then the

Fig. 2. Inhibition of monocyte activation by increasing concen- cytolytic activity of the monocytes against HL-60 cells was
trations of sphingosine. Monocytes were either unactivated oassessed as in Fig. 1. Results are mefdrom triplicate sets
activated with IL-2 (1000 U/ml) for 18 h. At the beginning of of monocyte cultures. Monocytes activated with IL-2, but never
this activation phase, sphingosine was added to the monocytes @kposed to sphingosine, showedt5% killing, whereas mono-
the indicated concentrations. Monocyte-mediated cytotoxicitycytes exposed to neither IL-2 nor sphingosine showetdb
against HL-60 or K562 cells was assessed as in Fig. 1. Resuliglling. This experiment is representative of three independent
are meansSE from three independent experiments, each withexperiments, each with triplicate cultures. A delay of 3 h or
triplicate sets of monocyte cultures. At concentrations ofil6  longer before adding sphingosine, after the beginning of activa-
and 24uM, sphingosine significantly blocked activation by IL-2 tion with IL-2, prevented sphingosine from completely blocking
for leukemic cell lysis #<0.01). O no inhibitor,® IL-2-acti- activation of monocytesP&0.02). O no inhibitor, ® IL-2-
vated. activated.
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Fig. 5. Sphingosine prevented the enhancement of PKC activity

in IL-2-activated monocytes. Monocytes were treated with yFN-

(200 U/ml) or IL-2 (1000 U/ml), in the presence or absence of

] an inhibitor, either sphingosine (28M) or H7 (25uM), for 30

501 l K562 min. After the 30 min incubation, monocytes were collected,
] lysed, and assessed for PKC activity. Results are m8a&ns

] from duplicate monocyte cultures. IFRN{100 U/ml) or IL-2
40 significantly increased PKC activityP€0.02). Sphingosine or
1 H7 significantly decreased the PKC activity of activated mono-

30_: cytes P<0.01). m no inhibitor,0 H73 sphingosine.

20

% Cytotoxicity towards K562

10_: T same inhibition was seen when sphingosine was added 1

] i—LI h after addition of IL-2, as when the sphingosine was
Oﬁ_ﬁ

added together with the IL-2. In contrast, sphingosine

T L L added at 12 h after addition of IL-2 no longer inhibited
None Sphingosine Dihydroxy-  Dimethyl-
sphingosine sphingosine

the activation, or the killing of HL-60 cells.

We also tested some bioactive analogs of sphingosine.
Fig. 4. Effect of analogs of sphingosine on monocyte activationDihydrosphingosine (20uM) or N,N-dimethylsphingo-
for lysis of leukemic cells. Monocytes were either unactivated orsjne (15 uM), like sphingosine (25uM), inhibited the
ath'V""tetd with ”F]'Z (10(.)?] U/m'%.for 18 h. At tgz_ehbéaglnnmg of killing of HL-60 or K562 cells by IL-2-activated mono-
the activation phase eilher sphingosine (88, dinVCrosPhn™  cytes, although the extent of inhibition varied (Fig. 4).
added to the monocytes. The cytolytic activity of monocytes 1 N€S€ Sph'ngos'ne analogs, at the concentrations used,
towards HL-60 or K562 cells was assessed as in Fig. 1. Resul¥€re not toxic to monocytes as judged from the MTT
are meansSE from three independent experiments, each withassay (data not shown).
triplicate sets of monocyte cultures. All three inhibitors signifi-  Sphingosine is known to inhibit PK®.We examined
cantly inhibited the activation of monocytes by IL2<0.01).  \yhether sphingosine inhibited PKC activity in IL-2-acti-
W unactivatedl  IL-2-activated. vated monocytes under our conditions. Enhanced PKC

activity was seen in monocytes after a 30 min treatment
of monocytes with IL-2 (1000 U/ml) or IFM{100 U/ml).
This enhancement of PKC activity by the activators was
(15 uM), H7 (25uM), or DMSO (0.1%). However, these completely blocked by sphingosine (281) or H7 (25
reagents were toxic to monocytes at concentrations higheeM) (Fig. 5).
than those that we used (data not shown). The involvement of PKC in the mechanism by which

We examined the time course of the effect of sphingo-sphingosine inhibited killing of leukemic cells was sup-
sine. As shown in Fig. 3, the earlier sphingosine wasported by experiments in which the effect of sphingosine
added to monocytes, after the beginning of the activationwas blocked by adding a known PKC activator, PMA.
phase with IL-2, the greater the inhibition. Almost the The results of these experiments are as follows: mono-
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cytes activated by IL-2 killed 33% of HL-60 cells in  cytes by IFNy or LPS, as assessed by use of the same
the absence of PMA and 88% of HL-60 cells in the cytotoxicity assay system as used hérén contrast, here
presence of UM PMA; monocytes activated with IL-2 in  we found that sphingosine did inhibit monocyte activation
the presence of 25M sphingosine but with no PMA by IFN-y or IL-2. These results are reasonable, because
killed only 9+1% of HL-60 cells, as expected; but mono- sphingosine inhibits PKC activif§, whereas Gceramide
cytes activated with IL-2 in the presence of sphingosinedoes nof®

and in the presence of PMA killed £3% of HL-60 cells Exogenously added sphingosine can be metabolized to
(n=3). This showed that the PKC activator PMA could ceramide and sphingosine-1-phosphate in é2I§hese
reverse the effects of sphingosine, suggesting that theetabolites, and sphingosine, are considered to be second
inhibitory effects of sphingosine involved interfering with messengers in signal transduction in cells. We did not

activation of PKC. assess the metabolism of sphingosine, so there might have
been a contribution of sphingosine metabolites to the inhi-
DISCUSSION bition of monocyte activation.

Several substances produced by macrophages have
In this study, we demonstrated that sphingosine and itbeen reported to be responsible for the lysis of tumor
analogs inhibited activation of monocytes by IL-2 or IFN- cells, including oxygen radicals, nitric oxide, neutral pro-
y. As a result, the cytokine-treated monocytes could ndeases, C3a, arginase, THF-and IL-13.3" We showed
longer kill leukemic cells (Figs. 1 and 4). Although sphin- that oxygen radicals were not involved in leukemic cell
gosine has been shown to be a potent inducer of apoptodigsis by activated monocyté8. Nitric oxide is a major
in leukemic cell$? in our experiments the leukemic cells effector molecule for tumor cell killing by murine macro-
were not exposed to sphingosine, because the sphingosiphages. However, nitric oxide is barely detectable in
was washed away from the monocyte cultures before thhuman macrophages and monocyte®, except under
leukemic cells were added. The monocytes were exposespecial conditiong”
to sphingosine, but sphingosine did not appear to induce TNF-a appears to be involved in lysis of leukemic
apoptosis in monocytes, because sphingosine and the angells, but other unknown factors are also critical, because
logs, at the concentrations used, had no effect on mondhe leukemic cells that we used are resistant to being killed
cytes, as assessed by MTT assay, a sensitive indicator bff TNF-a alone?® However, the ability of sphingosine to
cell metabolism and viability. inhibit production of TNFa by monocytes might be an
The time course study showed that sphingosine, wheimportant mechanism by which sphingosine inhibited
added to monocytes early during the activation phaselysis of leukemic cells. Nevertheless, the effects of sphin-
effectively inhibited the activation by IL-2. In contrast, gosine are far-ranging, involving cytolysis, cytokines, and
sphingosine added 12 h later failed to inhibit activationoxygen radicals, as well as inhibition of both serine/threo-
and killing (Fig. 3). These results suggest that sphingosina@ine and tyrosine phosphorylatitth Therefore, the mech-
might inhibit an early event in the activation of mono- anisms of sphingosine inhibition of leukemic cell lysis are
cytes by IL-2, such as activation of PKC. not likely to be restricted to inhibition of cytokine release.
The increase in PKC activity in monocytes is a rela- Earlier work, which we confirmed, showed that sphin-
tively early event in their activation; LPS-induced PKC gosine inhibits priming for enhanced release of.*®
activity in monocytes reaches a maximum around 30 minThus, the effects of sphingosine were not restricted to
after addition of LPSY PKC plays an important role in interfering with cytolysis, but also included interfering
intracellular signaling processes in growth, apoptosis, anavith oxygen radicals, which are not required for cytolysis.
activation of a variety of cel® Sphingosine has been This suggests that sphingosine interferes with signal trans-
shown to inhibit PKC activity in cell® With the PKC  duction mechanisms that control activation of monocytes
assay, we confirmed that sphingosine and H7 did inhibifor several independent functions, and that the effects of
IFN-y-enhanced or IL-2-enhanced PKC activity in mono- sphingosine are not limited to, and may not even affect,
cytes (Fig. 5). Other studies showed that LPS-inducedhe processes directly involved in cytolysis. In fact, sphin-
TNF-a and IL-1B production by monocytes is inhibited gosine was not present during the period when cytolysis
by H7%2 and sphingosin&) Thus, PKC might be involved was taking place, having been washed away from the
in the mechanism by which sphingosine inhibits killing of monocytes before the leukemic cells were added. How-
leukemic cells. Experiments which showed that the PKCever, the question of whether sphingosine directly affects
activator PMA blocked the inhibition of killing by sphin- the mechanisms of cytolysis is presently hard to clarify,
gosine also suggested that sphingosine interfered witbecause these mechanisms remain unknown.
PKC. In summary, we showed that sphingosine and its ana-
In our recent study, we found that N-acetylsphingosinelogs, as well as the PKC inhibitor H7, inhibited the acti-
(C,-ceramide) had no effect on the activation of mono-vation of monocytes by IL-2 and IF-blocking their

553



Jpn.

J. Cancer Re89, May 1998

ability to lyse leukemic cells. Recently, sphingosine andACKNOWLEDGMENTS
its analogs have been shown to be potent anti-tumor
agents® However, we show here that sphingosine also This investigation was supported by grants DE05494 and
interfered with the ability of monocytes to kill leukemic DE11125 from the National Institute of Dental Research.

cells. Therefore, as potential anti-tumor agents, sphingo-
sine, or drugs that affect sphingosine metabolism, mightReceived January 16, 1998/ Revised March 17, 1998/ Accepted

have undesirable consequences for host defense.
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