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Arachidonic Acid Mediates Interferon-y—Induced Sphingomyelin Hydrolysis
and Monocytic Marker Expression in HL-60 Cell Line

By Dora Vi$nji¢, Drago Batini¢, and Hrvoje Banfi¢

The biochemical signaling mechanisms involved in transduc-
ing the effects of interferon-y (IFN-y) on human leukemia-
derived HL-60 cell differentiation are not completely un-
derstood. Recent studies established the existence of a
sphyngomyelin (SM) cycle that operates in response to the
action of IFN-y on HL-60 cells, but the mechanisms by which
IFN-y induces the SM hydrolysis remain unexplored. In this
study, biochemical events mediating IFN-y effects on SM
turnover and their specificity and role in HL-60 differentiation
were investigated. The activation of the SM cycle by IFN-y
occurred rapidly, with a decrease of approximately 20% in
the SM level observed after 60 minutes with a concomitant
increase in ceramide level. Treatment of HL-60 cells with
IFN-y did not influence the 1,2-diacylglycerol concentration,
intracellular Ca®* concentration, or phospholipase D activity.
IFN-y stimulated a rapid release of arachidonic acid (AA)
from HL-60 cells; the effect was abolished by the pretreat-
ment of cells with pertussis toxin, suggesting a role for a
pertussis-toxin—sensitive G protein in IFN-y-mediated acti-
vation of phospholipase A, (PLA;). At 4 to 120 hours after
the stimulation of the cells with IFN-y, a significant increase
in the particulate and soluble PLA, activity was observed,
corresponding to an increase in the level of immunoreactive
cPLA; in both cytosol and membrane fractions. The treat-
ment of cells with tyrosine kinase inhibitor herbimycin A
completely abolished the effect of IFN-y on PLA, activity in

HE CAPACITY OF HL-60 promyelocytic leukemia
cellsto differentiate in vitro toward cells carrying gran-
ulocytic or monocytic markers offers a valuable model sys-
tem for the dissection of biochemical mechanisms specific
to each differentiation pathway. HL-60 cells differentiate
into monocyte-like cells following exposure to interferon-y
(IFN-7), tumor necrosis factor-a (TNF-«), and vitamin Ds.
Dibutyryl cyclic adenosine monophosphate (dbcAMP) and
retinoic acid (RA) induce maturation aong neutrophilic
pathway and phorbol 12-myristate 13-acetate (PMA) causes
the cells to differentiate into a macrophage-like phenotype.*
Over the last few years, the sphingomyelin turnover, involv-
ing the hydrolysis of membrane sphingomyelin by an acti-
vated sphingomyelinase to generate ceramide, has emerged
as a key pathway mediating the action of monocytic in-
ducers.? The sphingomyelin cycle appeared to be specific to
the monocytic differentiation of HL-60 cells, as it was not
activated by inducers of either granulocytic or macrophage-
like differentiation.® Vitamin D5, IFN-y and TNF-a cause
an early and reversible hydrolysis of sphingomyelin, and
addition of bacteria sphingomyelinase or synthetic ceramide
mimics the action of agonists on the induction of nitroblue
tetrazolium (NBT)-reducing activity and nonspecific esterase
(NSE) levels.®* Vitamin Ds-activated sphingomyelinase was
partially purified from HL-60 cells, and it was shown to be
acytosolic (possibly transl ocated) Mg-independent enzyme.®
Sphingomyelinase catalyzes the parallel reaction to phospho-
lipase C, generating ceramide and phosphocholine; ceramide
is a candidate second messenger responsible for mediating
the effects of agonists on cell growth and differentiation.?
Several distinct immediate targets for the action of ceramide
have been recently described including a 97-kD ceramide-
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membrane and cytosolic fractions, but had no effect on IFN-
y-mediated early AA release suggesting dual mechanism of
PLA, activation. Melittin, potent activator of PLA,, and AA
mimicked the effect of IFN-y on SM hydrolysis. Pretreatment
of HL-60 cells with the PLA, inhibitor, bromophenacyl bro-
mide (BPB), or pertussis toxin abolished the effect of IFN-y
on SM hydrolysis; exogenous addition of AA overcame the
effects of BPB and pertussis toxin. Long-term exposure (5
days) of HL-60 cells to IFN-y caused an increase in nitroblue
tetrazolium (NBT)-reducing and nonspecific esterase (NSE)
activity and induced expression of FcyRI (CD64) without sig-
nificant effects on cell number, adherence, or fagocytic activ-
ity. The treatment of cells with AA or melittin induced NBT,
NSE, and CD64 expression to the level similar to that ob-
served with IFN-y, and no further increase was observed
with the combination of IFN-y and AA or IFN-y and melittin.
Treatment of HL-60 cells with indomethacin, an inhibitor of
cyclo-oxygenase, and nordihydroguaiaretic acid (NDGA), an
inhibitor of lipoxygenase, had no effects on IFN-y-mediated
induction of CD64 expression. These studies indicate a key
role for the phospholipase A,/AA pathway, as an early bio-
chemical signal elicited by the occupation of IFN-y-receptor,
in mediating IFN-vy induction of the SM cycle and phenotypic
changes associated with differentiation of HL-60 along
monocytic lineage.

© 1997 by The American Society of Hematology.

activated protein kinase, a ceramide activated protein phos-
phatase, and protein-kinase C-{.° Although a number of
downstream effects modulated by ceramide have been recog-
nized, little is known concerning early biochemical events
coupling receptor occupancy to sphingomyelinase activa-
tion.2® Recent evidence suggests that TNF-o may induce
the activation of neutral sphingomyelinase in HL-60 cells
through the activation of phospholipase A, and the genera-
tion of arachidonic acid (AA).” In U937 cells, TNF-« acti-
vates both neutral and acidic, lysosomal sphingomyelinase;
the latter being activated by diacyl-glycerol generated by
activation of PtdCho-specific phospholipase C.2 The mecha-
nism by which other agonists of monocytic differentiation
induce activation of sphingomyelinase has not been exam-
ined.

Treatment of HL-60 cells with IFN-vy increases the per-
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centage of cells positive for nonspecific esterase, having Fc
receptors (FcR), reducing NBT, and expressing surface
markers associated with differentiation along monocytic lin-
eage.® The biological activity of IFN-vy is initiated by the
interaction with high-affinity receptor composed of aligand
binding a-chain and an accessory factor required for signal
transduction. Both chains have been cloned and neither of
them possessesintrinsic tyrosine kinase activities, but differ-
entially associate with Jak 1 and Jak 2 members of Janus
family kinases.® These kinases are required for the rapid
phosphorylation of latent, cytosolic Stat1 (signal transducers
and activators of transcription), which translocates to the
nucleus and binds to the gamma-activated sequence (GAS)
in IFN-y—responsive genes.***? Jak-STAT signaling path-
way is considered to be responsible for mediating IFN-vy
activation of early response genes.*? IFN-y—induced signals
mediating delayed activation of late genes (ie, major histo-
compatibility complex [MHC] class Il) involve multiple
phosphorylation events that may be cell type specific; the
involvement of protein kinase C (PKC), Na"/H™ antiporter
or Ca?*-calmodulin complex has been implicated.™*** Recent
findings that IFN-y stimulates receptor-coupled AA release
in human neuroblastoma cell ling,*® and increases synthesis
and activation of cytosolic phospholipase A, suggest a pos-
sible role of phospholipase A -activation as an early event
in signaling by IFN-vy . Biochemical and molecular mecha-
nisms involved in coupling IFN-y—receptor activation to
sphingomyelinase regulation are presently unknown.

In the present study, we present evidence that sphingomy-
elin hydrolysis in response to IFN-y is mediated by the
activation of phospholipase A, and AA release. Our results
show that the treatment of HL-60 cells with either AA or
melittin, an activator of PLA,,, is sufficient to induce expres-
sion of FcyRI surface protein, NSE, and NBT-reducing abil-
ity to the levels similar to those observed with IFN-v.

MATERIALS AND METHODS

Materials. Reagents were obtained from the following sources:
CHAPS, EGTA, EDTA, HEPES, interferon-y, cytochalasin B, fura-
2 AM, ionomycin, A23187, dithiothreitol (DTT), lipid standards,
Triton X-100, leupeptin, phenylmethylsulfonyl fluoride (PMSF),
adenosine triphosphate (ATP), indomethacin, nordihydroguaiaretic
acid (NDGA), AA, mélittin, pertussis toxin, bromophenacyl-bro-
mide, RPM1-1640, fetal bovine serum, penicillin, streptomycin, insu-
lin, transferrin, NSE kit 91-1 and NBT kit 840-W from Sigma, St
Louis, MO. Herbimycin A was purchased from Calbiochem, Not-
tingham, UK. Tyrphostine (AG-115) was a generous gift from Dr
A. Levitzki, Department of Biologica Chemistry, The Alexander
Silberman Institute of Life Sciences, Jerusalem, Isragl. [y-P] ATP,
[H] alkyl-lysophosphatidylcholine ([*H] alkyl-lysoPtdCho), [ara-
chidonyl-**C]PtdCho, [*H] AA, [*H] choline-chloride, and enhanced
chemiluminescence kit from Amersham International, Amersham,
Bucks, UK. Rabbit polyclonal antibodies raised against denatured
human cPL A, were obtained from Genetics I nstitute Inc, Cambridge,
MA. Fluorescein isothiocyanate (FITC)-conjugated monoclonal
antibodies (MoAbs) HLA-DR, murine 19gG2a, murine 1gG1, and
unconjugated murine 1gG2a and 1gG1 were purchased from Becton
Dickinson, Immunocytochemistry Systems, San Jose, CA, FITC-
conjugated MoAb versus CD14 from Sigma, and MoAb versus
CD64, control murine 1gG1 and rat F(ab),-FITC against murine 1gG
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from Serotec, Oxford, UK. All other chemicals were of analytical
grade.

Cell culture. HL-60 cells (ECCACC no. 88112501) were ob-
tained from the European Collection of Animal Cell Cultures, PHLS,
Porton, Salisbury, UK, and maintained in exponential growth in
RPMI 1640 medium with 15% heat-inactivated fetal bovine serum,
100 U/mL penicillin and 100 pg/mL streptomycin in a 5% CO,
humidified atmosphere at 37°C. The cells were washed twice with
phosphate-buffered saline (PBS) and resuspended in serum-free me-
dia containing insulin (5 mg/L) and transferrin (5 mg/L) before
treatment with various compounds. If not stated otherwise, all incu-
bations were performed with concentration of the cells adjusted to
0.5 x 10° cells/mL.

Sphingomyelin.  HL-60 cells were incubated with [*H]choline
chloride (0.5 pCi/mL; specific activity: 80 Ci/mmol) for 48 hours
in serum-free medium containing insulin (5 mg/L) and transferrin
(5mgl/L). Postlabeling, cells were washed with PBS and resuspended
in serum-free medium for 2 hours. Cells were then treated as indi-
cated and harvested. The lipids were extracted by method of Folch'”
and dissolved in 50 uL of chloroform. A total of 20 uL was then
applied on silicagel 60 TLC plates and chromatographed using the
solvent system chloroform/methanol/acetic acid/H,O (60:30:8:5, by
vol). Lipids were visualized using iodine vapor and the spot corre-
sponding to SM standard was scraped off and *H content determined
by scintillation counting.

Mass assay of diacylglycerol (DAG). DAG was extracted from
the cellsusing 1.5 mL of chloroform/methanol (1:2, vol/vol). Further
extraction was performed as described by Folch et a.*” The lipid
extract was dissolved in 0.5 mL of chloroform and loaded on a
silicic acid column (0.5 mL; made in Pasteur pipette), eluted with
1 mL of chloroform, dried again, and the mass measurement for
DAG was performed using DAG kinase whose purification was
achieved in a single step from rat brain using diethyl aminoethyl
(DEAE)-Sepharose column as described by Divecha and Irvine.*®
The mass measurement for DAG was performed in the following
manner. The dried lipid was dissolved by adding 20 uL of CHAPS
(9.2 mg/mL) and sonicated at room temperature for 15 seconds.
After addition of 80 L of buffer (50 mmol/L Tris/acetate, 80 mmol/
L KCI, 10 mmol/L magnesium acetate, 2 mmol/L EGTA, pH 7.4),
the reaction was started by adding 20 uL of DAG kinase followed
by 80 uL of buffer containing 20 umol/L ATP and 1 pCi of
[®*P]ATP. After a 1-hour incubation at room temperature, the reac-
tion was stopped by adding 750 uL of chloroform/methanol/HCI
(80:160:1, by vol). Phosphatidic acid (PtdOH) was extracted as de-
scribed by Folch et a*” and chromatographed on oxalate (1%)-
sprayed TLC plates using the solvent system chloroform/methanol/
25% ammonia/water (45:35:2:8, by vol). After autoradiography, the
spots corresponding to PtdOH were scraped off and their %P content
determined by scintillation counting. The DAG mass content in each
sample was adjusted to between 5 and 50 pmol, as the sensitivity
of the mass assay is highest within this range.”®

Mass assay of ceramide. Ceramide was extracted from the cells
using 1.5 mL of chloroform/methanol (1:2, vol/val). Further extrac-
tion was performed as described by Folch et al.™” Mass measurement
for ceramide was performed using DAG kinase exactly as described
for mass measurement of DAG. Ceramide phosphate was separated
on TLC plates using the solvent system butanol/acetic acid/H,O
(6/2/2, by vol).* After autoradiography, the spots corresponding to
ceramide phosphate were scraped off and their *P content deter-
mined by scintillation counting.

Determination of phospholipase D (PLD) activity. Cells were
labeled with 5 uCi/mL [*H]a kyl-lysoPtdCho for 30 minutes at 37°C
in a buffer comprising 20 mmol/L HEPES, 137 mmol/L NaCl, 2.5
mmol/L KCI, 1 mmol/L CaCl,, 1 mmol/L MgCl,, 5.6 mmol/L glu-
cose, and 1 mg/mL fatty acid-free bovine serum albumin (BSA) (pH
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7.2), as described by Stuchfield and Cockceroft.”® The labeled cells
were washed twice, resuspended in the same buffer and equilibrated
for 30 minutes at 37°C. Cytochalasin B was added to the cells (5
pmol/L final concentration) and 100 uL samples were transferred
to tubes containing |FN-y with ethanol (2%, vol/val, fina concentra-
tion). After incubation, the cells were quenched with chloroform/
methanol (1:2, vol/val). At this stage, a mixture of unlabeled PtdOH
and phosphatidylethanol (PtdEt) was added for localization of the
reaction products by TLC. Phase separation was achieved by sequen-
tial addition of 2 mol/L KCI and chloroform. Lipids were extracted
as described by Folch et a*” and chromatographed on oxalate (1%)-
sprayed TLC plates using the solvent system chloroform/methanol/
acetic acid/water (75:45:3:1, by vol). Lipids were visualized using
iodine vapor and the spots corresponding to PtdOH and PtdEt stan-
dards were scraped off and their *H content determined by scintilla-
tion counting.

Measurement of intracellular calcium concentration ([Ca®*];).
HL-60 cells were incubated in Hanks' physiological salt solution
with 2 mmol/L fura-2-AM at 37°C for 30 minutes, washed and
resuspended in fresh solution. Cells (5 x 10° were transferred to a
3-mL cuvette for measurement of [Ca?*];. The fluorescence was
measured in a Perkin Elmer LS50 spectrofluorimeter with excitation
at 340 and 380 nm and emission at 510 nm. [Ca?*]; was calculated
from the fluorescence ratio, as described by Grynkiewicz et a.
Maximum fluorescence was determined by adding 10 umol/L iono-
mycin, and the minimum fluorescence was determined by adding 50
mmol/L EGTA.

Measurement of AA release. For the study of AA release, HL-
60 cells were prelabeled at 37°C for 60 minutes with 5 pCi/mL of
[*H] AA, washed twice, and resuspended in serum-free medium
containing insulin and transferrin; 100-uL samples were transferred
to tubes containing | FN-y, melittin, and/or different inhibitors. After
incubation, cellswere pelleted and 50 pL of supernatant was counted
for *H radioactivity.

Determination of phospholipase A, (PLA;) activity. After incu-
bation, the cells were washed once with PBS and put into 0.5 mL
homogenization buffer: 50 mmol/L HEPES (pH 7.4), 0.25 mol/L
sucrose, 1 mmol/L EDTA, 1 mmol/L EGTA, 50 umol/L NaF, 10
umol/L leupeptin, 0.15 mmol/L PMSF and CaCl, to give afree Ca?*
concentration of 150 nmol/L. The cells were homogenized with 10
strokes using a Potter-Elvehjem motor-driven Teflon pestle at 600
rpm. The homogenate obtained was then centrifuged at 104,000g
for 60 minutes in a Beckman TL-100 ultracentrifuge. The resulting
supernatant was designated the soluble and the pellet was designated
the particulate fraction.

Determination of PLA, enzymic activity was performed at 37°C
for 60 minutes in 200 pL of buffer (0.1 mol/L TrisHCI, pH 7.4,
containing 1 mmol/L EDTA, 1 mmol/L EGTA, 10 umol/L leupeptin,
0.15 mmol/L PMSF, CaCl, to give a free Ca?* concentration of 150
nmol/L and 5 mmol/L DTT to inactivate secretory PLA,) containing
50 pg of protein and 3 nmol of [arachidonyl-**C]PtdCho (the specific
radioactivity was adjusted to 10,000 dpm/nmol by adding unlabeled
PtdCho). The reaction was terminated by adding 4 uL of acetic acid
and 800 L of chloroform/methanol (2:1, vol/vol) containing 20 ug
of AA. After centrifugation, the lower phase was concentrated and
chromatographed on TLC plates using chloroform/methanol/water
(65:25:3, by vol) as solvent system. Two radioactive spots corre-
sponding to fatty acid and PtdCho were detected by autoradiography.
The spots were scraped off and their *“C content was determined by
scintillation counting.

Immunoblot analysis of cPLA,. Particulate and soluble fractions
from HL-60 cells were prepared as described above (for the determi-
nation of PLA, activity). Proteins for electrophoresis were prepared
so that the concentration of each sample was 50 ug/25 uL of sample
loading buffer.?* Electrophoresis was performed using a Bio-Rad
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Minigel apparatus at an acrylamide concentration of 10% (wt/vol).
After electrophoresis, the proteins were transferred to nitrocellulose
using a Bio-Rad wet-blotting system. After blocking the nitrocellu-
lose in 20 mmol/L Tris, 140 mmol/L NaCl, 0.05% (vol/vol) Tween
20 and 4% (wt/vol) low-fat dry milk, the blots were incubated with
rabbit antihuman cPLA, (1:5,000) for 2 hours, washed in the above
buffer and incubated with horseradish peroxidase-conjugated goat
antirabbit 1gG antisera (1:2,000). Detection of immunoreactive bands
was performed using the ECL Western blotting system (Amersham).

Assessment of cellular differentiation. For differentiation stud-
ies, the cells in the logarithmic growth phase were harvested by
centrifugation and resuspended in a serum-free medium supple-
mented with insulin (5 mg/L) and transferrin (5 mg/L). The cells
were seeded at an initial cell density of 25 x 10°%mL in 6-well
plates (Nunc, Roskilde, Denmark) and treated with different agents
in a5% CO, humidified atmosphere at 37°C for 5 days. Cell growth
was quantified using a hemocytometer. Viable cells were determined
by trypan blue exclusion. Cytocentrifuge smears of treated cellswere
examined for NBT reduction (Sigma kit 840-W) and NSE activity
(Sigma kit 91-A). For determination of cellular adherence, the den-
sity of cellsin suspension was measured before and after scrapping
of adherent cells from the culture plastic. The number of adherent
cells was then calculated as a percentage of total cellsin suspension.
The phagocytic activity was determined by measuring the uptake of
fluorescent microspheres (Fluoresbrite Carboxylate Microspheres,
1.75 mm in diameter, Polysciences), as described by Blair et a.?
Briefly, after incubation, HL-60 cells were resuspended in fresh
medium at a density of 10° viable cells'mL and incubated overnight
in the presence of 5.0 x 10° fluorescent microspheres per mL. After
incubation, free microspheres were removed by three washes with
PBS, and the proportion of cells showing phagocytized particles was
determined by flow cytometry.

Flow-cytometric analysis of unstimulated and stimulated HL-60
cells included the expression of monocytic cell surface markers
(CD14 and CD64/FcyRI) and the assessment of binding of FITC-
conjugated mouse 1gG2a to HL-60 cells. HL-60 cells were washed
with cold PBS without Ca™* and Mg** and 10° of viable cells were
used for each labeling. All incubations were performed on ice for
30 minutes. For CD64-labeling, cells were incubated with anti-CD64
or an appropriate isotypic control (mouse IgG1) in a total volume
of 100 uL PBS containing 1% BSA. After two washings, the cells
were incubated in the same buffer with rat F(ab),-FITC against
murine 1gG. For CD14-labeling, cells were incubated with FITC-
conjugated mouse anti-CD14 or FITC-conjugated isotypic control
(1gG2a), followed by two washings in PBS. For the indirect assess-
ment of the expression of FcyRI, 10° of HL-60 cells were either
preincubated with unlabeled mouse irrelevant 1gG2a or were kept
in PBS aone. Following washings with PBS, the cells were incu-
bated with FITC-labeled mouse 1gG2a, washed, and immediately
analyzed on a flow cytometer. The flow-cytometric analysis was
performed on the Ortho Cytorone Absolute (Ortho Diagnostic Sys-
tem Inc, Raritan, NJ) using Ortho Immunocount software. For each
marker, atotal of 5,000 events was collected from the gated popula-
tion and the fluorescence displayed on a single FL-histogram with
the cursor of the control samples set to include up to 1.0% of the
fluorescence in the positive region. The results were collected as a
percentage of events in the positive regions of the histogram.

RESULTS

When HL-60 cells were prelabeled for 48 hours with [*H]-
choline, washed, and incubated with IFN-y, a significant
decrease in the radioactivity incorporated into sphingomy-
elin compared with control was observed (Fig 1A). Time
course studies with 2,000 U/mL IFN-y showed that IFN-y
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Fig 1. Effect of IFN-y on sphingomyelin (A) and ceramide (B) levels in HL-60 cells. [*HICholine-labeled or unlabeled cells were treated at
time 0 with 2,000 U/mL of IFN-y. At the indicated times, cells were harvested, lipids were extracted, and SM levels were determined by TLC,
while ceramide levels were determined using a DAG kinase assay as described in Materials and Methods. The data (means + standard deviation
[SD]) are from three independent experiments assayed in duplicate. * Significantly different (P < .05, Student’s t-test) from controls.

induced a decrease of the sphingomyelin level of approxi-
mately 10% as early as 15 minutes following treatment of the
cells. Peak response of approximately 20% sphingomyelin
hydrolysis was observed at 60 minutes, and the sphingomy-
elin level remained decreased at 2 hours. Extent of sphingo-
myelin hydrolysis resembles that seen with 100 U/mL of
IFN-v, although Kim et al® described a later onset of sphin-
gomyelin hydrolysis (1 hour) and later peak effect (2 hours)
following exposure of HL-60 to 100 U/mL of IFN-y. As
shown in Fig 1B, the kinetics of the increase in the amount
of ceramide produced in response to IFN-y (2,000 U/mL)
mirrored the observed decrease in sphingomyelin levels.
To determine an early mechanism involved in coupling
IFN-y—R activation to regulation of sphingomyelin levels,
arole for phospholipase C, intracellular calcium, and phos-
pholipase D activation was examined. In U-937 cells, DAG,
generated by a phosphatidylcholine-specific phospholipase
C, was described to initiate ceramide generation viaan acidic
sphingomyelinase in response to TNF-«.% We could not ob-
serve any increase in DAG or the intracellular calcium con-
centration [Ca?']; in HL-60 cells treated with IFN-y (2,000
U/mL) (results not shown). DAG concentration in unstimu-
lated cells varied from 98 to 141 pmol/mg of protein (mean
value 121 + 13; number of cell preparations = 5) and did
not change within 1 to 120 minutes following treatment with
IFN-y. Resting [C&a?*]; varied from 73 to 140 nmol/L (mean
value 110.8 = 14; number of cell preparations = 3), which
is similar to the typical [Ca?*]; measured in unstimulated
hematopoietic cells.?® To measure phospholipase D activity,
the cellswere prelabeled with [*H]alkyl-lysoPtdCho. Activa-
tion of PLD generates PtdOH, which can be converted into
DAG in a time-dependent manner by the enzyme PtdOH
phosphohydrolase. When the cells are stimulated in the pres-
ence of 2% (vol/val) ethanol, PtdEt is formed at the expense
of PtdOH, and as the former is a more stable product than
PtdOH, the sensitivity of the assay will be increased. Despite
using 2% ethanol in the assays, we did not observe any

increase in radioactivity, either in PtdOH or in PtdEt, upon
stimulation of HL-60 cells with IFN-y (results not shown).

Evidence was provided that AA triggered sphingomyelin
hydrolysisin HL-60 cells stimulated with TNF-a.” To inves-
tigate a possible release of AA in response to IFN-vy,
[*H]AA-labeled HL-60 cells were stimulated with different
doses of IFN-y and assessed for [*H]AA release. Time
course studies with IFN-y showed that IFN-y induced re-
lease of AA within minutes of stimulation with maximal
release at 2 minutes (Fig 2A). As shown in Fig 2B, there
was a concentration-dependent enhancement of AA release,
with maximal increase observed with 2,000 U/mL IFN-y.
As shown in Table 1, treatment of cells for 2 minutes with
melittin (500 ng/mL), an activator of phospholipase A,,
mimicked the stimulatory effect of IFN-y on AA release,
and no further increase in release of radiolabel was observed
when cells were treated with the combination of melittin
(500 ng/mL) and IFN-y (2,000 U/mL). The pretreatment of
cellswith the PLA,, inhibitor, bromophenacyl bromide (BPB,
10 pmol/L),*® markedly inhibited both basal and stimulated
[®H]AA release, providing further evidence of PLA, activa-
tion in response to IFN-y. The pretreatment of cells with
indomethacin (50 ymol/L), an inhibitor of cyclo-oxygenase,
or NDGA (50 pymol/L), an inhibitor of lipoxygenase, had
no effect on IFN-y—mediated AA release. Protein tyrosine
kinase phosphorylation cascade seemed not to be involved
in the signaling pathway leading to arachidonate release in
response to IFN-v, since tyrphostine AG-115 (20 pmol/L)*
and herbimycin A (1 ug/mL) (Table 2),*® potent tyrosine
kinase inhibitors, had no effect on IFN-y—stimulated
[®H]AA release. On the other hand, the stimulatory effect of
IFN-y on AA release was completely abolished by an 18-
hour pretreatment of the cells with pertussis toxin (PTX) at
20 ng/mL, strongly suggesting the involvement of G-pro-
tein(s) in AA release by IFN-y.

The hormonally stimulated arachidonate release depends
primarily on the activation of an AA-selective cytosolic
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Fig 2. Time course and dose response curve of IFN-y-stimulated AA release. HL-60 cells were prelabeled for 60 minutes with 5 uCi/mL
[*H]AA, washed twice, and resuspended in the medium. After incubation with IFN-v, cells were pelleted and the resultant supernatant was
counted for *H radioactivity. (A) Time course of AA release following treatment with 2,000 U/mL of IFN-y. (B) Dose response of AA release at
2 minutes following IFN-y-treatment. The data (means = SD) are expressed as percentage of the control level obtained from three independent
experiments assayed in duplicate. * Significantly different (P < .05, Student’s t-test) from controls.

phospholipase A, (CPLA,). The PLA, activity in cytosol and
membrane fractions was measured in vitro using [arachi-
donil-**C]phosphatidyl choline as a substrate. The assays
were performed in the presence of 5 mmol/L DTT to inacti-
vate the secretory PLA,.?® Because it is known that the free
concentration of Ca?* in the homogenization buffer can in-
fluence the intracellular distribution of PLA,, the concentra-
tion of free Ca" in both the homogenization and PLA, assay
buffers was adjusted to 150 nmol/L, which is similar to

Table 1. Effects of IFN-y, Melittin, and Different Inhibitors on AA
Release by HL-60 Cells

Treatment Control IFN-y
None 100 + 13 661 + 56*
Melittin 561 = 42* 780 + 67*
BPB 30 = 7t 33 = 3t
Indomethacin 117 = 14 590 + 36*
NDGA 113 £ 19 617 + 53*
Tyrphostine 112 £ 15 638 = 26*
Pertussis toxin 106 + 15 113 + 17

Cells were labeled with 5 uCi/mL of [*Hlarachidonic acid for 60
minutes, washed, and treated with IFN-y (2,000 U/mL), melittin (500
ng/mL) or the combination of IFN-y (2,000 U/mL) and melittin (500
ng/mL) for 2 minutes. After pretreatment with BPB, 10 umol/L for 30
minutes, indomethacin (50 ymol/L) for 15 minutes, NDGA (50 umol/
L) for 15 minutes, tyrphostine (20 umol/L) for 60 minutes, and pertus-
sis toxin (20 ng/mL) for 18 hours, cells were stimulated or not with
2,000 U/mL of IFN-y for 2 minutes. After incubation, cells were pel-
leted and the resultant supernatant was counted to determine levels
of released label. The data (means + SD) are expressed as percentage
of the control level obtained from three independent experiments
assayed in duplicate.

* Significantly different (P < .05, Student’s t-test) from controls.

1 Significantly different from both untreated and IFN-y-stimulated
cells.

the measured [Ca*];. Figure 3 shows the time-dependent
activation of membrane-bound (Fig 3A) and cytosolic (Fig
3B) PLA,. The exposure of HL-60 cells to IFN-y for up to
30 minutes had no effect on PLA, activitiesin both fractions.
IFN-y significantly increased PLA, activity in both fractions

Table 2. Effects of Herbimycin A on IFN-y-Induced PLA, Activity
and AA Release by HL-60 Cells

PLA, Activity (% control)

AA Release
Treatment Membrane Cytosol (% control)
None 100 + 14 100 + 8 100 + 12
IFN-y 248 + 24* 241 + 23* 652 + 43*
12 hours
Herbimycin A 102 + 12 106 + 13 104 + 12
Herbimycin A + IFN-vy 98 = 13 106 = 12 637 = 36*
16 hours
Herbimycin A 103 = 14 107 = 15 99 + 11
Herbimycin A + IFN-vy 104 + 12 111 + 13 611 = 65*
20 hours
Herbimycin A 109 = 12 112 = 15 103 = 8
Herbimycin A + IFN-vy 102 =7 104 = 13 656 + 47*

Cells were treated for 12, 16, and 20 hours with herbimycin A (1
pg/mL). When PLA; activity was to be measured, cells were stimulated
with 2,000 U/mL of IFN-y during the last 4 hours of the incubation
period with herbimycin A. PLA, activity in particulate and soluble
fractions was determined by hydrolysis of [arachidonyl-'*C]PtdCho in
the presence of 5 mmol/L DTT and 150 nmol/L Ca®*. When AA release
was to be measured, cells were labeled with 5 uCi/mL of [*H]-
arachidonic acid for 60 minutes and stimulated with IFN-y (2,000 U/
mL) for 2 minutes at the end of incubation period with herbimycin A.
After treatment, cells were pelleted and the resulting supernatant was
counted to determine levels of released label. The data (means + SD)
are expressed as percentage of the control level obtained from three
independent experiments assayed in duplicate.

* Significantly different (P < .05, Student’s t-test) from controls.
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Fig 3. PLA; activity in membrane and cytosol fractions of IFN-y-
stimulated HL-60 cells. HL-60 cells were incubated with 2,000 U/
mL of IFN-y for indicated times and homogenized as described in
Materials and Methods. PLA; activity in particulate and soluble frac-
tions was determined by hydrolysis of [arachidonyl-'*C]PtdCho in the
presence of 5 mmol/L DTT and 150 nmol/L Ca®*. (A) PLA, activity in
membrane fraction of HL-60 cells treated with 2,000 U/mL of IFN-y
for indicated times. (B) PLA,; activity in cytosol fraction of HL-60 cells
treated with 2,000 U/mL of IFN-y for indicated times. The data
(means = SD) are expressed as percentage of the control level ob-
tained from three independent experiments assayed in duplicate.
* Significantly different (P < .05, Student’s t-test) from controls.

after a 4-hour incubation and it remained increased after 12,
48, and 120 hours. The treatment of cells with herbimycin
A (1 pg/mL) for 12, 16, or 20 hours completely abolished
the effect of the 4-hour incubation with IFN-y on PLA,
activity in membrane and cytosolic fractions, but had no
effect on IFN-y—mediated early AA release (Table 2).

To determine whether the IFN-y—enhanced cPLA, activ-
ity was due to the increased amount of cPLA, protein, an
immunoblot of the membrane and cytosol fractions prepared
from the control and IFN-y—treated cells was performed
using a specific antibody to cPLA,. The increased cPLA,
protein levels correlated with the increased cPLA, activity;
the cPLA,, protein (110 kD) was increased in both the cytosol
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and the membrane fractions after treatment with IFN-y for
4, 12, 48, and 120 hours (Fig 4).

To examine the role of phospholipase A, activation and
AA generation in mediating effects of IFN-y on sphingomy-
din hydrolysis, the effects of exogenous AA and melittin
on sphingomyelin turnover were studied. Similar to previous
findings,” both AA (10 ymol/L) and mélittin (500 ng/mL)
stimulated a time-dependent sphingomyelin hydrolysis in
[*H]choline-labeled HL-60 cells. Approximately 20% sphin-
gomyelin hydrolysis was evident by 15 minutes, and maxi-
mal effects of up to 30% hydrolysis were observed 60 to
120 minutes after treatment with either 10 umol/L AA (Fig
5A) or mélittin (500 ng/mL) (Fig 5B). The time frame of
the peak and the extent of sphingomyelin hydrolysis in re-
sponse to AA and melittin were similar to those observed
with IFN-y. To further document the role of phospholipase
A, in mediating the effect of |FN-y on sphingomyelin hydro-
lysis, cells were pretreated with bromophenacyl bromide (10
pmol/L) for 10 minutes and then stimulated with 2,000 U/
mL of IFN-y. As shown in Table 3, incubation of cells with
either 2,000 U/mL of IFN-y or 10 pymol/L AA for 120
minutes caused a significant decrease in sphingomyelin level
and corresponding increase in the amount of ceramide. |FN-
y—mediated effects were completely abolished by the pre-
treatment of cells with 10 umol/L BPB, and exogenous ad-
dition of AA overcame the inhibitory effect of BPB on
sphingomyelin hydrolysis and ceramide production. As ex-
pected, herbimycin A, which had no effect on early AA
release, did not inhibit IFN-y—mediated effect on sphingo-
myelin turnover. On the other hand, 18 hours pretreatment
of the cells with pertussis toxin at a concentration that was
shown to be inhibitory on IFN-y—stimulated AA release
completely abolished | FN-y—induced sphingomyelin hydro-

1 2 3 4 5 6

117kD —»

117kD —»

——— — —

Fig 4. The effect of IFN-y on the amount of cPLA, protein. HL-60
cells were incubated with 2,000 U/mL of IFN-y for indicated times
and homogenized as described in Materials and Methods. Particulate
and soluble fractions from HL-60 cells were subjected to sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), trans-
ferred to nitrocellulose, and immunoblotted with rabbit antihuman
cPLA; antibody. A representative Western blot of membrane pellet
(upper) and crude cytosol (lower) from HL-60 cells is shown. The
cPLA,; protein was shown from left as follows: control cells (lane 1),
cells treated with IFN-vy (2,000 U/mL) for 30 minutes (lane 2), 4 hours
(lane 3), 12 hours (lane 4), 48 hours (lane 5), and 120 hours (lane 6).
The size of the molecular marker is indicated on the left side.
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Fig 5. Sphingomyelin levels in response to AA and melittin. [*HICholine-labeled HL-60 cells were treated with either 10 umol/L AA (A) or
500 ng/mL of melittin (B) and sphingomyelin levels were determined as described in Materials and Methods. The data (means + SD) are
expressed as a percentage of the control level obtained from three independent experiments assayed in duplicate. * Significantly different (P

< .05, Student’s t-test) from controls.

lysis, but had no effects on AA-induced decreasein the level
of sphingomyelin and increase in the amount of ceramide.
To further document arole of PLA,/AA signaling pathway
in mediating IFN-y—induced monocytic differentiation of
HL-60 cells, the effects of a 5-day incubation of cells with
IFN-y (2,000 U/mL), AA (10 gmol/L), and melittin (500
ng/mL) were studied. The treatment of cells with IFN-y for
5 days had no effect on cell proliferation, phagocytic ability,
or the percentage of adherent cells compared with control
(results not shown), but significantly increased the percent-
age of cells positive for NSE or NBT-staining (Fig 6). Cell
surface analysis of HL-60 cells treated for 1 to 5 days with
2,000 U/mL of IFN-vy showed that IFN-y had no effect on
the expression of CD14 as a marker of mature monocytes,
but significantly increased the binding of murine 1gG2a after
5 days of incubation (results not shown). The binding of
murine 1gG2a to untreated or IFN-y—treated HL-60 cells
correlated with their expression of high-affinity FCRyl as
measured by the binding of anti-CD64 (Fig 7). As shown in
Figs 6 and 7, AA (10 pmol/L) and melittin (500 ng/mL)
mimicked the effect of IFN-y on NBT, NSE, and CD64
expression, and no further increase was observed when the
cells were simultaneoudly treated with either combination of

IFN-y (2,000 U/mL) and AA (10 pmol/L) or IFN-y and
melittin (500 ng/mL). None of the groups tested had effects
on cell proliferation, phagocytic ability, percentage of adher-
ent cells, or increased expression of surface CD14 compared
with control (results not shown).

Because AA is enzymatically converted to leukotrienes
by lipoxygenase and to prostaglandins by cyclo-oxygenase,
there is a possibility that the action of IFN-y on monocytic
differentiation is mediated by one of those metabolites. Con-
sequently, the cells were incubated by NDGA (50 pmol/L),
a lipoxygenase inhibitor, or indomethacin (50 ymol/L), a
cyclo-oxygenase inhibitor. Neither NDGA nor indomethacin
affected the cell proliferation or adherence (results not
shown). As shown in Fig 8, indomethacin (50 ymol/L) had
no effect on the expression of CD64 on either control or
IFN-y—stimulated HL-60 cells. The treatment of cells with
NDGA (50 pmol/L) had no effects on IFN-y—stimulated
CD64 expression, but dlightly, athough not significantly,
increased the expression of CD64 in the control group (Fig
8). Results have to be interpreted with caution considering
the potential of this concentration of NDGA to affect other
pathways.*” Moreover, although HL-60 cells contain low
levels of 5-lipoxygenase protein, the activity of enzyme in

Table 3. Effects of IFN-y, AA, BPB, Pertussis Toxin, and Herbimycin A on Sphingomyelin and Ceramide Levels in HL-60 Cells

Sphingomyelin (% control)

Ceramide (pmol/mg of protein)

Treatment Control IFN-y AA Control IFN-y AA
None 100 + 3.7 74.2 = 5.3% 73.8 = 5.1* 183+ 1.9 41.5 + 3.9*% 44.2 + 4.3%
BPB 102.1 £ 5.3 97.6 + 4.2 74.1 = 4.2% 179 £ 1.6 18.1 £ 1.7 43.7 + 3.6*
Pertussis toxin 103.2 = 4.3 102.1 + 3.7 73.7 = 3.6* 17.56 = 2.2 19.1 = 2.1 42.8 + 5.1*
Herbimycin A 101.5 = 3.7 75.6 = 4.2* ND 18.56 = 2.1 42.1 = 4.3* ND

[*HICholine-labeled or unlabeled HL-60 cells were preincubated with BPB (10 umol/L) for 10 minutes, pertussis toxin (20 ng/mL) for 18 hours
or herbimycin A (1 ug/mL) for 14 hours and then treated or not with either IFN-y (2,000 U/mL) or AA (10 umol/L) for 2 hours. After incubation,
cells were harvested, lipids were extracted, and SM levels were determined by TLC, while ceramide levels were determined using DAG kinase
assay. The data (means + SD) are from three independent experiments assayed in duplicate.

Abbreviation: ND, not determined.
* Significantly different (P < .05, Student’s t-test) from controls.
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Fig 6. Effects of IFN-y, AA, and melittin on the NSE activity and
the NBT reduction. HL-60 cells were cultured for 5 days in the pres-
ence of IFN-vy (2,000 U/mL), AA (10 umol/L), melittin (500 ng/mL) or
the combination of IFN-y (2,000 U/mL) and AA (10 umol/L) and the
combination of IFN-y (2,000 U/mL) and melittin (500 ng/mL). The
cells were harvested and stained for «-NSE activity (A) and for the
NBT reducing ability (B) The data (means + SD) are expressed as
a percentage of the control level obtained from three independent
experiments assayed in duplicate. * Significantly different (P < .05,
Student’s t-test) from controls.

undifferentiated HL-60 cells and their capacity to generate
leukotrienes are generally assumed to be negligible.?®

DISCUSSION

Although the role of sphingomyelin turnover in IFN-y—
induced monocytic differentiation of HL-60 cells has been
firmly established,® the mechanisms operating in the regula-
tion of IFN-y—responsive sphingomyelinase are unknown.
A delayed onset of sphingomyelin hydrolysis in response to
IFN-v® or other monocytic inducers®*” argues against a
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model of direct interaction of agonist-sensitive sphingomy-
elinase to activated receptor. A model has been proposed in
which long-term cellular responses, such as differentiation,
require asignaling network including sequential activation of
phospholipases; the early activation of glycerophospholipid
turnover is sufficient for mediating more prompt cellular
responses and is followed by activation of sphingomyelinase
and the sphingomyelin hydrolysis of a protracted course.®
The activation of neutral sphingomyelinase in HL-60 and
promonaocytic U937 cells in response to TNF-« is mediated
by AA, while the activation of acidic sphingomyelinase in
U937 requires prior activation of PC-PLC and generation
of DAG.”® In the present study, data supporting a role for
phospholipase A, and AA in mediating effects of IFN-y
on sphingomyelin hydrolysis are strong and suggestive: (1)
sphingomyelin hydrolysis with a concomitant increase in
ceramide in response to IFN-vy is preceded by an early re-
lease of AA, (2) no increase in activity of phospholipase D
or C was observed, (3) AA and melittin, an activator of
phospholipase A,, mimicked the effect of IFN-y on sphingo-
myelin level, (4) the stimulatory effect of IFN-y on sphingo-
myelin hydrolysis was abolished by the pretreatment of the
cells with an inhibitor of phospholipase A,, and this inhibi-
tory effect was overcome by adding AA.

Our results show that IFN-vy increases PLA, activity in
HL-60 cells in a biphasic manner; an early release of AA
from intact, prelabeled cells was observed within minutes of
stimulation, and a later, sustained increase in PLA, activity
in vitro, which corresponded with the increase in cPLA,
expression, was observed 4 to 120 hours after the addition
of IFN-vy. IFN-y—stimulated AA release was suppressed by
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Fig 7. Effects of IFN-y, AA, and melittin on the levels of surface
expression of CD64 in HL-60 cells. HL-60 cells were cultured for 5
days in the presence of IFN-y (2,000 U/mL), AA (10 umol/L), melittin
(500 ng/mL), or the combination of IFN-y (2,000 U/mL) and AA (10
pmol/L), and the combination of IFN-y (2,000 U/mL) and melittin
(500 ng/mL). Expression of CD64 was determined by flow cytometry.
The data (means + SD) represent the percentage of cells staining
positive for the respective antigen obtained from six independent
experiments. * Significantly different (P < .05, Student’s t-test) from
controls.
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Fig 8. Lack of effects of indomethacin and NDGA on the stimula-
tion of surface expression of CD64 induced by IFN-vy in HL-60 cells.
HL-60 cells were incubated for 5 days with IFN-y (2,000 U/mL), indo-
methacin (50 umol/L), NDGA (50 umol/L), or the combination of IFN-
v (2,000 U/mL) and indomethacin (50 umol/L) and the combination
of IFN-y (2,000 U/mL) and NDGA (50 umol/L). Expression of CD64
was determined by flow cytometry. The data (means + SD) represent
the percentage of cells staining positive for the respective antigen
obtained from six independent experiments. * Significantly different
(P < .05, Student’s t-test) from controls.

prior treatment of the cells with pertussis toxin, which ADP-
ribosylates G;-proteins and thereby blocks communications
between receptors and effector enzymes. Pertussis-sensitive
PLA, activation was described in response to agonists that
bind to the classical G-protein coupled receptor (having
seven membrane spanning motifs) like ATP or thrombin, as
well as in response to those agents (PDGF, basic fibroblast
growth factor [FGF] that bind to receptors with tyrosine
kinase activities, but the signal transduction system regul ated
by G, that activates cPLA, remains ill-defined.®* It has
been proposed that the activation of cPLA, by receptor-
coupled G proteins may be mediated through either direct
interaction of G proteins with cPLA, or G protein activation
of PLC, leading to increased levels of DAG and inositol
trisphoshate/cytosolic Ca?*, activation of PKC, and phos-
phorylation and activation of cPLA,.*** The latter has been
ruled out in our model because no increase in the 1,2-diacyl-
glycerol or intracellular Ca2* concentration was observed in
response to IFN-y. Moreover, IFN-y—induced AA release
was not modified by herbimycin A or tyrphostine, further
indicating that the PLA, species involved is not regulated
by tyrosine phosphorylation. Present results are similar to
those described by Ponzoni et a*® in human neuroblastoma
cells, suggesting the possibility that PLA, is directly acti-
vated by the interaction between the IFN-y-R and G-pro-
tein(s). Although it was observed that IFN-y induced AA
releasein vivo, no increase in PLA, activitiesin cell extracts
was observed in vitro within minutes of stimulation. It is
possible that in cell free extracts G-proteins are uncoupled
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from PLA,, so their stimulatory effect on PLA, activity in
the intact cell could not be measured in vitro.*® A second
possibility is that a major proportion of AA may be released
by enzymes other than cPLA,, such as secretory PLA,,
which is sensitive to the presence of disulfide reducing
agents; immunochemical evidence for the presence of both
cPLA, and type Il PLA, in HL-60 cells was obtained.®
Although a contribution by sPLA, of AA release cannot be
completely ruled out, a role for sPLA, seems less probable,
as sPLA, is a granule-associated, disulfide-containing en-
zymereleased to the outside of the cell that requires millimo-
lar concentrations of Ca?* for activity,®* and our experi-
ments with IFN-y alone were conducted at physiological
Ca®* levels normally present in the growth medium. A final
possibility is that inhibitory effects of pertussistoxin on AA
release from cells are related to indirect effects of this toxin
such as transient increases in cAMP.* However, present
data strongly support a role of cPLA, in IFN-y—stimulated
increase in PLA, activity observed at 4 to 120 hours after
addition of the agonist; under our assay conditions, where 5
mmol/L DTT was present to inhibit any activity of sPLA,,
only the cPLA, was measured, and an increase in cytosolic
and membrane-bound PLA, activity is directly proportional
to an increase in cPLA, protein in both fractions. The long-
term effect on PLA, activity is probably due to a sustained
production of new cPLA,, and the effect depends on tyrosine
phosphorylation, as the increase could be inhibited by the
pretreatment of the cells with herbimycin A, but the precise
mechanisms responsible for the parallel increase in cPLA,
proteins remain unclear. Moreover, it isnot yet clear whether
thelatter increasein cPLA, activity and expressionisdirectly
related to IFN-y—stimulated signaling events or through the
effects of another cytokine induced by 1FN-v.

The key role of the sphingomyelin pathway in mediating
the monocytic differentiation of HL-60 cells was proposed on
the basis of results that show sphingomyelin hydrolysis occurs
specifically in response to monocytic inducers and that the
action of agonists on the induction of NBT-reducing ability
and nonspecific esterase levels could be mimicked by the
addition of bacterial sphingomyelinase or synthetic cera-
mide.** However, amarked increase in the percentage of cells
reducing NBT is regularly observed in response to retinoic
acid ¥%¥or DM SO,*“° which induce maturation of HL-60
cells aong the neutrophilic pathway and have no effects on
the sphingomyelin level. Although an increase in NSE level
is a more specific marker of monocytic differentiation of HL-
60 cells (1), it occurs in response to PMA,* which exerts an
opposite effect on sphingomyelin turnover since a significant
increase in the level of sphingomyelin is observed in response
to this inducer of macrophage-like phenotype.® Our results
show that monocytic differentiation in response to IFN-v is
somewhat incomplete; the cells exposed to IFN-vy for 5 days
do not lose their ability to proliferate and do not express CD14
as a specific marker of mature monocytes. These results are
in agreement with several studies in which the growth or
proliferative ability was measured 3 to 6 days after the addi-
tion of a single dose of IFN-y,*** athough a marked inhibi-
tion of the growth of HL-60 by IFN-y was also reported.® It
is highly probable that, even if 10% to 20% of HL-60 cells
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that express monocytic markers were arrested in Go/G1 on
the fifth day of incubation, we could not detect the cessation
of their proliferation by counting the cells in chambers. Vita-
min D5, an agonist that induces the sphingomyelin hydrolysis
to the extent similar to that observed with IFN-y,** induced
a marked growth arrest and expression of CD14. IFN-y
had no effect on CD14 expression, but induced a significant
increase in the number of FcyRI or CD64. Obvioudy, the
signaling mechanisms responsible for the induction of mono-
cyte specific cell membrane antigens do not rely upon sphin-
gomyelin turnover exclusively.

The ability of AA and melittin to mimic the effects of
IFN-y on NBT and NSE induction could be explained by
their effect on sphingomyelin hydrolysis, but the effects on
CD64 might occur independently. Previous studies have ex-
amined the possible role of AA metabolites in the induction
of monocytic differentiation; the capability of HL-60 cells
to generate prostaglandins or leukotrienes was shown to be
upregulated during differentiation by PMA or vitamin D,
respectively.?’” The present results have demonstrated that
the treatment of HL-60 cells with either indomethacin, an
inhibitor of cyclo-oxygenase, or NDGA, an inhibitor of li-
poxygenase, had no effects on IFN-y—mediated induction
of CD64 expression. Numerous studies have suggested that
free fatty acids may mediate a variety of cellular processes
independently of further metabolism to eicosanoids; a num-
ber of molecules have been defined as direct targets for
the action of arachidonate in vitro, including ion channels,
phospholipases, protein kinase C, and mitogen-activated pro-
tein (MAP) kinase.®®** AA was found not only to regulate
the transcription of genes coding for enzymes of fatty acid
metabolism, but also to affect the transcription of distinct
genes involved in cell differentiation.>®>? The expression of
human FcyRI gene is restricted to myeloid cells and is spe-
cifically upregulated by IFN-y%3; arapid and cycloheximide
insensitive activation of transcription in response to IFN-y
appears to be mediated by JAK-Stat signaling pathways.™*?
Although it has been confirmed that the regulation of Fcy-
receptor expression depends on tyrosine phosphorylation,*
there is indirect evidence suggesting that lipid metabolism
may be involved, as dexamethasone was reported to inhibit
both basal and IFN-y augmented FcyRI expression in U937
cells.®™ AA might facilitate intracellular signaling involved
in the differentiation response to IFN-v, in analogy to the
AA-dependent activation of the interferon-stimulated re-
sponse element (ISRE) in cells treated with IFN-a.%®

In summary, the data presented in this report support a
role of the phospholipase A, and AA, as an early event in
the signaling pathway elicited by IFN-v, in mediating |FN-
v—induced hydrolysis of sphingomyelin. The present studies
have demonstrated that AA and melittin mimic the effects
of IFN-y on NBT-reduction, NSE level, and CD64 expres-
sion on HL-60 cells. Additional studies are necessary to
define the downstream effector molecules of this PLA./SM
pathway that are capable of regulating the expression of
phenotypic markers associated with the differentiation of
HL-60 along the monocytic lineage.
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