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Oligomerization of band 3 protein has been recently
indicated as an early event in senescent or damaged
red cell membrane followed by specific deposition of
anti-band 3 antibodies and binding of complement C3
fragments. The band 3-anti-band 3-C3b complex is
recognized by homologous monocytes, and phagocyto-
sis ensues. This study shows that recognition of the
anti-band 3-C3b complex by the monocyte C3b recep-
tor type one (CR1) plays a crucial role in the process
of removal of damaged red cells.

Indeed, blocking of monocyte CR1 with an anti-CR1
monoclonal antibody abrogated phagocytosis of diam-
ide-treated red cells. Platelet-activating factor (PAF)
is a phospholipid mediator involved in inflammatory
processes. Nanomolar (R)-PAF enhanced the CR1-de-
pendent phagocytosis of diamide-treated human red
cell and of sheep red cells coated with C3b, induced the
fast translocation of protein kinase C to monocyte
membrane compartment, and stimulated the phos-
phorylation of monocyte CR1. The biologically inert
lyso-PAF and the enantiomer (S)-PAF were inactive.
PAF receptor antagonists and inhibitors of protein
kinase C blocked the enhancement of phagocytosis in-
duced by PAF. Protein kinase C translocation, phos-
phorylation of CR1, and stimulation of this receptor to
an active state capable of mediating phagocytosis rep-
resent a novel pathway by which PAF interferes with
red cell homeostasis and possibly modulates inflam-
matory reactions and host mechanisms against infec-
tions.

Phagocytosis of opsonin-coated cellular targets is mediated
by receptors for the immunoglobulin Fc domain and for the
complement cleavage products C3b, iC3b, and possibly C3dg/
C3d (1-3). Fc receptors readily initiate ingestion of IgG-coated
targets, whereas C3 receptors on resting cells mediate target
attachment. CR1 and CR3 complement receptors on mono-
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cytes acquire phagocytic capability following stimulation of
the cells with T cell lymphokines (4), phorbol esters (5), and
extracellular matrix proteins (6-8).

Mononuclear phagocytes eliminate senescent or damaged
red blood cells (RBC)! while leaving mature viable cells un-
harmed. The specific membrane marker that provides the
signal for recognition and removal of senescent or damaged
RBC by phagocytic cells has remained controversial (9, 10).
A recently proposed mechanism (11-13) includes oligomeri-
zation of band 3 protein as the primary event occurring on
the senescent or damaged RBC membrane. The latter step is
followed by specific deposition of naturally occurring anti-
band 3 antibodies and secondary binding of C3 fragments
through activation of the alternative complement pathway.
The band 3- anti-band 3-C3 complex is recognized by homol-
ogous monocytes, and phagocytosis ensues (11-13).

The biochemical steps accounting for the transition of CR1
and CR3 from the resting to the activated state are unknown.
However, the ability of phorbol esters to induce activation of
CR1 and to promote phosphorylation of the receptor (14)
suggests a role for protein kinase C (PKC) in inducing C3-
mediated phagocytosis.

Platelet-activating factor (1-O-alkyl-(R)-acetyl-glycero-3-
phosphocholine, PAF) is an autocrine lipid mediator involved
in the inflammatory reaction. PAF is produced by and acts
on platelets, neutrophils, monocytes/macrophages, and endo-
thelial cells (15, 16). PAF stimulates the production of reactive
oxygen intermediates in macrophages (17) concomitant with
the rise of intracellular Ca®* (18) and the activation of inositol
lipid hydrolysis (19). Macrophages produce and release PAF
during phagocytosis of aggregated IgG or of C3-coated bakers’
yeast (20, 21). Although evidently involved in inflammation,
no data point to PAF as a modulator of the phagocytic
response.

In this study, we show that PAF specifically enhances the
capability of the monocyte to ingest human RBC (RBC™)
treated with low doses of diamide and opsonized in whole
serum, a model of complement-dependent removal of RBC
damaged by oxidant injury (11-13). PAF-mediated enhance-
ment of ingestion is suppressed by preincubation of mono-
cytes with anti-CR1 antibodies. PAF does not affect Fe-

! The abbreviations used are: RBC, red blood cells; RBC™, human
RBC; RBC® sheep RBC; RBC*C3b, RBC*® bearing C3b; ANOVA,
analysis of variance; BSA, bovine serum albumin; EGTA, [ethylene-
bis(oxyethylenenitrilo)]tetraacetic acid; HEPES, 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid; mAb, monoclonal antibody; PBS,
phosphate-buffered saline; PKC, protein kinase C; SDS, sodium
dodecyl sulfate; PAF, platelet-activating factor; Me,SO, dimethyl
sulfoxide.
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FiG. 1. Phagocytosis of RBC"™ by adherent monocytes. Ad-
herent monocytes (7 X 10*) were incubated for 30 min at 37 °C in 2
ml of RPMI 1640-BSA with 20 xg/ml anti-CR1 mAb J3D3 or with
anti-CR3 mAb Mol or with mouse nonimmune IgG or with medium,
then washed twice with 2 ml of RPMI 1640 containing 1% BSA.
Phagocytosis was initiated by adding 16 x 10° RBC suspended in 1
ml of RPMI 1640 and stopped after 1 h of incubation at 37 °C in a
5% CO, humidified incubator. Phagocytosis was by monocytes of
RBC™ incubated in whole serum (lane 1); RBC™ treated with 20 pM
diamide and incubated in whole serum (lane 2); RBC™ treated with
20 ¢M diamide and incubated in diisopropyl fluorophosphate-treated
serum (lane 3). Phagocytosis of RBC™ treated with diamide and
incubated in whole serum was by adherent monocytes preincubated
with mAb J3D3 (lane 4); mAb Mol (lane 5); and mouse nonimmune
IgG (lane 6). Results are the mean values + S.D. of 10 experiments
done in triplicate. p, calculated by two-way ANOVA, was 0.00001.
The Student-Newman-Keuls test gave p < 0.05 for the following
comparisons (numbers refer to lanes): 6 versus 1, 6 versus 3, 6 versus
4, 5 versus 1, 5 versus 3, 5 versus 4, 2 versus 1, 2 versus 3, 2 versus 4.
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Fic. 2. Attachment and phagocytosis of RBC*C3b by adher-
ent monocytes. Adherent monocytes (7 X 10%) were treated as
detailed in the legend to Fig. 1. A, attachment to monocytes of RBC*
resuspended in PBS (lane 1); RBC*C3b resuspended in PBS (lane 2).
Attachment of RBC*C3b to monocytes pretreated with mAb J3D3
(lane 3); mAb Mol (lane 4); and nonimmune IgG (lane 5). Results
are the mean values + S.E. of five experiments done in duplicate. p,
calculated by two-way ANOVA, was 0.00001. The Student-Newman-
Keuls test gave p < 0.05 for the following comparisons (numbers refer
to lanes): 2 versus 1, 2 versus 3, 4 versus 1, 4 versus 3, 5 versus 1, 5
versus 3. B, phagocytosis by monocytes of RBC*C3b resuspended in
PBS (N); RBC® resuspended in PBS (). Results are the mean values
+ S.D. of five experiments done in duplicate. p, calculated by two-
way ANOVA, was 0.1408.
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Fic. 3. Phagocytosis of erythrocytes by adherent mono-
cytes treated with (R)-PAF. Adherent monocytes (7 X 10*) were
incubated at 37 °C with different concentrations of (R)-PAF. After
10 min, the medium was removed, the monocytes washed once with
2 ml of PBS and refed with RPMI 1640. Phagocytosis was initiated
by adding 16 x 10° RBC suspended in 1 ml of RPMI 1640 and stopped
after 1 h of incubation at 37 °C in a 5% CO, humidified incubator
(see “Experimental Procedures”). Panel A; phagocytosis of RBCM.
O——0, RBC™ incubated in whole serum. p, calculated by two-way
ANOVA, was 0.2328. &——@, RBC™ treated with 20 uM diamide and
incubated in whole serum. p = 0.00001. The Student-Newman-Keuls
test gave p < 0.05 for the following comparisons: monocytes treated
with 50 nM (R)-PAF versus monocytes treated with 0, 0.05, and 0.1
nM (R)-PAF; monocytes treated with 10 nM (R)-PAF versus mono-
cytes treated with 0, 0.05, and 0.1 nM (R)-PAF; monocytes treated
with 1 nM (R)-PAF versus monocytes treated with 0, 0.05, and 0.1
nM (R)-PAF; A- - -A, RBC™ treated with 20 uM diamide and incu-
bated in diisopropyl fluorophosphate-treated serum. p = 0.0836.
A- - -A, RBC™ opsonized with anti-D IgG. p = 0.0535. Results are
the mean values + S.D. of four experiments done in triplicate. Panel
B, phagocytosis of RBC®. O---O, RBC® incubated in PBS. p =
0.2099. &—@, RBC’C3b incubated in PBS. p = 0.00001. The
Student-Newman-Keuls test gave p < 0.05 for the following compar-
isons: monocytes treated with 50 nM (R)-PAF versus monocytes
treated with 0, 0.05, 0.1, 1, and 10 nM (R)-PAF; monocytes treated
with 10 nM (R)-PAF versus monocytes treated with 0, 0.05, 0.1, and
1 nM (R)-PAF; monocytes treated with 1 nM (R)-PAF versus mono-
cytes treated with 0, 0.05, and 0.1 nM (R)-PAF; monocytes treated
with 0.1 nM (R)-PAF versus monocytes treated with 0 and 0.05 nM
(R)-PAF. Results are the mean values + S.D. of four experiments
done in triplicate.

TaBLE I
Adherence of RBC™ and RBC* to (R)-PAF-treated human monocytes
Adherent monocytes (7 X 10%) were incubated for 10 min at 37 °C
with or without 10 nM (R)-PAF. RBC adhesion was assayed as
described under “Experimental Procedures.” Results are the mean
values = S.D. of three experiments done in duplicate.

(R)-PAF Control p*
RBC bound/monaocyte
Diamide-treated RBC™ in- 07+0.1 08x04 0.4356
cubated in PBS?
Diamide-treated rBC™ in- 38+04 31x07 02135
cubated in serum
RBC® incubated in PBS 1.0+0.2 09+05 0.0891
RBC®*C3b incubated in 94+ 16 9011 0.0717
PBS

¢ p was calculated by two-way ANOVA.
*RBC were incubated in PBS or serum as described under “Ex-
perimental Procedures.”
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TaBLE 11
Effect of (R)-PAF and PAF-like molecules on phagocytosis by adherent monocytes

Adherent monocytes (7 X 10*) were incubated for 10 min at 37 °C with or without additions before initiation of
phagocytosis. Results are the mean values + S.D. of three experiments done in triplicate.

Diamide-treated

Additions RBChe RBC™ RBC*C3b RBC®
ingested RBC/monocyte
1. None 1.7+0.9 0.6 +0.2 0.7+ 04 0.6 = 0.2
2. (R)-PAF (10 nm) 38+08 0.8+0.3 59 +0.3 0.7+ 0.2
3. (S)-PAF (100 nM) 1.6 £ 0.6 0.8+09 0.3+0.2 0.8 +0.2
4. Lyso-PAF (1 uM) 1.9+ 0.6 0.8 +£0.2 08 +0.3 0.5 £0.3
p = 0.0028° p=0.4726 p = 0.0005 p = 0.6441

¢ Diamide-treated and untreated RBC" were incubated in whole serum as described under “Experimental

Procedures.”

®For each column of data, p was calculated by two-way ANOVA. Whenever the ANOVA gave p < 0.05, the
Student-Newman-Keuls test was applied for more specific comparisons. The following comparisons gave p < 0.05.
Phagocytosis of diamide-treated RBC™: 2 versus 3, 2 versus 1, 2 versus 4, 4 versus 3; phagocytosis of RBC*C3b: 2

versus 3, 2 versus 1, 2 versus 4, 4 versus 3.

TABLE III
Inhibition by PAF receptor antagonists of (R)-PAF-induced
increase of phagocytosis
Adherent monocytes (7 X 10*) were incubated in 1 ml RPMI-BSA
for 10 min at 37 °C with or without PAF receptor antagonists before
the addition of 10 nM (R)-PAF. Results are the mean values + S.D.
of three experiments done in duplicate.

% Inhibition of phagocytosis®

Additions PO,
Diamide-treated .
RBC™ RBC*'C3b
BN52021°
1. 0.1 uM 0 0
2. 1uM 123+ 1.7 60+19
3.10 uM 48.0 + 89 52.8 + 10.4
4. 50 uM 745+ 69 78.1 £ 5.8
p = 0.0043° p = 0.0057
CV3988¢
1. 0.1 uM 0 0
2. 1uM 3.6 x15 0
3. 10 uM 31.3+4.1 25.6 + 0.8
4. 50 uM 66.7 + 6.4 79.1 = 4.4
p = 0.0001 p = 0.0010

¢ % Inhibition was calculated from the values of phagocytosis of
diamide-treated RBC™ incubated in whole serum (3.5, 2.7, 4.1 RBC/
monocyte) and RBC*C3b (5.5, 6.3, 4.8 RBC/monocyte) by adherent
monocytes stimulated with 10 nM (R)-PAF for 10 min at 37 °C.

b The phagocytosis of diamide-treated RBC™ incubated in whole
serum or of RBC*C3b by monocytes preincubated with 50 uM
BN52021 was 0.7 £ 0.6 and 1.8 = 0.6 RBC/monocyte, respectively.
Me,SO used to dissolve BN52021 did not interfere with phagocytosis
(3.6 + 0.8 diamide-treated RBC™ and 5.1 + 0.9 RBC*C3b were
ingested, respectively, by monocytes treated with 0.01% Me,SO).

¢ For each column of data, p was calculated by two-way ANOVA.
Whenever the ANOVA gave p < 0.05, the Student-Newman-Keuls
test was applied for more specific comparisons. The following com-
parisons gave p < 0.05. Phagocytosis of diamide-treated RBC™ by
monocytes preincubated with BN52021: 4 versus 1, 4 versus 2, 4
versus 3, 3 versus 1, 3 versus 2, 2 versus 1; phagocytosis of diamide-
treated RBC™ by monocytes preincubated with CV3988: 4 versus 1,
4 versus 2, 4 versus 3, 3 versus 1, 3 versus 2; phagocytosis of RBC*C3b
by monocytes preincubated with BN52021: 4 versus 1, 4 versus 2, 4
versus 3, 3 versus 1, 3 versus 2; phagocytosis of RBC*C3b by monocytes
preincubated with CV3988: 4 versus 2, 4 versus 1, 4 versus 3, 3 versus
2, 3 versus 1.

?The phagocytosis of diamide-treated RBC™ incubated in whole
serum or of RBC*C3b by monocytes preincubated with 50 uM CV3988
was 1.1 £ 0.3 and 1.7 + 0.5, respectively.

mediated phagocytosis. In addition, PAF renders monocytic
CR1 capable of mediating ingestion of sheep RBC (RBC®)
coated with human C3b (RBC*C3b). PAF-induced phagocy-
tosis of C3b-coated RBC correlates with translocation of PKC

from the cytosol to the membrane and phosphorylation of
CR1.

EXPERIMENTAL PROCEDURES

Reagents—1-0-Octadecyl-2-(R)-acetyl-glycero-3-phosphocholine
((R)-PAF) and 1-O-octadecyl-2-lyso-glycero-3-phosphocholine (lyso-
PAF) were from Bachem Feinchemikalien (Bubendorf, Switzerland);
[*C]potassium cyanate (55 mCi/mmol), [**P]orthophosphoric acid
(40 mCi/ml), and [**P]JATP (2 mCi/mmol) were from Amersham
International; protein A-Sepharose was from Pharmacia LKB Bio-
technology Inc.; XAR X-Omat films were from Kodak; CV3988 was
from Takeda Chemical Industries (Osaka, Japan); H7 was from
Seikagaku Co. (Miami, FL); staurosporin was from Kamiya Biomed-
ical Co. (Thousand QOaks, CA); BN52021 was from Institut Henri
Beaufour (Le Plessis Robinson, France); culture media were from
Flow Laboratories (McLean, VA); plastics were from Falcon Labware
(Oxnard, CA). 1-0-Octadecyl-2-(S)-acetyl-glycero-3-phosphocholine
(enantiomer S form) was a gift of Drs. H. P. Kertscher and G.
Ostermann (Karl Marx University, Leipzig and Medical Academy,
Erfurt, German Democratic Republic), and human anti-D-specific
IgG was a gift of Dr. H. U. Lutz (ETH Zentrum, Zurich, Switzerland).
The other reagents were from Sigma or Merck. BN52021 and stau-
rosporin were dissolved in dimethyl sulfoxide.

Mouse monoclonal (mAb) anti-CR1 antibody J3D3 and rabbit anti-
CR1 antibodies were obtained by immunizing mice and rabbit with
human CR1 (CD835) and were purified as described (22-24). Rabbit
IgG was prepared from anti-CR1 antiserum and from normal rabbit
serum with ammonium sulfate precipitation and DEAE-52-cellulose
purification. Purified mouse and rabbit anti-CR1 IgG showed one
band upon SDS-polyacrylamide gel electrophoresis analysis. Both
antibodies immunoprecipitated two CR1 allotypic bands from RBC™
membrane as described previously (22). Rabbit antibodies inhibited
C3b-dependent rosette formation. mAb J3D3 is a reference antibody
of the CD35 cluster for fourth human leukocyte differentiation anti-
gens workshop. Anti-CR3 mAb (Mol) was purchased from Coulter
(Milano, Italy).

Buffers and Incubation Media—Buffers were as follows: phosphate-
buffered saline (PBS; 150 mM NaCl, 10 mM Na,HPO,/NaH,PO,, pH
7.4), buffer A (10 mM HEPES, 10 mM B-mercaptoethanol, 5 mm
EDTA, pH 7.5), buffer B (buffer A containing 0.24 M sucrose, 0.43
mM phenylmethylsulfonyl fluoride, 0.1 mM leupeptin, 0.005 mM pep-
statin and 22 units/ml aprotinin), RIPA buffer (150 mM NaCl, 10
mM Na,HPO,/NaH.PO,, 0.68 mM sucrose, 5 mM EDTA, 10 mM NaF,
5 mM sodium pyrophosphate, 1 mM sodium vanadate, 1 mM ATP, 5
mM phenylmethylsulfonyl fluoride, 0.002 mM leupeptin, 0.002 mM
pepstatin, 100 ug/ml DNase, 5% fetal calf serum, 2% Nonidet P-40,
0.2% SDS, pH 7.2), Tris buffer (40 mM Tris-HCI, 5 mM KCl, 116 mM
NaCl, 0.2 mM MgCl,, 5 mM D-glucose, pH 7.6), RPMI-fetal calf serum
(RPMI 1640 supplemented with 10% fetal calf serum, pH 7.4), RPMI-
BSA (RPMI 1640 supplemented with 0.25% BSA, pH 7.4), and
RPMI-HEPES (RPMI 1640 containing 10 mM HEPES, pH 7.4).

Sheep Erythrocytes Bearing C3b—RBC*C3b were prepared by se-
quential deposition of C3b by fluid phase and cell-bound amplification
convertase using purified human alternative complement pathway
proteins C3, B and D as described previously (25). RBC*C3b were
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TaBLE IV
Effect of anti-CR1 and anti-CR3 antibodies on phagocytosis by nonstimulated and (R)- PAF-stimulated monocytes
Adherent monocytes (7 X 10%) were preincubated for 30 min at 37 °C in 1 ml of RPMI-BSA with 20 ug/ml of
different mAb or nonimmune IgG, washed twice with RPMI 1640 containing 1% BSA, then incubated 10 min with
10 nM (R)-PAF before initiation of phagocytosis. Phagocytosis was performed as described under “Experimental
Procedures.” Results are the mean + S.D. of four experiments done in triplicate.

Diamide-treated

RBCH: @ RBC™ RBC*C3b RBC*
ingested RBC/monocyte
Nonstimulated monocytes
1. None 1.9+ 05 0.5+02 0.7x+03 04 +0.3
2. Anti-CR1 (J3D3) 0.7+0.3 0.6 +04 09+05 03+£02
3. Anti-CR3 (Mol) 1.8+ 0.6 0.3+0.1 02+04 04 +0.2
4. IgG 1.6 +0.8 0.7+0.3 0.6 £ 08 05+03
p = 00017 p = 0.7691 p = 05632 p =0.7616
(R)-PAF-stimulated monocytes
1. None 38+1.1 08 £0.3 58+ 15 09+04
2. Anti-CR1 (J3D3) 1.0+ 0.5 0.6 +0.3 1.2+0.6 0.7+0.3
3. Anti-CR3 (Mol) 3.6+05 03+04 52+21 08+0.3
4, IgG 3.7+04 0.5+0.3 52+ 1.7 09+04
p = 0.0048 p = 0.2169 p = 0.0030 p = 0.2889

¢ Diamide-treated and untreated RBC™ were incubated in whole serum as described under “Experimental
Procedures.”

®For each column of data, p was calculated by two-way ANOVA. Whenever the ANOVA gave p < 0.05, the
Student-Newman-Keuls test was applied for more specific comparisons. The following comparisons gave p < 0.05.
Phagocytosis of diamide-treated RBC™ by nonstimulated monocytes: 2 versus 1, 2 versus 3, 2 versus 4; phagocytosis
of diamide-treated RBC™ by (R)-PAF-stimulated monocytes: 1 versus 2, 4 versus 2, 3 versus 2; phagocytosis of

RBC*C3b by (R)-PAF-stimulated monocytes: 1 versus 2, 4 versus 2, 3 versus 2.

coated with 40,000 molecules of C3b/cell as assessed by the binding
of radiolabeled anti-C3 mAb (Bethesda Research Laboratories). For
phagocytosis experiments, RBC* and RBC*C3b were labeled with
[**C]cyanate (26).

Treatment of RBC™—RBC™ were labeled with [“C]cyanate as
described previously (26) and resuspended at 25% hematocrit in Tris
buffer and incubated with or without 20 uM diamide for 60 min at
37 °C. RBC were washed three times in Tris buffer and then incubated
for 30 min at 37 °C and 33% hematocrit in autologous serum or
diisopropyl fluorophosphate-treated autologuous serum (11). Alter-
natively, RBC™ were opsonized at 33% hematocrit with 2 ug/ml
human IgG anti-D dissolved in Tris buffer (11).

Preparation of Adherent Monocytes—Mononuclear cells were sep-
arated from human O Rh* blood collected in heparin by Lymphoprep
gradient (27). 1 X 10° or 1 X 10® mononuclear cells were plated in 25-
or 90-mm diameter Petri dishes, respectively (11). After a 60-min
incubation, nonadherent cells were removed and incubated for 3 h in
RPMI 1640 prior to starting the experiments. The contamination of
lymphocytes estimated by nonspecific esterase staining (Sigma kit)
never exceeded 4-5%. The number of adherent monocytes was esti-
mated by DNA measurement (28).

PAF Treatment of Adherent Monocytes—Adherent monocytes were
incubated with (R)-PAF, (S)-PAF, and lyso-PAF for the indicated
periods of time and then washed three times with RPMI 1640. PAF
receptor antagonists and PKC inhibitors were added 15 min prior to
the addition of (R)-PAF phagocytosis. In some experiments, adherent
monocytes were preincubated for 30 min at 37°C in a 5% CO,
humidified incubator with 10 ug/ml RPMI 1640 of mAb or control
mouse IgG, washed three times with RPMI-HEPES containing 1%
BSA, and incubated with RPMI 1640 (pH 7.4).

Phagocytosis Assay—2 X 107 [“C]cyanate-labeled RBC™ or
RBC*C3b were plated on adherent monocytes. After a 60-min incu-
bation at 37 °C, binding of different types of RBC to monocytes and
'phagocytosis were assessed as described (26).

Immunoprecipitation of CR1 from (R)-PAF-stimulated **P-Labeled
Monocytes—6 x 107 adherent monocytes were depleted of intracel-
lular phosphate by incubation for 1 h in phosphate-free Dulbecco’s
modified minimal essential medium and labeled with [**P]phosphate
(8 mCi at 1 mCi/ml) in the same medium for 1 h at 37 °C (14). After
three washes, labeled cells were incubated with RPMI-HEPES alone
or containing 10 nM (R)-PAF for 10 min at 37 °C. The cells were
then lysed in RIPA buffer (14). Cell lysates were incubated on ice for
30 min, and insoluble material was removed by centrifugation at
25,000 X g for 20 min at 4 °C. Solubilized glycoproteins were sequen-
tially precleared by incubation with protein A-Sepharose followed by
incubation with normal rabbit IgG and removal of complexed proteins

by protein A-Sepharose. After centrifugation (1,500 X g), precleared
lysates were incubated with rabbit anti-CR1 IgG followed by the
addition of protein A-Sepharose. The beads were washed with RIPA
buffer, and adsorbed proteins eluted with 1% SDS for 5 min at 100 °C.
The eluates were subjected to SDS-polyacrylamide gel electrophoresis
on 7% polyacrylamide slab gels. The gels were dried and exposed to
XAR X-Omat films with Cronex Xtra Intensifying Screens (Du Pont-
New England Nuclear) at ~70 °C for 5 days.

Partial Purification of PKC—1 X 10" adherent monocytes were
washed three times with RPMI-BSA and then stimulated at 37 °C
for different periods of time in 5 ml of prewarmed RPMI-BSA (pH
7.4) with the indicated concentrations of stimuli. In some experi-
ments, adherent monocytes were preincubated for 10 min at 37 °C
with 50 uM BN52021 or CV3988. At the end of the incubation, the
cells were scraped in 5 ml of cold buffer B, sedimented, and resus-
pended in 1 ml of buffer B. After sonication (6 pulses of 10 s in ice
bath, 100 watts, Labsonic 1510, B. Braun Melsungen, Federal Repub-
lic of Germany), cytosolic and particulate fractions were prepared by
ultracentrifugation (29). The various cell fractions were applied to a
DEAE-52-cellulose column (0.9 X 2.5 ¢cm) equilibrated with buffer A
(29). The kinase activity was eluted by application of an 18-ml linear
concentration gradient of NaCl (0-0.2 M) in buffer A at flow rate of
0.2 ml/min.

PKC Assay—Total PKC activity was quantified by measuring the
incorporation of **P from [**P]ATP into type IIIS histone (30). The
test mixture contained phosphatidylserine, diolein, MgCl,, and CaCl,
(30). Nonspecific PKC activity was assayed in the absence of cations
and lipids but in the presence of EGTA (30). Net PKC activity was
calculated as the difference between total and nonspecific PKC
activities.

Statistical Analysis—For each experimental condition, 3-10 exper-
iments were performed with different preparations of monocytes and
RBC. Each measurement was repeated three times in order to assess
the reproducibility of the obtained values. Some measurements were
done with only two replicates, and the missing data were estimated
from the mean within the same subgroup. The difference within the
duplicate values never exceeded 3%. Two-way ANOVA with block of
repeated measurements was applied to test the difference within
groups and between blocks for each experiment. Furthermore, the
analysis of variance for repeated measurements tested the significance
of differences within sets of repeated measurements. By two-way,
ANOVA, the differences within the repeated measurements were not
significant in any experimental condition, and the means were used
to summarize data for each block. Whenever the two-way ANOVA
with repeated measurements was significant (p < 0.05), the block
means were analyzed by the Student-Newman-Keuls test in order to
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Fi1G. 4. Time course of phagocytosis-enhancing effect of
(R)-PAF on monocytes. Adherent monocytes (7 X 10*) were incu-
bated at 37 °C for different periods of time with 10 nM (R)-PAF. The
experiment was performed as detailed in the legends to Figs. 1 and 3.
@®—@, RBC™ treated with diamide and incubated in whole serum.
p, calculated by two-way ANOVA, was 0.0001. The Student-Newman-
Keuls test gave p < 0.05 for the following comparisons: monocytes
stimulated for 10 min with (R)-PAF versus control and versus mono-
cytes stimulated for 5 and 120 min; monocytes stimulated for 30 min
versus control and versus monocytes stimulated for 120 min; mono-
cytes stimulated for 60 min versus control. A- - -A, RBC*C3b incu-
bated in PBS. p = 0.00001. The Student-Newman-Keuls test gave p
< 0.05 for the following comparisons: monocytes stimulated for 30
min with (R)-PAF versus control and versus monocytes stimulated
for 120, 90, and 5 min; monocytes stimulated for 10 min versus control
and versus monocytes stimulated for 120, 90, and 5 min; monocytes
stimulated for 60 min versus control and versus monocytes stimulated
for 120, 90, 5 min; monocytes stimulated for 5 min versus control and
versus monocytes stimulated for 120 and 90 min; monocytes stimu-
lated for 90 min versus control and versus monocytes stimulated for
120 min. Results are the mean values = S.D. of three experiments
done in triplicate.

make more specific comparisons among the different experimental
conditions. These analyses were performed by using a BMDP2V
software (BMDP Statistical Software, Inc., Los Angeles, CA).

RESULTS

Phagocytosis of RBC by Adherent Monocytes—RBC™
treated with 20 uM diamide and incubated with normal human
serum were phagocytosed by human adherent monocytes (Fig.
1). Heat (not shown) or diisopropyl fluorophosphate treat-
ment of serum abrogated phagocytosis almost completely.
Non-diamide-treated RBC™ incubated with serum were not
ingested. Preincubation of adherent monocytes with saturat-
ing amounts of anti-CR1 mAb J3D3 totally suppressed phago-
cytosis of diamide-treated RBC™ incubated in whole serum.
Phagocytosis was unaffected by pretreatment of monocytes
with anti-CR3 mAb Mol or IgG from nonimmune mouse (Fig.
1).

RBC®°C3b were attached to but not ingested by adherent
monocytes. The ability of monocytes to bind RBC*C3b was
inhibited by pretreatment of monocytes with anti-CR1 mAb
Mol and was not affected by anti-CR3 mAb or nonimmune
mouse IgG (Fig. 2).

Effect of (R)-PAF on the Phagocytosis of Diamide-treated
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FiG. 5. (R)-PAF-induced phosphorylation of CR1. Autora-
diography of SDS-polyacrylamide gel electrophoresis analysis of CR1
from **P-labeled adherent monocytes treated with 10 nm (R)-PAF
(A) or with buffer alone (B) for 10 min at 37 °C.

RBC"™ and of RBC*C3b—(R)-PAF enhanced phagocytosis of
diamide-treated RBC" and RBC*C3b by monocytes in a dose-
dependent manner (Fig. 3, A and B). The effect was already
evident when adherent monocytes were pretreated with 1 nM
(R)-PAF for 10 min and reached maximum values at 10-50
nM (R)-PAF. Adherence of diamide-treated RBC™ and of
RBC*C3b to monocytes was not affected by treating mono-
cytes with 10 nM (R)-PAF (Table I). In addition, the amount
of '*I-labeled anti-CR1 mAb J3D3 that specifically bound to
adherent monocytes in the presence of 50-fold excess antibody
did not differ between untreated monocytes (3322 + 950 cpm/
well in triplicate experiments) and monocytes that had been
treated with 10 nM (R)-PAF (3883 + 2791 cpm/well) or 20
nM (R)-PAF (4287 = 1015 cpm/well). (R)-PAF did not en-
hance the phagocytosis of RBC™ opsonized with anti-D IgG
(Fig. 3A). Enhancement of phagocytosis of diamide-treated
RBC™ incubated in whole serum and RBC*C3b by (R)-PAF
was dependent on effect of (R)-PAF on monocytes since
pretreatment of diamide-treated RBC™ or RBC*C3b with (R)-
PAF (1-100 nM, 10 min at 37 °C) had no effect on their
ingestion (not shown).

No increase in ingestion of diamide-treated RBC™ incu-
bated in whole serum and of RBC°C3b was observed after
treatment of monocytes with inactive PAF analogs such as
lyso-PAF (1 uM) and (S)-PAF (100 nm) (Table II). Pretreat-
ment of adherent monocytes with the specific PAF-receptor
antagonists BN52021 and CV3988 inhibited the enhancement
of phagocytosis in a dose-dependent manner (Table III). No
enhancement of phagocytosis of diamide-treated RBC™ in-
cubated in whole serum and no phagocytosis of RBC*C3b was
induced by (R)-PAF in monocytes that had been pretreated
with anti-CR1 mAb J3D3 (Table IV). The time course of the
effect of (R)-PAF on monocytes is shown in Fig. 4. Treatment
of adherent monocytes with 10 nM (R)-PAF for 10 min
induced a maximal enhancement of phagocytosis, whereas the
effect declined progressively with an incubation period longer
than 60 min. (R)-PAF (1-100 nM) had no effect on the number
of monocytes that adhered to the culture dishes (not shown).

(R)-PAF-induced Phosphorylation of CR1—In order to ex-
amine whether the acquired ability of (R)-PAF-treated mono-
cytes to ingest C3b-coated targets was associated with phos-
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FiGc. 6. DEAE-52-cellulose chromatography profile of mon-
ocyte PKC and time course of PKC redistribution in adherent
monocytes stimulated with (R)-PAF. Panel A, DEAE-52-cellu-
lose chromatography of PKC present in the soluble fraction. Adherent
monocytes (2 X 107) were scraped with a rubber policeman in 5 ml of
buffer B. After sonication (six pulses of 10 s in ice bath, 100 watts),
particulate and soluble fractions were separated by centrifugation at
100,000 X g for 1 h at 4 °C. The supernatant and the pellet were
resuspended in 1 ml of buffer B containing 1% Nonidet P-40 and
applied to a DEAE-52-cellulose column (29) equilibrated with buffer
A. After sample addition, the column was washed with 20 ml of buffer
A, then eluted with a linear (0-0.2 M) NaCl gradient. The flow rate
was 0.5 ml/min, and the fraction size was 2 ml. The conductivity of
effluent solution was measured by an on-line conductivity meter.
PKC activity was measured in 0.1-mi samples. The net PKC activity
resulted from the difference of histone type III phosphorylation in
the presence of Ca®*, phosphatidylserine, and diolein, or of EGTA.
Panel B, time course of (R)-PAF-induced PKC translocation. Adher-
ent monocytes (2 X 107) were stimulated for different periods of time
at 37 °C with 10 nM (R)-PAF in 5 m]l of RPMI-BSA. The reaction
was stopped by putting the dishes on ice. Each value was obtained by
the addition of net PKC activity measured in the fractions of a
DEAE-52 column eluted with 0.06-0.09 M NaCl. O- - -O, particulate
fraction. p, calculated by two-way ANOVA, was 0.00001. The Student-
Newman-Keuls test gave p < 0.05 for the following comparisons:
control versus 2-, 3-, 5-, and 7-min stimulation; 1-min stimulation
versus 2- and 3-min stimulation; 2-min stimulation versus 5- and 7-
min stimulation; 3-min stimulation versus 5- and 7-min stimulation.
A——A, soluble fraction. p = 0.00001. The Student-Newman-Keuls
test gave p < 0.05 for the following comparisons: control versus
monocytes stimulated for 2, 3, 5, and 7 min; 1-min stimulation versus
2-, 8-, 5-, and 7-min stimulation. Mean values * S.D. of three
experiments done in duplicate.
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Fi16. 7. Dose-dependent effect of (R)-PAF-induced PKC ac-
tivation. Adherent monocytes (2 X 107) were stimulated for 3 min
at 37 °C in 5 ml of RPMI-BSA with different concentrations of (R)-
PAF and processed as described in the legend to Fig. 6. O- - -O,
particulate fraction. p, calculated by two-way ANOVA, was 0.00001.
The Student-Newman-Keuls test gave p < 0.05 for the following
comparisons: monocytes stimulated with 10 nM (R)-PAF versus un-
stimulated and 1 nM (R)-PAF-stimulated monocytes; monocytes
stimulated with 50 nM (R)-PAF versus unstimulated and 1 nM (R)-
PAF-stimulated monocytes; monocytes stimulated with 1 nM (R)-
PAF versus unstimulated monocytes. A——A4, soluble fraction. p =
0.00001. The Student-Newman-Keuls test gave p < 0.05 for the
following comparisons: unstimulated monocytes versus 50, 10, and 1
nM (R)-PAF-stimulated monocytes; monocytes stimulated with 1 nM
(R)-PAF versus 50 and 10 nM (R)-PAF-stimulated monocytes. Re-
sults are the mean values + S.D. of three experiments done in
duplicate.

phorylation of CR1, adherent monocytes were labeled with
2P, incubated with (R)-PAF (10 nM) and immunoprecipitated
as described under “Experimental Procedures.” Two bands of
molecular mass approximating 190 and 220 kDa appeared
labeled with **P in anti-CR1-immunoprecipitated membrane
material from (R)-PAF-treated cells. The molecular masses
correspond to those of allotypic forms of CR1 (31). Phos-
phorylation of CR1 was detectable in (R)-PAF-treated cells
but not in untreated cells (Fig. 5).

Activation of PKC in Adherent Monocytes Stimulated with
(R)-PAF—In resting adherent monocytes, 90-95% of total
PKC activity eluted with 0.06-0.09 M NaCl from DEAE-52
was recovered in the soluble fraction (Fig. 64), whereas 5-
10% of the activity was found in the particulate fraction (not
shown). A second peak of phospholipid-independent kinase
activity was eluted with 0.13-0.17 M NaCl (Fig. 64).

Exposure of adherent monocytes to 10 nM (R)-PAF for 3
min decreased cytosolic PKC activity to 156% of control value
and increased PKC activity in the particulate fraction corre-
spondingly (Fig. 6B). The PKC redistribution after addition
of (R)-PAF application peaked after 3 min and returned to
prestimulus level after 7 min (Fig. 6B). Thus, the kinetics of
PKC activation was faster and more shortlived than the
biological effect. The concentrations of (R)-PAF that en-
hanced phagocytosis remarkably stimulated translocation of
PKC to the membrane compartment (Fig. 7). As shown in
Table V, the specific receptor antagonists of (R)-PAF did not
change the subcellular distribution of PKC activity in non-
stimulated monocytes but almost completely prevented (R)-
PAF-induced translocation of PKC activity. 100 nM (S)-PAF
(a concentration 10 times higher than that of (R)-PAF) and
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TABLE V
Specificity of (R)-PAF-induced PKC activation in adherent
monocytes
Partially purified PKC was obtained from adherent monocytes
stimulated as indicated for 3 min at 37 °C and assayed as described
under “Experimental Procedures.” Results are the mean values =
S.D. of three experiments done in triplicate.

Net PKC activity

Additions®

Soluble Particulate
fraction fraction
pmol *2P incorporated in 40 ug
histone/min/107 cells
1. None 636 = 125 87 + 36
2. (R)-PAF (10 nMm) 121 £ 63 536 + 141
3. (S)-PAF (100 nMm) 518 =74 103 £ 71
4. Lyso-PAF (1 uM) 500 £ 87 106 *+ 37
5. BN52021 (50 uM) + (R)- 696 + 150 103 = 84
PAF 10 (nM)
6. BN52021 (50 uM) 631+ 74 56 + 81
7. CV3988 (50 uM) + (R)- 601 + 84 107 £ 64
PAF (10 nm)
8. CV3988 (50 uM) 580 £+ 100 74 £ 23
p = 0.00001° p = 0.00001

¢ Adherent monocytes were incubated for 10 min at 37 °C with
BN52021 or CV3988 before the addition of (R)-PAF or medium.
Me,SO used to dissolve BN52021 did not interfere with PKC activity
(0.1% Me,S0 translocates 0.001 and 0% PKC activity after 3 and 5
min, respectively).

® For each column of data, p was calculated by two-way ANOVA.
Whenever the ANOVA gave p < 0.05, the Student-Neuwman-Keuls
test was applied for more specific comparisons. The following com-
parisons gave P < 0.05. Net PKC activity in soluble fraction: 5 versus
2, 1 versus 2, 6 versus 2, 7 versus 2, 8 versus 2, 3 versus 2, 4 versus 2;
net PKC activity in particulate fraction: 2 versus 6, 2 versus 8, 2
versus 1, 2 versus 5, 2 versus 3, 2 versus 4, 2 versus 7.

1 uM lyso-PAF were ineffective.

Effect of PKC Inhibitors on Phagocytosis by Unstimulated
and (R)-PAF-treated Adherent Monocytes—The effect of the
PKC inhibitors H7 (32), palmitoylcarnitine (33), sphingosine
(34), and staurosporin (35) on phagocytosis by unstimulated
and (R)-PAF-stimulated monocytes is shown in Table VI
These compounds prevented the (R)-PAF-induced increase
of phagocytosis of RBC*C3b. However, only sphingosine and
10 uM staurosporin inhibited the phagocytosis of diamide-
treated RBC™ incubated in whole serum (p < 0.05), whereas
H7 and palmitoylcarnitine decreased the phagocytosis but
without statistical significance. All compounds did not modify
the basal values of phagocytosis by unstimulated monocytes.
PKC inhibitors did not affect the binding of RBC*C3b to
monocytes (not shown). The PKC inhibitors acted in a dose-
dependent manner. The minimal concentrations of H7, pal-
mitoylcarnitine, sphingosine, and staurosporin which maxi-
mally inhibited the effect of (R)-PAF were 50, 20, 20, and 10
uM, respectively. At these concentrations, the PKC inhibitors
did not induce cell detachment and did not reduce cell viability
(not shown).

DISCUSSION

Oligomerization of band 3 in the human RBC membrane
has recently been shown to trigger deposition of naturally
occurring anti-band 3 antibodies and of C3 fragments (10—
13). Oligomerization of band 3 and increasing binding of anti-
band 3 antibody and C3 were noted in oxidatively stressed
RBC™, in senescent RBC (11-13), and in glucose-6-phosphate
dehydrogenase-deficient RBC isolated during fava bean he-
molytic crisis.? All these types of damaged RBC were phago-

2H. Lutz, F. Turrini, and P. Arese, in preparation.
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TABLE VI
Effect of PKC inhibitors on phagocytosis by unstimulated and
(R)-PAF-stimulated monocytes

Adherent monocytes (7 X 10*) were incubated for 10 min at 37 °C
with or without the indicated PKC inhibitors before the addition of
10 nM (R)-PAF. Phagocytosis was performed as described under
“Experimental Procedures.” Results are the mean values + S.D. of
four experiments done in triplicate.

Unstimulated (R)-PAF-stimulated
monocytes monocytes
Additions = 3 " Diamidetroted
iamide-treate . iamide-trea .
RBChu @ RBC*C3b RBC™ RBC*C3b
ingested RBC/monocyte
H7
1. None 1.9+%0.6 0.7+ 0.2 3.9+16 56+ 1.2
2. 5uM 1.7+ 09 0.5 0.3 3.0x+0.7 3.8+1.2
3. 50 uM 2.1+03 09+04 2305 1.2+05
p=0.01000 p=0.1934 p=0.0556 p=0.00001
Palmitoylcarnitine
2. 1uM 1.7+ 1.0 03+04 4.1+0.7 55+03
3. 10 uM 1.6 £ 0.3 0.7+ 0.9 3.6x08 3.7+£0.2
4. 20 uM 1.8+ 0.5 1.0+ 0.5 19+1.2 1.8+ 04
p=04608 p=0.1410 p=0.0583 p=0.0008
Sphingosine
2. 1luM 21+£09 0.2+0.3 31+13 47+ 1.1
3. 10 uM 1.9+ 0.5 0.4 £ 0.2 1.6 £ 0.7 3.2+05
4. 20 uM 1.9+ 08 0.8+ 0.3 1.8+ 1.1 1.9+ 0.3
p=03365 p=04752 p=0.0019 p=0.00001
Staurosporin
2. 0.1 um 18+0.4 0.9 £ 0.2 42+05 51+12
3. 1luM 21+£0.7 06 +04 3.1+0.6 28+0.3
4. 10 uM 24+%05 0.5+0.2 2105 1.6 £ 0.2
p=0.1431 p=0.1074 p=0.0014 p =0.0007

¢ Diamide-treated and untreated RBC™ were incubated in whole
serum as described under “Experimental Procedures.” Me,SO used
to dissolve staurosporin did not interfere with phagocytosis (not
shown).

® For each column of data, p was calculated by two-way ANOVA.
Whenever the ANOVA gave p < 0.05, the Student-Newman-Keuls
test was applied for more specific comparisons. The following com-
parisons gave p < 0.05. Phagocytosis of diamide-treated RBC™ by
(R)-PAF-stimulated monocytes incubated with sphingosine: 3 versus
2, 4 versus 1, 4 versus 2; phagocytosis of diamide-treated RBC™ by
(R)-PAF-stimulated monocytes incubated with staurosporin: 1 versus
4, 2 versus 4; phagocytosis of RBC*C3b by (R)-PAF-stimulated mono-
cytes incubated with H7: 1 versus 3; 1 versus 2, 2 versus 3; phagocytosis
of RBC*C3b by (R)-PAF-stimulated monocytes incubated with pal-
mitoylcarnitine: 1 versus 4, 1 versus 3, 2 versus 4, 2 versus 3, 3 versus
4; phagocytosis of RBC*C3b by (R)-PAF-stimulated monocytes in-
cubated with sphingosine: 1 versus 4, 1 versus 3, 2 versus 4, 2 versus
3; phagocytosis of RBC*C3b by (R)-PAF-stimulated monocytes in-
cubated with staurosporin: 1 versus 4, 1 versus 3, 2 versus 4, 2 versus
3.

cytosed at a higher rate by human adherent monocytes and
had shortened survival in vivo (11-13).

The present study demonstrates that recognition of the
anti-band 3-C3 complex of the C3b receptor CR1 plays a
crucial role in the removal process of damaged RBC by
monocytes. Indeed, treatment of RBC in complement-inacti-
vated serum and blocking of CR1 with anti-CR1 mAb abro-
gated phagocytosis of diamide-treated RBC incubated in
whole serum. We have utilized RBC™ treated with 20 uM
diamide as phagocytic targets for the following reasons. (a)
Diamide reacts within seconds with reduced thiols, mainly
GSH, to produce sulfides (36). The reduction of S-S bonds
generated within the membrane is probably slow since GSH,
the actual reductant, is not permeant (37). (b) The diamide
concentration used here did not measurably modify GSH
levels, intermediary metabolism, calcium homeostasis, and
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RBC™ deformability, as assessed by ektacytometry (not
shown). (¢) The “diamide model” bears strong analogies to
naturally senescent RBC or to pathologically altered RBC
such as glucose-6-phosphate dehydrogenase-deficient RBCh.?
The involvement of band 3 exposure in the removal of aged
RBC (“senescent epitope”) was described by Kay (38, 39).
Denatured hemoglobin or Heinz bodies, commonly observed
in sickle cell anemia, were found to induce pronounced clus-
tering of band 3 (40, 41).

Relatively few CR1 molecules are expressed on the surface
of resting circulating monocytes, but their number increases
rapidly following exposure to chemotactic factors (42) or to
other stimuli including phorbol esters (5, 43), diacylglycerols
(44), calcium ionophore A23187 (45), and tumor necrosis
factor (46). The rapid increase in the number of surface
receptors and the insensitivity of the process to inhibitors of
protein synthesis point to the translocation of preformed
receptor from an intracellular pool to the cell surface. In
addition to inducing alterations in the membrane expression
of the receptor, phorbol esters activate CR1 on monocytes
providing the receptor with the ability to mediate phagocy-
tosis of C3b-coated targets (5, 14). Treatment with phorbol
esters induces phosphorylation of CR1 in phagocytic cells
suggesting that acquisition of phagocytic capability on CR1
on monocytes is correlated with PKC-dependent phos-
phorylation of the receptor (14).

PAF, a potent phospholipid autacoid, is involved in inflam-
matory processes (15, 16). The effects of PAF are mediated
by binding to high affinity binding sites on target cells that
trigger activation of phospholipase C, release of diacyglycerol,
increase in cytoplasmic Ca®* (15, 16), and stimulation of PKC
(47, 48). Phosphorylation of several protein substrates con-
sequent to PKC activation has been described in platelets
stimulated with PAF at nanomolar concentrations (49). PAF
has also been shown to stimulate expression of CR1 on human
neutrophils (50). In the present work, we have been unable to
demonstrate increased expression of CR1 by adherent mono-
cytes in the presence of (R)-PAF. These results may depend
on the fact that both monocyte purification and monocyte
adhesion are sufficient to enhance membrane expression of
the receptor.

We show here that nanomolar concentrations of (R)-PAF
greatly enhanced CR1-dependent phagocytosis of diamide-
treated RBC™ incubated in whole serum by adherent mono-
cytes. In addition, (R)-PAF rendered adherent monocytes
capable of ingesting RBC*C3b. (R)-PAF induced the fast
translocation of PKC from cytosol to the membrane com-
partment and phosphorylation of CR1. Concentrations of (R)-
PAF that were active in triggering CR1-dependent phagocy-
tosis were also active in inducing PKC translocation and
phosphorylation of the receptor. The effects reported here
were specific for (R)-PAF since lyso-PAF and the biologically
inert (S)-PAF were inactive. Furthermore, two specific PAF
receptor antagonists almost completely abrogated the effects
of (R)-PAF on phagocytosis and PKC translocation. Peak
activation of PKC translocation occurs 3~5 min after (R)-
PAF addition. Five minutes after (R)-PAF stimulation,
phagocytosis was already increased by 75%, and maximal
stimulation was attained after 10 min. At that time point,
membrane-associated PKC was declining, but CR1 was phos-
phorylated. Thus, the time course of the three events—stim-
ulation of PKC translocation, CR1 phosphorylation, and en-
hancement of phagocytosis—is compatible with a cause-and-

$H. Lutz, F. Turrini, S. Fasler, P. Stammler, and P. Arese, in
preparation.
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effect relationship between the temporally first effect and the
last one.

Specific PKC inhibitors (H7, palmitoylcarnitine, sphingo-
sine, and staurosporin) blocked the enhancement of phago-
cytosis induced by PAF without affecting the basal phagocytic
activity of the monocytes, as has also been demonstrated in
neutrophils (51).

PAF concentrations found effective in this work are within
the range of concentrations generated during inflammatory
processes (15, 16) and may clarify hitherto unexplained mas-
sive RBC removal in cases in which oxidant damage to RBC
and inflammation coexist. An example is offered by hemolytic
crises in glucose-6-phosphate dehydrogenase-deficient indi-
viduals during infection or sepsis but in the absence of other
triggers such as fava beans or oxidant drugs (52). Another
example is the massive RBC removal that occurs in sickle cell
anemia concomitant with infections (53). (R)-PAF-elicited
modulation of CR1-dependent phagocytosis may be expected
to play a role in a variety of other disorders in which bacterial
or parasitic pathogens interact with human monocytes via
CR1 (54, 55). Triggering by PAF of PKC translocation, phos-
phorylation of CR1, and stimulation of the receptor to an
active state capable of mediating phagocytosis represents a
novel pathway by which PAF modulates inflammatory reac-
tions and host defense mechanisms against infection.
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