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Receptors for leukocyte chemoattractants, including chemokines, are traditionally considered to be re­
sponsible for the activation of special leukocyte functions such as chemotaxis, degranulation, and the 
release of superoxide anions. Recently, these G-protein-coupled serpentine receptors have been found to 
transduce signals leading to gene transcription and translation in leukocytes. Transcription factors, such 
as NFkB and AP-1, are activated upon stimulation of the cells with several chemoattractants at physiologi­
cally relevant concentrations. Activation of transcription factors through these receptors involves G- 
protein coupling and the activation of protein kinases. The underlying signaling pathways appear to be 
different from those utilized by TNF-a, a better characterized cytokine that induces the transcription of 
immediate-early genes. Chemoattractants stimulate the expression of several inflammatory cytokines and 
chemokines, which in turn may activate their respective receptors and initiate an autocrine regulatory 
mechanism for persistent cytokine and chemokine gene expression.
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LEUKOCYTE infiltration is characteristic of in­
flammatory reaction to tissue injuries caused by 
trauma, invasion of foreign particles, ischemia- 
reperfusion, cancer, autoimmune diseases, and 
other conditions. This process begins with activa­
tion of leukocytes by a collection of cell-attracting 
chemicals termed chemoattractants. Two classes 
of chemoattractants have been identified. The 
classical chemoattractants consist of the bacteri- 
ally derived AT-formyl peptide fMet-Leu-Phe 
(FMLP), the activated complement component 
C5a, the lipid mediator platelet-activating factor 
(PAF), and the arachidonic acid product leuko- 
triene B4 (LTB4) (30). These chemoattractants are 
well characterized and are generally short-lived at 
sites of inflammation. The more recently discov­
ered chemotactic cytokines (chemokines) consist 
of a group of 8-10-kDa polypeptides secreted by 
leukocytes, endothelial cells, and certain tumor

cells. Chemokines have longer lives and higher 
specificity for leukocyte subtypes. They can be 
further divided into the CXC (a) and CC (/3) 
classes depending on the location of the first two 
of the four cysteines in the molecules (3,22).

Chemoattractants are pleiotropic activators of 
leukocyte functions. At subnanomolar concentra­
tions, chemoattractants induce directed migration 
of leukocytes along a chemical concentration gra­
dient (chemotaxis). Chemoattractants such as 
FMLP also cause shedding of L-selectin and acti­
vation of integrins. At higher concentrations (10- 
100 nM), chemoattractants stimulate phagocyte 
degranulation and the generation of superoxide 
anions (30). Attention has been drawn recently to 
an additional function of chemoattractants: in­
duction of the synthesis and secretion of proin- 
flammatory cytokines, including chemokines. Be­
cause chemoattractants are one of the first factors
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that leukocytes encounter at sites of inflammation
(31), their ability to induce the expression of cyto­
kine genes may be significant with respect to the 
recruitment of additional leukocytes and the mod­
ulation of a local cytokine network.

Monocytes and neutrophils are major sources 
of proinflammatory cytokines, including chemo- 
kines. Here we present results from our current 
study of the mechanisms for chemoattractant re­
ceptor-mediated gene transcription. Our data sug­
gest that chemoattractant binding to these recep­
tors leads to activation of NF/cB and AP-1, both 
of which are transcription activators for the ex­
pression of immediate-early genes. The activation 
process requires functional coupling to G-proteins 
and appears to utilize signaling pathways different 
from those employed by several other inducers of 
NFkB activation, such as TNF-a and PM A. The 
activation of transcription leading to the expres­
sion of cytokines and chemokines might reflect 
a fundamental role of chemoattractants. A more 
detailed understanding of the signaling mecha­
nisms involved will likely reveal valuable sites for 
therapeutic intervention.

MATERIALS AND METHODS 

Reagents

Platelet-activating factor (C-16) was obtained 
from Calbiochem (San Diego, CA). Cholera and 
pertussis toxins were from List Laboratory 
(Campbell, CA). Lipopolysaccharide (LPS) was 
isolated from lyophilized Salmonella minnesota 
Re595 bacteria. The PI3-kinase inhibitor 
LY294002 was generously provided by Dr. Chris 
Vlahos (Eli Lilly & Company, Indianapolis, IN). 
Rabbit polyclonal antibodies against the subunits 
of NF/cB/Rel were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA). An antibody 
against a COOH-terminal peptide (residues 289- 
317) of I/cBa was a gift from Dr. Warner C. 
Greene (University of California, San Francisco, 
CA) (33). The mouse I/cB cDNA and the IkB-CAT 
constructs (6 ) were kindly provided by Dr. Inder 
M. Verma (The Salk Institute, La Jolla, CA).

Oligonucleotides and their complementary 
strands were from Promega (Madison, WI) and 
Santa Cruz Biotechnology. The sequences are: 
murine intronic k chain kB  site (underlined), 5'- 
AGTTGAGGGGACTTTCCCAGGC-3' (NF/cB) 
(29), and a mutant kB  site with the G -► C substi­
tution (underlined) in the NF/cB DNA binding mo­
tif, 5' - AGTT G AGGCG ACTTT CCC AGGC-3'.

Double-stranded oligonucleotide (5 pmol) was 32P- 
labeled with T4 polynucleotide kinase.

Preparation o f Monocytes From 
Peripheral Blood

Heparinized human peripheral blood from 
healthy donors was fractionated on Percoll den­
sity gradients. The separated cells were then 
washed and monocytes were isolated using gela- 
tin/plasma-coated flasks. The purity of mono­
cytes was greater than 95% as determined by 
staining with the anti-CD 14 Ab MY4. Cell viabil­
ity was greater than 98% as measured by trypan 
blue exclusion. Monocytes were resuspended in 
RPMI-1640 medium (Irvine Scientific) with 10% 
(v/v) heat-inactivated fetal bovine serum.

RNA Extraction and Northern Blotting

Total RNA was isolated from monocytes by a 
modified guanidinium-acetic phenol method (7). 
About 20 fig of total RNA was subjected to elec­
trophoresis in agarose gels containing 6 % formal­
dehyde and transferred to the Hybond-N plus 
membranes (Amersham). A 616-bp Hindlll-Xbal 
fragment of the human HB-EGF cDNA was syn­
thesized from U937 total RNA by reverse tran­
scriptase polymerase chain reaction (RT-PCR). 
For Northern hybridization, the fragment was la­
beled with [32P]dATP to a specific activity of >  
5 x  108 cpm/pig DNA, by random priming. Blots 
were prehybridized in 6  x  SSC, 5 x Denhardt’s 
solution, and 0.1% SDS at 65 °C for 2 h and fur­
ther hybridized with the 32P-labeled probe (1 
x 1 0 6 cpm/ml) for 16 h at the same temperature. 
Filters were washed with 2 x SSC and 0.1% SDS 
at 65 °C, followed by another wash with 0.1 x  
SSC and 0.1% SDS. Relative hybridization was 
analyzed for quantitation of actual radioactivity 
by a phosphorimaging System (Molecular Dy­
namics, CA). The quantity of samples in each lane 
was standardized against relative staining of the 
18S and 28S RNA after gel electrophoresis.

Preparation o f Nuclear Extracts

Nuclear extracts were prepared by a modified 
method of Dignam et al. (9). Cells were washed 
three times with ice-cold PBS, harvested, and re­
suspended in 0.4 ml of buffer A (10 mM HEPES, 
pH 7.9, 10 mM KC1, 0.1 mM EDTA, 0.1 mM 
EGTA, 1 mM dithiothreitol, 0.5 mM phenylmeth- 
ylsulfonyl fluoride). After 10 min, 23 y\ of 10% 
Nonidet P-40 was added and mixed for 2 s. Nuclei 
were separated from cytosol by centrifugation at



CHEMOATTRACTANT-INDUCED GENE EXPRESSION 207

Dose (nM) Time (min)

^  o
O  T - T—

.  .  oo  o  ^n  id m

28S - >

18S - >
< - HB-EGF

B
28S - >

iss-> mm^  IL-1

FIG. 1. Accumulation of cytoplasmic RNA in PAF-stimulated 
monocytes. Total RNA from monocytes was prepared after 
stimulation with PAF (100 nM) for various times or for 1 h at 
different concentrations. Twenty micrograms of the total RNA 
was analyzed by Northern blot and probed with cDNA for 
HB-EGF (A) or IL-1/3 (B).

13,000 x g for 10 s and were resuspended in 50 /d 
of buffer B (20 mM HEPES, pH 7.9, 0.4 M NaCl, 
1 mM EDTA, 1 mM EGTA, 0.1 mM PMSF). 
After 30 min at 4°C, lysate was separated by cen­
trifugation (13,000 x g, 30 s) and supernatants

FIG. 2. Induction of kB binding activity in PAF-stimulated 
monocytes. Monocytes were either unstimulated or stimulated 
with PAF (0.01-100 nM), PMA (100 nM), TNF-a (40 ng/ 
ml), and LPS (0.1 /xg/ml) for 40 min or as indicated, before 
preparation of nuclear extracts. A 32P-labeled 21 mer, contain­
ing the consensus kB site (GGGACTTTCC), was used for 
EMSA. An autoradiograph of EMSA data is shown. The gel- 
retarded DNA-protein complex is indicated by a bracket.

containing nuclear proteins were transferred to 
new vials. The protein concentration of extracts 
was measured using the BCA reagents (Bio-Rad) 
with bovine serum albumin as standard and sam­
ples were diluted to equal concentration in buffer 
B for use directly or storage at -  80 °C.

Electrophoretic Mobility Shift Assay (EMSA)

Electrophoretic mobility shift assays were per­
formed by incubating 2.5 ng of the nuclear extract 
in 12 /d of binding buffer [5 mM HEPES, pH 7.8, 
5 mM MgCl2, 50 mM KC1, 0.5 mM dithiothreitol,
0.4 mg/ml poly(dl-dC) (Pharmacia), 0.1 mg/ml 
sonicated double-stranded salmon sperm DNA, 
and 10% glycerol] for 10 min at room tempera­
ture. Then approximately 20-50 fmol of 32P- 
labeled oligonucleotide probe (30,000-50,000
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FIG. 3. Inhibition of PAF-induced kB binding activity and 
HB-EGF gene expression by PDTC. (A) PDTC inhibits PAF- 
induced kB binding activity. Nuclear protein extracts were pre­
pared from monocytes preincubated for 40 min with PDTC 
at the indicated concentrations, followed by PAF (100 nM) 
stimulation for 60 min. The autoradiograph of an EMSA result 
is shown. (B) PDTC inhibits PAF-induced HB-EGF gene ex­
pression. Cells pretreated with PDTC, as indicated above, were 
stimulated with PAF (100 nM) for 60 min. Total cellular RNA 
was extracted for Northern blot as described. The autoradio­
graph of a Northern blot is shown with positions of the ribo- 
somal RNAs indicated.



208 YE ET AL.

PAF TNF
------------------ 1 i------------------------------ 1

o in <D o in 2in CD i +-* in CO lQ. Q. O O CL Q. o
106-

m  iP  80 - p i

a » .  -  a  • -
33-
28 -

1 2 3 4 5  6 7 8 9  10

FIG. 4. Identification of p50 and p65 in the DNA-protein complexes in­
duced by PAF. A 32P-labeled probe containing BrdU was incubated with 
nuclear extracts from PAF- and TNF-stimulated CHO-PAFR cells (lanes 1 
and 6, respectively). DNA-protein complexes in EMSA gel were UV cross- 
linked, excised, eluted, and resolved by SDS-PAGE. In separate experiments, 
UV cross-linked samples were immunoprecipitated with nonspecific (Ctrl, 
shown in lanes 2 and 7) or specific antibodies against three members of the 
NFxB/Rel family of proteins as noted at the top of each lane and analyzed 
by SDS-PAGE.

cpm) was added and the reaction mixture was in­
cubated for 10 min at room temperature. The 
samples were analyzed on 5% or 6°7o acrylamide 
gels, which were made in 50 mM Tris-borate 
buffer containing 1 mM EDTA (TBE) or 50 mM 
Tris/380 mM glycine/2 mM EDTA (TGE buffer) 
and were preelectrophoresed for 2 h at 12 V/cm. 
Electrophoresis was carried out at the same volt­
age for 2-2.5 h. Gel contents were dried on W hat­
man DE-81 paper and exposed for 3-5 h at 
— 80°C with an intensifying screen.

Chloramphenicol Acetyltransferase (CA T) Assay
Five micrograms each of the I/cBce promoter- 

CAT plasmids p0.2kb(WT)CAT and p0.2kb(M)- 
CAT (6) and the pSVLCAT plasmid were sepa­
rately transfected into CHO-PAFR cells, together 
with 1 /xg pCMVjS plasmid (Clonetech), by using 
the cationic lipid DOTAP (Boehringer Mann­
heim). Seven hours after transfection, cells were 
washed, stimulated with agonists for 2 h, and col­
lected for CAT assay. CAT activities were mea­
sured in crude cellular extracts using [14C]chloram- 
phenicol (Amersham) as substrate, followed by 
thin-layer chromatography. The relative transfec­
tion efficiency was determined by measurement of 
coexpressed /3-galactosidase activities.

Ultraviolet (UV) Cross-Linking Analysis
Double-stranded 32P-radiolabeled photoreac- 

tive oligonucleotide probe containing the kB site

Time (min.)
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FIG. 5. Time-dependent stimulation of kB binding activity and 
degradation of I/cBa. Shown are simultaneous measurements 
of NFkB activation by EMSA (top panel), cytosolic IkB content 
by Western blot (second panel), and the message for IkB by 
Northern blot (third panel), as a function of time after stimula­
tion with 10 nM PAF. GAPDH was used as a mRNA control.
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FIG. 6. PAF- and TNF-a-induced I/cBa promoter-directed CAT gene expression in transiently 
transfected CHO-PAFR cells. CHO-PAFR cells were transfected with 5 /xg of I/cBa promoter-CAT 
reporter plasmids (specified at the top) or 5 /xg of pSVLCAT plasmid, together with 1 /xg of pCMV/3 
plasmid. CAT activity was determined in these cells after stimulation of PAF or TNF-a. The results 
shown here are representative of three CAT assays. N.D.: not detectable.

was prepared as described (4,21). UV cross-linking 
was performed in solution by irradiation (300 nm, 
7000-mW/cm illuminator, Fotodyne) of the re­
spective binding reaction with 10 /xg nuclear ex­
tract and [32P]BrdU (5 '-bromo-2' -deoxyuridine 
5 '-triphosphate) *B-probe for 30 min. After UV 
cross-linking, the oligonucleotide-protein adduct 
was boiled for 2 min in 0.5% SDS, diluted fivefold 
with TSN buffer (10 mM Tris-HCl, pH 8.0, 150 
mM NaCl, 0.1% Nonidet P-40), and immunopre- 
cipitated by incubation at room temperature for 
30 min with 5 /xg of normal rabbit IgG or anti-p50, 
anti-p65, and anti-c-Rel antibodies. Finally, the 
32P-labeled products were directly analyzed by 
SDS-PAGE (8 % discontinuous gel) under reduc­
ing conditions. In parallel, a [32P]BrdU probe 
binding protein complexes were UV cross-linked 
in native EMSA gel, excised, and analyzed by 
SDS-PAGE.

Immunoblotting

Approximately 10 /xg of cytoplasmic extracts, 
collected after the Nonidet P-40 lysis and centrifu­
gation steps, was mixed with loading dye, boiled, 
electrophoresed on a 10% SDS gel, and trans­
ferred to Hybond-ECL nitrocellulose (Amer- 
sham). Filter strips were incubated with primary 
antibody against the IkBq: carboxyl-terminus (1:

2500 dilution) for 30 min at room temperature, 
followed by addition of peroxidase-conjugated 
goat anti-rabbit IgG at 1:10,000 for 30 min and 
analysis with enhanced chemiluminescence re­
agents (Du Pont-NEN).

RESULTS

Chemoattractant receptors belong to the super­
family of G-protein-coupled receptors with seven 
putative transmembrane domains (19). Agonist 
binding of the receptors triggers a series of signal­
ing events leading to specific leukocyte functions 
(30). To examine whether chemoattractants di­
rectly stimulate transcription activation, periph­
eral blood monocytes were treated with PAF, and 
the subsequent changes in the levels of the message 
for heparin binding EGF-like growth factor (HB- 
EGF) were measured. PAF, a lipid chemoattrac­
tant, induced an elevation of the HB-EGF mes­
sage in a dose- and time-dependent fashion (Fig. 
1A). Similarly, PAF stimulated the upregulation 
of the message for IL-1 (3 (Fig. IB). The expression 
of the IL-113 gene was known to be regulated in 
part by the transcription activator NFkB (8), al­
though it was not clear how HB-EGF gene expres­
sion was regulated (11). The effect of PAF on 
NF/cB was then examined. As shown in Fig. 2, at



210 YE ET AL.

Time (min)

0 5 15 30 60150 300

]NFkB 

]  AP-1

linking experiments (Fig. 4). Similar to other in­
ducers of NF/cB, PAF-induced NF/cB activation in 
CHO cells is preceded by I/cB degradation fol­
lowed by resynthesis (Fig. 5). PAF stimulated not 
only a DNA binding activity but also transcription 
activation in CHO cells as detected by the expres­
sion of a CAT reporter gene (6) with a /cB site 
from the I/cB promoter (Fig. 6). These experiments 
provided detailed information about NF/cB activa­
tion induced by a G-protein-coupled chemoattrac­
tant receptor. Using gel mobility shift assays with 
radiolabeled probe containing the AP-1 binding 
site, it was observed that PAF induced AP-1 activ­
ity in the CHO-PAFR cells, although with a dif­
ferent response time compared to that of the acti­
vated NF/cB (Fig. 7).

Results derived from the above studies 
prompted us to investigate the capability of other 
chemoattractants to regulate gene transcription. 
Selected chemoattractants were employed in a 
study with freshly isolated peripheral blood mono­
nuclear cells. The cells are known to express recep-

FIG. 7. Time course of PAF-induced NFkB (top panel) and 
AP-1 binding activity in CHO-PAFR cells. The cells were stim­
ulated with 100 nM PAF and nuclear extracts were prepared. 
Radiolabeled probes with the kB site and AP-1 site were incu­
bated separately with the nuclear extracts and analyzed by SDS 
gel. Note the difference in the time course for the induced kB 
and AP-1 binding activities, which is consistent with previous 
reports by others.

nanomolar concentrations PAF activated NF/cB to 
an extent similar to the previously characterized 
activators TNF-a and PMA. The time course of 
these responses suggested that PAF-stimulated 
NF/cB may be responsible for the elevated message 
levels. This notion was supported by the observa­
tion that the inhibitor for NF/cB, pyrrolidine dithi- 
ocarbamate (PDTC), dose-dependently blocked 
PAF-induced NF/cB activation as well as elevation 
of the HB-EGF message levels (Fig. 3).

A stably transfected Chinese hamster ovary cell 
line expressing the PAF receptor (CHO-PAFR 
cell) was employed for further characterization of 
PAF-induced NF/cB activation. The results indi­
cate that PAF stimulation of NF/cB activation re­
quires the binding of a specific PAF receptor, 
which can be blocked by two PAF antagonists 
tested (not shown). In addition, PAF-induced 
NF/cB activation involves nuclear translocation of 
p50/p65, but not c-rel, as shown by UV cross-

FIG. 8. Induction of kB binding activity by several chemoat­
tractants. Peripheral blood mononuclear cells were stimulated 
for 45 min with five chemoattractants, at the indicated concen­
trations. As controls, the cells were also treated with PMA 
(100 nM) and LPS. Shown is an autoradiograph of the EMSA 
result.
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FIG. 9. Potential autocrine regulation of IL-8 synthesis. Left: schematic representation of a possible autocrine mechanism for 
IL-8-stimulated IL-8 production. Right: autoradiographs of an EMSA (top) showing IL-8 induced kB binding activity, and of a 
Northern blot (bottom) depicting the accumulation of cytoplasmic IL-8 message in the same cells. Freshly isolated blood mononu­
clear cells were treated with IL-8 at the indicated concentrations for 1 h before harvesting for the preparation of total RNA and 
nuclear extracts, as described in Materials and Methods.

tors for a large number of chemoattractants, in 
addition to the ones used for the study. As shown 
in Fig. 8 , mononuclear cells responded to three 
classical chemoattractants and two chemokines 
with the formation of DNA-protein complexes 
detected by gel mobility shift assays using radiola­
beled kB  probe. Further studies with selected 
chemoattractants produced dose and time re­
sponse data (not shown) similar to those obtained 
previously with PAF. These results support the 
notion that induction of gene transcription may be 
a general property of chemoattractants.

The two chemokines (IL-8  and MCP-1) tested 
in the above experiments belong to the CXC and 
CC chemokine subgroups, respectively. Biosyn­
thesis of these chemokines can be induced by a 
number of proinflammatory stimuli, including 
LPS, IL-1/3, and TNF-a (2). It has been reported 
recently that expression of IL-8  and MCP-1 is reg­
ulated mainly at the transcription level (18). NFkB 
sites or similar sequences have been identified in 
the promoter regions of the genes encoding IL-8  

and MCP-1, and studies using CAT reporter con­
structs have shown that these sites contribute to 
the transcription of the IL-8  and MCP-1 genes. 
The finding that IL-8  and MCP-1 themselves are

capable of inducing NF/cB activation suggests a 
potential autocrine or positive regulatory mecha­
nism for the biosynthesis of these chemokines, as 
depicted schematically in Fig. 9. Indeed, our pre­
liminary results indicate potentiation of the IL-8  

message in IL-8 -stimulated mononuclear cells 
(Fig. 9, right panel). It has yet to be determined 
whether this message upregulation is accompanied 
by IL-8  protein synthesis.

Chemoattractant receptors are G-protein- 
coupled serpentine receptors and, as such, they 
may utilize signaling mechanisms different from 
those employed by other inducers for transcrip­
tion activation. PAF treatment of transfected 
CHO cells induces NFkB activation that requires 
the functional coupling of the receptor with G- 
proteins, as cholera toxin effectively blocks this 
effect of PAF (Fig. 10). However, PAF-stimu- 
lated responses in mononuclear cells were refrac­
tory to cholera toxin treatment. Instead, pertussis 
toxin can block PAF-stimulated HB-EGF gene ex­
pression (23) and NFkB activation (not shown). 
These observations suggest cell-specific coupling 
of the PAF receptor to different G-proteins, con­
sistent with previous results from other studies 
(1,28).
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The potential signaling pathways employed by 
chemoattractants were compared with those uti­
lized by two other NFkB inducers, TNF-a and 
PMA. Treatment of mononuclear cells with the 
protein kinase inhibitors herbimycin A (HA) and 
staurosporine (STSP) blocked PAF-induced NFkB 
activation, while having no effect on TNF-cx- and 
PMA-induced NFkB activation (Fig. 11 A). Simi­
larly, two inhibitors for the phosphoinositol 3 - 
kinase (PI3K), wortmannin and LY294002, selec­
tively blocked PAF-induced NFkB activation but 
had no inhibitory effect on the TNF-a- and PMA- 
stimulated responses (Fig. 1 IB). These findings 
suggest that PAF regulates NFkB activity through 
the activation of G-proteins, protein tyrosine ki­
nases, and PI3K.

DISCUSSION

A large number of proinflammatory factors are 
synthesized as a result of leukocyte activation.
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FIG. 10. Effect of bacterial toxins on PAF-induced kB binding 
activity. The CHO-PAFR cells were pretreated with either 
cholera toxin (CT) or pertussis toxin (PT) at the indicated con­
centrations for 4 h in the culture medium. The cells were then 
stimulated with ligands for 40 min and nuclear extracts were 
analyzed by EMSA. The concentrations of the toxins used with 
TNF-a were 2 /xg/ml (PT) and 20 jug/ml (CT). The ligand 
concentrations were 10 nM (PAF) and 40 ng/ml (TNF-a). Con­
trol: without ligand stimulation and toxin treatment.

Understanding the regulatory mechanism for 
the gene expression process, therefore, is cru­
cial to the development of effective therapeutic 
agents. NFkB and AP-1 are major transcription 
activators that control the expression of a variety 
of immediate-early genes (14,16). The protein 
products of some of these genes, including TNF-a 
and IL-10, in turn stimulate NFkB activation (2). 
Data from the current study expand the list to 
include several chemoattractants. These are agents 
derived from various sources and are activators of 
leukocytes during inflammation. Thus, migrating 
leukocytes may be exposed to chemoattractants 
that induce the synthesis of proinflammatory 
cytokines before the cells reach the inflam­
matory sites. Previously published data support 
the notion that chemoattractants stimulate the 
production of proinflammatory cytokines (5,10, 
13,27,32), but the transcription mechanisms 
adopted by chemoattractant have not been under­
stood.

Chemoattractants may regulate gene transcrip­
tion with different modes of action. Apart from 
the known paracrine and the potential autocrine 
mechanisms discussed above, juxtacrine stimula­
tion is used by PAF. Vascular endothelial cells 
produce cell-associated PAF upon stimulation 
with inflammatory agents (24,35). By contacting 
leukocytes through their cell surface proteins such 
as P-selectin, the endothelial cell-associated PAF 
may interact with and stimulate the PAF receptor 
on leukocytes (36). This function of PAF, com­
bined with the capability of PAF to induce tran­
scription activators, is likely to contribute to gene 
expression essential for the development of several 
pathological conditions, including atherosclerosis. 
PAF stimulates monocytes to express HB-EGF, a 
potent mitogen for smooth muscle cells, and IL- 
10, an inflammatory mediator. Both proteins are 
believed to be contributing factors for atherogene- 
sis (20,26).

Chemoattractant receptors constitute a sub­
group within the G-protein-coupled receptor su­
perfamily (19). Several G-protein-coupled recep­
tors are known to stimulate gene transcription 
(17,25). With these receptors, the signaling path­
ways leading to the activation of AP-1 has been 
partially delineated (34). PAF-induced AP-1 activ­
ity is likely to employ a similar mechanism. With 
respect to NFkB activation, current data support a 
prototypic model that involves IkB phosphoryla­
tion and degradation, followed by nuclear translo­
cation of the p50/p65 heterodimer (12,16). The 
protein kinases that phosphorylate IkB, and the
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FIG. 11. Selective inhibition of PAF-induced kB binding activity by protein kinase inhibitors. (A) Autoradiograph of EMSA 
showing the differential effects of herbimycin A (Herb. A, 1 /*M) and staurosporine (STSP, 200 nM) on kB binding activity induced 
by PAF (100 nM), PMA (100 nM), and TNF-a (40 ng/ml). Mononuclear cells were treated with the inhibitors for 30 min followed 
by agonist stimulation for 1 h. (B) Similar to (A), but mononuclear cells were treated with wortmannin or LY294002 for 5 min before 
agonist stimulation.

upstream signaling molecules, have not been com­
pletely identified. In this regard, an understanding 
of the chemoattractant receptor signal transduc­
tion pathway may provide complementary infor­
mation to studies with other receptor systems. The 
observed differences between PAF and two other 
NFkB inducers suggest the existence of alternative 
mechanisms leading to IkB phosphorylation and 
degradation. Future experiments will focus on the 
identification of upstream signaling molecules uti­
lizing reporter gene constructs and constitutively 
activated and dominant negative signaling mole­
cules.
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