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Abstract-We investigated the regulation of the adhesiveness of the human promonocytic cell line U- 
937, differentiated along the monocytic pathway either by 1,25-(OH),-cholecalciferol or a combination 
of retinoic acid and dibutyryl CAMP. Adhesion to untreated polystyrene plastic was induced by 
inflammatory agents like PAF, fMLP or LTB,. The response to PAF first appeared after 48 hr of 
differentiation and was inhibited by PAF antagonists and protein kinase C inhibitors indicating involve- 
ment of the phosphatidyl-inositol pathway in the stimulating effect. On the other hand, all the c-AMP 
raising agents tested inhibited PAF-induced cell adhesion, whatever their target: membrane receptors, 
the G, transducing protein, the catalytic unit of adenylate cyclase or CAMP phosphodiesterase. Direct 
stimulation of protein kinase A by Brs-CAMP had a similar effect. Moreover, PAF was able to increase 
CAMP levels. This suggests the existence of a CAMP based negative control mechanism limiting the 
action of PAF. 

The adhesion of monocytes to endothelial cells is the 
first step in their migration through the blood vessel 
wall. It is probably involved in the pathogenesis 
of inflammatory diseases and of atherosclerosis [l]. 
Thus, in experimental hypercholesterolemia, one of 
the earliest occurrences is the increased adherence 
of monocytes to the endothelium [2]. This increase 
might be related to a modification of monocytes, 
endothelial cells or both. In effect, several inter- 
actions have been described between these two cell 
types. Macrophage products like reactive oxygen 
intermediates or the cytokines IL-l? and TNF stimu- 
late the secretion of PAF, PG12 and other mediators 
by endothelial cells, which in turn modulate macro- 
phage activity [3,4]. IL-l and TNF also specifically 
induce the appearance of the Endothelial Leukocyte 
Adhesion Molecule 1, ELAM-1 [5]. 

The present work investigated the regulation of 
the adhesiveness of the human promonocytic cell 
line, U-937. The cells were induced to maturation 
along the monocyte pathway by use of 1,25-(OH)2- 
cholecalciferol [6] or a combination of retinoic acid 
and dibutyryl-CAMP [7]. The parameter measured 
was cell attachment to untreated polystyrene plastic 

* To whom correspondence should be sent. 
t Abbreviations: Ii-l, interleukin-1 ; TNF, tumor necro- 

sis factor: CAMP. cvclic AMP; PAF. Dlatelet activating 
factor; fMLP, chemotactic peptide; LTB,, leukotriene 
B. OAG, 1-oleyl-2-acetyl-glycerol; Br8-CAMP, S- 
b&moadenosine 3’:5’-cvclic monophosphate; iso, 
(-)isoproterenol bitartate:PGE,, prostaglanhin El; PG12, 
nrostacvclin: IBMX. iso-but&methvl-xanthine: DMSO. 
himethil silfoxide; NECA,’ adenosine 5’-ethyl-carbox- 
amide; PIA, L-N6-phenyl-isopropyl-adenosine; CHA, N6- 
cyclohexyl-adenosine; DOA, deoxy-adenosine; EC%, 

efficient concentration 50%; IQ,, inhibitory concentration 
50%. 

in order to avoid interference from products released 
by endothelial cells. 

Our data demonstrate that several mediators of 
inflammation (platelet activating factor, chemotactic 
peptide and leukotriene B4) stimulate the adhesive- 
ness of U-937 cells. We also show for the first time 
that this effect can be counteracted by agents 
inducing an increase in CAMP levels. Finally, we 
report that PAF is able to increase CAMP levels, 
thus establishing a negative control mechanism to its 
action. 

MATERIALS ANDMETHODS 

Materials. RPM1 1640 medium and newborn calf 
serum were from Eurobio (France). 1-Oleoyl-2-ace- 
tyl glycerol, 8-bromo adenosine 3’:5’-cyclic mono- 
phosphate, cholera toxin, (-)isoproterenol bi- 
tartrate, prostaglandins El and I,, adenosine and 
its derivatives, theophylline, iso-butyl-methyl-xan- 
thine, sphinganine, acridine orange, N-formyl-L- 
methionyl-L-leucyl-L-phenyl-alanine (fMLP), L- 
alpha-phosphatidyl choline, beta-acetyl-gamma-o- 
(octadec-9-cis-enyl) (PAF), retinoic acid, dibutyryl- 
cyclic-AMP, 1,25-(OH),-cholecalciferol, leuko- 
triene B,, dimethyl sulfoxide, were from Sigma 
Chimie (La Verpilliitre, France). Forskolin was 
obtained from Calbiochem (Frankfurt, F.R.G.). 
BN 52021 and BN 52111 were kindly provided by 
Institut Henri Beaufour (France). Ro 20-1724 and 
alprenolol were gifts from Hoffman LaRoche (Basel, 
Switzerland) and Ciba-Geigy (Basel, Switzerland), 
respectively. OAG was stored as DMSO solution 
(0.25 M) and the working dilutions in culture RPM1 
medium were briefly sonicated before use. Ro 20- 
1724 (5 x 10m2M 

2? 
PGE, (1.41 x lo-‘M), sphin- 

ganine (2 x lo- M), 1,25-(OH)2-cholecalciferol 
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(2.5-10m4 M) were stored as ethanol solutions, fMLP 
(lo-* M) as a DMSO solution, forskolin (lo-* M) as 
a DMSO/ethanol(2:1, v/v) solution and B&CAMP 
(lo-’ M) as a water solution. All the above cited 
solutions were kept at -20”. The other drugs were 
freshly dissolved in water, (iso, adenosine), saline 
(BN 52111), ethanol (LTB+ retinoic acid), ethanol/ 
water (1: 1, v/v, adenosine derivatives), ethanol/ 
water (1:9, v/v, acridine orange), DMSO 
(BN52021). Final concentrations of the drugs and 
solvents are indicated in the legends to figures. 

Cell culture. U-937 cells were cultured in sus- 
pension in plastic culture flasks (Nunc, Denmark) in 
RPM1 1640 medium containing 10% newborn calf 
serum (Eurobio, France), 100 units/ml penicillin 
and 50 pg/mL streptomycin, at 37” in a 5% C02:95% 
air humidified atmosphere. During the inductlon of 
monocytic maturation, they were maintained in 
Teflon conical flasks in order to avoid attachment to 
the plastic; this was particularly the case with 1,25- 
(OH),-cholecalciferol [6]. The inducers were added 
and the final concentrations of 2.5 x lo-‘M for 
1,25(0H)2 cholecalciferol 161, 10mh M for retinoic 
acid and 10sJ M for dibutyryl-CAMP (71. The effec- 
tiveness of monocytic maturation has been estab- 
lished in our laboratory [8] and was in good 
agreement with previous studies [6, 71. Cell density 
was maintained between 0.1 and 0.5 x 10h cells/ml. 
Cell viability was tested by the trypan blue exclusion 
method and was higher than 95%. 

Celt adhesiveness assay. Cell adhesiveness was 
measured as already reported [19] on cells dif- 
ferentiated during 3 to 5 days. The cells were incu- 
bated overnight under their usual culture conditions 
in the presence of me~~z~~-[~H]thymidine (Amer- 
sham, Bucks, U.K.), specific activity 70-G C~~rnrnol 
at 0.2$Zi/mL. Before each experiment they were 
washed once and resuspended (3 to 5 X lO’cells/ 
mL) in RPMI-1640 bicarbonate-free medium sup- 
plemented with 10% fetal calf serum and 25 mM 
Hepes at pH 7.4 (incubation medium). When indi- 
cated, they were preincubated at 37” in the presence 
of various drugs in Teflon Basks or in polypropylene 
tubes coated with 5% Surfasil (Pierce Chemical Co., 
Rockford, IL) to which the U-937 cells do not 
adhere. At the onset of the adhesion assay. I-mL 
aliquots of ceil suspensions were transferred to poly- 
styrene Petri dishes not treated for tissue culture 
(Falcon 1008. Becton Dickinson). Drugs or solvents 
were added. if required, and the dishes were main- 
tained at 0” for 10 min. This step allowed the cells to 
settle down and come in contact with the polystyrene 
substrate. No adhesion was observed at that tem- 
perature. At 0 time the dishes were carefully trans- 
ferred onto a slide drying hotplate (R. A. Lamb, 
London, U.K.) set at 37” and incubated for the 
indicated time intervals in kinetics studies and for 
12 min in dose-response experiments. At the end of 
the adhesion assay, the dishes were shaken for 3 min 
on a Rotatest 95220 shaker (Bioblock, France) at 
100rpm. Then the supernatants were carefully 
discarded, the attached cells solubilized in 2 X 1 mL 
sodium dodecyl sulfate (SDS) (0.1% in HZO) and 
the radioactivity was measured after addition of 2 mL 
H20 and 6 mL Ready Value (Beckman Instruments) 
in a Beckman liquid scintillation counter. Per cent 

adherent cells was calculated as [(experimental cpm- 
blank)/(total cpm)] x 100. Total cpm was the radio- 
activity of the total cell number used for each exper- 
imental point, that is, 1 mL of cell suspension, 
pelleted for 1 min in an Eppendorf microfuge and 
solubilized in SDS as above. Blank values were 
measured by stopping the adhesion assay at 0 time. 
immediately after the cells had been transferred to 
the dishes. The assays were carried out in triplicate. 

cAMPproduction. CAMP content of the cells and 
medium was measured by a modification of a prc- 
viously described method [IO]. Briefly. 0.5 x IO” 
cells in 0.5mL were incubated in the absence or 
the presence of 10-+‘M Ro 20-1724 for I5 min. in 
Eppendorf tubes coated with 5% Surfasil. After the 
addition of the stimuli the incubation of the cells 
was terminated by the addition of ice-cold IBMX 
(5 x 10m4 M final concentration). and immersion of 
the tubes in liquid nitrogen. After thawing. the mix- 
ture was boiled for 5 min and centrifuged for 30 set at 
13,000g. The supernatants were assayed for cAMP 
using the acetylation method described for ust‘ with 
the radioimmunoassay kit purchased from ERIA 
Diagnostics Pasteur (France). 

Stat~t~ca~ analysis. The statistical analysis 
included: (a) basic calculations [mean. SE etc); (b) 
F-max test for homogeneity of variances; (c) analysis 
of the variance (ANOVA), one or two way model 
I, according to the design of each experiment: (d) 
comparisons within groups using the least signi~caIlt 
difference (LSD) between means (alpha = 0.05). All 
these procedures are described in Biometry [l 11. 
The calculations were carried out using the program 
Statview 512+ and a Macintosh SE microcomputer. 

RESULTS 

Effect of PAF on cell adhesiveness 

The effect of PAF on cell adhesiveness was studied 
during the differentiation of U937 cells by 1.25- 
(OH)2-cholecalcifero1. PAF increased the number of 
adherent cells after 48 hr of differentiation. This 
effect was maximal at 72 hr and remained constant 
for at least 7 days (Fig. I). 2-Chloroadenosine. an 
adenosine analog able to raise cAMP levels cnm- 
pletely inhibited PAF-induced adhesion all along the 
studied period (Fig. 1). PAF-induced adhesion was 
rapid and transient, reaching a peak between I2 and 
1.5 min. For this reason cell adhesion was scored at 
the time 12 min in subsequent dose-response experi- 
ments. The E$ of PAF was 3.7 x lWX~M and the 
maximal effect was observed at IO- M (Fig. 2). The 
stimulation of adhesiveness was inhibited by specific 
PAF antagonists [12] BN 54021 and BN 541 I I with 
~~~~~ of 5.3 x 10mh M and 1. I x 10 ~' M, respectivelv 
(Fig. 3). It was also prevented by the inhibitors (if 
protein kinase C, sphinganine and acridine orange 
[13. 141 (data not shown). 

Effect of CAMP-increasing agents on cell adhe.ricmess 

The inhibitory action of 2-chloroadenosine (Fig. 
1) led us to investigate the effect of several other 
adenosine analogs (Table I). Similar inhibitor~l 
effects were observed with NECA. PIA and CHA, 
while DOA, a specific agonist for the P site was 
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Fig. 1. Appearance of the adhesive response of U-937 cells 
to PAF along differentiation induced by 2.5 x 10e8 M 1,25- 
(OH),-cholecalciferol for 24 hr, 48 hr or 7 days. At these 
time points, the kinetics of cell adhesion were determined 
after addition of: lo-‘M PAF (O), lO_‘M PAF + 10-“M 
2-chloroadenosine (A) or 0.005% DMSO, the solvent of 
PAF (0). Means ? SE of triplicates. Two-way ANOVA 
for each day (as well as for days 4, 5 and 6, not shown): 
treatment (PAF vs PAF + 2 chloroadenosine vs control) 
and time (kinetics) factors as well as interaction, P < 0.001 

except for time factor at 24 hr, not significant. 

25-1 

drug (log M) 

Fig. 3. Effect of PAF antagonists on PAF-induced adhesive- 
ness of U-937 cells. The cells were cultured in the presence 
of 10u6 M retinoic acid and 10e4 M dibutyryl-CAMP for 5 
days. Adhesion was scored (see Materials and Methods) 
in the presence of increasing concentrations of the PAF 
antagonists BN52021 (a) and BN52111 (0) or their sol- 
vents 0.03% DMSO or saline (C) followed by lo-’ M PAF. 
The response to PAF treatment only was set at 100%. 
Mean 2 SE of triplicates. One-way ANOVA: P < 0.001 
for both drugs. LSD: the effect of the antagonists became 
significant beyond 10e5 M (BN52021) or 10-8M 

(BN 52111). The experiment was repeated eight times. 

PAF (log M) 

Fig. 2. Induction of adhesiveness of U-937 cells by PAF: 
dose-response relationship. The cells were cultured in the 
presence of W6M retinoic acid and 10e4 M dibutyryl- 
CAMP for 5 days. Adhesion was scored (see Materials and 
Methods) in the presence of increasing concentrations of 
PAF or its solvent 0.005% DMSO (C). Mean + SE of 
triplicates. One-way ANOVA: P < 0.001. LSD test: the 
effect of PAF became significant beyond 10e9M. The 

experiment was repeated seven times. 

found inactive (Table 1). The action of these com- 
pounds was observed in the 10V5 M range. This sug- 
gests that they were acting through A2 receptors, 
which stimulate adenylate cyclase [ 151. Adenosine 
was also inhibitory (Fig. 4), but to a lesser degree 
than its stable analog 2-chloro-adenosine. Since 
adenosine is produced by many cell types and acts 
as an autocrine factor, cell attachment was measured 
in the presence of adenosine deaminase (1 U/mL). 
A 107% increase in the number of adherent cells 
over the controls (P < 0.005) was observed under 
these conditions (data not shown). 

The notion of an inhibitory effect of CAMP on 
PAF-induced adhesiveness was further sustained by 

o-b’ ’ ’ - r 1 m . ’ -9 -0 -7 -6 -5 -4 -3 

drug (log M) 

Fig. 4. Effect of activators of adenylate cyclase on PAF- 
induced cell adhesiveness. The cells were cultured in the 
presence of 2.5 x lO_sM 1,25-(OH),-cholecalciferol for 5 
days. Adhesion was scored (see Material and Methods) in 
the presence of increasing concentrations of adenosine (A), 
PGE, (0) and isoproterenol (O), followed by lo-’ M PAF. 
The response to PAF treatment only (C) was set at 100%. 
Mean 2 SE of triplicates. One-way ANOVA: P < 0.001 
for all drugs. LSD: the inhibitory effect became significant 
beyond 10e5 M (adenosine), lo-‘M (PGEJ or 10m8M 

(isoproterenol). The experiment was repeated twice. 

the results obtained with several CAMP-increasing 
agents, whatever their target was: membrane recep- 
tors [isoproterenol, PGE,, adenosine (Fig. 4), PG12 
(Table l)], the G, transducing protein (cholera 
toxin), the catalytic unit of adenylate cyclase (for- 
skolin) (Table 1) or CAMP phosphodiesterase 
(theophylline, Ro 20-174) (Fig. 5). All these agents 
were found to be able to inhibit the induction by 
PAF of cell adhesiveness. 

Direct stimulation of protein kinase A by Brs- 
CAMP had a similar effect (Table 1). The IC,, for 
PGE, and isoproterenol were 7.8 X 10e8M and 
1.4 x 10m8 M, respectively (Fig. 4). The action of the 
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Table 1. Inhibitory effect of CAMP on PAF induced cell adhesion 

Adherent cells” (% of total) 

Treatment 

2-Chloroadenosine lWJ M 
NECA IO-’ M 
PIA lo-‘M 
CHA lo--” M 
DOA lO.“M 
PGI? 10 ‘M 
Cholera toxin 0.5 pg/mL 
Forskolin lo--’ M 
Br’-cAMP 10 ‘M 

PAF IO-’ 
alone 

37 + 1.3 
.K? I? 0.9 
37 t 0.5 
4s c 4.0 
42 t 1.2 
33 +: 0.3 
33 +- 0.3 
14 -c 0.6 
322 12 

PAF lO_‘M 
+ test drug 

17 + 1.8 
31 t 0.5 
27 ~5 1.3 
32 t 3.4 
39 t 0.6 

13.7 t 1.8 
6.1 i 0.3 
6.4 + 0.6 
16 + 5 

P!: 

<0.001 
co.001 
<(I.005 
<o.os 
X).05 
<O.OOl 
<0.(101 
<O.OOl 
<O.OS 

* Values are mean -t SE (N = 3). 
$ One-tailed t-test. 
The drugs were added just before PAF (or fMLP 2 x IW’M in the forskolin 

experiment) except for cholera toxin and forskotin, which were preincubated with 
the cells at 3P for 3 hr and 15 min. respectively. Adhesion was scored at time 12 min 
of the assay (see Materials and Methods). The data on adenosine analogs come from 
dose-response curves. the rest from kinetics studies. The experiments were repeated 
at least twice. 

okf.. 5’ i’ 8. I ‘B. 1 

c dS -7 -6 -5 ~4 -3 -2 

drug (log M) 

Fig. 5. Effect of CAMP phosphodiesterase inhibitors on 
PAF-induced adhesiveness of U-937 cells. The cells were 
cultured in the presence of 10. ’ h4 retinoic acid and 10 ’ M 
dibutyryl-CAMP for 5 days. The cells were preincubated 
for 15 min with the indicated concentrations of theophylline 
(0), Ro20-1724 (0) or the solvent, 0.2% ethanol (C). 
Adhesion was scored (see Materials and Methods) in the 
presence of lO_‘M PAF. The response to PAF treatment 
only was set at 100%. mean L SE of triplicates. One-way 
ANOVA: P < 0.001 for both drugs. LSD: the inhibitory 
effect became significant beyond 10 ’ M (theophylline) or 

lo-‘M (Ro 20-1723). 

latter was competitively inhibited by alprenolol. with 
an ICY,, of 1.2 x l()-‘M (data not shown). 

The role of basal CAMP levels in unstimulated 
cells was also demonstrated by the action of two 
inhibitors of cAMP-phosphodiesterase (Fig. 5). 
Theophylline and Ro 20-1724 prevented the stimu- 
lation of cell adhesiveness by PAF, with an IC~,~ of 
2.8 x 10U5 M and 6.7 x 10Wh M. respectively. 

Effect of fMtP, LTBi and OAG 

fn addition to PAF, the adhesiveness of U-937 
ceils was found to be increased by two other pro- 
inflammatory substances, fMLP and LTB4. Their 

-iv 
c -9 -6 -7 -6 -5 -4 

drug (log M) 

Fig. 6. Stimulatory effect of fMLP and LTBJ on adhesive- 
ness of U-937 cells and its inhibition by PGE,. The cells 
were cultured in the presence of lO_“M retinoic acid and 
10 ’ M dibutyryl-CAMP for 5 days. Adhesion was scored 
(see Materials and Methods) in the presence of iO-‘M 
PGE, (----) or the solvent. 0.007% ethanol (-). fol- 
lowed by the indicated concentrations of fMLP (0) or 
LTB, (0). Mean + SE of triplicates. Two-way ANOVA: 
treatment (?PGE,) and time factors as well as mteraction, 
P < 0.001 for both tMLP and LTB,. LSD: the effect of 
fMLP became significant at 10 “M (with~)tlt) or 10 ‘IM 
(with PGE,). For LTB,, at IO’M and 10.’ M. respect- 

ively. The experiment was repeated twice. 

action was also inhibited by PGE-1 (Fig. 6). Fur- 
thermore, OAG which is an analog of diacyl glycerol 
and acts directly on protein kinase C was found to 
stimulate cell adherence; at 12 min, the peak time of 
the kinetics assay. 47 + 4% of the cells were attached 
in the presence of 10-s M OAG. 2-Chlor~~adenosine 
(10A4M) inhibited almost completely the effect of 
OAG: 8 t: 3.0% of the cells were adherent 
(P < 0.001) after the simultaneous addition of OAG 
and 2-chloroadenosine (data not shown). 

Prod~~ct~on of CAMP 

In the absence of phosphodiesterase inhibitors. 
isoproterenol and PGE, induced a burst of CAMP 
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its inhibition by CAMP. However, the response to 
fMLP was much weaker in 1,25-(OH)2-cholec- 
alciferol-treated cells (unpublished results). 

Undifferentiated U-937 cells are able to respond 
to PAF, for instance, by an increase in intracellular 
calcium levels (Ref. 21 and personal observations). 
The slow appearance of PAF-induced adhesiveness 
during the differentiation of U-937 cells in our experi- 
ments is probably related to the pregressive 
expression of the integrins of the CDlla-c/CD18 
family, involved in leukocyte cell-cell and cell-sub- 
strate adhesion, along the maturation process [22]. 

time (minutes) 

Fig. 7. Effect of 2-chloroadenosine and PAF on CAMP 
production. The cells were cultured in the presence of 
2.5 x lO_‘M 1,25-(OH),-cholecalciferol for 4 days. Cell 
suspensions were preincubated for 15 min in the presence of 
lo-’ M Ro 20-1724. Total CAMP levels (incubation medium 
plus cells) were measured at the indicated time intervals, 
after addition of lo-” M 2-chloroadenosine (-a-), 
lo-’ M PAF (A) or solvent, 0.005% DMSO (a). 

Similar results were found in another experiment. 

peaking at 30sec (data not shown). Under these 
conditions no effect of 2-chloroadenosine was 
observed. However, in the presence of lO_‘M 
Ro 20-1724 basal CAMP levels were clearly increased 
and 2-chloroadenosine induced a doubling of this 
value, which remained stable for at least 20 min (Fig. 
7‘). 

’ In the absence of phosphodiesterase inhibitors 
PAF had no effect, neither on basal nor on iso- 
proterenol or PGEl stimulated levels of CAMP (data 
not shown). However, in the presence of Ro 20- 
1724, PAF clearly induced the production of CAMP 
(Fig. 7). 

Cell adhesiveness was also stimulated by fMLP, 
LTB4 and OAG. The latter is a well-known cell- 
permeant analog of diacyl glycerol and it directly 
stimulates protein kinase C. Its action mimics the 
already reported effect of phorbol esters on cell 
attachment [23,24]. fMLP and LTB4, like PAF, 
stimulate the breakdown of polyphosphoinositides 
in their target cells [25-271 and induce the attendant 
biochemical responses: mobilization of intracellular 
free calcium and stimulation of protein kinase C, 
through the production of inositol triphosphate and 
diacyl glycerol. An increase in permeability to cal- 
cium can also be induced [27]. Our data on the 
inhibition of the effect of PAF by the inhibitors 
of protein kinase C. sphinganine [13] and acridine 
orange [14] are in accordance with the above- 
described biochemical events. 

DISCUSSION 

In this study we investigated the regulation of the 
adhesiveness of the human promonocytic cell line, 
U-937. The system that we used is based on the 
adhesion of the cells to a polystyrene surface. The 
low level of cell adhesion to this substrate allows the 
study of its regulation. This is not the case with tissue 
culture substrates to which differentiated U-937 cells 
strongly attach (personal observation). Previous 
work has demonstrated that the behaviour of the 
cells in this system closely resembles the adhesion 
of myelomonocytic cells to endothelium and their 
recruitment to an inflammatory focus [16, 171. Basi- 
cally, the same molecules seem to be involved: the 
CDlla-c/CD18 family of integrins [18]. More com- 
plex systems using cocultures of monocytes, endo- 
thelial cells and smooth muscle cells [19] are certainly 
closer to the “in viuo” situation. Our model, 
however, avoids interactions that occur between 
these cells. 

Cyclic AMP-increasing agents usually suppress 
many of the functions of macrophages [28-361. How- 
ever, opposite results concerning the action of PGE, 
have been recently reported, related to the origin of 
the macrophages [8,37]. We report here for the first 
time a clear inhibitory effect on adhesiveness of 
all the CAMP-raising agents used. Moreover, their 
effect was obtained against PAF, fMLP and LTB4, 
as well as against OAG. The inhibition of monocyte 
adhesiveness seems to take place at or beyond the 
level of protein kinase C. However, our data do not 
rule out additional effects on more proximal steps, 
similar to the inhibition of inositol phospholipids 
metabolism and calcium flux by CAMP described in 
neutrophils [38] and T lymphocytes [39]. The potency 
of the various agents to inhibit cell adhesiveness was 
not proportional to their capacity to increase CAMP. 
Thus, adenosine agonists were much less effective in 
raising CAMP levels than isoproterenol or PGE,, 
whereas they were equally potent in decreasing cell 
attachment. One possible explanation is that slight 
increments in CAMP are sufficient. Additional mech- 
anisms might be operative also, since adenosine is 
able to modulate K+ channels [40]. Whatever its 
mechanism of action might be, our results with 
adenosine deaminase suggest that this agent is a 
physiological modulator of monocyte attachment. 

The human U-937 promonocytic cell line [20] dif- 
ferentiates along the monocytic pathway in the pres- 
ence of 1.25-(OH)2-cholecalciferol [S] or a 
combination of retinoic acid and dibutyryl cyclic 
AMP [6]. Both agents were equivalent as to the 
extent of the adhesive response to PAF or OAG, or 

Our data on the increase of CAMP induced by 
PAF suggest the existence of a feed-back regulatory 
system through which the action of PAF on mono- 
cytes is limited. A similar situation has been 
described for the effects of PAF on polymor- 
phonuclear leukocytes [41]. However some cell 
specificity exists, so that, in platelets and alveolar 
macrophages PAF rather inhibits the CAMP pro- 
duction stimulated by prostaglandins or catechol- 
amines [42,43]. This is reminiscent of the opposite 
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effects of phorbol esters on adenylate cyclase 16. Mentzer SJ, Crimmins MAV, Burakoff SJ, and Failer 
depending on the cell type [lo]. DV, Alpha and beta subunits of the LFA-I membrane 

In conclusion, this work investigates the regulation molecule are involved in human monocyte-endothelial 

of the adhesiveness of monocytes. This property of cell adhesion. J CeN Physiol 130: 41C-415, 1987. 

the cells is stimulated by proinflammatory agents 17. Rosen H and Gordon S. Monoclonal antibody to the 

(PAF, fMLP, LTB1) and inhibited by CAMP raising 
murine type 3 complement receptor inhibits adhesion 

drugs. The latter are active in the range of their usual 
of myelomonocytic cells in vitro and in~ammatory cell 

therapeutic concentration, e.g. 3-5 X lo-’ M for 
recruitment in viva. J Exp Med 166: 1685-1701. 1987. 

theophylline. Thus, these data might lead to the 
18. Skoglund G, Cotgreave I. Rincon .I. Patarrayo M and 

Ingelman-Sundberg M. HzOz activates CD 11 b/CD IX- 
design of agents acting specifically on CAMP levels dependent celi adhesion. &o&em Rioph~s Res Com- 
of the cells of the immune system. which might allow mun 157: 443-449, 1988. 
new approaches in the treatment of diseases where 19. Navab M, Hough GP. Stevenson LW, Drinkwater DC. 
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