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NAP-1/IL-8 INDUCES UP-REGULATION OF CR1 RECEPTORS IN
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The effect of the neutrophil-activating peptide NAP-1/
IL-8 on the expression of complement receptor type 1 (CR1) in
human neutrophils was studied. NAP-1/I1L.-8 enhanced CR1
expression at concentrations between 10™" and 10°® M. The
maximum increase with respect to unstimulated control cells
was on average 2.3 fold. The effect was rapid: Half-maximum
enhancement was obtained in 4 min and the plateau was reached
in 15 min. The chemotactic peptide fMLP, tested for compari-
son, was effective between 102 and 1077 M, showed a similar
time course and a somewhat higher maximum effect (2.8 fold
increase). The effect of NAP-1/IL-8 was prevented by pretreat-
ment of the cells with B.pertussis toxin and desensitization
was observed following restimulation. Stimulus combination
experiments suggested that NAP-1/IL-8 mobilizes the same or a
similar intracellular pool of CR1 receptors as fMLP or C5a.
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NAP-1/IL-8 is a recently discovered neutrophil-activating
peptide produced by mononuclear phagocytes and a wide variety of
tissue cells following stimulation with LPS, interleukin-1 or
tumor necrosis factor (reviewed in reference 1). Like other
chemotactic agonists, NAP-1/IL-8 induces a transient increase in
the cytosolic free calcium concentration, shape change,
chemotaxis, exocytosis and the respiratory burst. It acts via a
selective receptor and appears to share, at least in part, the
signal transduction system that operates for agonists like fMLP
and C5a (1).

As a product of tissue cells, NAP-1/IL-8 is likely to
mediate neutrophil invasion in a variety of inflammatory proces-
ses (1). Neutrophil activation is accompanied by the transloca-
tion of receptors for C3b/C4b (CR1) from their intracellular pool
to the cell surface (2,3). These receptors are involved in the
inactivation of C3b as well as in the binding and phagocytosis of
C3b-coated particles (4,5) and are upregulated by stimulation of
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the neutrophils with chemoattractants like fMLP, C5a, LTB,4 and
PAF (3,6,7), or cytokines like tumor necrosis factor (8).

We have now studied the effects of NAP-1/IL-8 on CR1
expression in human neutrophils and report here that the novel
peptide upregulates CR1 in a similar way as the classical
chemotaxins, fMLP and C5a.

METHODS

Buffers and Reagents. Bovine serum albumin (BSA), Ficoll 400
and Dextran T 500 were obtained from Pharmacia, and N-formyl-
methionyl-leucyl-phenylalanine (fMLP) from Sigma. Purified human
C5a was kindly provided by Dr. C. Dahinden, Institute of Clinical
Immunology, University of Bern; and NAP-1/IL-8 was obtained from
the Sandoz Research Institute, Vienna, Austria (9). fMLP was
dissolved in dimethylsulfoxyde at 103 M and diluted with PBS, and
the other stimuli were dissolved in PBS. Phosphate-buffered
saline, pH 7.4, (Oxoid, Basingstoke, England) as such (PBS) or
supplemented with 5 mg/ml BSA (PBSB) was used. When indicated,

1 mM CaCl, was added to PBSB.

Cell purification. Neutrophils were isolated at 4°C from
fresh donor blood (10) and kept in PBSB at a concentration of 107
cells/ml on melting ice before use. Such preparations consisted
of >96% neutrophils and >99% of the cells excluded trypan blue.
All experiments were started within 30 min following cell
preparation.

Stimulations and CR1 assays. Cell samples (150 ul) were
prewarmed for 5 min at 37°C, exposed to a stimulus, and the
response was stopped after different times by cooling on ice. CR1
expression was determined (11) using radiolabelled monoclonal
antibody E11 kindly provided by Dr. N. Hogg, Imperial Cancer
Research Fund, London (12). B.pertussis toxin treatment was
performed by incubating the cell suspension with 1 pg/ml of the
toxin (List Biochemical) for 60 min at 37°C. The treatment was
terminated by centrifugation, and the cells were resuspended at
the original concentration in PBSB.

RESULTS

The ability of NAP-1/IL-8 to increase the expression of
CR1 was compared to that of fMLP. As shown in Fig. 1 the
effects of both agonists were concentration dependent. The
treshold concentration was 10'10 M for NAP-1/IL-8 and 10_9 M
for fMLP. Maximum expression was obtained at 10"8 and 10-7 M,
respectively, and no further increase was observed with 10-7
and 10°® M NAP-1/IL-8 or 10~5 M fMLP. As clearly indicated by
the crossing of the dose-response curves, NAP-1/IL-8 was
superior to fMLP at low concentrations, but induced a somewhat
lower maximum expression of CR1 (226 + 20% versus 277 + 25%).
The time course of the response was similar for both agonists.
In either case, CR1 expression reached a maximum 15 min after
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Figure 1. Effect of NAF and fMLP on CR1 expression in human
PMN. The cells were exposed to increasing concentrations of
NAP-1/IL-8 or fMLP, and CR!1 expression was determined after
15 min. Relative increase with respect to unstimulated PMN,
mean * SEM of 6 experiments.

stimulation and half-maximum values were obtained within 4 min
(Fig. 2). The experiments illustrated in Figs. 1 and 2 were
done in PBSB without added Ca2+. In two additional experiments

2+ no differences in the

performed in the presence of 1 mM Ca
magnitude or in the time course of the response were observed.

fMLP and other chemotactic agonists are thought to
mobilize the same intracellular CR1 storage compartment (8).
Information on the compartment that is mobilized by
NAP-1/IL-8 was obtained by repeated stimulation with
combinations of NAP-1/IL-8, fMLP and C5a. The cells were first
exposed for 15 min to NAP-1/IL-8 and then for another 15 min
to the same agonist, fMLP or C5a. Restimulation with an
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Figure 2. Time course of CR1 expression induced by
NAP-1/IL-8 and fMLP in human PMN. The cells were exposed to
10® M NAP-1/IL-8 or 107 m fMLP and the relative increase in
CR1 expression over time was determined (mean + SEM of 6
experiments).
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unrelated agonist resulted in a rise in CR1 expression over
the level obtained with NAP-1/IL-8 alone, but no effect was
obtained upon resti-mulation with NAP-1/IL-8. As shown in
Fig. 3a, fMLP or Cba as the second stimulus induced a rise in
CR1 density even after a maximum effective concentration of
NAP-1/IL-8 (10-8 M). Upon repeated application, however, the
effects of the two stimuli were not additive. The degree of
CR1 expression obtained after stimulation with NAP-1/IL-8 plus
fMLP or NAP-1/IL-8 plus C5a was about the same as after
stimulation with maximum effective concentrations of fMLP or
C5a alone, suggesting that all three agonists induce
mobilization of the same intracellular pool of receptors.
Similar experiments were done by exposing the neutrophils
first to one of the three agonists and then to NAP-1/IL-8. As
shown in Fig. 3b, no further enhancement of CR1 expression
could be induced by NAP-1/IL-8, when maximum effective
concentrations of fMLP or C5a were used initially. The
desensitization of the neutrophils to repeated stimulation
with NAP-1/IL-8 and the lack of cross-desensitization towards
fMLP or C5a indicate that NAP-1/IL-8 acts via a selective
receptor, a conclusion which is in accord with former
observations concerning other neutrophils responses (1). In
the present experiments, desensitization was also observed
when the cells were stimulated twice with fMLP or C5a.

a b
First stimulus : NAP-1/IL 8 First stimulus : indicated
Second stimulus: indicated Second stimulus: NAP-1/IL 8

none

NAP-1/IL.8

200 0 100 200

CR1 expression (%)

Figure 3. Effect of combined stimulations. (a) The PMN were
stimulated with 10® M NAP-1/IL-8 and then exposed to PBSB
(Control), 10® M NAP-1/IL-8, 107 M £MLP or 107 C5a.
Relative changes in CR1 expression with respect to the value
obtained with a single stimulation with 10 M NAP-1/IL-8
(100%) are shown. (b) The PMN were exposed to PBSB
(control), 10™® NAP-1/IL-8, 107 M £MLP or 10° M C5a, and
stimulated with 108 M NAP-1/IL-8 after 15 min. Relative
changes in CR1 expression with respect to the value obtained
with the first treatment (100%) are shown. The results are
representative for 3 separate experiments.
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Further evidence that CR1 mobilization is a receptor-
mediated event was obtained by pretreating the cells with
B.pertussis toxin to block G-protein function. Under these
conditions, no enhancement of CR1 expression was observed
after stimulation with NAP-1/IL-8, fMLP or C5a while the
upregulation induced by PMA remained unaffected (data not
shown).

Double stimulation was also used to assess a possible
priming effect of NAP-1/IL-8. Neutrophils were exposed for
15 min to treshold concentrations of NAP-1/IL-8 (10_10 M) and
then to suboptimal concentrations of NAP-1/IL-8, fMLP or C5a.
A response to the second stimulation was observed in all
cases, but CR1 expression was not enhanced by pretreatment
with NAP-1/IL-8, indicating that this peptide does not prime
the neutrophils.

DISCUSSION

The present study shows that the novel chemotactic peptide
NAP-1/IL-8 enhances the expression of CR1 on human neutrophils by
a receptor-dependent and selective mechanism. As compared to
fMLP, NAP-1/IL-8 had a lower threshold concentration, a similar
time course of action and a somewhat lower maximum effect. The
latter difference could be due to only partial mobilization of
the intracellular pool of receptors or to a higher rate of re-
internalization. Two lines of evidence argue in favor of the
first possibility: (a) additional mobilization could be obtained
with fMLP after maximum stimulation with NAP-1/IL-8, and
(b) expression remained constant after reaching the maximum,
indicating that re-uptake was minimal., NAP-1/IL-8, like other
agonists, differed from PMA which enhances both expression and
internalization (13). NAP-1/IL-8 did not enhance further CR1
expression in neutrophils stimulated with maximum effective
amounts of either fMLP or Cb5a, while some enhancement was
observed with the reversed order of stimulation. This suggests
that all three agonists are effecting the same intracellular pool
of receptors and that NAP-1/IL-8 is unable to mobilize this pool
completely. The possibility remains open, however, that
neutrophils contain more than one intracellular CR1 compartment,
and that the action of NAP-1/IL-8 is more restricted than that of
other agonists. Analysis of the internal pool(s) of CR1 would be
necessary to clarify this issue. It is well known, on the other
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hand, that the magnitude of neutrophil responses to unrelated
agonists may differ considerably, as shown for instance by
studies on the respiratory burst (14). The present observations
could also reflect a difference in the duration of action or in
part of the signal transduction system of NAP-1/IL-8 and the
other peptides. It has been shown, however, that the mechanism of
activation of neutrophils stimulated with NAP-1/IL-8 is
qualitatively similar to that observed with other agonists (1).
The upregulation of CR1 demonstrated in this study indicates
that neutrophils recruited into inflamed tissues by NAP-1/IL-8
generated locally not only release enzymes, oxygen-derived
radicals and other phlogogenic products, but also acquire
enhanced functional capabilities through receptor upregulation.
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