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Response-selective CSa agonists: differential effects on neutropenia

and hypotension in the rat
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Some in vivo activities of two complement C5a agonist analogues have been evaluated by measuring
changes in blood pressure and neutropenia in the rat and comparing the results with their receptor
affinities in peritoneal macrophages and polymorphonuclear leucocytes (PMNs). In vitro CSa
receptor (C5aR) binding experiments showed that YSFKPMPLaR and YSFKD(NMeNIle)PlaR had
similar affinities for the macrophage C5aR (ICs, 0.2, 0.1 uM respectively). In PMNs, the affinity of
YSFKPMPLaR (ICs, 0.1 uM) was similar to that in macrophages, whereas the affinity of
YSFKD(NMeNle)PLaR for the PMN C5aR was >100 uM. Given i.v., YSFKD(NMeNle)PLaR
had similar activity to YSFKPMPLaR on blood pressure but did not cause neutropenia.. These
results demonstrate selectivity of a new C5a agonist in vitro, which is paralleled in vivo. The results
suggest the possibility of developing selective agonists of C5a for in vivo use in humans.
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Introduction The inflammatory mediator derived from
activation of the complement system, C5a, has a number of
actions within the body. It is a chemoattractant for
polymorphonuclear leukocytes (PMNs), monocytes and
macrophages. It activates these cells, causing them to release
other inflammatory mediators and cytokines. Immunostimu-
latory events have also been attributed to C5a, as it enhances
the in vitro production of antibodies by T cells (Morgan, 1986).
While the C5Sa receptor (C5aR) has been traditionally thought
to be myeloid-cell specific, it has now been shown to be present
on a number of different cell types including endothelial
(Schieferdecker et al., 1997), glial (Gasque et al., 1997), and
human T-cells (Nataf et al., 1999).

C5a agonists have been developed from the C-terminal
portion of C5a to investigate the interaction between C5a and
its receptor (Ember et al., 1992). We have developed panels of
peptides which we have shown to be potent agonists on human
PMNs, as well as being spasmogenic in human umbilical artery
(Finch et al., 1997; Sanderson et al., 1995). In this tissue, the
contractile effects of CS5a (Marceau et al., 1990) and C5a
agonists (Taylor et al., 1994) are blocked by indomethacin,
indicating that the contractile effects are mediated by
prostanoids, thought to be released from intramural macro-
phages containing C5aRs (Marceau et al., 1990). These
structure-activity studies have shown that there are major
differences in the selectivity of analogues between the vascular
preparation and PMNs. The agonists are all more potent in the
vascular preparation than in PMNs, but their relative
selectivities between the two tissues varies markedly. The
reasons for this selectivity are not yet known.

We have recently shown that one of these potent C5a
agonists, YSFKPMPLaR, can act as an immunoadjuvant in
vivo when conjugated to otherwise non-immunogenic peptides
(Tempero et al., 1997). Although the mechanism of this effect
has not yet been elucidated, a likely scenario concerns the
binding of the conjugated C5a agonist-epitope to C5aRs on
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antigen-presenting cells, internalization of the receptor-ligand
construct, processing by the major histocompatibility complex
and the generation of cytokine signals from these cells to
stimulate helper T-cells (Tempero et al., 1997). The in vivo
administration of C5a agonist peptides has the attendant risk
of activation of inflammatory C5aRs and unwanted side
effects. The development of C5a agonist peptides for use as
immunoadjuvants in human clinical medicine will require a
more specific ligand for immunologically relevant C5aRs.

In a new structure-activity study on C5a agonists, we
discovered that one compound, YSFKD(NMeNle)PLaR, was
equipotent to its parent homologue, YSFKPMPLaR, on
human umbilical artery, but was considerably less potent on
human PMNs, with a very high selectivity ratio (~3000)
between the two systems (Paczkowski, unpublished). These in
vitro findings opened the possibility of determining if this
selectivity could be expressed in vivo. In this study we
demonstrate in the rat that the new peptide, YSFKD(NMeN-
le)PLaR, unlike the standard agonist YSFKPMPLaR used in
the immunization studies, is capable of causing changes in
blood pressure at doses that spare the activation of PMNs in
vivo, and that this in vivo selectivity is paralleled by its
respective affinities for macrophage and PMN C5aRs.

Methods Peptide synthesis The agonist peptides YSFKPM-
PLaR and YSFKD(NMeNle)PLaR were synthesized using
methods previously described (Finch et al., 1997).

Receptor binding assays PMNs and peritoneal macrophages
were isolated from rats as previously described (Mosier, 1984;
Short et al., 1999). C5a (human recombinant, Sigma) or
peptides, cells (100,000) and '*I-C5a (50 pM, New England
Nuclear, MA, U.S.A)) in 100 gl binding buffer (50 mm
HEPES, 1 mMm CaCl,, 5 mM MgCl,, 0.1% bacitracin, 0.5%
bovine serum albumin, 100 uM phenylmethylsulphonyl fluor-
ide) were incubated in 0.6 ml polypropylene tubes (60 min,
4°C). An additional 200 ul buffer was added to each tube,
followed immediately by centrifugation (11,000 x g, 30 s). The
supernatant was discarded, and the tubes containing the
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remaining pellet were measured for radioactivity in an LKB y
counter.

In vivo measurements of blood pressure and neutropenia Fe-
male Wistar rats (200—240 g) were anaesthetized with i.p.
ketamine (80 mg kg~') and xylazine (12 mg kg='). A poly-
ethylene catheter was inserted in the femoral vein for peptide
administration and blood sample collection. The pulse was
recorded using a pfiez finger pulse transducer (ADI Instru-
ments) placed caudally on the tail and blood pressure readings
recorded using a pressure transducer connected to a
computerized chart recording system (MacLab/8).

Rats were dosed i.v. with agonist peptides (3 mg kg™') or
saline, infused over 1 min. Heparinized blood samples and
blood pressure measurements were collected 10 min prior to
agonist challenge and periodically over a 90 min observation
period. Blood samples (0.2 ml) were layered onto an equal
volume of Histopaque-Ficoll solution, PMNs isolated, and cell
number was counted on an haemocytometer. PMN concentra-
tions and systemic blood pressure values are presented as mean
percentage +s.e.mean of the values obtained immediately prior
to peptide challenge.

Results  Receptor binding The affinities of C5a, YSFKPM-
PLaR and YSFKD(NMeNle)PLaR for the C5aR were
measured in rat PMNs and peritoneal macrophages (Figure
1). C5a had similar affinity for the C5aR on both PMNs and
macrophages (—1loglCsy=9.8+0.1, 10.2+0.2, respectively,
n=4-5). YSFKPMPLaR bound to PMNs and macrophages
also with similar affinities (—loglCso=7.1+0.4, 6.8+0.4,
respectively, n=3-4). Conversely, YSFKD(NMeNle)PLaR
had relatively low affinity for the PMN receptor (—logICs, <4,
n=3) compared to the macrophage receptor (—loglICs,
=7.0+0.2, n=4, Figure 1). These marked differences in
affinities for macrophages and PMN C5aRs suggested that
differences in the PMN- and macrophage-dependent activities
in vivo might be seen following peptide administration.
Accordingly, both neutropenia and blood pressure parameters
were measured following i.v. administration of C5a and both
peptides to the rat.

Effects on blood pressure and neutropenia Circulating PMN
concentrations and systemic blood pressure were measured at
regular time points over a 90 min observation period.
Intravenous injection of saline controls caused no significant
change in either circulating PMN concentrations or systemic
blood pressure at any time point when compared to values
obtained at 0 min (data not shown). Intravenous administra-
tion of C5a (2 ug kg=') caused a significant decrease in
circulating PMNs and systemic blood pressure, reaching a
minimum value at 5 min to 16+6% and 68+ 5% of initial
values respectively (Figure 2). Intravenous administration of
YSFKPMPLaR and YSFKD(NMeNle)PLaR (3 mg kg™!)
caused a similar hypotensive response, reaching a minimum
value at 15 min to 62+5% and 46+7% of initial values
respectively (Figure 3a). The same challenge of 3 mg kg™~!
YSFKPMPLaR also caused a rapid and transient neutropenia,
which reached a minimum value to 35+8% of initial values
15 min after injection, and returned to baseline within 90 min
(Figure 3b). Conversely, the same i.v. challenge of 3 mg kg~!
YSFKD(NMeNIle)PLaR caused no significant neutropenia at
any time point (P>0.05, one-way ANOVA) (Figure 3b).

Discussion Intravenous administration of C5a or C5a agonist
peptides causes hypotension and neutropenia. The hypoten-
sion is largely abolished by pretreatment with cyclo-oxygenase

inhibitors, indicating the involvement of prostanoids (Lund-
berg et al., 1987), whereas neutropenia is unaffected by this
treatment (Lundberg et al., 1987). Neutropenia is caused by
the rapid and transient expression of the ICAM, CDI11, on
PMNs interacting with P-selectin expressed on endothelial
cells; both events occur rapidly following activation of C5aRs
(Issekutz et al., 1999; Ward, 1996). However, both C5a and
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Figure 1 Inhibition of '*’I-C5a binding to isolated rat PMNs (A)

and peritoneal macrophages (B) with increasing concentrations of
human recombinant C5a and agonist peptides. Peptide, cells and '*°I-
CSa were incubated (4°C, 60 min), and centrifuged before the
supernatant was removed, and the remaining pellet counted. All
values represent mean +s.e.mean (n>3).
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Figure 2 Effects of recombinant human C5a (2 ug kg™' i.v.) on
mean blood pressure and circulating PMNs. Data are shown as per
cent of pretreatment value, and represent the mean +s.e.mean (n>=5).
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Figure 3 Effects of C5a agonist peptides on mean blood pressure
(A) and circulating PMN concentrations (B) in the rat. Rats were
anaesthetized and agonist peptides (3 mg kg~! i.v.) administered.
Data shown as mean+s.e.mean (n>3) for each group.

C5a agonist peptides preferentially cause neutropenia, with
higher doses required to affect blood pressure (Drapeau ez al.,
1993). We have confirmed these observations in the rat,
demonstrating that C5a (2 ug kg~' i.v.) causes a profound
degree of neutropenia, with smaller changes in blood pressure.

C5a causes either constriction or relaxation of isolated
blood vessels, depending on the species or type of blood vessel
assayed, but in all cases eicosanoids largely mediate the effect
(Marceau & Hugli, 1984). Tissue macrophages are thought to
be the source of the vasoactive prostanoids released (Marceau
et al., 1990). In peritoneal macrophages, the C5aR binding
affinities of the two agonists were the same, whereas in PMNSs,
YSFKD(NMeNIle)PLaR did not bind to the receptor except in
very high concentrations, while YSFKPMPLaR bound to
PMN C5aRs with similar affinity as in macrophages.

The present study was performed for several reasons. The in
vitro binding data in rat PMNs and peritoneal macrophages
showed that there were major differences in the affinities of the
two peptides for the C5aRs in these cells. Assuming both that
macrophages are the source of blood pressure-lowering
prostanoids released by C5a or C5a agonists, and that the
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