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Repertaxin, a novel inhibitor of rat CXCR2 function, inhibits
inflammatory responses that follow intestinal ischaemia
and reperfusion injury
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1 Neutrophils are thought to play a major role in the mediation of reperfusion injury. CXC
chemokines are known inducers of neutrophil recruitment. Here, we assessed the effects of Repertaxin,
a novel low molecular weight inhibitor of human CXCLS receptor activation, on the local, remote and
systemic injuries following intestinal ischaemia and reperfusion (I/R) in the rat.

2 Pre-incubation of rat neutrophils with Repertaxin (10~''-107°M) inhibited the chemotaxis of
neutrophils induced by human CXCLS or rat CINC-1, but not that induced by fMLP, PAF or LTB,,
in a concentration-dependent manner. Repertaxin also prevented CXCL8-induced calcium influx but
not CXCLS8 binding to purified rat neutrophils.

3 In a model of mild I/R injury (30 min of ischaemia and 30 min of reperfusion), Repertaxin dose-
dependently (3-30mgkg™") inhibited the increase in vascular permeability and neutrophil influx.
Maximal inhibition occurred at 30 mgkg™".

4 Following severe I/R injury (120min of ischaemia and 120 min of reperfusion), Repertaxin
(30 mgkg™") markedly prevented neutrophil influx, the increase in vascular permeability both in the
intestine and the lungs. Moreover, there was prevention of haemorrhage in the intestine of reperfused
animals.

5 Repertaxin effectively suppressed the increase in tissue (intestine and lungs) and serum
concentrations of TNF-a and the reperfusion-associated lethality.

6 For comparison, we also evaluated the effects of an anti-CINC-1 antibody in the model of severe
I/R injury. Overall, the antibody effectively prevented tissue injury, systemic inflammation and lethality.
However, the effects of the antibody were in general of lower magnitude than those of Repertaxin.

7 In conclusion, CINC-1 and possibly other CXC chemokines, acting on CXCR2, have an
important role during I/R injury. Thus, drugs, such as Repertaxin, developed to block the function of
the CXCR?2 receptor may be effective at preventing reperfusion injury in relevant clinical situations.
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Introduction

Reperfusion is the treatment of choice to save viable tissue
following acute ischaemia of a vascular territory. Nevertheless,
reperfusion of ischaemic tissues may be associated with a
severe inflammatory response (Willerson, 1997). Among the
cell types involved in the injury following reperfusion of an
ischaemic tissue, neutrophils are of major importance (Cornejo
et al., 1997; Willerson, 1997). Thus, neutrophils have been
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shown to mediate both local and remote organ injury after
ischaemia and reperfusion (I/R) of hindlimbs (Kyriakides et al.,
1999; Merchant et al., 2003), liver (Jaeschke et al., 1990),
intestine (Xiao et al., 1997; Souza et al., 2000a, b), kidneys
(Weight et al., 1996) and myocardium (Baxter, 2002; Kohtani
et al., 2002). Several mediators of the inflammatory process
have been shown to participate in the cascade of events leading
to I/R injury, including lipids mediators, vasoactive peptides,
neuropeptides and cytokines, especially TNF-« (Gilmont et al.,
1996; Souza et al., 2000a, b; 2002b, c; 2003). Among
inflammatory mediators shown to activate neutrophils and
induce their recruitment in vivo, much interest has been placed
on the role of CXC-chemokines. Members of the CXC branch
of the chemokine family have four invariant cysteines, the first
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Figure 1 Chemical structure of Repertaxin (R(-)-2-(4-isobutylphe-
nyl)propionyl methansulphonamide). As shown in the figure,
Repertaxin is salified with L-lysine.

two of which are separated by one other amino acid (X).
Chemokines containing glutamic acid-leucine (ELR) immedi-
ately preceding the CXC motif are potent neutrophil
chemoattractants (Baggiolini et al., 1995). In humans, 1L-8 is
the most studied member of this chemokine family, which
activates both CXCR1 and CXCR2, seven transmembrane
receptors that transduce the signals of CXC-ELR™* chemo-
kines (Baggiolini et al., 1995). It appears that rats (and other
rodents) lack a homologue of CXCL8 but possess other CXC-
ELR™* chemokines, namely cytokine-induced neutrophil
chemoatractant-1 (CINC-1) and macrophage inflammatory
protein-2. The latter chemokines act preferentially on CXCR2.

Previous studies have demonstrated that CXC chemokines
are released following I/R injury of several tissues (Kalfin ez al.,
1993; Chandrasekar et al., 2001; Kataoka et al., 2002; Ren
et al., 2003). Furthermore, studies using anti-CINC antibodies
or anti-CXCR2 receptor antibodies have shown that such
strategies ameliorated reperfusion injury (Boyle et al., 1998;
Tsuruma et al., 1998; Yagihashi et al., 1998; Miura et al.,
2001). Thus, blockade of the action of CXC-ELR™* chemo-
kines or their receptors appears to be a valid strategy for the
treatment of injuries associated with the reperfusion of a
vascular territory. Repertaxin is a novel low molecular weight
inhibitor of human CXCLS8 receptor activation (Figure 1,
Bertini et al., 2004). Here, we assessed the effects of Repertaxin
on the local, remote and systemic injuries following intestinal
I/R in the rat. Initial experiments were conducted with rat
neutrophils to confirm the specificity and potency of Reper-
taxin at inhibiting rat CXCR2 on neutrophils. Dose—response
experiments were conducted in a model of mild neutrophil-
dependent I/R injury previously described by our group
(Souza et al., 2000a). We then tested the effectiveness of our
strategy in a model of more severe I/R injury in which local
and systemic changes are observed (Souza et al., 2000b). For
comparison, we compared the effects of Repertaxin to that
of anti-CINC-1 antibodies.

Methods

Animals

Male Wistar rats (200-220g) obtained from the Bioscience
unit of our Institution were housed in standard conditions and
had free access to commercial chow and water. All procedures

described here had prior approval from the local animal ethics
committee.

In vitro neutrophil chemotaxis

The chemotactic activity for neutrophils obtained from the
blood of rats was assayed using the 48-well microchemotaxis
chamber technique, as previously described (Bignold &
Ferrante, 1987, DeForge et al., 1992). Briefly, the lower
compartment of the chamber was loaded with aliquots of
medium, CXCLS8, CINC-1, fMLP, PAF or LTB,, while the
upper compartment of the chamber was loaded with the
purified neutrophils (resuspended in RPMI medium). Neu-
trophils (>90% purity, >95 viability) were purified over a
Percoll gradient, as previously described (Ramos et al., 2003),
and were incubated for 10min with vehicle (saline) or
Repertaxin (107''-107°M) prior to addition of the chemoat-
tractants. The two compartments were separated by a 5.0 um
polycarbonate filter (Poretics Products, Osmonics, CA,
U.S.A.). Following 1h of incubation at 37°C, the filter was
removed, fixed and stained. The migrated cells in 10-high-
power fields were counted by light microscopy.

Intracellular calcium measurements

PMN (10’ml™") were resuspended in RPMI 1640 and
incubated with I mM FURA-2AM at 37°C for 15min. Next,
PMN were washed and resuspended in HBSS containing
1.2mM CacCl, and incubated in the presence of vehicle or 1 mm
Repertaxin for 15min at room temperature. PMN were
stimulated with vehicle, CXCL8 (100ngml~'), as previously
described (Brandolini ez al., 1996). FURA-2 fluorescence was
measured in a Jasco FP-750 spectrophotometer (Jasco
Corporation, Tokyo, Japan). Samples were excited at 340
and 380nm, and emission at 505nm was continuously
recorded. Intracellular calcium concentration was determined
as previously described (Bizzarri et al., 1995).

hCXCLS binding to rat neutrophils

['*TICXCL8 (specific activity 2200 Cimmol™'; Amersham
Pharmacia Biotech, Buckinghamshire, U.K.) binding on rat
PMN was performed as previously described (Bizzarri et al.,
2001). Rat PMN (4 x 107 cellsml~") were incubated at 37°C for
15min in the presence of vehicle or | mM Repertaxin. Next,
0.8nM [*’IJCXCLS and serial dilutions of unlabeled CXCL8
were added to 2 x 10° rat PMN in 100 ml of binding medium
and incubated at 4°C for 2h under gentle agitation, as
previously described (Bizzarri et al., 2001). Scatchard analysis
and calculations were performed with the LIGAND program
(Munson & Rodbard, 1980).

I/R injury

Rats were anaesthetized with urethane (140 mgkg™!, i.p. ) and
laparotomy was performed. This procedure was sufficient to
keep the animals under anaesthesia until the end of the
experiment. The superior mesenteric artery (SMA) was
isolated and ischaemia was induced by totally occluding the
SMA for 30 or 120min. After ischaemia, reperfusion was
initiated by removal of the occlusion. Animals made ischaemic
for 30 or 120 min were allowed to reperfuse for 30 (mild injury)
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or 120 (severe injury) min, respectively. The durations of I/R
were based upon previous experiments (Souza et al., 2000a, b)
and were optimal for mild and severe reperfusion injuries.
Sham-operated animals were used as controls for the reper-
fusion-induced injury. Lethality was accompanied and, at the
end of the experiment, animals were killed by cervical
dislocation. Inflammatory parameters were assessed only in
animals that were alive at 120 min after reperfusion.

Initial experiments were carried out in the mild reperfusion
injury model to examine the dose-dependent effects of CXCR2
inhibitor (Repertaxin, 3-30mgkg~'). In these experiments,
Repertaxin was administered i.v. just prior to the reperfusion
of the SMA. We then tested the effects of the administration of
Repertaxin  (30mgkg™', iv., just prior to reperfusion),
Repertaxin vehicle (saline, 1mlkg™"), anti-CINC (0.5ml of
hyperimmune serum/animal, s.c., 60 min before reperfusion) or
non-immune serum (0.5 ml) in the model of severe I/R injury.
The drug or antibodies used in the present study had no
significant effects on basal parameters (data not shown), and
to simplify the graphs presented basal data obtained in vehicle-
or drug-treated animals have been pooled for presentation.
Similarly, results obtained in reperfused animals treated with
Repertaxin vehicle or nonimmune serum were not different
and were pooled to simply presentation (data not shown).

Evaluation of changes in vascular permeability

The extravasation of Evans blue dye into the tissue was used
as an index of increased vascular permeability (Souza et al.,
2000a). Evans blue (20mgkg™') was administered i.v.
(Imlkg™") via a femoral vein 2min prior to reperfusion of
the ischaemic artery. At 30 (in the mild injury model) or
120min (in the severe injury model) after reperfusion,
fragments of the duodenum (10 cm) were cut open and allowed
to dry in a petri dish for 24h at 37°C. The dry weight of the
tissue was determined and Evans blue extracted using 3 ml of
formamide (24 h at room temperature). The amount of Evans
blue in the tissue was obtained by comparing the optical
density (OD) of the extract with that of a standard Evans blue
curve read at 620nm in an ELISA plate reader. Results are
presented as the amount of Evans blue in ug per 100 mg of
tissue. The right ventricle was flushed with 20 ml of phosphate-
buffered saline to wash the intravascular Evans blue in the
lungs. The left lung was then excised and used for Evans blue
extraction. The right lung was used for the determination of
myeloperoxidase (MPO) as described below.

MPO levels

The extent of neutrophil accumulation in the intestine and
right lung tissue was measured by assaying MPO activity as
previously described (Matos et al., 1999). Briefly, a fragment
of duodenum and the flushed right lungs of animals that had
undergone I/R injury were removed and snap frozen in liquid
nitrogen. Upon thawing, the tissue (1 g of tissue per 19 ml of
buffer) was homogenized in pH 4.7 buffer (0.1 M NaCl, 0.02M
NaPO,, 0.015M NaEDTA), centrifuged at 260 x g for 10 min
and the pellet underwent hypotonic lysis (15 ml of 0.2% NaCl
solution followed 30s later by addition of an equal volume of
a solution containing NaCl 1.6% and glucose 5%). After a
further centrifugation, the pellet was then resuspended in
0.05M NaPO, buffer (pH 5.4) containing 0.5% hexadecyl-

trimethylammonium bromide and re-homogenized. Aliquots
(1 ml) of the suspension were transferred into 1.5-ml Eppen-
dorf tubes, followed by three freeze—thaw cycles using liquid
nitrogen. These were then centrifuged for 15 min at 10,000 x g,
the pellet was resuspended to 1 ml and samples of intestine and
lung were diluted prior to the assay. MPO activity in the
resuspended pellet was assayed by measuring the change in
OD at 450 nm using tetramethylbenzidine (1.6 mM) and H,O,
(0.5mM). Results were expressed as the total number of
neutrophils by comparing the OD of tissue supernatant with
that of rat peritoneal neutrophils processed in the same way.
To this end, neutrophils were collected from the peritoneum
of rats 8—12h after injection of 3 ml of 5% casein. A standard
curve of neutrophil numbers versus OD was obtained by
processing casein-elicited neutrophils (>95% purity by using
this methodology), as above and assaying for MPO activity.

Determination of the concentration of circulating
leukocytes

The total number of circulating leukocytes and neutrophils
was evaluated in blood samples obtained via a cannula in the
femoral artery. Samples were collected prior to ischaemia (time
0), 120min after ischaemia and 30 and 120min after
reperfusion. The number of total circulating leukocytes was
determined by counting leukocytes in a modified Neubauer
chamber after staining with Turk’s solution and differential
counts by evaluating the percentage of each leukocyte on
blood films stained with May—Grunwald—Giemsa.

Measurement of haemoglobin levels

The levels of haemoglobin in tissue were used as an index of
tissue haemorrhage. Tissues were carefully washed with excess
saline to remove blood attached to the intestinal epithelia
or serosa. No attempt was made to perfuse the vessels with
saline as no obvious hyperaemia was present. After washing,
a sample of approximately 100 mg of duodenum was removed
and homogenized in Drabkin’s colour reagent according to the
instructions of the manufacturer (Analisa, Belo Horizonte,
Brazil). The suspension was centrifuged for 15min at 3000 x g
and filtered using 0.2 um filters. The resulting solution was
read using an ELISA plate reader at 520nm and compared
against a standard curve of haemoglobin.

Measurement of cytokine levels in serum, intestine
and lungs

TNF-o, IL-1p, 1L-6, IL-10 and CINC levels were measured
in serum and intestine of animals using ELISA techniques
previously described (Hagan et al., 1993; Rees et al., 1999a, b;
Francischi et al., 2000). Serum was obtained from coagulated
blood (15min at 37°C, then 30min at 4°C) and stored at
—20°C until further analysis. Serum samples were analysed at
a 1:3 dilution in PBS. In all, 100 mg of duodenum or lung of
sham-operated and reperfused animals were homogenized in
1 ml of PBS (0.4M NaCl and 10 mM NaPO,) containing anti-
proteinases (0.1mM PMSF, 0.1 mM benzethonium chloride,
10mM EDTA and 20 KI aprotinin A) and 0.05% Tween 20.
The samples were then centrifuged for 10 min at 3000 x g and
the supernatant immediately used for ELISA assays at a 1:5
dilution in PBS. ELISA plates (Nunc MaxiSorb) were coated
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with a sheep anti-rat TNF-o/IL-15/IL-6 or IL-10 polyclonal
antibodies (1-2 ugml™") overnight. The plates were washed
thrice and then blocked with 1% bovine serum albumin. After
a further wash, plates were incubated with samples or
recombinant rat cytokine and incubated overnight. The
biotinylated polyclonal antibodies were used at a 1:1000 to
1:2000 dilution and the assays had a sensitivity of 16 pgml~".

Drugs and reagents

The following drugs were obtained from Sigma (U.S.A.):
urethane, Evans blue, hexadecyltrimethylammonium bromide,
3.3,5,5, tetramethyl-benzidine, Percoll. Repertaxin (R( )-2-(4-
isobutylphenyl)propionyl methansulphonamide) was from
Dompe¢, L’Aquila, Italy (Figure 1). Anti-CINC-1 antibodies
were raised in rabbits and shown to be optimally inhibitory at
the dose used, as previously described (Lorenzetti ez al., 2002).

Statistical analysis

Results are shown as the mean +s.e.m. Percent inhibition of a
given parameter was calculated by subtracting the background
levels obtained in sham-operated animals. Differences were
evaluated by using analysis of variance (ANOVA) followed
by Student-Newman—Keuls post-hoc analysis. Results with
P<0.05 were considered significant. For survival curves,
differences between groups at different time points were
compared using Fisher’s exact test and considered significant
when P<0.05.

Results

Effects of Repertaxin on chemoattractant-induced
neutrophil chemotaxis in vitro

Initial experiments were carried out in vitro with rat
neutrophils to assess whether Repertaxin was able to inhibit
CXC-ELR™* chemokine-induced neutrophil recruitment. Neu-
trophils purified from rat blood migrated in response to
various concentrations of human IL-8 (CXCLS), rat CINC-1
(CXCL1-3), fMLP, PAF and LTB, (Figure 2a). Pre-incuba-
tion of neutrophils with Repertaxin inhibited the recruitment
of neutrophils induced by CXCLS8 or CINC-1 in a concentra-
tion-dependent manner (Figure 2b). The ICs, of Repertaxin
for the inhibition of CINC-1- and CXCL8-induced migration
was 6 and 30 nM, respectively. In contrast, Repertaxin had no
significant effect on the recruitment induced by fMLP, PAF or
LTB, (Figure 2¢). In experiments evaluating intracellular Ca>*
concentration in rat neutrophils, repertaxin (10~° M) effectively
inhibited the response elicited by CXCLS8 (100 ng ml™') (Figure
3a, b). In contrast, the drug failed to affect the elevation in
intracellular Ca*>* concentration induced by fMLP (Figure 3c,
d). In binding experiments of ['*’I]-CXCLS to rat neutrophils,
the Ky values in the presence or in the absence of Repertaxin
(ImM) were 8.984+1.07 x 107 and 8.99+1.61 x 107°M, re-
spectively (mean+s.d., n=3). These results show that
Repertaxin is a noncompetitive specific inhibitor of rat
neutrophil migration induced by CXC-ELR *-chemokines.
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Figure 2 Effects of Repertaxin on the chemotaxis of neutrophils
induced by LTB,, fMLP, CXCL8, CINC-1 or PAF. These
experiments were assayed in a 48-well microchemotaxis chamber,
as described in the Methods section. Neutrophils were incubated for
10 min with vehicle (saline) or increasing concentration of Repertax-
in (10-"'-10~°M) prior to addition of chemoattractants. In (b) and
(c), the concentrations of agonists were as follows: CINC-1
(50ngml~"), CXCL8 (50ngml~"), fMLP (10-°m), PAF (10-°m),
LTB, (10-"M). Results are the number of neutrophils per field and
are expressed the mean+s.e.m. of at least 10 fields in each group.

Dose-dependent effects of Repertaxin in a model
of mild I/R injury

The next experiments in a model of mild I/R injury
were designed to investigate the dose-dependent effects of
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Figure 3 Effects of Repertaxin on the increase in intracellular Ca®™ in neutrophils induced by CXCLS or fMLP. Neutrophils were
incubated for 10 min with vehicle (saline) or Repertaxin (10-°M) prior to addition of CXCLS8 (100 ngml~') or fMLP (10-°M).
Results are representative of at least three determinations using each chemoattractant in the presence or absence of Repertaxin.

Repertaxin in a model of reperfusion injury and, hence, the
putative role of CXCR2 in the system. As clearly observed in
Figure 4, postischaemic treatment of animals with Repertaxin
inhibited in a dose-dependent manner both the increase in
vascular permeability and the recruitment of neutrophils in the
intestine (Figure 4a, b) and lungs (Figure 4c, d) following
reperfusion of the ischaemic SMA. Repertaxin appeared to be
more potent against reperfusion-induced vascular permeability
than neutrophil influx in the intestine, but not in the lung
(Figure 4). Moreover, 50% inhibition only occurred when
doses greater than 10mgkg™" were used and the drug was
equieffective and markedly prevented tissue injury when used
at 30mgkg™".

Effects of Repertaxin on the local, remote and systemic
injuries in a model of severe IR injury

The next series of experiments was carried out in a model of
severe I/R injury, where, in addition to the changes in vascular
permeability and neutrophil accumulation, we could observe
tissue haemorrhage, leucopoenia, increase in the levels of
cytokine in tissue and blood and significant lethality (Souza
et al., 2000b).

For the experiments evaluating the role of Repertaxin
during severe I/R injury, the drug was used at a dose shown to

be maximally inhibitory in the mild I/R injury model
(30mgkg™"). Postischaemic treatment with Repertaxin vir-
tually abolished the increase in vascular permeability and
neutrophil recruitment in the intestine and in the lung
following severe I/R injury (Figure 5). Treatment with
Repertaxin also abolished the intestinal increase of haemo-
globin, a marker of tissue haemorrhage (Figure 5).

We have previously shown an increase in the concentration
of blood neutrophils during the ischaemic period and a rapid
drop in neutrophil levels once reperfusion occurs (Souza et al.,
2000b). The concentration of circulating neutrophils at
120min of ischaemia was similar and markedly greater in
both Repertaxin and vehicle-treated than sham-operated
animals (sham, 2.140.4 neutrophils x 10°ml~" of blood;
120 min after ischaemia, 16.0 + 1.1 neutrophils; 120 min after in
Repertaxin-treated animals, 15.0+1.2; n=5-6). This is con-
sistent with the administration of Repertaxin at the end of the
ischaemic period. In vehicle-treated animals, reperfusion of the
ischaemic SMA induced a rapid fall of circulating neutrophils
to levels observed in sham-operated animals. Pretreatment
with Repertaxin reversed by approximately 40% the rapid
neutropaenia that occurred 120 min after reperfusion (sham,
2.340.2 neutrophils x 10°ml™" of blood; 120min after
reperfusion, 0.340.02 neutrophils; 120 min after reperfusion
in Repertaxin-treated animals, 4.84+0.5; n=5-6, P<0.05).
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Figure 4 Dose-dependent effects of the treatment with Repertaxin on the increase in vascular permeability and recruitment of
neutrophils in the intestine and lungs following mild ischaemia (30 min) and reperfusion (30 min) injury of the SMA. Changes in
vascular permeability in the (a) intestine and (b) lungs were assessed by evaluating the extravasation of Evans blue dye. Neutrophil
recruitment in the (c) intestine and (d) lungs was assessed by evaluating tissue levels of MPO. Repertaxin (3-30mgkg™') was given
1.v. Smin prior to reperfusion. Control animals (I/R) received drug vehicle (saline). Results are shown as ug Evans blue or as the
number of neutrophils per 100 mg of tissue, and are the mean+s.e.m. of at least 5-6 animals in each group. *P<0.01 when
compared to sham-operated animals; #P <0.05 when compared to mild I/R animals.

The levels of pro-inflammatory cytokines — IL-18, IL-6 and
TNF-¢ — and of the anti-inflammatory cytokine IL-10 are
markedly elevated in serum and tissues after severe I/R injury
(Figure 6, Table 1) (Souza et al., 2000b). Postischaemic
treatment with Repertaxin significantly inhibited the eleva-
tions of TNF-¢ in tissue and serum after severe I/R injury
(Figure 6a, c, e). Interestingly, pretreatment with Repertaxin
was accompanied by an increase in the concentrations of IL-10
in the lung but not in intestine and serum above that observed
after severe I/R injury (Figure 6b, d, f). Overall, pre-treatment
with Repertaxin prevented the increase in concentrations of
IL-6 in tissues and serum and augmented the increase in
concentrations of IL-1f in tissues (Table 1). Repertaxin did
not alter the concentrations of IL-1f in serum (Table 1).

Our previous studies have shown that severe reperfusion
injury is accompanied by significant TNF-a-dependent leth-
ality, reaching 60% in most experiments (Souza et al., 2001).
In the present series of experiments, 55% of animals were dead
after 120min of reperfusion (Figure 7). Treatment with
Repertaxin prevented lethality and 100% of animals were
alive at 120 min (Figure 7).

Effects of the treatment with antibodies anti-CINC
on the local, remote and systemic injuries in a model
of severe I/R injury

As tissue and systemic inflammation was suppressed and
lethality abolished in Repertaxin-treated rat and CINC-1 is
one of the ligands at this receptor, it was of interest to examine
whether similar effects could be observed after treatment with
anti-CINC-1 antibodies. The treatment with anti-CINC-1

60 min prior to the reperfusion virtually abolished the increases
in vascular permeability and influx of neutrophils in the
intestine and lungs following intestinal I/R (Figure 5). The
reperfusion-induced intestinal haemorrhage, as assessed by
extravasation of haemoglobin, was abrogated in anti-CINC-1-
treated animals (Figure 5). As in mice treated with Repertaxin,
pretreatment with anti-CINC-1 also reversed by approxi-
mately 40% the rapid neutropaenia that occurred 120min
after reperfusion (sham, 2.14+0.4 neutrophils x 10°ml~! of
blood; 120min after reperfusion, 0.34+0.02 neutrophils;
120min after reperfusion in anti-CINC-treated animals,
4.940.5; n=5-6, P<0.05).

Anti-CINC-1 also prevented the reperfusion-induced in-
crease in TNF-o concentrations in tissue and serum (Figure 6).
Our previous studies have shown a strong correlation between
serum concentrations of TNF-o and lethality (Souza et al.,
2001; 2002a). Consistent with these results, treatment of mice
with anti-CINC prevented the lethality that followed reperfu-
sion of the ischaemic mesenteric artery (Figure 7). Anti-CINC
failed to enhance significantly the increases in IL-10 produc-
tion in the lungs, intestine and serum following reperfusion of
the ischaemic SMA (Figure 6). Furthermore, pretreatment
with anti-CINC prevented the increase in concentrations of
IL-6 in tissues and serum, whereas this treatment had little
effects on the concentrations of IL-1f (Table 1).

Discussion

Several studies, including that of our own group, have
demonstrated that intestinal I/R injury in rats is dependent
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Figure 5 Effects of the treatment with Repertaxin or anti-CINC-1 on the increase in vascular permeability, recruitment of
neutrophils and haemorrhage in the intestine and lung following severe ischaemia (120 min) and reperfusion (120 min) injury of the
SMA. Changes in vascular permeability in the (a) intestine and (b) lungs were assessed by evaluating the extravasation of Evans blue
dye. Neutrophil recruitment in the (c) intestine and (d) lungs was assessed by evaluating tissue levels of MPO. Haemorrhage was
evaluating by haemoglobin content in the intestine (e). Repertaxin (30 mgkg~") was given i.v. Smin prior to reperfusion, and the
anti-CINC-1 antibody (aCINC-1) was given s.c. 60 min prior reperfusion. Control animals received saline (vehicle) or nonimune
serum. Results are shown as pug Evans blue, as the number of neutrophils or ug haemoglobin per 100 mg of tissue and are the
mean+s.e.m. of 5-6 animals in each group. *P<0.01 when compared to sham-operated animals; * P< 0.05 when compared to

vehicle I/R animals.

on neutrophil recruitment (Ma et al., 1993; Lefer et al., 1996;
Omata et al., 1997; Ritter et al., 1998; Souza et al., 2000a, b;
Onai et al., 2003). For example, the inhibition of selectins
or integrins expressed on neutrophils is capable of inhibiting
neutrophil influx and, consequently, decreases reperfusion
injury to the tissues (Souza et al., 2000a, b). It is suggested that
strategies that limit neutrophil accumulation and/or activation
may be a useful adjuvant in the treatment of ischaemic
disorders. One possible strategy to prevent neutrophil influx/
activation is the inhibition and/or antagonism of mediators
that activate neutrophils. Among the mediators known to
activate neutrophils very potently and effectively are CXC-
ELR* chemokines (Baggiolini ef al., 1995). These chemokines
act by activating CXCRI1 (absent in rodents) and CXCR2
receptors on the surface of neutrophils. Indeed, several studies
have now shown that anti-CXC-ELR™ or anti-CXCR2
antibodies prevent I/R injury in several vascular beds (Boyle
et al., 1998; Tsuruma et al., 1998; Yagihashi et al., 1998; Miura
et al., 2001). Here, we tested a novel inhibitor of human
CXCLS8 receptors, Repertaxin, for its ability to prevent
neutrophil chemotaxis in vitro and intestinal I/R injury in rats.

The chemoattractant mediators PAF, LTB,;, fMLP and
CXC chemokines were effective inducers of neutrophil
recruitment in vitro. Treatment with Repertaxin prevented
the chemotaxis of neutrophils induced by CINC-1 or CXCLS,

but failed to alter the effects of PAF, LTB, or fMLP.
Repertaxin has been shown to be a noncompetitive allosteric
inhibitor of human CXCR1 and CXCR2. The drug did not
affect binding of radiolabelled CXCL8 to human PMN,
whereas it inhibited CXCLS8 (but not fMLP)-induced Ca *?
mobilization and tyrosine kinase activation, suggesting that
Repertaxin affects CXCLS8 receptor-induced signal transduc-
tion in human PMN (Bertini ef al., 2004). Similarly, we show
that Repertaxin prevented CXCLS8-induced Ca ™2 mobilization
in rat neutrophils, but failed to alter CXCL-8 binding to these
cells. Altogether these studies confirm our previous findings
in human neutrophils (Bertini er al., 2004) and suggest that
repertaxin is also a noncompetitive allosteric inhibitor of rat
CXCR2.

Initial experiments in a model of mild I/R injury showed
that Repertaxin dose-dependently inhibited both the local
(intestine) and remote (lung) increase in vascular permeability
and neutrophil accumulation. As the local influx of neutro-
phils is a determinant in the development of reperfusion injury
following ischaemia, the capacity of Repertaxin to modulate
the recruitment of neutrophils may underlie the beneficial
effects of the drug in this model of mild reperfusion-induced
injury. Importantly, Repertaxin was administered at the end
of the ischaemic period and just prior to reperfusion, thus
mimicking closely the clinical situation.
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Figure 6 Effects of the treatment with Repertaxin or anti-CINC-1 on the concentrations of TNF-« and IL-10 in the intestine, lung
and serum following severe ischaemia (120 min) and reperfusion (120 min) of the SMA. The concentrations of TNF-u (a, ¢, ¢) and
IL-10 (b, d, ) were assessed in the intestine (a, b), lung (c, d) and serum (e, f) by using specific ELISA. Repertaxin (30 mgkg ') was
given i.v. Smin prior to reperfusion and the anti-CINC-1 antibody (aCINC-1) was given s.c. 60 min prior to reperfusion. Control
animals received saline (vehicle) or nonimune serum. Results are shown as pg TNF-a or IL-10 per ml of plasma or as pg TNF-« or
IL-10 per 100 mg of tissue, and are the mean +s.e.m. of 5-6 animals in each group. *P<0.01 when compared to sham-operated

animals; * P< 0.05 when compared to severe I/R animals.

Table 1 Effects of the treatment with Repertaxin or anti-CINC-1 polyclonal antibody on the concentration of IL-1f and
IL-6 in a model of severe ischaemia and reperfusion injury in rats

IL-1pB IL-6
Intestine Lung Serum Intestine Lung Serum
Sham 49+3 553+47 360+ 34 18+2 17+3 240+21
Vehicle 930+ 121* 1331+ 11* 1155+ 136* 936+ 123* 853+76" 1716 +£205*
Repert 1643 +211%# 1821 +94*# 955+81* 530440 462+ 51*# 291 423%#
aCINC 1619+ 114*# 993 +108* 935+87* 816+ 72% 447+ 63*# 265421

Results in tissue and serum are expressed as pg per 100 mg of tissue and pgml~', respectively. Repert = Repertaxin and aCINC = anti-
CINC-1 polyclonal antibody. Results are shown as pg IL-1f or IL-6 per ml of plasma or as pg IL-1f or IL-6 per 100 mg of tissue, and are
the mean +s.e.m. of 5-6 animals in each group. *P<0.01 when compared to sham-operated animals; # P< 0.01 when compared to severe

I/R animals.

In the model of more severe ischaemia—reperfusion injury,
in addition to the vascular permeability and neutrophil influx,
there are marked systemic alterations that include hypoten-
sion, elevated levels of pro-inflammatory cytokines, neutro-
paenia and death (Souza et al., 2000b). It was, thus, of interest
to examine whether CXCR2 inhibitor would also function in
this model of more severe injury. Pretreatment with Repertax-

in markedly inhibited both the neutrophil accumulation and
increase in vascular permeability. Not only was the site of
injury (i.e. the intestine) protected, but there was also
marked protection of the reperfusion injury to the lungs. The
inhibition of neutrophil recruitment into tissue was reflected
by the partial capacity of Repertaxin treatment to reverse
the neutropaenia observed during reperfusion. Moreover,

British Journal of Pharmacology vol 143 (1)



140 D.G. Souza et al

Repertaxin prevents reperfusion injury

100 ¥ =
— 751
:
- .
th 501 —=—vehicle
&+ —&— anti- CINC 1
o5 ——repertaxin
1] r r r '
1] 30 60 a0 120

Time after reperfusion

Figure 7 Effects of the treatment with Repertaxin or anti-CINC-1
on the lethality following severe I/R of the SMA. Repertaxin
(30mgkg™") was given i.v. Smin prior to reperfusion, and the anti-
CINC-1 antibody was given s.c. 60 min prior reperfusion. Control
animals received saline (vehicle) or non-imune serum. Survival was
monitored as indicated and animals were killed after 120 min.

Repertaxin greatly attenuated intestinal pathology, as attested
by the decrease in haemorrhage.

After prolonged reperfusion injury, there is a marked local
and systemic release of pro-inflammatory cytokines, including
TNF-o, IL-6 and IL-1p (Souza et al., 2001; 2003). Of these
cytokines, TNF-« appears to play a major pathophysiological
role, as its inhibition prevents tissue injury and lethality (Souza
et al., 2001; 2002¢). Interestingly, we have previously shown
that the local influx of neutrophils is an important player in the
cascade of events leading to tissue, but not systemic, TNF-u«
production. On the other hand, the initial tissue release of
TNF-o, possibly mast cell-derived, is essential for neutrophil
influx to occur. An amplification circuit is thus installed in
which neutrophil influx facilitates TNF-a production and
TNF-o production facilitates neutrophil influx (Souza et al.,
2001; 2002c). Inhibition of CXCR?2 is accompanied by virtual
abolishment of the increase in concentration of TNF-a in
tissues of reperfused animals. Thus, the ability of Repertaxin
shown to modulate both neutrophil influx and TNF-«
production could be contributing to the beneficial effects
of these drugs in the system. In addition to abolishing the
increase in tissue concentrations of TNF-x, Repertaxin
prevented the increase in concentration of TNF-o in serum.
As systemic concentrations of TNF-o appear to be the best
correlate of lethality in our system (Souza et al., 2001; 2002c),
the latter results are consistent with the ability of Repertaxin to
prevent lethality. Interestingly, we have previously shown that
the inhibition of selectins was capable of inhibiting reperfu-
sion-induced neutrophil influx and tissue lesions, without
however decreasing systemic TNF-« and lethality (Souza et al.,
2000a, b). Thus, the inhibition of neutrophil influx by
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