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SUMMARY

Cell accumulation and CC chemokine production were assessed in the peritoneal cavity of ovalbumin
(OVA)-sensitized mice following antigen challenge. Intraperitoneal challenge with OVA induced a
significant eosinophil influx from 6 h post-challenge with increased numbers persisting at 24h. At 6 h
there was also a marked presence of neutrophils. Messenger RNA expression and protein levels for the
chemokines RANTES and MIPelwere measured in the cell pellets and supernatants, respectively,
from peritoneal washes following OVA challenge. RANTES mRNA was detected from 2h to 4h
following OVA injection, whereas mRNA for MIPd was only detectable at 4 h. RANTES protein was

first detected from 4 h after OVA injection and by 24 h the protein levels had increased further. Basal
levels of MIP-1x were detected in peritoneal washes. These levels peaked at 2 h after OVA challenge
and rapidly declined to basal levels by 6 h. A functional role for the chemokines was assessed using
neutralizing polyclonal antibodies. Co-injection of OVA with anti-RANTES antibodies resulted in a
significant inhibition of eosinophil infiltration into the cavity at 6 h and 24 h (63% and 52% inhibition,
respectively) without significantly influencing the number of neutrophils present. In contrast, injection
of anti-MIP-1« antibodies only inhibited neutrophil migration at the 6 h time point by 44% without
significantly affecting the accumulation of eosinophils. These results demonstrate an important role for
RANTES in mediating eosinophil influx in allergic inflammation and a contrasting role for Mifz1
mediating neutrophil recruitment.
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INTRODUCTION subsets of leucocytas vitro [3,4]. They are produced by a wide

Allergic inflammatory disorders are characterized by the presenc\elanety of cells, both of haematopoietic and non-haematopoietic

of a large number of eosinophils at the site of inflammation.origin’ and are thought to play a critical role in the migration and

Eosinophils are able to release a number of inflammatory mediagCt've.lt'on of I(_au_cocytes_m VIvo. on the basis Of a d|st|nct|ye
ysteine-containing amino acid motif present in the predicted

tors which have been shown to be involved in mediating some of

the symptoms associated with allergic diseases, and these ceffiimary amino acid sequence, the chemokines can be divided

have therefore been implicated in contributing to the pathogenesi'snto two major subfamilies, C-X-Ca) and C-C £), and two

of such disorders [1]. Migration of eosinophils from the systemicmlnor subfamilies, C+) and C-%-C (3). Members of the C-C

circulation to a specific tissue site involves a series of adhesiV(?Ubfam'ly’ which presently contains the bulk of the known

interactions which are controlled by inflammatory mediators Suchchemokmes, all demonstrate juxtaposition of the first pair of

as chemokines, released into the surrounding milieu [2]. cysteines within the cysteine signature, while @-X-C and C-

The chemokines are a family of over 35 small secreted protein§<3.'c subfamily members cont;un one or three Intervening amino
%mds between these two cysteines, respectively. The sole member

that mediate chemotaxis, and induce various functional changes, Iof the C subfamily is missing the first and third cysteines within the
motif [3,4].
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For example, RANTES [5] and MIPel[6] induce human eosi- Treatment with anti-chemokine antibodies
nophil chemotaxign vitro and have no direct effect on neutrophils. The anti-RANTES and anti-MIP«l polyclonal antibodies (IgG-
Further, provocation with allergen has been shown to inducepurified) were raised in rabbits immunized with synthetic full-
RANTES and MIP-% protein production in the lungs of allergic length or N-terminus peptides, respectively [14,15]. Kovivo
individuals [7,8]. Severah vivo animal models have been used to administration, 20Q.g of the antisera or control rabbit IgG (Sigma)
investigate the importance of inflammatory mediators in control-were co-injected intraperitoneally with OVA into sensitized mice.
ling leucocyte trafficking in inflammation. In this respect, we have Peritoneal cavities were lavaged 6 h or 24 h after injection, and
previously used the murine peritoneal cavity and air-pouch tototal and differential cell counts performed as described below
understand the mechanisms involved in eosinophil [9,10] and
neutrophil [11-15] migration in response to exogenously adminis-Quantification of peritoneal cavity cell infiltration
tered chemokines. The expression of either mMRNA or protein forTotal and differential leucocyte cell counts of the peritoneal cavity
RANTES and MIP-& has been demonstrated following antigen washes were performed as previously described [19]. Briefly, the
challenge in sensitized mice [16—18], but there is conflictingperitoneal lavages were spun and the cell pellets were used for total
evidence for the involvement of these chemokines in mediatingcell counts (in a haemacytometer) and differential cell counts (on
the eosinophil infiltration. Further, an indirect effect of MIR-&n May—Grinwald—Giemsa-stained cytospin preparations).
neutrophil infiltrationin vivo has been demonstrated [14,15].
Due to the availability of appropriate neutralizing antisera, in Detection of chemokine mRNA by reverse
the present study we have focused onitheivo role of two C-C  transcriptase-polymerase chain reaction analysis
chemokines, namely RANTES and MIRlin mediating eosino- Messenger RNA for the chemokines RANTES and MiPyias
phil migration to antigen challenge in ovalbumin (OVA)-sensitized analysed in peritoneal cavity cell pellets at different time points
mice. Expression of both mRNA and protein was found for theafter OVA injection as previously described [21]. Total RNA was
chemokines following antigen challenge. However, when theisolated using Trizol reagent (¢80 BRL, Paisley, UK) according
functional role for the chemokines was investigated using neutrato the manufacturer’s instructions. The yield and purity of the RNA
lizing antisera, only neutralization of RANTES attenuated thewere estimated spectrophotometrically at 260nm and 280 nm
eosinophil infiltration, while neutralization of MIPelinhibited wavelength. Total RNA (ag) was used to generate cDNA and
neutrophil accumulation, but played no role in the recruitment ofpolymerase chain reaction (PCR) amplification reactions were
eosinophils. performed on aliquots of the cDNA. The target primers were as
follows: for murine RANTES (MRANTES): '5GCC-CAC-GTC-
AAG-GAG-TAT-TTC-TAC-3 and 5-AGG-ACT-AGA-GCA-
MATERIALS AND METHODS AGC-GAT-GAC-AGG-3 (forward and reverse) which amplified
Animals a fragment of 205 base pairs in length; for murine M ¢tnMIP-
Female BALB/c mice (18-20g in body weight; from Tuck, la): 5-CCT-TGC-TGT-TCT-TCT-CTG-TAC-CAT-G-3and 5-
Raleigh, UK) were used for all experiments. Animals were GCA-ATC-AGT-TCC-AGG-TCA-GTG-ATG-3 (forward and
housed in a 12-h light—dark cycle and allowed food and watereverse) which amplified a fragment of 255 base pairs; for
adlibitum On the day of experiment, the body weights had murine GAPDH: 5ACC-ACA-GTC-CAT-GCC-ATC-AC-3 and
reached 22-24g. All procedures were conducted in accordanc®-TCC-ACC-ACC-CTG-TTG-CTG-TA-3(forward and reverse)

with the Animal (Scientific Procedures) Act (1996). which amplified a product of 452 base pairs. All PCR reactions
were performed in a final volume of 2& For mMRANTES, the
OVA sensitization and challenge procedure PCR profile consisted of an initial denaturation at®4or 2 min,

Mice were sensitized using a protocol previously described [19]followed by 30 cycles of denaturation at°@(45s), annealing at
Briefly, animals were injected subcutaneously with A®f OVA 55°C (45s) and extension at R (30s). Similar conditions were
(Sigma Chemical Co, Poole, UK) adsorbed to 3-3 mg of aluminiumused for mMIP-%, except the initial denaturation was followed by
hydroxide gel in sterile saline in a volume of 0-4 ml on days 1 and35 cycles of denaturing at 92 (45s) and annealing at 86 and
8. On day 15, the mice were injected intraperitoneally with 0-4 mlfor GAPDH the annealing was performed at6045 s). Ampli-
of either vehicle (sterile saline) or 2/ml OVA. At differenttime  fication products were visualized by ethidium bromide fluores-
points post-OVA challenge, the animals were killed by CO cence in agarose gels. Bands of expected sizes were obtained.
asphyxiation. The peritoneal cavities were lavaged with 3mlimages were inverted using the Graphic Converter software
sterile PBS containing 10m EDTA (PBS—EDTA) and the (version 2.1) running on a Macintosh Performa 6200.
lavages were spun (3@0 10 min at 4C). The supernatants were
analysed for chemokine protein levels by ELISA (see below) andQuantification of chemokine protein levels by ELISA
the cell pellets were used either for (i) total and differential cell The antibodies used for the RANTES ELISA assay were poly-
counts (see below) or (ii) extraction of total RNA (see below). clonal antibodies (IgG-purified) raised in sheep (capture antibody)
or rabbits (detection antibody). High-binding 96-well microtitre
RANTES injection into the peritoneal cavity plates (Costar, Cambridge, MA) were coated with AD6f anti-
Either 0-4 ml vehicle (0-1% low endotoxin bovine serum albuminRANTES capture antibody (diluted in OwINaHCG;, pH 8-3) and
(BSA) in sterile PBS; Sigma) or 500 ng synthetic murine RANTES incubated at ZC overnight. Plates were washed twice with PBS—
(generously provided by Dr I. Clark-Lewis, University of British Tween (0-2% polyoxyethylene-sorbitan monolaurate; Sigma) and
Columbia, Vancouver, Canada [20]) were injected intraperitone-blocked with 20Qul of PBS—3% BSA for 1 h at 3T. Plates were
ally into OVA-sensitized mice on day 15. The peritoneal cavitieswashed twice as before, RANTES standard or sample added at
were lavaged at 6 h and total and differential cell counts performed.00ul/well, and incubated for 90 min at 3Z. Plates were washed
(see below). twice with PBS—Tween and incubated with the anti-RANTES
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Fig. 1. Leucocyte infiltration into the peritoneal cavity following challenge with ovalbumin (OVA). (a—c) The number of total cells,

mononuclear cells and granulocytes, respectively, at 6 h and 24 h following i.p. injection of either [Salihé nl) or OVA @; 10ug) into
OVA-sensitized mice. Data are expressed as the mtesse.m. of six to eight mice. <0-01 compared with saline controls.

detection antibody for 90 min at 32, then washed twice with Time course of chemokine mRNA expression and protein secretion
PBS—-Tween. Biotin-conjugated anti-rabbit F(al{fAmersham, Secreted protein levels and expression of mRNA in the super-
Aylesbury, UK; diluted 1:10000 in PBS—3% BSA) was then natants and cell pellets, respectively, of peritoneal cavity lavages
added at 10@l/well and incubated for 45 min at room temperature. were guantified for RANTES and MIPedat different time points
Plates were washed twice in PBS—Tween, and 1Qf strepta-
vidin-horseradish peroxidase conjugate (1:3000 dilution in PBS—
3% BSA) added per well. Plates were incubated for 30 min at room
temperature, then washed four times in PBS—Tween. Peroxidase
reactions were developed by the addition of 20@ell Fast-OPD
substrate (Sigma), and the reaction terminated by the addition of
50ul of 3m HCI. Absorbance was determined at 485nm on a
Biolumin 96-well plate reader, using Xperiment software. The
MIP-1« ELISA was performed as previously described [14,15].

10

Statistical analysis
All results are shown as the means.e.m. ofn mice per group. 8
Statistical differences were analysed using non-parametric tests 0@,
raw data. The Mann—-Whitney-test was used to analyse differ- X
ences between two groups and the Kruskal-Wallis test was used iz
more than two groups were analysed.

RESULTS

Cells per cav

Characterization of leucocyte influx into the peritoneal cavity after
OVA challenge

Cell numbers from peritoneal washes of OVA-sensitized mice
were quantified at 6 h and 24 h following i.p. injection of either
vehicle or antigen. There were no significant differences observed
in either the total number of cells (Fig. 1a) or mononuclear cells
(Fig. 1b) at either time point. However, i.p. injection of OVA
initiated a significant influx of granulocytes (neutrophils and
eosinophils) into the cavity when compared with vehicle-injected

mice. There was approximately a five-fold increase in granulocyte 0o é 1‘2 1‘8 2‘4
numbers in the peritoneal cavity when compared with saline-
injected mice at 6h and the numbers remained elevated at 24 h Time (h)

.(Fl_g' ]'_C)' Next, the_ time course of neytrophll and e_OSI_n_Oph"Fig. 2. Time course of eosinophil and neutrophil accumulation into the
infiltration was studlec! over a 24'h pel’.IOd (Fig. 2). Slgnlf.lcant peritoneal cavity following challenge with ovalbumin (OVA). Eosinophil
numbers of neutrophils and eosinophils were present in thee) and neutrophil ©) numbers were quantified at different time points
peritoneal cavity from 4h and 6h post-challenge, respectivelyfollowing i.p. challenge with OVA (0 h represents non-injected mice). Data
The neutrophil numbers returned to baseline levels by 24 h buére mean- s.e.m. of 9-11 mice.P <0-05; **P <0-01 compared with non-
there was a further increase in eosinophils at this time point. injected controls.
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Fig. 3. Time course of RANTES protein and gene expression following Fig. 4. Time course of MIP-& protein and gene expression following
challenge with ovalbumin (OVA). (a,b) ELISA values and reverse tran- challenge with ovalbumin (OVA). (a) ELISA values and (b) reverse
scriptase-polymerase chain reaction (RT-PCR) products in the supernatarttanscriptase-polymerase chain reaction (RT-PCR) products in the super-
of lavage fluids and cell pellets, respectively. Samples were generated at thatants of lavage fluids and cell pellets, respectively. Samples were
reported time points following i.p. challenge with OVA. Data in (a) are generated at the reported time points following i.p. challenge with OVA.
mean *s.e.m. of four to six mice per group.Px0-05; *P<0-01 (a) Data are meants.e.m. of four to six mice per group.Px0-05;
compared with non-injected mice at Oh. (b) Lane 1 shows the markerg* P<0-01 compared with non-njected mice at Oh. (b) Lane 1 shows the
(m), lanes 2—6 show chemokine expression at 1, 2, 4, 6 and 24 h post-OVAarkers (m), lanes 2—6 show chemokine expression at 1, 2, 4, 6 and 24h
injection, respectively. Amplification of GAPDH served as a control for the post-OVA injection, respectively. Amplification of GAPDH served as a
preparation of the cDNA and to provide an indication of the relative levelscontrol for the preparation of the cDNA and to provide an indication of the
of cDNA loaded in each lane. Representative data from two separateelative levels of cDNA loaded in each lane. Representative data from two
experiments (three mice per experiment) are shown. separate experiments (three mice per experiment) are shown.

after antigen challenge. RANTES protein was not detected in thanti-chemokine antibodies (IgG-purified) or control 1gG together
supernatants of peritoneal cavity lavages of control (non-injected)with OVA and cellular infiltration was quantified 6 h and 24 h later.
OVA-sensitized mice (Fig. 3a). Protein levels were significantly At the 6-h time point, control IgG co-injected with OVA did not
increased from 4 h after antigen injection, and levels continued tanodify eosinophil accumulation into the peritoneal cavity (com-
increase for up to 24h (Fig. 3a). No mRNA expression for pare Fig. 2 with Fig. 5a). Injection with anti-MIPealantibodies did
RANTES in the cell pellets was found under basal conditionsnot significantly affect the eosinophil infiltration. However, in the
(i.,e. OVA-sensitized mice injected with vehicle; Fig. 3b). group of mice treated with the anti-RANTES antibodies, a sig-
Increased levels of MRANTES mRNA were observed from asnificant 60%) reduction in the number of eosinophils was
early as 2 h after OVA injection with levels persisting for up to 4 h. observed. The effect of the antibodies on the neutrophil influx at
In contrast, MIP-& immunoreactivity was present in the lavage 6h post-challenge was also analysed (Fig. 5b). Treatment with
fluid of non-injected mice (Fig. 4a). The level of MIRxJrotein anti-MIP-1o, but not anti-RANTES, antibodies reduced the neu-
increased rapidly after OVA injection, peaking at between 1 h androphil migration by almost 70%. At the 24-h time point there was a
2 h post-challenge, and returned to baseline levels within 6 h. Irmarked eosinophil influx in control/IgG-treated mice (Fig. 5c). As
contrast, mMRNA for mMIP-& was only detected at the 4-h time observed at 6h post-challenge, co-treatment with anti-MiP-1
point (Fig. 4b). antibodies did not modulate the accumulation of eosinophils in
response to OVA challenge. However, when anti-RANTES anti-
The role of endogenous chemokines in eosinophil infiltration aftebodies were co-administered with OVA, there was a significant
OVA challenge (approx. 50%) inhibition of the eosinophil infiltration.
To investigate thé vivo role of RANTES and MIP-& in eosinophil
infiltration in response to OVA challenge, OVA-sensitized Effect of exogenous RANTES
mice were injected intraperitoneally with either neutralizing The effect of administration of murine RANTES in
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Fig. 5. Effect of neutralization of MRANTES and mMIRxJon ovalbumin (OVA)-induced eosinophil and neutrophil infiltration. Mice were
injected intraperitoneally with 200y of either anti-RANTES, anti-MIP-d or rabbit IgG (control), together with OVA. The number of
eosinophils (a) and neutrophils (b) were quantified at 6 h post-challenge, and the number of eosinophils was also quantified at 24 h
post-challenge (c). The data are expressed as the masasm. of 9—11 mice.P<0-05 compared with control IgG/OVA-treated mice.

OVA-sensitized mice was then investigated. Injection of 500 ng ofchallenge but subsided to the baseline level by 24 h post-challenge.
RANTES into the peritoneal cavity did not induce any detectableln contrast, significant eosinophil infiltration was observed within
infiltration of leucocytes when compared with mice receiving 6 h post-challenge, with the eosinophilia increasing up to 24 h. No
vehicle injections. The total number of cells in the peritoneal significant alterations in the number of mononuclear cells were
cavity were 6-1 0-5x 10° (mean= s.e.m.n=6) in mice injected  observed at any of the time points assessed. This profile of
with vehicle and 7-04 0-7x10° (n=7) in mice injected with  leucocyte influx into the peritoneal cavity in response to OVA
RANTES. The number of eosinophils in mice injected with vehicle challenge is similar to that reported previously [26].
and RANTES were 2-2 0-5x10° and 1-9+ 0-3x10°, respec- Expression of the CC chemokines RANTES and MPith
tively. The number of neutrophils and mononuclear cells wereresponse to antigen challenge was assessed at the level of both
4.3+ 1.3x10° and 5-4+ 0-5x 10°, respectively, in mice injected mMRNA and protein. RANTES mRNA was observed from as early
with vehicle, and the numbers in mice injected with RANTES wereas 1 h following OVA injection, with levels remaining elevated for
6-0+ 1.7x 10° and 6-1* 0-6x 10°, respectively. up to 4h post-challenge. The expression of RANTES mRNA
correlated well with the time course of RANTES production as
measured by ELISA. RANTES protein was only detectable from
4 h post-challenge, with significant levels persisting for up to 24 h.
Significantin vitro data collected over the last decade suggest thaiA similar time course of production of RANTES protein has been
members of the chemokine gene superfamily are likely to play abserved in a murine model of antigen-induced pulmonary inflam-
critical role in regulating inflammatory reactions and immune mation [17]. However, a different mRNA profile for RANTES has
responses [3,4,22]. Thesevitro data are now being supported been reported in the murine lung [16]. In the latter study, con-
in some cases by the results of studiesivo [14,15,18,23-25].  stitutive expression of RANTES mRNA was observed with no
However, significantly more work is required to understand thechanges after antigen challenge. The discrepancies in these data
specific roles for these molecules in different inflammatory con-could be due to differences in sensitization and challenge proto-
ditionsin vivo. In the present study we have investigated the role ofcols, or to the differing abilities of resident lung and peritoneal
two CC chemokines, namely RANTES and MIR;1n leucocyte  cavity cells (e.g. macrophages) to synthesize chemokines [27].
recruitment in a model of allergic inflammation. The results of thisHowever, it must be noted that in the present study significant
study demonstrate an important role for RANTES in mediating thelevels of RANTES protein were still measurable in the lavage fluid
influx of eosinophils and for MIP-& in neutrophil migration after  hours after mRNA for the protein in the cell pellets was no longer
antigen challenge in the mouse. detectable. This indicates that cells or tissues other than those
The sensitization/challenge protocol used in the present studgresent in the cells obtained by peritoneal lavages may be synthe-
has been validated previously. This procedure induces a blood arglizing RANTES at later time points, or that secretion of RANTES
bone marrow eosinophilia [9,19] and, following OVA challenge in protein continues for some time after mRNA levels have returned
subcutaneous air-pouches, a marked eosinophil infiltrate iso baseline.
observed at the site of antigen injection [19]. Further, injection  Neutralization of RANTES by administration of specific anti-
of eotaxin into the peritoneal cavity, but not subcutaneous airbodies demonstrated an important role for RANTES in mediating
pouches, of sensitized mice leads to an eosinophil infiltrationboth the early and late (6 h and 24 h) eosinophil influx following
[9,10]. In the present study, we have extended these previou®VA challenge. A number of studies have demonstrated a correla-
findings by investigating the role of endogenous chemokines in théion between RANTES protein levels and eosinophil infiltration
generation of allergic inflammatioin vivo. following antigen challenge in mice [17] and humans [7,28].
OVA challenge in the peritoneal cavity of OVA-sensitized However, in the present study, i.p. injection of RANTES failed
mice elicited an inflammatory cell infiltrate that was characterizedto induce any significant eosinophil migration into the peritoneal
by the presence of neutrophils and eosinophils. The number ofavity. The 6-h time point was chosen for this experiment, as our
neutrophils was increased from as early as 4h after antigeprevious studies have demonstrated the ability of eotaxin [9] and

DISCUSSION
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MCP-1 [13] to induce eosinophil and monocyte influx, respec-specificity for the biological actions ascribed to MIR:1since

tively, within this time frame. While intradermal injection of murine neutrophils express CCR1, it is not surprising that these

RANTES has been shown to induce eosinophil-rich lesions incells respond to this chemokine bdthvitro andinvivo [41]. In

dogs [29] and humans [30], direct injection of certain C-C line with this, pretreatment of mice with neutralizing antibodies

chemokines into either murine subcutaneous air-pouches [14] alirected against MIP<l significantly inhibits neutrophil recruit-

skin [31] does not induce leucocyte accumulation. Potentialment in response to tumour necrosis factor-alpha (B)Rnd

differences in CCR3 expression between species may be at ttmiperantigens in acute subcutaneous inflammation, even though

basis of this discrepancy. Alternatively, RANTES may contribute direct injection of MIP-% is without effect on neutrophil recruit-

to eosinophil attraction during an allergic reaction by acting inment [14,15]. Taken together, these observations suggest an

concert with other cofactor(s) or mediator(s) which are obviouslyindirect, but critical role for MIP-& in neutrophil recruitment

absent when exogenous RANTES is injected alone, withouin vivo.

challenge with OVA. This is not unique to RANTES, since an In conclusion, the present study has demonstrated a functional

identical example is provided by MCP-1 with respect to relationship between RANTES expression and eosinophil accu-

accumulation of mouse neutrophils in experimental systemsnulation, and MIP-& expression and neutrophil recruitment, in an

[13,14,21]. experimental model of allergic inflammation. In view of the central
MIP-1loo mRNA expression was observed only at 4h post-role that the chemokine RANTES plays in allergic inflammatory

challenge. In contrast, MIPelprotein was detected in the perito- conditions, this model may be important for developing potential

neal washes of sensitized but unchallenged mice, and the level dfierapeutic targets directed against chemokines for effective

MIP-1« protein increased from 1 h after OVA injection, peaked at control of human eosinophilia.

2 h, after which protein levels returned to those observed in non-

injected mice. We have detected similar levels of MiPgkotein ACKNOWLEDGMENTS
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