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Background: Human allergen-induced rhinitis is associated
with the recruitment and activation of inflammatory cells, par-
ticularly eosinophils and CD4' T cells, in the nasal mucosa.
Chemokines are inflammatory mediators capable of attracting
specific inflammatory cell populations. Monocyte chemotactic
proteins (MCPs), a subfamily of CC chemokines, have been
shown to induce chemotactic activity particularly in
eosinophils, T cells, and monocytes under in vitro assay condi-
tions.

Objective: To assess the contribution of MCPs in the recruit-
ment of inflammatory cells in vivo, we investigated the aller-
gen-induced late response in subjects with allergic rhinitis.
Methods: Patients were randomized to receive a 6-week treat-
ment with either topical corticosteroid (n = 6) or a matched
placebo (n = 6). Nasal inferior turbinate biopsy specimens
were obtained from all subjects before and during allergen-
induced late responses. By using immunocytochemistry, tissue
sections were examined for the presence of MCP-1, MCP-3,
and MCP-4 and for the phenotype of infiltrating cells within
the nasal mucosa. In addition, double sequential immunocyto-
chemistry was used to confirm the phenotype of MCP-
immunoreactive positive cells. Furthermore, the effect of topi-
cal corticosteroids on the expression of MCPs and on the cellu-
lar infiltrate was also examined.

Results: MCP-1, MCP-3, and MCP-4 were expressed in all the
baseline samples, with prominent staining observed within the
nasal epithelium. Biopsy specimens taken after challenge
exhibited significant upregulation in the expression of MCP-3
and MCP-4 (P < .001). On the other hand, this increase in
response to allergen was reduced in patients pretreated with
topical corticosteroids. Colocalization experiments revealed
that the majority of MCP * cells in the subepithelium were
macrophages, followed by T cells and eosinophils.
Conclusion: Our results demonstrate that allergen-induced
rhinitis is associated with an increased expression of MCP-3
and MCP-4, which may be closely related to the influx of
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inflammatory cells and may thus contribute to the pathogene-
sis of allergic rhinitis. (J Allergy Clin Immunol 1999;103:1036-
44.)
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The local accumulation of inflammatory cells in the
nasal mucosa is a feature of allergic rhinitis. Immunohis-
tologic analysis of nasal biopsy specimens from patients
with allergic rhinitis have shown that after local allergen
challenge there is infiltration of the mucosa with inflam-
matory cells, particularly CD4T cells, eosinophils, and
macrophages.lt has been proposed that chemokines
may play an important role in late-phase nasal responses
by regulating the influx of leukocytes at the site of
inflammation2

Members of the chemokine gene superfamily of
cytokines share homologous sequences and a highly con-
served cysteine motif in their primary amino acid struc-
ture and can be subdivided into 4 groups (ie, C,4EX
C-X-C, and CC) depending on the number and spacing
of conserved cysteinés$ CC chemokines were initially
thought to act specifically on monocytes. However,
recent studies have demonstrated that CC chemokines
may regulate immune responses through a broader spec-
trum of mechanisms because they are also capable of
activating T lymphocytes, basophils, and eosinophits.
has previously been shown that allergen-induced rhinitis
is associated with the release and upregulation of
RANTES in the nasal mucosa and that this is related to
the increasing number of infiltrating eosinoptlfn
addition, we demonstrated a local upregulation of eotax-
in expression in the nasal mucosa after allergen chal-
lenge® which has previously been reported to be highly
selective in its actions on eosinophil recruitmé#t.

To date, the role of monocyte chemotactic proteins
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response. This subfamily of chemokines includes MCP-1,
MCP-2, MCP-3, and MCP-4, which show significant struc-
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acid homology. In vitro, MCPs are produced by mononu-
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epithelial cells-12 These chemokines were initially

‘described as macrophage chemoattractants but subsequent-

ly were shown to exert chemotactic properties on other
leukocytes. MCP-1 activity is restricted to monocytes,
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of oxymetazoline and xylocaine applied topically. Biopsy speci-

Abbreviations used mens were placed in OCT medium, snap-frozen in liquid nitro-
MBP: Major basic protein gen—cooled isopentane, and stored at —80°C before immunohistol-
MCP: Monocyte chemotactic protein ogy.

Tissue preparation
In preparation for immunocytochemistry, the nasal biopsy tissue

was immersed in 15% PBS and cooled on ice for 15 to 20 minutes.

. After the tissue was blocked in OCT medium, cryostat sections (5
basophils, and lymphocytes, whereas MCP-2, MCP-3, an(m) were cut, air-dried for 1 hour, and then fixed by immersion in

MCP-4 have been reported to be chemotactic for monoa mixture of acetone-methanol (60/40) for 7 minutes, again air-

cytes, basophils, lymphocytes, and eosinopghis15  dried, and stored at —20°C until further use.

These in vitro findings are of particular interest because .

these inflammatory cells are predominant in allergic rhini-/mmunocytochemistry

tis, and MCPs may have the potential to play a role in Immunostaining was performed by using the alkaline phos-

attracting these cells to the nasal mucosa in response phatase-anti-alkaline phosphatase method as previously

antigen challenge. d_escribeol.8 To phenotypg_ the inflammatqry cells with_in the_ nasal_
In this study we tested the hypothesis that MCPs p|a)blopsy specimens, speqflc mAbs dgtectlng total eosinophils (anti-

a role in the recruitment of inflammatory cells into the Ma0" basic protein [anti-MBP], a gift from Dr Redwan Mogbel)

| fit I hall Furth and macrophages (anti-CD68, Dako Diagnostics) were used. MCP-
nasal mucosa arter allergen challenge. Fur ermorel, MCP-3, and MCP-4 immunoreactivity was detected by the use of

given that prolonged treatment with topical cortico- pecific mabs, anti-MCP-1 (Cedar Lane, Canada), anti-MCP-3
steroids has been shown to inhibit allergen-induced latqcedar Lane), and anti-MCP-4 (supplied by Dr Andrew Luster). An
nasal responsé§;17we hypothesized that the inhibition antibody to MCP-2 was unable to be procured either through com-
of this response after steroid therapy may be partly attribmercial or noncommercial sources. For negative control prepara-
uted to the inhibition of MCP expression. The specific tions, the primary antibody was replaced by either nonspecific
objectives of this study were to examine the differentialmouse immunoglobulin or Tris-buffered saline.
expression of MCP-1, MCP-3, and MCP-4 immunoreac- . .
tivity in the nasal mucosa of patients with allergic rhini- Double immunocytochemistry
tis after nasal allergen provocation, to determine their To confirm the phenotype of MCP-3 and MCP-4 immunoreac-
relationship to the infiltrating inflammatory cells in the tVe positive celis, we undertook double sequential immunocyto-
nasal mucosa, and to investigate the cellular source cghem'sm.' as previously describ¥Briefly, endogenous peroxi-

. . - ase activity in cryostat sections of nasal biopsy specimens was
MCPs. We also proposed to investigate the influence o

. . - e blocked by using 1% D, (plus 0.02% sodium azide in Tris-
topical corticosteroids on the cellular infiltrate and MCP p,ttered saline) for 30 minutes. A mixture of primary antibodies

expression in allergen-induced rhinitis. was then applied consisting of either a polyclonal anti-MCP-3 anti-

body or a monoclonal anti-MCP-4 antibody to detect MCP-3 and
METHODS MCP-4 immunoreactivity and the appropriate mAb to determine the
Study design presence of eosinophils (anti-MBP antibody), macrophages (anti-

A total of 12 patients with allergic rhinitis were recruited from CD68 antibody), and T cells (anti-CD3 antibody).
the Nasal C;hmc at _the Sir Mo_mmer B. Davis—Jewish G_eneral Hos'Quantitation
pital. Hospital ethics committee approval was obtained before
patient recruitment, and all participating subjects gave informed For immunocytochemical analysis, sections were coded and
consent before commencement of the study. Before consideratiocounted in a blinded, random fashion with an Olympus microscope
for the study, patients underwent epicutaneous testing with a pané/ith an eyepiece graticule at 20Magnification. At least 2 sections
of common seasonal and perennial aeroallergens. A positive histaWere immunostained, from which 6 to 8 fields were evaluated.
mine control is a standard part of the study. Inclusion criteria for theEpithelial staining was assessed by using morphometry, and the
Subjects included (1) a h|st0w of seasonal rhinitis and (2) a positiv(results were expressed as a Semiquantitative score from 0 to 4 on the
skin prick test response (>5 mm wheal) to ragweed extract. Patientbasis of the percentage of epithelium that expressed immunoreac-
were excluded if they had perennial allergies (eg, dust or pets), hafivity (0, no staining; 0.5, <12.5%; 1, 12.5% to 25%; 1.5, 25% to
previously received immunotherapy, or were taking oral anti- 37-5%; 2, 37.5% to 50%; 2.5, 50% to 62.5%; 3, 62.5% to 75%; 3.5,
inflammatory medication. Baseline inferior nasal turbinate biopsy 75% to 87.5%:; and 4, 87.5% to 100%). Subepithelial immunostain-
specimens were taken out of season at a time when the subjecnd Was presented as the mean counts of cells expressing protein per
were asymptomatic. All patients were treated in a double-blindhigh-power field (0.202 m#).
fashion with either topical nasal corticosteroids (budesonide 20C ..
ug) or a matched placebo for 6 weeks. After the 6 weeks of treatStat'Stlcs
ment, all subjects underwent a nasal allergen challenge with rag Data analysis was performed with a statistical package (Systat v
weed extract (1000 PNU aerosol/nostril) followed by a second nasg6.0, Evanston, Ill). To compare the number of cells expressing
turbinate biopsy performed 24 hours after challenge. To confirmMCP-1, MCP-3, and MCP-4 immunoreactivity and the number of
clinically the adequacy of the challenge, patient symptoms aftertMBP*, CD68f, and CD4 cells at baseline and after allergen chal-
challenge were noted, specifically the number of sneezes and thlenge, we used a paired Studémest. The mead values for the
degree of nasal obstruction (previously assessed 4-point scalesteroid- and placebo-treated patients were compared with the use of
Nasal biopsy specimens were taken from the inferior turbinate jusan unpaired Studentest. Correlation coefficients and significance
beyond the anterior tip. Anesthesia was obtained by using a mixturvalues were obtained by the use of Pearson’'s moment correlation



1038 Christodoulopoulos et al J ALLERGY CLIN IMMUNOL
JUNE 1999

8- 8
[IPlacebo
74 7
Il Steroid o
6 w
@ _ s 3
N g - ©
Q
23 5 582
[ .E a =z
w E pid ]
o9 4 4 © 2
8w p<0.05 P}
E L =8
Sic 3 B &g
z~ '—l— g
-
24 2 g'
1 H1
0
Early Late 0

Allergic Response

FIG 1. Clinical responses to nasal ragweed challenge. Early response was estimated by recording the number
of sneezes during the 60 minutes after challenge. Late response was estimated by the degree of nasal block-
age (subjective score out of 4) from 1 to 24 hours after challenge. Late response was significantly suppressed
by steroid pretreatment.
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FIG 2. Epithelial MCP-1 immunoreactivity (open circles) and subepithelial MCP-1 immunoreactivity (filled cir-
cles) in nasal biopsy specimens obtained before (B) and 24 hours after (A) challenge from placebo- and
steroid-treated subjects with allergic rhinitis. Epithelial MCP-1 immunoreactivity is expressed as a score from
0 to 4 on the basis of the percentage of epithelium showing positive signal per total epithelium. Subepithe-
lial immunoreactivity is expressed as the mean number of MCP-1+ cells per high-power field.

with a subsequent Bonferroni correction factor. Results were contreated groups, which validated the adequacy of challenge
sidered statistically significant &values less than .05. and the efficacy of our topical corticosteroid (Fig 1).

RESULTS MCP-1 expression

Clinical observations At baseline, MCP-1 immunoreactive cells were iden-
Patients were requested to note the number of sneeztified at high levels in both epithelial and subepithelial
and the degree of nasal blockage during the 24-hour perareas. Within the epithelium, MCP-1 immunoreactivity
od after nasal ragweed challenge. Although steroids werwas localized predominantly in the apical layer. In the
not effective in suppressing the early response as asses{placebo-treated subjects, there was no significant
by the number of sneezes, there was a significant reduincrease either in the epithelial or subepithelial MCP-1
tion in the degree of nasal obstruction between the timimmunoreactivity 24 hours after antigen provocation
points of 1 hour and 24 hours. Thus there was a clearlcompared with baseline values. Within the budesonide-
observable difference between the placebo- and steroitreated group, there was a significant decrease in the
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FIG 3. Epithelial MCP-3 immunoreactivity (open circles) and subepithelial MCP-3 immunoreactive (filled cir-
cles) in nasal biopsy specimens obtained before (B) and 24 hours after (A) challenge from placebo- and
steroid-treated subjects with allergic rhinitis. Epithelial MCP-3 immunoreactivity is expressed as a score from
0 to 4 on the basis of the percentage of epithelium showing positive signal per total epithelium, and subep-
ithelial immunoreactivity is expressed as the mean number of MCP-3+ cells per high-power field.

MCP-1 immunoreactive positive cellB € .05), both in  immunoreactivity in the epithelium and subepithelium
the epithelium and subepithelium (Fig 2). after steroid treatment (Fig 5).

MCP-3 expression Phenotype of cells expressing MICP-3 and

MCP-3 immunoreactivity was identified at baseline in MCP-4

all subjects with rhinitis, and 24 hours after allergen chal- Colocalization studies were performed in nasal biopsy
lenge, MCP-3 was increased significantly both in thespecimens from 3 subjects with rhinitis given placebo
epithelium P <.001) and subepitheliun® < .05) of the  after challenge by using double immunocytochemistry.
nasal mucosa in subjects given placebo. In contrast, iThe majority of MCP-3 and MCP-4 within the nasal
the budesonide-treated group there was a significarmucosa was associated with CD@&8acrophages (mean
decrease in the epithelial expression of MC»-3 (05) £+ SD [n = 3], 64.8% + 10.2% and 67.3% + 6.4%, respec-
and in the number of MCP-3 immunoreactive cells with-tively). Significant numbers of cells expressing MCP-3
in the subepitheliumR < .05) after challenge compared and MCP-4 also expressed eosinophil and T-cell markers

with baseline values (Fig 3). (mean £ SD [n = 3], MBPeosinophils, 14.2% + 3.05%
MCP ] expressing MCP-3 and 12% + 2.8% expressing MCP-4;
CP-4 expression CD3* T lymphocytes, 15.83% + 6.6% expressing MCP-

At baseline, MCP-4 immunoreactivity was identified 3 and 15.5% * 3.9% expressing MCP-4) (Tables | and
predominantly within the epithelium, with some staining Il). The remainder of the MCPt3and MCP-4 cells
detected in the subepithelium of the nasal mucosa. Iwithin the submucosa (approximately 5%) did not colo-
subjects treated with placebo, immunohistologic exami-calize to any of the inflammatory markers used.
nation of nasal biopsy specimens that were obtained 2 ] e
hours after antigen challenge revealed a substantial auAssessment of inflammatory cell infiltrate
mentation in MCP-4 immunoreactivity distributed partic- In patients treated with placebo, there was a statisti-
ularly along the epithelial cell layeP & .001), as shown cally significant increase in the number of MB&lls in
in Fig 4,A. In addition, there was a statistical increase inthe nasal submucosa after nasal allergen challenge com-
the number of cells expressing MCP-4 after challenge iipared with baseline biopsy specimeRs<.05). This
the submucosal layer. As shown in FigB4,n patients increase was not observed when patients were pretreated
treated with corticosteroid, MCP-4 immunoreactivity with topical corticosteroids, and there was actually a sig-
was decreased after challenge both in the epithelium arnificant difference between th& values (difference
subepitheliumP < .05). Epithelial counts failed to reach between after and before challenge) for MBP immunore-
statistical significance, however, although when compar-activity between the placebo- and steroid-treated groups
ing theA values between the placebo- and steroid-treat(P < .05) (Fig 6,A).
ed groups, there was a significant decrease in MCP- The number of CD#cells also increased significantly
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FIG 4. Representative examples of immunostaining for MCP-4 in
nasal biopsy specimens from placebo-treated (a) and steroid-
treated (b) patients with allergic rhinitis after allergen challenge.
Note a high expression of MCP-4 after allergen challenge in the
nasal biopsy section from a subject given placebo (a). In compar-
ison, the expression of MCP-4 in the nasal mucosa after challenge
was inhibited in subjects pretreated with steroids (b). The insert
in panel a shows the colocalization of MCP-4 immunoreactivity
(brown) to CD3+ T cells (red) in the nasal tissue after challenge.
Nasal biopsy specimen after allergen challenge stained with a
nonspecific mouse Ig (negative control), showing no cellular
staining (c).
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after allergen challenge in the placebo-treated grBup (
.05). This increase in CD4 immunoreactivity observed 24
hours after challenge was reversed by pretreatment with
topical corticosteroids€(< .05). In addition, thé values
between the 2 groups were also significantly different (

< .05) (Fig 6,B).

Finally, the expression of CD6&sells in the subep-
ithelium after allergen challenge showed no significant
difference when compared with baseline biopsy speci-
mens; however, the number of positive cells was signifi-
cantly decreased after allergen provocation in the steroid-
treated groupR < .05), and there was also a statistical
difference between thA values of the placebo- and
steroid-treated group® < .05) (Fig 6,C).

To determine whether the expression of the MCPs in
the epithelial or subepithelial cell layers was associated
with the infiltration of inflammatory cells after chal-
lenge, we performed correlation analyses. There were no
significant correlations between MCP-1 and any of the
inflammatory cells, and although both MCP-3 and MCP-
4 moderately correlated with MBPCD4+, and CD68
cells, this failed to achieve statistical significance.

DISCUSSION

The aims of this study were to examine the expression
of MCPs in allergen-induced rhinitis and to investigate
their possible contribution to the late nasal response with
the use of the nasal allergen challenge model. Further-
more, we assessed whether the late nasal response could
be inhibited by pretreatment with topical glucocorticoid
steroids. Our results demonstrate that exposure to aller-
gen increases the expression of MCP-3 and MCP-4 with-
in the nasal mucosa of patients with allergic rhinitis and
that these effects are abrogated by topical steroid treat-
ment.

It has previously been shown that allergen-induced
late nasal responses are accompanied by an influx of
inflammatory cells, particularly eosinophils and CO4
cells, which is characteristic of allergic rhiniti§.20The
mechanisms responsible for the recruitment of these cells
to the site of inflammation are not clearly understood;
however, it has been proposed that one possibility may be
the local generation of chemotactic agents that regulate
this influx of leukocyted.In particular, CC chemokines
have been implicated in allergic diseases because they
have been shown to act on the inflammatory cells associ-
ated with allergic inflammation. Although several
chemokines, such as eotaxin and RANTES, have been
shown to be associated with the recruitment of
eosinophils to the nasal mucosa in allergen-induced
rhinitis 3.6 the factors responsible for the infiltration of
such leukocytes in disease states remain to be clarified.
Although the expression of MCPs have previously been
detected in allergic tissues isolated from patients with
chronic allergic sinusitis, asthma, and atopic dermati-
tis 921,22 gpart from a single report detecting MCP-1 in
nasal secretions after challenge in patients with rhiitis,
there is no previous evidence in vivo for a role of MCPs
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FIG 5. Epithelial MCP-4 immunoreactivity (open circles) and subepithelial MCP-4 immunoreactivity (filled cir-
cles) in nasal biopsy specimens obtained before (B) and 24 hours after (A) challenge from placebo- and
steroid-treated subjects with allergic rhinitis. Epithelial MCP-4 immunoreactivity is expressed as a score from
0 to 4 on the basis of the percentage of epithelium showing positive signal per total epithelium, and subep-
ithelial immunoreactivity is expressed as the mean number of MCP-4+ cells per high-power field.

TABLE I. Phenotype of MCP-3 immunoreactive cells TABLE Il. Phenotype of MCP-4 immunoreactive cells
Percent of MCP-3 immunoreactive cells Percent of MCP-4 immunoreactive cells

Patient CD3+ CD68* MBP+ Patient CD3+ CD68* MBP+

1 23 53 17.5 1 20 60 11.5

2 10 70 13.5 2 135 72 9.5

3 14.5 71.5 115 3 13 70 15

Mean = SD 1583+6.6 64.8+10.2 14.2+3.05 Mean + SD 155+ 3.9 67.3+£6.4 12+238

Percent of CD8 CD68, and MBP cells expressing MCP-3 immunoreac- Percent of CD8 CD68", and MBP cells expressing MCP-4 immunoreac-
tivity in nasal biopsy specimens obtained from 3 randomly selected place- tivity in nasal biopsy specimens obtained from 3 randomly selected place-
bo-treated patients after allergen challenge. bo-treated patients after allergen challenge.

in human allergic rhinitis. Therefore our findings of an increased as a result of allergen provocation as seen with
increased expression of MCP-3 and MCP-4 immunoreMCP-3 and MCP-4. In contrast, MCP-1 protein has been
active cells in the nasal mucosa as a result of allergeshown to be particularly abundant in mononuclear
challenge is novel and may partly account for the inflam-cell-rich inflammatory conditions, such as granuloma-
matory cell accumulation seen in allergen-induced lat¢ous inflammation, and in macrophage-rich regions of
nasal responses. atherosclerotic lesior#$.26Interestingly, few eosinophils
We demonstrated a constitutive expression of MCP-lare present in these conditions, unlike in allergic dis-
MCP-3, and MCP-4 immunoreactivity, particularly in the eases. Our finding may support in vitro studies demon-
epithelial cell layer of the nasal mucosa, suggesting strating that MCP-1 lacks chemotactic activity for
role for MCPs in baseline leukocyte trafficking through eosinophils.
epithelial tissue as part of the natural host defense again To determine whether the local upregulation of MCP-
pathogens as previously suggested by Garcia-Zepeda 3 and MCP-4 play a role in cellular recruitment, we
al® MCP-4 has previously been shown to be expressed iexamined the numbers and phenotype of cells infiltrating
several other normal tissues, particularly with largethe nasal submucosa. Our data demonstrated a significant
epithelial surfaces in contact with the environment, sucteosinophil and CD#T-cell infiltration after allergen
as the intestines and the lu#fgBecause eosinophils in challenge, which may be associated with the increase in
particular are not normally found within the tissues ofMCP-3 and MCP-4 within the nasal epithelium and
normal individuals, the action of MCPs within these tis- subepithelium. In contrast, no change in CH68lls
sues needs to be further investigated. were observed in the nasal mucosa after challenge when
Although constitutively expressed at high levels with- compared with baseline biopsy specimens, which is con-
in the nasal mucosa, MCP-1 immunoreactivity was noisistent with our previous findingsThe fact that MCP-1
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FIG 6. The number of MBP+ (A), CD4+ (B), and CD68+ (C) cells within the submucosa of nasal biopsy speci-
mens obtained before (B) and 24 hours after (A) challenge in placebo- and steroid-treated patients with aller-
gic rhinitis. Results are expressed as the mean number of positive cells per high-power field.

immunoreactivity was not increased in the nasal mucostions between the infiltration of inflammatory cells and
after challenge may account for this finding, given thatMCP expression may suggest that other chemokines play
MCP-1 levels seem to be enhanced, particularly ira substantial role in the acute inflammatory cell influx
macrophage-rich conditior#§. after allergen provocation. The lack of correlation
To determine whether the expression of MCP-3 ancobserved may also be due to the time course of
MCP-4 immunoreactivity in the epithelial or subepithelial chemokine production and its influence on the kinetics of
cell layers was quantitatively associated with the infiltra-leukocyte recruitment. A disadvantage of the nasal biopsy
tion of inflammatory cells, we performed correlation technique is that it is not amenable to the performance of
analyses. The fact that there were no significant correletime-course studies. We chose the 24-hour time point on
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the basis of previous studies showing identifiable change 2.
in inflammatory cells at this particular time point.

In our tissue specimens we observed MCP-3 anc
MCP—4 expression within the epithelium and the resi-
dent inflammatory cells in the submucosa. It is well
known that chemokines are often secreted from activate 4
leukocytes, presumably as part of amplification and
desensitization mechanisms. Phenotyping the cells
expressing MCP-3 and MCP-4 demonstrated that
macrophages, eosinophils, and T cells were significan 6.
cellular sources of these chemokines, with macrophage
being a prominent source within the submucosa. Howev
er, the expression of MCP-3 and MCP-4 was most ;
strongly localized to the ciliated pseudostratified epithe-
lium in the nasal mucosa in our clinical specimens, as
seen with other CC chemokines such as eo&in.

We demonstrated that pretreatment with topical ~
steroids abrogates the increase of MCP-1, MCP-3, an
MCP-4 expression both in the epithelium and subepithe
lium, as well as the increase in MB&nd CD4 cells, as 9.
a result of allergen provocation in the placebo-treated suk
jects. These data are consistent with previous studie
showing that topical corticosteroid treatment leads to the
inhibition of the late nasal respoA&and with previous

in vitro studies showing that budesonide may be an effec®:

tive inhibitor of MCP-4 mRNA in cultured BEAS-2B
epithelial cells activated with cytokinégWe postulate

that the suppression of cellular infiltrate after allergeni1.

challenge in subjects undergoing glucocorticoid therapy
occurs partly through the inhibition of MCPs, effectively
attenuating leukocyte transendothelial migration. Epithe-
lial cells are the first cell type to come in contact with

inhaled glucocorticoids, and because we and others ha\l3.

shown that epithelial cells are the main source of
chemokineg8this cell type may be an important target of ;,
the anti-inflammatory effects of inhaled glucocorticoids.

In summary, we have demonstrated a constitutive
expression of MCP-1, MCP-3, and MCP-4 in the nasal

) ' . L .15,
mucosa of allergic patients, with a substantial increase i

MCP-3 and MCP-4 immunoreactivity after allergen chal-

lenge. The increase in these chemokines was accompzs.

nied by an upregulation of inflammatory cells, particu-
larly eosinophils, within the nasal submucosa. Further-
more, prolonged treatment with topical corticosteroids

was associated with a significant attenuation of allergeni7.

induced increases in MCP-1, MCP-3, and MCP-4
immunoreactivity and in MBR CD68, and CD4 cells.
These data suggest that the increased expression
MCP-3 and MCP-4 may be relevant to the pathophysiol-
ogy of late-phase reactions in allergen-induced rhinitis
through their ability to recruit leukocytes into the nasal
mucosa in response to antigen. Inhibition of MCP-3 anc
MCP-4 production may thus serve as a favorable
approach for the treatment of allergic diseases.
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