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1 The objective of this study was to examine the e�ect of dexamethasone on tumour necrosis
factor-a (TNF-a)-induced expression and function of macrophage in¯ammatory protein-2 (MIP-2)
and neutrophil recruitment. For this purpose, we used air pouches raised on the dorsal skin of C57/
B16 mice.

2 Initially, we examined the dose-response (0.01 ± 0.5 mg ml71) and kinetics (0 ± 24 h) of TNF-a-
induced leukocyte accumulation. The cellular response was maximal at 0.1 mg ml71 of TNF-a and
4 h after challenge and comprised more than 90% neutrophils.

3 Intraperitoneal (i.p.) pretreatment with 10 mg kg71 of dexamethasone for 2 h, but not
1 mg kg71, reduced TNF-a-induced recruitment of neutrophils by 87%. Administration of
dexamethasone had no e�ect on the expression of CD18 on neutrophils.

4 TNF-a (0.1 mg ml71) markedly increased the levels of MIP-2 in the air pouches 1 h after
challenge and after 4 h the MIP-2 values returned to baseline. Notably, 2 h pretreatment with
dexamethasone (10 mg kg71, i.p.) reduced MIP-2 expression by 65% in response to TNF-a
(0.1 mg ml71). On the other hand, dexamethasone treatment did not change the levels of interleukin-
10 (IL-10) in the pouch exudate.

5 Administration of recombinant MIP-2 increased neutrophil accumulation at 0.5 and 1.0 mg ml71

after 4 h of challenge. Dexamethasone pretreatment for 2 h (10 mg kg71, i.p.) abolished the MIP-2-
induced recruitment of neutrophils.

6 Taken together, our data demonstrate that dexamethasone may downregulate TNF-a-induced
neutrophil recruitment by inhibiting both the expression and function of MIP-2 in vivo.
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Introduction

Leukocyte recruitment to the extravascular space is a key
feature in in¯ammatory reactions. The extravasation process

of leukocytes is a multistep process, in which a rolling adhesive
interaction is a precondition for the subsequent adhesion and
transendothelial migration (Carlos & Harlan, 1994). TNF-a is

considered to play a central role in several conditions,
including in¯ammatory bowel disease and rheumatic arthritis
(Deventer, 1997; Ksontini et al., 1998). Activation and ®rm

adhesion of leukocytes to microvascular endothelium is
predominately mediated by b2-integrins (CD11/CD18), which
is a group of adhesion molecules expressed on the surface of
leukocytes. These molecules consist of a common b-subunit
designated CD18 and the functional signi®cance of CD18 is
illustrated by the leukocyte adhesion de®ciency-1 (LAD-1)
syndrome in which a mutation in the gene encoding for the

common CD18 subunit results in the absence of b2-integrins
(Anderson et al., 1985; Harlan, 1993). This autosomal recessive
disorder is characterized by an inability to recruit neutrophils

and an increased susceptibility to recurrent bacterial infections
(Harlan 1993; Bowen et al., 1982). Migration and activation of
leukocytes in TNF-a-stimulated tissues is mainly mediated
indirectly through the induction and secretion of chemokines

(Smart & Casale, 1994: Tessier et al., 1997; McColl & Clark-

Lewis, 1999; Liu et al., 2000). The chemokine family includes
small peptides that are known to be key regulators of leukocyte

adhesion and tissue accumulation (Rollins, 1997; Bacon &
Oppenheim, 1998; Zlotnik et al., 1999). The members of this
family are subdivided into two main groups (C-C and C-X-C)

based on structural properties. The C-C chemokines which
comprise macrophage in¯ammatory protein-1a and b (Sherry
et al., 1988) and JE (monocyte chemoattractant protein-1)

(Cochran et al., 1983; Rollins et al., 1988) are mainly
chemotactic for mononuclear leukocytes. In the mouse, the
C-X-C chemokine family includes macrophage in¯ammatory
protein-2 (MIP-2) (Tekamp-Olson et al., 1990) and KC

(Rollins et al., 1988; Oquendo et al., 1989). MIP-2 and KC
are considered to be murine homologues of human GRO
chemokines (Tekamp-Olson et al., 1990; Oquendo et al., 1989).

The C-X-C chemokines are considered to predominately
attract neutrophils (Rollins. 1997; Bacon & Oppenheim,
1998; Zlotnik et al., 1999). MIP-2 has been implicated as an

important mediator of several important conditions, such as
endotoxaemia-induced lung injury (Schmal et al., 1996),
glomerulonephritis (Feng et al., 1995) and bacterial meningitis
(Diab et al., 1999). Thus, it is important to study the role and

expression of MIP-2 in acute models of in¯ammation.
Glucocorticoids constitute a common therapy in in¯amma-

tory conditions. These potent anti-in¯ammatory agents,

including dexamethasone, have been shown to e�ectively
inhibit leukocyte recruitment (Schleimer, 1993; Goulding et

*Author for correspondence.
2These authors contributed equally to this work.

British Journal of Pharmacology (2000) 131, 328 ± 334 ã 2000 Macmillan Publishers Ltd All rights reserved 0007 ± 1188/00 $15.00

www.nature.com/bjp



al., 1998). In general, the main target of dexamethasone in the
leukocyte extravasation process is ®rm adhesion and transmi-
gration whereas leukocyte rolling is not a�ected (Schneider et

al., 1997; Tailor et al., 1997; Manusco et al., 1995). In spite of
the fact that glucocorticoids are known to attenuate leukocyte
recruitment, the literature on the detailed mechanisms by
which glucocorticoids inhibit tissue accumulation of leuko-

cytes remain complex and partly contradictory. For example,
some reports have suggested that dexamethasone decrease the
surface density of CD18 (Burton et al., 1995; Filep et al., 1997;

Davenpeck et al., 1998) whereas others have reported that
CD18 expression is insensitive to glucocorticoid treatment
(Roth et al., 1994; Trowald-Wigh et al., 1998). Considering the

fact that neutrophils are the main target of C-X-C chemokines,
it is interesting to note that KC is apparently negatively
regulated by dexamethasone (Deng et al., 1994; Tailor et al.,

1999). In contrast, some authors have suggested that MIP-2
expression is insensitive to glucocorticoid treatment in the lung
(O'Leary et al., 1997) while others can not con®rm such
®ndings (Haddad et al., 1995; Yi et al., 1996). However, it is

not known if glucocorticoids mainly inhibit the expression of
chemokines in cytokine-activated tissues or whether the
function of these molecules may also be impaired by these

anti-in¯ammatory agents. Moreover, some studies have
reported that dexamethasone may upregulate counter-regula-
tory cytokines with anti-in¯ammatory properties, such as IL-

10 (Tabardel et al., 1996; Dandona et al., 1999), which could
help explain the mechanism behind the reduced leukocyte
in®ltration into glucocorticoid-treated tissues.

The objective of this study was to examine the e�ect of
dexamethasone on the expression of MIP-2, IL-10 and CD18
in TNF-a-induced leukocyte recruitment in vivo. Additionally,
we wanted to determine the impact of dexamethasone on

leukocyte in¯ux provoked by MIP-2. For this purpose, we
used air pouches raised on the dorsal skin of mice treated with
TNF-a.

Methods

Animals

Male C57/B16 mice were maintained on 12-h light/dark cycles

and given food and water ad libitum. Mice weighing *25 ±
30 g were anaesthetized by intraperitoneal administration of
7.5 mg ketamine hydrochloride and 2.5 mg xylazine per 100 g

body weight. Blood samples were taken from the tail artery
after the experiments for analysis of systemic leukocyte and
di�erential counts. The local ethics committee approved all the

experiments of this study.

Air pouches

Two-and-a-half ml sterile air was in¯ated on day 0 and 3 in the
dorsal skin. On day 6, TNF-a or MIP-2 solved in 1 ml PBS
was administered into the pouch at di�erent doses and time-

points before the exudate was harvested by injecting and
aspirating ice-cold PBS (1-2-2 ml) containing 3 mM EDTA.
Samples were centrifuged and the number and di�erentials of

leukocytes were determined using a haematocytometer.

Flow cytometry

Blood was collected by cardiac puncture in EDTA tubes. Then
50 ml of blood samples were stained using a FITC-labelled rat
(Lewis) anti-mouse CD18 antibody (C71/16) as well as a

FITC-labelled isotype-matched control antibody (RB40.34)
from Pharmingen (San Diego, CA, U.S.A.). After antibody
incubation for 30 min at 48C, the red blood cells were lyzed

(1 ml of NH4Cl-EDTA for 5 min) and washed (1500 r.p.m.)
for 5 min. The cell pellet was resuspended with 0.5 ml PBS and
put on ice until analysis, which was performed within 45 min.
Neutrophils were gated based on forward and side scatter

characteristics.

ELISA

Exudate ¯uid harvested form the air pouches were centrifu-
gated and the levels of immunoreactive murine MIP-2 and IL-

10 protein in the supernatant were determined using double-
antibody speci®c Quantikine ELISA kit using recombinant
murine MIP-2 and IL-10 as standards (R&D Systems Europe,

Ltd., Abingdon, Oxon, U.K.). The minimum detectable
concentrations of MIP-2 and IL-10 are in these assays less
than 1.5 pg ml71.

Materials

FITC-labelled anti-CD18 antibody (C71/16) and anti-P-

selectin antibody (RB40.34) were from Pharmingen (San
Diego, CA, U.S.A.). Dexamethasone (Decadron) was from
Merck Sharp & Dohme, B.V., Haarlem, Netherlands.

Recombinant MIP-2 and TNF-a and ELISA for MIP-2 and
IL-10 were from R&D Systems Europe, Ltd., Abingdon,
Oxon, U.K. Ketamine was from Ho�man-La Roche, Basel,

Switzerland. Xylazine/rompum was from Janssen Pharmaceu-
tica, Beerse, Belgium.

Statistics

Statistical evaluations were performed using Kruskal-Wallis
one-way analysis of variance for unpaired samples. The results

are presented as mean values+s.e.mean. Unless stated
otherwise, n represents number of animals.

Results

TNF-a-induced neutrophil recruitment

Administration of TNF-a increased leukocyte accumulation in
the air pouches in a dose- and time-dependent manner.

Di�erential analysis revealed the leukocyte in®ltrate comprised
92% neutrophils while mononuclear leukocytes were rarely
found (Table 1). Maximal neutrophil recruitment was

Table 1 Total and relative numbers of leukocyte subtypes

Total number of cells
(6103)

Percentage of total
cells (%)

PMNL MNL PMNL MNL

Control
TNF-a
MIP-2

162+27
859+161
472+154

98+20
86+30
32+5

64+3
92+2
92+1

36+3
8+2
8+1

Air pouches were exposed to local challenge with PBS
(Control), tumour necrosis factor-a (TNF-a, 0.1 mg ml71)
and macrophage in¯ammatory protein-2 (MIP-2,
1 mg ml71). After 4 h of stimulation the exudate ¯uid was
collected and the number and percentage of polymorpho-
nuclear (PMNL) and mononuclear leukocytes (MNL) were
determined using a haemocytometer. Data represents
mean+s.e.mean and n=6±12.
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observed at 0.1 mg ml71 of TNF-a whereas the cellular
response at a higher dose (0.5 mg ml71) was not di�erent from
control treatment (Figure 1). Kinetic experiments on

0.1 mg ml71 of TNF-a disclosed that neutrophil in®ltration
was highest, i.e. 8596103 cells pouch71, at 4 h of challenge
(Figure 2). The cellular response returned back to baseline
values after 24 h of TNF-a treatment (Figure 2). In separate

experiments, we found that dexamethasone dose-dependently
reduced TNF-a-induced neutrophil accumulation. In fact, i.p.
administration of 10 mg kg71 of dexamethasone 2 h prior to

TNF-a challenge (0.1 mg ml71, 4 h, n=8) reduced the number
of pouch neutrophils by 87% (Figure 3, P50.05 vs TNF-a
alone, n=8±12) whereas 1 mg kg71 of dexamethasone had no

signi®cant e�ect on the neutrophil response to TNF-a (Figure
3, P40.05 vs TNF-a alone, n=8± 12). The e�ects of
dexamethasone treatment on systemic leukocyte counts are

shown in Table 2.

MIP-2 and IL-10 expression

The levels of MIP-2 and IL-10 in the pouch exudate ¯uid were

determined by speci®c ELISA. We observed that administra-
tion of 0.1 mg ml71 of TNF-a markedly increased production
of MIP-2. At 1 h of TNF-a challenge the level of MIP-2 was
1711+323 ng pouch71 exudate and after 4 h the expression

returned to 95+26 ng pouch71. Notably, i.p. pretreatment
with 10 mg kg71 of dexamethasone decreased the expression
of MIP-2 by 65% at 1 h of TNF-a stimulation (Figure 4,

P50.05 vs TNF-a alone, n=6± 9). After 4 h of TNF-a
activation the levels of MIP-2 were not di�erent between the
groups (Figure 4, P40.05 vs TNF-a alone, n=5±6). In

addition, it was found that the expression of IL-10 was not
signi®cantly di�erent in any of the groups (Table 3).

CD18 expression

Firm adhesion of neutrophils to vascular endothelium is
mediated by CD18 expressed on the neutrophil surface. We

found that the surface density of CD18 on circulating
neutrophils was uniformly high in PBS and TNF-a treated
mice. Moreover, i.p. treatment with 10 mg kg71 of dexa-

methasone 2 h prior to local TNF-a administration had no

Figure 1 Neutrophil accumulation in the air pouch exudate in
response to di�erent doses of TNF-a and PBS (0). One ml of tumour
necrosis factor-a and PBS was injected into the pouches and after 4 h
the exudate ¯uid was collected and the number of neutrophils was
determined using a haemocytometer. Data are mean+s.e.mean and
n=6±11. * P50.05 vs PBS.

Figure 2 Time-dependent recruitment of neutrophils into the air
pouch in response to injection of 0.1 mg ml71 of TNF-a. One ml of
tumour necrosis factor-a was injected into the pouches and after
di�erent time-points the exudate ¯uid was collected and the number
of neutrophils was determined using a haemocytometer. Data are
mean+s.e.mean and n=4±12.

Figure 3 E�ect of i.p. pretreatment of dexamethasone (Dex) for 2 h
on tumour necrosis factor-a-induced neutrophil accumulation in the
air pouch. One ml of TNF-a (0.1 mg ml71) was injected into the
pouches and after 4 h the exudate ¯uid was collected and the number
of neutrophils was determined using a haemocytometer. Data are
mean+s.e.mean and n=6±8. *P50.05 vs O.

Table 2 Systematic leukocyte counts

PMNL
(106 ml71)

MNL
(106 ml71)

Total
(106 ml71)

PBS
TNF-a
MIP-2
Dex 10+TNF-a
Dex 10+MIP-2

0.9+0.2
1.3+0.3
1.0+0.2
2.6+0.5*
2.0+0.1*

5.3+0.9
4.5+0.6
5.9+0.6
0.8+0.1*
0.7+0.1*

6.3+0.8
5.8+1.2
7.0+0.7
3.3+0.6*
2.6+0.2*

Mice were challenged with 1 ml of PBS, TNF-a (0.1 mg ml±1)
and MIP-2 (1 mg ml71) in the skin air pouches for 4 h. In
separate experiments, mice were pretreated i.p. for 2 h with
10 mg kg±1 of dexamethasone (Dex 10). Blood was collected
from the tail, stained with TuÈ rk and analysed in a
haemocytometer. The cells were de®ned as poly-morpho-
nuclear (PMNL) or mononuclear (MNL) leukocytes. Data
are mean+s.e.mean and represent 106 cells ml±1. *P<0.05
vs PBS.
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e�ect on the surface expression of CD18 on neutrophils (Table
4).

MIP-2-induced neutrophil recruitment

As shown in Figure 5, local injection of MIP-2 into the air
pouches caused a dose-dependent and transient increase in

leukocyte accumulation (Figures 5 and 6). At 1 mg ml71 of
MIP-2, it was observed that the leukocyte response was
greatest after 4 h of stimulation (Figure 5). Moreover,

neutrophils were dominating in the cellular exudate, constitut-
ing more than 90% of the in®ltrate (Table 1). Interestingly, we
found that i.p. pretreatment for 2 h with 10 mg kg71 of

dexamethasone decreased MIP-2 (1 mg ml71)-induced neutro-

phil recruitment by 62% (Figure 5, P50.05 vs 1 mg ml71 of
MIP-2 alone, n=6± 11).

Discussion

TNF-a plays an important role in tissue injury by inducing

activation and recruitment of leukocytes in in¯ammatory
diseases. Dexamethasone is a potent anti-in¯ammatory agent
known to attenuate cytokine-induced in®ltration of in¯amma-

tory cells (Schleimer, 1993; Goulding et al., 1998). This study
demonstrates that dexamethasone inhibits TNF-a-increased
expression of MIP-2 in the air pouch exudate. On the other

hand, the levels of IL-10 in the exudate and the surface density
of CD18 on circulating neutrophils were insensitive to
dexamethasone treatment. Moreover, dexamethasone admin-

istration inhibited MIP-2-induced accumulation of neutrophils
in the extravascular space. Taken together, these ®ndings

Figure 4 Production of MIP-2 in air pouch exudates in response
TNF-a (0.1 mg ml71). One group of mice were pretreated with i.p.
dexamethasone (10 mg kg71) 2 h before administration of TNF-a.
One ml of TNF-a was injected into the pouches and after di�erent
time-points the exudate ¯uid was collected and the levels of MIP-2
protein were determined using a speci®c ELISA. Data are mean+
s.e.mean and n=6±9.

Table 3 IL-10 expression in pouch exudate

1 h 4 h

PBS
TNF-a
Dex+TNF-a

0.11+0.01
0.33+0.07
0.28+0.04

±
0.22+0.33
0.14+0.01

Expression of IL-10 (ng pouch±1) 1 and 4 h after stimulation
with 1 ml of PBS and TNF-a (0.1 mg ml±1) in the air pouch.
In separate experiments, mice were pretreated i.p. with
10 mg kg±1 of dexamethasone (Dex) for 2 h prior to
application of TNF-a. The levels of IL-10 were determined
by use of ELISA. Data represents mean+s.e.mean and
n=4±6.

Table 4 CD18 expression

MFI of CD18

PBS
TNF-a
Dex+TNF-a

65+4
76+7
85+7

Mean ¯uorescence intensity (MFI) of CD18 on systemic
blood neutrophils in mice treated with 1 ml of PBS and
TNF-a (0.1 mg ml±1) in the air pouch for 4 h. In a separate
experiment mice were pretreated i.p. with 10 mg kg±1 of
dexamethasone (Dex) for 2 h prior to application of TNF-a.
Data represents mean+s.e.mean and n=3±5.

Figure 5 Neutrophil accumulation in the air pouch exudate in
response to di�erent doses of MIP-2 and PBS (0). One ml of MIP-2
and PBS was injected into the pouches and after 4 h the exudate ¯uid
was collected and the number of neutrophils was determined using a
haemocytometer. In separate experiments, mice were pretreated with
i.p. dexamethasone (Dex) for 2 h before administration of MIP-2.
Data are mean+s.e.mean and n=5±11. *P50.05 vs PBS and
#P50.05 vs 1 mg ml71 of MIP-2.

Figure 6 Time-dependent recruitment of neutrophils into the air
pouch in response to injection of 1 mg ml71 of MIP-2. One ml of
MIP-2 was injected into the pouches and after di�erent time-points
the exudate ¯uid was collected and the number of neutrophils was
determined using a haemocytometer. Data are mean+s.e.mean and
n=4±11.
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expand on previous studies by showing that dexamethasone
inhibits both the expression and function of MIP-2 in vivo,
which, in turn, may help to further explain the powerful anti-

in¯ammatory actions of glucocorticoids on leukocyte recruit-
ment.

Several members of the chemokine superfamily, including
KC, JE and MCP-1, have been demonstrated to be negatively

regulated by glucocorticoids (Kawahara et al., 1991; Deng et
al., 1994; Yi et al., 1996; Tailor et al., 1999). Although,
previous studies have suggested an important role of MIP-2 in

cytokine-induced neutrophil accumulation (Tessier et al., 1997;
McColl & Clark-Lewis, 1999), the literature on the sensitivity
of MIP-2 to dexamethasone treatment in vivo is complex and

partly contradictory. For example, some authors have
reported that LPS-induced expression of MIP-2 in the lung is
insensitive to dexamethasone (O'Leary & Zuckerman, 1997;

Rovai et al., 1998) whereas others cannot con®rm such ®ndings
using ozone challenge in a similar model (Haddad et al., 1995),
suggesting the existence of stimulus-speci®c di�erences in
glucocorticoid sensitivity on MIP-2 expression in vivo. In the

present study, we found that dexamethasone markedly reduced
the expression of MIP-2 in the skin exudate in response to
TNF-a, indicating that dermal expression of MIP-2 is

negatively regulated by dexamethasone. Thus, our data suggest
that the sensitivity of MIP-2 expression to glucocorticoids may
not only be stimulus-dependent as discussed above, but also

tissue-speci®c. This notion is in line with a recent study
showing that the glucocorticoid-attenuation of LIX expression
in septicaemia also appears to be tissue-dependent (Rovai et

al., 1998). Interestingly, the basis for such a tissue-speci®c
inhibition of MIP-2 expression exerted by dexamethasone is
not presently known but it may, at least partly, be attributable
to the fact that the levels of a and b isoforms of the

glucocorticoid receptor is cell-speci®c (Bamberger et al.,
1995; 1996).

The source of MIP-2 protein in TNF-a-induced in¯am-

mation is not clearly known. Herein, we found a transient
expression of MIP-2 in the exudate supernatant, which was
maximal at 1 h and returned to baseline 4 h after TNF-a
injection into the air pouch. Notably, at 1 h following TNF-
a exposure no increase in in¯ammatory cells was observed
whereas at 4 h the neutrophil response reached its peak
value. This inverse relationship between the presence of

in¯ammatory cells and MIP-2 levels in the exudate ¯uid,
suggest that recruited neutrophils do not likely contribute to
a signi®cant part of the MIP-2 expression in acute dermal

in¯ammation provoked by TNF-a. Instead, using the same
model as herein, a previous study has shown that (tissue)
lining cells in the murine air pouch increase mRNA

expression of MIP-2 within 30 ± 60 min in response to
TNF-a challenge and in vitro studies have implicated
macrophages, ®broblasts, epithelial (Driscoll et al., 1993)

and endothelial cells (Liu et al., 2000) as cellular sources of
TNF-a-induced expression of MIP-2.

Chemokines activates and attracts leukocytes by directly
ligating speci®c cell receptors, a process which is independent

on de novo transcription of genes and synthesis of proteins. For
example, the C-X-C chemokines bind to the C-X-C receptor 2
(IL-8 receptor) on the surface of neutrophils which results in

increased intracellular Ca2+, elastase release, CD18 expression
and migration (Huber et al., 1991; Cacalano et al., 1994; Jones
et al., 1997). In fact, it has been documented that C-X-C

receptor 2-de®cient neutrophils do not respond to MIP-2
stimulation although the response to the complement fragment
C5a is intact (Lee et al., 1995). In the present study, we
demonstrated that local injection of MIP-2 triggered a dose-

and time-dependent increase in neutrophil in¯ux in the skin.
Interestingly, administration of dexamethasone abolished this
MIP-2-induced tissue recruitment of neutrophils, indicating

that dexamethasone directly suppresses the function of MIP-2
in vivo. At present, the mechanism behind this inhibition of
MIP-2 function exerted by dexamethasone is not known. Yet,
it can be speculated that dexamethasone may reduce the C-X-

C receptor 2 expression on neutrophils which would help to
explain the abolished response to MIP-2 as observed in this
study. Nonetheless, our novel data indicate that dexametha-

sone inhibits leukocyte recruitment provoked by TNF-a in vivo
at two di�erent levels. First, dexamethasone attenuates TNF-
a-induced expression of MIP-2 and, second, the chemotactic

e�ect on leukocytes of MIP-2 per se is inhibited by
dexamethasone.

In¯ammatory cell accumulation is not only regulated by

proin¯ammatory cytokines, such as TNF-a and IL-1b, but is
also under inhibitory in¯uence exerted by counter-regulatory
cytokines, such as IL-10. For example, it has been shown that
IL-10 may attenuate the expression of TNF-a and chemokines,

and reduce the tissue in¯ux of leukocytes (Fiorentino et al.,
1991; Kasama et al., 1994; Hickey et al., 1998). Although the
anti-in¯ammatory mechanisms of action of IL-10 remains to

be clearly described, it is interesting to note that some studies
have reported increased levels of IL-10 following dexametha-
sone exposure (Tarabel et al., 1996; Dandona et al., 1999).

Thus, it was reasonable to hypothesize that the dexametha-
sone-attenuated leukocyte response to TNF-a might be related
to changes in IL-10 expression. However, in this study we

found that dexamethasone did not alter the levels of IL-10 in
the pouch exudate, indicating that the inhibitory impact of
dexamethasone on neutrophil recruitment is not mediated by
increased expression of IL-10.

Tissue in®ltration of leukocytes is regulated by a
coordinated expression of speci®c adhesion molecules. Firm
adhesion of neutrophils to the vascular endothelium, which is a

precondition for accumulation in the extravascular space, is
dependent on the expression of CD18 and the functional
signi®cance of CD18 is illustrated in patients with LAD-1

syndrome characterized by an inability to recruit neutrophils
and an increased susceptibility to recurrent bacterial infections
(Bowen et al., 1982; Anderson et al., 1985; Harlan, 1993).
Herein, we could demonstrate that the CD18 expression on the

surface of neutrophils was insensitive to dexamethasone
administration. Thus, our results suggest that the inhibitory
e�ect of dexamethasone on tissue recruitment of neutrophils is

not attributable to a down-regulation of CD18 on the surface
of neutrophils. This notion is in line with previous
investigations showing that CD18 expression is not sensitive

to dexamethasone treatment (Roth et al., 1994; Trowald-Wigh
et al., 1998) and, thus, not a likely anti-in¯ammatory
mechanism of glucocorticoids. In this respect, it is important

to note that these ®ndings do not exclude other potential
e�ects of glucocorticoids on leukocytes, which may be of
relevance to the extravasation process of leukocytes.

Taken together, these data suggest that TNF-a-induced
accumulation of neutrophils is attenuated at two separate steps
by dexamethasone. First, dexamethasone inhibits the expres-
sion of MIP-2 provoked by TNF-a and, second, the

chemotactic e�ect exerted by MIP-2 on leukocytes is
dexamethasone-attenuated. However, we found that dexa-
methasone had no e�ect on the expression of IL-10 in the

tissue and CD18 on neutrophils. Thus, our novel ®ndings may
improve the understanding of the anti-in¯ammatory mechan-
isms of action of dexamethasone with respect to in¯ammatory
cell recruitment.
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