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Abstract

The effects of glucocorticoids on the survival of rat eosinophils and neutrophils infiltrated into the peritoneal cavity were examined.
Glucocorticoids including dexamethasone, prednisolone and hydrocortisone inhibited the survival of rat peritoneal eosinophilsat 107 M,
whereas they prolonged survival of rat peritoneal neutrophils at 10~8 M. Sex steroids including estradiol and progesterone did not affect
cell survival. Dexamethasone decreased the viability of eosinophils after 3 days of incubation and maintained the viability of neutrophils
until 4 days after incubation concentration dependently. The ECy, of dexamethasone for inhibition of the survival of eosinophils was
1.5x 108 M, and that for the spontaneous death of neutrophils was 6.4 X 10~° M, suggesting that glucocorticoids at concentrations
that inhibit eosinophil survival prolong neutrophil survival. Analysis of DNA fragmentation of cultured eosinophils and neutrophils
revealed that glucocorticoids enhance eosinophil apoptosis but inhibit neutrophil apoptosis. The effects of dexamethasone on viability and
DNA fragmentation were counteracted by the glucocorticoid receptor antagonist, mifepristone, concentration dependently. These findings
indicate that glucocorticoids induce contradictory effects via the glucocorticoid receptor on rat eosinophils and neutrophils extravasated to
an inflammatory locus such as the peritoneal cavity by modulating apoptosis. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Eosinophils and neutrophils are effector cells protecting
the body from invasion by microorganisms. The number of
neutrophils increases rapidly on bacterial or vira infection
whereas the number of eosinophils increases on parasitic
infection or in response to allergic diseases. Both cell types
differentiate from stem cells in bone marrow (Sanderson,
1992; Borregaard and Cowland, 1997), circulate for a few
days destined to die by apoptosis, and finally are engulfed
by macrophages (Savill et al., 1989; Stern et al., 1992).
Survival rates for the cells are regulated by severa factors
including cytokines, inflammatory mediators, and cell sur-
face molecules. Surviva of peripheral eosinophils is pro-
longed by interleukin-3 (Rothenberg et al., 1988) or inter-
leukin-5 (Rothenberg et al., 1989) but inhibited by trans-
forming growth factor-g (Alam et al., 1994). On the other
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hand, survival of periphera neutrophils is prolonged by
granulocyte colony-stimulating factor (Colottaet al., 1992),
C5a(Leeet a., 1993) or lipopolysaccharide (Colotta et 4.,
1992; Lee et al., 1993) but inhibited by tumor necrosis
factor-a (Takeda et al., 1993) or interleukin-6 (Afford et
al., 1992). Granulocyte—-macrophage colony-stimulating
factor (Lopez et al., 1986; Owen et al., 1987) and inter-
feron-y (Valerius et al., 1990; Colotta et al., 1992) act as
survival factors for both cell types whereas Fas induces
apoptosis of both types also (Iwai et al., 1994; Matsumoto
et al., 1995; Tsuyuki et a., 1995; Druilhe et al., 1996;
Liles et a., 1996).

Glucocorticoids have different effects on the number of
peripheral eosinophils and neutrophils when administered
systemically. Namely, administration of glucocorticoids to
patients with hypereosinophilia induces a marked decrease
in the number of circulating eosinophils, but increases
neutrophil numbers (Schleimer, 1990). In in vitro experi-
ments, glucocorticoids suppress the survival of human
peripheral eosinophils cultured in presence of the eosinophil
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survival factor, interleukin-3, interleukin-5, or granulo-
cyte—macrophage colony-stimulating factor (Her et 4.,
1991; Lamas et al., 1991; Wallen et al., 1991; Hallsworth
et al., 1992). Glucocorticoids induce apoptosis in ex-
travasated eosinophils in vivo in rats (Kawabori et a.,
1991) and in patients with asthma (Woolley et al., 1996).
In contrast, glucocorticoids prolong the survival of human
peripheral neutrophilsin in vitro culture (Cox, 1995; Liles
et al., 1995). Recently, Meagher et al. (1996) reported that
dexamethasone directly induces apoptosis of periphera
eosinophils and inhibits apoptosis of peripheral neutrophils
isolated from healthy human donors. It has been reported
that spontaneous apoptosis of extravasated neutrophils is
more strongly suppressed than that of peripheral neu-
trophils (Tsuchida et a., 1995; Watson et a., 1997),
because extravasated neutrophils receive intracellular sig-
nals through adhesion molecules on their surface during
the extravasation of peripheral neutrophils (Coxon et al.,
1996; Watson et a., 1997). However, the direct effects of
glucocorticoids on the apoptosis of eosinophils and neu-
trophils that have infiltrated into the inflammatory locus
remain obscure. Therefore, the present study was aimed to
clarify whether glucocorticoids exert effects on the apopto-
sis of rat eosinophils and neutrophils that have been ex-
travasated to an inflammatory locus, the peritoneal cavity.

2. Materials and methods
2.1. Preparation of rat peritoneal eosinophils

Mae rats of the Sprague—Dawley strain (specific
pathogen-free, Charles River Japan, Kanagawa, Japan)
weighing 190 to 210 g received oraly cyclophosphamide
(Sigma, St. Louis, MO, USA) suspended in 0.5% (w/v)
sodium carboxymethylcellulose (Wako, Osaka, Japan) at a
dose of 100 mg/kg (day 0). Protein (4 mg) of Ascaris
suum extract (Greer Laboratories, Lenoir, NC, USA) in
saline (0.5 ml) containing aluminum hydroxide (5 mg)
(Wako) as an adjuvant was divided into five portions. On
day 2, a0.1-ml aliquot of the antigen solution was injected
intradermally at each of two nuchal and three lumbar sites,
and 0.5 ml of the same solution was injected intraperi-
toneally. On day 12, protein (5 mg) of the antigen in saline
(0.5 ml) containing aluminum hydroxide (5 mg) was in-
jected intraperitoneally as a booster. Finaly, on day 19,
saline (30 ml) containing protein (8 mg) of the antigen was
injected intraperitoneally. Forty-eight hours later, the rats
were killed by cutting the carotid artery under diethylether
anesthesia, and peritoneal fluid was collected. The peri-
toneal cells were obtained from each rat by centrifugation
at 200 X g and 4°C for 5 min and combined in one tube.
The cells were washed twice with phosphate-buffered saline
(PBS), suspended at a concentration of 1.5 x 107 cells/ml
in RPMI-1640 medium (Nissui Seiyaku, Tokyo, Japan)
supplemented with 10% (v /v) fetal bovine serum (Flow

Laboratories, McLean, VA, USA), and plated on 75-cm?
plastic tissue culture flasks (Iwaki Glass, Tokyo, Japan).
After incubation for 2 h at 37°C, non-adherent cells were
collected. The non-adherent cells were layered over Percoll
solution (d =.080) (Sigma), and centrifuged at 1000 X g
and 4°C for 30 min. Cells at the bottom of the centrifuge
tube were collected, washed twice with PBS, and sus-
pended in RPM1-1640 medium containing 10% (v /v) fetal
bovine serum. The purity of eosinophils in this fraction
was more than 95% as assessed by May—Grunwald—
Giemsa staining, and the viability of eosinophils was more
than 98% in the trypan blue exclusion test.

2.2. Preparation of rat peritoneal neutrophils

Rat peritoneal neutrophils were harvested 15 h after
intraperitoneal injection of 40 ml of 1% (w/v) casein
(from milk, vitamin-free, Wako) solution that had been
sterilized by autoclaving at 120°C for 15 min (Edamatsu et
al., 1997). The cells from each rat were combined in one
tube, washed twice with PBS and suspended in RPM1-1640
medium containing 10% (v/v) feta bovine serum. The
purity of neutrophils was more than 97% as assessed by
May—Grunwald—Giemsa staining, and the viability of neu-
trophils was more than 98% in the trypan blue exclusion
test.

2.3. Culture of eosinophils and neutrophils and measure-
ment of viability

The purified eosinophils and neutrophils (5 x 10° cells
of each) obtained as described above were suspended in 1
ml of RPMI-1640 medium containing 10% (v/v) fetal
bovine serum and various concentrations of drugs and
incubated at 37°C for the periods indicated in a humidified
atmosphere containing 5% CO,. Drugs used were dexa-
methasone, prednisolone, hydrocortisone, progesterone,
estradiol (Sigma) and mifepristone (kindly supplied by Dr.
Regine Sitruk-Ware, Laboratoires Exelgyn, France). The
drugs were dissolved in ethanol and added to the medium.
The final concentration of ethanol was adjusted to 0.1%
(v/v). The control medium contained the same amount of
ethanol. After incubation, the viability of the cells was
determined by the ability to exclude trypan blue dye.

2.4. DNA fragmentation assay

After incubation, eosinophils and neutrophils (5 x 108
cells of each) were washed twice with PBS, and lysed by
the addition of 0.5 ml lysis buffer (10 mM EDTA-2Na, 50
mM Tris—HCI, 1% sodium dodecyl sulfate, 100 pwg/ml
proteinase K, pH 8.0) at 55°C for 16 h. DNA was extracted
twice with phenol /chloroform /isoamyl alcohol (25:24:1),
and precipitated with 0.1 volume of 3 M sodium acetate
and 2 vals. of ethanol at —20°C. Precipitated DNA was
dissolved in TE buffer (1 mM Tris—HCI, 0.1 mM EDTA-
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2Na, pH 7.5) containing 20 wg/ml of RNase, and incu-
bated at 37°C for 30 min. Electrophoresis of DNA was
performed in 1.4% agarose gel a 50 V for 3 h. After
electrophoresis, DNA was visualized by ethidium bromide
staining and photographed.

2.5. Satistical analysis

Results were analyzed for statistical significance by
means of Student’s unpaired t-test.
3. Results

3.1. Inhibition of the survival of rat eosinophils by dexa-
methasone

When rat eosinophils were incubated for 1 to 3 days in
the presence of 10°® M dexamethasone, their viability
declined time dependently (Fig. 1a), and was significantly
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Fig. 1. Effects of dexamethasone on the survival of rat peritoneal
eosinophils. (a) Rat peritoneal eosinophils (5x 10° cells) were incubated
for the periods indicated in the presence (closed squares) and absence
(open squares) of 107% M dexamethasone (Dex). (b) Rat peritoneal
eosinophils (5 10° cells) were incubated for 3 days in the presence of
various concentrations of dexamethasone. After incubation, the viability
of eosinophils was evaluated as the ability to exclude trypan blue dye.
Values are the means from four samples with S.E.M. shown by vertical
bars. Where bars are not shown, S.E.M. values are within the symbols.
Statistical significance: * * P < 0.01, * * * P < 0.001 vs. corresponding
control.

less than that of eosinophils incubated in the control
medium at all time points studied. Dexamethasone inhib-
ited the viability of eosinophils in a concentration-depen-
dent manner (107° to 10~ ® M) 3 days after incubation
(Fig. 1b). Dexamethasone, 1071° M, showed no signifi-
cant effect on the viability of rat eosinophils (data not
shown).

3.2. Prolongation of the survival of rat neutrophils by
dexamethasone

In contrast to its effects on rat eosinophils, dexametha-
sone allowed neutrophils to recover from the spontaneous
decrease in viability. As shown in Fig. 2a, when rat
neutrophils were incubated in the control medium, the
viability of the cells began to decrease 2 days after incuba
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Fig. 2. Effects of dexamethasone on the surviva of rat peritonea
neutrophils. () Rat peritoneal neutrophils (5% 108 cells) were incubated
for the periods indicated in the presence (closed squares) and absence
(open squares) of 1078 M dexamethasone (Dex). (b) Rat peritoneal
neutrophils (5x 10° cells) were incubated for 4 days in the presence of
various concentrations of dexamethasone. After incubation, the viability
of neutrophils was evaluated as the ability to exclude trypan blue dye.
Values are the means from four samples with S.E.M. shown by vertical
bars. Where bars are not shown, S.E.M. values are within the symbols.
Statistical significance: * * * P < 0.001 vs. corresponding control.



76 T. Nittoh et al. / European Journal of Pharmacology 354 (1998) 73-81

tion. However, the presence of dexamethasone in the
medium at 10~ M maintained viability at high levels until
4 days after incubation. Dexamethasone enhanced the sur-
vival of rat neutrophils in a concentration-dependent man-
ner (1071° to 10~ 8 M) and the effects reached a plateau at
1078 M 4 days after incubation (Fig. 2b). It was shown
that neutrophils (Fig. 2b) respond to much lower concen-
trations of dexamethasone than do eosinophils (Fig. 1b).

3.3. Effects of prednisolone and hydrocortisone on the
survival of rat eosinophils and neutrophils

To find if glucocorticoids other than dexamethasone
also affect the survival of eosinophils and neutrophils, the
effects of prednisolone and hydrocortisone were examined.
As shown in Fig. 3a, the viability of eosinophils cultured
for 3 days in the presence of 107 M prednisolone or
hydrocortisone was significantly lower than that of
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Fig. 3. Effects of various glucocorticoids on the survival of rat peritoneal
eosinophils and neutrophils. Rat peritoneal eosinophils (5x 108 cells) (a)
and neutrophils (5% 108 cells) (b) were incubated for the periods indi-
cated in the absence (open squares) and presence of 107 M (&) and
1078 M (b) of dexamethasone (Dex, closed squares), prednisolone (Pre,
closed circles) or hydrocortisone (Hyd, closed triangles). After incuba-
tion, the viability of the cells was evaluated as the ability to exclude
trypan blue dye. Vaues are the means from four samples with SEE.M.
shown by vertical bars. Where bars are not shown, S.E.M. vaues are
within the symbols. Statistical significance: * * * P < 0.001, control
group vs. corresponding Dex, Pre, or Hyd group.

eosinophils cultured in the control medium, and the effects
of prednisolone and hydrocortisone at 107 M were al-
most the same as that of dexamethasone at 10°® M. When
the effects of glucocorticoids were examined at 1078 M,
dexamethasone showed the most potent activity, followed
by prednisolone and hydrocortisone (viability of
eosinophils (% of control): dexamethasone, 68.9 + 1.9;
prednisolone, 88.6 + 3.3; hydrocortisone, 100.1 + 2.4,
means + S.EE.M. from four samples). In contrast, when
neutrophils were incubated in the presence of 1078 M
prednisolone or hydrocortisone for 4 days, their viability at
2 to 4 days were significantly greater than that of the
control (Fig. 3b). At 10~8 M, the effects of prednisolone
and hydrocortisone were almost the same as those of
dexamethasone. However, when the effects of glucocorti-
coids were examined at 10~° M, dexamethasone showed
the most potent activity, followed by prednisolone and
hydrocortisone (viability of neutrophils (% of control):
dexamethasone, 169.3 + 1.4; prednisolone, 114.3 +5.5;
hydrocortisone, 109.3 + 4.3, means+ SEE.M. from four
samples). These findings suggested that glucocorticoids
commonly prolong the lifespan of rat neutrophils and
shorten that of rat eosinophils.

3.4. Effects of sex steroids on the survival of rat eosinophils
and neutrophils

To investigate whether non-glucocorticoid hormones
show the same effects as glucocorticoids, the effects of
estradiol and progesterone on the survival of rat eosinophils
and neutrophils were examined. Estradiol and proges-
terone, both 107° M, had no effect on the survival of rat
eosinophils (Fig. 4a), and at 108 M showed no effect on
the survival of rat neutrophils (Fig. 4b). These observa
tions suggested that the non-glucocorticoid hormones did
not affect the survival of rat eosinophils and neutrophils.

3.5. Effects of dexamethasone on DNA fragmentation of
rat eosinophils and neutrophils

Because dexamethasone had different effects on the
survival of rat eosinophils and neutrophils (Figs. 1 and 2),
we investigated whether dexamethasone affects DNA frag-
mentation of rat eosinophils and neutrophils. After incuba
tion for the periods indicated in the presence or absence of
dexamethasone, DNA was extracted from eosinophils and
neutrophils, and fragmentation of DNA due to internucleo-
somal cleavage was determined. Incubation of eosinophils
in the absence of dexamethasone induced faint fragmenta
tion of DNA at 12 h, which became prominent at 24 h
(Fig. 5a). However, in the presence of dexamethasone
(10® M), the typical ladder patterns characteristic of
apoptotic cells were observed at 12 h (Fig. 5a), suggesting
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Fig. 4. Effects of estradiol and progesterone on the survival of rat
peritoneal eosinophils and neutrophils. Rat peritoneal eosinophils (5x 108
cells) (8 and neutrophils (5x 108 cells) (b) were incubated for the
periods indicated in the absence (open squares) and presence of 1076 M
(@ and 1078 M (b) of estradiol (Est, closed squares) or progesterone
(Pro, closed circles). After incubation, the viability of the cdlls was
evaluated as the ability to exclude trypan blue dye. Values are the means
from four samples with SEE.M. shown by vertical bars. Where bars are
not shown, S.E.M. values are within the symbols.

that apoptosis of eosinophils was enhanced by dexametha-
sone. In contrast, DNA fragmentation of neutrophilsin the
absence of dexamethasone was faint at 24 h and became
prominent 36 h after incubation (Fig. 5b). In the presence
of dexamethasone (1078 M), DNA fragmentation of neu-
trophils was inhibited at 24 and 36 h, suggesting that
dexamethasone inhibits apoptosis of rat neutrophils.

3.6. Effects of various steroid hormones on DNA fragmen-
tation of rat peritoneal eosinophils and neutrophils

Because dexamethasone was shown to enhance DNA
fragmentation of eosinophils (Fig. 5a) and inhibit that of
neutrophils (Fig. 5b), the effects of other glucocorticoids,
prednisolone and hydrocortisone, and sex steroids, estra-
diol and progesterone were examined. Among the steroids
examined, glucocorticoids including dexamethasone, pred-
nisolone, and hydrocortisone at 107® M enhanced DNA
fragmentation of rat peritoneal eosinophils at 12 h (Fig.
6a). However, at 10°® M, progesterone and estradiol

which are not glucocorticoid hormones, showed no effect
on DNA fragmentation of eosinophils at 12 h (Fig. 6a).

In contrast, DNA fragmentation of neutrophils was
inhibited by the glucocorticoid hormones, dexamethasone,
prednisolone and hydrocortisone at 1078 M when exam-
ined 36 h after incubation (Fig. 6b) while, at 1078 M,
progesterone and estradiol, which are not glucocorticoid
hormones, showed no effect on DNA fragmentation of
neutrophils (Fig. 6b). These findings are strong indications
that glucocorticoid hormones enhance apoptosis of rat
peritoneal eosinophils and inhibit apoptosis of rat peri-
toneal neutrophils.

3.7. Effects of mifepristone on the viability and DNA
fragmentation of rat eosinophils and neutrophils

To clarify whether the effects of glucocorticoids on the
viability and DNA fragmentation of eosinophils and neu-
(a) Eosinophils
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Fig. 5. Effects of dexamethasone on DNA fragmentation of rat peritoneal
eosinophils and neutrophils. Rat peritoneal eosinophils (5% 10° cells) (a)
and neutrophils (5% 108 cells) (b) were incubated for the periods indi-
cated in the absence (—) and presence (+) of the concentrations of
dexamethasone (Dex) as shown. After incubation, total genomic DNA
was extracted from the cells and electrophoresed in a 1.4% agarose gel.
DNA size marker standards (S, A phage DNA digested by HindlIl) were
electrophoresed with the genomic DNA. Similar results were obtained in
three independent experiments.
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Fig. 6. Effects of various steroids on DNA fragmentation of rat peritoneal
eosinophils and neutrophils. Rat peritoneal eosinophils (5x 108 cells) (a)
and neutrophils (5x 108 cells) (b) were incubated for the periods indi-
cated in the absence (—) and presence (+) of the concentrations of
dexamethasone (Dex), prednisolone (Pre), hydrocortisone (Hyd), estradiol
(Est), or progesterone (Pro) as shown. After incubation, total genomic
DNA was extracted from the cells and electrophoresed in a 1.4% agarose
gel. DNA size marker standards (S, A phage DNA digested by Hindlll)
were electrophoresed with the genomic DNA. Similar results were ob-
tained in three independent experiments.

trophils are mediated via the glucocorticoid receptor, we
examined the effects of mifepristone, a glucocorticoid
receptor antagonist. As shown in Fig. 7a, incubation of
eosinophils in the presence of dexamethasone at 10 M
for 3 days decreased the viabhility of eosinophils, but in the
presence of dexamethasone (107° M) and mifepristone,
the dexamethasone-induced decrease of eosinophil viabil-
ity was alleviated by mifepristone at 107 M and 107° M,
in a concentration-dependent manner. At 10~° M, mifepri-
stone completely blocked the effect of dexamethasone.
Mifepristone itself showed no effect on the viability of
eosinophils at 10°® M and 10°° M (Fig. 7a). DNA
fragmentation of rat eosinophils induced by dexametha-
sone (107% M) at 12 h was also inhibited by mifepristone
a 107° M (Fig. 8a).

On the other hand, the greater viability of rat neu-
trophils maintained by dexamethasone 10~8 M for 4 days
was decreased by mifepristone 107’ M and 10 ® M in a
concentration-dependent manner (Fig. 7b). Mifepristone
1075 M completely blocked the effect of dexamethasone

1078 M. Mifepristone itself, at 107 M and 10 ¢ M,
showed no effect on the viability of neutrophils (Fig. 7b).
Treatment with dexamethasone at 10°8 M for 36 h sup-
pressed DNA fragmentation of neutrophils, but in the
presence of mifepristone at 10~® M and dexamethasone at
1078 M, DNA fragmentation of neutrophils was induced
(Fig. 8b). The effects of prednisolone and hydrocortisone
at 10°° M on the viability and DNA fragmentation of rat
eosinophils were also antagonized by mifepristone at 10~ °
M (data not shown). In addition, effects of prednisolone
and hydrocortisone at 1078 M on the viability and DNA
fragmentation of rat neutrophils were also antagonized by
mifepristone at 10°® M (data not shown). These findings
indicate that the effects of dexamethasone on the viability

(a) Eosinophils

100
< 807 Wi
E 60 #itHt
E 40 - % %k
> 4
20 1
0 T . T . x
Dex (M) 0o o 0 10€ 106 10°
Mif (M) 0 10€ 105 0 106 105
(b) Neutrophils
100
§ 80 - * %k
Z 60
5 id
o 7 e sl
S 407 _ #i#
20 A
0 ; : : :
Dex (M) 0o o0 0 108 108 108
Mif (M) 0 107 106 0 107 10%®

Fig. 7. Effects of dexamethasone and mifepristone on the survival of rat
peritoneal eosinophils and neutraphils. Rat peritoneal eosinophils (5x 108
cells) (a) and neutrophils (5 108 cells) (b) were incubated for 3 days (a)
and 4 days (b), respectively, in the presence of the concentrations of
dexamethasone (Dex) and mifepristone (Mif) as shown. After incubation,
the viability of the cells was evaluated as the ability to exclude trypan
blue dye. Values are the means from four samples with S.E.M. shown by
vertical bars. Statistical significance: * * * P < 0.001 vs. Dex 0 M and
Mif 0 M, ###P < 0.001 vs. corresponding Mif contral.
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Fig. 8. Effects of dexamethasone and mifepristone on DNA fragmentation
of rat peritonea eosinophils and neutrophils. Rat peritoneal eosinophils
(5% 10° cells) (a) and neutrophils (5% 10° cells) (b) were incubated for
the periods indicated in the absence (—) and presence (+) of the
concentrations of dexamethasone (Dex) and mifepristone (Mif) as shown.
After incubation, total genomic DNA was extracted from the cells and
electrophoresed in a 1.4% agarose gel. DNA size marker standards (S, A
phage DNA digested by Hindlll) was electrophoresed with the genomic
DNA. Similar results were obtained in three independent experiments.

and DNA fragmentation of rat eosinophils and neutrophils
are mediated via the glucocorticoid receptor.

4. Discussion

Upon inflammation of tissues, numerous |leukocytes
infiltrate into the inflammatory site. The functions of infil-
trated leukocytes are enhanced more than those of periph-
eral blood leukocytes; for example, production of superox-
ide (Watson et al., 1997) and nitric oxide (Miles et al.,
1995) in rat neutrophils, and production of tumor necrosis
factor-a (Costa et al., 1993) and granulocyte—macrophage
colony-stimulating factor (Sullivan and Broide, 1996) in
human eosinophils. It is also reported that the survival rate
of peripheral blood neutrophils and that of extravasated
neutrophils differ (Tsuchida et al., 1995; Watson et al.,

1997). Extravasated neutrophils survive longer than pe-
ripheral blood neutrophils because apoptosis of neutrophils
is inhibited by stimulation with the adhesion molecule,
CD11b (Coxon et al., 1996; Watson et a., 1997) and
CD1la (Watson et a., 1997). Meagher et al. (1996) have
reported that glucocorticoids have opposing effects on the
survival of human peripheral blood eosinophils and neu-
trophils because they enhance eosinophil apoptosis but
decrease neutrophil apoptosis. In the present study, we
investigated whether the survival of extravasated
eosinophils and neutrophils is similarly affected by gluco-
corticoids.

It was demonstrated that dexamethasone inhibited the
survival of rat eosinophils extravasated into the peritoneal
cavity (Figs. 1 and 3a) and enhanced survival of ex-
travasated neutrophils (Figs. 2 and 3b) incubated in the
absence of survival-enhancing factors. These findings are
consistent with those obtained when human periphera
blood eosinophils (Meagher et al., 1996) and neutrophils
(Cox, 1995; Liles et al., 1995; Meagher et d., 1996) were
incubated in the absence of the survival-enhancing factors.
The EC, of dexamethasone for the prolongation of neu-
trophil survival and the inhibition of eosinophil surviva
was calculated to be 6.4 107° M and 1.5X 1078 M,
respectively. Neutrophils responded to dexamethasone at
much lower concentrations than did eosinophils (Figs. 1
and 2), indicating that glucocorticoids at concentrations
that inhibit eosinophil survival prolong neutrophil survival.
It was suggested that the effects of glucocorticoids on the
survival of rat eosinophils and neutrophils are mediated via
the glucocorticoid receptor because mifepristone (Chobert
et al., 1983), a glucocorticoid receptor antagonist, inhibits
the effect of glucocorticoids, as it does in human
eosinophils and neutrophils (Cox, 1995; Meagher et 4.,
1996).

It was also suggested that glucocorticoids induce apop-
tosis of eosinophils extravasated into the peritoneal cavity
of rats (Figs. 1 and 3a. It is reported that glucocorticoids
induce eosinophil apoptosis in the presence of survival-en-
hancing cytokines such as interleukin-3, interleukin-5 and
granul ocyte—macrophage colony-stimulating factor (Lamas
et a., 1991; Walen et a., 1991; Her et al., 1991;
Hallsworth et al., 1992) and in the absence of these
cytokines (Meagher et al., 1996). In contrast, higher con-
centrations of these cytokines inhibit the effect of gluco-
corticoids on eosinophil surviva (Lamas et al., 1991;
Wallen et al., 1991; Her et a., 1991). However, it has been
reported that glucocorticoids activate apoptosis-inducing
proteases such as caspase-1 (interleukin-13-converting en-
zyme) in lymphoblastic leukemia cells (Geley et al., 1997)
and T cells (Moreno et al., 1996) and caspase-3 (CPP-32,
Yama, apopain) (Miyashita et al., 1997) in a B cdll line.
Helmberg et al. (1995) have demonstrated that glucocorti-
coids have an apoptotic effect on Jurkat cells by inhibiting
AP-1 transcriptional activity and not by inducing the genes
correlated with apoptosis, using transcriptional activation-
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deficient glucocorticoid receptor mutants. The same mech-
anism might be involved in the induction of apoptosis by
glucocorticoids of rat eosinophils extravasated from capil-
lary vessals.

In contrast, glucocorticoids markedly inhibit the sponta-
neous apoptosis of rat neutrophils extravasated to the
peritoneal cavity (Fig. 5b), indicating that glucocorticoids
affect the survival of rat eosinophils and neutrophils by
differential modulation of their apoptosis. Glucocorticoids
prolonged neutrophil survival at very low concentrations
(Fig. 2b and Fig. 3b), suggesting that, at physiological
concentrations, they act as an endogenous neutrophil sur-
vival factor as well as granulocyte colony-stimulating fac-
tor and granulocyte—macrophage col ony-stimulating factor
(Colotta et d., 1992). Dexamethasone, a synthetic gluco-
corticoid, inhibits not only spontaneous apoptosis but also
Fas/Fas ligand-induced apoptosis of human peripheral
blood neutrophils (Liles et al., 1996). Meagher et 4.
(1996) demonstrated that cortisol, an endogenous glucocor-
ticoid, also prolongs the survival of human peripheral
blood neutrophils. Recently, it has been reported that the
effect of glucocorticoids on the prolongation of neutrophil
survival needs new gene expression and protein synthesis
(Cox and Austin, 1997). However, the precise mechanism
by which glucocorticoids differentially affect the survival
of eosinophils and neutrophils remains to be elucidated.

In conclusion, glucocorticoids have contradictory ef-
fects on the survival of rat eosinophils and neutrophils that
have infiltrated into the peritoneal cavity. Glucocorticoids
inhibited the survival of eosinophils but prolonged that of
neutrophils by modulating apoptosis via the glucocorticoid
receptor. These findings indicate that eosinophils and neu-
trophils extravasated to inflammatory sites from capillary
vessels respond to glucocorticoids like peripheral blood
eosinophils and neutrophils. This report is the first to
describe the effects of glucocorticoids on the survival and
apoptosis of extravasated eosinophils and neutrophils.
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