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The mouse model of pleurisy induced by carrageenan is char-
acterized by a significant enhancement of cell migration due to
neutrophils 4 h after pleurisy induction. Forty-eight hours after
pleurisy induction, a significant increase in cell migration due to
mononuclear cells occurs. Recently, studies in our laboratory have
demonstrated that cyclosporine A (CsA) inhibits leukocyte migra-
tion in the pleural cavity and lungs in the mouse model of pleurisy
induced by carrageenan. In the present work we evaluated whether
CsA was able to downregulate CD11a/CD18 adhesion molecule
in the lungs, as well as TNFo. and IL-1P levels in the fluid leakage
of the pleural cavity in this model. Our results showed that CsA
significantly decreased CD11a/CD18 in the lungs, as well as TNFo.
and IL-1J levels in the fluid leakage of the pleural cavity 4 h and
48 h after pleurisy induction. It is our hypothesis that the inhib-
itory effect elicited by CsA upon these adhesion molecules may
be also be attributed to the downregulation of TNFa and IL-1f3
cytokines.

Introduction

Cell adhesion is critical for the genesis and maintenance of tissue
structure and function. The complex adhesion molecule CD11a/
CD18 heterodimer are expressed in neutrophils,! monocytes,
macrophages and other cells.? In fact, these adhesion molecules have
an essential role in leukocyte recognition through the endothelium
and extracellular matrix at the site of inflammation. Furthermore,
adhesion molecules control the trafficking of leukocytes to the site
of the inflammatory process by means of a firm membrane adhe-
sion between leukocyte and endothelium. In this context, Wilson
et al.® and also Carlos and Harlan’ had demonstrated that CD11a/
CD18 is an important adhesion molecule involved in the leukocyte
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chemotaxis during the inflammatory process. Further, Takeshita
et al.3 had also shown that this heterodimer protein is the most
important adhesion molecule involved in the leukocyte influx at the
site of the inflammatory reaction.

Moreover, proinflammatory mediators such as cytokines (TNFa
and IL-1P) are some of the many other mediators responsible for
inducing adhesion molecule and leukocyte chemotaxis.” These
cytokines profoundly affect structural and functional cells, promoting
cellular chemotaxis and other responses.'? Further, studies from Frode
et al.!! as well as from Cailhier et al.'? and Mazzon and Cuzzocrea'?
had shown that these two cytokines (TNFo. and IL-1[) are the prior
mediators involved in the inflammatory response, and the leukocytes
are known to be both the source and the target of these cytokines in
the mouse model of pleurisy induced by carrageenan.

Many studies have been carried out to investigate new drugs with
antiinflammatory properties by inhibiting adhesion molecules. One
of the most promising antdinflammatory drugs is cyclosporine A
(CsA), an immunosuppressive drug that inhibits the production of
proinflammatory cytokines.'4

Today, CsA is used in allografting, particularly in organ transplan-
tation.!>"17 Studies have addressed the antiinflammatory properties
of CsA, especially in autoimmune diseases, such as rheumatoid
arthritis,'® bronchial asthma,'® Crohn’s disease?” and psoriasis.?!

In the present study, following the investigation of the antiinflam-
matory effect of CsA,2223 we evaluated whether CsA was able to
downregulate CD11a/CD18 adhesion molecule in the lungs, as well
as TNFo. and IL-1 in the fluid leakage of the pleural cavity, using
the mouse model of pleurisy induced by carrageenan.

Results

Effect of cyclosporin A on CD11a/CD18 adhesion molecule in
the lungs. At the studied doses (1 mg/kg and 2 mg/kg), CsA signifi-
cantly inhibited CD11a in the lungs in the first (4 h) (p = 0.0017)
and late (48 h) phases (p < 0.0001) of the inflammatory response
induced by carrageenan in mice. At the same condition, this drug
also decreased CD18 at 4 h (p < 0.0001) and 48 h (p = 0.0017)
(Figs. 1 and 2, Table 1).
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Figure 1. Inmunohistochemical location of CD11a/CD18 adhesion molecule in the lung in the early phase (4 h) of the inflammatory response induced by
carrageenan. (A) Negative control: animal treated with sterile saline only; (B) Positive controls of CD11a and (C) CD18: animals treated with carrageenan
only. Animals pretreated with cyclosporin A (1 mg/kg, i.p., 0.5 h) upon (D) CD11a and (E) CD18 adhesion molecule. Original magnification (x400). Each
figure is representative of four experiments performed on different experimental days. Arrows indicate positive CD11a and CD18.

Figure 2. Inmunohistochemical location of CD11a/CD18 adhesion molecule in the lung in the late phase (48 h) of the inflammatory response induced by
carrageenan. (A) Negative control: animal treated with sterile saline only; (B) Positive controls of CD11a and (C) CD18: animals treated with carrageenan
only. Animals pretreated with cyclosporin A (2 mg/kg, i.p., 1 h) upon (D) CD11a and (E) CD18 adhesion molecule. Original magnification (x400). Each
figure is representative of four experiments performed on different experimental days. Arrows indicate the positive CD11a and CD18.

Effects of cyclosporin A on TNFa and IL-1f levels. In the
first (4 h) phase of inflammation in the pleural cavity induced by
carrageenan, acute administration of CsA (1 mg/kg, i.p.) resulted in
a significant reduction of TNFa levels (% of inhibition: 85.3 + 10)
(p = 0.0185) (Fig. 3A) and also the IL-1B levels (% of inhibition:
43.3 + 16) (p = 0.0482) (Fig. 3B) in the fluid leakage of the pleural
cavity. In the second phase of this inflammatory process (48 h later),
Cyclosporin A (2 mg/kg, i.p.) also significantly inhibited TNFa. (%
of inhibition: 20 + 2.6) (p = 0.0489) (Fig. 3C) and IL-1 levels (%
of inhibition: 62.4 + 5.5) (p = 0.0003) (Fig. 3D).

It is worth noting that the degree of IL-1f3 reduction did not differ
between the analyzed periods of time. In contrast, TNFa reduction
was more significant at 4 h than 48 h.

232 Cell Adhesion & Migration

Table 1 Effect of cyclosporine A upon CD11a/CD18
expression in the lungs in the two phases (4 h
and 48 h) of mouse pleurisy induced by
carrageenan

Adhesion molecules
4h 48 h

Groups CD11a D18 CD1la (O1H]

C 1 2 4 4

CsA (1 or 2 mg/kg) 0 0 2 3

p value 0.0017 <0.0001 <0.0001 0.0017

Data are reported as scores on a scale of 0 to 3, with 0 = none, 1 = mild, 2 = moderate and 3 = severe,
in accordance with Motohiro et al., (1996); Lossos et al., (2000). Control = C = animals treated only with
carrageenan (1%), CsA = animals pretreated with cyclosporin A: 1 mg/kg (4 h) or 2 mg/kg (48 h). Five
slides of a pool of lungs were analysed. p = Significance between C and CsA groups.
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Figure 3. Effects of cyclosporin A upon inflammation in the murine model of pleurisy induced by carrageenan. (A) TNFo and (B) IL-1B levels in the early
(4 h) phase and (C) TNFo. and (D) IL-1B levels in the late (48 h) phase. CsA: Effects of cyclosporin A (1 or 2 mg/kg, i.p.) administered 0.5 h or 1 h before
carrageenan on the pleurisy induced in animals at 4 h or 48 h, respectively. Sal: Negative control: animals treated with sterile saline only; Cg: Positive
control: animals treated with carrageenan only. Each column represents the mean of five animals and the vertical bars the SEM. p < 0.05 mean statistical

differences between controls and experimental groups.

Discussion

Previous studies in our laboratory had demonstrated that
cyclosporine A inhibits neutrophil and mononuclear influx into
the pleural cavity. A similar inhibition of influx into the lungs was
observed by Dalmarco et al.?>23 in the mouse model of pleurisy
induced by carrageenan. In this present work, using the same experi-
mental model, we have demonstrated that CsA significantly inhibits
the heterodimer CD11a/CD18 in the lungs. Our results are in accor-
dance with Takeshita et al.® who has also demonstrated that CD11a/
CD18 is the most important protein adhesion molecule involved
in the leukocyte migration from blood and other tissue compart-
ments to the pleural cavity and lungs in the mouse model of pleurisy
induced by carrageenan.

We also demonstrated that CsA elicited a pronounced inhibi-
tory effect upon proinflammatory cytokines such TNFo and IL-13,
which are potent mediators that trigger chemotaxis of the leukocytes
in inflammatory processes.>2> In this context, previous studies' 13
had also shown that these two cytokines are the prior mediators
involved in the inflammatory response as well as the inflammation
caused by carrageenan in the mouse model of pleurisy and the leuko-
cytes are targets of TNFot and IL-1f.

www.landesbioscience.com

In inflammation, leukocyte function is closely linked with cell
adhesion and cytokine production that facilitate migration to the
inflammatory site. Our findings are in agreement with those of
other studies which have demonstrated that CsA inhibits inflamma-
tion through a variety of mechanisms including downregulation of
CD11a/CD18 adhesion molecule. Charreau et al.2° have demon-
strated that CsA inhibits neutrophil adhesion molecules (E-selectin
and ICAM-1) in the inflammation induced by either LPS or TNFa
in porcine endothelial cells. Likewise, CsA has also been shown
to inhibit proinflammatory mediators, leukocyte migration and/
or adhesion molecule in some other in-vivo and in-vitro experi-
ments.>’3% In this context, Farivar et al.3! have demonstrated that
this modulatory effect of CsA upon leukocyte migration and adhe-
sion molecules occurs via inhibition of nuclear factor transcription
(NFkappaB and EGR-1) in rat pulmonary artery endothelial cells.
These findings are also in agreement with a great variety of clinical
studies which have demonstrated a significant reduction of adhe-
sion molecules either in the endothelial cells or in the leukocytes.??
However, the molecular basis of this effect needs further study.

In fact, CsA’s effects upon cytokine production are well known.
The main result of the present work was that acute pretreatment
with this drug inhibited both TNFo and IL-1B. However, the degree
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of inhibition was not similar for both cytokines. In this bimodal
model of inflammation, with different patterns of cell migration and
consequently of proinflammatory mediator expression, the degrees of
inhibition of IL-1P levels at both 4 h and 48 h were similar, but not
for TNFoa.. Again, these differences highlight different patterns of the
antiinflammacory effects of CsA.

In conclusion, the results of this study demonstrate that CsA can
acutely decrease the leukocyte adhesion molecules CD11a/CD18,
an effect that is linked to traffic of the cells to the inflammatory site
and production of proinflammatory cytokines that are responsible
for the intercellular communication and for controlling the inner
environment of the cells. Its our hypothesis that the inhibitory effect
elicited by CsA upon these adhesion molecules is also attributable to
the downregulation of TNFo and IL-1f cytokines.

Material and Methods

Animals. Swiss mice, weighing 18-25 g, were housed under
standardized conditions (room at a constant temperature of 22 +
2°C with alternating 12 h periods of light and darkness, humidity
50-60%) and were fed on a standard mouse diet with water
ad libitum before use. This study was approved by the Committee
for Ethics in Animal Research of our university (protocol number:
23080.001032/2001-74).

The following groups of animals were studied: (1) untreated and
(2) pretreated with cyclosporin A prior to carrageenan-induced pleu-
risy (n = 5). In parallel, three animals that had received an injection
of either sterile saline (NaCl, 0.9%) via intrapleural (i.pl.) route or
cyclosporin A via intraperitoneal (i.p.) route were included in each
experimental group.

Experimental protocol. Pleurisy caused by carrageenan (0.1%,
i.p.)33 exhibits a biphasic response (4 h and 48 h). Thus, both
interval-points were chosen to analyse the CD11a/CD18 adhesion
molecule in the lungs, as well as TNFa and IL-1P levels in the fluid
leakage of the pleural cavity.

Doses of cyclosporin A were chosen as previously established.?%23
Briefly, the doses of 1 mg/kg and 2 mg/kg (1 h and 0.5 h before) of
cyclosporine (i.p.) were effective in significantly inhibiting neutro-
phil and mononuclear influxes to the pleural cavity, 4 h and 48 h
after pleurisy induction.

Immunohistochemical analysis. At the established time-intervals
(4 h and 48 h) following pleurisy induction, the lungs were removed,
washed in phosphate buffered saline (PBS: NaCl 137 mM, KCI 2
mM and phosphate buffer 10 mM, pH 7.6) and placed in 2 ml of
buffered formalin (10%) for 48 h. Immunostaining of lung sections
was conducted using a Dako Envision System (Dako, Carpinteria,
CA, USA) according to the manufacturer’s instructions. In brief,
endogenous peroxidase activity was blocked with distilled water
and the slides were incubated for 1 h with rat antimouse primary
antibody against CD11la or CDI18 adhesion molecules (Sigma-
Aldrich, St. Louis, Missouri, USA) diluted 1:50 in TRIS-HCL
buffer (composition: TRIS 13.9 g; TRIS-HCL 60.6 g, NaCl 87.66
g, pH 7.6) at 36-37°C, in a humid chamber. After two washes in
automation buffer (PBS) the sections were incubated with IgG/
IgM secondary antibodies (Dako, Carpinteria, CA, USA) for 25
min at room temperature in a humid chamber. The slides were then
incubated with peroxidase-conjugate (Dako, Carpinteria, CA, USA)
for 25 min at room temperature in a humid chamber. Following
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another wash in automation buffer, sections were stained with the
DAB chromogen (diaminobenzidine; Dako, Carpinteria, CA, USA).
Counterstaining was performed with hematoxylin and sections were
examined in a blinded fashion by a pathologist. At least four slides
per group were analyzed.

Quantification of TNFo and IL-1B. Samples of the pleural
fluid leakage obtained from carrageenan-treated animals only
and animals pretreated with CsA were collected and immediately
prepared for the analysis of cytokine levels. In parallel, negative
control specimens from animals injected with sterile saline alone
were included. In this protocol, commercially available kits were
used with monoclonal antibodies for each cytokine. The cytokine
levels were measured by enzyme-linked immunosorbent assay
(ELISA), using Bioscience Pharmigen, USA (for TNFa) and
Immuno Biological Laboratories Co., Ltd., Japan (for IL-1B) kits
according to the manufacturers’ instructions. The ranges of the
values detected by these assays were: TNFa (5-2000 pg/mL) and
IL-1B (100-6400 pg/mL). The intra- and interassay coefficients of
variation (CV) for TNFo and IL-1[ were: intra CV: TNFo = 7.8 +
0.9% and IL-1PB = 6.2 + 0.4%; inter CV: TNFo = 9.6 + 2.1% and
IL-1B = 5.1 + 0.6% with sensitivities of TNFa. = 5 pg/ml and IL-1P
= 1.67 pg/ml. Using an ELISA plate reader (Organon Teknika,
Roseland, NJ, USA), all cytokine concentrations were estimated
by means of colorimetric measurement at 450 mn by interpolation
from a standard curve.

Drugs and reagents. The following drugs and reagents were
used: cyclosporin A (Sandimmun, Novartis, Basel, Switzerland);
lambda carrageenan (grade IV), monoclonal rat antimouse CD11a
and CD18 antibodies (Sigma-Aldrich, St. Louis, Missouri, USA);
hematoxylin, xylene and Entellan (Merck, Armstard, Germany);
diaminobenzidine (DAB) (ACROS-Organics, New Jersey, USA);
ethyl ether (Dinamica, Sao Paulo, Brazil); IgG/IgM secondary
antibodies, streptavidin-biotin-peroxidase (Dako, Carpinteria, CA,
USA), enzyme-linked immunosorbent assay (ELISA) for quantita-
tive determination of mouse TNFo. (BD—Biosciences Pharmingen,
San Diego, CA, USA) and mouse IL-1B (IBL-Immuno Biological
Laboratories Co., Ltd., Fujioka, Gunma, Japan). Other reagents used
were of analytical grade and were obtained from different commercial
sources.

Statistical analysis. The TNFa and IL-1f levels were reported
as mean + SEM. Significant differences between groups were
determined by analysis of variance (ANOVA) complemented with
Dunnetts and/or Student’s t tests. In experiments involving immu-
nohistochemical analysis, the figures shown are representative of at
least four experiments performed on different experimental days.
Data from the immunohistochemical studies are reported as scores.
The scores are on a scale of 0 to 3, with 0 = none, 1 = mild, 2 =
moderate and 3 = severe.3%35 Statistical differences between these
groups were determined using ANOVA (Kruskal-Wallis) and the
Mann Whitney U-test. The differences were considered to be signifi-
cant at p < 0.05.
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