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Systemic administration of interleukin-2 inhibits inflammatory
neutrophil migration: role of nitric oxide
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1 Interleukin-2 (IL-2) has proinflammatory properties that limit its therapeutic use. Its side effects
are mainly explained by the induction of a vascular leakage syndrome. Cytokines, as TNF-a and
IL-1p, and nitric oxide (NO) generated by IL-2-activated leukocytes play a role in this defect.

2 As the systemic release of these mediators inhibits neutrophil migration to a specific inflammatory
site, we investigated now whether IL-2 administrated systemically inhibits the neutrophil recruitment
to the inflamed peritoneum. The involvement of NO in the process was also addressed.

3 Using peritoneal neutrophils, we show that the intravenous treatment of the mice with IL-2
inhibits the neutrophil migration induced by carrageenin, LPS or fMLP. In confirmation, IL-2-treated
mice showed a significant reduction in leukocyte rolling and adhesion in mesenteric microcirculation
evaluated after carrageenin, LPS and fMLP injections. Aminoguanidine prevented the inhibitory
effect of IL-2 on carrageenin-induced neutrophil migration, rolling and adhesion. In contrast, IL-2
failed to reduce the lung leukocyte infiltration induced by LPS. Therefore, IL-2 inhibition of
neutrophil migration is organ specific.

4 Our results indicate that IL-2 administered systemically inhibits neutrophil recruitment to some
inflammatory sites through a mechanism dependent on NO. The results also reinforce the needs to
determine the mechanism by which patients treated with IL-2 show increased risks of infection.
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Introduction

The cytokine IL-2 is crucial for the maintenance of immune
homeostasis and exhibits proinflammatory activities (Theze
et al., 1996; Becknell & Caligiuri, 2005; Sinkovics & Horvath,
2005). IL-2 also stimulates the production of TNF-o, IFN-y
and GM-CSF (Wallays & Ceuppens, 1993; De Sanctis et al.,
1997). Therapeutic use of IL-2 in oncology (renal cell
carcinoma and melanoma) (Philip, 1998; Schrader et al.,
2005) and in patients with HIV infection (Smith, 2001; David
et al., 2001; 2002; Natarajan et al., 2002; Terao et al., 2005) is
limited by its dose-dependent toxicity, which is associated with
vascular leak syndrome (VLS). VLS is characterized by an
increased vascular permeability and decreased microcircula-
tory perfusion, leading to interstitial edema and eventually to
multiple organ failure within 2-24 h after IL-2 administration
(Baluna & Vitetta, 1997; Carey et al., 1997; Locker et al.,
1999). Increased circulating cytokines, such as TNF-o, IL-1,
IL-6 and IFN-y, are observed during rIL-2 infusion in human
(Baluna & Vitetta, 1997), and monoclonal antibodies to TNF-
o reduce VLS (Fraker er al., 1989). We and others have
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demonstrated that natural killer cells, lymphocytes and
neutrophils are critical for IL-2-induced VLS (Lentsch et al.,
1999; Assier et al., 2004). Moreover, studies demonstrated that
IL-2-induced VLS is mediated by nitric oxide (NO), as
inhibitors of NO synthase ameliorate VLS (Orucevic & Lala,
1996a, b; Orucevic et al., 1997; Lentsch et al., 1998).

During the course of our studies on sepsis, we suggested that
excessive systemic release of proinflammatory cytokines/
chemokines, including TNF-o and IL-8, and concomitant
increase in NO derived from inducible nitric oxide synthase
(INOS) leads to the paralysis of neutrophil migration to the
infectious focus (Benjamim et al., 2000; 2002; Crosara-Alberto
et al., 2002; Alves-Filho et al., 2005). Later, we demonstrated
that the intravenous (i.v.) administration of TNF-a or IL-8
inhibits the neutrophil migration through the activation of
L-arginine/NOS/NO mechanism (Tavares-Murta et al., 1998).
Neutrophil paralysis and reduction of rolling/adhesion found
in severe sepsis were not observed in iNOS-deficient mice nor
in mice treated with aminoguanidine (amino), a selective iNOS
inhibitor (Benjamim et al., 2000; 2002). Thus, although the
production of cytokines, chemokines and NO in the infectious
site is fundamental to control the infection, as they induce
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leukocyte migration and activation, the overproduction of
these mediators systemically might be involved in the failure
of neutrophil migration to the infection focus and in the
deleterious pathophysiology found in sepsis.

During IL-2 therapy, an increased incidence and severity of
bacterial infections is observed, especially in patients requiring
i.v. catheters (Bock et al., 1990; Snydman et al., 1990). These
findings prompted us to investigate whether IL-2 inhibits the
neutrophil ability to migrate to inflammatory site. Accord-
ingly, we studied whether IL-2 administrated systemically
inhibits the neutrophil recruitment to an inflammatory site and
the possibility that NO participates in the process. We also
compared the ability of IL-2 to reduce neutrophil migration to
the peritoneal cavity and neutrophil sequestration to the lung.

Methods
Mice

C57BL/6 mice (weight 20-22¢g) obtained from the animal
facilities of the School of Medicine of Ribeirdo Preto were
housed in cages in temperature-controlled rooms and received
food and water ad libitum. All experiments were conduced in
accordance with local ethical guidelines.

Drugs

The drugs used in this study were IL-2 (Aldesleukin; Chiron,
Amsterdam, The Netherlands). Lipopolysacharide (LPS),
N-formyl-methionyl-leucyl-phenylalanine (fMLP), carrageenin
(Cg), amino, Evans Blue, 3,3,5,5-tetramethylbenzidine
(TMB) and exadecyltrimethylammonium bromide (H-TAB)
(Sigma, St Louis, MO, U.S.A.).

Determination of serum nitrite concentration

The nitrate concentration in serum samples was determined by
enzymatic reduction of nitrate with nitrate reductase followed
by nitrite determination using the Griess method (Green et al.,
1982).

Protocols

Effects of the i.v. administration of IL-2 on neutrophil
migration into the peritoneal cavity Mice were pretreated
i.v. with the wvehicle (saline; 0.1ml) or IL-2 (30—
1000 ng mouse™"), and 15min later, they were injected intra-
peritoneally (i.p.) with PBS (0.2ml, control) or Cg
(500 ugmouse™"). Mice were also pretreated i.v. with saline
(0.1ml) or IL-2 (300 ng mouse™'), and 15 min later, they were
injected i.p. with PBS (0.2ml), LPS (200 ng mouse™') or fMLP
(100 nmol mouse™"). To evaluate the neutrophil migration into
the peritoneal cavities, the mice were killed 4h after the
inflammatory stimuli, and the cells were harvested with 3.0 ml
of PBS containing | mM EDTA. Total counts were performed
with a cell counter (Coulter AC T series analyzer; Coulter
Corp., Miami, FL, U.S.A.), and differential cell counts were
carried out on cytocentrifuge slides (Cytospin 3; Shandon
Southern Products, Astmoore, U.K.) stained by the May—
Griinwald-Giemsa (Rosenfeld) method. The results are
expressed as the number of neutrophils per cavity.

Effects of the i.v. administration of IL-2 on leukocyte
rolling and adhesion The mice were pretreated i.v. with
saline (0.1ml) or IL-2 (300ng), and 15min later, they were
injected i.p. with PBS (0.2ml), Cg (500 ng), LPS (200 ng) or
fMLP (100 nmol). The rolling and adhesion of leukocytes
were evaluated 2h later in the mesentery microcirculation
by intravital microscopy, as described (Fortes et al., 1991;
Benjamim ez al., 2002). Briefly, mice were anesthetized with
tribromoethanol (250 mgkg™') and the mesenteric tissues were
withdrawn for microscopic examination. The mice were
maintained on a special board thermostatically controlled
at 37°C, with a transparent platform on which the tissue to
be transilluminated was placed. The preparation was kept
moist and warm by irrigating the tissue with warmed (37°C)
Ringer Locke’s solution, pH 7.2-7.4, containing 1% gelatin. A
500-line television camera was incorporated onto a triocular
Zeiss microscope to facilitate observation of the enlarged
image ( x 3400) on the video screen. Images were recorded on
a video recorder with a long-distance objective ( x 40) with a
0.65 numerical aperture. Vessels selected for study were third-
order venules, defined according to their branch-order location
within the microvascular network. These vessels correspond to
postcapillary venules, with a diameter of 12-18 um. Rolling
leukocytes were defined as those white blood cells that moved
at a lower velocity than erythrocytes in the same stream. The
number of rolling leukocytes was determined at 10-min
intervals. These leukocytes moved at a sufficiently slow pace
as to be individually visible and were counted as they rolled
past a 100 um length of venule. A leukocyte was considered to
be adherent onto the venular endothelium if it remained
stationary for >30s. The number of adherent cells was
expressed as the number per 100 um? of venule.

Effect of inhibition of iINOS by amino on the inhibitory
effects of IL-2 upon neutrophil migration, rolling and
adhesion The mice were pretreated subcutaneous (s.c.) with
saline (0.2ml) or amino (50 mgkg™') (Benjamim et al., 2000;
Secco et al., 2003), and 15min later, they were injected with
saline or IL-2 (300ng) i.v. After 15min, PBS or Cg (500 ng)
was injected i.p. and neutrophil migration and leukocyte
rolling and adhesion were determined as described above.

Effect of IL-2 injected i.v. on LPS-induced lung leukocyte
sequestration The leukocyte sequestration in the lung
tissues was measured from total myeloperoxidase (MPO)
activity as described previously with slight modification (Souza
et al., 2001). Mice were injected i.v. with saline (0.1 ml) or IL-2
(300 ng), and 15min later, they were injected i.v. again with
LPS (200 ng). The mice were killed 4 h later and the lungs were
isolated and immediately flushed with 5ml of saline to wash
the blood. Then, lung tissues (50-100 mg) were homogenized in
two volumes of ice-cold buffer (0.1 M NaCl, 20mM NaPO,,
15mM Na EDTA), pH 4.7, and centrifuged at 3000 r.p.m. for
15min. The pellets were then subjected to hypotonic lysis
(900 gl of 0.2% NaCl solution followed 30s later by the
addition of an equal volume of a solution containing 1.6%
NaCl and 5% glucose). After a further centrifugation, the
pellets were resuspended in 200 ul of 50 mM NaPO, buffer, pH
5.4, containing 0.5% H-TAB. The homogenates were then
frozen and thawed twice and centrifuged again at 10,000 r.p.m.
for 15min at 4°C. MPO activity in the resuspended pellet was
assayed by measuring the change in absorbance at 450 nm
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using TMB (1.6mM) and H,O, (0.5mM). The results were
reported as the number of neutrophils in 100 mg of lung tissue
by comparing the absorbance of the tissue supernatants with
the absorbance of mouse peritoneal neutrophils processed in
the same way. To this end, neutrophil migration was induced
in the peritoneum of mice by injecting Cg (300 ug mouse™").
A standard curve relating a known neutrophil numbers with
the absorbance was obtained by processing purified neutro-
phils as described above and assaying for MPO activity.

Statistical analysis

The data are reported as the means+standard errors of the
means (s.e.m.) of values obtained from two different experi-
ments. The means of different treatments were compared by
analysis of variance (ANOVA). If significance was determined,
individual comparisons were subsequently tested with Bonfer-
roni’s t-test for unpaired values. A P-value of 0.05 or less was
considered significant.

Results

IL-2 injected i.v. inhibits the neutrophil migration to the
peritoneal cavity induced by Cg, LPS and fMLP

Firstly, we examined the effect of IL-2 on neutrophil migration
to the peritoneal cavity induced by Cg (500 ug), LPS (200 ng)
and fMLP (100nM). As more neutrophils migrate to the
peritoneal cavity 4h after Cg, LPS or fMLP injections (data
not shown), the experiments were carried on at this time.

Mice injected i.p. with the inflammatory stimuli in the
absence of IL-2 presented after 4h a marked neutrophil
migration in the peritoneal cavity. The i.v. pretreatment of the
mice with IL-2 dose-dependently (30-1000 ng mouse™") inhib-
ited the neutrophil migration induced by Cg (Figure la).
Moreover, IL-2 at 300ng also inhibited the neutrophil
migration induced by LPS and fMLP (Figure 1b).

1L-2 injected i.v. inhibits the leukocyte rolling and
adhesion induced by Cg, LPS and fMLP

As neutrophil migration depends on leukocyte rolling and
adhesion on the endothelial surface, we investigated these
parameters in mesenteric vessels in control and IL-2-pretreated
mice injected with Cg (Figure 2), LPS (Figure 3) and fMLP
(Figure 4). As the neutrophil migration to the peritoneal
cavity is optimal 4h after the inflammatory stimuli, we
evaluated the rolling and adhesion after 2h, in order to
observe the maximum effects. The mice were pretreated with
saline (0.1 ml, i.v.) or IL-2 (300 ng), and 10 min later, they were
injected i.p. with Cg (500ug), LPS (200ng) or fMLP
(100 nmol).

Confirming the findings with neutrophil migration, the
control mice injected i.p. with Cg, LPS or fMLP in the absence
of IL-2 presented a marked leukocyte rolling and adhesion
onto the mesenteric microcirculation. On the other hand, IL-2-
pretreated mice showed a significant reduction in leukocyte
rolling and consequently adhesion onto the mesenteric
microcirculation evaluated 2 h after Cg, LPS and fMLP. Thus,
inhibition by IL-2 of neutrophil migration correlates with the
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Figure 1 IL-2 injected i.v. inhibits the neutrophil migration to the

peritoneal cavity induced by Cg, LPS and fMLP. (a) The mice were
pretreated i.v. with saline (Sal, 0.1 ml) or IL-2 (30-1000 ng 0.1 ml~"),
and 15min later, they were injected i.p. with Cg (500 ug0.2mil™").
(b) The mice were pretreated i.v. with saline (Sal, 0.1 ml) or IL-2
(300ng 0.1 ml~"), and 15min later, they were injected i.p. with LPS
(200ng0.2ml™") or fMLP (100nmol0.2ml~"). The neutrophil
migration was evaluated 4 h later. First bars in both panels represent
the neutrophil migration induced by PBS injected i.p. The results are
means +s.e.m. of neutrophils per cavity (n=75). *P<0.05 compared
with PBS-injected group; #P<0.05 compared with Sal-treated
group. Analysis of variation followed by Bonferroni #-test.

reduction of leukocyte rolling and adhesion to the micro-
circulation endothelium.

Inhibition of NO production prevents the suppression by
IL-2 of Cg-induced rolling, adhesion and neutrophil
migration

Previous studies from our group (Tavares-Murta et al., 1998;
Benjamim ez al., 2000; Secco et al., 2003) demonstrated that
NO downmodulates the neutrophil migration into inflamma-
tory sites. This led us to investigate the participation of NO in
the inhibitory effect of IL-2 on neutrophil migration induced
by Cg. The mice were injected with vehicle (0.2ml s.c.) or
amino (50mgkg™"), a selective inhibitor of inducible NO
synthase (Misko et al., 1993), and 15min later, they were
injected with saline (0.1 ml) or IL-2 (300 ng) i.v. After 15min,
Cg (500 ug) was injected i.p. and neutrophil migration was
determined 6h later. Amino prevented inhibition by IL-2 of
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Figure 2 IL-2 injected i.v. inhibits the leukocyte rolling and
adhesion induced by Cg. The mice were pretreated i.v. with saline
(Sal, 0.1ml) or IL-2 (300ng0.1 ml™"), and 15min later, they were
injected i.p. with Cg (500 ug0.2ml™"). The rolling and adhesion of
leukocyte were evaluated 2 h after in the mesentery microcirculation
by intravital microscopy (n=5: 2 venules mice™"). First bars in both
panels represent the rolling and adhesion of leukocyte induced by
PBS injected i.p, respectively. The results are means+s.e.m. of
rolling or adhered leukocyte. * P<0.05 compared with PBS-injected
i.p. groups. *P<0.05 compared with Sal-treated groups. Analysis of
variation followed by Bonferroni r-test.
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Figure 3 IL-2 injected i.v. inhibits the leukocyte rolling and
adhesion induced by LPS. The mice were pretreated i.v. with saline
(Sal, 0.1ml) or IL-2 (300ng0.1 ml™"), and 15min later, they were
injected i.p. with LPS (200 ng0.2 ml~"). The rolling and adhesion of
leukocyte were evaluated 2 h after in the mesentery microcirculation
by intravital microscopy (n=5; 2 venules mice™"). First bars in both
panels represent the rolling and adhesion of leukocyte induced by
PBS injected i.p, respectively. The results are meansts.e.m. of
rolling or adhered leukocyte. * P<0.05 compared with PBS-injected
i.p. groups. “P<0.05 compared with Sal-treated groups. Analysis of
variation followed by Bonferroni r-test.

neutrophil migration to inflammatory site induced by Cg
(Figure 5a). In order to evaluate the role of NO on the IL-2-
induced reduction of leukocyte rolling and adhesion, the mice
were injected with saline or amino and 15 min later with saline
(0.1ml) or IL-2 (300 ng) i.v. After 15min, Cg (500 ug) was
injected i.p. and the rolling and adhesion of leukocyte were
evaluated 2h later in the mesentery microcirculation by
intravital microscopy. Inhibition of NO production also
prevented the reduction of leukocyte rolling and adhesion
induced by Cg in IL-2-pretreated mice (Figure 5b). These data
suggest that the inhibitory effects of IL-2 on neutrophil
migration are mediated by NO, via the induction of iNOS,
although we could not exclude the possibility that others
isofoms have been affected by amino at dose used. To confirm
these findings, we determined whether IL-2 treatment induces
NO production. Thus, we assayed nitrite concentration in
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Figure 4 IL-2 injected i.v. inhibits the leukocyte rolling and
adhesion induced by fMLP. The mice were pretreated i.v. with
saline (Sal, 0.1 ml) or IL-2 (300ng0.1 ml~"), and 15min later, they
were injected i.p. with fMLP (100nmol0.2ml™"). The rolling and
adhesion of leukocyte were evaluated 2h after in the mesentery
microcirculation by intravital microscopy (n=35; 2 venules mice™').
First bars in both panels represent the rolling and adhesion of
leukocyte induced by PBS injected i.p, respectively. The results are
means+s.e.m. of rolling or adhered leukocyte. *P<0.05 compared
with PBS-injected i.p. groups. #*P<0.05 compared with Sal-treated
groups. Analysis of variation followed by Bonferroni #-test.

serum from saline- (0.1 ml) or IL-2- (300 ng) treated mice and
observed that IL-2 caused a significant elevation of nitrite
levels 6h after administration (saline: 26.20+2.80 and IL-2:
58.70+5.80).

IL-2 injected i.v. fails to inhibit LPS-induced lung
neutrophil sequestration

In order to determine if the inhibition of LPS-induced lung
vascular protein leakage induced by IL-2 correlates with the
reduction of neutrophil migration, we evaluated the neutrophil
sequestration to the lungs through MPO activity. The mice
received i.v. saline (0.1 ml) or IL-2 (300 ng), and 15min later,
LPS (200 ng) was injected. The mice were killed 4 h after LPS
and MPO activity per mg of lung tissue was determined.
Despite the inhibitory effects of IL-2 on neutrophil migration
in the systemic circulation, this cytokine failed to reduce the
lung neutrophil infiltration induced by LPS (Figure 6).

Discussion

In the current study, we observed that the administration of
IL-2 to mice inhibits neutrophil migration to the peritoneal
cavity, through a mechanism mediated by NO, irrespective of
the triggering agent.

We demonstrated that the systemic administration of 1L-2
inhibited dose-dependently peritoneal neutrophil migration
induced by Cg, as well as neutrophil migration induced by LPS
and fMLP. Furthermore, IL-2-treated mice showed a reduced
rolling and adhesion induced by Cg, LPS and fMLP. These
inhibitory effects of IL-2 on neutrophil migration seem to be
mediated by NO, as elevated serum nitrite levels were observed
after IL-2 treatment and amino, a selective inhibitor of
inducible NO synthase (Misko et al., 1993), prevented
inhibition by the systemic administration of IL-2 of neutrophil
migration to the inflammatory site induced by Cg. It is
important to mention that there was no significant difference
between white blood cell counts (monocyte, lymphocyte and
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Figure 5 Inhibition of NO production prevents the suppression by
IL-2 of Cg-induced rolling, adhesion and neutrophil migration.
(a) The mice were injected s.c. with saline (0.2ml) or amino
(50mgkg™"), and 15min later, they were injected i.v. with saline
(Sal) or IL-2 (300ng0.1ml™"). After 15min, Cg (500 ugmouse™")
was injected i.p. and neutrophil migration was determined 6 h later.
The results are means+s.e.m. of neutrophils per cavity (n=>5).
*P <0.05 compared with Sal-injected i.v. group; P <0.05 compared
with IL-2 i.v. group. (b) The mice were injected s.c. with saline or
amino (50mgkg™"), and 15min later, they were injected i.v. with
saline or IL-2 (300ng0.1 mI~"). After 15min, Cg (500 ug mouse™")
was injected i.p. and the rolling and adhesion of leukocyte were
evaluated 2h later in the mesentery microcirculation by intravital
microscopy (n=35; 2 venules mice™"). The results are means+s.e.m.
of rolling or adhered leukocyte. *P<0.05 compared with Sal-
injected i.v. group; *P<0.05 compared with IL-2 iv. group.
Analysis of variation followed by Bonferroni #-test.

neutrophil) from animals after treatment with any of the
reagents used (data not shown), suggesting that the changes
observed were not the result of alterations in circulating
leukocyte counts.

Impaired neutrophil migration is also observed in severe
sepsis, which is associated with increased numbers of bacteria
in the peritoneal exudate and blood and to high mortality
(Benjamim et al., 2000; Crosara-Alberto et al., 2002; Alves-
Filho et al., 2005; 2006). Moreover, reduction of neutrophil
chemotaxis was also observed in patients that underwent
severe sepsis (Tavares-Murta et al., 2002). The mechanism of
this reduction seems to be owing to an excessive systemic
release of proinflammatory chemokines/cytokines, including
TNF-o and IL-8 and to a concomitant increase in NO derived
from iNOS. Similarly to what was observed in mice treated

Neutrophils
(cells x 10/100 mg tissue)

PBSi.p IL-2i.v Saliv IL-2i.v

LPSiv

Figure 6 IL-2 injected i.v. fails to inhibit LPS-induced lung
neutrophil sequestration. The mice were pretreated i.v. with saline
(Sal, 0.1ml) or IL-2 (30-1000ng0.1 ml~"), and 15min later, LPS
(200 ng mice ') was also injected i.v. The mice were killed 4h after
LPS administration and MPO activity was determined. The first bar
represents the lung neutrophil sequestration in mice injected i.v. with
PBS. The results are means +s.e.m. of neutrophils in 100 mg of lung
tissue (n=15). ¥*P<0.05 compared with PBS injected i.p. Analysis of
variation followed by Bonferroni ¢-test.

with IL-2 (present study), the neutrophil paralysis found in
severe sepsis was neither observed in iNOS-deficient mice nor
in mice treated with amino (Benjamim et al., 2000; 2002;
Crosara-Alberto et al., 2002). Furthermore, in both human or
experimental sepsis or in human receiving IL-2, an increase in
systemic levels of the cytokines TNF-o, IFN-y, IL-1 and IL-6
(Carey et al., 1997; Cavaillon et al., 2003) is described. In this
context, it is remarkable that different inflammatory cytokines
exert anti-inflammatory effects when administered systemically
against their own in situ effects and/or against the effects of
unrelated inflammatory agents (Tavares-Murta ef al., 1998;
Hurst et al., 2001; Lokuta & Huttenlocher, 2005). Accordingly,
neutrophil influx into the peritoneal cavity was also observed
after the i.p. injection of IL-2 in mice (Stevens & Piazza, 1990).

Although the mechanisms by which NO attenuates neu-
trophil accumulation are not fully elucidated, evidences
suggest that NO modulates the leukocyte—endothelial cell
interaction. Both mice treated with IL-2 or those undergoing
severe sepsis showed a reduced leukocyte rolling and adhesion,
and the pharmacological (use of amino) or genetic (use of
iNOS~/7) tools prevent both phenomena. Supporting these
results, inhibitors of NOS increase neutrophil adhesion to
endothelial cells, whereas NO donors decrease both adhesion
and leukocyte transmigration to inflammatory sites (Gauthier
et al., 1994; Tavares-Murta et al., 1998; Sato et al., 1999;
Benjamim et al., 2002; Secco et al., 2003). Moreover, these
parameters are also increased in iINOS™'~ mice (Benjamim
et al., 2002; Secco et al., 2003). Finally, the expression of the
cell adhesion molecules CD11b/CD18, L-, P-, E-selectin,
ICAM-1 and VCAM-1 among others are downregulated by
NO donors and upregulated by NOS inhibitors (Gauthier
et al., 1994; Armstead et al., 1997; Spiecker et al., 1998; Sato
et al., 1999).

It is important to discuss the absence of IL-2 inhibition of
neutrophil sequestration to the lung. IL-2-treated mice showed
a reduced neutrophil migration to the inflammatory focus, but
displayed a significant sequestration of these cells in the lungs,
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an event largely accounting a role in IL-2-induced pulmonary
VLS (Assier et al., 2004). Similarly, during severe sepsis,
despite the failure of neutrophil migration to the infectious
focus, a marked neutrophil sequestration in lungs is noted
(Mercer-Jones et al., 1997; Sato et al., 1998; Razavi et al., 2004;
Alves-Filho et al., 2006). There are experimental evidences
showing that neutrophil migration to the pulmonary or
systemic circulation is fundamentally different. Margination
of neutrophils is essential for their migration in the systemic
circulation and is mediated by selectins (E-, L- and P-selectin)
and their respective ligands (Luster et al., 2005). However, in
pulmonary vasculature, the small diameter of the capillary
network (average 5-6 um) does not allow the neutrophil rolling
process. The neutrophils, whose diameter is of 7-8 um, must
deform to an elongated shape to pass through the lung
capillaries. These processes contribute to the neutrophil firm
adhesion process (Gebb et al., 1995). Furthermore, studies
have also shown that, although ICAM-1 has a low constitutive
level expression in peripheral tissues, it is 30-fold higher in lung
tissue (Panes et al., 1995; Doerschuk, 2000), allowing the firm
adhesion of neutrophils previously activated in vivo, owing to
the presence of the circulating inflammatory mediators. Thus,
in the systemic circulation, the firm adhesion of neutrophils to
the endothelial cells of the microcirculation requires the
induction of both integrins and ICAMs, which together
mediates the process. In contrast, in the pulmonary tissue,
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