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The o,8, (Very Late Antigen (VLA)-4, CD49d/CD29) and
a3, (VLA-5, CD49e/CD29) Integrins Mediate 3,
(CD11/CD18) Integrin-Independent Neutrophil Recruitment to
Endotoxin-Induced Lung Inflammation*

J. Adam Burns,* Thomas B. Issekutz,* Hideo Yagita' and Andrew C. IssekutZ*

The B, integrin cell adhesion molecules (CAM) mediate polymorphonuclear leukocyte (PMNL) emigration in most inflamed
tissues, but, in the lung, other yet to be identified CAMs appear to be involved. In Lewis rats, the intratracheal injection of
Escherichia coli-LPS induced acute (6-h) PMNL accumulation in the lung parenchyma (288 10° by myeloperoxidase assay; PBS
control = 35 x 10°) and bronchoalveolar lavage fluid (BALF = 27 x 10%;, PBS = 0.1 x 10°%). Parenchymal accumulation was not
inhibited by a blocking Ab to B, integrins and only minimally inhibited (20.5%; p < 0.05) in BALF. We examined the role ofa,,
and agB, integrins and of selectins in this PMNL recruitment. Treatment with mAbs to «,, or agf3;, even in combination, had
no effect on PMNL accumulation induced by intratracheal LPS. However, antier, combined with anti-B8, mAbs inhibited PMNL
recruitment to the parenchyma by 56% ([ < 0.001) and to BALF by 58% (p < 0.01). The addition of anti-ws mAb to B, plus «,
blockade inhibited PMNL accumulation further (by 79%; p < 0.05). In contrast, blockade of L-, P-, and E-selectins in combination
or together with B,, e, and a5 integrins had no effect. LPS-induced BALF protein accumulation was not inhibited by treatment
with anti- B, plus e, mAbs, but was prevented whenu;8; was also blocked. Thus, while selectins appear to play no role, 3, and
a3, function as major alternate CAMs to the B, integrins in mediating PMNL migration to lung and to pulmonary vascular and
epithelial permeability. The Journal of Immunology,2001, 166: 4644 —4649.
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recruitment of leukocytes such as polymorphonuclearparadigm is based primarily on studies conducted on peripheral
leukocytes (PMNLS) to sites of inflammation. The in- tissues involved by inflammation.
filtration of these cells into areas of inflammation involves several Several studies have examined leukocyte recruitment mecha-
families of cell adhesion molecules (CAMSs) including selectins, nisms in acute lung inflammation. The adhesion molecules impli- 5
integrins, and their ligands, the 1g superfamily adhesion moleculegated in PMNL recruitment have been varied depending on the ‘€
(1, 2). The selectins (L-, P-, and E-selectin) mediate the initialstimulus (LPS, C5a, bacteria, immune complexes, etc.) used. ForE

A key pathological event during acute inflammation is the teractions with the extracellular matrix (1, 3, 4). This multistep

ounuuw | :mamn

tethering of leukocytes to the vascular endothelium, which sequesexample, pulmonary 1gG immune complex injury induces PMNL €
ters them from the blood flow and brings them into contact withinfiltration that is in partB, integrin dependent (5), whereas the 2
the endothelium CAMs. This leads to a firm adhesion of the PMNLresponse to intrapulmonary C5a deposition is larg&glyintegrin S
to the endothelial wall, mediated by interactions of integrins, esindependent (6). In vitro studies of PMNL migration across pul- E:
pecially of the B, (CD18) family (LFA-1, CD11a/CD18 and monary endothelium have also indicated that the adhesion mole- 4

Mac-1, and CD11b/CD18) with the Ig superfamily (ICAM-1 and cule mechanisms are in part chemotactic factor dependent, IL-8 in *
ICAM-2) present on the endothelium. This is followed by trans- particular inducing3, integrin-independent PMNL transmigration
endothelial migration of the PMNL out of the vessel and migration(7, 8). It has also been shown that the mechanisms involved vary
of the cell to the site of inflammation via additional integrin in- with the Chronicity of reactions. For examp|e’ PMNL recruitment
to lung inflammation induced by a single infection wRseudo-
monas aeruginoss primarily 3, integrin dependent but becomes
*Departments of Pediatrics, Microbiology/lm%nunology, and Pathology, Dalhousie 3, integrin independent with repeated infection (9). Furthermore,
University, Halifax, Nova Scotia, Canada; afBepartment of Immunology, Jun i : ; R _
tendo University School of Medicine, Tokyo, Japan PMNL infiltration induced byStr_eptococcus pneumoniae, S_taph

) o . lococcus aureusyr HCI aspiration was shown to k&, integrin
Received for publication September 22, 2000. Accepted for publication Januar;}/ L .
17, 2001. independent even on initial exposure (10-12). These findings are
The costs of publication of this article were defrayed in part by the payment of pagér! markeq Cont.raSt to PMNL infiltration in qther tissues, which is
charges. This article must therefore be hereby maddxbrtisementn accordance  highly 8, integrin-dependent (12-14). Despite the accumulated ev
with 18 U.S.C. Section 1734 solely to indicate this fact. idence that PMNL recruitment to lung inflammation involv@s

1 This work was supported by Grants MT-7684 and GR-13298 from the Medica|integrin_independent mechanisms’ the alternate mechanisms re-
Research Council of Canada. J.A.B. is the recipient of studentships from Dalhousie

University Faculty of Graduate Studies and the Dalhousie Inflammation Group. main un!dent'ﬁed- ) ) )
2 Address correspondence and reprint requests to Dr. Andrew C. Issekutz, Department lnteanS_ are a large fam"Y of h_etemdlme“c’ transmembrane
of Pediatrics, Division of Immunology, Rheumatology, and Infectious Diseases, IWK glycoproteins. Members of this family of CAMs have been found

Grace Health Center, 5850 University Avenue, Halifax, Nova Scotia, B3J 3G9, Caninp all tissues and on all Ieukocytes. There are two types of integrin

ada. E-mail address: aissekutz@iwkgrace.ns.ca . . . .

3 Abbreviati din thi ML ool honuclear leukocvie: CAM. cel subunits ¢ and B), which associate to form over 20 differesB
reviations used in this paper: , polymorphonuclear leukocyte; , cel : . .

adhesion molecule; BALF, bronchoalveolar lavage fluid; VLA, very late Ag; i.t., _heteroc_“_mers (15). PM’\_“-S ar_e known to express several integrins

intratracheal; CTAC, cetyltrimethylammonium chloride; MPO, myeloperoxidase.  in addition to the B, integrins (CD11/CD18). For example,
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PMNLSs also express sevei@] integrins, includingx,, (very late infused. Then, the butterfly needle was inserted into the inferior vena cava
Ag (VLA)-2), a,B; (VLA-4), asB, (VLA-5), agB, (VLA-6), and above the diaphragm, and 25 ml additional Tyrode’s solution with*Ca

_ and Mg was infused. The perfusion was completed with the infusion of
Py (16-23). Although expressed at low levels on PMNig, 10 ml PBS-0.1% EDTA into the pulmonary artery. Bronchoalveolar lavage

and ooy hav? bee.n Shiown. to mediate human PMNL rolling or yas then performed by inserting a polyethylene catheter into the trachea,
transendothelial migration in vitro, and,B8, can contribute to  and the lungs were lavaged four times with a total of 28 ml cold PBS-0.1%
PMNL migration in rat models of inflammation (19, 22, 24). The EDTA. In all animals, 20-25 ml of BALF was recovered, and the cell

@B, a1, ey, asf3., anda intearins mav also mediate ex concentration was determined by hemocytometer counting with crystal vi-

trflgscﬁér rr?iBlratigﬁlof PMlslBLl(l7 920 22) y olet staining. BALF protein concentration was determined by UV absor-
g_ =0 ! ’ . . bance at 28wum using albumin as standard. The lungs were removed and

In the analysis of the mechanisms of PMNL migration to lung immediately frozen at70°C until myeloperoxidase (MPO) extraction was

inflammation, studies to date have examined the effect of blockingerformed.
specific CAMs with Ab or knocking out CAMs by gene deletion.  For histological examination, bronchial lavage was omitted and, after
This strategy has eliminated the function of one or, in a few Casesvascular perfusion, 10 ml buffered formalin (3.7%) was infused via the

h dhesi | | H dies h ulmonary artery to fix the lung. Wedge segments from each lobe were
two or three adhesion molecules. However, studies have not &5, rain embedded, and /oM sections were taken and stained with hema-

amined the role of multiplgs, integrins possibly functioning in  toxylin and eosin.
concert withB, integrins and selectins. In this study, we examined
the role of these families of CAMs in PMNL recruitment to the PMNL quantitation in lung parenchyma

lung in responsg to '_mratrac?hea! (i-t.) injection Of_ bacn_ar'al LPS InLungs were extracted as previously described (33, 34). Briefly, samples of
the rat, which, in this species, induces mark@dintegrin-inde  |ung tissue from each lobe were pooled (350450 mg0—15% of total
pendent PMNL infiltration into the parenchyma with alveoli. Our lung weight) and freeze-dried. These samples were then homogenized in 50
results demonstrate a major role f@yB, and ag8, integrins, in EM_HEF’ES (FéH 8.0) at le)% df)|/ W/Vtth)th a Ft)ESttltb? hogz)ogiglze;'l(ﬁllboﬁls

- : e g ngineering, Emerson, in glass tubes at setting 30—40 until fully ho-
addition to; integrins, in this process. mogenized. Samples were then centrifuged at 10,008 for 30 min at
. 4°C, and the supernatant was discarded. The pellet was then rehomog-3
Materials and Methods enized in the same volume of 50 mM HEPES (pH 8.0) and centrifuged &
Animals again at 10,000< g for 30 min. The resulting pellet was homogenized

. o _again in the same volume of 0.5% CTAC in distilled water and clarified by

Male Lewis rats, weighing 250—-350 g, were purchased from Charles Rivefepeat centrifugation. The resultant clear supernatant was analyzed for
Canada (St.-Contant, Quebec, Canada) and used in all experiments. TR activity. The same protocol was used to extract MPO from BALF cell =
experimental protocols were approved by the Dalhousie University compg|jets,
mittee of laboratory animal care. The collected supernatant from the HEPES/CTAC extracts of lung tis-
sue was diluted 10-fold with 10 mM citrate buffer (pH 5.0), andud5of
this solution was pipetted into 4 wells of a 96-well plate. As negative
LPS (Escherichia colD111:B4) was obtained from List Biological Labo- control, “stop solution” (4 N HSO,) was added to two of the wells. Then,
ratories (Campbell, CA). Cetyltrimethylammonium chloride (CTAC) and 75 wl of the substrate solution (3 mM 3,5,5-tetramethylbenzidine-dihydro-

3,5,5-tetramethylbenzidine-dihydrochloride were obtained from Sigma (Stchloride, 120 mM resorcinol, and 2.2 mM hydrogen peroxide in distilled
Louis, MO). water (H,0,)) was added to all the wells, and the reaction was stopped after

2 min at 22°C by adding stop solution to the test wells.

[umoQ
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Reagents

mADb treatments

The mouse IgG1 mAb WT.3 (a gift from M. Miyasaka, Osaka University, Determination of lung parenchyma PMNL content

Osaka, Japan) recognizes and functionally blocks th@zahain of the A standard curve of MPO activity vs PMNL number was developed by
leukocyte CD11/CD18 integrins (25). The mouse IgG1 mAb TA-2 Was pmogenizing a known number of Percoll-purified blood PMNLS using the &
generated in our laboratory and has been shown to react with and fungs, ¢ technique used in MPO extraction from lung and also from BALF S
tionally block t.hﬁ rata4—|chakun r?f VLA'f4 (26). The hamster I9G MADb o5 as previously reported (34). The extract from these PMNLs was &
HMas reacts with and blocks the rag of VLA-5 (27, 28) and HRL-3 (@ jirateqd, and a standard curve relating MPO activity to PMNL number was <
gift from D. Anderson, Pharmacia Upjohn, Kalamazoo, MI, and M. Mi- 1 qieq. Aliquots of this standard extract were stored-a0°C, and a B
yasaka, Osaka University) reacts with and blocks rat L-selectin (29). Th ample with known MPO content was tested in each assay as an internal

mouse IgG2a mAb RMP-1 recognizes and blocks rat P-selectin, and thg,ngard and for calculation of PMNL concentration as previously de-
mouse IgG1 mAb RME-1 blocks rat E-selectin (30, 31). These were geng . iped (34). P Y

erated in our laboratory. All mAbs te-subunits and to selectins were used
as F(ab’) generated by pepsin digestion, as previously described (32). Th . .
mouse mAb B9 (IgG1) anti-pertussis toxin was used as a control mAb, a&tat'sncal analysis

previously described (14, 19). Rats received 1 mg of each mAD i.v. a5\ gata reported are arithmetic means. Error bars represent one SEM.

indicated. N_one of the mAb treatments used, even in cc_)mbination, causefiferences between means of indicated groups were analyzed by ANOVA
a decrease in the blood PMNL count. Measurement by immunofluorescentith Bonferoni corrections for multiple comparisons.

titration and flow cytometry analysis of the concentration of Ab in the
serum of recipient animals at sacrifice indicated that this dose is sufficient
to maintain serum levels of the Abs at more than five times saturatiofResults

throughout the 6-h experiment. Effect of i.t. LPS on PMNL accumulation in the lung
Lung inflammation, perfusion, and bronchoalveolar lavage parenchyma and BALF

Anesthetized rats (by Ketamine and Innovar i.v.) were given an i.p injec-Rats received an i.t. injection of LPS or PBS as a control and were
tion of 0.2 mg/kg atropine sulfate to reduce reflex coughing following LPS sacrificed 6 h later. In rats receiving i.t. LPS (control), the lung
instillation. Then, the trachea was isolated, ang.60f LPS in PBS (total parenchyma PMNL content increased 9-fold over PBS control to
volume, 0.2 ml) or PBS alone (control) was injected via a 27-gauge but-2_8 + 0.1 X 108 PMNL (Fig. 1). The PMNL content in BALF in

terfly needle. Within 5 min of i.t. administration of the LPS, the indicated . . .
mAgs were injected i.v. PBS control animals was consistentlyl X 10°, but in rats re

Before sacrifice at 6 h, rats were pretreated with 80 mg/kg pentoxifyl-ceiving i.t. LPS, the PMNL content reached 2:70.1 X 107 (Fig.
line in 0.45% NaCli.p. 15-20 min before vascular perfusion. The perfusion2). The i.t. injection of LPS also led to a significant increase in
was performed as previously described (33) with minor modifications.ga| F protein concentration compared with PBS control animals

Briefly, a 25-gauge butterfly needle was inserted into the inferior vena cava,. . s
below the diaphragm of anesthetized animals (Ketamine, 50 mg/kg, anZFlg' 3). Protein concentration in the PBS control was 0+1@.03

Xylazine, 10 mg/kg, i.p.). The abdominal aorta was transected to allowM@/ml, and, in rats receiving i.t. LPS, the protein concentration
perfusate to drain, and 25 ml Tyrode’s solution wit?Cand Mg was increased to 0.3@& 0.03 mg/ml (p < 0.001).
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35

Parenchyma PMNLs ( x10°%)
BALF Protein (mg/ml)

it. LPS + Treatment i.t. LPS + Treatment

FIGURE 1. Effect of anti-integrin and anti-selectin treatment on either FIGURE 3. Effect of anti-integrin and anti-selectin treatment on protein

i.t. PBS (left), i.t. LPS plus control mAb (B9), or LPS-induced PMNL concentration in the BALF following i.t. LPS. Rats were treated as in Fig.
accumulation in the lung. Rats were given ggimAb WT.3 or F(ab') 1 by i.t. PBS (left) or LPS plus treatments in Fig. 1 as indicated. Protein
mAbs to a, (TA-2), as (HMa5), or L- (HRL-3), P-(RMP-1), and concentration was determined in BALF supernatant. Shown are means

E-(RME-1) selectins. Total lung PMNL content was determined from SEM of four to six animals per group.

MPO content of the parenchyma as describetMaterials and Methods.

Shown are means: SEM of four to six animals per group. lowing i.t. LPS and compared this to MPO in blood PMNL. As

Fig. 4 shows, the BALF PMNL number predicted by MPO ex-
Effect of migration of PMNL into bronchoalveolar spaces on tr_aCt_'an’ u;s,mg_f?lood ?MNL k']VIPO content as a ;tandard,c;/vas not
PMNL MPO content significantly different from the PMNL number in BALF deter-

o mined by a visual hemocytometer quantitation of PMNL in BALF.
To assess whether migration out of the vessel and through the lung

parenchyma into the airspaces induced significant PMNL degranEffect of CAM blockade on PMNL accumulation in the lung
ulation and release of cellular MPO, which may influence assessparenchyma

ment of parenchymaI_RMNL content using the MPO assay, Werpe role 0fB,, ayB; (VLA-4), and agB, (VLA-5) integrins and of
assayed the MPO activity of PMNL in the BALF of rats 6 h fol- | . p_ 4nd E-selectins in PMNL migration into the lung during

30,

30

N\

i

n

o

W
W

25—

IRERK

et

!
&
batalels:
$RKS

-
=]

|
%20— % ! R %%%%
A S =

LPS + anti-a4/a5 LPS + anti-L/P/E-sel
T

R T - o T—
L LPS + Treatment ‘ Cytometer &3 Predicted from MPO Assay \‘

FIGURE 2. Effect of anti-integrin and anti-selectin treatment on LPS- FIGURE 4. Comparison of PMNL content determined by hemocytom-
induced PMNL accumulation in BALF. Rats were treated as in Fig. 1, andeter counting with that predicted using MPO extraction. Rats were given
PMNL content of BALF was determined by hemocytometer counting. F(ab'), anti-o,, anti-as, L-, P-, and E-selectin mAbs as indicated. Shown
Shown are means SEM of four to six animals per group. are meanst SEM of three experiments.
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acute LPS-induced inflammation was studied using blocking
mADbs. As Fig. 1 illustrates, mAbs t8, integrins, ora, plus as
integrins separately or to L-, P-, and E-selectins as a group, had no
effect on PMNL accumulation in the parenchyma after i.t. LPS
administration. In contrast, mAbs {8, in combination witha,;
integrin inhibited by>50% the PMNL accumulation in the paren-
chyma (1.34+ 0.1 X 10° PMNLs; p < 0.001) as compared with
LPS controls. Treatment of rats with mAbs 83 plus «,8, and
also agB, in combination inhibited PMNL accumulation signifi
cantly more (8.8+ 1.0 X 10%; p < 0.05) when compared with the
B, plus a,B; MAb-treated group. To determine whether selectins
may be involved in the remaining PMNL infiltration, rats were
additionally treated with mAbs to L-, P-, and E-selectin in com-
bination. However, no additional inhibition of PMNL accumula-
tion was observed (7.2 0.5 X 10°) compared with rats witff.,
a,B;, and agB; blockade.

Effect of CAM blockade on PMNL migration into the BALF

As shown in Fig. 2, under nearly all conditions of integrin and
selectin blockade, PMNL accumulation in BALF mirrored the
changes in PMNL accumulation in the parenchyma. However, un-
like the parenchyma, the pretreatment of rats with mAIgfon-
tegrins slightly but significantly inhibited the migration of PMNLs
into the BALF of rats receiving i.t. LPS as compared with control
treated rats (21 1.5 10° p < 0.05). This inhibition was further
enhanced by the addition of mAb t®, to the mAb treatment
(11 = 1.1 X 10° PMNL; p < 0.05, as compared with angi
treatment alone). When antis mAb was added to thg, and o,
mADs, inhibition was further and significantly increased (8:6 FIGURE 5. Histology of lung 6 h after i.t. LPS injection. Partially in-
0.8 X 10°% p < 0.05, as compared with ani; and antie, treat flated, perfusion-fixed left lung lobes were paraffin-embedded, and sections :
ment). As with PMNL accumulation in the parenchyma, no addi-were stained with hematoxylin and eosik, From an animal which re-
tional inhibition of PMNL accumulation was observed when L-,P-, ceived i.t. PBSB, received i.t. LPS; an€, received i.t. LPS and anB,
and E-selectins were blocked in concert wiih) a,, andag inte-  PIUS @ PIUS a5 MAD treatment. Magnificationx125.

grins (5.6 0.01 X 10°).

MMM//:d1Y W) papeojumoq

. o inflammation in the rat was not inhibited by function blocking
Effect of CAM blockade on protein concentration in the BALF . Ap 1o the B, integrins, and PMNL accumulation in the BALF
As an indicator of the increase in lung vascular and epithelial perwas only slightly, albeit significantly, inhibited (by 20%). This is
meability resulting from inflammatory injury, BALF protein con- despite the fact that the argis mAb used (WT.3) has been shown
centration was quantified. As illustrated in Fig. 3, protein concen-by us to inhibit PMNL recruitment to inflammation in skin by
tration in the BALF of LPS-injected control mAb-treated rats was >80% and arthritic joints by>60% (19).
twice that of rats receiving i.t. PBS (LPS group 0.3 = 0.03 Here we show that multiple integrins participate in PMNL mi-
mg/ml; PBS= 0.14 = 0.03 mg/ml;p < 0.001). Protein concen- gration into lung parenchyma and into the bronchoalveolar space
tration in BALF from rats treated with anf; mAbs alone or in  in the rat during LPS-induced lung inflammation. Tdg3, inte-
combination with antie, mAb was not significantly different from  grin has recently been recognized on activated PMNL and to con-
LPS control (0.27+ 0.01 mg/ml). Inhibition of protein leak into tribute to PMNL capture, rolling, and migration (19, 24, 35). Our
the BALF was only observed when animals received mAIBfo  findings demonstrate that it contributes@g-independent PMNL
a,, and alsoxg integrin, irrespective of selectin blockade (0.5  recruitment, because, blockade in conjunction witt8, blockade
0.01 mg/ml;p < 0.001). significantly inhibited PMNL accumulation in both the paren-
chyma and BALF (Figs. 1 and 2). Furthermore, thg, integrin,
which is also expressed on PMNL at relatively low levels (19, 24,
Examination of lung sections from animals receiving either i.t. 36), also contributes to PMNL recruitment to the lung wiggrand
PBS or LPS indicated that LPS induced a marked increase in leur, integrins are nonfunctional, because anfi-nAb inhibited
kocyte infiltration into the lung interstitium (Fig. 5). The predom- PMNL accumulation in the parenchyma and BALF significantly
inant cells in the infiltrate at 6 h were PMNLSs. In the lungs of more than observed witig, plus o, blockade (Figs. 1 and 2).
animals treated with mAbs t@, and «, plus ag integrins, a  These mechanisms appear to be functionally redundant alternative

6T AInc uo 196 Aq /6.0 jounwiwi
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Effect of CAM blockade on lung histology

marked decrease of PMNL infiltration was observed (Fi». 5 pathways for PMNL recruitment to the lung, because neifer
. ) blockade now, plus a5 blockade reduced PMNL accumulation in
Discussion the parenchyma and only minimally in the airspace (Figs. 1 and 2).

The major objective of this study was to define the mechanisms oThe lack of effect of treatment with mAb 8, or to «, plus ag
PMNL emigration in acute lung inflammation, because most studintegrins or of a nonbinding control mAb (B9) on PMNL accu-
ies have concluded that there are yet unidentiffgdntegrin-in mulation in parenchyma supports the conclusion that the inhibitory
dependent mechanisms involved in this process. Our data are coaffects were not due to nonspecific effects.

sistent with these previous reports. We found that PMNL To our knowledge, this is the first report that PMNLSs us@,
recruitment into the parenchyma during LPS-induced acute lundor migration to lung inflammation. This leukocyte can be added to
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the lymphocyte, monocyte, and eosinophil, which ugen con

INTEGRINS AND NEUTROPHIL RECRUITMENT

contribution to PMNL trafficking to the lung, activation, and the

junction with 8, integrins for migration to lung inflammation (33, associated endothelial and epithelial injury during pulmonary
37). Further studies will be required to ascertain the major couninflammation.

terligands used by,B3; on PMNL. VCAM-1 is one candidate,

because it is up-regulated in the pulmonary vasculature during inAcknowledgments

flammation (38, 39), although up-regulated expression on endowe gratefully acknowledge the gifts of Abs and compounds from col-
thelium of ligands such as the connecting segment-1 (CS-1) isdeagues listed and the excellent technical assistance of Carol Jordan and
form of fibronectin may also contribute (40). However, recent Derek Rowter. We are also grateful to the IWK Grace Health Center De-

studies indicate that other counterligands yet to be defined ma?a
or

play a predominant role in vivo (41).

Our findings are the first evidence for a role @f in PMNL
recruitment in vivo. Previous studies hademonstrated the role
of agB; iIn PMNL adhesion to fibronectin and PMNL migration
across fibroblast barriers (36, 42). The current in vivo results sug-2:
gest thatasB; may also contribute to PMNL emigration from
blood to some extent, becauag blockade inhibited PMNL aceu
mulation in the parenchyma in the presencg8ofind a, blockade.
These ligands in vivo may involve cell-associated as well as extra-
cellular matrix-bound fibronectin or possibly also the Ig superfam-
ily member L1, which in the mouse is recognizeddaB, (43).

Another important finding is that these integrins may play a role .
in PMNL-mediated lung injury, as reflected in increased BALF
protein accumulation. These integrins likely contribute to this pro-
cess in concert, because blockadggoalone ora, plusas had no 7.
effect, but the protein leakage was prevented with simultaneous
blockade off,, a,, andas integrins (Fig. 3). ThexsB, integrin 8.
may be as important g3, or a,8, integrins in this response, be
cause no attenuation of the protein exudation was observed unless
ag was blocked.

The analysis of BALF protein accumulation revealed that this °-
lung inflammatory injury may require a threshold of PMNL infil-
tration to develop or that it is a PMNL-independent response, be-

1.

4.

cause we observed either a maximum BALF protein concentratiof?-

of 0.3 mg/ml or the normal PBS control level of 0.15 mg/ml,
despite various degrees of inhibition of PMNL recruitment. For
example, althouglB, plus «, blockade inhibited PMNL recruit
ment by 56-58%, this had no effect on BALF protein, whereas

further inhibition of PMNL accumulation (up to 80%) with block- 12

ade of alsoagB; eliminated the protein leakage (Figs. 1-3).

Whether a critical threshold for PMNL transendothelial migration, 13.

activation, mediator release, and transepithelial migration are re-
quired to induce the vascular and epithelial permeability increase
deserves further investigation because of the
implications.

Studies of the role of selectins in PMNL recruitment to lung 1s.

inflammation have indicated either a partial or no role in PMNL
recruitment to the lung, depending on the inflammatory stimulus

(45—48). Because the mechanisms and mediators involved in dift7.

ferent pulmonary reactions are likely to be varied, the results have

not been directly comparable. Our finding that blockade of L-, P-,1g.

and E-selectin had no effect on PMNL accumulation or on BALF
protein increase, even in rats treated with mAbgjp«a,, andas
integrins, suggests that the selectins are not required for these re-
sponses to LPS, at least in the lungs of rats. This is likely because
the predominant site of PMNL emigration in this model is at the
alveolar level where close contact between PMNL and pulmonary
endothelium occurs due to the small diameter of alveolar capillar-
ies. This may minimize the requirement for selectin-mediated teth-
ering and rolling (1, 49-51).

In summary, our studies indicate a major role for ghefamily,
a,B4, and agB; integrins, but no detectable role for selectins in
PMNL migration into the lung during acute LPS-induced inflam-
mation. Further studies examining the role of these integrins in
other models of lung inflammation are required to define their

11.

therapeutit4.

22.

rtment of Pathology, in particular to Marlene Henry and Connie Isenor

preparation of histology and photographs.
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