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Abstract

In patients dying with acute lung injury, interstitial mesenchy-
mal cells migrate into the airspace where they replicate and
deposit connective tissue. Wetherefore hypothesized that pep-
tides capable of promoting mesenchymal cell migration and
replication would be present in the alveolar airspace. To exam-
ine this hypothesis, patients with severe acute diffuse lung in-
jury (n = 26) underwent bronchoalveolar lavage. Acutely ill
patients without lung injury served as controls (n = 12). Recov-
ered effluent was examined for mesenchymal cell growth-
promoting and migration-promoting activity. Lavage cell
supernates from both patients and controls were devoid of
bioactivity. However, substantial growth-promoting and mi-
gration-promoting activity was present in lavage fluid from
nearly every patient, whereas little or none was present in fluid
from controls. Characterization of the bioactivity indicated a
significant proportion consisted of three peptides related to
PDGF: (a) a 14-kD peptide that shared with PDGFseveral
biophysical, biochemical receptor-binding, and antigenic prop-
erties; (b) a 29-kD peptide that appeared identical to PDGFof
platelet origin; and (c) a 38-kD peptide that was biophysically
and antigenically similar to PDGF. These data indicate that
peptide moieties are present in the airspace of patients after
acute lung injury that can signal mesenchymal cell migration
and replication. (J. Clin. Invest. 1991. 88:663-673.) Key
words: acute lung injury * growth control * growth factors-
platelet-derived growth factor- pulmonary fibrosis

Introduction

Acute lung injury results when the alveolar wall is damaged
after exposure to noxious environmental or endogenous agents
(1-4). In its most severe form, the adult respiratory distress
syndrome (ARDS),' lung injury leads to a profound impair-
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1. Abbreviations used in this paper: A-aDO2, alveolar-to-arterial oxy-
gen gradient; ARDS, adult respiratory distress syndrome; EGF, epider-
mal growth factor; PDGF, platelet-derived growth factor, TD, popula-
tion doubling time; TGF, transforming growth factor.

ment of the gas exchange apparatus which exacts a mortality in
excess of 50% (5). The disease process begins when the caus-
ative agent directly interacts with critical lung parenchymal cell
macromolecules. In addition, there is a concomitant explosive
transmural inflammatory response within the alveolar wall in
which neutrophils and platelets degranulate releasing toxic,
pro-inflammatory mediators (6, 7). The resultant lung paren-
chymal cell dysfunction and death manifests in the patient as
severe respiratory insufficiency. Despite the advanced state of
contemporary critical care approaches to patients with acute
lung injury, as the mortality data suggest, outcome varies from
functionally complete repair of the gas exchange apparatus, to
failure of the repair process and death (8, 9).

Detailed morphological studies both in patients and model
systems have defined the sequence of events during lung repair.
Whenthe repair process is effective, the alveolar microcircula-
tion, interstitium and air-lung interface are reconstituted by
coordinated parenchymal cell migration, replication, and con-
nective tissue deposition (10-12). In contrast, in those patients
dying with acute lung injury, an exuberant fibroproliferative
response ensues. Interstitial mesenchymal cells migrate
through gaps in the epithelial basement membrane into the
airspace where they replicate, eventually obliterating the gas
exchange surface ( 13, 14).

Whereas the anatomy of the mesenchymal cell response
after acute lung injury has been precisely detailed, the growth
factors involved in directing this response remain largely unde-
fined. Therefore, this investigation was designed to examine
the alveolar microenvironment from patients with acute lung
injury for growth factors capable of influencing mesenchymal
cell migration and replication. The results indicate the pres-
ence of biological activity on the alveolar epithelial surface that
potently stimulates mesenchymal cell migration and replica-
tion. Characterization of the biological activity indicates that a
significant portion consists of three peptides that are closely
related to platelet-derived growth factor (PDGF).

Methods

Study population
Approval for this study was obtained from the University of Minnesota
Committee for the Use of HumanSubjects in Research. Twogroups of
individuals were examined for the presence of mesenchymal cell
growth factors on their alveolar epithelial surface.

Group 1: acute lung injury (n = 26). Patients with severe acute
diffuse lung injury who met established criteria for ARDSconstituted
this group (5). In each case there was an appropriate antecedent history,
severe hypoxemia despite high concentrations of supplemental oxygen,
chest radiograph showing diffuse infiltrates, and no other explanation
for respiratory distress. In each patient the precipitating event was ei-
ther sepsis or trauma, and only patients who were previously in good
health before the acute illness were studied. In addition, in each patient,
the clinical problem precipitating lung injury was controlled and lung
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injury did not manifest in the context of the multiple organ failure
syndrome. Patients were studied within 3 d of the onset of lung injury
(Table I).

Group 2: critically ill controls (n = 12). Patients being cared for in
the critical care unit who were receiving mechanical ventilatory sup-
port because of hypermetabolism (oxygen consumption .135 ml m-2
min-'; mean 171±23) and decreased level of consciousness (n = 7) or
congestive heart failure (n = 5) comprised this group. In the former
group the alveolar-to-arterial oxygen gradient (A-aDo2) was . 3-fold
normal (normal . 12 torr at 0.21 atm 02), and in the latter, the A-aDo2
was 10-fold normal.

Bronchoalveolar lavage
In order to obtain samples from the alveolar epithelial surface, bron-
choalveolar lavage was performed on all patients after obtaining appro-
priate informed consent from the patients or their families. Bronchos-
copy with bronchoalveolar lavage was performed as previously de-
scribed (15). Five 20-ml aliquots of 0.9% saline were instilled with each
aliquot gently suctioned before instillation of the next. Up to three
separate anatomic sites were sampled in each patient. In patients re-
ceiving mechanical ventilatory support, bronchoscopy was carried out
through an adaptor (Bodai) attached to the endotracheal tube. To en-
sure patient safety, several additional precautions were taken: 100% 02
for 15 min before and during the entire lavage procedure; continuously
monitored hemoglobin 02 saturation (with the procedure terminated if
values < 90% occurred for > 1 min); no more than three anatomic

Table L Study Population: Acute Lung Injury

Patient No. Age Sex Diagnosis Day* Outcomet

yr

1 76 F Sepsis 2 D
2 48 F Sepsis 2 D
3 30 M Sepsis 1 D
4 69 F Sepsis 3 D
5 40 F Sepsis 1 D
6 23 F Sepsis 3 A
7 34 F Sepsis 2 A
8 37 F Sepsis 1 A
9 58 M Sepsis 1 A

10 79 F Sepsis 2 D
11 59 F Trauma 3 A
12 59 M Sepsis 3 D
13 59 M Sepsis 3 D
14 21 M Trauma 3 D
15 54 M Sepsis 1 D
16 43 M Sepsis 3 D
17 66 M Sepsis 1 A
18 18 F Sepsis 1 D
19 23 M Trauma 3 D
20 31 F Sepsis 1 A
21 67 M Sepsis 1 A
22 36 F Sepsis 2 D
23 54 F Sepsis 1 A
24 33 F Trauma 3 A
25 34 F Sepsis 1 A
26 75 M Sepsis 2 A

Mean±SD 48±18 1.9±0.9

* Time after disease onset that broncheoleolar lavage was performed.
$ D, died; A, alive.

locations were lavaged; and the procedure did not exceed a total of
seven minutes. Utilizing this approach no durable adverse effects were
encountered. Two patients with acute lung injury experienced a tran-
sient decrease in oxygen saturation < 90% (80% and 88%), which rap-
idly resolved when the bronchoscope was removed from the endotra-
cheal tube.

Processing of bronchoalveolar lavage specimens
Routine analytical examination of the effluent fluid was performed as
described (16), including measurement of volume of recovered fluid,
cell count, and differential. Recovered cells were separated from lavage
effluent by centrifugation (600 g for 15 min) and resuspended in Dul-
becco's modified Eagle's medium (DME) at 2 X 106 nucleated cells/ml.
Recovered cells were cultured in polypropylene tubes (370C, 10%C02,
90% air) in that medium for varying times (4 or 24 h) and centrifuged
(2,000 g for 5 min) to generate cell supernates. Positive controls assur-
ing cell viability and ability to produce growth factors when stimulated
were as previously described (15). Cell-free lavage effluent ("fluid") and
cell-free culture supernatant fluid ("supernates") were aliquoted, fro-
zen on dry ice, and stored at -70° until assayed for growth factor
content and migration-promoting activity. In addition, total protein
concentration of fluid was assessed using a colorimetric assay ( 17), and
albumin concentration was quantified utilizing an enzyme-linked im-
munoassay, as described (18).

Biological assay of lavagefluid and cell supernates
Each specimen was analyzed for its ability to influence the two key
elements of the mesenchymal cell response in the fibroproliferative
process: replication and migration. Replication was assessed by the
ability of patient samples to signal lung fibroblast division in defined
medium. Migration was assayed using skin fibroblasts in a standard
modified Boyden chamber system (Nucleopore, Pleasanton, CA).

Replication. The cell division assay utilized lung fibroblasts (CCL
190, American Type Culture Collection, Rockville, MD) cultivated in
defined medium, thus avoiding the complexities introduced by the
presence of the numerous growth modulators in serum or plasma. Cells
were routinely cultivated (370C, 10%C02, 90%air) in DME+ 10%calf
serum, medium was replenished every 2-3 d, and subcultivated weekly
as described (19). All experiments were performed before the 12th sub-
cultivation. Population doubling time (TD) during this time period
ranged from 19 to 21 h.

The bioassay was designed to take advantage of the known growth
factor requirements of diploid fibroblasts (19-26). As a good first ap-
proximation, three separate cell cycle specific signals are needed for
optimal growth in defined medium: (a) one signaling fibroblasts to exit
Go and enter G. (e.g., PDGF); (b) a second, midway through GI (e.g.,
epidermal growth factor [EGF] or transforming growth factor-a [TGF-
a]); (c) a third, facilitating the remainder of GI traverse (e.g., an insulin-
like growth factor [IGF]).

An optimized "basal medium" (F12 + Hepes 25 mM, pH 7.4
+ bovine serum albumin, 0.1 mg/ml + Fe-transferrin, 10 gg/ml + sele-
nium, I0-' M+ linoleic acid, 3 X 10-6 M) was devised that permitted
maximum fibroblast division (TD 26 h) in the lowest concentration of
the three required growth factors: PDGF100 pM, EGF100 pM, insulin
100 nM(Collaborative Research, Inc., Bedford, MA). Omission of any
of the required factors from this "optimal medium" increased the TDto
> 84 h. Increasing the concentration of any factor did not significantly
alter the rate of division. The basic approach of the assay was to selec-
tively omit one of the three required growth factors from the optimal
media and replace it with a defined dilution of test fluid or supernate.
This permitted detection of biological activities that replaced the omit-
ted factor. To quantify the amount of bioactivity, the reciprocal of the
dilution of test fluid that resulted in 50% of the fibroblast division
observed in optimal medium (i.e., containing all three growth factors)
was defined as the number of growth factor units present (27). As a
control, to detect putative growth inhibitors in the test fluid, a parallel
assay was carried out in which the omitted factor was added to the test
fluid.
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To initiate the replication assay, fibroblasts were removed from
culture dishes with trypsin (0.25%, 250C, < 5 min; Gibco Laboratories,
Grand Island, NY), washed in medium F1 2 containing 0.4% calf serum
to inactivate the trypsin, centrifuged (600 g for 10 min), and seeded in
that medium on day 0 at 30,000 cells/35-mm well (six-well cluster,
Falcon Labware, Oxnard, CA). On day 3 the fibroblasts were rinsed
three times in preequilibrated (370C, 90%air, 10%CO2) basal medium
and cultured in this medium (370C, 1 d). Under these conditions the
fibroblasts remain viable and fully responsive to growth factors but
have a very low rate of replication (< 6%increase in cell number/day).
On day 4, the nonreplicating fibroblasts were rinsed once in basal me-
dium and cultured in basal medium containing either none or two of
the three required growth factors ("assay medium") and a defined dilu-
tion of the test fluid. Ondays 6 and 8, growth was assessed by direct cell
counts utilizing an automated particle counter (Coulter Corp., Hia-
leah, FL) after detachment of cells from culture dishes with trypsin/
EDTA. The cell division induced by the test fluid or supernate was
compared to that observed in optimal medium (all three growth factors
present, i.e., positive control), as well as to the division observed in
assay medium (one factor omitted, i.e., negative control).

In order to assay large numbers of column fractions during the
biochemical characterization of the bioactivity, these samples were as-
sessed for their ability to induce DNAsynthesis in the lung fibroblasts.
To accomplish this, measurement of [3H]thymidine incorporation into
acid-insoluble counts was carried out as previously described (19).
Briefly, 104 cells were seeded into microtiter wells (96-well plate). All
subsequent steps were carried out exactly as described above, except at
the time of test fluid or supernate addition, 0.1 IMCi/ml of
[3H]thymidine was added (DuPont/New England Nuclear, Boston,
MA, 5 Ci/mmol) and the cultures were continued for 24 h. Cell layers
were washed, and acid-insoluble counts were collected onto nylon fiber
filters using an automated harvester (Skatron, Inc., Sterling, VA). Con-
trols and quantitation were as above. All positive results were con-
firmed using the cell division assay.

Migration. Migration was assessed in a modified Boyden chamber
apparatus, as previously described (28, 29), except the target cells for
the assay were human foreskin fibroblasts (CRL 1475, American Type
Tissue Collection). Routine culture of the target cells was similarto that
for the lung fibroblasts except the culture medium used was a-mini-
mumessential medium (MEM) + 22% fetal calf serum. To achieve
maximum migration, cells were used before the 10th subcultivation.

To initiate a migration assay, fibroblasts were removed from cul-
ture dishes (0.05% trypsin, 0.53 mmEDTA; 220C, < 5 min), washed
twice with PBS, and resuspended in medium 199 + 0.2% lactalbumin
at 106 cells/ml. 45 M1 of cell suspension was added to the upper
chamber, which was separated from the lower chamber by a type I
collagen-coated (100 ,g/ml, 30 min each side) porous polycarbonate
filter (8-,um pores, Nucleopore). Varying concentrations of the test
fluid were placed in the lower chamber, and the apparatus was incu-
bated (370C, 4 h; 90%air, 10%C02) to permit cell migration to occur.
The filters were removed, and the upper side was wiped free of cells
using a rubber policeman, fixed in methanol, and stained (Diff Quik,
American Scientific Products, McGawPark, IL). Migration was quan-
tified as the number of cells on the lower side of the filter per x 100 field.
PDGF(4-165 pM) served as a positive control and medium 199
+ 0.2% lactalbumin as a negative control. To detect putative inhibitors
of migration, PDGF(165 pM) was added in a parallel assay to each
patient sample and migration quantified. Sufficient fluid was available
to perform this assay in only a subset of patients with ARDS(n = 9).

Characterization of the bioactivities stimulating cell
division and migration
The replication bioassay indicated the presence of all three classes of
growth factors in the lavage fluid, but not the cell supernates of patients
with acute lung injury. Our approach was to formally characterize the
molecule(s) in lavage fluid replacing PDGFin the replication bioassay.
In four patients, sufficient fluid obtained at postmortem by whole-lung
lavage (performed within 2 h of death) was available to complete all the

analyses indicated. The remainder of the data was derived from each
patient's fluid as availability permitted. Bioactivity was detected using
the replication bioassay and confirmed in positive fractions using the
migration assay.

Biophysical analysis was performed as previously described (29).
Properties assessed included: (a) extractability into nonpolar solvents
( 1:1 ethyl acetate); (b) heat stability ( 1000, 15 min); (c) protease sensitiv-
ity (trypsin 5 X 10-1 M, 30 minm 370C followed by a twofold molar
excess of soybean trypsin inhibitor); (d) acid stability (1 Macetic acid,
30 min); and (e) sensitivity to reduction (2 mMfl-mercaptoethanol, 30
min). Biochemical analysis included several chromatographic proce-
dures: ion exchange, gel filtration, reverse phase, and immunoaffinity.

Ion exchange chromatography was carried out by applying lavage
fluid (50 ml to 1.5 liter, depending on the quantity available from the
patient samples examined) that had been diluted 1:1 with 100 mM
Tris, pH 7.4, to an anion exchange resin (DEAE-Sephacel, Pharmacia
LKB Biotechnology, Piscataway, NJ), which had been equilibrated
with starting buffer (75 mMNaCl, 50 mMTris, pH 7.4). The column
was washed free of unbound protein with starting buffer, and devel-
oped in a stepwise fashion with buffered NaCl (50 mMTris, pH 7.4) of
increasing ionic strength (0.25 MNaCl, 0.5 MNaCl, 1 MNaCl). Each
fraction was dialyzed against Dulbecco's PBS, filter-sterilized (0.22M4m
filter, Millipore Corp., Bedford, MA), and assessed for its ability to
induce fibroblast replication. The fraction with biological activity was

applied to a cation exchange resin (Sulfapropyl-Sephadex, Pharmacia)
in starting buffer, washed, and developed as above for the anion ex-

change column. Fractions were dialyzed, filter-sterilized, and assayed
as above. The fraction eluting with 0.5 MNaCl contained > 80%of the
bioactivity and will be termed "cationic lavage proteins."

To perform gel filtration, biologically active fractions were pooled
and dialyzed against acetic acid (0.1 M) and lyophilized to dryness. The
bioactivity was dissolved in a small volume of acetic acid (1.0 M) and
applied to a gel filtration column (Superose 12, 1.0 X 30 cm, Pharma-
cia) that had been preequilibrated with aqueous buffer containing 10%
acetonitrile, 0.1% trifluoroacetic acid. The column was developed with
that buffer at a flow rate of 0.5 ml/min. Fractions were evaporated to
dryness (Speed Vac concentrator, Savant Instruments, Inc., Farming-
dale, NY), redissolved in a small volume of 0.1 Macetic acid, neutral-
ized with 0.1 Msodium hydroxide, and assayed for biological activity
as above.

Bioactive fractions were applied to a reversed-phase HPLCcolumn
(Pro RPCHR 5/10, Pharmacia) in aqueous buffer containing 0.1%
trifluoroacetic acid. The column was developed with a gradient of from
0% to 60% organic buffer (acetonitrile + 0.1% trifluoroacetic acid).
Fractions were evaporated to dryness and handled the same as the gel
filtration fractions prior to biological assay.

The moieties responsible for the majority of the replication as well
as migration bioactivity shared many properties with PDGF. To fur-
ther examine this apparent similarity, immunoaffinity chromatogra-
phy, Western blot analysis and radioligand binding analysis were
carried out.

An immunoaffinity column was prepared by coupling a goat poly-
clonal anti-human PDGFantibody (Collaborative Research, Inc.) to
cyanogen bromide-activated Sepharose 4B (Pharmacia) according to
the manufacturer's instructions. Antibody was dissolved in coupling
buffer (0.5 MNaCl, 0.1 MNaHCO3, pH 8.3) at 5 mg/ml and added to
the gel (300 mg) which had been preequilibrated with coupling buffer.
The solution was gently agitated (1 h, 22°C), and the coupling reaction
was stopped by addition of blocking buffer (coupling buffer + 0.2 M
glycine). The antibody-coupled gel was washed, packed into a column
(1-ml bed volume) and stored (4°C) in PBS + Na azide (0.05%) un-
til use.

Immediately before use, the column was washed with PBS, and the
test fluid applied (2-40 ml). Nonspecifically bound material was re-
moved with sequential 10 bed volume washes of PBS (22°C), phos-
phate-buffered 0.6 MNaCI (22°C, pH 7.4), PBS+ 0.5% sodium deoxy-
cholate (30°C), and PBS (22°C). The column was developed with 1 M
acetic acid. Specifically bound material eluted in this manner was evap-

Intraalveolar Fibrosis 665



orated to dryness and subjected to further biochemical or biological
analysis as indicated.

To examine the antigenic similarity of the bioactivity identified in
lavage fluid to one of the defined isoforms of PDGF(i.e., AA, AB, BB),
Western blot analysis of cationic lavage proteins was performed. PDGF
AB purified from platelet a-granules (30), as well as recombinant
PDGFAAand BB (Collaborative Research, Inc.) served as standards.
Samples and standards were subjected to SDS-PAGE(15%), and elec-
trophoretically transferred to 0.2-,um nitrocellulose paper. Blots were
incubated with primary antibody (anti-PDGF AB, 20 gg/ml; anti-
PDGFB, 50 gg/ml; or anti-PDGF A, 50 ug/ml; all obtained from
Collaborative Research, Inc.), horseradish peroxidase-coupled anti-
goat IgG(Fc) (dissolved according to the manufacturer's directions, di-
luted 1:250; Accurate Chemical and Scientific Corp., Westbury, NY),
and developed by addition of diaminobenzidine (2.2 ,M; see immu-
noblot assay below). Of note, despite satisfactory results detecting AB
and BB with either anti-AB or anti-B antibodies, reproducible im-
munodetection of PDGFAA could not be achieved.

The radioligand binding assay for PDGF was carried out as
previously described with minor modifications (29). Dermal fibro-
blasts (CRL 1475, American Type Culture Collection) were cultivated
in 24-well dishes until density arrested (- IO fibroblasts per well). Cell
layers were rinsed twice with binding medium (DME+ 0.5 mg/ml BSA
+ 50 mMHepes/50 mMTris, pH 7.4) and cultured (16 h, 370C; 95%
air, 5%CO2) in that medium. Before assay, cells were rinsed an addi-
tional time with binding medium, and 500 Ml of either PDGFstandard
(100-5,000 pM; BB homodimer, Collaborative Research, Inc.) or test
fluid in binding medium was added. The assay was initiated by the
addition of 5 X 104 dpmof '23I-PDGF (I 1.1 x ls dpm/pmol) prepared
according to the procedure of Hunter and Greenwood (31). After incu-
bation (2 h, 22°C), cells were washed in isotonic solution twice (PBS
containing BSA, I mg/ml; CaCI2, 2 mM; MgSO4, 1 mM; pH 7.4, 40)
and in high ionic strength buffer one additional time (phosphate-buf-
fered I MNaCl, pH 7.4, 4°C) to remove nonspecifically bound counts.
Specifically bound counts were recovered by enzymatic removal of
cells from the culture dish (trypsin 0.05%, EDTA0.53 mM)and quan-
tified in a y counter. Approximately 4%of added counts bound specifi-
cally in the absence of additional exogenous PDGF. The standard
curve was carried out in quadruplicate and all test fluids were assayed
in duplicate at a minimum of three different concentrations.

Quantitation of PDGFin patient samples
Two assays were utilized to quantify PDGFin lavage fluid: a radioli-
gand-binding assay (above) and immunoblot analysis. Preliminary
studies with the radioligand-binding assay indicated that the PDGF
concentration of lavage fluid was too low to permit direct assay (radio-
ligand binding detects 2 100 pM). In addition, similar evaluation of
the immunoblot assay indicated that the fluid contained too much
protein (100-1,000 Mg/ml) to reproducibly load > 50 Ml onto each re-
gion of the nitrocellulose paper used for the assay. This volume was
inadequate for reproducible quantitation of PDGF in lavage fluid
(lower limit of detection > 30 pmol). Therefore, for both assays, addi-
tional preparation of the samples was required.

Sample preparation. To prepare fluid for radioligand-binding as-
says, - 20 ml was Iyophilized to dryness, resuspended in 1 ml of 0.1 M
acetic acid, and dialyzed against that buffer (4°C, two changes, 500
vol). Dialyzed samples were frozen, Iyophilized, and resuspended in
binding buffer. Three concentrations of each sample were assayed in
duplicate, with quantitation carried out by graphic comparison to a
standard curve. Losses of PDGFduring the entire handling procedure
were formally assessed using '23I-PDGF as tracer and ranged from 29%
to 36%.

The strategy to prepare samples for the immunoblot assay was
based on the high degree of PDGFbinding to cation exchange resins at
low ionic strength compared to the other proteins in lavage fluid. 10 ml
of fluid was applied to a 200-MAl bed volume column packed with the
strong cation exchange resin Sulfapropyl-Sephadex preequilibrated

with buffer (50 mMNaCl, 10mMNaphosphate, pH 6.5). The column
was washed free of unbound material with 3 ml of equilibration buffer,
and developed with 500 Ml of elution buffer (1 MNaCl, 10 mMNa
phosphate, pH 6.5). Using this procedure, 78-88% of '25I-PDGF added
to lavage fluid (fluid from two normals and two ARDSpatients were
used) bound to the resin while only 5-8% of total applied protein
bound. Development of the cation exchange column eluted 87-93% of
bound counts. Thus 68-82% of the PDGFin a test sample was recov-
ered for application to the nitrocellulose paper. Formal quantitation of
the efficiency of the application procedure indicated that binding of
PDGFto nitrocellulose is essentially complete if the amount of protein
applied is . 70 Mlg. After elution from the ion exchange column, this
was the case for all samples in the study.

Immunoblot assay. PDGFin lavage fluid was quantified by immu-
noblotting using a 96-well vacuum blotter (Minifold, Schleicher &
Schuell, Inc., Keene, NH), which transfers the proteins from up to 500
Mul of sample onto 20-mm2 of nitrocellulose paper. All transfers and
dilutions were performed using pipettes and containers that had been
siliconized, incubated in a solution of nonfat dry milk (I mg/ml), and
rinsed in distilled water before use. After transfer of a standard or test
solution to the nitrocellulose paper, remaining binding sites on the
paper were blocked by incubation (I h, 220C) in T-TBS (150 mM
NaCI, 100 mMTris, 0.05% Tween 20, pH 7.4) containing 1 mg/ml
nonfat dry milk. Blocking buffer was decanted and the blot was incu-
bated (1 h, 22°C) in a solution of primary antibody (goat anti-human
PDGF, 20 Mg/ml; Collaborative Research, Inc.). The blot was rinsed
(four times with T-TBS) and incubated (3 h, 22°C) in a solution of
secondary antibody (rabbit anti-goat IgG [Fc] coupled to horseradish
peroxidase [Dako Corp., Santa Barbara, CA], 4 Ml/ml in T-TBS). Since
variable, but considerable, cross-reactivity occurred between the sec-

ondary antibody preparations and human IgG (which is abundant in
lavage fluid), a preadsorbtion step was necessary before using the sec-

ondary antibody. To accomplish this, the secondary antibody was

preabsorbed (1 h, 22°C) with T-TBS containing nonfat dry milk (1
mg/ml), BSA (1 mg/ml), and human IgG (1 mg/ml). The blot was

rinsed (four times with T-TBS) and color developed by addition of
diaminobenzidine (0.8 mg/ml) for 30-45 s. The reaction was

stopped by flooding the blot with water. The intensity of color was

quantified using a video densitometer (32). The quantity of PDGFin a

test fluid was calculated as the geometric mean of the signal corre-

sponding to more than or equal to three dilutions of that fluid that fell
within the boundaries of the standard curve.

Quantitation of other platelet a-granule contents
f,-Thromboglobulin was quantified by radioimmunoassay according
to the manufacturer's instructions (Amersham Corp., Arlington
Heights, IL). Lavage fluid was concentrated 10-fold by speed evapo-
ration. The lower limit of detection in the assay was 0.5 ng/ml lavage
fluid.

Statistical analysis
In general, the distributions of data elements within patient groups
were not Gaussian. Therefore comparisons were carried out using non-

parametric statistics (Wilcoxan rank order test).

Results

Bronchoalveolar lavage. All but two patients in the study popu-
lation underwent bronchoalveolar lavage without difficulty. In
two patients with acute lung injury, a transient decrease in
oxygen saturation below 90% occurred (80% and 88%, respec-
tively) during the procedure. This rapidly resolved when the
bronchoscope was removed from the endotracheal tube. In
both patients, because the procedure was clinically necessary,
bronchoalveolar lavage was carried out later that day without
problems. The amount of instilled fluid recovered was 58±9%.

666 Snyder et al.



Nucleated cell counts varied considerably (range = 56-3,860
cells/,dl; mean+SD= 469±1,124 cells/,l) in patients with acute
lung injury, and there were 20-fold more RBCon average than
nucleated cells (10,300±13,400 cells/jil). As expected (33), the
nucleated cell differential count revealed a preponderance of
neutrophils (2 63%; 87± 11%), with macrophages representing
nearly all of the remaining cells (13±11%). Total protein
(718±460 ,ug/ml) and albumin (339±286 Ag/mI) concentra-
tions were in the range previously reported by other investiga-
tors (33, 34). Overall mortality for the patients with lung injury
was 54%. Taken together, these data indicate that the degree of
lung injury in our study group was comparable to that observed
in other reports (33, 34). Similarly the bronchoalveolar lavage
cell counts, differentials and protein concentrations in the criti-
cally ill controls and patient controls fell within the expected
range for these populations (33-35).

Growth of lung fibroblasts in response to bronchoalveolar
lavage fluid and cell supernates. When nonreplicating fibro-
blasts were cultured with cell-free lavage fluid from patients
with ARDS, there was a marked increase in replication rate
(Fig. 1). The bioassay utilized took advantage of the known
growth factor requirements of fibroblasts, and was designed to
assess the ability of a test sample to replace one or more of the
required factors. Fibroblast replication slowed greatly after cul-
tivation in medium F12 + 0.4% calf serum for 3 d and serum-
free medium F12 (i.e., basal medium, see Methods) for 1 addi-
tional day (< 6% increase in cell number/day). The addition of
basal medium containing appropriate concentrations of the
three required factors (PDGF 100 pM, EGF 100 pM, insulin
100 nM; i.e., "optimal medium") resulted in a growth rate that
was 70-80% of that observed in medium F12 + 10% calf
serum. Omission of any one of the required factors from the

200

Io-
x

U

150-

100 -

50-

0 2 4 6 8

Time (days)

Figure 1. Growth of lung fibroblasts in response to bronchoalveolar
lavage fluid from a patient with acute lung injury. Nonreplicating
fibroblasts were incubated with a test fluid in basal medium contain-
ing two of the three growth factors (i.e., EGF+ IGF, PDGF+ IGF, or

PDGF+ EGF) required for optimal growth. Shown is fibroblast cell
number as a function of time when the omitted factor was PDGF(o);
EGF(A), or IGF (n). Also shown is fibroblast growth in optimal me-

dium with no added test fluid (all three growth factors added; solid
line), and in basal medium containing any two of the three required
growth factors (dashed line).

optimal medium dropped the rate of replication four- to five-
fold. In the example shown (Fig. 1), addition of lavage fluid
from a patient with ARDSsignificantly augmented growth in
each of the basal media supplemented with any two of the three
required growth factors (i.e., EGF+ IGF, PDGF+ IGF, PDGF
+ EGF) (P < 0.01, all comparisons). These findings indicated
the presence of bioactive moieties capable of replacing each of
the three required factors. The increased rate of replication
observed when this fluid was added to fibroblasts cultured in
basal medium in the absence of additional growth factors (14 of
16 lavage fluid samples tested in this way were positive; mean
increase in cell number was 43±1 1% above control) corrobo-
rated this result (data not shown). In contrast to the stimulatory
influence of lavage fluid from patients with ARDSon fibro-
blast replication, lavage cell supernates from these patients
(mainly RBCand neutrophils) induced minimal or no increase
in fibroblast replication (data not shown). For that reason, fur-
ther experiments focused on the bioactivity present in lavage
fluid.

While lavage fluid from nearly all patients with ARDScon-
tained substantial amounts of growth promoting bioactivity,
fluid samples from controls contained little or no activity (Fig.
2). The quantity of bioactivity in each test sample was defined
as the reciprocal of the dilution inducing 50% of the maximum
growth response observed in optimal medium. Amongthe posi-
tive lavage samples from patients with ARDS, values for the
quantity of bioactivity replacing PDGFranged from 60 to 160
U/ml (Fig. 2 A); the quantity replacing EGF, from 45 to 125
U/ml (Fig. 2 B); and the quantity replacing insulin, from 60 to
130 U/ml (Fig. 2 C). The highest value observed in any of the
controls was 5 U/ml (P < 0.01, all comparisons).

In addition to growth promoting activity, inhibitors of fibro-
blast replication were detected in each lavage fluid from both
patients and controls (data not shown). Addition of growth
factors (PDGF 100 pM, EGF100 pM, insulin 100 nM) to each
of the fluids to be assayed indicated the presence of inhibitory
activity that was undetectable in all but two ARDSsamples
after a 10-fold dilution of the fluid. Of note, it required a 150-
fold dilution to eliminate the inhibitory activity from the two
ARDSlavage fluids that were negative in the fibroblast growth
bioassay. Despite the complex interplay of forces modulating
fibroblast replication within the alveolar microenvironment, a
striking net growth-promoting activity characterized the lavage
fluid of nearly all patients with ARDS.

Fibroblast migration in response to bronchoalveolar lavage
fluid and cell supernates. Cell-free lavage fluid from patients
with ARDSsignificantly stimulated fibroblast migration (Fig.
3). In contrast, none of the specimens obtained from controls
induced significant fibroblast migration. Consistent with the
observations made for growth promoting activity, only the
fluid and not the cell supernates contained the bioactivity (data
not shown). In the assay utilized, fibroblast migration in the
presence of buffer alone was 53±14 cells per X 100 field. The
addition of PDGF(positive control), 4-165 pM, resulted in
values ranging from 75±21 to 350±34 per X 100 field, encom-
passing the range of migration observed in response to lavage
fluid from ARDSpatients. Similar to the findings in the replica-
tion bioassay, inhibitors of cellular migration were found when
exogenous PDGF(165 pM) was added to the lavage samples
(not shown). In all cases, a 1:8 dilution eliminated this activity.
While small amounts of bioactivity stimulating fibroblast mi-
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Figure 2. Quantitation of growth-promoting bioactivity in bronchoalveolar lavage fluid. For each sample tested the number of growth factor units
present is expressed as the reciprocal of the dilution of test fluid resulting in 50%of the maximumgrowth response observed in optimal medium.
Shown are data obtained in medium lacking (left) PDGF, (middle) EGF, (right) IGF.

gration could have been obscured by the inhibitors detected,
significant net migration promoting activity was observed in
the lavage fluid from all patients with ARDS, and in none of
the controls (P < 0.01).

Characterization of the growth-promoting activity replacing
PDGFin thefibroblast growth bioassay. Efforts to characterize
the identified biological activities were focused on the moieties
replacing PDGFin the fibroblast growth assay. This approach
had the advantage of likely isolating at least one of the principal
fibroblast migration promoting activities as well. The strategy
for biophysical and biochemical characterization took advan-
tage of the known properties of the defined isoforms of PDGF.

2001

0-
la

0x

0
0

.2

CW

0

S

150-

100-

50-

0-

0

ARDS Control

Figure 3. Fibroblast migration in response to bronchoalveolar lavage
fluid. Fibroblasts were placed in the upper chamber of a modified
Boyden chamber apparatus. They were separated from the test fluid
placed in the bottom well by a collagen-coated polycarbonate filter.
Shown is fibroblast migration expressed as the number of cells mi-
grating per X 100 field in response to bronchoalveolar lavage fluid
from patients with acute lung injury as well as patient controls. For
each data point the number of cells migrating toward the negative
control fluid = 53±14 (medium 199 + 0.2% lactalbumin) was sub-
tracted from the total number of migrating cells.

Similar to PDGF, the majority of the growth and migration
promoting activity was heat stable (1000C, 15 min) and acid
resistant (pH 2.0), was extractable into polar but not nonpolar
solvents, and was sensitive to incubation with reducing agents
((3-mercaptoethanol, 2 mM) as well as proteolytic enzymes
(trypsin, 5 x 10-6 M) (Table II).

While < 15%of the bioactivity bound to an anion exchange
resin (DEAE), > 80% of the bioactivity bound to the cation
exchange resin, Sulfapropyl-Sepharose. Gel filtration of the
bioactivity eluted from Sulfapropyl-Sepharose (0.5 MNaCl,
pH 7.4) resolved it into three fractions (Fig. 4). One comigrated
with an authentic PDGFstandard (AB), at an apparent M, of
29 kD. Of the other two moieties one was larger than PDGF,
with an apparent Mr of 38 kD, and the second was smaller at 14
kD. Each of the three bioactive fractions reacted positively in
an immunoblot assay using a polyclonal anti-PDGF antibody
(data not shown).

In an effort to more quantitatively examine the different
molecular mass forms of the bioactivity present in recovered
lavage fluid and examine their antigenic relationship to PDGF,
Western blot analysis of all lavage proteins was attempted. Ow-
ing to the high concentration of total protein, this was not
technically feasible. To circumvent this problem, two separate
procedures were utilized: (a) Western blot analysis of cationic
lavage proteins (i.e., those binding to Sulfapropyl-Sepharose in
0.075 MNaCl, eluted with 0.5 MNaCl); and (b) immunoaffin-

Table II. Biophysical Properties of the Growth-promoting Activity
Replacing PDGFin the Bioassay

Percentage of
Treatment activity remaining

Heat (100°C, 15 min) 69
Acid (pH 2.0, 30 min) 74
Lipid solubility

(ethyl acetate) 0
Reduction (fl-mercaptoethanol

2 mM, 30 min) 11
Protease (trypsin,

5 x 10-6 M, 37°C, 30 min) <5
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Figure 4. Gel filtration chromatography of bronchoalveolar lavage
cationic proteins. Bronchoalveolar lavage fluid from patients with
acute lung injury was allowed to bind to sulfapropyl Sepharose and
eluted with 0.5 MNaCl. The resultant eluted proteins were chro-
matographed on a Superose-12 column. Shown is fibroblast growth
(expressed as percent increase in cell number above control) in re-

sponse to each column fraction. Also shown are the positions of the
molecular mass standards (a2M = alpha-2 macroglobulin, 850 kD;
BSA = bovine serum albumin, 66 kD; PDGF= 1251-PDGF AB, 29
kD; LYS = lysozyme, 14 kD).

ity chromatography of total lavage fluid protein using a solid-
phase polyclonal anti-PDGF antibody. Consistent with the re-

sults of the gel filtration analysis, Western blot analysis of la-
vage cationic proteins indicated the presence of three
molecular mass forms of PDGFimmunoreactive material. Of
note, while the 38- and 29-kD peptides were variably present
and represented a minority of the PDGFimmunoreactivity,
the 14-kD peptide was the predominant form (Fig. 5). Similar
results were obtained by immunoaffinity chromatography (not
shown).

Further purification of the 14-kD peptide was carried out
by subjecting cationic lavage fluid proteins to sequential immu-
noaffinity, gel filtration, and reversed-phase HPLCwith each
fraction examined for PDGFby immunoblot. Densitometric
analysis of a silver-stained PAGEindicated that the 14-kD pep-
tide was > 95% pure, with a very small amount of 29-kD pep-
tide as well as other higher molecular mass peptides present
(Fig. 6). Examination of the growth-promoting, migration-pro-
moting, and receptor-binding properties of the 14-kD peptide
confirmed that it was biologically active, and not inactive
PDGFmonomer which has a similar electrophoretic mobility
(Fig. 7).

Although insufficient quantities of the 38-kD peptide were
available for additional characterization, further analysis of the
29-kD peptide by reversed-phase HPLCdemonstrated coelu-
tion with a PDGFstandard (purified from platelets) at 30%
organic phase (data not shown). Strong evidence that some of
the 29-kD PDGFidentified resulted from platelet degranula-
tion was provided by the detection of another platelet a-gran-
ule product, ,B-thromboglobulin, in the epithelial lining fluid of

Figure 5. Western blot analysis of cationic lavage proteins. Lavage
proteins eluted from sulfapropyl Sepharose were subjected to SDS-
PAGE(15%) and transferred electrophoretically onto nitrocellulose
paper. Proteins were allowed to bind to an anti-PDGF polyclonal
antibody, the primary antibody identified with HPO-conjugated sec-
ondary antibody, with color developed by adding H202 and diamino-
benzidine. (A) Shown are the patterns corresponding to six different
patients with acute lung injury (lanes 2-4 and 6-8), and one patient
control (lane 5). Also shown is the signal generated by 0.33 pmol of
PDGF(BB homodimer) used as a standard (lane 1). The 38-kD pep-
tide when present appeared as a doublet (lanes 2, 3, and 8) and the
14-kD peptide generally appeared as a doublet or triplet. (B) Shown

is the pattern corresponding to a patient who demonstrated the pres-
ence of 29-kD PDGFas well as 14-kD PDGF(lane 2). PDGFstan-
dard (0.33 pmol; lane 1) is also shown.

patients with acute lung injury. Of note, in patients with acute
lung injury, f,-thromboglobulin concentrations ranged from
2.1 to 153 ng/ml (27.7±43.9 ng/ml), while in control patients
f3-thromboglobulin was uniformly < 0.5 ng/ml; P < 0.01.
Therefore, whereas at least a portion of the 29 kD bioactivity
was likely PDGForiginating from platelet a-granules, the ori-
gin of the 14- and 38-kD bioactivities remained an unresolved
issue.

Quantitation of PDGFin bronchoalveolar lavagefluidfrom
the study population: immunoblot and radioligand-binding as-

say. Biologically significant concentrations of PDGFwere de-
tected both by immunoassay and radioligand binding assay in

Figure 6. Purification of the 14-kD peptide. The bio-
14- logical activity after immunoaffinity and gel filtration

chromatography corresponding to the 14-kD peptide
was further purified using reversed-phase HPLC. The
resultant peak of biological activity was subjected to
SDS-PAGE(15%). Shown are the proteins identified
by silver staining of the gel.
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lavage fluid from patients with acute lung injury (Fig. 8). In
lung injured patients, concentrations of PDGFranged from 60
to 410 pMby receptor assay (Fig. 8, top) and from 80 to 420
pM by immunoassay (Fig. 8, bottom). As expected from the
bioassay data, little or no PDGFwas detected in the lavage
fluid obtained from normals or patient controls (P < 0.01, both
comparisons). Although precise quantitation of PDGFcon-

centrations in the epithelial lining fluid in our study population
cannot be made owing to the variable dilution of this lining
fluid during the lavage procedure, the values obtained in pa-
tients with acute lung injury are in a range consistent with a

pathogenetic role in vivo.

Discussion
In patients dying with acute lung injury, a fibroproliferative
response characterized by mesenchymal cell migration and rep-
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Figure 7. Biological characterization of the 14-kD peptide. After pu-
rification, the 14-kD peptide (see Fig. 6 above) was examined for its
growth-promoting, migration-promoting, and receptor-binding prop-
erties. (Upper left) Shown is fibroblast growth (expressed as the per-
cent increase in cell number above control) in response to increasing
amounts of the 14 kD peptide (A). (Upper right) Fibroblast migration
is displayed as number of cells per x 100 field in response to increas-
ing concentrations of the 14-kD peptide. (Lower left) The ability of
increasing concentrations of the 14-kD peptide to displace radiola-
beled PDGFBB from its receptor on skin fibroblasts is shown. Also
shown in each panel are the results using PDGFpurified from platelet
a granules (i) and recombinant PDGFBB homodimer (.).

lication results in obliteration of the airspace. The present
study has identified growth regulatory signals on the surface of
the airspace which may be instrumental in directing this re-
sponse. Amongthese were three peptides related to PDGF. The
most ubiquitous and abundant was a 14-kD peptide that
shared with PDGFits growth- and migration-promoting prop-
erties for cells as well as several biophysical, biochemical, re-
ceptor-binding, and antigenic properties. The second appeared
identical to PDGFof platelet origin. The third was a 38-kD
peptide which was biologically, biophysically and antigenically
similar to PDGF.

Granulation of the injured airspace. Available morphologi-
cal information in patients after lung injury as well as in model
systems indicates that the intraalveolar fibroproliferative re-
sponse is anatomically similar to granulation of a wound space
(13, 14, 36). In particular, both processes feature a rapid inflam-

670 Snyder et al.



400 -

300 -

UL
0
C.
&-

200 -

1oo -

400-

300.-

r-
UL.
I)0a
a.

JO0

I

ARDS
(n=19)

0

Control
(n-8)

0
0

0

0@
0

0

0

0
0

0

ARDS Control
(n=19) (n=8)

Figure 8. Quantitation of PDGFin bronchoalveolar lavage fluid.
(Top) Radioligand-binding assay. Bronchoalveolar lavage fluid con-
centrated by lyophilization (8-20-fold) was dialyzed against 0.1 M
acetic acid, speed evaporated to dryness, and reconstituted with assay
medium. Shown is the quantity of PDGFreceptor-binding activity
using PDGFBB as a standard. Values are corrected for the extent of
concentration. (Bottom) Cationic lavage proteins were applied to ni-
trocellulose paper and color developed by sequential addition of
polyclonal anti-PDGF, secondary antibody coupled with HPO, and
diaminobenzidine. Shown are the results of videodensitometric
quantification of color compared to a BB-PDGFstandard for patients
with acute lung injury and controls.

matory response and the subsequent deposition of a provi-
sional matrix in the wound space. Prompt ingrowth of capillar-
ies and myofibroblasts ensues, followed by deposition of ma-
trix macromolecules. Although the events and anatomy are
nearly identical, the outcomes are diametric. Obliteration of
the airspace by granulation tissue is maladaptive, precluding
effective gas exchange, whereas prompt granulation of a wound
space is a highly adaptive response leading to restoration of an
intact integument. Despite the difference in outcome, it is
likely that the molecular mechanisms governing the process of
wound healing will also pertain to intraalveolar fibrosis. It is
therefore important to examine the results of the present study
within the framework of current knowledge regarding wound
healing.

When Matsuoka and Grotendorst (37) examined wound
fluid for fibroblast migration-promoting activity, the major

bioactivity was an - 16-kD peptide recognized by a polyclonal
anti-PDGF antibody. It is noteworthy that in lung injured pa-
tients, a 14-kD biologically active PDGF-like peptide was in-
variably recovered from the surface of the airspace. Without
amino acid composition or sequence data it is not possible to
know if these molecules are identical. Nonetheless, their strik-
ingly similarity indicates that in two anatomic locations after
injury, the most abundant form of PDGFrecovered is a 14-kD
peptide, and not the 29-kD peptide purified from platelet a-
granules.

The origin and cellular source of the 14-kD peptide remains
an unresolved issue. First, it is unclear whether the 14-kD pep-
tide is proteolytically cleaved from a 29-kD parent peptide, or
whether it is released from cells in that form. Based on its reac-
tivity with anti-B and polyclonal anti-PDGF antibody (which
detects BB, AB, but not AA), the 14-kD peptide probably con-
tains I3-chain amino acid sequences. However, the actual chain
composition is uncertain. Candidate cellular sources include
platelets (38-40), mononuclear phagocytes (29, 41-44), endo-
thelial cells (45-47), and autocrine production by mesenchy-
mal cells themselves (48,49). Excluding platelets, each of these
cell types has been observed to release PDGF-like peptides dis-
tinct from the 29-kD form (defined biologically, by receptor-
binding properties and/or antigenically) with molecular masses
ranging from 13 to 67 kD. Defining the amino acid sequence of
the bioactive peptides and their corresponding cellular sources
will be an important step in assigning a role for these growth
factors in the pathogenesis of intraalveolar fibrosis.

A surprising aspect of the present study was the relative
paucity of the 29-kD form of PDGFin the lavage fluid of pa-
tients after acute lung injury. The unambiguous ultrastructural
evidence of degranulated platelets in the lung, coupled with the
clear demonstration of f-thromboglobuhin in lavage fluid in
the present study, suggests that the 29-kD form of PDGF
should be present. However, while detectable biologically in all
lavage samples handled preparatively, Western blot analysis of
cationic proteins demonstrated its presence in only a small pro-
portion of the patients, and in all cases it appeared to be a
minor portion ofthe total immunoreactive material. Onepossi-
bility is that 29-kD PDGFis released and rapidly processed to
the 14-kD form. Alternatively, 29-kD PDGFmay be bound to
a noncationic plasma protein which is overly represented in the
airspace by virtue of the severe epithelial injury present. In this
regard, 29-kD PDGFis known to bind avidly to a2-macroglob-
ulin (50) (and probably other plasma proteins as well), which is
present in the lavage fluid of lung injured patients in high con-
centrations (- 25 ,ug/ml) (34). Not only does a2-macroglobu-
lin fail to bind to cation exchangers, but also PDGFbound to
a2-macroglobulin is not detected by the polyclonal anti-PDGF
antibody utilized in the current study (51). The potential bio-
availability of a2-macroglobulin-bound PDGFis an issue that
has received limited attention, but based on the enigmatic lack
of 29-kD PDGFin this study and studies of wound healing,
clearly requires further examination.

There is biological precedent for larger molecular mass
forms of PDGF. Although the data from the present study
must be considered preliminary, based on the limited character-
ization of this peptide, PDGFproduced by simian sarcoma
virus transformed cells is a dimer of p28sis, i.e., 56 kD (52). In
addition, higher molecular mass forms have been identified
among macrophage secretory products as well as from other
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cell types (43, 53-55). Moreover, wound fluid was also noted to
contain an - 38-kD PDGF-related peptide (37). Discerning
the relationship of the 38-kD lavage peptide to these other
forms of PDGFawaits further purification and characteriza-
tion of the relevant moieties.

Clinical implications. Based on the results of the present
study, it is attractive to hypothesize that intraalveolar PDGF
contributes to the evolution of intraalveolar fibrosis in patients
after acute lung injury. However, there is a fundamental prob-
lem with this simple formulation. Although nearly every pa-
tient studied had markedly elevated concentrations of PDGF
and the other yet uncharacterized bioactivities in their air-
space, only half of the patients die with alveolar fibrosis. It
remains unclear whether the survivors never develop extensive
intraalveolar fibrosis, or whether in this patient population the
process develops and then regresses. This raises the important
question as to whether persistently elevated levels of trophic
factors for mesenchymal cells are required for progressive in-
traalveolar fibrosis and whether it is those patients who go on to
obliterate their airspaces. Follow-up studies in which patient
outcome is correlated with serial measurements of growth fac-
tor concentration may help clarify this issue.

An alternative pathogenetic sequence supported by both
morphological data in patients as well as by study of model
systems is that nearly all patients with severe lung injury do
develop significant intraalveolar fibrosis (10-12). As a corol-
lary therefore, it is only those patients capable of resolving the
intraalveolar fibrosis and repairing the damaged alveolar wall
that survive. Clearly the body has mechanisms to terminate a
fibroproliferative response, as evidenced by the anatomic pre-
cision of integumentary wound healing. In contrast, regression
of established fibrosis is less well established as a biological
process. One paradigm for resolution of fibrosis derives from
events during ontogeny, where regression of entire structures is
routinely accomplished by the developing fetus. Viewed within
this framework, regression of the granulation tissue within the
airspace could, in principle, occur.

Acute lung injury is a devastating clinical syndrome, with
an exceptionally high mortality. Survival occurs only if a rapid
coordinated restoration of the alveolar wall ensues, permitting
effective gas exchange to resume. The present study provides
some insight into the elements of the alveolar microenviron-
ment that may lead to intraalveolar granulation rather than
alveolar repair. Demonstrating high concentrations of the po-
tent mesenchymal cell growth factor and chemoattractant
PDGFin the lower respiratory tract of patients with acute lung
injury represents one important step toward establishing a
causal role for this growth factor in the fibroproliferative pro-
cess subverting effective lung repair.
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