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SUMMARY: Neutrophils may participate in the development of lung fibrosis. Hepatocyte growth factor (HGF), a growth factor
for type II pneumocytes, is produced by neutrophils. We measured the production of HGF by blood and alveolar neutrophils from
patients with either idiopathic pulmonary fibrosis (n � 11) or connective tissue disease-associated pulmonary fibrosis (n � 10) and
from control patients (n � 10). HGF secretion by alveolar macrophages and the expression of the HGF receptor by alveolar
epithelial cells in pulmonary fibrosis were also evaluated. HGF was not detected in bronchoalveolar lavage fluid from controls.
HGF concentration in the epithelial lining fluid from patients was 4-fold higher than in plasma, suggesting a local production within
the alveolar space. Alveolar neutrophils secreted HGF in vitro. Basal HGF secretion by alveolar neutrophils positively correlated
with HGF in the epithelial lining fluid (p � 0.05, rho � 0.582). HGF secretion by alveolar neutrophils could not be further stimulated
with lipopolysaccharide, whereas HGF secretion by blood neutrophils doubled with lipopolysaccharide. Alveolar macrophages
did not secrete HGF in vitro. The expression of the HGF receptor was greatly increased in the fibrotic lung, supporting the local
function of HGF secreted by neutrophils. We conclude that neutrophils are a source of HGF in patients with pulmonary fibrosis.
(Lab Invest 2002, 82:1015–1022).

P ulmonary fibrosis, either idiopathic or associated
with a pathologic condition (such as a connective

tissue disease), is characterized by fibroblast prolifer-
ation and extracellular matrix remodeling, which result
in irreversible distortion of the lung’s architecture.
Chronic inflammation of the alveolar space has long
been thought to mediate the development of pulmo-
nary fibrosis, in part through alveolar epithelial injury,
activation, and delayed repair, which is now consid-
ered as a critical event in lung fibrogenesis (Selman et
al, 2001). Alveolar epithelial repair is a complex and
finely regulated process, based upon migration and
proliferation of type 2 alveolar epithelial cells (Bitter-
man et al, 1994). Growth factors have been shown to
control both phases of the process. Among these
factors, the hepatocyte growth factor (HGF), a het-
erodimeric protein obtained through the cleavage of
an inactive precursor, proHGF, has been demon-

strated to increase migration (Kim et al, 1999) and
proliferation (Mason et al, 1994; Ohmichi et al, 1996;
Panos et al, 1996) of type 2 cells in vitro and in vivo
and to limit lung fibrosis in vivo after bleomycin injury
in rodents when given intravenously (Yaekashiwa et al,
1997) or intratracheally (Dohi et al, 2000). HGF acts
through the MET receptor, a membrane-bound ty-
rosine kinase (Weidner et al, 1993). HGF has been
detected in the blood and the bronchoalveolar lavage
(BAL) fluid of patients with pulmonary fibrosis (Yaman-
ouchi et al, 1998). However, the cell sources of HGF in
the lung are not well known in this condition; in
particular, the role of alveolar macrophages remains
under debate. Moreover, the expression of the HGF
receptor has not been adequately assessed in the
fibrotic lung.
A neutrophilic alveolitis is very common in pulmo-

nary fibrosis, either idiopathic (IPF) or associated with
a connective tissue disease (CTD-PF) (Haslam et al,
1980). The critical role of persistent neutrophil accu-
mulation in the airspace, leading to persistent injury of
the epithelial barrier with abnormal repair, has been
advocated in the genesis of interstitial fibrosis (Hun-
ninghake et al, 1981). Part of the injurious effect of
neutrophils in the lung is thought to be mediated by
the local release of proteases overwhelming the local
antiprotease defenses (Crestani et al, 1994). However,
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recent data suggest that neutrophils may have a
beneficial effect in alveolar repair. The later could be
mediated through the secretion of growth factors
directed to the epithelium. Indeed, results of our
laboratory indicate that blood neutrophils secrete HGF
in vitro in response to different stimuli, including
lipopolysaccharide (LPS) (Grenier et al, 2002), and that
alveolar neutrophils could be a significant source of
HGF in acute lung injury (Jaffre et al, 2002).

Therefore, the aim of this study was to (a) determine
whether neutrophils participate in HGF production in
the lungs of patients with IPF or CTD-PF, (b) compare
alveolar macrophage and neutrophil HGF secretion in
these diseases, and (c) evaluate the level of expres-
sion of the HGF receptor (c-met) by alveolar epithelial
cells in the fibrotic lung.

Results

Plasma and Alveolar HGF Concentrations

HGF was detected in the plasma in both control
subjects and patients. The plasma HGF concentration
in patients with IPF (859 pg/ml [698–956]) and CTD-PF
(763 pg/ml [650–1018]) was significantly higher than
that of controls (464 pg/ml [407–547], p � 0.0001
versus controls).

HGF was detected in all of the BAL supernatants
from patients (70 pg/ml [47–123]). HGF was below the
detection level in the BAL fluid from all controls. BAL
HGF concentration was not different in IPF (70 pg/ml
[54–90]) and CTD-PF (78 pg/ml [40–147], p � 0.49).
Plasma and BAL HGF concentrations correlated pos-
itively (rho � 0.476, p � 0.03).

To compare lung and plasma HGF levels, we cal-
culated the HGF concentration in the epithelial lining
fluid (ELF). HGF concentration in ELF was similar in
IPF (3278 pg/ml [2127–9831]) and CTD-PF (3460
pg/ml [2342–13345]) and was 4-fold higher than in
plasma (p � 0.009 and p � 0.01 for IPF and CTD-PF,
respectively), thus indicating some intra-alveolar pro-
duction of HGF. BAL HGF tended to correlate with the
percentage of neutrophils in BAL (rho � 0.4, p � 0.07).

HGF Secretion by Alveolar Neutrophils

Alveolar neutrophils from patients stained strongly
positive with an anti-HGF antibody (Fig. 1). We evalu-
ated the ability of alveolar neutrophils to secrete HGF
in vitro. Basal HGF secretion could be measured for 11
patients. Alveolar neutrophils from patients with IPF
and CTD-PF released similar levels of HGF in vitro
(542 pg/ml/107 neutrophils [143–800], n � 6, and 510
pg/ml/107 neutrophils [367–658], n � 5, respectively)
(Fig. 2).

The limited number of BAL neutrophils allowed us to
evaluate LPS-induced HGF secretion in only five pa-
tients (IPF, n � 4; CTD-PF, n � 1). LPS did not
increase the HGF release by alveolar neutrophils in
comparison with basal secretion (571 pg/ml/107 neu-
trophils [128–1025] versus 535 pg/ml/107 neutrophils
[120–984], respectively, p � 0.27 versus basal
secretion).

Spontaneous HGF release by alveolar neutrophils
positively correlated with HGF concentration in ELF
(rho � 0.582, p � 0.05) when the two groups of fibrotic
patients were taken as a whole. HGF release by
alveolar neutrophils did not correlate with any of the
lung function tests or blood gas results.

Lack of HGF Secretion by Alveolar Macrophages

Alveolar macrophages were weakly stained with an
anti-HGF antibody (Fig. 1). HGF was always below the

Figure 1.
Hepatocyte growth factor (HGF) immunostaining of bronchoalveolar lavage
(BAL) cells. BAL cytocentrifuge smears were immunostained with a monoclo-
nal anti-human-HGF antibody or with a nonspecific mouse immunoglobulin of
the same isotype as a negative control (magnification, �800). A, Alveolar
neutrophils stained strongly positive, whereas macrophages were weakly
positive. B, Control antibody.
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detection level of the ELISA in alveolar macrophage
supernatants, either basal or LPS stimulated, obtained
from seven IPF patients and from eight control
subjects.

HGF Secretion by Blood Neutrophils

Basal HGF secretion by blood neutrophils was higher
in patients with CTD-PF (1136 pg/ml/107 neutrophils
[941–1607], n � 10) than in patients with IPF (511
pg/ml/107 neutrophils [435–968], n � 9, p � 0.04) and
in controls (823 pg/ml/107 neutrophils [643–949], p �
0.05) (Fig. 3).

Although alveolar neutrophils could not be stimu-
lated with LPS, HGF secretion by blood neutrophils
could be increased 2-fold after LPS stimulation, either
in IPF (1736 pg/ml/107 neutrophils [1596–1909], n � 6)
or in CTD-PF (1862 pg/ml/107 neutrophils [1501–

2166], n � 7) or in controls (1730 pg/ml/107 neutro-
phils [1682–2445]). LPS-stimulated HGF secretion
was similar in the three groups. For each patient, HGF
release by blood neutrophils was significantly higher
than that from alveolar neutrophils, either unstimu-
lated (p � 0.01) or LPS stimulated (p � 0.05). Basal
HGF secretion by blood neutrophils from patients
correlated positively with forced vital capacity (rho �
0.455, p � 0.05), forced expiratory volume in one
second (rho � 0.486, p � 0.04), and BAL albumin (rho
� 0.584, p � 0.01) but did not correlate with total lung
capacity, carbon monoxide diffusion capacity, or ar-
terial blood gases.

HGF Receptor Is Strongly Expressed in the Fibrotic Lung

To evaluate the biologic significance of our data, we
asked whether HGF receptor was expressed in the
fibrotic lung. HGF receptor expression has been
shown to be reduced in acute lung injury (Yanagita et
al, 1993) but has not been evaluated in chronic lung
injury. Immunohistochemistry demonstrated some ex-
pression of c-met on endothelial cells and alveolar
epithelial cells in the normal lung, whereas alveolar
macrophages stained negative (Fig. 4C). We studied
lung samples from three different patients with end-
stage pulmonary fibrosis who were undergoing trans-
plantation. In all fibrotic lung samples, HGF receptor
expression was greatly increased, especially on hy-
perplastic alveolar epithelial cells (Fig. 4A). Some
positive cells, probably desquamated epithelial cells,
were detected in the airspaces. Endothelial cells were
still positively stained (Fig. 4).

Discussion

The alveolar epithelium plays a critical role in the
complex repair process that follows lung injury and
has been implicated in the pathophysiology of lung
fibrosis (Selman et al, 2001). HGF, a multipotent
growth factor with mitogenic, motogenic, and mor-
phogenic effects, stimulates the proliferative and re-
pair capacity of the alveolar epithelium (Dohi et al,
2000; Ware and Matthay, 2002; Yaekashiwa et al,
1997). Our results confirmed the production of HGF in
the lung of patients with pulmonary fibrosis and dem-
onstrated that blood and alveolar neutrophils are a
significant source of HGF as opposed to alveolar
macrophages. Moreover, we showed that the expres-
sion of the HGF receptor is increased in the alveolar
space in patients with pulmonary fibrosis, in compar-
ison with the normal lung.

Our results indicate local production of HGF in the
lungs of patients with pulmonary fibrosis because
HGF concentration in the ELF was higher than in
plasma. HGF production in the lung has been previ-
ously evidenced in patients with acute lung injury
(Stern et al, 2000; Verghese et al, 1998) and in patients
with pulmonary fibrosis (Yamanouchi et al, 1998).
However, the nature of the HGF-producing cells in
these pathologic situations remains to be determined.
Fibroblasts, endothelial cells, and perhaps hyperplas-

Figure 2.
HGF concentration in BAL neutrophils culture supernatants from patients with
idiopathic pulmonary fibrosis (IPF) and connective tissue disease-associated
pulmonary fibrosis (CTD-PF). Individual values. Neutrophils were purified and
cultured for 20 hours (107/ml per well) in basal conditions or with LPS
stimulation (1 �g/ml) (LPS). HGF concentrations were not different in each
group.

Figure 3.
HGF concentration in blood neutrophil culture supernatants from patients with
IPF and CTD-PF and from controls. Individual values. Neutrophils were purified
and cultured for 20 hours (107/ml per well) in basal conditions or with
lipopolysaccharide stimulation (1 �g/ml) (LPS). HGF secretion was higher in
CTD-PF than in IPF (p � 0.02) or in controls (p � 0.04). LPS stimulation
increased HGF production in each group.
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tic alveolar epithelial cells are a source of HGF in the
human lung (Sakai et al, 1997). Our data suggest that
blood and alveolar neutrophils significantly contribute
to the total alveolar burden of HGF in pulmonary
fibrosis. Immunocytochemical analysis demonstrated
that alveolar neutrophils contained HGF. Furthermore,
we observed that blood and BAL neutrophils released
HGF in vitro, that HGF release by alveolar neutrophils

correlated positively with HGF concentration in ELF,
and that HGF concentration in BAL supernatant
tended to correlate with the percentage of neutrophils
in BAL. We have previously observed that HGF con-
centration in BAL supernatant positively correlated
with the percentage of neutrophils in BAL in two
different groups of patients with acute lung injury
(Jaffre et al, 2002; Stern et al, 2000). Altogether, our

Figure 4.
Immunostaining for HGF receptor in the lung. The hyperplastic alveolar epithelium strongly expressed the HGF receptor in the fibrotic lung (A). In the normal lung
(C), staining was limited to type 2 pneumocytes (arrows) and endothelial cells in the vascular lumen (asterisk). The control antibody gave no staining (B and D).
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results indicate that neutrophils contribute to alveolar
HGF production both in acute and chronic lung injury,
although we cannot determine quantitatively how im-
portant neutrophils are as a source of HGF in patients
with pulmonary fibrosis. Reciprocally, HGF could also
stimulate the migration of neutrophils to the alveolar
space. In vitro, HGF induces the lymphocyte function-
associated antigen-1–mediated adhesion of neutro-
phils to endothelial cells and stimulates the transmi-
gration of neutrophils in a concentration-dependent
manner (Mine et al, 1998).

Our data suggest that alveolar macrophages are not
a significant source of HGF in the lung. Indeed,
although alveolar macrophages stained weakly posi-
tive with an anti-HGF antibody (Fig. 1), we were unable
to detect any HGF secretion in vitro by alveolar
macrophages, from controls and from IPF patients,
either unstimulated or stimulated with LPS. Further-
more, in four experiments, we studied HGF secretion
by alveolar macrophages stimulated with either 10�6

M phorbol myristate acetate (PMA) or 10�3 M dibutyryl
cyclic AMP. In both conditions, HGF was not detected
in macrophage supernatants (unpublished data). HGF
was not detected in PMA-stimulated alveolar macro-
phage supernatants. Lack of HGF secretion by human
alveolar macrophages is further supported by Mason
and colleagues (Mason et al, 1994) who previously
showed that human alveolar macrophages do not
contain HGF mRNA, whereas rat alveolar macro-
phages do. Sakai and colleagues (Sakai et al, 1997)
found that human alveolar macrophages contained
immunoreactive HGF, but they did not study HGF
secretion by alveolar macrophages. LPS-stimulated
human blood monocytes have been shown to secrete
small amounts of HGF in vitro, whereas unstimulated
monocytes do not (Galimi et al, 2001).

It is worth noting that spontaneous HGF secretion
by blood neutrophils was 2-fold higher in patients with
CTD-PF than in patients with IPF. Neutrophils are
known to be activated in patients with systemic scle-
rosis (Maslen et al, 1987), but we are not aware of a
direct comparison of blood neutrophils from IPF and
CTD-PF. Three patients with CTD-PF received corti-
costeroids at the time of examination, but a stimula-
tory effect of corticosteroids is unlikely because cor-
ticosteroids inhibit HGF production in human lung
fibroblasts and leukemic cells in vitro (Matsumoto et
al, 1992).

Basal HGF secretion by alveolar neutrophils was
lower than basal HGF secretion by blood neutrophils
and was not increased by LPS stimulation. We ob-
tained similar results when we studied HGF secretion
by alveolar neutrophils obtained from ventilated pa-
tients with acute lung injury (Jaffre et al, 2002). We
hypothesize that the lack of response to LPS is a result
of the degranulation of neutrophils when migrating to
the alveolar space as previously suggested by others
(Cailes et al, 1996). Further studies are needed to
confirm this hypothesis.

The concentration of HGF in ELF in our study was
about 3 ng/ml in patients. This concentration is bio-
logically significant because similar levels of HGF

increase [3H]thymidine incorporation by type II pneu-
mocytes in vitro (Mason et al, 1994). Moreover, we
demonstrate that the expression of the HGF receptor
was increased in patients with pulmonary fibrosis,
particularly on hyperplastic alveolar epithelium. Endo-
thelial cells stained positive as already known. This is
important information that contrasts with the acute
phase of lung injury in which the c-met expression was
shown to be down-regulated in the lung (Yanagita et
al, 1993). Inflammatory cytokines probably participate
in the strong expression of the HGF receptor in the
fibrotic lung. Inflammatory cytokines present in the
fibrotic lung (such as IL-1�, TNF-�, IL-6, transforming
growth factor-�1, epidermal growth factor, and HGF)
up-regulate the c-met expression in several types of
carcinoma cell lines (Moghul et al, 1994). Moreover,
IFN-� up-regulates the expression of c-met in vitro in
A549 epithelial cells and in vivo in the lung in mice
(Nagahori et al, 1999). Altogether, these data support
a biologic role for HGF secretion by neutrophils in the
alveolar repair phenomenon in the fibrotic lung.

The chronic infiltration of alveolar structures by
neutrophils may release HGF in the immediate vicinity
of its main targets, epithelial and endothelial cells. In
different animal models of acute lung injury, intratra-
cheal or intravenous HGF administration over a short
period of time decreases the extent of the pulmonary
lesions and improves the survival of the animals
(Ohmichi et al, 1996; Panos et al, 1996; Yaekashiwa et
al, 1997) even when given after the insult. HGF may
exert its protective action through different pathways:
stimulation of the proliferation (Mason et al, 1994) and
migration (Kim et al, 1999) of type II pneumocytes,
inhibition of their apoptosis (Fan et al, 2000), and
stimulation of angiogenesis (Aoki et al, 2000). Will
chronically elevated HGF concentrations be benefi-
cial? One may speculate that HGF may have local
deleterious effects. HGF inhibits the synthesis and
secretion of the pulmonary surfactant phospholipids
(Vivekananda et al, 2000). HGF may induce the devel-
opment of a hyperplastic alveolar epithelium, a very
common abnormality in pulmonary fibrosis (Kawanami
et al, 1982), not adapted to gas exchange. Finally,
chronic HGF increase may contribute to the high
incidence of lung cancer in patients with pulmonary
fibrosis, particularly of the bronchiolo-alveolar type
(Hubbard et al, 2000; Yamashita et al, 1998).

In conclusion, our results demonstrate that blood and
alveolar neutrophils contribute to the alveolar produc-
tion of HGF in pulmonary fibrosis, whereas alveolar
macrophages do not. Our findings provide evidence of
increased HGF receptor expression in pulmonary fi-
brosis, essentially on hyperplastic alveolar epithelium.

Materials and Methods

Patients and Controls

The study was approved by the ethics committee of
Paris-Bichat University Hospital. HGF expression
was studied in three groups of subjects: 11 patients
with IPF, 10 patients with CTD-PF (polymyositis, n �
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5; systemic sclerosis, n � 3; Sjögren syndrome, n �
1; rheumatoid arthritis, n � 1), and 10 control
patients (4 current smokers). Controls underwent a
fiberoptic bronchoscopy for the diagnostic evalua-
tion of an esophageal cancer (n � 4) or a lung
nodule (n � 3) and for suspected hemoptysis (n �
3). In all control patients, the fiberoptic bronchos-
copy was normal, and the BAL was performed in a
radiographically normal area. None of the controls
received corticosteroids or immunosuppressant
drugs. Patients and controls were free of infection at
the time of examination.

All patients underwent clinical evaluation, includ-
ing chest radiography, lung function measurements,
and thin-section computed tomography before the
fiberoptic bronchoscopy and BAL. Results of lung
function tests and BAL are given in Table 1. None of
the patients was an active smoker at the time of
diagnosis; however, one patient with CTD-PF and
four patients with IPF were former smokers. None of
the patients with IPF received corticosteroids or
immunosuppressants at the time of examination.
Three patients with CTD-PF received prednisone at
the time of examination (10, 12, and 15 mg/day,
respectively) associated with azathioprine (125 mg/
day) in one patient. A surgical lung biopsy was not
performed in any of the patients studied. In all the
patients, the presence of pulmonary fibrosis was
determined by clinical, functional, and computed
tomography findings (bibasilar reticular abnormali-
ties with traction bronchiectasias) analyzed by ex-
perienced pulmonologists (B.C., D.V., M.F., and
M.A.). In the absence of a surgical lung biopsy, IPF
was defined according to the international consen-
sus statement (Anonymous, 2000).

Blood and BAL Recovery

BAL was performed in the right middle lobe using
standard techniques (Crestani et al, 1994). The cells
were separated from the fluid by centrifugation. The
supernatant was frozen at �20° C with 5% aprotinin
(vol/vol) (Trasylol; Bayer Pharma, Sens, France) until
HGF, albumin, and urea assays were performed. The cell
pellet was resuspended in PBS (107 cells/ml) and used
for neutrophil purification. A small aliquot was cytocen-
trifuged, air dried, and stained using May-Grünwald-
Giemsa stain for a differential cell count (Table 1).

Venous blood samples (5 ml) were obtained from
patients and control subjects onto EDTA immediately
before performing the bronchoscopy. One milliliter
was immediately centrifuged to recover plasma, which
was stored at �20° C until HGF and urea assays. Four
milliliters were used for neutrophil purification.

Polymorphonuclear Neutrophils Preparation

Blood and BAL neutrophils were purified and cultured
as previously described (Grenier et al, 2001). Briefly,
107 neutrophils/ml were cultured in the presence or
absence of LPS (1 �g/ml) for 20 hours in DMEM with
10% fetal bovine serum. Supernatants were then
recovered and stored at �20° C until HGF assay.
Because neutrophils were virtually absent in BAL from
control subjects and were present at a low percentage
in BAL in several patients, alveolar neutrophils could
be purified in a significant amount from only 11
patients with lung fibrosis (6 IPF, 5 CTD-PF).

Alveolar Macrophages Preparation

To compare HGF secretion from alveolar neutrophils
and alveolar macrophages, alveolar macrophages

Table 1. Lung Function Tests and Bronchoalveolar Lavage (BAL) Results in Patients

Idiopathic pulmonary fibrosis
(n � 11)

Connective tissue
disease-associated pulmonary

fibrosis (n � 10)

Lung function tests
Total lung capacity (%) 70 (57–74) 68 (58–72)
Vital capacity (%) 74 (62–81) 79 (63–87)
Forced expiratory
volume 1 (%)

77 (63–88) 76 (66–91)

DLCO (%) 38 (26–52) 48 (37–57)
KCO (%) 62 (48–29) 67 (57–82)

Blood gases
PaO2 (mmHg) 62 (57–79) 76 (68–86)a

PaCO2 (mmHg) 36 (35–38) 37 (35–41)
BAL analysis
Macrophages (%) 77 (60–87) 70 (62–76)
Lymphocytes (%) 8 (3–14) 8 (7–18)
Neutrophils (%) 9 (5–15) 11 (6–27)
Eosinophils (%) 1 (0.25–4.75) 0 (0–2)
Albumin (mg/L) 36 (23–64) 60 (57–109)

DLCO, diffusion capacity for carbon monoxide; KCO, transfer coefficient for carbon monoxide.
a p � 0.05 vs idiopathic pulmonary fibrosis. Results are medians (25th to 75th percentiles).
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from seven patients with IPF and eight controls were
purified and cultured from BAL fluid as previously
described (Crestani et al, 1994). Briefly, alveolar mac-
rophages (106 cells/dish of a 6-well cell culture plate)
were cultured during 20 hours in fresh RPMI 1640
supplemented with 5% heat-inactivated fetal bovine
serum with or without LPS (1 �g/ml). In four experi-
ments, alveolar macrophages were stimulated with
10�6 M PMA. Supernatants were recovered and stored
at �20° C until HGF assay.

HGF, Albumin, and Urea Assay

HGF was measured in plasma, BAL fluid, and neutro-
phil supernatants by using a commercial ELISA kit
(Quantikine; R&D Systems, Abingdon, United King-
dom). The detection limit was 40 pg/ml.

BAL urea concentration was measured with a mul-
tiparametric analyst Hitachi 947 (Roche-Boehringer,
Grenoble, France). BAL albumin concentration was
measured with the analyst Hitachi 911 (Roche-
Boehringer). The concentration of HGF in the ELF was
estimated according to the method of Rennard et al
(1986) by the following formula:

HGFELF (pg/ml of ELF) � HGFBAL fluid (pg/ml) �
urea

plasma
/ureaBAL fluid

Immunohistochemical Detection of HGF and the
HGF Receptor

Immunostaining of BAL cells was performed using
anti-human-HGF monoclonal antibody (12. 5 �g/ml)
(MAB294, clone 24612.111; R&D Systems) as previ-
ously described (Jaffre et al, 2002). A nonspecific
mouse immunoglobulin of the same isotype (10 �g/ml)
(R&D Systems) served as a negative control.

HGF receptor (c-met) was detected on lung tissue
obtained from three different patients with end-stage
pulmonary fibrosis who were undergoing transplanta-
tion. Pathologic analysis was consistent with end-
stage usual interstitial pneumonia. Grossly normal
lung tissue taken at a site distant from the tumor was
obtained from three patients (62 � 4 years, all smok-
ers) at the time of the thoracotomy for primary lung
carcinoma. Tissue fragments were immediately frozen
in liquid N2 and stored at �80° C until use. Cryostat
sections (4- to 6-mm thick) were fixed in acetone and
reacted with 7.5 �g/ml goat polyclonal IgG anti c-met
(ref. AF726; R&D Systems). This antibody was raised
against the extracellular domain of the human HGF
receptor. Control slides were incubated with 7.5 �g/ml
control goat IgG (Vector Laboratories, Burlingame,
California).

Statistical Analysis

Results are expressed as median and 25th to 75th
percentiles. All assays were performed in duplicate,
and the mean values were used in subsequent data
analysis. Differences between the data obtained from
different cultures of a given patient were analyzed with
the Wilcoxon’s paired nonparametric test. The signif-
icance of differences between patients and control

subjects was determined with the Mann-Whitney U
test. Correlation between non-normally distributed
variables used the Spearman’s rank-order test. For
statistical analysis, the concentrations of HGF below
the detection limit were assigned to the value of the
detection limit (40 pg/ml).
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