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ABSTRACT

INTRODUCTION  Previous studies have suggested that hepatocyte growth factor (HGF) inhibits lung
fibrosis as an antagonist of transforming growth factor B (TGF-{).

0BJECTIVES We assessed HGF expression levels in the lower airways of patients with selected inter-
stitial lung diseases.

PATIENTS AND METHODS HGF levels were examined by an enzyme-linked immunosorbent assay in
bronchoalveolar lavage (BAL) fluid supernatants from patients with pulmonary sarcoidosis (PS, n = 52),
idiopathic pulmonary fibrosis (IPF, n = 23), nonspecific interstitial pneumonia (NSIP, n = 14), extrinsic
allergic alveolitis (EAA, n = 6), bronchiolitis obliterans organizing pneumonia (BOOP, n = 8), chronic
eosinophilic pneumonia (EP, n = 6), and in control subjects (n = 13). Intracellular HGF expression in
BAL cells was evaluated by flow cytometry.

REsULTS  HGF concentrations were elevated in BAL fluid from nonsmokers with IPF (261 =204 pg/ml, P <0.02),
smokers with IPF (220 +13 pg/ml, P <0.001), and smokers with PS (172 =33 pg/ml, P <0.02), as compared
with controls (148 =17 pg/ml for nonsmokers; 137 +9 pg/ml for smokers). HGF levels were positively correlated
with TGF-B concentrations in BAL fluid (r = 0.3; P = 0.02) and negatively—with vital capacity (r = —0.2;
P = 0.02). BAL neutrophils, and, for the first time, BAL lymphocytes, were identified as intracellular HGF-positive
cells.

concLusions  Our results do not support evidence for strong antifibrotic HGF activity. The highest HGF
concentrations were observed in BAL fluid from patients with IPF, and they were also positively cor-
related with TGF-3 levels. Thus, although the local protective mechanisms such as the HGF expression
are upregulated in chronic interstitial lung diseases, they are not enough to prevent lung fibrosis.

INTRODUCTION Hepatocyte growth factor
(HGF), also known as scatter factor, fibroblast-de-
rived tumor cytotoxic factor, and fibroblast-de-
rived epithelial morphogen, is a paracrine growth
factor that is mostly secreted by mesenchymal
cells such as fibroblasts and macrophages.' It is se-
creted as an inactive polypeptide, pro-HGE, which
is then cleaved by serine proteases and converted
into a biologically active heterodimer (ie, mature

HGF), which consists of 2 peptide chains linked
by a disulfide bond.?? Its biological effect is me-
diated by the cell membrane receptor protoonco-
gene, MET (HGF receptor). Consequently, HGF
bioactivity is blocked by inhibitors of protein ki-
nase C and protein tyrosine kinases.*

HGF synthesis is regulated by prostaglandins,
cytokines, and hormones, while cellular secre-
tion is stimulated by acute phase proteins (tumor
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FIGURE 1 Intracellular hepatocyte growth factor (HGF) expression levels in alveolar lymphocytes (AL) and bronchoalveolar lavage (BAL) neutrophils.
Flow cytometry sample of BAL cells collected from untreated nonsmoking patients with idiopathic pulmonary fibrosis (IPF); A — AL gating (gate A)
according to fluorescein isothiocyanate (FSC) / side scatter (SSC) parameters (SSC in log scale); B — FL1/FL2 quadrant analysis of gate A in the sample
stained intracellularly with mouse anti-HGF monoclonal antibody and secondary antimouse fluorescein isothiocyanate-conjugated serum; an average
77% of AL were positive with HGF; the markers are set according to the negative control sample (not shown); the nonspecific staining (2% of the gated
AL) was attracted; C — BAL neutrophil gating (gate B, the same FSC/SSC parameters as in A); D — FL1/FL2 quadrant analysis of a neutrophil gate in
the same staining as in B; an average of 98% of the BAL neutrophils were positive with HGF; the markers were set according to the negative control

sample (not shown).

Abbreviations: FITC, fluorescein isothiocyanate, FL1(2)-H, fluorescence height in respective fluorescence channel

necrosis factor a, interleukin [IL] 1, IL-1pB, and
IL-6, platelet-derived growth factor, and fibroblast
growth factor ) as well as cyclic adenosine mo-
nophosphate.’ Interestingly, interferon y is active
both as a stimulator of HGF secretion and an up-
regulator of MET expression by hepatocytes. It
has been also demonstrated that, in response to
alocal injury, HGF activator is secreted and con-
verted into an active form. On the other hand,
2 specific interrelated HGF activator inhibitors are
present on the cell surface or in the cytoplasm.?®

HGF is functional in a wide variety of tissues
and cell types; it is a regenerative protein, pro-
tecting tissue repair in response to injury, espe-
cially epithelial and endothelial cells. HGF initi-
ates angiogenesis, stimulates proliferation, dif-
ferentiation, and motility of cells. It is also in-
volved in the local regulation of fibrinolysis and
coagulation.'”®

HGF is the key cytokine in pulmonary alveolar
homeostasis and a potent mitogen for lower air-
way epithelial cells, which are mainly produced by
lung fibroblasts, macrophages, and pneumocytes.
It upregulates DNA synthesis in type Il pneumo-
cytes in vivo and inhibits their apoptosis.5® Ele-
vated HGF concentrations were found in serum
and bronchoalveolar lavage (BAL) fluid from pa-
tients with sarcoidosis, interstitial lung disease
(ILD) associated with rheumatoid arthritis, and
acute lung injury. These findings were interpret-
ed as evidence for HGF’s involvement in lung
repair.'’ Similar conclusions were drawn from
the observation that serum HGF concentrations
were increased in patients recovering from sur-
gical lung resection." In vitro, Faehling et al.”
showed a similar inhibitory effect of HGF-rich
BAL supernatants from patients with active sar-
coidosis and of recombinant HGF on cultured
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TABLE 1

Demographic and clinical data of patients and control subjects

treated? treated?

n 24 21 7 10 8 5

M/F 10/14 13/8 2/5 6/4 6/2 an

age, y° 43.7 £12.9 36.2 £10.9 50.1 £8.7 61.6 £11.1 59.9 +13.8 49 +7.9
(25-75) (23-64) (38-66) (40-75) (33-75) (44-57)¢

VC predicted, %" 101.4 =19.1 93.6 £18.3 101.7 =10.2 82.5 +£23.7 94.4 +29.7 81 +9.9
(58-133) (50-114) (86-110) (44-93) (44.1-113.9) (44.1-113.9)

DL, predicted, %® 88.1 £25.7 73.2 £16.9 86 +18.4 59.8 +22.6 45.4 +13.2 69.5 +7.6
(55-141) (57-102) (62-113) (33-63) (21.8-55.7) (21.8-55.7)

disease duration, mo 8 =4.1 6.5 +2.2 11.5 £5.8 16 £9.9 14 =78 145 £6.3
(3-15) (4-7) (8-14) (11-26) (11-22) (10-18)

pack-years of 18 £9.1 425 +=15.7

smoking, y (5-60) (7-58)°

Nonsmokers and smokers were compared with respective controls, and corticosteroid-treated patients with nonsmoking, corticosteroid-naive counterparts.

Data are presented as median = standard error of the mean (range).

a only nonsmoking patients were considered

b data are presented as mean = standard deviation (range)

¢ P <0.05 (Mann-Whitney test; exceptionally, t test for age was used)

Abbreviations: BOOP, bronchiolitis obliterans organizing pneumonia; DL,

<o diffusing capacity of the lungs for carbon monoxide; EAA, exogenous allergic

alveolitis; EP, eosinophilic pneumonia; F, female; IPF, idiopathic pulmonary fibrosis; M, male; NS, nonsmokers; NSIP, nonspecific interstitial pneumonia;
PS, pulmonary sarcoidosis; S, smokers; VC, vital capacity
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human fibroblasts. Consequently, the current lit-
erature provides rather scarce and mostly indirect
evidence for the antifibrotic activity of HGE. On
the basis of these findings, we attempted to as-
sess the definite role of HGF as an antifibrotic
factor in selected ILDs.

PATIENTS AND METHODS Study population A to-
tal of 109 patients with ILDs including pulmonary
sarcoidosis (PS, n = 52), idiopathic pulmonary fi-
brosis (IPF, n = 23), nonspecific interstitial pneu-
monia (NSIP, n = 14), extrinsic allergic alveolitis
(EAA, n = 6), bronchiolitis obliterans organizing
pneumonia (BOOP, n = 8), and eosinophilic pneu-
monia (EP, n = 6) were included into the study.
Newly-diagnosed PS was confirmed on the ba-
sis of a characteristic clinical presentation, pa-
tient-specific histology (noncaseating granulo-
mas in biopsy), and high-resolution computer to-
mography (HRCT) findings.! PS patients were
stratified according to conventional chest X-ray
staging or, alternatively, according to a clinical
phenotype into groups with Léfgren syndrome,
chronic progressive sarcoidosis, and chronic sta-
ble sarcoidosis.’ EAA was diagnosed on the basis
of clinical data, including typical symptomatolo-
gy following allergen exposure, the presence of
specific antibodies in serum, typical HRCT find-
ings, and lung function test results. In 5 patients
(71%), the diagnosis was confirmed by lung biop-
sy.'® In patients with IPF / usual interstitial pneu-
monia (IPE/UIP, n = 18, 72%) and NSIP (100%),
the diagnosis was verified by a histological exam-
ination of the lung biopsy. In 6 patients with IPF/
UIP, biopsy was not performed, and the diagnosis

was established according to the joint criteria of
the American Thoracic Society and the European
Respiratory Society."” A diagnosis of BOOP (ie, or-
ganizing pneumonia) was made on the basis of a
suggestive clinical presentation, radiological find-
ings, and histological examination.'

Patients with chronic EP presented a distinc-
tive clinical pattern including peripheral blood
and BAL eosinophilia. BAL lymphocytes account-
ed for 25% of BAL leukocytes or more in all pa-
tients with EP, except 1 (a 37-year-old male; BAL
eosinophilia, 17.6%). In all patients, the relative
number of eosinophils in BAL fluid exceeded that
of alveolar lymphocytes.'®

The PS and IPF groups were stratified according
to their smoking status, since the BAL immuno-
cytological and biochemical results are strongly
modified by tobacco consumption.'® There were 21
smokers with PS (44% of 57 untreated subjects)
and 9 with IPF (45% of 20). The nonsmoker sub-
groups of patients with PS (n = 9), IPF (n = 5), and
NSIP (n = 5) who received ongoing oral corticoste-
roid therapy (prednisone, 15-60 mg, for at least
3 months before BAL) were analyzed separately.
Otherwise, there was no history of previous sys-
temic steroid or immune suppressive therapy. All
of the corticosteroid-treated patients participat-
ing in the study were nonsmokers.

The control group consisted of 13 subjects:
7 nonsmokers and 6 smokers who were free from
any lung pathology, with no symptoms of acute or
chronic lung disorder, as well as normal lung func-
tion test results as well as chest X-ray and HRCT
findings. They were not treated with corticoste-
roid or any medication known to be a potential
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NSIP Controls
treated? S
9 5 6 8 6 7 6
2/1 0/5 3/3 6/2 3/3 2/5 4/2
59.2 +7.0 51.0 9.9 48.1 £12.2 59.6 5.2 48.0 +£18.3 46.4 =12.9 43.4 £13.4
(51-69) (38-61) (35-72) (52-67)¢ (22-77) (26-66) (25-67)
82.7 +14.6 76.6 =29.6 81 +18.3 103 =15.7 79.5 +20.3
(65.0-104.0) (48.0-120.0) (71.0-105.0) (78.1-122.0) (50.8-102.0)
62.3 £20.5 64.2 +11.1 61.1 £17.4 72.9 =9.7 74.9 £25.2
(40-97) (52-77) (44-88) (58-90) (52-127)
205 +8.1 18.5 £5.2 36.5 +27.9 55 +23 205 =7.1
(16-26) (18-24) (6-432) (1-11) (3-15)
235 *7.2
(10.5-48)

cause of an ILD. Three control subjects (2 non-
smokers and 1 smoker) were part of the control
group in a previously published study.”

Bronchoalveolar lavage and cytology The BAL pro-
cedure was part of the routine diagnostic work-
up. Informed consent was obtained from all pa-
tients (Bioethics Committee of Nicolaus Coper-
nicus University, approval no. KR116/2006). BAL
was performed according to the European Respi-
ratory Society guidelines, as described before.??
In brief, premedication with midazolam and lo-
cal upper airway anesthesia with lidocaine (2%)
was followed by bronchofiberoscopy with Olym-
pus BF-H190 (Olympus, Tokyo, Japan). The right
lung’s middle lobe (alternatively left lung lingual)
was lavaged with 200 ml of sterile NaCl solution
(0.9%), instilled sequentially with 4 50-ml ali-
quots. Then, BAL fluid fractions were retrieved
by gentle suction, pooled, filtered, and immedi-
ately transported to the laboratory.

Fluid recovery was calculated as the percent-
age of instilled volume. The total cell count, cell
viability (Trypan Blue exclusion test), and differ-
ential count of BAL inflammatory cells were cal-
culated, as described previously.?'

Assessment of hepatocyte growth factor and trans-
forming growth factor B concentrations in bronchoal-
veolar lavage supernatants HGF concentrations
in BAL supernatants was evaluated by an en-
zyme-linked immunosorbent assay (ELISA) kit
(Quantikine cat. n° DHG0O, R&D Systems, Min-
neapolis, Minnesota, United States) according to
the manufacturer recommendations. TGF-f con-
centrations in BAL supernatants was assessed
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with an ELISA kit (Quantikine cat. n° DB100B,
R&D Systems). The optical density was measured
at 450 nm using a spectrophotometric reader,
ELx800 (Biotek Instruments, Inc., Winooski, Ver-
mont, United States). The results were expressed
as pg/ml.

Bronchoalveolar lavage immune cell typing and
flow cytometry  All of the BAL samples fulfilled
the precise criteria for cytometric material acqui-
sition and analysis.”’ Direct 3-color typing was
applied. In brief, BAL samples containing 50 ul
of cell suspension (2-10 x 108 cells/ml) were in-
cubated with saturating amounts of mouse, flu-
orochrome-conjugated, monoclonal antibodies
directed against human superficial CD4, CD8,
and CD45 markers (cat. n° 345768, 345773,
and 345809, respectively, BD Biosciences, San
Jose, California, United States) for 30 minutes
in the dark, washed in phosphate buffered saline
(PBS), and then resuspended in 300 pl of PBS with
formaldehyde (1%). The internal control consisted
of a sample stained with a negative isotype con-
trol (Tritest cat. n° 340 385, BD Biosciences).?"%2

The intracellular HGF expression in alveolar
lymphocytes (AL) was examined using indirect
immunofluorescence staining. Cell suspensions
(100 pl, 2-10 x 10¢ cells/ml) were subsequent-
ly incubated with FACS Lysing Solution (cat. n°
349202, BD Biosciences) and FACS Permeabiliz-
ing Solution 2 (cat. n° 340 973, BD Biosciences),
and washed in PBS with bovine serum albumin
(BSA, 0.5%; cat.n° 554657, BD Biosciences) and
NaN, (0.1%). The cell pellets were then resuspend-
ed in PBS with BSA/NaN,, incubated for 30 min-
utes with a saturating amount (usually 10 pl) of
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mouse antihuman HGF monoclonal antibody (cat.
n° MAB294, R&D Systems), and washed with PBS.
For secondary incubation, polyclonal rabbit, flu-
orescein isothiocyanate (FITC)-conjugated, anti-
mouse serum (cat. n° F0313, DAKO Cytomation,
Glostrup, Denmark) was applied for 10 minutes in
the dark. The cells were washed in PBS and resus-
pended in 300 pl of PBS with formaldehyde (1%).
The internal control consisted of a sample that
was proceeded identically, except it was stained
with primary antibody, which was replaced with
the respective volume of PBS.

Flow cytometric data were acquired within 24
hours after staining, using a standard 488-nm ar-
gon ion laser (FACSCalibur cytometer, BD Bio-
sciences). Emitted light was detected through
specific barrier filters for the emission range of
the fluorochromes used in the study: standard
fluorescence channel FL1 for FITC (CD4, HGF),
FL2 for PE-phycoerythrin (CD8), and FL3 for
PE-Cy5-phycoerythrin-cyanine 5 (CD45). In
each sample, from 8000 to 12 000 cells were ob-
tained. Alveolar macrophages, AL, and BAL gran-
ulocytes were gated according to cell granularity
(side scatter) and the intensity of CD45 staining
(FIGURE 1). The AL phenotype was yielded by a dot
plot quadrant analysis of the respective fluores-
cence channels.”?!

Statistical analysis  Patient age and lung function
data were presented as mean * standard devia-
tion, while the concentrations of HGF and TGF-p
in BAL supernatant, AL staining results, and cy-
tology data—as a median + standard error of
the mean (owing to the nonparametric distribu-
tion of the values).” The Mann-Whitney test was
used to compare the groups (untreated patients
with ILD versus controls, independently for non-
smokers and smokers, corticosteroid-treated ver-
sus untreated). The correlations between 2 ran-
dom variables were tested by the Spearman rank
correlation coefficient. A P value of less than 0.05
was considered statistically significant.

RESULTS The demographic and clinical char-
acteristics of the study groups are presented in
TABLE 1.

The group receiving corticosteroid therapy in-
cluded only nonsmoking individuals because the
subgroups of corticosteroid-treated smokers were
too small. Cytoimmunological BAL data are pre-
sented in TABLE 2. There were significant differences
in the results between nonsmokers and smokers,
both in patients with ILDs and controls.

HGF concentrations in BAL supernatants were
significantly increased in patients with IPF, both
in nonsmokers (261 +204 pg/ml [range, 116-
2476] vs 148 =17 pg/ml [68-217] in controls,
P <0.02) and smokers (220 +13 pg/ml [174-273]
vs 137 +9 pg/ml [109-178] in controls, P <0.001).
The HGF concentration was also slightly increased
in other ILD groups. Still, except for smoking
patients with PS (172 £33 pg/ml, P <0.02, as
compared with smoking controls), significant

differences were not observed owing to a small
number of subjects (FIGURE 2). There was no dif-
ference in airway HGF expression levels, if PS
was stratified according to the clinical form of
the disease, ie, into Lofgren syndrome, chronic
progressive sarcoidosis, or chronic stable sarcoid-
osis (data not shown). Of note, all of the BAL sam-
ples were eligible for assessment using the high-
ly sensitive ELISA.

Interestingly, there was a trend towards the re-
duction of HGF concentrations in corticoste-
roid-treated patients with PS, but not in those
with IPF and NSIP (ricure 3). Additionally, the im-
munophenotypic analysis of BAL cells demon-
strated that HGF was commonly expressed by AL
in all of the examined ILD groups. FIGURE 4 shows
data for nonsmokers (PS, 71% +7.7% [range,
33%-97%]; IPF, 90.5% +5.0% [74%-96%]; and
NSIP, 75.5% +11.5% [64%—-87%]) and smokers
with PS (65% +9.6% [22%-85%]), as compared
with controls (35.5% +33.5% [2%—-69%] and 64%
+8.1% [44%—71%], respectively; median + stan-
dard error of the mean for all, nonsignificant).

HGF expression levels in BAL neutrophils ex-
ceeded 95% of these cells in all subjects with ILD
with relative neutrophil numbers of 5% or more
(33% of the patients, 39 of 120). In subjects with
sparse neutrophil pools (<5%), the distinct BAL
neutrophil dot plot was not available for a reli-
able analysis owing to the scatter sharing with
other cells, mainly macrophages. The same prob-
lem was found in controls, since this group usu-
ally revealed only some neutrophils in their BAL
material (TABLE 1). Thus, we were not able to com-
pare the HGF expression in BAL neutrophils of
ILD patients with control subjects.

Interestingly, a strong positive correlation be-
tween HGF concentrations and a relative number
of BAL neutrophils (r = 0.32; P = 0.0002) as well
as eosinophils (r = 0.31; P = 0.0002) was demon-
strated in ILDs. A significant positive correlation
was also shown for HGF and TGF-f concentra-
tions in BAL supernatants (r = 0.29; P = 0.02).
The HGF concentration in BAL fluid was nega-
tively correlated with predicted vital capacity in
ILD patients (r = —0.21; P = 0.02).

DISCUSSION ILDs are characterized by disturbed
airway homeostasis caused by primary epitheli-
opathy, as observed in IPE? or due to prolonged
lower airway inflammation, as in other disor-
ders.” Both phenomena result in tissue damage
or irreversible lung fibrosis or both driven by fi-
broblast activation and proliferation, myofibro-
blast foci development, epithelial-myofibroblast
transition (EMT), and increased apoptotic activ-
ity demonstrated by inflammatory and structur-
al lung cells.?827 This process may lead to unfavor-
able outcomes, especially in IPF with fatal lung
fibrosis as an inherent feature.

HGF has been considered a powerful lung pro-
tective factor that promotes epithelial and endo-
thelial cell survival, fibroblast quiescence, and nor-
mal extracellular matrix turnover.' Its significant
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FIGURE 2 Hepatocyte growth factor (HGF) concentrations in bronchoalveolar lavage supernatants from healthy controls and steroid-naive patients;
significant P values according to the Mann—Whitney test as compared with respective controls; the dots represent individual results, and the lines

represent median values
Abbreviations: see TABLE 1
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antifibrotic effects, resulting in the downregula-
tion of fibroblast activity, the induction of myo-
fibroblast apoptosis, and EMT inhibition, were
demonstrated in vivo in animals. In the model of
bleomycin-induced lung injury in mice, HGF ad-
ministration reduced morphological changes, in-
cluding fibrosis, presumably via TGF-f downreg-
ulation.?82® HGF was also shown to inhibit EMT

in the murine model of cardiac fibrosis,*® while
Gazdhar et al.”® demonstrated a significant antifi-
brotic effect of the HGF gene transfer to the lungs
in rats exposed to bleomycin. Consequently, HGF
has been regarded as a promising experimental
therapeutic tool for lung fibrosis, mostly in gene
therapy for IPE3!
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growth factor (HGF)
concentration in
bronchoalveolar lavage
supernatants from
steroid-treated patients.
Data presented as
median =+ standard error
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significant changes were
found in the Mann—
—Whitney test
Abbreviations: see
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In this context, our results may seem quite sur-
prising. While the HGF concentration was signifi-
cantly higher in BAL from IPF patients than from
healthy controls, it was strongly positively corre-
lated to BAL TGF-f and negatively to vital capaci-
ty, the major lung function indicator of ventilato-
ry restriction. Moreover, AL and BAL neutrophils
were identified as important sources of HGF in
the airways. Thus, we believe that increased HGF
expression level in both BAL and respiratory cells
might result from lung injury rather than from
a protective role against lung fibrosis.

The above conclusion is supported by previous-
ly published data. Verghese et al.? clearly showed
that excessive HGF levels in edema fluid were
strongly associated with higher mortality in pa-
tients with acute lung injury. Similarly, in subjects
with interstitial pneumonitis or bacterial pneu-
monia, increased HGF concentrations in serum
and exhaled breath condensate were positively
correlated with disease severity, while low HGF
levels were predictive of clinical improvement.®
In a group of 30 patients with sarcoidosis, Pi-
otrowski et al.34 observed a strong correlation be-
tween HGF levels and total BAL cell count, as well
as with a total number of alveolar macrophages,
but not with a radiological stage, lung function
parameters, or disease duration.

We failed to demonstrate any significant in-
crease in HGF concentrations in BAL fluid from
subjects with ILDs that are typically characterized
by full restitution such as PS, EAA, and BOOP.
The low number of patients in the EAA (n = 7) and
BOOP (n = 7) groups was obviously an important
bias factor. However, data from the available lit-
erature are rather inconclusive as well. Faehling
et al."? reported a distinct HGF BAL phenotype

ORIGINAL ARTICLE Studies of hepatocyte growth factor in bronchoalveolar lavage fluid...

NSIP

in clinically active patients, including those with
Lofgren syndrome, versus patients with stable
sarcoidosis. Meanwhile, in a very adequately pow-
ered study, Piotrowski et al.3* did not observe any
significant differences between healthy controls
and PS subjects for HGF concentrations in BAL
fluid or exhaled breath condensate and did not
find any correlation between HGF expression lev-
els and parameters of PS activity.

In our study, only the IPF group demonstrat-
ed a significantly higher HGF concentration in
BAL supernatant, compared with healthy con-
trols. In patients with other ILDs characterized
by a lower risk of progressive pulmonary fibrosis
or fatal outcome, HGF expression was not signif-
icantly upregulated. Meanwhile, the reduced ex-
pression of growth factors, including HGF, has
for years been regarded as the hallmark of pul-
monary fibrosis. As discussed in the Introduction
section, this concept was based mainly on animal
in vivo studies?®2%%® or human fibroblasts cul-
tured in vitro.353¢ The clinical data from ILD pa-
tients are rather unequivocal. As early as in 1998,
Hojo et al.¥’ reported markedly higher HGF levels
in serum and BAL fluid from patients with IPE.
However, they studied a nonhomogenous group
including both smokers and nonsmokers as well
as corticosteroid-treated patients. Also, the meth-
odologies that were available at that time did not
allow for a reliable evaluation of HGF concentra-
tions in as many as 43% of the samples (13 of
30). Recently, HGF expression was shown to be
downregulated in IPF as compared with EAA in
BAL fluid obtained from patients with ILD. An in-
crease in HGF levels was also observed, as com-
pared with controls, but the difference was sta-
tistically insignificant.?®
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Abbreviations:
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Considering the pathomechanism of the dis-
ease, the upregulated synthesis of HGF observed
in IPF patients should not be surprising. It is
well known that HGF acts via a MET receptor
expressed, among others, by alveolar epitheli-
al cells and pulmonary fibroblasts, and that it is
downregulated during the acute phase of lung in-
jury. Importantly, both MET mRNA and protein
expression in alveolar epithelial cells are upreg-
ulated by interferon y.* As we reported previous-
ly, interferon-y airway secretion is suppressed in
fibrotic lungs.3® Therefore, the upregulated HGF
production might not be paralleled by an ampli-
fied biological effect but may rather represent
a rebound effect in response to the diminished
MET receptor expression. Additionally, lung fibro-
blasts derived from IPF patients are characterized
by considerably reduced pro-HGF conversions to
active HGF forms. Hence, pulmonary fibroblasts
might not be locally suppressed enough by HGE,
despite the protein’s high expression in the low-
er airways.® Similarly suggestive is the significant
positive correlation between HGF and TGEF-f. In
our opinion, the chronic inflammatory and profi-
brotic cytokine network observed in lung fibrosis
may affect the opposite activities of antifibrotic
factors such as HGE. However, TGE-f is probably
the most important agent responsible for pul-
monary fibrosis.”® In other words, the protective

IPF NSIP

antifibrotic mechanisms in IPF do occur (as ob-
served in our study), but they are insufficient.

In our opinion, the significant positive corre-
lation between HGF levels in BAL fluid and vital
capacity demonstrated in the present study indi-
rectly but suggestively supports the hypothesis
that HGF indicates fibrosis progression in ILD.

Another interesting finding reported in this
study was the effect of smoking and steroid ther-
apy on airway HGF production. In fact, it was sig-
nificantly higher in IPF smokers than in healthy
individuals, but no difference was observed in
comparison with IPF nonsmokers. These observa-
tions are in line with the data published by Bonay
et al.,** who did not find any differences in air-
way HGF expression levels between healthy non-
smokers and smokers. We observed a suppres-
sive effect of corticosteroids in a relatively small
group of IPF patients. Although not significant,
it was consistent with the in vitro studies show-
ing the remarkable downregulation of HGF gene
expression levels in human cells including lung
fibroblasts cultured with corticosteroids.*

The exact lung cellular source of HGF has
not been definitely established. The HGF pool
originating from the respiratory epithelium is
commonly considered to be part of an impor-
tant autocrine regulatory mechanism.*' Howev-
er, Sakai et al."” detected HGF mRNA in alveolar
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macrophages as well, particularly in small mono-
cyte-like cells. Here, we report consistent flow
cytometry data indicating that AL and BAL neu-
trophils seem to be important sources of HGF in
human lower airways. Since no correlation was
observed between HGF + AL and HGF BAL con-
centrations, we believe that neutrophils should
be regarded as the more essential population in
this context. Our data show a significant rela-
tionship between HGF production, as assessed
by its BAL level, and protein expression in neu-
trophils harvested by BAL (see the Results sec-
tion and FIGURE 5). Grenier et al.*? were the first to
demonstrate that intracellular HGF is released by
blood neutrophils upon activation. Later, Jaffré
et al.*® confirmed an upregulated HGF produc-
tion by peripheral blood and alveolar neutrophils
in acute respiratory failure, while Wislez et al.*!
documented HGF+ neutrophils in the lower air-
ways of patients with bronchioalveolar carcino-
ma. Similarly, Crestani et al.*> described HGF ex-
pression in neutrophils originating from the BAL
fluid of IPF patients. In the present study, we re-
port the intracellular expression of HGF by BAL
neutrophils in patients with sarcoidosis, NSIP,
and EAA. Thus, neutrophils are possibly a com-
mon HGF source of human lower airways. Con-
sidering the fact that BAL neutrophilia is an unfa-
vorable diagnostic factor in lung fibrosis,'*'® this
finding undermines the putative positive prog-
nostic role of HGF in ILD.

Likewise, the current study found a strong,
positive link between HGF concentration in
the lower airways, BAL eosinophilia, and TGF-
levels. Although our observations are consistent
with the data published by Cui et al.,*®* who ob-
served a remarkable surge of HGF and TGF-$
in BAL fluid paralleled by eosinophil influx in
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a bleomycin-induced murine model, other au-
thors demonstrated downregulated HGF expres-
sion in response to TGF- instillation in an ani-
mal in vivo model.®® We believe that both might
reflect different phases of the homeostatic defen-
sory mechanism in response to enhanced proin-
flammatory and profibrotic TGF- activity. In-
deed, we studied patients with chronic ILD with
a relatively long disease duration at BAL exami-
nation. Meanwhile, Matsumoto et al.3® who was
the first to propose a key supportive role of HGF
in the regenerative process following lung tissue
damage, observed the onset of chronic injury in
experimental animal models.*3

In conclusion, our data do not support the an-
tifibrotic activity of HGF implied by the negative
correlation between its concentration in the low-
er airways and the clinical progression of lung
fibrosis.?® Quite the opposite, we demonstrat-
ed that, while HGF production is upregulated in
IPF patients, it is also positively correlated with
a major negative prognostic cellular biomarker,
namely, BAL neutrophilia, and the key lung func-
tion parameter—vital capacity. It is possible that
the positive correlation between BAL HGF and
TGF-B concentrations in chronic ILDs just re-
flects the activation of homeostatic antifibrotic
factors. However, these mechanisms might still
not be effective enough to prevent lung fibro-
sis. Importantly, we were the first to show that,
apart from macrophages and neutrophils, ALs
might also be an important local source of HGF
in the lungs of patients with ILDs.
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STRESZCZENIE

WPROWADZENIE Dotychczasowe badania sugerujg, ze czynnik wzrostu hepatocytéw (hepatocyte growth
factor — HGF) hamuje wtdknienie ptuc, jako antagonista transformujacego czynnika wzrostu g (transform-
ing growth factor 8 — TGF-B).

ceLe  Oceniano ekspresje HGF w dolnych drogach oddechowych chorych z wybranymi $rédmigzszowymi
chorobami ptuc.

PACJENCI | METODY Stezenie HGF badano za pomocg testéw immunoenzymatycznych w nadsaczach
z poptuczyn oskrzelowo-pecherzykowych (bronchoalveolar lavage — BAL) u chorych na sarkoidoze ptucng
(pulmonary sarcoidosis — PS; n = 52), idiopatycznym wiéknieniem ptuc (idiopathic pulmonary fibrosis —
IPF; n = 23), nieswoistym $rédmiazszowym zapaleniem ptuc (nonspecific interstitial pneumonia — NSIP;
n = 14), zewnatrzpochodnym alergicznym zapaleniem pecherzykéw ptucnych (extrinsic allergic alveolitis —
EAA; n = 6), idiopatycznym zarostowym zapaleniem oskrzelikéw z organizujgcym sig zapaleniem ptuc
(bronchiolitis obliterans organizing pneumonia — BOOP; n = 8), przewlektym eozynofilowym zapaleniem
ptuc (eosinophilic pneumonia — EP; n = 6), a takze w grupie kontrolnej (n = 13). Wewnatrzkomdrkowg
ekspresje HGF w komérkach BAL zbadano za pomoca cytometrii przeptywowe;.

WYNIKI  Stezenie HGF byto podwyzszone w materiale BAL pochodzacym od niepalacych chorych z IPF
(261 =204 pg/ml; p <0,02), palacych chorych z IPF (220 =13 pg/ml; p <0,001) i palacych chorych z PS
(172 £33 pg/ml; p <0,02), w poréwnaniu z grupa kontrolng (148 =17 pg/ml dla niepalacych; 137 +9 pg/
ml dla palacych). Stezenie HGF byfo dodatnio skorelowane z poziomem TGF- w BAL (r = 0,3; p = 0,02),
a ujemnie z czynno$cia ptuc charakteryzowana przez pojemnos$¢ zyciowg (r = —0,2; p = 0,02). W neu-
trofilach oraz, po raz pierwszy, w limfocytach BAL wykazano wewnatrzkomdrkowa ekspresje HGF.
wnioskl  Nasze wyniki nie dostarczajg dowodéw na silne przeciwzwtdknieniowe dziatanie HGF. Najwyzsze
stezenie cytokiny stwierdzono w ptynie BAL chorych z IPF i byto one dodatnio skorelowane ze stezeniem
TGF-B. Tak wigc miejscowe mechanizmy ochronne, jak ekspresja HGF, chociaz wzmozone w przewlekiych
§rodmigzszowych chorobach ptuc, nie wystarczajg do zapobiezenia wtéknieniu ptuc.
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