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Abstract

After lung injury, hepatocyte growth factor (HGF) acts to regenerate epithelial cells, which express
the HGF receptor, c-met. However, the roles of HGF with regard to lung fibroblasts expressing the
c-met have not been clarified. In this paper, the expression of c-met on human lung fibroblasts was
examined after stimulation with transforming growth factor-g1 (TGF-£31) as a mediator of lung injury,
such as fibrosis. The human lung fibroblasts stimulated by TGF-31 expressed a larger amount of ¢c-met
The amount of c-met protein was also increased by the TGF-£1

treatment, although the amount of c-met on the cell surfaces was comparable to that of the un-stimulated

mRNA than un-stimulated cells.

fibroblasts. The proliferation and urokinase-type plasminogen activator (uPA), the protease relating to
cell migration, and production of human lung fibroblasts were not stimulated by TGF-g1 and HGF
treatment. On the other hand, the expression of Bcl-2, the anti-apoptotic substance, was increased by the
addition of HGF after the TGF-g1 treatment.
expressed on human lung fibroblasts reduces apoptosis in concert with HGF, and this effect might

These results suggest that after lung injury, c-met

provide protection from fibrotic processes.

Introduction

Pulmonary fibrosis is thought to be a result of the
process of regeneration after a lung injury. When the
epithelial basement membrane is destroyed, fibroblasts
proliferate and migrate into intra-alveolar spaces, and
contribute to the accumulation of extracellular matrix
(ECM) molecules?.
fibrosis is then overlaid by regenerating epithelial cells,
and the resultant fibrotic mass is incorporated into the
The final stage of lung fibrosis is an
extensive structural disorganization of the lung paren-
chyma with the subsequent progressive loss of alveolar-
In this stage, fibroblasts exhibit a

The surface of the intra-alveolar

alveolar wall>=%.

capillary units.

profibrotic secretory phenotype with a lower growth rate
and increased spontaneous apoptosis.

Transforming growth factor-g1 (TGF-31) is a path-
ogenic mediator in tissue fibrosis in distinct organs®".
TGF-g1 promotes ECM production, suppresses the
proteolytic breakdown of ECM proteins, arrests epith-
elial cell growth, and induces their apoptosis. The
inhibition of TGF-A1 production or of its action attenu-
ates progression of fibrosis in several organs®'?.  An
increased expression of TGF-g1 in tissues has been
noted in patients with fibrotic diseases, as well as in
experimental animals with fibrosis-related disorders.

Hepatocyte growth factor (HGF) is a heparin binding
polypeptide originally identified and cloned as a potent
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mitogen for mature hepatocytes'*'¥. Chemically,
HGF can be characterized as a heterodimetric (69-kD
a-chain and 34-kD S-chain), kringle-containing growth
factor with a structural homology to plasminogen. It
is secreted by mesenchymal cells as an inactive precursor

(pro-HGF).  The urokinase-type plasminogen activator
(uPA) converts pro-HGF into @8-HGF, which
influences the proliferation, migration, and mor-

phogenesis of epithelial cells and endothelial cells!4—29,
In cell migration, uPA is also known to be one of the
serine proteases for the degradation of ECM2V.

In the rat lung, HGF mRNA and HGF activity
increased in alveolar typell epithelial cells when
injured by an intratracheal administration of hydroch-
loric acid, and DNA synthesis of alveolar cells increased
after the onset of lung injury?®. In the bleomycin-
induced rat lung fibrosis model, exogenous HGF acts as
a pulmotrophic factor in vivo and prevents the progres-
sion of bleomycin-induced lung injury?®. In addition,
it has been reported that the HGF concentration in
sera®**Y or bronchoalveolar lavage fluids (BALF)2 of
patients with various lung diseases is higher than that of
healthy donors. These results suggest that HGF act as
a pulmotrophic factor after lung injury2®.

These pulmotrophic actions of HGF are mediated
through a high-affinity HGF receptor. This receptor is
known to be a c-met proto-oncogene product?’—29.
The c-met protein is expressed in epithelial cells of a
variety of organs, melanocytes, and non-epithelial cells,
including endothelial cells, microglial cells, neurons,
hepatic stellate cells, and muscle cells?*—29.

Most of the information on the role of HGF in lung
injuries has been obtained on alveolar type Il epithelial
cells and endothelial cells?>=26. However, the roles of
HGF with regard to lung fibroblasts expressing c-met
have not been determined. In the present study, we
tried to explore the c-met expression on human lung
fibroblasts and the effect of HGF on these cells after
stimulation with TGF-g1, used as a mediator of lung
injury.

Methods

Materials

Collagenase, EDTA, sulfuric acid, chloroform, iso-
propanol, ethanol, Tris, acetic acid, agarose, ethidium
bromide, paraformaldehyde, TritonX-100, sodium
dodecyl sulphate (SDS), phenylmethyl sulfonyl fluoride
(PMSF), acrylamide, sucrose, Tween-20, actinomycin D,
cyclohexamide and WST-8 cell proliferation assay re-
agents were from Wako Pure Chemicals (Tokyo,
Japan) ; newborn calf serum (NCS) was from Mitsubi-
shi Kasei (Tokyo, Japan) ; medium199 (M199), trypsin,
TRIzol, DNA ladder, penicillin-streptomycin mixture,
and Fungizone were from GIBCO BRL (Grand Island,
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NY, USA); human recombinant basic fibroblast
growth factor was from Intergen (Purchase, NY, USA) :
60-mm-diameter plastic culture dishes and 96 well plastic
plates were from Falcon (Naperville, IL, USA); 6-well
plastic culture dishes were from Costar (Cambridge,
MA, USA); competitive DNA construction kit, com-
petitive RNA transcription kit and one step RNA PCR
kit were from TaKaRa Biomedicals (Tokyo, Japan);
transforming growth factor-g1 (TGF-g1) was from
Genzyme (Cambridge, MA, USA); recombinant
human hepatocyte growth factor (HGF) was from R &
D Systems (Minneapolis, MN, USA) ; anti-human he-
patocyte growth factor was from Sigma (St. Louis, MO,
USA) ; a polyclonal antibody to human c-met was from
Santa Cruz Biotechnology (Santa Cruz, CA, USA); a
polyclonal goat anti-rabbit IgG conjugated with horse-
radish peroxidase was from IBL Laboratories (Gumma,
Japan) ; fluorescein (FITC)-conjugated goat anti-rabbit
[eG was from IMMUNOTECH (Marseille, France) ;
non-fat dry milk was from Bio Rad Laboratories (Her-
cules, CA, USA) ; nitrocellulose membrane and enhan-
ced chemiluminescence (ECL) detection system were
from Amersham Pharmacia Biotech (Bucks, UK):
urokinase-type plasminogen activator (uPA) and
aprotinin were from Y oshitomi Pharmaceuticals (Osaka,
Japan) ; QuantiTect™ SYBR Green® RT-PCR kit was
from QIAGEN K.K. (Tokyo, Japan); human Bcl-2
ELISA kit from Endogen, Inc. (Woburn, MA, USA).

Cell culture

Small sections of human lung tissue, within 1-2 mm
of the periphery, were obtained from normal regions of
lungs from patients undergoing resection for solitary
lung tumors.  The surgery was performed by the Surgi-
cal Service of Kasumigaura Hospital, Tokyo Medical
University (Ibaraki, Japan), and the Surgical Division of
Mito-Saiseikai General Hospital (Ibaraki, Japan).
Lung fibroblasts, which were non-endothelial, non-
epithelial and long-spindle-shaped, were isolated accord-
ing to the modified method described by Takahashi, et
a2y,

In brief, the sections were digested with 0.1% col-
lagenase, and the obtained cells were seeded onto plastic
dishes in a growth medium (M199 supplemented with
20% newborn calf serum (NCS), 10ng/ml of basic
fibroblast growth factor, 100 U/ml of penicillin, and 100
pug/ml of streptomycin) and were maintained in a
humidified 5% CO,, 95% air incubator at 37°C.
Spindle-shaped cells were separated by a small piece of
silicon rubber, and plated onto subsequent dishes. The
culture medium was changed twice a week. Cells in
younger generations (passages 3-7) were used for each
examination.

Cytokine treatment
When the cells became confluent, the medium was

(2)



May, 2004

changed to M199 supplemented with 2% NCS for 24
hours, in order to stop the effect of the serum. A
medium with TGF-41 (0, 0.1, 1, 10 ng/ml) was added to
the fibroblast cultures. After a 48-hour incubation,
total RNA was extracted from the fibroblasts, and c-met
mRNA was measured using the method described in the
RT-PCR section. Similarly, 1 ng/ml of TGF-81 was
added to the fibroblast cultures. After either 8, 12, 24,
48 hours of incubation, total RNA was extracted from
the fibroblasts, and RT-PCR was carried out. In sepa-
rate experiments, the fibroblasts were pre-treated with 5
,ug/ml actinomycin D for 45 min, and were subsequent-
ly incubated for one hour after the addition of 1 ng/ml
TGF-p1.  The cells were also treated with a combina-
tion of 1 ng/ml TGF-g1 and 10 xg/ml cyclohexamide
(CHX) for one hour. Total RNA was extracted and
analyzed for c-met mRNA by RT-PCR.

RT-PCR

To obtain total RNA, cells cultivated in 6-well plates
were lysed by the addition of TRIzol. The RNA was
extracted with chloroform, isopropanol and ethanol by
centrifugation after each TRIzol addition, according to
the manufacture’s instructions. The extracted RNA
was dissolved in distilled water, and the absorbance was
measured with a spectrophotometer (UV-1600; Shim-
azu, Kyoto, Japan) at 260 nm to estimate the amount of
total RNA.

The set of primers specific for the rat c-met, from
which an amplified fragment of 725 bp was obtained,
consisted of a forward primer beginning at 2,788 bp with
a nucleotide sequence of 5-CAG TGA TGA TCT
CAA TGG GCA AT-3 and a reverse primer beginning
at 3492 bp with a nucleotide sequence of 5-AAT GCC
CTC TTC CTA TGA CTT C-3. The reason this set
of primers for the rat was used in the detection of c-met
mRNA in human lung fibroblasts, was that c-met
mRNA in human aortic and lung microvascular endoth-
elial cells is expressed by the same methods*™®. For
standardization of the different RNA samples, glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) primers
were used ; sense primer 5-TTA GCA CCC CTG
GCC AGG-3 and antisense primer 5-CTT ACT CCT
TGG AGG CCA TG-3, yielding a PCR product of 540
bp.

Equal amount of total RNA (100 ng) samples from
the cultured human lung fibroblasts were added to tubes,
and RT-PCR was carried out using a one-step RT-PCR
kit, according to the manufacturer’s manual, under the
following conditions: 1cycle at 50°C for 30 min; I
cycle at 94°C for 2 min; and 25 cycles at 94°C for 30
sec, 65°C for 30sec, and 72°C for 1 min (TaKaRa
Thermal Cycler MP ; Tokyo Japan). The PCR reac-
tion products were separated by electrophoresis on a
2.0% agarose-Tris-acetate-EDTA gel and stained with
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ethidium bromide, and scanned into a Macintosh G3
computer. An NIH image program (National Techni-
cal Information Service, Virginia, USA) was used to
calculate the density of each band?%4?,

Western blotting

After the human lung fibroblasts were treated with or
without TGF-81 (1 ng/ml) for 48 hours, the cells were
lysed in a lysis buffer containing 1% TritonX-100 and
0.1% SDS, with 1 mM PMSF and 25 xg/ml aprotinin.
Equal amounts of protein samples were size-separated
on discontinuous 6% polyacrylamide gels and transferred
to nitrocellulose membranes. The membranes were
immersed for 60 minutes in a blocking solution contain-
ing 5% non-fat dry milk and 0.1% Tween-20, and then
incubated overnight at 4°C with a rabbit anti-c-met
antibody.  After washing, the membranes were incubat-
ed for 1 hour at room temperature with a peroxidase-
linked secondary antibody. Blotted proteins were
detected using an enhanced chemiluminescence (ECL)
detection system. An NIH image program was used to
calculate the density of each band.

Flow cytometry

When the cells became confluent, the medium was
changed to M199 supplemented with 2% NCS for 24
hours in order to stop the effects of the serum. Medium
with or without TGF-£1 (10 ng/ml) was added to the
fibroblast cultures. After either 24, 48 or 72 hours of
incubation, the cells were dispersed by trypsin/EDTA
and washed twice with PBS to remove residual TGF-231
present in the culture medium. The cells were fixed
with 1% paraformaldehyde for 10 minutes and
resuspended in PBS with 1% BSA to a final concentra-
tion of 2X10°cells/ml. Anti-c-met antibody was
added to the cell suspension and the cells were incubated
over night at 4°C. After the incubation, the cells were
washed twice with PBS and fluorescein (FITC)-
conjugated goat anti-rabbit IgG was added and the cells
were incubated for one hour at 37°C. The cells were
washed twice with PBS again and analyzed using a flow
cytometer (Epics Elite, Tokyo, Japan). The cells treat-
ed without anti-c-met antibodies were used as a negative
control.

Cell proliferation

The cells were seeded at numbers of 1X10* into a
96-well microtiter plate in a medium containing 20%
NCS. Subsequently, the cells were allowed to spread
for 24 hours, cultured for an additional 24 hours in a
fresh medium containing 2% NCS, and then further
incubated for 24 hours in a fresh medium containing 2%
NCS with or without TGF-g1 (I ng/ml). After 24
hours of exposure to TGE-g1, the cells were incubated
for 24 hours in a fresh medium with or without recom-
binant HGF (20 ng/ml) or uPA (10 1U/ml). The cells
were incubated for a further 2 hours after the addition of
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20 11/ well of WST-8 into each well. The intensity of
the color reaction was measured with a spectro-
photometer (model 3550-UV, Bio Rad, Tokyo, Japan) at
450 nm.

Real time PCR

The RNA was extracted by the same method de-
scribed previously. The set of primers specific for
human pro-uPA from a transformed human endothelial
cell line, from which an amplified fragment of 459 bp
was obtained, consisted of a forward primer beginning at
769 bp with a nucleotide sequence of 5-GCC TTG
CTG AAG ATC CGT TCC AAG GAG GGC-3" and
a reverse primer beginning at 1,198 bp with a nucleotide
sequence of 5-CAG GCC ATT CTC TTC CTT GGT
GTG ACT GCG-3'.

The 383 bp competitor DNA for uPA, that has the
sense and antisense uPA primer sequences at both its
ends, was made with a competitive DNA construction
kit using ADNA as a template*V. The competitor
RNA was also made with a competitive RNA transcrip-
tion kit, using the competitor DNA according to the
manufacture’s manual. Real-time RT-PCR was carried
out with an i-Cycler iQ (Bio-Rad, Tokyo, Japan). A
master-mix of the following reaction components was
prepared to the indicated end concentration: 23 gl
RNase-free water, 0.25 x1 forward primer (0.5 M), 0.25
ul reverse primer (0.5 M), 25 xl of 2X QuantiTect™
SYBR Green® RT-PCR Master Mix, and 0.5l
QuantiTect™ RT Mix. The plate was filled in with 49
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w1 of master-mix and a | gl in volume solution contain-
ing 1 ng total RNA, was added as a PCR template.

Real-time RT-PCR was carried out under the follow-
ing conditions: Reverse transcription (50°C for 30
min), a PCR initial activation step (95°C for 15 min),
amplification and quantification programs repeated 40
times (94°C for 15 sec, 58°C for 30 sec, 72°C for 45 sec
with a fluorescence measurement), and a melting curve
program (from 50°C to 90°C with a heating rate of
0.5°C per minute and a continuous fluorescence mea-
surement). A standard curve was calculated using the
uPA competitor RNA. All samples were run in dupli-
cate. Quantities of uPA in the test samples were nor-
malized to the corresponding input total RNA based on
the GAPDH quantity.

Enzyme-linked immunosorbent assay (ELISA) for

Bel-2

When the cells became confluent, the medium was
changed to M199 supplemented with 2% NCS for 24
hours in order to stop the effect of the serum. After
treatment with or without I ng/ml of TGF-g1 for 48
hours, the cells were preincubated in the presence (40
ng/ml) and absence of HGF for 48 hours and then
sham-treated with 10 zg/ml of actinomycin D.  After 2
hours of exposure to actinomycin D, the cells were
washed twice and incubated again in a fresh medium
with or without HGF at 37°C for 4 hours. Lysates of
cells were finally harvested for the Bcl-2 assays. The
amount of Bcl-2, the anti-apoptotic substance, were

c-met GAPDH
725 bp
540 bp
TGF-f1 0 0.1 1 10 0O 01 1 10 ng/ml
7 * . P<0.05 T
_ .
= ]
2 100% - :
<
J i
:
s 50% ]
?E) ) n=6
0% TGF-B1
0 0.1 1 10 ng/ml

Fig. 1

Effect of TGF-41 on induction of c-met mRNA in human lung fibroblasts.
without each concentration (0.1, 1, 10 ng/ml) of TGF-g1.

Cells were treated with medium with or
After 48 hours of stimulation, the amount of uPA mRNA was

examined by the RT-PCR method. The amount of c-met mRNA was calculated with NIH image and was normalized
by the amount of GAPDH mRNA. Values are the means®=SD. P values were compared to the amount of c-met

mRNA expressed untreated cells.
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determined using a Bcl-2 ELISA kit according to the
manufacturer’s protocol.

Results

Effect of TGF-£1 on the c-met mRNA expression

To investigate whether fibrotic cytokines can
upregulate the expression of c-met mRNA, human lung
fibroblasts were stimulated with TGF-31. The amount
of c-met mRNA in fibroblasts was significantly increased
by concentrations of 1 and 10 ng/ml of TGF-31 (Fig.
1). The time-course experiments demonstrated a
marked upregulation of c-met mRNA by 1ng/ml of
TGF-31 after 8 hours and the high c-met mRNA level
was kept at least 48 hours (Fig.2). The c-met mRNA
upregulation in human lung fibroblasts was reduced by
the addition of actinomycin D (Fig. 3). On the other
hand, the c-met mRNA accumulated in those cells
treated with cyclohexamide (Fig. 3).

Effect of TGF-31 on c-met protein expression

The effect of TGF-/1 on c-met protein expression was
analyzed with a Western blot assay. Compared with
the unstimulated cell lysate, TGF-81 promoted a 190
kD c-met protein expression (Fig.4). To examine the
c-met protein on the surface of human lung fibroblasts,
the cells were stained with an anti-c-met antibody after
TGF-41
cytometry.  Although self-fluorescence in human lung
fibroblasts was increased by the TGF-g1 stimulation,

stimulation and then measured by flow

100% 1

c-met mRNA/GAPDH
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the amount of cell-surface c-met protein was mostly
equivalent, both with and without the TGF-g1 treat-
ment (Fig. 5).

Cell proliferation assay

From results described above, the transcription and
production of c-met were increased in the human lung
fibroblasts by the TGF-31 treatment. To evaluate the
effect of HGF/c-met on lung fibroblasts, we examined
human lung fibroblast proliferation using WST-8 at first.
After stimulation with TGF-g81, the number of lung
fibroblasts was not increased by the addition of HGF or
uPA, which is expected of a pro-HGF activator (Fig. 6).

uPA mRINA on lung fibroblasts

To evaluate the cell migration, we measured the
amount of uPA mRNA, which is one of the proteases
related to cell migration, by degradation of the surround-
ing ECM. TGF-B1 and HGF did not exert any
influence on the amount of uPA mRNA (Fig. 7). The
amounts of uPA mRNA were not reduced by the
anti-HGF antibody either.

Effect of HGF on apoptosis in lung fibroblasts

Although the human lung fibroblasts certainly expres-
sed c-met by the TGF-g1 treatment, the addition of
TGF-p1 and HGF was no effects on neither their
growth nor the uPA production, which related deeply to
cell migration. The anti-apoptotic substance Bcl-2 in
human lung fibroblasts was then assayed after the addi-
tion of TGF-A1 and HGF, because pretreatment with 40

c-met

GAPDH

n=

0 8

Fig. 2
containing 1 ng/ml of TGF-31.
cytokine addition.
value without the cytokine.
expressed untreated cells.

12 24
Time-course of c-met mRNA induction by TGF-£1 in human lung fibroblasts.

48 hours

Cells were treated with the medium

The amount of c-met mRNA was examined by RT-PCR at 8, 12, 24, 48 hours after the
The amount of c-met mRNA was calculated with NIH image, and compared to the c-met mRNA
Values are the means®=SD. P values were compared to the amount of c-met mRNA
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GAPDH
540 bp

n=

control Act.D CHX

TGF-81 (-) () () (H) () (H)

control

OEHEEHEE®

ActD CHX

Fig.3  Stabilization study of the c-met mRNA. Human lung fibroblasts were pre-treated with or without 5 yg/ml actinomycin
D for 45 min to block transcription. Cultures were then treated with or without 1ng/ml TGF-g1 for one hour.
Separately, the cells were treated with a combination of 1 ng/ml TGF-£1 and 10 xg/ml cyclohexamide (CHX) for one
hour. Total RNA was extracted and analyzed for c-met mRNA by the RT-PCR method.

190kD
TGF(-)  TGF(+)
E 01 *:P<0.05 T
>
s
E ]
A n=4
0

TGF(-)

TGF(+) )

Fig.4 Upregulation of c-met protein expression in human lung fibroblasts by TGF-B1. The cell lysate were prepared after
treatment with TGF-g1 (1 ng/ml) for 48 hours, and was submitted to a Western blotting. An NIH program was used
to calculate the density of each band. Values are the means=SD. P values were compared to the amount of c-met

protein expressed untreated cells.

ng/ml of HGF for 48 hours effectively protected human
lung fibroblasts from an apoptotic cell death induced by
actinomycin D (data not shown). To ascertain if the
TGF-p1 is associated with cell protection, anti-
apoptotic Bcl-2 in human lung fibroblasts were mea-
sured after treatments with 1ng/ml TGF-g1 for 438
hours, subsequent with 40 ng/ml HGF for 48 hours as
described in the method section. Although TGF-£lI,
HGF or even actinomycin D, an apoptotic substance,
alone did not express any effect on Bcl-2, both TGF-£1
and HGF treatment induced significantly higher amount
of Bcl-2 (Fig. 8). The induction of Bcl-2 was notable
when the cells treated with TGF-g1, HGF and
actinomycin D.

Discussion

Pulmonary fibrosis is a progressive and usually fatal

lung disorder characterized by the occurrence of widely
scattered small clusters of fibroblasts, presumably provo-
ked by multiple microscopic lung injuries, and abnor-
mal tissue remodeling!~+*?.  TGF-g1 was highly noted
in fibrosis patients, as well as in experimental animals
with fibrosis-related disorders. TGF-g1 down-
regulates HGF, which is known as a pulmotrophic
anti-fibrotic factor?®?%4®,  In this paper we tried to
clarify the roles of HGF/c-met on lung fibroblasts and
we examined c-met expression on lung fibroblasts and
the effect of HGF on these cells after stimulation with
TGF-41.

The results of this study showed that the amount of
c-met mRNA significantly increased after stimulation
with TGF-B1 (Fig. 1 and 2). The upregulation of
c-met mRNA was inhibited by treatment of the tran-
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Fig. 5

c-met protein expression on the surface of human lung fibroblasts.

FITC

After stimulation with TGF-g1 (10 ng/ml) for 48

hours, the cells were fixed and treated with anti-c-met antibody and FITC-conjugated second antibody as described in

Material and Methods, and were analyzed using a flow cytometer.

were used as a negative control.

The cells treated without anti-c-met antibody cells

Line B means range of FITC-positive cells.

35

v ]

g 37

=

= J

w25

SN

2 27

2

3 5]

S a1

=

o

S 05 A
0

n=6

control

HGF+uPA

TGF+HGF
TGF+uPA
TGF+HGF+uPA

Fig. 6 The proliferation of human lung fibroblasts after stimulation with recombinant HGF, TGF-g1, or uPA.  Cell prolifera-

tion was measured by WST-8 assay. The cells treated without cytokines were used as a negative control.

the means-=SD.

scription inhibitor actinomycin D (Fig. 3). Treatment
with cyclohexamide, an inhibitor of protein synthesis,
resulted in the accumulation of c-met mRNA in the
fibroblasts (Fig. 3). These results suggest that TGF-431
modulates c-met mRNA transcripts.  To the best of our
knowledge, this is the first report to describe the regula-
tion of c-met mRNA on human lung fibroblasts after

Values are

stimulation with TGF-£1.

C-met protein also increased after stimulation with
TGF-£1 by Western blotting (Fig. 4), but the amount of
cell surface c-met protein did not (Fig. 5). These results
suggest that the amount of c-met protein increased in the
intracellular space, but did not change on the cell surface
after stimulation with TGF-31 for 48 hours, based on
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1
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anti-HGF ab(+)

n=4

uPA mRNA

TGF+HGF

control HGF TGF
Fig.7 Effect of TGF-31 on expression of uPA mRNA in human lung fibroblasts. Cells were treated with medium with I ng/

ml of TGF-31 under the condition with or without anti-HGF antibody. The amount of uPA mRNA was examined by
Values are the means=SD.

real time PCR at 48 hours after the cytokine addition.

40 7
35 ]
30 ]
257
20 7
15
10 ]

Bcl-2 (units/ml)

0

TGF-f1 - - -
HGF - - +

Act-D - + =

-+ -+

Fig.8 The effect of TGF-51 to HGF protection against apoptosis induced by actinomycin D (act D).  After treatment with |

ng/ml of TGF-£1, cells were also treated as described in Material and Methods.

were compared with actinomycin D-treated cells.

the fact that the c-met mRNA, self-fluorescence and the
amount of c-met protein in human lung fibroblasts were
increased by TGF-#1 stimulation. These results sug-
gested that some other kind of stimulation might be
needed to express c-met on the surface of lung fibrob-
lasts.

Several studies have shown that HGF affects a variety
of cell types, especially those of epithelial origin, and
elicits responses such as proliferation, migration, and
morphogenesis~'?.  These pleiotropic effects of HGF

Values are the means=SD. P values

are all mediated through the c-met receptor. However,
few studies have actually targeted the effect of HGF/
c-met on fibroblasts. Thus we are tried to explore the
effect of HGF/c-met on human lung fibroblasts after
stimulation with TGF-g1 as a mediator of lung injury.

First we examined cell proliferation after stimulation
with TGF-B1.  The number of lung fibroblasts was not
increased, even by the addition of HGF and uPA, which
was expected as the activator for HGF molecule (Fig. 6).
Several studies have shown that after stimulation with
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TGF-£1, the growth of fibroblast cells increased more
than unstimulated cells and they have also shown that
fibroblasts from fibrosis patients proliferated faster than
normal fibroblasts*#*®. Our results differ from those
previously reported. One of the reasons for the
difference is that in our study, the amount of c-met
protein of the cell surface did not change after stimula-
tion with TGF-41.
fibroblasts derived from idiopathic pulmonary fibrosis
patients proliferated more slowly than did normal lung
fibroblasts”. Raghu and coworkers, who obtained
fibroblasts from different areas of the same fibrotic lung,
found a higher rate of proliferation in cells derived from

Ramos and coworkers showed that

inflammatory areas and the lowest rate in fibroblasts
from dense fibrotic scars*®. These studies suggest that
fibroblasts isolated from a human lung have two
phenotypes : fast rate of proliferation type, or slow rate
of proliferation type. Akamine and colleagues
identified two subpopulations which were isolated on
the basis of their differential expression of the receptor
Clg*?. The subgroups differed in rates of proliferation
and especially collagen synthesis, both under basal
conditions and after stimulation with TGF-£1. In
light of these studies, the fibroblasts we used might have
been of the slow proliferation type.

To evaluate cell migration, we investigated the
amount of uPA mRNA. Shetty and coworkers showed
that the binding of urokinase-type plasminogen activator
(uPA) to a specific receptor (uPAR) on human lung
fibroblasts enables it to regulate cellular proteolysis and
remodeling of the extracellular matrix*®. uPA was
mitogenic for normal as well as fibrotic fibroblasts,
indicating that receptor binding concurrently localizes
cellular proteolytic activity and stimulates mitogenesis.
In the present study TGF-81 and HGF did not exert any
influence on the amount of uPA mRNA (Fig. 7).

According to Shetty, TGF-£1 increases uPA binding
to its receptor and plasminogen activation at the cell
surface, with a greater maximal effect on fibrotic than on
normal fibroblasts. It is thought that the cells used in
the present study would be normal human lung fibrob-
lasts, because TGF-S1 did not increase uPA mRNA.

After stimulation with TGF-81, HGF did not have
any influence on the proliferation or migration of
human lung fibroblasts. We next set up a hypothesis
that the effect of HGF/c-met on lung fibrosis is associat-
ed with cell apoptosis. Several studies showed that
HGF has an influence on apoptosis in a variety of
cells’®52. To evaluate the effect of HGF in lung
fibroblast apoptosis, we examined the expression of Bel-2
in human lung fibroblasts. This result suggests that
HGF is able to reduce the level of apoptosis through the
specific receptor, c-met which was up-regulated by the
treatment of TGF-G1.
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In summary, after stimulation with TGF-31, the
amount of c-met expression in human lung fibroblasts
was increased and HGF did not act on the proliferation
or migration, but did induce the anti-apoptotic sub-
stance in these cells. Although HGF protected human
lung fibroblasts from an apoptotic death, HGF did not
stimulate the growth of these cells. It would be thought
that early passage human lung fibroblasts might be
stable in their migration and proliferation after stimula-
tion only with TGF-g1 to the degree used in this study,
but this condition might be changed by more stimuli.
Studies are currently in progressive in this laboratory to
explore the molecular mechanisms involved in the
apoptosis of human lung fibroblasts.
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