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ABSTRACT: The current authors have demonstrated previously that epithelial cell
apoptosis, induced by the Fas-Fas ligand pathway, might be involved in fibrosing lung
diseases. Whereas lung epithelial cells are sensitive to the Fas-mediated apoptosis, lung
fibroblasts may be resistant to Fas-mediated apoptosis and replace damaged epithelial
cells.

The WI-38 lung fibroblast cell line and primary lung fibroblasts were used to examine
the resistant to Fas-mediated apoptosis and the association of anti-apoptotic proteins
with this resistance.

The administration of agonistic anti-Fas antibody (CH-11) or cycloheximide alone
did not induce apoptosis, whereas the co-administration of CH-11 with cycloheximide
induced apoptosis in WI-38 cells, in which caspase-8 and -3, but not -9, were activated,
and X chromosome-linked inhibitor of apoptosis (ILP) and FLICE-like inhibitor
protein (FLIPL), but not bcl-xL and bcl-2, were remarkably down regulated. Primary
lung fibroblasts were also resistant to Fas-mediated apoptosis, and ILP and FLIP
appeared to be involved in this resistance. Furthermore, the results of immunohisto-
chemistry demonstrated that fibroblasts expressed ILP and FLIPL proteins in lung
tissues from patients with idiopathic pulmonary fibrosis.

These results suggest that anti-apoptotic proteins such as X chromosome-linked
inhibitor of apoptosis and FLICE-like inhibitor protein may play an important role
in preventing Fas-mediated apoptosis in lung fibroblasts, and participate in the
development of pulmonary fibrosis.
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Fas antigen (Fas), a type I membrane receptor
protein and a member of the tumour necrosis factor
(TNF) receptor family [1], induces apoptosis after
engagement by Fas ligand (FasL) [2]. FasL is a type II
membrane protein that belongs to the TNF family,
and is expressed predominantly in activated T-cells [2].
Fas is expressed in various cells and tissues including
the thymus, liver, skin, heart and lungs [3–5]. It is
suggested that the loss of parenchymal cells through
the Fas pathway might play an important role in
tissue injury or organ dysfunction [3, 6].

Damage to, and the loss of, epithelial cells, which
subsequently leads to pulmonary fibrosis, are com-
monly seen in acute lung injury and chronic fibrosing
alveolitis. The present authors previously demon-
strated that the Fas-FasL pathway might be associated
with the pathophysiology of idiopathic pulmonary
fibrosis (IPF) [7]. The important role of the Fas-FasL
pathway in apoptosis of alveolar epithelial cells
was also reported in vitro [5]. Using in situ deoxy-
ribonucleic acid (DNA) nick end-labelling and elec-
tron microscopic examinations in lung tissues from
patients with IPF [8] and animal models of pulmonary
fibrosis [9], it was found that apoptotic cells were
mainly epithelial cells, but not fibroblasts. Further-
more, inhalation of agonistic anti-Fas antibody
induced apoptosis in lung epithelial cells, but not
in fibroblasts, which subsequently led to pulmonary

fibrosis in mice [10]. These results imply that the
resistance of fibroblasts to Fas-mediated apopto-
sis may be associated with the pathophysiology of
pulmonary fibrosis.

The bcl-2 family of proteins modulate cell sur-
vival [11, 12]. The bcl-2 protein is an intracellular
membrane-associated protein whose overexpression
prevents cell death [11, 13]. Bcl-x gene encodes two
proteins; bcl-xL protects cells from survival factor
deprivation-induced apoptosis, while the overexpres-
sion of bcl-xS predisposes cells to apoptosis [12]. Over-
expression of bcl-2 partially prevents Fas-mediated
apoptosis [14].

One of the intracellular signalling events required
for apoptosis is the activation of caspases. A caspase
cascade, beginning with the activation of "initiator"
caspases such as caspase-8, leads to the activation
of "effector" caspases such as caspase-3, -6, or -7.
These effector caspases subsequently cleave pro-
tein substrates, including polyadenosine diphosphate
ribose polymerase, lamins and DNA-dependent pro-
tein kinase, resulting in the morphological features of
apoptosis [15].

Recently, the inhibitor of apoptosis (IAP) family of
genes has been identified. The expression of these
inhibitors are induced by nuclear factor-kB (NF-kB)
activation. The X chromosome-linked IAP (ILP)
suppresses the apoptosis signalling by the direct
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inhibition of activated caspase-3 [16]. A procaspase
3/p21 complex formation and the direct inhibition
of activated caspase-3 by ILP induce caspase-3
inactivation [17].

Following FasL ligation to Fas, Fas binds to Fas-
associating protein with death domain (FADD) [18].
FADD binds to caspase-8 through its death effector
domain and produces a death-inducing signalling
complex, leading to the activation of caspase-8.
Activated caspase-8 induces the activation of a
caspases cascade, that directly leads to apoptotic cell
death. Activated caspace-8 also cleaves bcl-2 interact-
ing domain (BID) to generate truncated BID that
translocates to the mitochondria and induces the
release of cytochrome c. Released cytochrome c
activates caspace-9 that results in the activation of
the caspase cascade. A FLICE-like inhibitor protein
(FLIPL/S) was first described as a viral product that
inhibited Fas- and TNF-mediated apoptosis [19]. Like
viral FLIPL/S, cellular FLIPL/S competitively inhibits
the binding of caspase-8 to the Fas receptor complex
and blocks the Fas signalling pathway [20].

The purpose of this study was to examine the
expression of anti-apoptosic proteins, and to investi-
gate the mechanism of resistance to Fas-mediated
apoptosis in lung fibroblasts. The study also examined
how WI-38 cells differ from primary human lung
fibroblasts. As previously reported, the present
authors found that WI-38 cells are resistant to Fas
ligation unless cycloheximide is added [21]. Further-
more, ILP and FLIPL protein expression in lung
tissues from patients with IPF was investigated.

Methods

Cell culture

A human lung fibroblast cell line (WI-38; Riken
cell Bank, Tsukuba, Japan) WI-38 was derived from
normal embryonic lung tissue. These cells were grown
in 25 cm2 tissue culture flasks (Falcon, Franklin
Lakes, NJ, USA) in growth medium, which consisted
of Dulbecco9s Modified Eagle Medium (Gibco, Grand
Island, NY, USA) with 10% foetal bovine serum
and 1% penicillin streptomycin. These cultures were
incubated at 37uC in a humidified, 95% air/5% car-
bon dioxide (CO2) atmosphere. When the cells were
subconfluent, they were harvested by trypsinisation
and plated in another flask in the same medium.

Expression of Fas antigen assessed by flow cytometry

For analysis of Fas surface expression on WI-38
cells, unstimulated cells and cells treated with either
4 ng?mL-1 TNF-a (Dainippon Pharmaceutical Co.
Ltd, Tokyo, Japan) for 24 h, 40 ng?mL-1 interferon
(IFN)-c (Shionogi Co. Ltd, Tokyo, Japan) for 6 h, or
4 ng?mL-1 TNF-a for 24 h with 40 ng?mL-1 IFN-c
pretreatment for 6 h were removed from the plate
with 5 mM ethylenediamine tetraacetic acid (EDTA),
pelleted, and resuspended in a staining solution
containing phosphate-buffered saline (PBS) with 1%
foetal calf serum. Cells were labelled with l mg?mL-1

fluorescein isothiocyanate (FITC)-conjugated mouse
anti-human Fas antibody (clone U132; MBL,
Nagoya, Japan) or control FITC-conjugated mouse
immunoglobulin (Ig)-G (MBL) for 45 min at 4uC. Ten
thousand viable cells were analysed on a Coulter
EPICS XL flow cytometer (Coulter Corp., Hialeah,
FL, USA).

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide) assay

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide) (Sigma Chemical Co. St Louis,
MO, USA) assay was carried out as described
previously [22]. Briefly, WI-38 cells were incubated
for 24 h in 96-well tissue culture plates and treated
with 0.01–1000 ng?mL-1 TNF-a or anti-human Fas
monoclonal antibody (CH-11; MBL) in a humidified
atmosphere of 5% CO2 incubator at 37uC. After 24 h,
0.1 mg?50 mL-1 MTT was added and the plate was
incubated for 4 h at 37uC and subsequently centri-
fuged at 8006g for 10 min, and the media was
removed.

Following centrifugation for 10 min at 4006g, the
supernatants were removed. MTT formazon crystals
were then solubilised by adding 200 mL dimethyl
sulfoxide and absorbance was measured using an
automated microplate reader at a wavelength of
540 nm (Easy Reader EAR 340; SLT Lab instru-
ments, Salzburg, Austria). The value of the sample
with medium alone was regarded as 100% survival.

Detection of apoptosis by flow cytometry

Apo2.7 antibody (Coulter Corp.) reacts with a 38-
kDa mitochondrial membrane protein (7A6 antigen)
which appears to be exposed on cells undergoing
apoptosis. It has been suggested that the Apo2.7
protein is involved in the molecular cascade of apop-
tosis and its expression represents an early event in
apoptosis rather than a final product in dead cells [23].
In addition apoptosis was assessed using propidium
iodide (PI) (Calbiochem-Novabiochem Corp., La
Jolla, CA, USA) to assess DNA fragmentation.

For analysis of apoptosis in WI-38 cells, unstimu-
lated cells and cells treated with 100 ng?mL-1 CH-11
for 24 h, 40 ng?mL-1 IFN-c for 6 h, or 4 ng?mL-1

TNF-a for 24 h with 40 ng?mL-1 IFN-c pretreatment
for 6 h were removed from the plate with 5 mM
EDTA, pelleted and washed by PBS. Detached and
floating cells were also recovered and included with
those that were adherent when testing for apoptosis
and for protein expression. To study whether anti-
apoptotic proteins are associated with the resistance
to Fas-mediated apoptosis in WI-38 cells, the effects
of cycloheximide (Wako Pure Chemistry Industries,
Tokyo, Japan) on the induction of apoptosis and
the expression of anti-apoptotic proteins was investi-
gated. Cells were incubated in growth medium with
100 mg?mL-1 cycloheximide alone or with cyclo-
heximide and 100 ng?mL-1 CH-11 for 24 h. Following
two washes by PBS, they were permeabilised in
100 mg?mL-1 digitonin solution and incubated at
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4uC for 20 min. Cells were washed and stained with
2 mg?mL-1 of Apo2.7 monoclonal antibody for
15 min. Cells were washed with 1.0 mL of PBS with
2.5% foetal calf serum and stored in the dark on ice.
Ten thousand events were collected and analysed by
flow cytometer. In experiments using PI the cells were
washed twice in PBS, then resuspended in 2 mL 70%
ethanol and incubated at 4uC for 1 h. Cells were
washed with PBS, 0.5 mL of 1 mg?mL-1 ribonuclease
A (Sigma Chemical Co.), and 1 mL of 100 mg?mL-1

were added and the cells were incubated at room
temperature for 15 min. Following two washes with
PBS, the cells were analysed by flow cytometry.

Electron microscopy

Cells treated with 500 ng?mL-1 CH-11 for 48 h
were harvested following centrifugation, and fixed
with 2.5% glutaraldehyde in 0.1 M phosphate buffer,
pH 7.4 for 18 h. The cells were postfixed for 1.5 h
in 1% osmium tetroxide (OsO4) dissolved in 0.1 M
phosphate buffer (pH 7.4), and dehydrated through a
series of graded ethanol solutions and embedded in
Epon. Ultrathin sections were cut, stained with uranyl
acetate and lead nitrate, and examined under a JEM-
1200 EX transmission electron microscope (JEOL
Co., Tokyo, Japan).

Western blotting

WI-38 cells were incubated in growth medium
with 100 ng?mL-1 CH-11, 100 mg?mL-1 cycloheximide,
or CH-11 with cycloheximide for 24 h. Following
two washes by PBS, the cells were harvested by
trypsinisation. Cells were lysed by a hypotonic
buffer containing 25 mM Hepes, pH 7.5, 5 mM
MgCl2, 1 mM ethyleneglycol-bis-(b-aminoethylether)-
N,N,N9,N9-tetraacetic acid, 1 mM phenylmethylsul-
fonyl fluoride (PMSF), 1 mg?mL-1 leupeptin and
1 mg?mL-1 aprotinin and centrifuged at 150006g for
10 min. The total cell lysate of 16106 cells was
separated by 12% sodium dodecylsulfate-polyacrylamide
gel electrophoresis, blotted onto a nitrocellulose
membrane and blocked with 5% nonfat dry milk in
trietyhanolamine-buffered saline (TBS) (10 mM Tris-
HCI pH7.5, 50 m M NaCl)/Tween (0.1% Tween20 in
TBS).

Following washes with TBS/Tween, the blots were
incubated for 16 h with hamster monoclonal anti-
human bcl-2 antibody (83-8B; 1:200; MBL), rabbit
polyclonal anti-human bcl-xS/L antibody (S-18; 1:200;
Santa Cruz Biotechnology, Santa Cruz, CA, USA),
mouse monoclonal anti-human IAP-like protein anti-
body (2F1; 1:500; Transduction Laboratories, Lexing-
ton, KY, USA), rabbit polyclonal anti-human FLIPL

antibody (C-19; 1:500; Santa Cruz Biotechnology),
goat polyclonal anti-human caspase-3 antibody (K-19;
1:200; Santa Cruz Biotechnology), rabbit polyclonal
anti-human caspase-8 antibody (R&D Systems, Inc.,
MN, USA), or rabbit polyclonal anti-human caspase-
9 antibody (R&D Systems, Inc.) at 4uC. Blots were
washed again with TBS/Tween, incubated with horse-
radish peroxidase (HRP)-coupled isotype-specific

secondary antibodies (1:500) for 1 h at room tem-
perature, washed again, and developed with a ECL
Western blotting detection reagent (Amersham,
Buckinghamshire, UK). HRP-coupled anti-rabbit,
anti-mouse, and anti-goat immunoglobulin were pur-
chased from Santa Cruz Biotechnology. HRP-coupled
protein G was purcahsed from Sigma-Aldrich (Tokyo,
Japan) and FITC-labelled rat anti-hamster immuno-
globulin was purchased from PharMingen Corp. (San
Diego, CA, USA).

Resistance to Fas-mediated apoptosis in primary
human lung fibroblast

To verify how WI-38 cells differ from primary lung
fibroblasts, this study investigated whether primary
human lung fibroblasts were resistant to Fas-mediated
apoptosis and the expression of anti-apoptotic pro-
teins. Cryopreserved primary human lung fibroblasts
(Clonetics Corp., San Diego, CA, USA) and were
used between passages two and five in this study,
because the cell growth and the sensitivity to Fas
ligation were constant during these passages (data
not shown). These cells were grown in 25 cm2 tissue
culture flasks (Falson) in fibroblast growth medium
(FGM-2, Clonetics Corp.) supplemented with fibro-
blast growth factor-B (1 ng?mL-1), insulin (5 mg?mL-1),
penicillin-streptomycin (10 mg?mL-1), and 5% bovine
serum albumin. Cell preparation methods for flow
cytometry and western blotting were the same as
those for WI-38, except that Annexin-V FITC (Roche
Diagnostics, IN, USA) was used instead of Apo2.7 to
detect apoptotic cells.

Immunohistochemistry in human lung tissue

Immunohistochemistry for ILP and FLIPL were
performed on formalin-fixed, paraffin-embedded lung
tissues, which consisted of specimens obtained by
open lung biopsy from five patients with IPF and
specimens obtained by lobectomy from five patients
with solitary pulmonary nodules. Ages of IPF and
controls ranged from 52–72 yrs (mean 60 yrs) and
from 43–72 yrs (mean 56 yrs), respectively. All
patients with IPF and controls were male and
smokers. Following deparaffinisation, immunohisto-
chemistry was performed using a modified streptavidin-
biotinylated peroxidase technique using a Histofine
SAB-PO kit (Nichirei Corporation, Tokyo, Japan).
The sections were incubated with mouse monoclonal
anti-human ILP antibody (2F1; 1:250) or rabbit
polyclonal anti-human FLIPL antibody (C-19; 1:250)
at 4uC overnight. The sections were rinsed with PBS
and incubated with biotinylated anti-goat IgG for
30 min. For control incubations, specific antibodies
were replaced by nonimmune goat serum.

Statistical analysis

The results of the assay were analysed by one way
analysis of variance with Bonferroni/Dunn9s post hoc
procedure.
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Results

Expression of Fas antigen

Figure 1 shows the results of flow cytometry for
the Fas expression in WI-38 cells. Fas was expressed
constitutively in WI-38 cells. Fas expression on WI-38
cells was slightly upregulated 24 h after incuba-
tion with 4 ng?mL-1 TNF-a and pretreatment with
40 ng?mL-1 IFN-c, but not after incubation with
IFN-c or TNF-a alone.

Resistance to Fas-mediated apoptosis

Apoptosis of WI-38 cells was monitored for early
cellular effects by staining with phycoerythrin-labelled
Apo2.7 antibody, and also for DNA fragmentation by
staining with PI. The results of flow cytometric analysis
showed that either administration of 4 ng?mL-1 TNF-
a, 100 ng?mL-1 CH-11, or CH-11 pretreated with
40 ng?mL-1 IFN-c did not induce apoptosis at 24 h, as
assessed by Apo2.7 and PI on WI-38 cells (fig. 2). In
addition, increased Fas expression after the adminis-
tration of TNF-a with pretreatment of IFN-c did
not effect the susceptibility to CH-11. The effect of
higher CH-11 concentrations (500 and 1000 ng?mL-1)
was also examined. These concentrations did not

change the cell morphology or number of apoptotic
cells detected by flow cytometry compared with
controls, even at 48 h after treatment.

The effect of tumour necrosis factor-a or agonistic anti-
Fas antibody (CH-11) on the proliferation and cell cycle

Figure 3 shows the proliferation and cell cycle of
WI-38 cells cultured with TNF-a or CH-11, assessed
by MTT assay and flow cytometry. Neither TNF-a
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Fig. 1. – Fas expression on the surface of WI-38 cells, as deter-
mined by flow cytometry. a) Nonstimulated cells stained with
control immunoglobulin (Ig)-G (solid line, median fluorescence
value (mfv)=0.40) or anti-Fas antibody (shaded area, mfv=1.30).
b) Cells stimulated with interferon (IFN)-c (40 ng?mL-1) for 6 h
were stained with control IgG (solid line, mfv=0.40) or anti-Fas
antibody (shaded area, mfv=1.51). c) Cells stimulated with tumour
necrosis factor (TNF)-a (4 ng?mL-1) for 24 h were stained with
control IgG (solid line, mfv=0.40) or anti-Fas antibody (shaded
area, mfv=1.25). d) Cells pretreated with IFN-c (40 mg?mL-1) for
6 h and stimulated by TNF-a (4 ng?mL-1) for 24 h were stained
with control IgG (solid line, mfv=0.41) or anti-Fas antibody
(shaded area, mfv=2.90). The data are representative of three
different experiments.
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Fig. 2. – WI-38 cells were monitored for early apoptotic effect
staining with phycoerythrin-labelled Apo2.7 antibody (a, c, e and
g), and also for deoxyribonucleic acid fragmentation by staining
with propidium iodide (PI) (b, d, f and h). a) and b) Nonstimu-
lated cells. c) and d) Cells stimulated with tumour necrosis factor-
a (4 ng?mL-1) for 24 h. e) and f) Cells stimulated with CH-11
(100 ng?mL-1) for 24 h. g) and h) Cells pretreated with interferon-c
(40 ng?mL-1) for 6 h and stimulated with (100 ng?mL-1) for 24 h.
The data are representative of three different experiments.
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nor CH-11 affected the proliferation of WI-38
cells (fig. 3a), while a high concentration of TNF-a
(l mg?mL-1) increased the number of cells in S phase,
as measured by flow cytometry using PI staining
(fig. 3b). Although it appears that 1,000 ng?mL-1 of
CH-11 resulted in a 10% decrease in the rate of cell
proliferation, this change was not statistically significant.

Induction of apoptosis

The results of flow cytometry using Apo.2.7 and
PI staining demonstrated that the administration of
cycloheximide concurrently with 100 ng?mL-1 CH-11,
but not either CH-11 or cycloheximide alone, induced
apoptosis in 57.7¡12.1% of WI-38 cells after 24 h
(fig. 4). Electron microscopic findings showed that
WI-38 cells treated with CH-11 and cycloheximide
for 48 h developed the appearance of "dark cells",
condensed chromatin, and cell shrinkage, which are
characteristic features of apoptotic cells (fig. 5).

Activation of caspases

Figure 6 shows Western blot analysis of procaspase-
3, -8, and -9 on cell lysate of WI-38 cells. Procaspase-3
and -8 but not procaspase-9 were cleaved 48 h

after treatment with 100 ng?mL-1 CH-11 with cyclo-
heximide, while these proteins were not cleaved
on untreated cells or on cells treated with either
cycloheximide or CH-11 alone.

Expression of anti-apoptotic proteins

Figure 7 shows protein levels of bcl-2, bcl-xL,
FLIPL, and ILP on WI-38 cells. The incubation with
100 ng?mL-1 CH-11 alone did not effect the expres-
sion of these proteins, whereas cycloheximide alone
decreased the expression of ILP and bcl-xL, but not
bcl-2 and FLIP as compared with untreated cells.
At 24 h after the co-administration of CH-11 with
cycloheximide, the expression of ILP and FLIPL were
markedly decreased compared with untreated cells.

Apoptosis in primary human lung fibroblasts

Figure 8 shows the results of flow cytometry using
Annexin-V FITC staining. The administration of
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Fig. 3. – The effect of Fas ligation on the proliferation and cell
cycle of WI-38 cells. a) Proliferation of WI-38 cells cultured with
CH-11 (.....) or tumour necrosis factor (TNF)-a (—) assessed by
the MTT (3-[4,5-dim ethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide) assay. Results are shown as the mean of six independ-
ent wells¡SD. b) and c) Cell cycle determined by flow cytometry
using propidium iodide (PI). Cells were stimulated with CH-11
(b: 1 mg?mL-1) or TNF-a (c: 1 mg?mL-1) for 48 h. The data are
representative of three different experiments.
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Fig. 4. – Apoptosis of WI-38 cells induced by CH-11 with cyclo-
heximide stained with phycoerythrin-labelled Apo2.7 (a, c and e)
or propidium iodide (PI) (b, d and f). a) and b) Cells stimulated
with CH-11 (100 ng?mL-1) for 24 h. c) and d) Cells stimulated
with cycloheximide (100 mg?mL-1) for 24 h. e) and f) Cells
stimulated with CH-11 (100 ng?mL-1) and cycloheximide
(100 mg?mL-1) for 24 h. Fifty-seven and 33% of WI-38 cells were
positively stained for Apo 2.7 and PI, respectively. The data are
representative of three different experiments.
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cycloheximide concurrently with 100 ng?mL-1 CH-11
induced apoptosis on 23.5¡4.5% of primary human
lung fibroblasts after 24 h, whereas CH-11 alone had
no effect. A higher concentration of CH-11 (500 and
1000 ng?mL-1) did not change the shape of cells or
the percentage of apoptotic cells detected by flow
cytometry, as compared with controls. In contrast to
WI-38 cells, the administration of cycloheximide alone
induced apoptosis in 8.3¡3.3% of these cells after
24 h.

Figure 9 shows protein levels of bcl-2, bcl-xL,
FLIPL, and ILP in primary human lung fibroblasts.
The incubation with CH-11 alone increased the
expression of ILP and FLIP as compared with

c)

a)

d)

b)

Fig. 5. – Electron microscopic findings on WI-38 cells. a) Untreated cells. WI-38 cells treated with CH-11 (100 ng?mL-1) and cycloheximide
(100 mg?mL-1) for 48 h showed b) "dark cells" (arrow), c) cell shrinkage and blebbing, and d) condensed chromatin and disappearance of
processes on the cell membrane. (Scale bar=1 mm).
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Fig. 6. – Western analysis of procaspases in WI-38 cells. The
precursor form of procaspase-3, -8, and -9 in cell lysates of
untreated cells (lane 1), cells at 48 h after cycloheximide alone
(lane 2), CH-11 alone (lane 3), or CH-11 with cycloheximide
administration (lane 4). The data are representative of three
different experiments.
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Fig. 7. – Western analysis of anti-apoptotic proteins in WI-38 cells.
Protein levels of bcl-2, bcl-xL, FLICE-like inhibitor protein
(FLIPL), and X chromosome-linked inhibitor of apoptosis (ILP)
in cell lysates of untreated cells (lane 1), cells at 48 h after
cycloheximide alone (lane 2), CH-11 alone (lane 3), or CH-11
with cycloheximide administration (lane 4). The data are represen-
tative of three different experiments.
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untreated cells. The incubation with cycloheximide
alone decreased the expression of ILP and FLIPL, as
compared with untreated cells. Co-administration of
CH-11 with cycloheximide decreased ILP expression
compared with untreated cells, and decreased FLIPL

and ILP compared with cells treated with CH-11
alone.

Immunohistochemistry for X chromosome-linked
inhibitor of apoptosis and FLICE-like inhibitor protein

Figure 10 shows the representative results of
immunohistochemistry for ILP and FLIPL. Promi-
nent signals for ILP and FLIPL were detected in
fibroblasts as well as bronchiolar and alveolar
epithelial cells in all cases of IPF. Positive signals
for these molecules were detected in a few bronchiolar
epithelial cells and macrophages in lung tissues from
normal lung parenchyma. There was no positive
signal in control sections incubated with nonimmune
goat serum instead of specific antibodies.

Discussion

The WI-38 cell is a human diploid lung fibroblast
cell line. This cell line was used because the purpose of
this study was to investigate how lung fibroblasts
respond to Fas ligation in fibrosing lung tissues, in
which the Fas-Fas ligand pathway may be involved
in the pathogenesis. WI-38 cells were resistant to Fas
ligation using a high concentration of CH-11. When
CH-11 was administered with cycloheximide, WI-38

cells were induced to undergo apoptosis, as assessed
by flow cytometry and electron microscopy. There-
fore, these results suggest that the expression of anti-
apoptotic proteins may be associated with resistance
to Fas-mediated apoptosis on WI-38 cells. WI-38
cells constitutively express bcl-2, bcl-xL, FLIPL, and
ILP. Co-administration of CH-11 with cycloheximide
induced apoptosis in WI-38 cells, and markedly
decreased the expression of ILP and FLIPL, compared
with untreated cells.

To verify how WI-38 cells differ from primary lung
fibroblasts, experiments were performed using pri-
mary human lung fibroblasts. Primary lung fibroblasts
were also resistant to Fas ligation even at a high CH-
11 concentration (l mg?mL-1), and were susceptible
only in the presence of cycloheximide, like WI-38
cells. In WI-38 cells, FLIPL and ILP were decreased
after co-administration of CH-11 with cycloheximide,
and ILP were decreased after the administration of
cycloheximide alone as compared with untreated cells.
In primary lung fibroblasts, FLIPL and ILP were also
decreased by the co-administration of CH-11 with
cycloheximide compared with treatment with CH-11
alone. Furthermore, FLIPL and ILP were decreased
after the administration of cycloheximide, when
compared with untreated cells. Although WI-38 cells
and primary lung fibroblasts were cultured in different
media, it is unlikely that fibroblast growth factor
increased the susceptibility of primary fibroblasts
to CH-11-induced apoptosis. These results suggest
that anti-apoptotic proteins ILP and FLIPL may
participate in the resistance of lung fibroblasts to
Fas-mediated apoptosis.

Different clones of fibroblasts differ in their
responses to Fas ligation. JELASKA et al. [24] demon-
strated that human adult skin dermal fibroblasts
were more susceptible to Fas ligation than foreskin
fibroblasts, in which Fas ligation induced proliferation
rather than apoptosis. AGGARWAL et al. [25] also
demonstrated that Fas ligation signals proliferation
of these cells. In contrast to dermal fibroblasts, in
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Fig. 8. – Apoptosis of primary lung fibroblasts induced by CH-11
and cycloheximide, stained with Annexin-V fluorescein isothiocya-
nate. a) Untreated cells, b) cells stimulated with cycloheximide
(100 mg?mL-1) for 24 h, c) cells stimulated with CH-11
(100 ng?mL-1) for 24 h, and d) cells stimulated with CH-11
(100 ng?mL-1) with cycloheximide (100 mg?mL-1) for 24 h. The
data are representative of three different experiments.
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Fig. 9. – Western analysis of anti-apoptotic proteins in primary
lung fibroblasts. Protein levels of bcl-2, bcl-xL, FLICE-like
inhibitor protein (FLIPL) and X chromosome-linked inhibitor of
apoptosis (ILP) in cell lysates of untreated cells (lane 1), cells at
48 h after cycloheximide alone (lane 2), CH-11 alone (lane 3), or
CH-11 with cycloheximide (lane 4). Data is representative of three
different experiments.
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agreement with previously published results of TEPPER

et al. [21], it was found that WI-38 were susceptible
to Fas-mediated apoptosis only in the presence of
cycloheximide. Therefore, lung fibroblasts seem to be
more resistant against Fas-ligation than other types of
fibroblasts.

Cycloheximide and CH-11 appear to decrease ILP
and FLIP expression, not only in comparison to
untreated, but also cycloheximide-treated WI-38 cells.
This seems unexpected since Fas ligation induces
NF-kB dependent expression of anti-apoptotic pro-
teins. Recently, SAELENCE et al. [26] reported a new
and caspase-dependent activation model for double
stranded ribonucleic acid-regulated protein kinase
(PKR), leading to eukaryotic initiation factor 2
(eIF2-a) phosphorylation and translation inhibition
in apoptosis. It also has been reported that caspase
activation cleaves ILP [27], which may accelerate the
decrease in ILP expression induced by cycloheximide.
These mechanisms may enhance the decrease of ILP
and FLIP in apoptotic cells.

Fas antigen was constitutively expressed on fibro-
blasts as well as lung epithelial cells. However,
epithelial cells, but not fibroblasts, were induced to
undergo apoptosis by treatment with CH-11 alone
[28]. Using immunohistochemistry, MINOWA et al. [29]

demonstrated that Fas was expressed on many kind of
cells, including epithelial cells, fibroblasts, endothelial
cells and macrophages in lung tissues from patients
with IPF. The present authors previously showed that
FasL expression was upregulated, and apoptotic cells
were predominantly epithelial cells in lung tissues
from patients with IPF [7, 8]. These results in vitro and
in vivo suggest that intracellular Fas signalling path-
way in fibroblasts is different from that in epithelial
cells.

ILP can suppress apoptotic death signalling by the
formation of an active caspase-3/ILP complex, with
subsequent inhibition of caspase-3 activity [16].
Apoptosis usually requires the activation of caspases,
and the particular caspases necessary vary according
to the cell type and the stimulus which triggers cell
death. The ability of each IAP family member to
inhibit apoptosis may also vary, depending on cell
type and the signalling pathway leading to apoptosis.
ILP may only be an effective inhibitor of apoptotic
stimuli that depend on caspase-3 and/or caspase-7
[16]. In this study, ILP was expressed in both
fibroblasts and epithelial cells in lung tissues from
patients with IPF. Recently, the expression of ILP in
lung epithelial cell lines has been demonstrated [30].
The present authors also found that mouse lung

c)

a)

d)

b)

Fig. 10. – Immunohistochemistry for X chromosome-linked inhibitor of apoptosis (ILP) and FLICE-like inhibitor protein (FLIPL).
Prominent signals for a) ILP and b) FLIPL were detected in fibroblasts (arrows) as well as bronchiolar and alveolar epithelial cells in lung
tissue from patients with idiopathic pulmonary fibrosis. Positive signals for c) ILP and d) FLIPL were detected in a few bronchiolar
epithelial cells and macrophages in lung tissues from normal lung parenchyma.
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epithelial cells were induced to undergo apoptosis by
Fas ligation alone, in these cells ILP protein was
decreased. Therefore, there may be a mechanism
to prevent ILP protein degradation or proteolysis
induced by Fas ligation in fibroblasts.

Death receptor-mediated and mitochondrial-
mediated pathways represent two principal signalling
pathways of apoptosis. Activation of death receptors
results in the recruitment of adapter proteins through
interaction of death domains. Recruitment of FADD
to Fas activates initiator caspase-8 [18]. Stimuli other
than death receptor activation, such as anti-cancer
drugs, radiation, and reactive oxygen radicals, trigger
apoptotic pathways involving mitochondria. Cyto-
chrome c is released into the cytosol from mitochon-
dria and binds to apoptosis protease activating factor
1, with adenosine triphosphate, which results in the
activation of caspase-9 [31]. In some cells, Fas-ligation
induces caspase-9 activation through proteolysis of
BID well as caspase-8 [32]. The activation of caspase-8
or caspase-9 leads to the activation of effector
caspases, such as caspase-3. Since caspase-8 and
caspase-3, but not caspase-9, were activated on
WI-38 cells by the administration of CH-11 with
cycloheximide, it is likely that the apoptotic pathway
in WI-38 cells induced by CH-11 with cycloheximide is
independent of mitochondria. FLIPL blocks caspase-8
activation [20]. IAPs block caspase-3, caspase 7, and
caspase-9 directly, and also inhibit caspase-8 along
with TNF receptor associated factors [16, 33]. There-
fore, the decrease of FLIPL and ILP expression
induced by CH-11 with cycloheximide treatment
may result in caspase activation in WI-38 cells.

The presence of intact epithelial cells controls
fibroblast proliferation. Studies on the re-population
of denuded tracheal explants by epithelial cells show
that the denuded tracheal implants are rapidly
replaced by fibroblasts, unless enough epithelial cells
are introduced into the lumen to control fibroblast
proliferation [34]. The authors conclude that the
fibroblast proliferation is a direct result of epithelial
cell damage. Uhal et al. [35] demonstrated that
fibroblasts isolated during fibrotic lung injury produce
a soluble factor capable of inducing apoptosis of
alveolar epithelial cells in vitro. They also demon-
strated that epithelial cell apoptosis, necrosis, and
cell loss were detected adjacent to foci of collagen
accumulation surrounding fibroblast-like cells in lung
tissues from patients with IPF [36]. Since the abnor-
mal epithelium-fibroblast interaction participates
in the pathophysiology of pulmonary fibrosis, the
regulation of anti-apoptotic proteins in fibroblasts
may be critical in the pathogenesis of IPF.

The present authors conclude that lung fibro-
blasts are resistant to Fas-mediated apoptosis. This
resistance is likely due to the inhibitory effect of
anti-apoptotic proteins such as inhibitor of apoptosis
and FLICE-like inhibitor protein on intracellular
signalling pathway of Fas-mediated apoptosis. Under-
standing the function of these proteins, which seems
to be different depending on cell-type and apop-
totic stimuli, may lead to the development of novel
therapies for pulmonary fibrosis.
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