Lack of Cell Surface Fas/APO-1 Expression in Pulmonary Adenocarcinomas
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Abstract

The Fas receptor and ligand initiate an apoptotic pathway.
Alterations in this pathway within tumor cells can result in
escape from apoptosis and immune surveillance. We evalu-
ated Fas protein expression in 42 primary pulmonary ade-
nocarcinomas, and Fas expression and function in the lung
adenocarcinoma cell lines A549 and A427. Immunohis-
tochemical analysis demonstrated Fas protein expression in
47.6% of the tumors; however, Fas-positive tumors demon-
strated cytoplasmic staining without cell surface expression.
Northern blot analysis indicated that levels of Fas mRNA
were similar in Fas protein—positive tumors to levels in nor-
mal lung tissue, but were reduced in Fas protein—negative
tumors. Soluble form Fas was not detected in the majority
of these tumors either by RT-PCR or Western blot analysis.
Cell surface Fas protein expression was minimal in A549
and A427 cell lines as determined by flow cytometry. Both
cell lines demonstrated Fas mRNA expression by Northern
blot analysis and abundant protein expression by Western
blot analysis. Transfection of the Fas cDNA derived from
A549 cells induced surface Fas protein in COS cells; how-
ever, stable transfection of a native Fas cDNA into A549
cells failed to induce surface Fas protein expression. Paren-
tal A549 cells and A549 cells transfected with a Fas expres-
sion vector were resistant to Fas-mediated apoptosis. Trans-
genic expression of a FLAG-tagged Fas cDNA in A549 cells,
with visualization of the Fas-FLAG protein using confocal
microscopy, demonstrated that the Fas-FLAG protein was
retained within cytoplasmic portions of the cell and was not
translocated to the cell surface. These findings suggest that
the Fas protein is reduced or not present on the cell surface
in the primary lung tumors and is sequestered within A549
tumorigenic lung cells, and these alterations directly affect
the cells resistance to Fas-mediated apoptosis. (J. Clin. In-
vest. 1998. 101:1102-1110.) Key words: Fas/APO-1 « pulmo-
nary adenocarcinoma « A549 . Fas-FLAG -« posttransla-
tional modification
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Introduction

Bronchogenic carcinoma represents the leading cause of ma-
lignancy-related mortality in the United States, and the prog-
nosis of pulmonary adenocarcinoma is especially poor in ad-
vanced staged tumors despite improved efforts in earlier
diagnosis and combination chemo- and radiation therapy (1).
Apoptosis is a genetically encoded programmed cell death de-
fined by distinct characteristic morphological and biochemical
changes (2). In malignant cells, these physiological apoptotic
pathways are often altered, resulting in a significant survival
advantage. Tumor cells with developed resistance to apoptosis
can survive despite immune system tumor surveillance and are
often nonresponsive to antitumor treatments (3).

The Fas receptor (APO-1 or CD95) and ligand play a key
role in the initiation of one apoptotic pathway (4). The loss of
Fas protein has been reported to induce resistance to apopto-
sis; however, apoptotic resistance in some Fas-expressing ma-
lignant cells has also been reported (5). Three potential mech-
anisms for apoptotic resistance include: (a) lack of cell-surface
Fas protein expression; (b) overexpression of bcl-2 family pro-
teins; and (c) alterations in Fas intracellular signaling pathways
(5). Fas protein can occur as both a cell-surface and a soluble
protein, with the soluble form of Fas (sFas)' protein being gen-
erated by alternative mRNA splicing (6-8). Four isoforms of
sFas protein have been reported, with the predominant sFas
protein resulting from deletion of the transmembranous do-
main coded by exon 6 (6, 8). This sFas can protect against Fas-
mediated apoptosis by neutralizing the Fas ligand (6). Elevated
sFas protein levels in sera from patients with nonhematopoie-
tic human malignancies has been reported (9), with the elevated
expression of sFas protein in tumor cells causing apoptotic re-
sistance via a different mechanism from the previously de-
scribed three mechanisms (5).

The analysis of Fas and sFas protein expression is essential
for the evaluation of potential pathological alterations of apop-
totic pathways in pulmonary adenocarcinomas. In this study,
we evaluated Fas and sFas protein expression in surgically re-
sected human pulmonary adenocarcinomas and examined the
correlation between the expression of these proteins and clini-
cal prognosis. We also evaluated potential mechanisms for the
loss of Fas protein expression and Fas-mediated apoptosis in
pulmonary adenocarcinoma cell lines.

Methods

Patient characteristics. Written consent was obtained from 39 pa-
tients (20 males, mean age of 61.9 yr, and 19 females, mean age of
64.2 yr) who underwent pulmonary resection for lung cancer at the
University of Michigan Medical Center from May 1991 to May 1994.

1. Abbreviation used in this paper: sFas, soluble form of the Fas pro-
tein.



These studies were approved by The University of Michigan Institu-
tional Review Board. Three patients with stage I tumors had synchro-
nous pulmonary cancers (both adenocarcinoma in each case). All 42
tumors were diagnosed as primary pulmonary adenocarcinomas ac-
cording to criteria of the World Health Organization (10), and in-
cluded four bronchioloalveolar cell carcinomas. The 42 adenocarci-
nomas include: 9 well differentiated, 10 moderately differentiated,
and 23 poorly differentiated adenocarcinomas. 27 tumors were stage
I, 2 were stage 11, and 13 were stage II1A. Surgical staging was deter-
mined using criteria defined by the American Joint Committee on
Cancer (11). Clinical prognosis was also evaluated in 26 stage I and
stage II patients who underwent operations from May 1991 to May
1993, and 13 stage IIIA patients who underwent operations from May
1991 to May 1994. The postoperative clinical course was evaluated for
at least 4 yr for stage I and stage II cancers and for 3 yr for stage IIIA
cancers. Clinical follow-up ranged from 10-64 mo (mean: 41.7) in
stage I and stage II to 7-59 mo (mean: 32.8) in stage IIIA. 7 of 26
(26.9%) patients of stage I and II and 5 of 13 (38.5%) patients of
stage IIIA patients died because of the recurrence of primary lung
cancer during these follow-up periods. Patients were divided into two
groups: alive (good prognostic cases) or dead (poor prognostic cases)
based on their last follow-up date. Cases in which the cause of death
was questionable were excluded.

Sample collection. Freshly harvested tissue samples from pulmo-
nary resections were transported to the laboratory in DME (Life
Technologies, Gaithersburg, MD) on ice. A portion of each tumor
sample and nontumorous lung tissue was quickly frozen in liquid ni-
trogen for RNA and DNA isolation, and was stored at —70°C. An-
other portion of each sample was frozen in OCT compound (Miles,
Elkhart, IN) using isopentane cooled to the temperature of liquid ni-
trogen for cryostat sectioning and immunohistochemical analysis.

Immunohistochemistry. 5-pm cryostat tissue sections were mounted
onto poly-L-lysine—coated slides and then stored at —20°C. The slides
were air dried for 10 min before fixation in 100% acetone at —20°C
for 10 min. Endogenous peroxidase activity was inhibited using a
0.5% solution of H,O,in pH 7.5 PBS twice for 30 min each. Normal
horse serum diluted 1:20 with PBS and containing 1.0% BSA (PBS-
BSA) was incubated with the samples for 30 min to suppress nonspe-
cific binding. Tissue sections were incubated with anti-Fas mono-
clonal antibody directed against NH,-terminal residues (clone DX-2;
PharMingen, San Diego, CA) at 1:100 dilution in PBS-BSA for 1 h at
room temperature. PBS-BSA was substituted for the primary anti-
body for the negative controls in each sample. Some specimens were
also treated with an isotype-matched antibody to control for nonspe-
cific staining (murine IgG1; PharMingen). Samples were then washed
extensively in PBS and then incubated with a 1:1,000 dilution of bioti-
nylated goat anti-mouse secondary antibody in PBS-BSA for 30 min.
The detection of bound antibody was accomplished using the avidin—
biotin complex method with a mouse immunodetection kit (Vec-
tastain ABC system; Vector Laboratories, Inc., Burlingame, CA). A
0.1% solution of 3,3’-diaminobenizidine in PBS was used as a chro-
mogen. The slides were lightly counterstained with hematoxylin. In
this study, Fas expression was also evaluated using anti-Fas poly-
clonal antibody which recognized COOH-terminal residues (C-20;
Santa Cruz Biotechnologies, Santa Cruz, CA). Immunohistochemical
examination of all samples was performed independently by two re-
viewers.

Cell lines and flow cytometric analysis. The human lung adeno-
carcinoma cell lines A549 and A427 and the human lymphoma cell
lines Jurkat and BJAB were used to examine Fas protein regulation.
Jurkat and BJAB cells were used as positive controls of Fas-express-
ing cell lines. COS cells and MCF-7 cells were also used for transfec-
tion assays. These cell lines were obtained from American Type Cul-
ture Collection (Rockville, MD). The human lung adenocarcinoma
cells, COS cells, and MCF-7 cells were cultured in DME containing
10% FBS and 1% penicillin/streptomycin, and the human lymphoma
cell lines were cultured in RPMI 1640 (Sigma Chemical, St. Louis,
MO) containing 10% FBS and 1% penicillin/streptomycin.

For FACScan® analysis, adherent adenocarcinoma lung cell lines
were rinsed in PBS, incubated in 10 mM EDTA incubated for 20 min
at 4°C, and harvested by gentle pipetting. After three washes in PBS,
the A549, A427, and BJAB cells (10° cells/200 pl) were resuspended
in flow cytometry buffer (PBS with 0.5% rabbit serum and 10~ mM
NaN3), and labeled for 30 min at 4°C with anti-Fas primary antibody
(clone DX-2; PharMingen) diluted with 200 wl (1.25 pg/ml) of flow
cytometry buffer. After washing with flow cytometry buffer, the cells
were labeled with FITC-conjugated anti-mouse secondary antibody
(Biosource International, Camarillo, CA) diluted to 1:1,000 in flow
cytometry buffer. Flow cytometric analysis was carried out using a
FACScan® (Becton Dickinson, San Jose, CA) gated to exclude frac-
tured cells and debris. 10,000 cells were examined for each determi-
nation.

Anti-Fas antibody-mediated apoptosis. Cell lines were plated in
96-well plates at 4 X 10* cells/well and allowed to adhere overnight.
After replacing the media, cells were incubated with 12.5 pg/ml of
DX-2 anti-Fas antibody and 20 pg/ml recombinant protein G (Sigma
Chemical Co.) for 20 h. Wells containing no treatment or recombi-
nant protein G alone served as controls. Adherent and nonadherent
cells were harvested, washed in PBS, and incubated at 4°C for 12 h in
a propidium iodide—containing cell lysis buffer in which nuclei re-
mained intact (0.1% sodium citrate, 0.1% Triton X-100, and 10 pg/ml
propidium iodide). A FACScan® flow cytometer was used to quantify
the percentage of cells undergoing apoptosis as described previously
(12, 13). Briefly, the fluorescence of propidium iodide in each nuclei
was plotted histographically and nuclei which fluoresced below the
peak representing G1 DNA content were counted as being apoptotic
and reported as a percentage of the total number of nuclei counted
(5,000 gated events).

Isolation of DNA, RNA, and protein. Genomic DNA was isolated
from tumor and nontumorous tissues as described previously (14).
RNA was extracted using the Trizol reagent (Life Technologies) as
recommended by the supplier. Protein was extracted from tissues and
cells by detergent lysis using NP-40 lysis buffer (0.2% NP-40, 100 mM
Tris-HCI, pH 8.0, 200 mM NacCl, 0.01% SDS).

Southern blot hybridization. Genomic DNA (10 pg) of lung tumor,
nontumorous lung tissues, and A549 and A427 cells were subjected to
overnight digestion with the restriction enzyme EcoRI (5 U/pg) at
37°C. The digested DNA was size-fractionated in 0.9% agarose gels
containing ethidium bromide and transferred to nylon membranes.
The blots were hybridized overnight with a random-primed (Life
Technologies), [a-*?P]dCTP-labeled (Amersham, Arlington Heights,
IL) human Fas cDNA fragment at 42°C in 50% formamide, 5X SSPE
(0.9 M NaCl, 50 mM NaH,PO,, pH 7.7, 5 mM EDTA), 5% dextran
sulfate, 1X Denhardt’s solution, 3% SDS, and 100 pg/ml of dena-
tured salmon sperm DNA (pH 7.0). The human Fas cDNA was gen-
erously provided by Dr. V.M. Dixit (Ann Arbor, MI). The blots were
washed in 2X SSC (20X SSC: 0.9 M NacCl, 0.3 M Na citrate) and 0.1%
SDS at 65°C, and 0.1 X SSC at room temperature and then exposed to
x-ray film (Hyperfilm-MP; Amersham) with intensifying screens at
—70°C.

Northern blot hybridization. Samples of total RNA (10 pg) iso-
lated from lung tumor, nontumorous lung tissues, and the A549 cell
line were size-fractionated in 1.2% agarose, 2.2 M formaldehyde gels
and transferred to nylon membranes. The blots were hybridized at
48°C in 50% formamide, 5X SSPE, 5% dextran sulfate, 1X Den-
hardt’s solution, 3% SDS, 100 pg/ml of denatured salmon sperm
DNA, and 60 pg/ml of yeast tRNA (pH 7.0) containing the [a-32P]-
dCTP-labeled human Fas cDNA probe described above. The blots
were washed in 2X SSC and 0.1% SDS at 60°C, and 0.1X SSC at
room temperature and then exposed to Hyperfilm-MP with intensify-
ing screens at —70°C. The intensity of Fas mRNA signals were ana-
lyzed using a scanning laser densitometer (Molecular Dynamics,
Sunnyvale, CA). The loading and transfer of total RNA were normal-
ized using a 3?P-labeled oligonucleotide probe for the 28S rRNA as
previously described (15).

RT-PCR, genomic PCR, and sequence analysis. First-strand cDNAs

Fas/APO-1 in Pulmonary Adenocarcinomas 1103



were synthesized from 10 pg of total RNA in 40-pl reactions using
oligo (dT) primers (Pharmacia, Piscataway, NJ) in the presence of
avian myeloblastosis virus reverse transcriptase (Promega, Madison,
WI) under conditions described by the supplier. First-strand cDNA
(8 pl) was amplified using Tag DNA polymerase (Promega) in a 100-pl
reaction volume under standard conditions recommended by the
manufacturer. The mixture was denatured for 5 min at 94°C followed
by 35 thermal cycles with each cycle representing 1 min at 94°C, 1 min
at 52°C, and 2 min at 72°C. Oligonucleotide primers for PCR amplifi-
cation were derived from published sequences (16). For the trans-
membrane Fas cDNA analysis, the 5’ primer (5'-CATGGCTTA-
GAAGTGGAAAT-3") and 3’ primer (5'-ATTTATTGCCACTG-
TTTCAGG-3') were used. For the full-length sequence Fas cDNA
analysis, the 5’ primer for Fas (5'-GTCGACCACTTCGGAGGAT-
TGCTCAAC-3') was linkered with an Sall restriction enzyme site
and the 3’ primer for Fas (5'-CTCTAGACTAGACCAAGCTTTG-
GATTTC-3’) was linkered with an Xbal restriction enzyme site. The
PCR products of the full-length Fas cDNA were ligated into a pED
expression vector (17).

Genomic DNA (1 pg) was amplified using Tag DNA polymerase
(Promega) in a 100-pl reaction volume under standard conditions
recommended by the manufacturer. The mixture was denatured for 5
min at 94°C followed by 35 thermal cycles with each cycle represent-
ing 1 min at 94°C, 1 min at 55°C, and 2 min at 72°C. Oligonucleotide
primers for PCR amplification of exon 1 of Fas were derived from the
published sequence (18), and were 5’ primer (5'-TTTGTGCAAC-
GAACCCTGACTCCT-3') and 3’ primer (5'-GACTAAGACGG-
GGTAAGCCTCCAC-3"). The PCR products were purified and se-
quenced by automated fluorescent DNA sequencing (Applied
Biosystems) at the Sequencing Core Facility of The University of
Michigan.

Transfection. The expression vector pcDNA3 (Invitrogen, Carls-
bad, CA) containing a 1.0-kb human Fas cDNA was used for stable
transfection assays (19). A549 cells (3 X 10°) were transfected with 2 g
plasmid DNA and Lipofectin (Life Technologies) using the protocol
recommended by the supplier. Selection with G418 (600 pg/ml; Life
Technologies) was initiated 48 h after transfection. Single clones were
obtained 3—4 wk after transfection, expanded, and further character-
ized for Fas expression by Northern blot hybridization, flow cytome-
try, and Fas-mediated apoptosis using 96-well plate cytotoxicity as-
says as described previously (20).

The pcDNA3 expression vector containing the 1.0-kb human Fas-
FLAG (FLAG epitope NH,-terminal) fusion protein cDNA (kindly
provided by Dr. V.M. Dixit) was used for transient transfection as-
says (21). A549 cells (3 X 10°) were transfected with 2 wg plasmid
DNA using Lipofectin (Life Technologies). The location of the Fas-
FLAG protein was analyzed using an anti-FLAG monoclonal anti-
body and confocal microscopy.

The pED expression vector containing the full-length Fas cDNA
amplified from the A549 and Jurkat cell lines was transiently trans-
fected into COS cells using 10 pg of plasmid DNA and the DEAE
dextran (Pharmacia) method as previously described (22). 48 h after
transfection, Fas expression was evaluated by both flow cytometry
and metabolic labeling using [**S]methionine and cytosine (23).

Confocal microscopy. Cells (A549 and MCF-7) grown on slides
were transiently transfected with the FLAG-tagged Fas expression
vector (10% efficiency, nontransfected cells served as a control for
staining specificity) and fixed in 100% acetone at —20°C for 10 min
after 48 h. Nonspecific binding was blocked using a 1:20 dilution of
goat serum in PBS. Fas protein was detected using a monoclonal anti-
FLAG antibody (clone M2; Eastman Kodak, Rochester, NY) at a
1:500 dilution. Immunoreactivity was detected using a secondary goat
anti-mouse IgG FITC monoclonal antibody (Biosource Interna-
tional) at a 1:250 dilution. Coverslips were mounted with Fluoro-
mount-G (Southern Biotechnology Associates, Birmingham, AL).
Images were obtained using a confocal microscope (Bio-Rad, Her-
cules, CA).

Western blot hybridization. Samples of tissue and cellular protein
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(10 pg) were boiled for 10 min in an equal volume of sample buffer
(20% glycerol, 4% SDS, 0.2% bromophenol blue, 125 mM Tris-HCI,
150 mM NaCl, 5 mM EDTA, 640 mM B-mercaptoethanol), and size-
fractionated using 12% SDS-PAGE. Proteins were transferred to ny-
lon membranes, and the Fas protein was detected using an anti-Fas
rabbit polyclonal antibody (C-20; Santa Cruz Biotechnologies) at a
1:200 dilution. A goat anti-mouse monoclonal antibody conjugated
with horseradish peroxidase (Chemicon, Temecula, CA) was used at
a 1:2,000 dilution to visualize immunoreactive proteins using en-
hanced chemiluminescence (Pierce, Rockford, IL) and Hyperfilm-
MP as recommended by the manufacturer.

Statistical analysis. Statistical analyses were performed with a
Stat View 4.02 program package (Abacus Concepts, Berkeley, CA).
The significances of the associations were determined by using the x?
test, Fisher’s exact probability test, or a two-tailed unpaired ¢ test with
significance determined for P < 0.05. Univariate and multivariate
analyses of lung cancer patient survival data were undertaken by us-
ing survival curves and applying the Kaplan-Meyer method with log
rank analysis.

Results

Fas protein expression in lung adenocarcinomas. Using an NH,-
terminal anti-Fas antibody, Fas protein expression was ob-
served in 47.6% (20/42) of all lung adenocarcinomas and in
48.7% (19/39) of all patients. Eight tumor samples comprising
four Fas protein—positive and four Fas protein—negative tu-
mors, as determined using an NH,-terminal specific anti-Fas
antibody (clone DX-2), were also examined with a COOH-ter-
minal specific polyclonal anti-Fas antibody (C-20). Similar
staining results were obtained with both antibodies. In three
synchronous pulmonary adenocarcinoma patients, two cases
demonstrated Fas expression in both tumors and the other
case showed positive and negative Fas expression in each tu-
mor. This later case was excluded from staging and prognostic
analysis. Fas protein expression was observed in 48.2% (13/27)
of stage I tumors, 100% (2/2) of stage II tumors, and in 38.5%
(5/13) of stage IIIA tumors. Fas protein expression was also
observed in 22.2% (2/9) of well differentiated adenocarcino-
mas, in 60.0% (6/10) of moderately differentiated adenocarci-
nomas, and in 52.2% (12/23) of poorly differentiated adeno-
carcinomas. The incidence of Fas protein expression in poorly
and moderately differentiated adenocarcinoma was higher
than that of well differentiated adenocarcinoma, but this dif-
ference was not statistically significant. Fas protein—positive
tumors and the lung adenocarcinoma cell line A549 demon-
strated a diffuse cytoplasmic staining pattern without detect-
able membranous staining (Fig. 1). Fas protein expression was
observed in 50.0% (13/26) of alive patients and in 41.7% (5/12)
of dead patients. The Kaplan-Meyer survival analysis using the
log rank test showed no statistical difference in survival be-
tween patients with Fas protein—positive tumors and patients
with Fas protein—negative tumors when grouped together re-
gardless of stage, or when matched for stage (P > 0.1) (com-
parisons for stage II alone were not feasible).

Southern blot analysis. Southern blot analysis of the Fas
gene in eight cases of pulmonary adenocarcinoma (three Fas
protein—negative and five Fas protein—positive) and two pul-
monary adenocarcinoma cell lines of A549 and A427 was per-
formed. The primary tumor and nontumorous lung samples
for each patient were examined. Three Fas bands were present
in all samples, and no differences between Fas protein—nega-
tive and Fas protein—positive tumors, or in A549 and A427



Figure 1. Immunohistochemical demonstration of membranous Fas protein expression (arrows) in (A) the basal region of normal squamous
esophageal epithelium and (B) the BJAB cell line. (C) In contrast, Fas protein expression appears localized within the cytoplasm in the pulmo-
nary adenocarcinoma cell line A549. (D) A Fas-negative pulmonary adenocarcinoma with tumor cells (r) showing no Fas protein immunoreac-
tivity. (E) A Fas-positive pulmonary adenocarcinoma demonstrating a diffuse cytoplasmic Fas expression pattern in the tumor cells (arrow)
without cell surface staining and (F) a near-serial section of the same tumor shown in E treated with an isotype-matched antibody indicating the
anti-Fas antibody staining is specific. All cryostat sections were lightly counterstained with hematoxylin. Original magnifications, X200.
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Figure 2. (A) Northern blot analysis demonstrating low level expres-
sion of Fas mRNA in a Fas protein—negative lung tumor (7)) (S3153),
but Fas mRNA expression is present in a Fas protein—positive lung
tumor (7) (S5613) relative to the nontumorous lung (N) from each
patient. The results from all patients are summarized in Table I. (B)
Northern blot analysis demonstrating abundant Fas mRNA expres-
sion in A549 and A427 cells. A549 cells stably transfected with a Fas
cDNA express an additional 1.0 kb Fas mRNA. The 28S rRNA sig-
nals are shown in the lower panels.

cells were detected (data not shown). These results indicate
that major alterations or deletions of the Fas gene are not re-
sponsible for the lack of Fas protein expression in these tu-
mors.

Fas mRNA expression and sequence analysis. Northern blot
analysis was evaluated in eight cases of pulmonary adenocarci-
noma and in the cell lines A549, A427, Jurkat, and BJAB.
Four of the tumors were Fas protein—negative and four tumors
were Fas protein—positive as determined by immunohisto-
chemistry. Both Jurkat and BJAB human lymphoma cell lines
demonstrated two Fas mRNA bands (2.7 and 1.9 kb) as previ-
ously described (16), and both A549 and A427 cell lines also
demonstrated marked Fas mRNA expression (Fig. 2, A and
B). Tumor and nontumorous lung samples in all eight cases
also demonstrated Fas mRNA expression. The intensity of
both Fas mRNAs were evaluated by densitometry after nor-

Table I. Fas mRNA Expression in Tumor and
Nontumorous Tissues

Patient Fas protein Tumor Nontumorous lung
S3153 - 0.0916 3.1026
H3833 - 0.3291 2.1182
P2210 - 0.3443 1.4566
R6777 - 0.3659 0.5243
H5754 + 0.3508 0.3599
B2103 + 1.1622 5.1360
S5613 + 1.4685 2.1824
F9510 + 2.6055 1.9771

Presented values represent the intensity of Fas mRNA/the intensity of
28S rRNA signals.
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malization with the 28S rRNA signal (Table I). The intensity
of the Fas/28S RNA ratio in Fas protein—positive tumors was
higher than in Fas protein—negative tumors, but did not reach
statistical significance (P = 0.056). There was also no statistical
difference in the ratios of Fas/28S in nontumorous lung sam-
ples between Fas protein—positive and —negative cases (P > 0.1).

The mRNA of soluble Fas represents a transcript which is
missing the transmembrane domain of exon 6. This soluble Fas
mRNA is 63 bp shorter than native Fas mRNA. Because this
small size difference cannot be distinguished by Northern blot
analysis, we evaluated soluble Fas mRNA expression using
RT-PCR. Of seven Fas protein—positive tumors determined by
immunohistochemistry, all seven samples demonstrated the
correct-sized PCR products for the native-form Fas mRNA
(338 bp). These RT-PCR products were confirmed to be Fas
by production of 175- and 163-bp bands after restriction en-
zyme digestion with BamH1. Two of the Fas protein—negative
samples also demonstrated the correct-sized RT-PCR prod-
ucts (338 bp). Four of nine tumor samples showed a 63-bp
smaller-sized RT-PCR product (275 bp) which represents the
soluble form of Fas mRNA (Fig. 3), and this was confirmed by
the absence of a BamHI restriction site. These four sFas
mRNAs were detected in one Fas-negative and three Fas-pos-
itive tumors. Within reactions resulting in two different prod-
uct sizes, the smaller-sized sFas mRNA signals were much
weaker than those of the native Fas mRNA signal. For all nine
tumor samples, RT-PCR was also used to evaluate nontumor-
ous lung from these patients for sFas expression and in all,
there were positive RT-PCR products for the native Fas
mRNA (338 bp), but not the soluble Fas mRNA (Fig. 3). The
A549 and A427 also demonstrated strong PCR products (338
bp) of native Fas mRNA with very faint RT-PCR products
(275 bp) of the soluble Fas mRNA. We evaluated DNA se-
quence analysis in the 5’ region of the Fas cDNA and in the
noncoding region of the Fas gene (exon 1) of A549 cells; how-
ever, mutational changes as compared with the published se-
quences were not detected in either analysis (data not shown).

Western blot analysis. Western blot analysis was used to
evaluate six primary lung tumor samples and the A549 and
A427 cell lines. In the six tumors, of which four were Fas pro-
tein—positive and two were negative, all six tumor samples and
both cell lines demonstrated a 48-kD Fas protein band. A very
faint smaller band (45 kD), which may either represent soluble
Fas or nonspecific band, was present in all of these samples
(Fig. 4). A smaller-sized band (42 kD), which represents the
nonglycosylated primary translated Fas protein, was observed

Figure 3. RT-PCR of
Fas mRNA produces a
368-bp product in all
seven tumors and non-
tumorous lung tissues.
A smaller soluble Fas
mRNA (275 bp) is ob-
served in four of the tu-
mor tissues. One Fas
protein—positive tumor
(P2210) demonstrates
marked soluble Fas
mRNA as shown by a
275-bp PCR product.
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Figure 4. Western blot analysis demonstrating Fas protein (48 kD)
expression in both Fas protein—positive (H7181 and R8275) and neg-
ative (B4181) lung tumors. A faint soluble Fas band at 45 kD, such as
that present in the tumor from patient H7181, was only observed in a
few samples. Abundant Fas protein (48 kD) was detected in both
A549 and A427 lung adenocarcinoma cells. The presence of a smaller
band (42 kD) in these cells is consistent with nonglycosylated Fas
protein. Protein size markers are shown on the left and B-actin is
shown in the lower panels.

in the A549 and A427 cell lines. Another smaller-sized band
(35 kD) was present in the A427 cell lines; however, this band
was not reproducibly observed.

Surface expression of Fas protein. In the cell lines, surface
expression of the Fas protein was evaluated using FACScan®
analysis. The BJAB cell line was used as positive control of
surface Fas protein expression. We applied the mean fluores-
cence intensity of the population of cells as a measure of rela-
tive surface Fas protein expression (20). The mean fluores-
cence intensity of BJAB cells was 359.1, but was only 45.94 in
A549 and 88.17 in A427 cells. Therefore, although Western
blot analysis demonstrated abundant Fas protein expression in
the A549 cell line, there was little surface Fas protein expres-
sion as measured by flow cytometry (Fig. 5 A). Treatment of
the A549 cells with an anti-Fas antibody also failed to induce
apoptosis, indicating a lack of responsiveness to this antibody
(Fig. 5 B). The A549 cell line expresses both Fas mRNA and
Fas protein in Northern and Western blot analyses respec-
tively; however, these cells appear to have negligible surface
Fas protein expression and are resistant to Fas-mediated apop-
tosis.

Transfection of Fas. Fas cDNAs from both Jurkat (control)
and the A549 cell lines were produced by RT-PCR and incor-
porated into the pED expression vector. The cDNAs were
transiently transfected into COS cells, and surface Fas protein
expression was evaluated by FACScan® analysis. The mean
fluorescence intensity of COS cells treated with DEAE dex-
tran alone was 45.8, 285.37 in COS cells transfected with the
cDNA derived from Jurkat cells, and 286.86 in COS cells
transfected with the cDNA derived from A549 (Fig. 5 C). This
indicated that the transgenic expression in COS cells of a Fas
cDNA derived from A549 resulted in the surface expression of
Fas protein, and therefore suggested that the A549 Fas coding
sequence was the wild type. Fas protein expression was also
confirmed by metabolic labeling using [*3S]methionine and cy-
tosine in COS cells transfected with A549 Fas cDNA (data not
shown). We also evaluated 12 individual clones of A549 cells

which were selected for neomycin resistance after transfection
with the native Fas cDNA and then analyzed for surface Fas
expression using FACScan® analysis. The mean fluorescence
intensity of 2 of these 12 clones (99.2 and 101.7) was found to
be approximately twofold greater than the mean fluorescence
intensity of the nontransfected A549 cells which served as the
control (45.94). Northern blot analysis was used to examine
the level of Fas mRNA in these A549 stable transfectants.
Both clones expressed the native Fas (1.7 and 2.9 kb) and the
transgenically expressed Fas (1.0 kb) mRNAs (Fig. 2 B); how-
ever, similar to the parental A549 cell line, the rate of apopto-
sis in these two clones after anti-Fas antibody treatment did
not differ from the nontreatment controls. Therefore, only a
minimal increase in surface Fas expression was identified in
these neomycin-resistant A549 clones which were confirmed
to be transcribing the transfected sequence by Northern blot
analysis, yet remained resistant to Fas-mediated apoptosis.

Transient transfection of a FLAG-tagged Fas cDNA into
A549 cells was used to confirm translation of the expression
vector mRNA and to evaluate the localization of this transgen-
ically expressed Fas protein. Using confocal microscopy and
an anti-FLAG antibody, the Fas-FLAG protein was visualized
within the cytoplasm of A549 cells; no Fas-FLAG protein was
observed on the cell surface membranes (Fig. 6). These find-
ings suggest that expression of the native Fas protein or trans-
genically expressed Fas protein by A549 cells does not result in
sufficient levels of surface Fas protein expression to render
these cells sensitive to Fas-mediated apoptosis.

Discussion

Fas plays a key role in apoptotic pathways (1, 4) and is ex-
pressed in various normal cells; however, the lack of Fas pro-
tein in malignant cells has been reported (5, 24, 25). In Fas-
negative malignant cells, the lack of Fas protein is considered
as the primary mechanism for apoptotic resistance and insensi-
tivity to antitumor treatments (5, 24). In the respiratory sys-
tem, ciliated cells and goblet cells of the trachea, as well as al-
veolar cells, normally express the Fas protein (26). In a
previous study (26), four of five bronchioloalveolar cell carci-
nomas and none of two pulmonary adenocarcinomas ex-
pressed the Fas protein. In our study, 2 of 4 bronchioloalveolar
cell carcinomas (50.0%) and 20 of 42 total pulmonary adeno-
carcinomas (47.6%) expressed Fas. This incidence of Fas pro-
tein—positive tumors in pulmonary adenocarcinomas is similar
to a previous report (26). The Fas protein traverses the cell
surface membrane and is a receptor protein for the Fas ligand.
In our study, Fas protein—positive cases demonstrated a diffuse
cytoplasmic pattern without cell surface staining. This suggests
that most pulmonary adenocarcinomas do not express Fas on
their cell surface.

We found no significant correlation between Fas protein
expression and patient prognosis. This may be due to an insuf-
ficient number of cases available for examination to detect any
correlations between Fas protein expression and prognosis in
pulmonary adenocarcinoma, or that the detection of the Fas
protein using immunocytochemistry may not correlate with
the biological function of Fas receptor.

Other genetic alterations that affect apoptotic resistance
may occur in lung adenocarcinoma (27), one of which is bcl-2
protein overexpression. Using immunohistochemical analysis,
the bcl-2 protein was visualized in 16.7% (7/42) of these tu-
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mors, but similar to Fas expression, there was no significant
statistical correlation between bcl-2 protein expression and
prognosis (our unpublished data). We could not clarify any sig-
nificant prognostic factors in pulmonary adenocarcinomas as it
relates to these apoptosis-related proteins by immunohis-
tochemistry.

Southern blot analysis indicated that both Fas protein—pos-
itive and —negative cases retain an apparently normal Fas
gene. In hematological malignancies, rearrangements of the
Fas gene have been reported (28); however, in our study major
gene deletions or alterations were not observed in the eight
primary tumors and A549 and A427 cell lines. Northern blot
analysis did demonstrate higher levels of an appropriately
sized Fas mRNA in three of four Fas protein—positive cases.
One Fas protein—positive and all four Fas-negative tumors also
showed low levels of Fas mRNA, suggesting decreased tran-
scription of Fas in these tumors. Therefore, a reduction in Fas
mRNA may be the mechanism of reduced Fas protein expres-
sion in at least a subset of tumors which are Fas protein—nega-
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going apoptosis 20 h after treatment with
anti-Fas antibody cross-linked with protein
G, or control treatment of protein G alone.
A549 cells are resistant to Fas-mediated
apoptosis. (C) COS cells transiently trans-
fected with an expression vector pED con-
taining the A549 Fas cDNA demonstrate
similar levels of surface Fas protein expres-
sion as COS cells transfected with an ex-
pression vector containing the Jurkat Fas
cDNA (data not shown).

anti-Fas antibody

tive by immunohistochemical analysis. In surgically resected
samples, normal Fas protein—-expressing cells such as lympho-
cytes and alveolar cells are often present, and these cells may
affect the levels of Fas mRNA observed by Northern blot
analysis. However, the A549 and A427 lung adenocarcinoma
cell lines demonstrated abundant Fas mRNA expression and
both cell lines showed very little surface Fas protein expression
as determined by flow cytometry. In a previous report of Fas
protein expression in glioma cell lines (24), a significant corre-
lation between surface Fas protein and mRNA expression was
observed. Fas cDNA transfer into these glioma cell lines also
induced surface Fas protein expression and susceptibility to
anti-Fas treatment (24). In pulmonary adenocarcinoma, how-
ever, we could not identify a significant correlation between
Fas mRNA expression and the cell surface expression of Fas.
The native Fas protein is a membrane-anchored receptor
for the Fas ligand (4, 16), and the soluble forms of the Fas pro-
tein contain deletions within the transmembranous domain (6
8). These soluble forms of the Fas protein are easily released



Figure 6. Confocal microscopy of A549 and MCF-7 cells transiently
transfected with a FLAG-tagged Fas construct and examined using
immunohistochemistry with an antibody to the FLAG epitope. The
subset of A549 cells in which immunoreactivity was identified (bot-
tom) demonstrate perinuclear and cytoplasmic staining without cell
surface staining, whereas MCF-7 cells (fop) show marked cell surface
staining. Nontransfected cells (arrows) within each field confirm the
specificity of the anti-FLAG antibody.

into the extracellular space and can neutralize the effect of the
Fas ligand leading to tumor cell survival (6-8). Malignant cells
which produce sFas protein have been reported (7), and ele-
vated levels of sFas protein have been detected in the sera of
patients with nonhematological malignancies (9). We evalu-
ated sFas mRNA and protein by RT-PCR and Western blot
analyses in the pulmonary tumors. In our study, native Fas
mRNA was predominant in both tumors and nontumorous
lung tissues; however, sFas mRNA was identified in 2 of 10
samples. RT-PCR evaluation is not quantitative; however, it is
a sensitive method for mRNA detection. We conclude that sig-
nificant sFas mRNA expression is not present in either the tu-
mor or nontumorous lung tissues. Western blot analysis also
supports the conclusion that sFas protein is not abundantly ex-
pressed in pulmonary adenocarcinomas.

The mechanism for the lack of surface Fas protein in the
A549 cell line was further evaluated because A549 cells dem-
onstrated little surface Fas protein, but Fas mRNA expression
was observed and thus was similar to the pulmonary adenocar-
cinomas examined in this study. Western blot analysis surpris-
ingly showed relatively abundant Fas protein expression in
these cells. We used an NH,-terminal specific anti-Fas anti-
body for flow cytometry and a COOH-terminal specific anti-

Fas antibody for our Western blot analysis; however, we also
confirmed the expression of Fas protein by Western blot using
the NH,-terminal anti-Fas antibody (data not shown). South-
ern, Northern, and Western blot analyses demonstrated that
the Fas gene, its transcription, and translation were preserved
in the A549 cell line. Transfection of the Fas cDNA from the
AS549 cell into COS cells, which induced surface Fas protein
expression in COS cells, indicated that the Fas mRNA from
A549 cells was normal. DNA sequence analysis of the untrans-
lated 5’ sequence of the Fas cDNA from A549 cells also indi-
cated no mutational change was present in this region (data
not shown). It has been reported that alterations in the 5’ un-
translated region of the Fas gene and Fas mRNA might result
in the lack of surface Fas protein expression (29). Neither mu-
tational changes nor transcriptional abnormalities explain the
lack of surface Fas protein expression in A549 cells. Transfec-
tion of the native Fas cDNA into the A549 cells failed to in-
duce significant surface Fas protein expression or responsive-
ness to Fas-mediated apoptosis, and transient transfection of a
Fas-FLAG fusion cDNA demonstrated that the Fas-FLAG
protein was located in the cell cytoplasm. Importantly, the bcl-2
protein is not overexpressed by either A549 or A427 cell lines
(our unpublished data). These findings suggest that the Fas
protein is retained in the cytoplasm, potentially due to altera-
tions in the posttranslational machinery of these cells.

The Fas protein translated from mRNA is transported to
the membrane after posttranslational modifications which in-
clude: (a) signal peptide cleavage; (b) chaperone-assisted fold-
ing; (c) addition of N-linked oligosaccharides; (d) disulfide
bond formation; (e) hydroxylation of proline or lysine resi-
dues; (f) oligomerization; and (g) addition of glycosylphos-
phatidyl inositol anchor. Alteration or modification of one or
more of these processes in the A549 cells is likely, and future
studies will clarify the precise abnormality within these cells. It
is possible that similar defects may be present in the primary
lung adenocarcinomas as well.

Four mechanisms for a developing apoptotic resistance
have been emphasized in malignant cells: (a) lack of cell-sur-
face Fas protein expression; (b) synthesis of a protective pro-
tein such as the bcl-2 protein; (c) alterations in Fas intracellu-
lar signaling pathways; and (d) production of a soluble Fas
protein. Recently, Fas ligand expression in lung carcinomas
has been proposed to play a role in allowing escape from im-
mune surveillance (30). The lack of cell-surface Fas protein is
an essential factor in providing resistance to Fas-Fas ligand—
inducible apoptosis. Previous studies have focused on tran-
scriptional and translational mechanisms of Fas and Fas
ligand-mediated apoptosis in malignant cells. Alterations in
posttranslational modification, suggested by the present stud-
ies, may be an additional factor that allows tumor cell survival
by evading the apoptotic pathway. Similar abnormalities in
posttranslational modification of Fas have also been observed
in human esophageal adenocarcinomas (31). The analysis of
potential posttranslational abnormalities of the Fas protein in
malignant cells will be essential for future gene therapy using
Fas cDNA transfer.
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