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Redistribution of DR4 and DRS in lipid rafts accounts
for the sensitivity to TRAIL in NSCLC cells
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Abstract. The selective toxicity of tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) against tumor cells makes
it a potential targeted drug for treating non-small cell lung
carcinomas (NSCLC). However, the majority of established
human NSCLC cell lines are either partially or completely
resistant to TRAIL, resulting in the limitation for clinical use of
rhTRAIL and its agonistic antibodies. In this study, compared
to TRAIL-sensitive H460 cell line, TRAIL-resistant A549
cell line showed a similar expression level of DRS and a higer
expression level of DR4. It indicates that there is no positive
correlation between the expression levels of death receptors and
sensitivity to TRAIL. However, tests on A549 cells with DR4
siRNA transfection revealed that DR4-competitive binding to
TRAIL could not affect the capacity of TRAIL in inducing
apoptosis. Instead, further studies found that the aggregation
of DR4 and DRS5 in lipid rafts only occured in H460 cells with
TRAIL pretreatment. It suggested that the TRAIL-induced
redistribution of DR4 and DRS5 in lipid rafts contributed to
the sensitivity to TRAIL in TRAIL-sensitive NSCLC H460
cell line, which was also confirmed by intervention tests of the
cholesterol-sequestering agent nystatin.
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Introduction

Lung cancer is the leading cause of cancer death for both men
and women over the world, and non-small cell lung carcinomas
(NSCLC) constitute 75% of lung cancer. Although recent
advances in the chemotherapeutic management of NSCLC
have improved its prognosis, no curative therapy currently
exists for advanced lung cancer patients. Accordingly, new
therapeutic methods need to be developed. Targeted molecular
therapy applied to lung cancer has rapidly developed in recent
years. Due to its preferential inducibility of apoptosis in cancer
cells over normal cells (1,2), tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) is a promising targeted
therapy drug (3-5). It is reported that TR AIL can induce apop-
tosis in NSCLC cell lines (6) and inhibit the growth of NSCLC
xenografts (2). However, the majority of human NSCLC cells
are resistant to TRAIL. Instead of benefiting from TRAIL
treatments, patients with TR AIL-resistant tumor may probably
suffer from the potential side-effects. Consequently, resistance
of NSCLC cells to TRAIL-induced apoptosis is a limitation
for the clinical use of both rhTRAIL and its agonistic anti-
bodies, so it is very important to investigate the molecular
mechanisms of TRAIL-resistance in NSCLC cells and to find
the therapeutic agents that could switch TRAIL signals from
cell survival to cell death.

TRAIL is a member of the tumor necrosis factor (TNF)
family (7,8) and plays a role in tumor immunosurveillance
(9). It induces apoptosis in a variety of cancer cells (7,10) by
interacting with its death receptors DR4 (TRAIL-R1) (11) and
DR5 (TRAIL-R2) (12) on target cell surface. DR4 and DRS5
contains a cytoplasmic region designated as the death domain,
which is responsible for transducing the death signal. On
ligand binding, DR4 or DRS initiates apoptosis by assembly
of death-induced signaling complex (DISC) components at the
inner surface of plasma membrane (13), such as the adaptor
protein Fas-associated death domain (FADD) and the apop-
tosis initiating protease pro-caspase-8 (or pro-caspase-10).
Within the DISC, pro-caspase-8 or pro-caspase-10 is autocata-
lytically cleaved and releases active caspase-8 or caspase-10
into the cytoplasm, subsequent cleaving and activating effector
caspases, such as caspase-3, caspase-6 and caspase-7 in the
extrinsic apoptotic pathway. At the same time, caspase-8
stimulates the cleavage of Bid, thus amplifying caspase activa-
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tion through mitochondria activating the intrinsic apoptotic
pathway (14). The apoptotic machinery is shared by both
TRAIL and its agonistic antibody against DR4 or DRS.

TRAIL-resistance in cancer cells is caused by many
reasons. In some cases, it is caused by the simultaneous
expression of decoy receptors (DcR1, DcR2 and OPG) which
lack a death domain but possess a comparable binding affinity
to TRAIL. However, the presence of decoy receptors can
not explain the lack of response of cancer cells to antibodies
specifically targeting DR4 or DR5 (3,15-17). Other defects
along the apoptotic pathway, including downregulation of
caspase-8 or caspase-10, overexpression of antiapoptotic
molecules, such as cellular FLICE inhibitory protein (FLIP),
Bcl-2, Akt and others (4) are involved in TRAIL resistance
in several cell lines. However, none of these factors showed
a consistent correlation with TRAIL resistance in multiple
cancer cells (18).

TRAIL binding to its death receptors is an upstream event
during caspase activation, so the effects of receptors is crucial
in initialing apoptosis. However, there seems to be no evidence
to confirm the direct correlation between total expression level
of any receptor and the sensitivity of cancer cells to TRAIL, which
was also comfirmed in our study. Previous studies suggested
that the mRNA and protein expression of death receptors did
not reflect their functional protein levels due to post-translational
regulation. It was reported that O-glycosylation of death receptors
correlated with TRAIL sensitivity in pancreatic carcinoma, non-
small cell lung carcinoma and melanoma cell lines. However, it
was only detected in a small portion of cancers (18). Moreover,
other studies indicated the functional status of death recep-
tors correlated with the death receptor expression levels on cell
surface in some colon cancer cells (19) and leukemia cells (20).
Thus, some interventions are able to upregulate cancer cells
sensitivity to TRAIL by elevating the cell surface expression
of death receptors, which was also comfirmed in SW480 and
Hep-2R cell line in our previous study (21,22).

It is reported that lipid rafts serve as plasma membrane
platforms for death receptor redistribution and death receptor-
initiated signals (23-25). Lipid rafts are rich in cholesterol and
sphingolipid fractions of the plasma membrane ( 26). Several
studies reported that the distribution of receptors in lipid rafts
is related to the sensitivity of respective ligand (27). Other
reports indicated drugs or interventions which are capable of
interfering with lipid rafts could influence TRAIL receptor
distribution in the plasma membrane, and finally lead to affect
sensitivity to TRAIL (28). However, little is known about the
correlation between death receptor distribution in lipid rafts
and TRAIL-sensitivity in lung cancer cells. Our study showed
that the expression and the original distribution of death recep-
tors on cell surface was not related to sensitivity of NSCLC
cells to TRAIL, and nystatin, a cholesterol-sequestering agent,
(28) downregulated H460 cell TRAIL-induced apotosis by
restraining death receptors TRAIL-induced redistribution into
lipid rafts. In other words, nystatin could not affect the initial
distribution of DR4 and DRS5 on membrane surface, but could
prevent DR4 and DRS5 from migrating into lipid rafts. Our
results show that it is the redistribution induced by TRAIL, not
initial distribution of DR4 and DRS5 in lipid rafts of membrane
surface, that contributed to the sensitivity to TRAIL-induced
apoptosis in two NSCLC cell lines.
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Materials and methods

Cell culture and transfection. Human NSCLC cell lines
including A549 and NCI-H460 (H460) were obtained from the
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). Both cell lines were cultured in RPMI-1640
medium (Hyclone, USA) at 37°C in a humidified atmosphere of
5% CO,. The media were supplemented with 10% heat-inacti-
vated fetal bovine serum and 1% penicillin/streptomycin and
were changed every 3-5 days. For transfection, cells were seeded
into six-well plates (5x10° cells/well) without antibiotics. After
24 h, cells were transfected with DR4 siRNA (Santa Cruz,
USA) using Lipofectamine 2000 reagent (Invitrogen, USA)
according to the manufacturer's instructions. DR4 siRNA
4 pl) was mixed with 100 ul of serum-free medium (SFM),
then 3 ul of Lipofectamine 2000 mixed with 150 ul of SFM
was added, and incubated for 20 min at room temperature.
Finally, the resultant mixture was added to cells in each well.
The medium was replaced with medium containing fresh serum
5 h after transfection.

Antibodies and reagents. thTRAIL, designed for clinical use,
was obtained from Shanghai TRAIL Bio-technical Co., Ltd.
Monoclonal antibodies specific to the extracellular domains
of human death receptors DR4 and DR5 and caveolin-1,
GAPDH were purchased from Santa Cruz Biotechnology Inc.
Antibody to procaspase-8 was from Bioworld Technology Inc.
Fluorescein (FITC)-conjugated monoclonal anti-TRAIL anti-
body was from Abcam (Cambridge, MA). FITC-conjugated
goat anti-human DR4 and phycoerythrin (PE)-conjugated goat
anti-human DRS5 mouse IgG was from Beijing Boisynthesis
Biotechnology Co., Ltd. Horseradish peroxidase (HRP)-
conjugated goat anti-mouse IgG and goat anti-rabbit IgG were
from Southern Biotech. Protease inhibitor mixture, Triton X-100,
Tween-20 and other chemicals of analytic grade were purchased
from Sigma-Aldrich.

MTT cell proliferation assay. TR AIL-sensitivity of A549 and
H460 cell lines respectively, was detected by MTT assay. Cells
were cultured at 2x10%/ml in 100 gl aliquots in 96-well tissue
culture plates (Corning, USA). A blank control group (nutri-
tive medium only), a negative control group (untreated cells),
TRAIL-treated groups (cells treated with indicated concentra-
tions of rhTRAIL) were designed for this experiment. Briefly,
A549 or H460 cells were seeded into 96-well plates for 24 h,
indicated concentrations of TRAIL (0, 0.05, 0.1, 0.5, 1,5, 10,
50, 100, 500, 1000 ng/ml) was then added to the respective
well. After incubation at 37°C for 16 h, 10 ul MTT was added
to 50 ul solution each well (5 mg/ml final concentration). The
plates were incubated at 37°C for an additional 4 h to allow
MTT to form formazan crystals by reacting with metabolically
active cells. The formazan crystals were solubilized in 100 ul
indicated dissolving agent at 37°C for 4 h. The absorbance
values of the solution in each well were measured at 490 nm
using a microplate reader (Beckman, USA). Cell viability was
determined by the formula: cell viability (%) = (absorbance
of the treated wells - absorbance of the blank control wells)/
(absorbance of the negative control wells - absorbance of
the blank control wells) x100%. All MTT experiments were
performed in five replicates and repeated at least three times.
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Apoptosis assays. Cells were grown on 6-well plates to 70-80%
confluence and treated with indicated concentrations of thTRAIL
or DR4 siRNA transfection or both of the above treatments, or
non-treatment. At first, cells were pretreated with the caspase
inhibitor ZVAD-fmk for 2 h in order to block endogenous
TRAIL-induced apoptosis, then at the selected time points, cells
were harvested by trypsinisation, and washed with ice-cold PBS
three times (Hyclone, USA) and resuspended in 400 ul binding
buffer (Bestbio, China), stained with 5 ul Annexin-V-FTIC
(Bestbio) for 15 min, then 10 ul of 20 ug/ml propidium iodide
(Bestbio) for 5 min in the dark at room temperature. Finally, cell
apoptotic profile was analysed immediately in flow cytometer
(Beckman). The percentage of apoptotic cells was obtained
from a bivariate histogram of Annexin-V-FTIC labeled-cells
versus propidium iodide-labeled DNA.

Flow cytometric analysis of death receptors of cell surface
expression and of binding to TRAIL. Procedure for cell
surface expression of death receptors DR4 and DRS5, followed
the manufacturer's recommendations. In brief, cells at 70-80%
confluence were pretreated with 50 ng/ml TRAIL for 20 min
or non-treated, then cells were harvested by trypsinisation and
washed twice in ice-cold PBS. Cells (2x10%) were incubated
in 40 pl PBS containing 1% goat serum for 40 min at room
temperature. After washing with PBS three times, cells were
incubated with anti-DR4 or anti-DRS mouse antibody (dilu-
tion ratio is 1:30) overnight at 4°C. Afterwards, cells were
washed again three times with PBS, and incubated with FITC/
PE-conjugated goat anti mouse IgG (dilution ratio is 1:50)
for 40 min in dark at room temperature. Finally, cells were
washed three times with PBS and resuspended in 0.5 ml PBS
for flow cytometry analysis.

The analysis of death receptor binding to TRAIL was
performed as described (29) with modifications. Briefly, 1x10°
cells were suspended in 100 pl of complete growth medium
and incubated with or without rhTRAIL (50 ng/ml) on ice for
30 min and then with FITC-conjugated anti-TRAIL antibody
(10 pug/ml) for an additional 30 min. Formation of TRAIL
immunocomplexes was initiated by increasing temperature
to 37°C for the indicated times (5-60 min), and terminated
by adding ice-cold PBS. Cells were then washed three times
with PBS and resuspended in cold PBS immediately for flow
cytometry analysis.

Reverse transcription-PCR. Total RNA was isolated from
different cells using TRIzol reagent (Invitrogen). RT-PCR was
carried out using High-Fidelity RT-PCR kit (Invitrogen) as per
the manufacturer's instructions. Primer pairs used for detection
of DR4 are 5'-agagagaagtccctgcacca-3' and 5'-gtcactccagggegta
caat-3' (Tm, 57°C), primer pairs for DRS5 are 5'-caccaggtgtgatt
caggtg-3' and 5'-ccccactgtge tttgtacct-3' (Tm, 57°C), primer
pairs for GAPDH are 5'-tggaaggactcatgaccaca-3' and 5'-ttcag
ctcagggatgacctt-3 (Tm, 56°C). Amplification products were
electrophoresed on 2% agarose gels containing ethidium
bromide for visualization under UV light. All PCR reactions
were performed at least three times. GAPDH was used to
normalize mRNA levels.

Western blotting. Levels of caspase-8, DR4, DRS5 and cave-
olin-1 were determined by Western blotting in cell extracts.
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Figure 1. TRAIL-sensitivity of two NSCLC cells in vitro. (a) A549/H460
cells exposed to medium containing TRAIL from 0 to 1000 ng/ml for 24 h
were tested by MTT assay to determine inhibitory rates. The result was shown
as line graph (mean); (b) A549/ H460 cells exposed to medium containing
the 0 or 1000 ng/ml TRAIL for 16 h were analyzed by flow cytometry after
staining with Annexin V-FITC and propidium iodide for apoptosis; (c) A
graphical representation of the mean data presented in (b). "P<0.05 compared
with control. Columns represent mean data.
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Figure 2. The death receptor expression levels of TRAIL-sensitive H460 cell and TRAIL-resistant A549 cells. (a) The mRNA expressions of DR4/DR5 in
A549 and H460 cell were detected by RT-PCR; (b) The protein expressions of DR4/DRS5 in A549 and H460 cells were detected by Western blotting. The
mRNA/protein expression of DR4/DRS was normalized by GAPDH; (c) The cell surface DR4/DRS5 expressions of A549 and H460 cells without any
treatment was detected by flow cytometry; (d) A graphic representation of the mean data presented in (c). "P<0.05 compared to control. Columns represent

the mean data.

Cells were washed three times with ice-cold PBS, exposed to
recommended volume RIPA lysis buffer (Biyuntian, Shanghai).
After centrifugation at 12,000 rpm for 5 min at 4°C, the
supernatants were removed and diluted in 5X loading buffer
(Biyuntian). Samples (30 ug of whole-cell lysates per lane)
were separated by 10-12% SDS-PAGE electrophoresis under
denaturing conditions, then transferred to PVDF membranes
(Biyuntian). After 1 h block with 5% non-fat milk in TBST
(TBS with 0.1% Tween-20) at room tempreture, the membrane
was incubated overnight with the primary antibodies at 4°C,
washed three times with TBST, incubated for 60 min at
room temperature with HRP-conjugated goat anti-mouse or
anti-rabbit antibodies, then washed three times with TBST
again. Finally, immunoreactive protein was detected with
an enhanced chemiluminescence detection kit (Biyuntian).
GAPDH was used to normalize protein levels.

Lipid raft and non-raft fractionation and protein analyses.
Lipid raft and non-raft soluble fractions were separated by
discontinuous sucrose density gradients of Triton X-100 cell
lysates from treated and untreated cells. In brief, cells from 10
bottles of 15-cm culture dishes (1x108 cells) were homogenized
on ice for 30 min in 1 ml of MNX buffer (1% Triton X-100
in 25 mmol/l MES, 150 mmol/l NaCl, pH 6.5) supplemented
with 1 mmol/l of phenylmethylsulfonyl fluoride and protease
inhibitor cocktail (Sigma). The homogenates were mixed with

1 ml of 80% sucrose made with MNX buffer and placed on the
bottom of a centrifuge tube. The samples were then overlaid
with 3.5 ml of 35% sucrose and 3.5 ml of 5% sucrose and
centrifuged at 175,000 x g (Beckman) for 20 h at 4°C. Nine
fractions of 1 ml were collected from the top to the bottom of
the gradient and analyzed. To identify lipid raft fractions, the
fractions were examined by Western blotting with antibodies
to the lipid raft markers caveolin-1 ( 25). The protein in each
fraction was analyzed by Western blotting.

Results

Sensitivity to TRAIL of two NSCLC cell lines in vitro. TRAIL
has been shown to induce apoptosis in TRAIL-sensitive
NSCLC cell lines and inhibit the growth of the xenografts
generated from the cell lines (2,6,30). However, it is reported
that the majority of the NSCLC cell lines were either partially
or completely resistant to TRAIL treatment (27). We evalu-
ated the sensitivity of two NSCLC cell lines to thTRAIL in
MTT assay and flow cytometric apotosis. The MTT assay
confirmed that H460 (IC50=50 ng/ml) was TRAIL sensitive,
whereas A549 was TRAIL resistant (Fig. 1a). The respective
apoptosis rate of the two cell types showed similar trend
(Fig. 1b and c), and results also indicated that TRAIL inhib-
ited cell proliferation in sensitive cells in the way of apoptosis
induction, as determined by Annexin V-PI binding.
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Figure 3. The inhibitory and apoptotic rates of A549 cells with or without DR4 gene silencing. (a) The mRNA expression of DR4/DRS5 in A549 cells with or
without DR4 gene silencing was examined by RT-PCR; (b) The protein expression of DR4/DRS5 in A549 cell with or without DR4 gene silencing was examined
by Western blotting. The mRNA/protein expression of DR4/DRS was normalized by GAPDH. (c) The inhibitory rates of A549 cells with or without DR4 gene
silencing after TRAIL treatment at indicated concentration for 16 h, which were tested by MTT assay; (d) The apoptotic rates of A549 cells with or without
DR4 gene silencing were analyzed by flow cytometry after O or 1000 ng/ml TRAIL treatment for 16 h; (e) A graphic representation of the mean data presented

in (d). "P<0.05 compared to control. Columns represent mean data.

TRAIL-sensitive H460 and TRAIL-resistant A549 cells show
differential death receptors expression levels. The expression
of DR4 and DRS5 was evaluated by RT-PCR (Fig. 2a) and
Western blotting (Fig. 2b). TR AIL-sensitive H460 and TRAIL-
resistant A549 cells express a similar level of DRS in both
mRNA and protein, whereas A549 cells have a higher expres-
sion level of DR4 than H460 cell. Flow cytometric analysis of
the expression of DR4 and DRS5 on plasma membrane showed
similar trend (Fig. 2c and d). The above results revealed that
there is no positive correlation between the expression levels
of its respective death receptors and sensitivity to TRAIL. On
the contrary, TRAIL-resistant A549 cells express more DR4.
According to recent findings that DRS is the major receptor
that transduces the death signal, we hypothesize that more
DR4 competing with DR5 in binding to TRAIL resulted in
TRAIL-resistance of the A549 cell line.

DRA4 gene silencing of A549 cells did not affect the capacity
of TRAIL in inducing apoptosis. In order to investigate the
effect of DR4 competitive binding to TRAIL in A549 cell line,

we examined whether DR4 gene silencing could elevate A549
cell sensitivity to TRAIL. Under DR4 siRNA transfection, the
expression of DR4 was restrained and DRS5 had no change,
which was confirmed by RT-PCR (Fig. 3a) and Western blotting
(Fig. 3b), but there was almost no change in the cell prolifera-
tion (Fig. 3c) and apoptosis (Fig. 3d and e) induced by TRAIL.
That is contrary to our hypothesis. The results indicated DR4
competitive binding to TRAIL did not affect the capacity of
TRAIL in inducing apoptosis of A549 cells. There appear to
be other mechanisms of TRAIL-resistance in A549 cell line.

TRAIL induces cell surface death receptor accumulation
in plasma membrane. The effects of receptors appear to
be upstream events during apoptosis initiation, and only
cell membrane surface DR4 and DRS are able to bind with
TRAIL and transduce the apoptotic signal, so we examined
the cell surface expression levels of TRAIL death receptors
using FITC/PE-conjugated antibodies by flow cytometry.
Similar to mRNA and protein expression, A549 cells showed
a higher cell surface expression level of DR4 but equal DRS to
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H460 cells without any treatments (Fig. 2c and d). However,
after 50 ng/ml TRAIL treatment for 20 min, both A549 and
H460 cells showed a significant reduction of DR4 and DR5
on the cell membrane surface (Fig. 4a and b). It seemed that
TRAIL downregulated surface expression of DR4 and DRS5
in both NSCLC cell lines. However, further detection of the
expression of total mRNA and protein showed that both A549
and H460 cell lines with treatment of TRAIL is the same as
without treatment (data not shown).

We further detected the amount of death receptors binding
to ligand after TRAIL pretreatment. The two different
TRAIL-sensitive cell lines had almost equal formation of
TRAIL immunocomplexes at the first 5 min, and H460 cells
showed an elevated formation in a time-dependent manner
(Fig. 4c). However, the formation in A549 cells was very
slight (Fig. 4c). The formation of TRAIL immunocomplexes
indirectly reflect the amount of death receptors distributed on
cell surface and binding to TRAIL. For this reason, under
TRAIL pretreatment, the different status of TRAIL uptake
and death receptor migration on cell surface correlates with
the A549 and H460 cell respective TR AIL-sensitivity, but it
seems to conflict with the change of DR4 and DR cell surface
expression levels, which were directly detected by specific
antibody against the respective death receptor (Fig. 4a and
b). The possible explanation is that DR4 and DR5 would be
unavailable to its respective primary antibody after TRAIL
pretreatment. The results suggest that DR4 and DRS5 only on
cell membrane surface are capable of binding to TRAIL and
transduction of apoptotic signal, and TRAIL-sensitive lung
cells show more death receptor aggregates on the membrane
surface than TRAIL-resistant lung cells.

TRAIL promoted DR4 and DRS to aggregate into lipid rafts.
Recent studies indicated the role of lipid rafts in the initia-
tion of death receptor-induced apotosis. It led us to investigate
whether TRAIL induce death receptor redistribution in lipid
rafts involved in TRAIL-sensitivity. In our study, caveolin-1,
as the maker of lipid rafts (25) were detected in fractions 4 and
5 (Fig. 5a and b). Without TRAIL pretreatment, in NSCLC
cells DR4 and DR5 were detected in both the lipid raft and
non-raft fractions, whereas caspase-8 was found in non-raft
fractions (Fig. 5a and b). The results suggested no correlation
between DR4 or DRS5 initial distribution in lipid rafts and
TRAIL sensitivity of the cell lines without treatment. It is
noteworthy that the H460 cells pretreated by TRAIL showed
redistribution of DR4, DRS5 and caspase-8 from the non-raft
into the lipid raft fractions (Fig. 5b), which did not occur in
A549 cells. It suggested that the TRAIL-induced redistribution
of DR4 and DRS5 in lipid rafts contributed to the sensitivity to
TRAIL in the H460 cell line, and the migration of caspase-8
may be related to the formation of DISC.

In order to confirm the above results, we further exam-
ined the status of DR4, DRS5 and caspase-8 redistribution
and apotosis of H460 with nystatin intervention. At 20 ng/ml
nystatin for the last 12 h, nystatin could not affect the initial
distribution of DR4 and DR5 on membrane surface, and after
TRAIL pretreatment, DR4, DR5 and caspase-8 in H460 cells
still could not migrate into lipid rafts (Fig. 5¢). As a result, the
nystatin treatment significantly downregulated the TRAIL-
induced apotosis of H460 cell (Fig. 5d and e). The results
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by Western blotting; Caveolin-1 is a marker of lipid rafts; (c) H460 cells with or without 50 ng/ml TRAIL pretreatment, was treated with 20 ng/ml nystatin for the
last 12 h, then subjected to ultracentrifugation onto a linear sucrose gradient and cell fractions were isolated, Arabic numerals represent fractions of 1 ml collected
from the top to the bottom of the gradient. The protein expression of DR4, DRS, caspase-8 in fractions was analyzed by Western blotting; (d) The apotosis of H460
cells with 20 ng/ml nystatin and/or 50 ng/ml TRAIL treatment was analyzed by flow cytometry; (¢) A graphic representation of the mean data presented in (d).
“P<0.05 compared with control. Columns represent the mean data.

indicate that it is the TRAIL-induced redistribution, not initial ~ Discussion

distribution of DR4 and DRS5 in lipid rafts on membrane

surface, that contributed to the sensitivity to TRAIL-induced The selective toxicity of TRAIL against cancer cells makes
apoptosis in two NSCLC cell lines, which conforms to our it an attractive candidate for treating cancers (31). In fact, a
conclusion. recombinant, soluble form of TRAIL and monoclonal anti-
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bodies against its death receptors have been developed and used
in clinical trials (32-35). Several lines of evidence suggest that
TRAIL could serve as a therapeutic agent in the treatment of
NSCLC, a tumor with limited prognosis. However, analysis of
alarge panel of established human NSCLC cell lines shows that
the majority of NSCLC cells were either partially or completely
resistant to TRAIL (27). TR AIL-induced apoptosis occurs when
DR4 and/or DRS trimerizes, the DISC forms, and caspases are
activated. As a result, the lack of expression of DR4 and DR5
on the surface of some cancer cells is a resistance mechanism
(36) regardless of total DR4 and DRS protein levels. Because
their absence on cell surface is sufficient to account for the
failure in forming DISC and later events of apoptosis. Loss of
cell surface expression of death receptors may be evaluated as
a predictive biomarker for TRAIL-resistance in lung cancer
cells. However, our results showed that there was no correlation
between TRAIL-sensitivity of lung cancer cells and the DR4/
DRS5 total mRNA or total protein expression, even expression
on cell surface (Fig. 2). In our study, TRAIL-sensitive H460
cell and TRAIL-resistant A549 cells expressed similar level
of DRS5, wheras A549 cell have higher expression level of DR4
(Fig. 2). These results suggest that death receptor expression on
cell surface is necessary but not sufficient for TR AIL-induced
apoptosis, even though death receptors expressed on cell
surface are considered as functional receptors. In this study,
we did not detect the expression of decoy receptors (DcR1
and DcR2), since many reports indicated that the expression
of decoy receptors did not correlate with resistance to TRAIL
of cancer cell lines (27,37,38) Due to the fact that some experts
consider DR5 was the main transducer of the death signal for
TRAIL compared with DR4 (38,39), in order to investigate
whether higher expression of DR4 in A549 competitive with
DRS5 binding to TRAIL results in resistance to TRAIL, A549
cells were transfected with DR4 siRNA, the expression of
DR4 was restrained (Fig. 3a and b), but its apoptosis induced
by TRAIL showed no change (Fig. 3d and e). These results
indicate that the TR AIL-resistance of A549 is not related with
DR4 competitive binding to TRAIL.

Our results offer new insights into the mechanism of resis-
tance to TRAIL in NSCLC cell lines. It is reported that DR4
and DR5 would migrate to the membrane surface in the pres-
ence of TRAIL (28,38), whereas other results suggested that
DR4 and DRS5 would undergo internalization in JBAB Burkitt
lymphoma B-cell line and breast cancer cell lines after TRAIL
treatment (29,40,41). In our study, it seems that TRAIL down-
regulates surface expression of its death receptors DR4 and DR5
in A549 and H460 cells by directly detecting DR4 and DR5
(Fig.4a and b), but the amount of TRAIL binding to death recep-
tors increase in a time-dependent manner in TRAIL-sensitive
H460 cells with TRAIL pretreatment, whereas the binding of
TRAIL in A549 cells is very slight (Fig. 4c). The formation
of TRAIL immunocomplexes indirectly reflects the amount
of death receptors distributed on the cell surface, so TRAIL-
sensitive lung cells showed more death receptor aggregates on
the membrane surface than TRAIL-resistant lung cells. The
results above seem to be contradictory. A rational explanation
for the two contradictory phenomena is that DR4 and DRS5
would be unavailable to its respective primary antibody after
TRAIL pretreatment, the fluorescence intensity detected is the
amount of DR4/DRS5 unbinding to TRAIL, but not the total

OUYANG et al: REDISTRIBUTION OF DEATH RECEPTORS ACCOUNTS FOR THE SENSITIVITY TO TRAIL

amount of DR4/DR5 on the membrane surface of lung cancer
cells. The result indicates that TRAIL is able to promote DR4
and DR5 migration into plasma membrane only in sensitive
H460 cell not resistant A549 cells. Thus, it can be seen that
TRALIL is not capable of promoting death receptor aggeration
in every cell line. From the results, we can speculate that there
might be correlation between TRAIL-induced migration and
TRAIL-induced apoptosis. The following results will further
confirm our speculation.

Lipid rafts play an important role in clustering or aggregating
surface receptors, signaling enzymes and adaptor molecules
into membrane complexes at specific sites and are essential for
initiating signaling from several receptors. Several models
for signal initiation in rafts have been proposed (42,43).
Caveolin-1 is a lipid maker that is present in lipid rafts (25).
Our results identified fractions 4 and 5 as lipid rafts (Fig. 5a
and b). Without TRAIL pretreatment, the distribution of DR4,
DRS5 and caspase-8 in lipid fractions in H460 and A549 cell
were almost similar, which revealed that the initial distribution
of death receptors and caspase-8 is not related with TRAIL-
sensitivity; however, with TRAIL pretreatment, the migration
of DR4, DR5 and caspase-8 into lipid rafts only occurred
in H460 not A549 cells. Consequently, TRAIL could not
increase the total mRNA or protein expression of death recep-
tors but could induce a redistribution into the raft domains on
the plasma membrane of TR AIL-sensitive H460 cells (Fig. 5b).
It comfirmed that the migration of DR4/DRS into lipid rafts
in membrane surface induced by TRAIL contributed to the
sensitization to apoptosis. TRAIL treatment also leads to the
redistribution of the components of DISC, such as caspase-8,
from non-rafts to lipid rafts, which may promote the assembly
of DISC in lipid rafts. Nystatin is a cholesterol-sequestering
agent, that is supposed to restrain membrane protein migration
into lipid rafts (42,43). We further examined the condition of
DR4, DR5 and casepase-8 redistribution and apotosis level
of H460 with nystatin intervention. Under 20 ng/ml nystatin
treatment, TRAIL could not induce DR4, DRS5 and caspase-8
to migrate into lipid rafts (Fig. 5c), and the TRAIL-induced
apotosis decreased (Fig. 5d and e). For the second time, the
results confirmed it was the TRAIL-induced redistribution, not
initial distribution of DR4 and DRS in lipid rafts of membrane
surface, that contributed to the sensitivity to TRAIL-induced
apoptosis in the two NSCLC cell lines.

As death receptors, DR4 and DR5 must be properly
expressed on cell surface to recruit the components of DISC
into lipid rafts, then transmit an apoptotic signal from their
ligands. Agents or interventions that upregulate the amout of
death receptors in lipid rafts on cell surface could sensitize
cell to TRAIL, such as oxaliplatin (44), resveratrol (25), depsi-
peptide (28), and irradiation (21). The molecular mechanism
for TRAIL-induced redistribution of death receptors in lipid
rafts remains unclear, but it may involve the protein sorting
machinery. Recent studies suggest that protein transport and
endocytosis pathways may play an important role in the regula-
tion of surface death receptor expression (19,41,45). Additional
studies are required to characterize the signaling pathways that
are responsible for TRAIL-induced redistribution of its death
receptors and caspase-8.

Taken together, TRAIL is a promising therapeutic agent
that induces apoptosis selectively in cancer cells. TRAIL has
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shown limited efficiency in the treatment of several NSCLC
cells because of intrinsic or acquired resistance. So it is
very important to investigate the molecular mechanisms of
TRAIL-resistant in NSCLC cells. Here, we confirmed that
TRAIL could induce redistribution of death receptors DR4/
DRS, together with caspase-8 in lipid rafts. Consequently,
comparing with properties of two different TR AIL-sensitive
NSCLC cell lines, we conclude the TR AIL-induced migration
of DR4/DRS5 and caspase-8 into lipid rafts and the assembly
of DISC in lipid rafts contributed to the sensitivity to TRAIL.
Other mechanisms along the apoptotic pathway might simul-
taneously exist, also resulting in TRAIL-resistance in A549
cells, which needs further exploration. This study indicates that
targeting of the molecular modulation of the death receptor
redistribution in lipid rafts may provide novel therapeutic
strategies in overcoming TR AIL-resistance, and thus provides
an effective therapeutic approach in TRAIL-based combina-
tion treatments of NSCLC and possibly other human cancers.
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