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Over-expressing CYLD augments antitumor activity of TRAIL by inhibiting
the NF-xB survival signaling in lung cancer cells
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The death ligand tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) can selectively induce apoptosis
in tumor cells. But studies have demonstrated that many tumor cells were resistant to TRAIL-induced apoptosis. CYLD
is recognized as a negative regulator of nuclear factor-kappa B (NF-kB) activity. To explore a correlation between CYLD
expression and responsiveness to TRAIL in lung cancer cell lines, we established lung cancer cell lines that stably express
CYLD. Our data provided the first evidence that increased expression of CYLD directly blocks TRAIL-induced NF-«B
activation, and consequently increases TRAIL-induced apoptosis in lung cancer cells. CYLD may act as a therapeutic
target of lung cancer. Targeting CYLD, in combination with TRAIL, may be a new strategy to treat lung cancer with high

NF-«B activity.

Key words: lung cancer; CYLD; NF-xB; TRAIL

The death ligand tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL) is a member of the TNF
superfamily that recently emerged as a potential cancer
therapeutic agent because it preferentially induces apopto-
sis in transformed or malignant cells but hardly in normal
cells [1-3]. TRAIL triggers apoptosis by binding to its death
receptors DR4 and DR5 [4, 5], and activating both death
receptor (extrinsic) and mitochondria (intrinsic) apoptosis
pathways [6, 7]. Ligation of DR4/DR5 by TRAIL results in
the assembly of a death-inducing signaling complex (DISC),
which contains adapter components such as Fas associated
death domain (FADD) [8]. DISC, in turn, activates initia-
tor caspases, such as caspase-8[5]. Consequently, activated
caspase-8 may induce apoptosis of tumor cells by activating
mitochondria-dependent and mitochondria-independent
apoptosis pathways [7, 9].

Currently, recombinant human TRAIL is being tested in
phase I clinical trials to treat advanced non-small-cell lung

cancer, either alone or in combination with other therapies
[10, 11]. TRAIL-induced, death receptor-mediated apoptosis
has been subject to intense research as a cancer therapeutic
approach. TRAIL selectively induces apoptosis in many types
of cancer cells in vivo and vitro [12], however, certain types
of cancer cells, such as lung cancer cells, have primary or
acquired resistance to TRAIL-induced apoptosis [13-16]. Itis
known that the inhibitor of apoptosis proteins (IAPs), such as
survivin [17], XIAP, c-IAP1, c-IAP2 [18], play a critical role in
resistance to TRAIL-induced apoptosis. Mounting evidence
confirms that expression of almost all IAP proteins is driven
by a transcription factor, nuclear factor-kappa B (NF-kB)
[19]. NF-xB consists of a number of closely-related protein
dimers of the Rel family that bind to a conserved cis-element
on chromosome DNA [20]. NF-«B is inactivated by IxB
proteins. Signaling through the IkB kinase (IKK) complex,
containing the IxB kinases IKKa and IKKp and a structural
component NF-kB essential modulator (NEMO)(or IKKy),
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causes phosphorylation and subsequent degradation of IxB,
allowing for activation of NF-«B [20]. As a factor controlling
cell growth and oncogenesis, NF-kB induces transcription of
a panel of genes that promotes proliferation and oncogenic
transformation [1, 19], as well as to protect cells from under-
going apoptosis. Persistent NF-kB activation was suggested
to contribute to cancer development and progression [19,
21]. Multiple stimuli, including TRAIL treatment, activates
NF-kB [21], [1, 23]. TRAIL-induced NF-kB activation at-
tenuates apoptosis, predominantly by up-regulating various
anti-apoptotic genes, including IAPs [1, 23]. Therefore, NF-
kB functions as an upstream regulator of IAPs and regulates
negative feedback mechanism of TRAIL signaling [24]. Since
TRAIL-induced NF-«B activation renders tumor cells resist-
ant to TRAIL-induced apoptosis, it is tempting to speculate
that inhibiting NF-«B prior to TRAIL treatment may allow
overcoming resistance to TRAIL-induced apoptosis.

Cylindromatosis (CYLD) was originally identified as
a tumor suppressor gene whose mutation causes familial
cylindromatosis (Brook-Spiedler syndrome), an autosomal
dominant predisposition to multiple tumors of the skin ap-
pendages [25]. CYLD down-regulation was correlated with
development of many human malignancies in liver, colon [26],
lung [27], cervical [28] and kidney [29]. Recent studies have
identified CYLD as a key negative regulator for NF-kB sign-
aling , which functions by de-ubiquitinating tumor necrosis
factor (TNF) receptor-associated factor (TRAF)2, TRAF6, and
NEMO[22,23].CYLD binds to NEMO in the IKK complex and
inhibits IKK activation, IkB phosphorylation and degradation,
thereby prevent NF-kB activation [23]. Loss of CYLD function
results in abnormal activation of NF-kB signaling pathway,
leading to increased resistance to apoptosis and a high chance
of cell transformation [30].

Currently, there are no reports on whether CYLD can
increase TRAIL-induced apoptosis in lung cancer cells. We
reasoned that ectopically-expressed CYLD in lung cancer
cells could inhibit the activity of endogenous NF-kB and
consequently increase sensitivity to TRAIL-induced apoptosis.
In this study, using lentiviral transduction, we established an
A549 human lung adenocarcinoma cell line stably express-
ing CYLD. Our study, for the first time, examined the tumor
suppressive roles of CYLD in human lung cancer cells. Our
results showed that CYLD over-expression increased anti-tu-
mor activities of TRAIL by inhibiting TRAIL-induced NF-kB
activation.

Materials and methods

Cell lines, Antibodies and Reagents. 293T cells were pur-
chased from System Biosciences (Mountain View, CA). Human
normal bronchial epithelial cells BEAS-2B were purchased from
American Type Culture Collection (USA). Human lung cancer
cell lines A549, H1299, NCL-H460, SK-MES-1, SPC-A-1 were
brought from the Cell Bank of the Chinese Academic of Sci-
ences (Shanghai, China). The cells were cultured in Dulbecco’s

modified Eagle’s medium (DMEM, Invitrogen) supplemented
with 10% fetal bovine serum (FBS) and 100U/ml penicillin and
100pg/ml streptomycin (Invitrogen) at 37°C in an incubator with
a humidified atmosphere containing 5% CO2. CYLD antibody
was purchased from Abcam Corporation (Cambridge, MA,
USA). GAPDH antibody, goat anti-rabbit IgG were purchased
from cell signaling technology (Beverly, MA, USA). Anti-XIAP,
anti-survivin, anti-caspase-8, anti-caspase-3, anti-poly (ADP-
Ribose) polymerase (PARP) antibodies and donkey anti-goat
IgG were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Recombinant human TRAIL proteins were
purchased from Abcam Corporation (Cambridge, MA, USA).
Lipofectamine™ 2000 was purchased from Invitrogen Corpora-
tion; PACKHI Lentivector Packaging Kit was purchased from
system biosciences (Mountain View, CA, USA).

Construction of recombinant lentiviral vector contain-
ing theCYLD Open Reading Frame. The pcDNA-HA-CYLD
plasmid waskindly provided by Prof. Shao-Cong Sun (Uni-
versity of Texas M.D.Anderson Cancer Center, Houston,
USA)[33]. pCDH expression lentivectors were purchased
from System Biosciences (Mountain View, CA). The CYLD
open reading frame was PCR amplified using HA-tagged
CYLD as template with the following primers: 5"-CGGGATC-
CGCCACCATGAGTTCAGGCTTATGGAGC-3 (sense)
and 5"-ATAAGAATGCGGCCGCTTATTTGTACAAACT-
CATTGTTG-3" (antisense). The resulting PCR product was
digested with BamHI and NotI and subcloned into the pPCDH
expression lentivector.

Transduction with lentiviral vectors. Lentivirus was pro-
duced from 293T cells by transient cotransfection of pPPACKH1
HIV Packaging plasmid Mix and the Lenti-CYLD plasmid
using Lipofectmaine ™ 2000 reagent (Ivitrogen, CA).

Lentivirus infection and establishment of stable cell
lines. Cells were infected with lentivirus at different MOI at
37°C for 24 hours. Efficiency of gene delivery was estimated
by expression of GFP visualized by Fluorescence microscopy.
Cells infected with the lentivirus were isolated. CYLD expres-
sion in these cells was determined by Quantitative Real-time
PCR and Western blot.

Quantitative Real-time PCR. Total RNA was extracted from
cells using TRIzol reagent (Invitrogen). Reverse transcription
reaction with 1 g of total RNA in 100pl was carried out using
M-MLV Reverse Transcriptase (D2640A,Takara, Japan). For
quantitative PCR, 10 pl SYBR Premix Ex Taq (Takara, Japan) with
10 uM of each primer and 10 ng cDNA template in 20yl of reaction
volume was applied. Primers used for amplification were designed
as: CYLD, sense, 5'- GCGTTCCCACAATTCAGCAGT-3" and
antisense, 5 - TCCGGATCGTCGTAGCATTCTC-3"; B-actin (as
an internal control), sense, 5"-CCTGTACGCCAACACAGTGC-
37 and antisense, 5" - ATACTCCTGCTTGCTGATCC-3". All
reactions were performed on the TaKaRa PCR Thermal Cycler
Dice. To calculate values of mRNA levels, 2(-Delta Delta C(T))
method was used, where CT is the threshold cycle. Target gene
mRNA levels were normalized to that of actin mRNA in the
same sample.
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Western blotting. Whole cell proteins were isolated by
RIPA buffer (50 mM Tris-HCL, pH 8.0, 150 mM NaCl, 0.1%
SDS, 1% NP-40, 0.25% Sodium deoxycholate and 1 mM
EDTA) with freshly added protease inhibitor cocktail (Ro-
che). Whole cell lysates were clarified by centrifugation at
12,000 x g for 15 minutes at 4°C. Total protein concentrations
were determined by BCA Protein Assay (Pierce, Rockford,
IL).Equal amounts of proteins were loaded to pre-cast 4-20%
SDS-PAGE gels (Invitrogen). Proteins resolved on gels were
transferred to PVDF membranes (IPVH00010, Millipore).
After electro-transfer, membranes were blocked with 5%
nonfat milk in TBS-T buffer (20 mM Tris-HCI, pH 8.0, 150
mM NaCl, 0.05% Tween 20), and probed with the desired
primary antibodies directed against CYLD, XIAP, survivin
and GAPDH. Blots were then incubated with horserad-
ish- conjugated secondary antibodies and detected with the
SuperSignal West Pico chemiluminescence substrate (Pierce,
Rockford, IL). Optical density of the bands was determined
using the LabWork software (UVP Laboratory Products, CA).
All experiments were repeated at least three times.

NF-kB Luciferase Reporter Assays. To construct a NF-«xB-
responsive luciferase reporter plasmid, the cDNA fragment
containing NF-kappaB bindingsite (5-GGGAATTTCC-3 ") was
generated by reverse transcription PCR using primers as follows:
5’-CGGGAATTTCCGGGAATTTCCGGGACTTTCCGGGAC-
TTTCCGGGACTTTCCGGGACTTTCCGGGACTTT-
CCA-3’(sense) and 5'-AGCTTGGAAAGTCCCGGAAA-
GTCCCGGAAAGTCCCGGAAAGTCCCGGAAAGTCCCG-
GAAATTCCCGGAAATTCCCGGTAC-3" (antisense) and
inserted into the BamHI and NotI sites of pGL3-basic vector (
Promega). For reporter gene assay, cells were transfected with
770ng of the NF-kB-responsive luciferase plasmid and 30ng
of a pRL-TK control luciferase expression plasmid encoding
Renilla luciferase (5 ng/cm?), as a control for differences in
transfection efficiency, with Lipofectmaine reagent. Twenty four
hours after transfection, TRAIL was added into cell culture sys-
tem. After 24 hours, cells were harvested and firefly and Renilla
luciferase activities were measured using the Dual-Luciferase
Reporter Assay System (Promega Italia, Milano, Italy), accord-
ing to the manufacturer’s instruction. Firefly luciferase activity
was normalized to Renilla luciferase activity. The assays were
performed in triplicates.

Measurement of cell viability by trypan blue exclusion
assay. Stable A549 cell lines or control cells were seeded at
a density of 5 x 10* cells per 10-cm plate in triplicate and al-
lowed to grow for various periods of time. Next, cells were
harvested, and the number of viable cells was determined by
trypan blue dye exclusion. Briefly, for trypan blue exclusion
assay, trypsinized cells were pelleted and resuspended in 0.2 ml
of medium, 0.5 ml of 0.4% trypan blue (Sigma-Aldrich) solu-
tion, and 0.3 ml of phosphate-buffered saline solution (PBS).
The samples were mixed thoroughly, incubated at room tem-
perature for 15 min and examined under a light microscope.
Absolute cell numbers were determined in three separate
experiments under identical culture conditions.

Measurement of cell proliferation by MTT assay. Cells
were plated in 96-well plates at a final concentration of 1x10*
cells/well and incubated with different concentration of TRAIL
(0,1,5,10ng/ml) for 12,24 and 48hours. The MTT solution (5
mg/ ml) was prepared in DMEM medium, and 15 ul were
added to each well after the treatment periods. Absorbance of
converted dye was measured at a wavelength of 570 nm. Data
were presented as percentage of MTT reduction as compared
to that in the control cells. Each experiment was repeated
three times.

Cells apoptosis assay. For apoptosis analysis by flow cytom-
etry, the Annexin V assay was performed using the Annexin V-
FITC Apoptosis Detection Kit II (BD, CA, USA). Briefly, cells
were treated with or without 5 ng/ml of TRAIL. Twenty hours
after incubation, cells were harvested and washed twice with
ice-cold PBS, then co-stained with 5 pl of Annexin V-FITC
and 10 pl of propidium iodide (50 pg/ml) for 15 min at room
temperature in the dark. The population of Annexin V-positive
cells was evaluated by flow cytometry (FACS Calibur, BD, CA,
USA) using 488nm laser excitation.

Statistical analysis. All data were expressed as means with
standard deviation (SD) and were analyzed using independent
samples t test and One-way ANOVA. p values less than 0.05
were defined as statistically significant.

Results

Down-regulated CYLD expression in lung cancer cells. Ini-
tially, we evaluated CYLD mRNA expression in five human lung
cancer cell lines (A549, H1299, NCL-H460, SK-MES-1, SPC-
A-1) compared with that in a normal non-tumorous bronchial
epithelial cells (BEAS-2B) using quantitative real-time PCR.
We found strong reduction in the expression of CYLD mRNA
in all lung cancer cell lines compared with normal control (p <
0.01) (Figure 1A). Among all five lung cancer cell lines, CYLD
mRNA expression in A549 cells was the lowest (Figure 1A).
We also analyzed CYLD protein levels in five tumor cell lines
in comparison with normal non-tumorous control cells using
western blotting. We detected remarkably low levels of CYLD
protein in all lung cancer cell lines comparing to that in the
non-neoplastic cells (FigurelB). CYLD protein expression in
A549 cells was the lowest among five cancer cell lines (Figure
1B), which was consistent with that of mRNA expression. These
data indicated that CYLD was highly expressed in normal cells,
whereas less expressed in malignant cells.

Over-expression of CYLD sensitizes TRAIL-induced
growth inhibition Since CYLD has the lowest level of ex-
pression in A549 cells, we established an A549-Lv-CYLD cell
line that stably expressed CYLD using a lentiviral expression
system. The over-expression of CYLD was determined by Real-
time PCR and Western blotting as presented in Figure 2. We
obtained increased CYLD expression in cells transfected with
the CYLD lentivector, and no changes in CYLD expression
in cells transfected with empty vectors (A549-Lv-plasmid)
(Figure 2).
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Figure 1. CYLD expression in tumor cell lines compared with corresponding normal cells. A, CYLD mRNA expression was analyzed in five lung
cancer cell lines A549, H1299, NCL-H460, SK-MES-1, SPC-A-1 and a human normal bronchial epithelial cells BEAS-2B by quantitative real-time
PCR, using primers specific to CYLD and p-actin as a control. Individual data points are the mean + SD of triplicate determinations. ** p<0.01. B,
CYLD protein expression was analyzed in five lung cancer cell lines and corresponding normal cells by western blotting with anti-CYLD antibody
and anti-GAPDH antibody as a control.
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Figure 2. Lentivirus-mediated establishment of an A549-Lv-CYLD cell line that stably expressed CYLD.A549 cells were transduced with letiviral vectors
expressed CYLD, transduced empty vectors as a control (A549-Lv-plasmid). A, Real-Time Quantitative PCR analysis was performed, using primers
specific to CYLD and B-actin as a control, in RNA samples respectively prepared from A549, A549+Lv-plasmid ( cells were infected by Lv-plasmid 72
hours later), A549+Lv-CYLD (cell were infected by Lv-CYLD 72 hours later) and A549+Lv-CYLD clone p1,p2,p3 cells. ** p<0.01. B, The whole cell lysates
were analyzed by western blotting with antibody against CYLD. GAPDH was used as an internal control. The level of CYLD expression was quantified
and normalized to GAPDH expression, in protein samples respectively prepared from cells as described for A.
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Figure 3. Cytotoxicity induced by CYLD alone and combined with TRAIL. A, Trypan blue exclusion assay was performed to evaluate the effects of CYLD
alone on the growth of A549, A549-Lv-plasmid, A549-Lv-CYLD cells. Each point represents the mean + SD of triplicate determinations. Error bars
correspond to standard deviation.*p < 0.05, ** p < 0.01.B, Cells were treated with TRAIL at indicated concentrations (0, 1, 5, 10 ng/ml) for 24 hours.
Cell viability was measured by MTT assays. Individual data points are the mean + SD of triplicate determinations. Error bars correspond to standard
deviation. *p < 0.05, ** p < 0.01 versus TRAIL treated cells at the same dose point. C, Cells treated with TRAIL (5ng/ml) for indicated periods (12, 24,
48 hours) were subjected to measurement of viability using MTT assays. Data were presented as mean + SD (n = 3). Error bars correspond to standard
deviation.*p < 0.05, ** p < 0.01 versus TRAIL treated cells at the same time point.
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Then we sought to test whether CYLD has growth in-
hibitory effect, alone or in combination with TRAIL. A549
cells and its variants stably transfected with CYLD or empty
vectors were treated with TRAIL at a series of doses, and the
percentage of cell survival was determined using the MTT
assay 24 hours post-treatment. As shown in Figure 3B, ectopic
CYLD expression increased TRAIL-induced lung cancer cell
growth inhibition in a dose-dependent manner. At twenty
four hours, colorimetric readings of the combined treatment
group were statistically significantly lower than those of the
control groups (p < 0.05) (Figure 3B). Similar results were
observed while cells were treated with TRAIL (5ng/ml) for
the indicated periods. As presented in Figure 3C, increased
expression of CYLD resulted in a time-dependent reduc-
tion in TRAIL-regulated cell viability (p < 0.05). However,
TRAIL caused no remarkable cell viability reduction in the
normal cell line BEAS-2B, regardless of dosage or period of
treatment.

Notably, in A549 cells, increased expression of CYLD
alone achieved significant inhibitory effects on cell viability
compared with control group (p < 0.05) (Figure 3A). These
data demonstrated that increased expression of CYLD may
potentiate TRAIL-mediated cytotoxicity in A549 cells.

Over-expression of CYLD enhances TRAIL-induced
apoptosis. It is known that TRAIL selectively induces ap-
optosis in tumor cells [31]. To determine whether apoptosis
contributes to TRAIL-induced cell death that we observed, we
directly detected apoptosis by measuring annexin V-positive
cells and caspase cleavage in cells exposed to TRAIL alone, in-
creased expression of CYLD alone and in combination. A549,
A549-Lv-plasmid, A549-Lv-CYLD stable cells and BEAS-2B
cells were treated or not with TRAIL (5ng/ml) for 24 hours. In
agreement with cell survival data, the combination of the stably
over-expressed CYLD and TRAIL treatment was much more
potent than each single agent alone to induce cleavage of cas-
pase-8, caspase-3 and poly(ADP-Ribose) polymerase (PARP)
(Fig. 4C) and increase Annexin V-positive cells (i.e., apoptotic
cells) (Figure 4A).Notably, increased expression of CYLD alone
and TRAIL alone induced approximately 21% and 17% of cells
to undergo apoptosis, respectively, however, the combination
of CYLD and TRAIL caused about 62% apoptosis (p < 0.01)
(Figure 4A and B), which is a more than additive effect. In
contrast, as shown in Figure 4 A and B, BEAS-2B cells did not
undergo apoptosis in response to TRAIL. Collectively, these
results indicate that increased expression of CYLD sensitizes
lung cancer cells to TRAIL-induced apoptosis.

In addition, we found that ectopic CYLD induced approxi-
mately 21% of cells to undergo apoptosis (Figure 4 A and B)
comparing to wild type A549 and A549-Lv-plasmid cells.
This indicates that CYLD directly induces apoptosis in lung
cancer cells.

Over-expression of CYLD inhibits TRAIL-induced NF-
kB activation. It is well known that CYLD negatively regulates
the activity of NF-kB [23, 26]. Since inhibiting NF-«B activa-
tion may contribute to TRAIL-induced apoptosis [1, 23, 32],

we evaluated the involvement of NF-«xB in CYLD mediated
sensitization to TRAIL. A549 cells and its variants stably
transfected with CYLD or empty vectors were transfected with
a NF-kB-responsive luciferase reporter construct and then
treated with 5ng/ml of TRAIL. As shown in Figure 5, NF-«kB
activity almost tripled after stimulation with TRAIL. Ectopic
CYLD expression significantly attenuated TRAIL-induced
NF-xB activation (p < 0.01) (Figure 5). However, treatment of
TRAIL did not induce NF-«B activity in normal BEAS-2B cells
(Figure 5).These results demonstrated that CYLD negatively
regulated NF-«B activation induced by TRAIL.

Over-expression of CYLD reverses IAPs expression in-
duced by TRAIL. It is well established that NF-«B functions as
an upstream regulator of IAPs and negatively regulates TRAIL
signaling [1, 23, 32]. To investigate a potential link between
CYLD, IAPs and resistance to TRAIL-induced apoptosis, we
adopted immunoblotting to examine the expression of survivin
and XIAP, two important members of IAPs in response to
TRAIL (5ng/ml). In A549 cells, TRAIL treatment resulted in
increased expression of survivin and XIAP (Figure 6). This was
antagonized by ectopic CYLD expression (p < 0.01) (Figure
6B). These results suggest that CYLD may serve as a negative
regulator of NF-«B and block expression of NF-kB-dependent
anti-apoptotic genes.

Discussion

The tumor suppressor CYLD is a member of de-ubiquitinat-
ing enzyme family that negatively regulates cytokine-mediated
activation of nuclear factor-«B, a transcription factor highly
implicated in carcinogenesis [22]. CYLD was previously
shown to directly bind to IKK, reverse the ubiquitination of
TRAF2 and consequently suppress NF-«kB activation induced
by TRAIL in hepatocellular carcinoma cells (HCC) [23].
However, whether CYLD exerted similar effects in human
lung cancer cells has not been reported. Interestingly, in lung
cancer cell lines, no strict correlation has been observed be-
tween CYLD expression and TRAIL responsiveness. Here we
demonstrated that suppression of NF-kB survival signaling
by CYLD augmented the antitumor effect of TRAIL in A549
lung cancer cells.

Resistance to chemo- or radiotherapy, which is often associ-
ated with lung cancer recurrence after prior therapy, remains
a severe clinical problem. TRAIL is currently being evaluated
in Phase I/II clinical trials [10, 11], alone or in combination
with other therapies, for the treatment of lung cancer. TRAIL
can induce apoptosis in tumor cells. However, a few studies
have demonstrated that many types of cancers are resistant to
apoptosis induced by TRAIL [13, 14]. Some researchers found
chemotherapy or radiotherapy in combination with TRAIL
could restore sensitivity of tumor cells towards TRAIL [34, 35].
Previous studies demonstrated that during the process of ap-
optosis, TRAIL could bind to DR4, DR5 to activate NF-kappa
B-Inducing Kinase (NIK) through TNF-receptor-associated
death domain(TRADD), TRAF2, and receptor-interaction
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Figure 5. CYLD negatively regulates NF-kB activation induced by TRAIL. Transfection of BEAS-2B, A549, A549-Lv-plasmid, A549-Lv-CYLD cells with
a NF-kB-dependent luciferase plasmid and a pRL-TK expression plasmid encoding Renilla luciferase was performed. Twenty hours after transfection,
TRAIL was added in accordance with final concentration (5ng/ml). After 24 hours, cells were lysed for NF-kB luciferase assay. Firefly and Renilla lu-
ciferase activities were measured. Firefly luciferase activity was normalized to Renilla luciferase activity. Results are the mean + SD relative luciferase
activity from three separate experiments. Error bars correspond to standard deviation. *p < 0.05 versus A549 or A549-Lv-plasmid cells treated without
TRAIL, ** p < 0.01 versus TRAIL alone treated cells.
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Figure 6. CYLD decreases enhanced IAPs expression induced by TRAIL. A, The indicated cell lines (BEAS-2B, A549, A549-Lv-plasmid, A549-Lv-CYLD
cells) were treated with 5ng/ml of TRAIL for 24 hours, untreated groups as control. The whole cell lysates were analyzed by western blotting with antibodies
against survivin and XIAP. GAPDH was used as an internal control. Levels of survivin and XIAP expression were quantified and normalized to GAPDH
expression respectively. Each band represents one of three independent experiments. B, A summary of studies represented the effects of increased expression
of CYLD on expression of survivin and XIAP in a panel of lung cancer cell lines and a normal bronchial epithelial cell line. Cells were treated with TRAIL
(5 ng/ml) for 24 hours or untreated before western blotting was performed using antibodies against survivin and XIAP. Relative expression of survivin and
XIAP was shown by dividing band intensity by that of GAPDH. The data shown are the mean + SD of three individual experiments. Error bars correspond
to standard deviation. *p < 0.05 versus A549 or A549-Lv-plasmid cells treated without TRAIL, ** p < 0.01 versus TRAIL alone treated cells.

proteins (RIP)[20,37], and thereafter activated NF-«B. There-
fore, inhibiting NF-kB activation may enhance the antitumor
effect of TRAIL.

Downregulation or loss of CYLD has been implicated in
solid tumors of the colon and liver [26], kidney [29], cervix
[28] and prostate [40], and vector-driven expression of CYLD
in HCC cells decreased NF-kB activity, induced rapid apoptosis

[23]. We aim to extend the tumor suppressive role of CYLD to
other organs. Particularly, we interested in knowing whether
CYLD expression is altered in human lung cancer cells and
whether CYLD can affect NF-kB activity in these cells. We
found reduced CYLD mRNA and protein levels in all five
lung cancer cell lines examined compared to those in a normal
bronchial epithelial cell line (Figurel). To understand the



OVER-EXPRESSING CYLD AUGMENTS ANTITUMOR ACTIVITY OF TRAIL 27

mechanism by which CYLD sensitizes lung cancer cell lines
to TRAIL-induced apoptosis, we investigated whether CYLD
regulates NF-kB activity. We showed a drastically increased
NF-«B activation in response to TRAIL treatment in A549
cells, which associated to attenuated response of these cells
to TRAIL-induced apoptosis. However, when CYLD was
ectopically over-expressed in A549 cells, NF-«kB activation
was markedly blocked (Figure 5). Our data provided the first
evidence that increased expression of CYLD directly blocks
TRAIL-induced NF-kB activation, and consequently increases
TRAIL-induced apoptosis in lung cancer cells.

At the tested concentrations and time periods of TRAIL,
we verified that over-expression of CYLD may potentiate
TRAIL-mediated cytotoxicity in A549 cells (Figure 3). We also
found a minor effect on apoptosis induced by TRAIL alone
in A549 cells, which is remarkably increased upon ectopic
CYLD expression (Figure 4). When CYLD was over-expressed,
TRAIL-induced apoptosis almost tripled. TRAIL treatment
and ectopic CYLD exerted a more-than-addative pro-apop-
totic activity, indicating that TRAIL cooperates with CYLD to
augment apoptosis. Interestingly, in this study, over-expression
of CYLD alone significantly suppressed the growth of A549
cells in culture. Indeed, CYLD as a single agent moderately in-
duces apoptosis of A549 cells. Our study suggested that CYLD,
acting as a tumor suppressor gene, not only initiated apoptosis,
but also plays an important role to increase TRAIL mediated
apoptosis. Our data are in partial disagreement with a recent
study, which showed in hepatocellular carcinoma cells that
CYLD failed to initiate apoptosis in the absence of apoptotic
stimuli although it can negatively regulate NF-kB activation
[23]. Thus we suggest that CYLD may act differently in tumor
cell lines from different organs.

NF-kB is a well documented pro-survival factor that is
involved in mediating resistance to TRAIL-induced apop-
tosis in tumor cells [39]. NF-«B regulates the transcription
of XIAP and survivin, which function as inhibitors of vari-
ous different kinds of caspases [18-20], such as caspase-3, 7,
9.Constitutively active NF-kB signaling leads to resistance
to TRAIL by up-regulating XIAP and survivin in multiple
human cancer cell lines [40]. Through inhibition of caspases
activity, these two factors can prevent apoptosis in response
to cytotoxic stresses [18, 19], including that induced by
TRAIL [38]. In our study, we provided evidences that CYLD
enhances TRAIL-induced apoptosis while down-regulating
XIAP and survivin, suggesting that XIAP and survivin may
be critical factors in modulating TRAIL induced apoptosis
in human lung cancer cells. In agreement with our data on
NF-kB activity, there were high levels of XIAP and survivin
expression in A549 cells under quiescent conditions, which
helped to explain why A549 cells were not sensitive to ap-
optosis induced by TRAIL. Treating A549 cells with TRAIL
resulted in markedly increased expression of survivin and
XIAP. However, increased expression of CYLD antagonized
the up-regulation of survivin and XIAP by TRAIL (Figure
6). This is consistent with changes in NF-«B activation and

apoptosis in response to TRAIL treatment combined with
ectopic CYLD expression.

In conclusion, the finding that CYLD sensitizes lung cancer
cells to TRAIL-induced apoptosis by antagnoizing NF-kB
activity and down-regulating IAP expression is of particular
importance to explain why certain lung cancer cells are rela-
tively resistant to TRAIL induced apoptosis. Increasing CYLD
expression in chemo- or radio-resistant lung cancer may yield
a potential therapeutic benefit of TRAIL-based therapy. Our
future work aims to specifically express CYLD in other solid
tumors cell lines, especially in those with high levels of en-
dogenous NF-kB, to detect the mechanisms by which CYLD
regulates tumorigenesis.
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