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PED is overexpressed and mediates TRAIL resistance in
human non-small cell lung cancer
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Abstract

PED (phosphoprotein enriched in diabetes) is a death-effector domain (DED) family member with a broad anti-apoptotic action. PED
inhibits the assembly of the death-inducing signalling complex (DISC) of death receptors following stimulation. Recently, we reported
that the expression of PED is increased in breast cancer cells and determines the refractoriness of these cells to anticancer therapy. In
the present study, we focused on the role of PED in non-small cell lung cancer (NSCLC), a tumour frequently characterized by evasion
of apoptosis and drug resistance. Immunohistochemical analysis of a tissue microarray, containing 160 lung cancer samples, indicated
that PED was strongly expressed in different lung tumour types. Western blotting performed with specimens from NSCLC-affected
patients showed that PED was strongly up-regulated (>6 fold) in the areas of tumour compared to adjacent normal tissue. Furthermore,
PED expression levels in NSCLC cell lines correlated with their resistance to tumour necrosis factor related apoptosis-inducing ligand
(TRAIL)-induced cell death. The involvement of PED in the refractoriness to TRAIL-induced cell death was investigated by silencing PED
expression in TRAIL-resistant NSCLC cells with small interfering (si) RNAs: transfection with PED siRNA, but not with cFLIP siRNA,
sensitized cells to TRAIL-induced cell death. In conclusion, PED is specifically overexpressed in lung tumour tissue and contributes to
TRAIL resistance.
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Introduction

Lung cancer is the leading cause of cancer-related mortality in
western countries [1]. The late stage at diagnosis in many patients,
and the high rate of relapse for those initially diagnosed in earlier
stages, contribute to its lethality. Non-small cell lung cancer
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(NSCLC) is the most common type of lung cancer, accounting for
approximately 80% of cases [2]. One of the most important issues
that affects survival rate, is resistance to therapeutic drugs. Only
20-30% of treated NSCLC patients have clinical evidence of a
response. Therefore, the development of new therapeutic strategies
is necessary for the treatment of this type of tumour.
Apo2L/TNF-related apoptosis-inducing ligand (TRAIL) is a rel-
atively new member of the tumour necrosis factor (TNF) ligand
family, which induces apoptosis in a variety of cancers. Four
cognate receptors have been identified: the death receptors,
TRAIL-R1/DR4 and TRAIL-R2/DR5; and the decoy receptors,
TRAIL-R3/DcR1 and TRAIL-R4/DcR2 [3]. The decoy receptors have
been proposed to competitively inhibit TRAIL-induced apoptosis
by acting as non-functional receptors. All four TRAIL receptors are
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highly expressed in a wide variety of normal cells, but the expression
of decoy receptors is substantially limited in tumour cells [4, 5].

Treatment with TRAIL induces programmed cell death in a
wide range of transformed cells, both in vitro and in vivo,
without producing significant effects in normal cells [6, 7]. This
unique property makes TRAIL an attractive candidate for cancer
therapy. However, a significant proportion of cancer cell lines is
resistant to TRAIL-induced apoptosis [8]. Apoptotic signalling
could be opposed by enhanced expression of intracellular
molecules acting at multiple levels [9, 10]. Among these mole-
cules is PED (phosphoprotein enriched in diabetes) (known also
as PED/PEA-15), a death-effector domain (DED) family member of
15 kD involved in cell growth and metabolism [9, 11, 12]. PED
inhibits the formation of a functional death-inducing signalling
complex (DISC) and the activation of caspase 8, which take place
following treatment with different apoptotic cytokines including
CD95/FasL, TNF-a and TRAIL [9, 13-16]. The anti-apoptotic
action of PED is accomplished, at least in part, through its DED
domain, which acts as a competitive inhibitor for pro-apoptotic
molecules during the assembly of the DISC [9, 15]. PED is over-
expressed in a number of different tumours, including human
glioma [13], squamous carcinoma [17], breast cancer [18] and
B-cell lymphocytic leukaemia [19]. We recently reported that
human breast cancer cells express high levels of PED and that
AKT/PKB activity regulates PED protein levels [18, 19].
Furthermore, high PED expression levels determine resistance of
breast cancer cells to chemotherapy-induced cell death.

In this study, we focused on the involvement of PED in deter-
mining the ‘TRAIL-resistant phenotype’ in NSCLC. We analysed
PED expression in specimens from 27 NSCLC-affected patients
and in a large human tissue microarray containing 160 lung
tumour samples. The effect of silencing PED expression in NSCLC
cell lines was also investigated.

Methods

Materials

Media, sera and antibiotics for cell culture were from Life Technologies,
Inc. (Grand Island, NY, USA). Protein electrophoresis reagents were from
Bio-Rad (Richmond, VA, USA), and Western blotting and ECL reagents
were from Amersham (Aringhton Heights, IL, USA). All other chemicals
were from Sigma (St. Louis, MO, USA) unless otherwise stated. The fol-
lowing primary antibodies were used: anti-PED antibody [11]; anti-B-actin
antibody (Ab-1, mouse IgM, Oncogene, Darmstadt, Germany); anti-cas-
pase 8 antibody (1C12, Cell Signaling Technology, Inc., Danvers, MA,
USA), anti-caspase 3 antibody (Abcam, Cambridge, USA); anti-caspase 10
antibody (StressGene, Victoria, BC Canada); anti-cFLIP (NF6) antibody
(Alexis, Lausen, Switzerland); anti-FADD antibody (BD Transduction
Laboratories, San Jose, CA, USA); anti-TRAIL receptor antibodies (R&D
Systems, Minneapolis, MN, USA) and anti PARP antibody (SC7150 Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA).
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Cell culture

Human CALU-1 and A459 NSCLC cell lines were grown in DMEM; H460
and A549 cell lines were grown in RPMI. Media were supplemented with
10% heat-inactivated FBS, 2 mM L-glutamine and 100 U/ml penicillin-
streptomycin.

Protein isolation and Western blotting

Lung tissue specimens (neoplastic and adjacent normal tissue) were col-
lected during surgical intervention on 27 patients affected with lung
tumour, in accordance with the ethical standards of the institutional
responsible committee on human experimentation. The clinical and patho-
logical characterization (including tumor, node, metastasis (TNM) staging)
of these patients, which were not receiving medical treatment at the time
of the operation, is shown in Table 1. The collected samples were homog-
enized in 1 ml PBS (0.14M NaCl, 2.7 mM KCI, 8 mM Na2HPOQ4, 1.5 mM
KH2P04) containing 1% Triton X-100 and proteinase inhibitor cocktail, with
a tissue homogenator. Cultured cells were pelleted, washed twice with cold
PBS and lysed in the same harvest buffer. Solubilized proteins were incu-
bated for 30 min. on ice, and after centrifugation at 10,000 X g for 30 min. at
4°C, supernatants were collected. Fifty micrograms of sample extract were
resolved on 12% SDS-polyacrylamide gels using a mini-gel apparatus and
transferred to Hybond-C extra nitrocellulose. Membranes were blocked for
1 hr with 5% non-fat dry milk in Tris Buffered Saline (TBS) containing
0.05% Tween-20, incubated for 2 hrs with primary antibody, washed and
incubated with secondary antibody, and visualized by chemiluminescence.

Cell death and cell proliferation quantification

Cells were plated in 96-well plates in triplicate and incubated at 37°C in a
5% CO02 incubator. To induce apoptosis, Superkiller TRAIL (Alexis
Biochemicals) was used for 24 hrs at 10 ng/ml. Cell viability was evaluat-
ed with the CellTiter 96° AQueous One Solution Cell Proliferation Assay
(Promega, Madison, WI, USA), according to the manufacturer’s protocol.
Metabolically active cells were detected by adding 20 wl of MTS to each
well. After 2 hrs of incubation, the plates were analysed in a Multilabel
Counter (Bio-Rad). Apoptosis was also assessed using annexin V-FITC
Apoptosis Detection Kits followed by flow cytometric analysis. Cells were
seeded at 1.8 x 10° cells per 100-mm dish, grown overnight in 10% Fetal
Bovine Serum (FBS)/RPMI, washed with PBS, then treated for 24 hrs with
200 ng TRAIL. Following incubation, cells were washed with cold PBS and
removed from the plates by very mild trypsinization conditions (0.01%
trypsin/ethylenediaminetetraacetic acid). The resuspended cells were
washed with cold PBS and stained with FITC-conjugated annexin V antibody
and propidium iodide according to the instructions provided by the manu-
facturer (Roche Applied Science, Indianapolis, IN, USA). Cells (50,000 per
sample) were then subjected to flow cytometric analysis. Propidium iodide
staining and flow cytometry analysis were done as described [19].

Flow cytometry

The relative level of surface TRAIL receptors was assessed by FACS analy-
sis. To this end, 1 million cells were collected and washed twice in PBS,
incubated with PE-conjugated purified monoclonal antibodies against
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Table 1 Clinical features of the patients

P # Sex Age Histology TNM

1 M 49 ADENO TINOMX
2 M 61 ADENO T2N2MX
3 M 68 ADENO T3NOMX
4 M 64 ADENO TINOMX
5 M 63 ADENO T2N1MX
6 M 55 ADENO T2N2MX
7 M 56 ADENO T2NOMX
8 M 56 SQUAM TINTMX
9 M 63 ADENO T3N2MX
10 M 66 ADENO TINTMX
11 M 77 ADENO TINOMX
12 M 69 SQUAM T2NOMX
13 M 61 SQUAM T2NOMX
14 F 52 ADENO T2NOMX
15 M 57 ADENO T2N2MH1
16 M 80 SQUAM T2NOMX
17 M 63 ADENO TIN2MX
18 M 55 ADENO TIN2MX
19 M 63 SQUAM T2NOMX
20 M 67 SQUAM TINOMX
21 M 63 SQUAM TINOMX
22 M 70 SQUAM T3NOMX
23 M 68 SQUAM TINOMX
24 M 55 ADENO TINOMX
25 M 64 ADENO TINOMX
26 M 69 SQUAM T2NOMX
27 M 68 ADENO TINOMX

Age (years), sex and TNM (tumour, node, metastasis) staging [30] of
patients (P) are reported. All patients were smokers. Histology of the
tumours indicated that most were adenocarcinoma (ADENO) and the
remaining squamous cell carcinomas (SQUAM).

TRAIL receptors or with mouse isotype control phycoerythrin IgG2b for 1
hr on ice, and then washed once with 3 ml PBS. After centrifugation, the
cell pellet was resuspended in 1 ml PBS and analysed with a FACSsort
(Becton Dickinson, Franklin Lakes, NJ, USA).

Small interfering (si) RNAs

The Dharmacon siDesign Center software program was used to design a
duplex siRNA targeting PED mRNA (siPED). This duplex consisted of a 21 nt
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double-stranded RNA, comprised 19 base pairs with two T, 3’ overhanging
ends, synthesized by Invitrogen (Invitrogen Corporation, Carlsbad, CA, USA)
(UCACUAUGGUGGUUGACUATT). c-FLIP siRNA was purchased from Santa
Cruz Biotechnology, Inc. (sc-35388). siCONTROL Non-Targeting siRNA
Pool #2 (D-001206-14-05) was from Dhamarcon (Lafayette, CO, USA) and
comprised four siCONTROL non-targeting siRNAs. Each individual siRNA
within this pool was characterized by genome-wide microarray analysis
and found to have minimal off-target signatures.

Transfection experiments

CALU-1 or H460 cells were cultured to 80% confluence in p60 plates.
Control, PED or cFLIP siRNA (100 nM), PED or c-FLIP siRNA were tran-
siently transfected in cells kept in antibiotic-free, serum-containing medium,
using LIPOFECTAMINE 2000, according to the manufacturer’s instructions.
Cells were incubated with siRNAs for the indicated times. PED protein lev-
els were up-regulated where indicated by transfecting cells with 5 g of
pcDNA3-Myc PED [12].

Tissue microarray construction
and immunohistochemistry

Cylinders of 0.6-mm diameter were punched from donor blocks in areas
identified as neoplastic after analysis of haematoxylin and eosin stained
sections. The tissue cylinders were inserted into a recipient paraffin block
using a precision instrument (Beecher Instruments, Sun Prairie, WI, USA)
[20]. Standard indirect staining procedures were used for immunohisto-
chemistry (ABC-Elite-Kit, Vector Laboratories, Burlingame, CA, USA). After
heat-induced pre-treatment (in citrate buffer, pH 6, water bath at 90°C for
30 min.) for antigen retrieval, a rabbit polyclonal anti-PED antibody [11]
was applied for 2 hrs at a dilution of 1:5000 at 37°C. The slides were then
incubated with the secondary, biotinylated antibody. Osmium-enhanced
diaminobenzidine was used as the chromogen. Counterstaining was car-
ried out with Harris” haematoxylin. Only fresh cut sections were stained to
minimize the influence of slide ageing and maximize repeatability and
reproducibility of the experiment. For negative controls, the primary anti-
body was omitted; as positive control, normal tissue with known PED pos-
itivity was used. For each sample, percentage of positive tumour cells and
staining intensity (0, faint, moderate or intense) were recorded. A case was
graded: (/) negative, if no cells were stained; (/i) weakly positive (mild), if
up to 33% of cells were stained; (/if) moderately positive if 34-66% of cells
were stained or (iv) strongly positive if 67-100% of cells were positive.
Staining intensity was not used for correlation with clinical findings, as it
can vary depending on the manner of tissue fixation. The slides were all
evaluated in 1 day by an experienced pathologist (DB).

Results

PED expression in NSCLC tissue

Specimens were collected from 27 NSCLC-affected patients (clinical
features are summarized in Table 1) and processed for Western
blotting. PED was increased in the tumour tissue of all the patients
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analysed and only rarely expressed in the adjacent normal tissue
(Fig. 1A). The mean PED expression level was sixfold higher in the
transformed areas compared to normal tissue (Fig. 1B).
Furthermore, analysis of TNM staging revealed that the expression
of PED was greater during the initial stages of the disease (T1 and
NO) than in T2 and N1 lesions (Fig. 1C). We also analysed PED
expression on a tissue microarray constructed from 160 different
histological lung cancer samples. As shown in Table 2, PED expres-
sion was considered high in the majority of cases and in all the types
of lung tumour present, with only 4% of the tumours analysed
resulting negative for PED staining. Immunohistochemical analysis
of PED expression is depicted in Fig. 2 where it is possible to
evaluate the different PED staining intensity. Part (A) represents an
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example of PED negative staining; part (B), of mild; part (C) of mod-
erate and part (D) of strong PED staining. The majority of samples
showed strong staining for PED.

PED expression correlates with
resistance to TRAIL in NSCLC cell lines

PED is a DED-containing protein that inhibits the formation of a
functional DISC following treatment with different apoptotic stim-
uli, including TRAIL, in several cell types [9, 15, 21]. We therefore,
investigated whether PED expression correlated with resistance to
TRAIL in different NSCLC cell lines. As shown in Fig. 3A, PED is
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Table 2 PED expression analysed in the lung cancer tissue microarray

PED expression

D Negative sssMild Moderate Strong Tota
Adenocarcinoma 1(2.3%) 8 (18.6%) 10 (23.2%) 24 (55.8%) 43
Large cell carcinoma 1 (2.4%) 2 (4.8%) 15 (36.5%) 23 (56.1%) 41
Small cell carcinoma 2 (6.6%) 5 (16.6%) 7 (23.3%) 16 (53.3%) 30
Squamous cell carcinoma 2 (4.3%) 1(23.9%) 13 (28.2%) 20 (43.4%) 46

Top number indicates number of cases present in the tissue microarray; the bottom number indicates its relative percentage. PED expression was
graded: negative: no staining; mild: 0-33% positively staining cells; moderate: 34—-66% positively staining cells and strong: 67-100% positively

staining cells.

expressed at higher levels in CALU-1 cells compared to H460 cells.
Intermediate levels of expression were observed in A459 and
Ab49 cells. When exposed to TRAIL, H460 cells underwent TRAIL-
induced cell death, whereas CALU-1 cells were completely resist-
ant (Fig. 3B and C). A459 and A549 cells exhibited intermediate
sensitivities to TRAIL (Fig. 3B and C). Therefore, PED expression
levels correlated with TRAIL resistance in the NSCLC cell lines
analysed. We also studied several components of the extrinsic cell
death signalling pathway. As shown in Fig. 3A, the expression of
these TRAIL signalling molecules was comparable in the four cell
lines, although c-FLIP expression was slightly lower in H460 cells.
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Fig. 2 PED expression levels in NSCLC
cancer samples. Immunohistochemical
analysis of paraffin-embedded NSCLC sec-
tions labelled with anti-PED antibody
(1:5000) and revealed by secondary,
biotinylated antibody. (A) Negative; (B) mild;
(C) moderate and (D) strong staining.

TRAIL resistance in NSCLC cells
does not depend on the expression
of TRAIL receptors

TRAIL resistance could be correlated with different expression
levels of TRAIL receptors. To exclude this possibility, we investi-
gated the cell surface expression of all four TRAIL receptor sub-
types in CALU-1 and H460 cells. As shown in Fig. 4, expression
of functional and decoy TRAIL receptors was comparable in the
two cell lines.
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Effect of the down-regulation of PED and c-FLIP
on insensitivity to TRAIL in CALU-1 cells

To better clarify the role of PED in TRAIL resistance in lung cancer
cells, we transfected CALU-1 cells with PED siRNA. PED siRNA
specificity was tested in CALU-1 cells by the co-transfection of
PED siRNA with Myc-tagged PED cDNA [12]. The PED siRNA
duplex suppressed both endogenous (15 kD) and exogenous (23
kD) PED expression, whereas a control SiRNA was not effective in
reducing PED protein levels (Fig. 5A). This silencing effect was
evident at 48 hrs and more marked at 72 hrs. We found that also
other in cell lines (HeLa, Human embryonic kidney 293) PED
SiRNA was able to knock-down PED expression (data not shown).
Transfected cells were then exposed to TRAIL. As expected,
siRNA-mediated knock-down of PED was responsible for sensiti-
zation of CALU-1 cells to TRAIL-induced cell death (Fig. 5B).
Interestingly, comparable results were obtained when we
knocked-down PED expression in A459 and A549 cells (Fig. 5B).

The treatment of CALU-1 cells with a specific c-FLIPL siRNA
down-regulated c-FLIPL expression but did not increase sensitivi-
ty to TRAIL-induced cell death (Fig. 5C). These data further con-
firm that PED protects lung cancer cells from TRAIL-induced
apoptosis, and that inhibiting PED expression results in increased
TRAIL sensitivity.

Effects of silencing PED on caspase activation
in CALU-1 cells

We then examined the activation of caspase 8 and PARP upon
exposure to TRAIL in CALU-1 cells treated with PED siRNA. As
shown in Fig. 6A, TRAIL-induced caspase 8 and PARP activation
was greater in CALU-1 cells following PED siRNA transfection.

Effect of increasing PED expression on TRAIL
sensitivity in H460 cells

To further evaluate the role of PED in apoptosis resistance, TRAIL-
sensitive H460 cells were transfected with PED cDNA to up-regulate

e

Fig. 3 PED expression correlates with TRAIL resistance in NSCLC cell
lines. (A) Fifty micrograms of total cell extract from CALU-1, H460,
A459 and A549 cells were analysed by Western blotting for the expres-
sion of PED and other TRAIL signalling molecules. B-Actin was used
as the loading control. Representative blots are shown. (B) Viability
after treatment with TRAIL. Cells were incubated with superkiller TRAIL
(10 ng/ml) for 24 hrs and viability evaluated as described in the meth-
ods section. Mean =+ SD of three independent experiments in triplicate.
(C) Annexin V and propidium iodide staining of NSCLC cells after
TRAIL treatment. Mean = SD of four independent experiments in
duplicate.
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PED protein levels and then analysed for their susceptibility to
TRAIL-induced cell death. Increasing the expression of PED in
these cells (Fig. 6C) rendered them resistant to TRAIL, as
assessed by Western blotting for caspase 8 and PARP (Fig. 6B) or
by a cell viability assay (Fig. 6D).

Discussion

Increased expression of DED family members with anti-apoptotic
functions, such as PED, represents a possible mechanism by
which tumour cells escape apoptosis. PED acts primarily by pre-
venting the interaction between the adaptor molecule, FADD, and
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procaspase-8 [9, 15]. We have reported that PED inhibits the
anti-apoptotic signal of death receptors in many different cell
types, including breast carcinoma and glioma [9, 13-16], in
which it is overexpressed. Lung tumours are among the most
aggressive types of cancer and are frequently resistant to drug-
induced cell death [1]. Eighty percentage of lung cancers are of
the NSCLC type. Advances in standard treatment for this tumour,
such as surgery, radiotherapy and chemotherapy, have not signif-
icantly increased patient survival. Thus, novel treatment strate-
gies are urgently needed to improve the clinical management of
this serious disease. Recent studies have demonstrated that tar-
geting TNF superfamily death receptors is a promising strategy
for the treatment of cancer [22]. Apoptosis-based anti-cancer
therapies are designed to achieve tumour eradication through the
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PARP was detected at a greater amount in CALU-1 cells transfected with PED siRNA. B-Actin was used as the loading control. (B) PED cDNA
(PED-Myc) was transiently transfected in H460 cells and cells were analysed for caspase 8 and PARP activation as previously described or for or for
cell viability (D) as indicated. (C) Western blot analysis of PED expression revealed that transfection increased PED expression levels in H460 cells.
B-Actin was used as the loading control. Representative blots are shown.
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use of death-inducing molecules capable of activating the apop-
totic program selectively in neoplastic cells. Due to its specific
toxicity for transformed cells, recombinant forms of TRAIL are
among the most promising apoptosis-based anti-tumour agents
[7,23-25]. In fact, a number of biotech and pharmaceutical com-
panies developed recombinant TRAIL/Apo2L as well as human-
ized agonistic mAb targeting TRAIL-R1 or TRAIL-R2 that are cur-
rently being evaluated in phase | and phase Il clinical trails [7].
However, in a number of patients, tumour cells evade death sig-
nals generated by drugs through the activation of effective anti-
apoptotic mechanisms [26-28]. In the present report, we demon-
strate that PED is overexpressed in lung cancer tissue obtained
from 27 NSCLC-affected patients. Interestingly, TNM staging
revealed that PED expression is greater during the first phase of
the disease (T1) than in T2 lesions. The analysis of PED expres-
sion in pre-malignant lesions, such as metaplastic bronchial
lesions, could shed light on the role of PED in tumour initiation,
progression and invasiveness. This study shows that PED regu-
lates the susceptibility to TRAIL-induced death in lung cancer
cells. In fact, although the levels of PED differ significantly in
CALU-1 (TRAIL-insensitive) and H460 (TRAIL-sensitive) cells,
the levels of the other signalling components (such as TRAIL
receptors caspases, and FADD) were comparable. Modulation of
the sensitivity to TRAIL by PED was confirmed by down regulat-
ing PED expression with PED siRNA: when transfected, the oth-
erwise TRAIL-insensitive CALU-1 cells became susceptible to this
cytotoxic cytokine. Moreover, PED overexpression in H460 cells
was able to change their phenotype from TRAIL-sensitive to
TRAIL insensitive.

Because resistance of different tumours may be mediated by
diverse survival mechanisms, we investigated the role of ¢-FLIP in
TRAIL resistance by down-regulation of c-FLIP expression with a
specific SiRNA. As already observed in other tumour types such as
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glioma [13] and B-cell chronic leukaemia [19], the effects of PED
are prevalent over those mediated by c-FLIP for sensitivity to
TRAIL. Thus, it is possible that c-FLIP and PED contribute differ-
ently, depending to the cell type or tumour type to induce resist-
ance to TRAIL. Our data thus demonstrate that PED plays a major
role in TRAIL resistance in NSCLC. Although PED expression was
completely and specifically inhibited by the transfection with PED
SiRNA duplex, TRAIL sensitivity was not fully recovered. These
results suggest that it is likely that there might be alternative
mechanisms for TRAIL resistance. We have recently addressed
this point by a microRNAs screening of TRAIL resistance in
NSCLC and found several new microRNAs and targets involved in
TRAIL resistance (Garofalo et al., in press).

Mice that are genetically deficient in the TRAIL gene, exhibit
increased susceptibility to experimental and spontaneous tumours
[29], suggesting an important role of endogenous TRAIL in
tumour surveillance. Thus, the overexpression of a gene involved
in resistance to TRAIL could be important for responsiveness to
chemotherapy. Because expression levels of PED are a focal point
for the regulation of apoptosis, PED represents a key target for
treatment of cancer.
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