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Anticancer agents sensitize osteosarcoma cells to TNF-related
apoptosis-inducing ligand downmodulating IAP family proteins
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Abstract. Although TNF-related apoptosis-inducing ligand
(TRAIL) usually induces cell death in tumor cells, there are
some tumor cell types that are resistant to its apoptogenic
effects. Some chemotherapeutic drugs, however, can sensitize
resistant cancer cells to TRAIL by either upregulating surface
TRAIL death receptor expression or by modulating intra-
cellular signalling pathways emanating from TRAIL receptors.
U20S human osteosarcoma cells express TRAIL-R2 but are
resistant to TRAIL-induced apoptosis. However, the genotoxic
drugs, Doxorubicin and Cisplatin, are able to sensitize U20S
cells to TRAIL, without affecting their surface expression of
either death or decoy TRAIL receptors. We demonstrate that
Doxorubicin and Cisplatin downmodulate X-IAP, while not
affecting FLIP levels in U20S cells. Selective downmodulation
of X-IAP protein synthesis by specific small interference RNA
transfection induced a sensitization of U20S cells to TRAIL
comparable to that induced by pharmacological treatment
with genotoxic drugs. TRAIL-R2 downmodulation by
siRNAs completely abolished the TRAIL-induced apoptosis
of genotoxin-treated U20S cells. Our findings demonstrate
that Doxorubicin and Cisplatin do not sensitize U20S osteo-
sarcoma cells to TRAIL by surface receptor modulation but
rather by the removal of the intracellular signalling inhibition
generated by X-IAP, suggesting a foreseeable relevant
advantage to the therapy of these tumors by the combined
regimen of genotoxin-based chemotherapy and TRAIL.
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Introduction

Tumour necrosis factor (TNF)-related apoptosis-inducing
ligand (TRAIL) is a member of the TNF family of cytokines,
which are structurally related proteins playing important roles in
regulating cell death, immune response and inflammation (1,2).
The unique feature of TRAIL, compared with other members
of the TNF family, is its ability to induce apoptosis in a variety
of malignant cells, both in vitro and in vivo, displaying minimal
toxicity on normal cells and tissue (3,4). TRAIL interacts with
4 high affinity transmembrane receptors belonging to the
apoptosis-inducing TNF-receptor (R) family. TRAIL-R1
(DR4) and TRAIL-R2 (DRS5) transduce apoptotic signals on
binding with TRAIL whereas, although TRAIL-R3 (DcR1)
and TRAIL-R4 (DcR2) are homologues to DR4 and DRS,
they lack the intracellular death domain and apoptosis inducing
capability. It has been proposed that TRAIL-R3 and TRAIL-
R4 function as decoy receptors protecting normal cells from
apoptosis (5,6).

Most normal human cell types that have been tested,
including bone, epithelial, endothelial, fibroblastic, and smooth
muscle cells, are refractory to TRAIL. Nevertheless, TRAIL
can induce hepatocyte apoptosis (7) and cell damage in the
human prostate (8) and brain (9). The earliest biochemical event
following engagement of TRAIL death receptors by their ligand
is the recruitment of proteins to the intracellular death domain
of the receptor to form a structure known as the death-inducing
signaling complex (DISC) (10). It is now established that, in
untransfected cells, the TRAIL DISC resembles that of Fas in
that the adaptor protein, Fas-associated death domain (FADD),
and the apoptosis initiator, caspase-8, are recruited to TRAIL-
R1 and/or TRAIL-R2 shortly after addition of TRAIL (1).
TRAIL can trigger apoptosis in-dependently through TRAIL-
R1 or TRAIL-R2. Once recruited to the DISC, caspase-8
autoactivates by proteolysis. In addition to the proteolytic
caspase cascade, caspase activity is further regulated by the
inhibitors of apoptosis (IAPs). The most well characterised
protein of this family is X-IAP, which inhibits caspase-9 and
caspase-3, not by interacting with their zymogens but through
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binding to their intermediate and fully cleaved forms (11).
Caspase-9 processes caspase-3 at the same cleavage site as
caspase-8, so it may be redundant in caspase-3 activation. Full
activation of the p24 form of caspase-3 is autocatalytic, a step
that is blocked by X-IAP. Survivin is the smallest member of
the TAP family proteins (12). Its expression is cell-cycle
regulated at mitosis in normal tissue (13). However, there are
also examples of survivin modulation independent of cell-cycle,
like in cytokine-stimulated bone marrow CD34+ cells (14) and
endothelial cells (15). Tumors, on the contrary, mostly show
a strong and deregulated expression of survivin. Like other
IAPs, survivin can inhibit the intrinsic and extrinsic apoptotic
pathways, as demonstrated by the inhibition of apoptosis in vivo
in transgenic mice (16) and by the contrasting enhancement
of apoptosis in all cases of survivin inhibition (17). c-FLICE-
inhibitory protein (c-FLIP) has homologies to caspase-8 and
caspase-10 but lacks protease activity (18). It is therefore
believed that c-FLIP recruitment to the DISC, in place of the
initiator caspases, blocks their activation. Some overexpression
studies indicate c-FLIP as an inhibitor of caspase-8 activation
at the TRAIL DISC (19) while others show correlations
between FLIP levels and TRAIL resistance (20).

Osteosarcoma is one of the most frequent malignant
tumors of the bone. Chemotherapy usually represents the
first-choice treatment for this malignancy and different drugs
are used in the treatment protocols, including the genotoxic
drugs, Doxorubicin (DOX) and Cisplatin (CDDP). Recently,
the interest of several groups has focused on the effects of
TRAIL on osteosarcoma cells. It is now generally accepted
that DOX and CDDP sensitize tumor cells to the apoptogenic
effects of TRAIL. The up-regulation of TRAIL-R1 and -R2
by these drugs is generally considered to be responsible for
the increased sensitivity to TRAIL. However, Lacour et al
(29) recently demonstrated that the genotoxic drug-induced
sensitization of colon carcinoma cell lines to TRAIL is not
mediated by the modulation of its death receptors but rather
by the lowering of the signalling threshold required for
TRAIL-induced procaspase-8 activation.

We have investigated here the mechanism behind osteo-
sarcoma cell sensitization to the apoptogenic effects of TRAIL
by the genotoxic drugs, DOX and CDDP, both at the level of
TRAIL-receptor expression and downstream intracellular
signalling.

Materials and methods

Cell lines and reagents. The U20S human osteosarcoma cell
line was grown in MEM (Gibco Laboratories, Grand Island,
NY, USA) supplemented with 10% foetal bovine serum (FBS;
Gibco) at an optimal cell density of 2x10° to 6x10° cells/ml.

Cell stocks were used between passages 30 to 65 and were
re-established from cryopreserved stock cultures. The Jurkat
cell line (American Type Culture Collection, Rockville,
Maryland, USA), was maintained in RPMI-1640 (Gibco)
supplemented with 10% FBS at 37°C in 5% CO,.

Doxorubicin (DOX) and Cisplatin (CDDP) were purchased
from Sigma (St. Louis, MO, USA) and were used at 1- and
40-uM concentrations, respectively. Soluble TRAIL was pur-
chased from Alexis Biochemicals (Laufelfingen, Switzerland).
Cells were treated for 20 h with 100 ng/ml of TRAIL.
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Figure 1. DOX and CDDP sensitize U20S cells to TRAIL-induced
apoptosis. A, flow cytometry quantification of cell death by Propidium
Iodide staining (PI). While untreated cells are essentially resistant to TRAIL
(histograms a and b), DOX (histograms ¢ and d) and CDDP (histograms e
and f) sensitize U20S cells to TRAIL. Cells were treated for 24 h with 1-uM
DOX or 40-uM CDDP and then assayed with 100 ng/ml TRAIL (histograms
d and f). A representative of 5 independent experiments is shown. B,
quantitative evaluation of TRAIL-induced apoptosis as in A. Data are
expressed as means + SD of 5 independent experiments.

Cell viability and apoptosis. To measure TRAIL-mediated
cytotoxicity, 5x10° cells/well were seeded in 12-well microtiter
plates (flat bottom) and allowed to adhere overnight. Cells
were then treated for 20 h with 100 ng/ml of recombinant
soluble TRAIL. Cell viability was determined by flow cyto-
metry after propidium iodide (PI) staining. To assess the
effects of chemotherapeutic agents on TRAIL-mediated
apoptosis, cells were plated in 12-well plates and allowed to
adhere for 24 h overnight. DOX and CDDP were added
where appropriate, either alone or in combination with TRAIL,
and incubated for an additional 24 h. Cell viability was again
determined by staining with PI.

To quantify apoptosis, cells were stained with fluorescein
isothiocyanate (FITC)-conjugated annexin V and PI using the
annexin V kit (Beckman-Coulter, Miami, FL, USA). Samples
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Figure 2. TRAIL-receptor phenotype of untreated and DOX or CDDP-treated U20S cells. Cell were treated with DOX or CDDP for 24 h and surface TRAIL-R

expression was analyzed by flow cytometry. Empty histograms, isotype-matched

were then analyzed by an Epics XL flow cytometer (Beckman-
Coulter) for the presence of viable (annexin V- and PI'), early
apoptotic (annexin V*, PI'), and late apoptotic/secondary
necrotic (annexin V*+ and PI*) cells. At least 20,000 cells/sample
were acquired for the flow cytometric analysis.

TRAIL-R phenotype. Aliquots of 0.5x10° cells/experimental
point were single- or multiple-labeled by a panel of anti-
TRAIL-R mAbs, as described previously (21). Expression of
TRAIL-R1, -R2, -R3 and -R4 was analyzed by indirect
staining using 1 yg of HS101 anti-human TRAIL-R1, HS201
anti-human TRAIL-R2, HS301 anti-human TRAIL-R3 and
HS401 anti-human TRAIL-R4 monoclonal antibody, followed
by PE-labeled goat anti-mouse IgG. A specific fluorescence
was assessed by using isotype-matched irrelevant mAb
followed by the same secondary reagent. Analysis was perf-
ormed by an Epics XL flow cytometer (Beckman-Coulter)
and the Expo ADC software (Beckman-Coulter). Data
collected from 20000 cells are reported as either percentage
of positive cells or mean fluorescence intensity (MFI) values.

SiRNA design and transfection. siRNA technology was
used to silence both TRAIL-R2 and X-IAP expression. For
TRAIL-R2, double-strand siRNAs (dsRNA) were designed
to target sequences corresponding to nt 1222-1242, 1305-
1325, 1393-1413 and 1439-1459 on human TRAIL-R2 mRNA
(AFO16459). The target sequences were 5S'-AAGTT GGGCC
TCATG GACAAT-3", 5'-AAAGT GGGTC AACAA
AACCGG-3', 5'-AAGAT TGAGG ACCAC TTGTTG-3',
and 5'-AAGGT AATGC AGACT CTGCCA-3'. For X-IAP,

irrelevant mAb staining.

double-strand siRNA were designed to target sequences
corresponding to nt 53-73, 136-156, 807-827 and 989-1009
on human X-IAP mRNA (U45880). The target sequences
were 5'-AAGGA TCTAA AACTT GTGTAC-3', 5'-AATTT
TCCAA GTGGT AGTCCT-3', 5'-AAATC CATCC ATGGC
AGATTA-3"and 5'-AACAT GCTAA ATGGT ATCCAG-3'.
The selected sequences were screened against all known
human genes using a BLAST search to confirm that only
human TRAIL-R2 mRNA or X-IAP would be targeted. The
respective sense and antisense RNA sequences were synth-
esized by Silencer siRNA construction kit (Ambion, Austin,
Texas). Two non-specific siRNA duplexes containing the
same nucleotides, but in irregular sequence (i.e. scrambled
TRAIL-R2 siRNA and X-IAP siRNA), were prepared
according to the manufacturer's protocol and used as controls.

U20S cells, plated into 6-well plates at a density of 5x10°
cells/well, were transfected with 400 nM of siRNA and 10 pl
of SuperFect transfection reagent (Qiagen, Hilden, Germany)
in 760 pl of MEM medium. After a 3-h culture at 37°C, the
transfection mixture was aspirated and substituted with
complete growth medium. The cells (floating plus attached
cells) were harvested for semiquantitative RT-PCR and flow
cytometric protein expression analysis 6, 24 or 48 h after
transfection. The transfection efficiency was assayed by
delivering a green fluorescence protein (GFP) expression
vector, obtaining a number of GFP*PI" cells >95% of total
cultures.

Semiquantitative RT-PCR analysis. Total RNA was isolated
using the RNeasy mini kit (Qiagen). Total RNA (1 ug) was
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Figure 3. siRNA inhibition of TRAIL-R2 synthesis and expression in U20S
cells. A, semiquantitative RT-PCR of TRAIL-R2 mRNA in TRAIL-R2
siRNA transfected cells. Control, cells transfected with scrambled TRAIL-R2
siRNA; +siRNA, cells transfected with TRAIL-R2 siRNA. cDNA dilutions
were 1:10 (lanes 1 and 4), 1:100 (lanes 2 and 5) and 1:1000 (lanes 3 and 6).
Lane 7, negative control. B, surface indirect immunophenotype by anti-
TRAIL-R2 mAb and anti-Ig-PE second step reagent. Grey histograms,
TRAIL-R2 siRNA-treated U20S cells. Cells were transfected with siRNAs
and surface expression of TRAIL-R2 was analyzed by flow cytometry.
Empty histograms, scrambled TRAIL-R2 siRNA, negative control (Ctrl.
siRNA). C, prevention of TRAIL-induced apoptosis by anti-TRAIL-R2
siRNA transfection. DOX and CDDP pre-treated U20S cells were cultured
for 24 h with or without TRAIL (filled or empty bars, respectively). TRAIL-
induced apoptosis was prevented by anti-TRAIL-R2 siRNA transfection
(TRAIL-R2 siRNA) but not by scrambled siRNAs (Ctrl. siRNA). The
percentage of propidium iodide (PI)-positive cells is shown on the vertical
axis as mean + SD for 4 independent experiments.

reverse transcribed with MMV reverse transcriptase and
progressive dilutions (1:50, 1:100, 1:1000) were subjected to
PCR amplification to generate specific sequences for B-actin,
TRAIL-R1, -R2, -R3, and -R4, (22,23) c-IAP-1, c-IAP-2,
X-IAP, survivin (24), and FLIP,,, and FLIPg, (25). Reverse
transcription was performed using a thermal programme of
25°C for 5 min, 42°C for 45 min and 70°C for 15 min. PCR
was performed under the following reaction conditions: 94°C
for 1 min, 52°C (c-IAP-1), 56°C (XIAP), 58°C (FLIP,,,, and
FLIPg,,,) or 60°C (c-IAP-2 and survivin) for 1 min, 72°C for
1 min and a final extension at 72°C for 5 min. We used 35
cycles of amplification for B-actin and IAPs. The sequences
of primers used for PCR were as follows: c-IAP-1, 5-ATGAA
CATAC TAGAA AACAGC-3' (sense) and 5'-CCTGT
CCTTT AATTC TTATCA-3' (antisense); c-IAP-2, 5'-TGACT
TTTCC TGTGA ACTCT-3' (sense) and 5'-GCCTT TCATT
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Figure 4. RT-PCR analysis of inhibitor of apoptosis (IAP) expression in
U20S cells. Equal amounts of total cDNA were amplified by PCR to detect
the indicated genes. c-IAP-1 and c-IAP-2 are not expressed in this cell line.

CGTAT CAAGA-3' (antisense); X-IAP, 5-GCAGG GTTTC
TTTAT ACTGG-3' (sense) and 5'-TGTCC CTTCT GTTCT
AACAG-3' (antisense); survivin, 5'-GCATGG GTGCC
CCGAC GTTG-3' (sense) and 5'-GCTCC GGCCA GAGGC
CTCAA-3' (antisense); B-actin, 5'-TGACG GGGTC ACCCA
CACTG TGCCC ATCTA-3' (sense) and 5'-CTAGA
AGCAT TTGCG GTGGA CGATG GAGGG-3' (antisense);
FLIP,,,,, 5'-CGAGG CAAGA TAAGC AAGGA-3' (sense)
and 5'-TGACT GGTTC TTGTT GAGCG-3' (antisense);
FLIPg,,,., 5'-TCAGG AACCC TCACC TTGTT-3' (sense)
and 5-ATCAG GACAA TGGGC ATAGG-3' (antisense);
TRAIL-R1, 5-CTGAG CAACG CAGAC TCGCT GTCCAC-
3' (sense) and 5'-TCCAA GGACA CGGCA GAGCC TGTGC
CAT-3' (antisense); TRAIL-R2, 5'-GCCTC ATGGA CAATG
AGATA AAGGT GGCT-3' (sense) and 5'-CCAAAT CTCAA
AGTAC GCACA AACGG-3' (antisense); TRAIL-R3, 5'-
GAAGAA TTTGG TGCCA ATGCC ACT G-3' (sense) and
5'-CTCTT GGACTT GGCTGG GAGAT GTG-3' (antisense);
and TRAIL-R4, 5'-CTTTT CCGGCG GCGTTC ATGTC
CTTC-3' (sense) and 5'-GTTTC TTCCA GGCTG CTTC
CCTT TGTAG-3' (antisense). PCR-amplified products were
resolved and electrophoresed on 2% agarose gel and visualised
with ethidium bromide.

Results

U20S osteosarcoma cells express TRAIL-R2 and die by
TRAIL-induced apoptosis. We used Propidium Iodide staining
and flow cytometry to assess apoptosis induced by soluble
TRAIL on cultured U20S cells. Cultured, healthy U20S
cells are virtually insensitive to 24-h treatment with 100 ng/ml
of soluble TRAIL (Fig. 1A, a and b). On the contrary, the
treatment with 1-xM DOX or 40-uM CDDP for 24 h before
TRAIL administration, sensitizes U20S cell cultures to the
apoptogenic effects of TRAIL (Figs. 1A, c-f, and 1B), with
DOX showing a stronger effect than CDDP.

Cultured U20S cells dimly express TRAIL-R1 and
TRAIL-R4, while showing a neat surface expression of
TRAIL-R2. TRAIL- R3 is not expressed at all by U20S cells
(Fig. 2, top line). Neither DOX nor CDDP treatment altered
the expression pattern of TRAIL receptors on U20S cells
(Fig. 2, middle and bottom lines).
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TRAIL-R2 is responsible for TRAIL-induced U20S cell
apoptosis. To formally prove that the apoptogenic effects of
soluble TRAIL on U20S cells were mediated by TRAIL-R2,
we designed and generated 4 siRNAs targeting TRAIL-R2
mRNA sequences corresponding to nucleotides 1222-1242,
1305-1325, 1393-1413 and 1439-1459, respectively.

Transfection of these siRNAs to proliferating U20S cells
strongly reduced TRAIL-R2 mRNA expression, as demon-
strated by semiquantitative RT-PCR (Fig. 3A). The expression
of surface TRAIL-R2 was consequently abolished (Fig. 3B).
Kinetic experiments showed that the downmodulation of
TRAIL-R2 mRNA and protein generated by specific siRNAs
lasted for 48 h, after which the levels of the protein started to
increase again (data not shown). During the period of surface
TRAIL-R2 downmodulation, DOX or CDDP-treated U20S
were completely resistant to TRAIL-induced apoptosis
(Fig. 3C), clearly showing that TRAIL-R?2 is responsible for
the apoptogenic effects of TRAIL.

DOX and CDDP induce a selective down-modulation of X-IAP.
Given that TRAIL-R2 is responsible for TRAIL-induced
apoptosis, while its expression is not modified by genotoxic
drugs, we asked whether intracellular components of the
signalling cascade downstream TRAIL-R?2 could be responsible
for the observed sensitizing effects of DOX and CDDP to
TRAIL-induced apoptosis.

We therefore analyzed, using RT-PCR, the expression of
the major known apoptosis inhibitors in U20S cells. Fig. 4
shows the expression profile at the mRNA level of c-FLIP
(long and short forms), X-IAP, c-IAP-1, c-IAP-2 and survivin.
We found that U20S cells do not express c-IAP-1 and c-IAP-2,
while they constitutively express both forms of c¢-FLIP, X-IAP
and survivin. Semiquantitative RT-PCR analysis of c-FLIP,
X-IAP and survivin (Fig. 5SA and B) showed that the expression
of neither form (long or short) of c-FLIP is affected by DOX
or CDDP. On the contrary, both genotoxic drugs completely
abrogated the mRNA expression of X-IAP after 6 h of
treatment, a time frame that is compatible with the subsequent
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Figure 5. Semiquantitative RT-PCR analysis of FLIP, X-IAP and survivin in U20S cells after 6, 14 and 24 h of treatment with 1-uM DOX (A) or 40-uM
CDDP (B). cDNA was diluted 1:10 (lane 1), 1:100 (lane 2), or 1:1000 (lane 3). X-IAP and survivin are downmodulated by DOX at 6 h treatment, while only
X-IAP is downmodulated by CDDP at 6 and 24 h.
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sensitization to the apoptogenic effect of TRAIL. Survivin
mRNA was downmodulated by DOX but not by CDDP
treatment (Fig. 5B). We therefore decided to selectively
downmodulate X-IAP by specifically designed siRNA in
U20S cells to see if we were able to generate an enhancement
of their sensitivity to TRAIL. Transfection of U20S cells with
X-IAP siRNA completely abrogated X-IAP protein synthesis,
as shown in Fig. 6A.

In the absence of X-IAP, U20S cells became sensitive to
the apoptogenic effects of TRAIL 6 h after transfection and
were still sensitive 24 h later (Fig. 6B and C)

Discussion

A major goal of pharmacological tumor therapy is the
optimization of response to chemotherapy by increasing drug
selectivity. Since TRAIL is mostly effective in tumor cells
while sparing normal cells, it offers great promise for the
pharmacological treatment of cancer. Although the identifi-
cation of TRAIL ‘decoy’ receptors, R3 and R4, initially led
to the conclusion that their expression might represent the
only mechanism for a cell that also expresses the TRAIL
death receptors to escape apoptosis, accumulating evidence
has shown that the modulation of the intracellular signalling
emanating from death receptors may be, at least, as relevant
for cell survival. It is now clear that tumor cells have several
possible strategies for escaping TRAIL-induced apoptosis,
ranging from the modulation of TRAIL receptor expression
to the modulation of the intracellular key mediators of caspase
activation. Tumor cells that are resistant to TRAIL can,
however, be sensitized to its apoptogenic effects by associated
chemotherapeutic agents active on the cellular mechanisms
of resistance.

Our data essentially demonstrate that: i) only TRAIL-R2
is expressed on the surface of U20S osteosarcoma cells that,
however, are resistant to the apoptogenic effect of soluble
TRAIL; the genotoxic drugs DOX and CDDP, which sensitize
U20S cells to the apoptogenic effects of TRAIL, do not
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Figure 6. X-IAP siRNA transfection sensitizes U20S cells to TRAIL-induced apoptosis. A, semiquantitative RT-PCR analysis of X-IAP mRNA after X-IAP
siRNA transfection (6 and 24 h post transfection) or scrambled X-IAP siRNA transfection (Control). X-IAP mRNA is already downmodulated after 6 h.
cDNA dilutions were 1:10 (lane 1), 1:100 (lane 2), and 1:1000 (lane 3). B, flow cytometry evaluation of TRAIL-induced apoptosis of U20S cells 6 and 24 h
after X-IAP siRNA transfection or scrambled X-IAP siRNA transfection (Ctrl. siRNA). Cells were stained with Propidium Iodide (PI), the amount of
incorporated dye is shown on the horizontal axis. A representative of 3 independent experiments is shown.

modulate the surface expression of TRAIL receptors; ii) only
TRAIL-R2 is responsible for the induction of apoptosis of
drug-sensitized U20S cells; and iii) DOX and CDDP down-
modulate the expression of X-IAP, one major intracellular
inhibitor of caspase activation downstream TRAIL receptors,
which is responsible for the sensitization to TRAIL of U20S
cells.

Several osteosarcoma cell lines can be sensitized to TRAIL
by anticancer drugs such as Etoposide, Doxorubicin and
Cisplatin, but not by Methotrexate or Cyclophosphamide.
The reported mechanism that accounts for the acquired
sensitivity to TRAIL is the up-regulation of death receptors
(26), while the up-regulation of decoy receptors accounts for
the acquisition of TRAIL resistance (27). We show that the
surface expression of TRAIL receptors is not affected by
DOX and CDDP. These data parallel those obtained by
van Valen and co-workers on human osteosarcoma cells in
which no change of TRAIL-receptor gene expression profile
was detected by real-time PCR (28). On the contrary, the
intracellular levels of X-IAP are deeply affected by both drugs
with a kinetics that is anticipated with respect to the biological
effects observed. Similar findings were also recently obtained

in colon cancer cell lines (29), where DOX and CDDP have
been reported to lower the threshold required for the activation
of procaspase 8, without affecting TRAIL receptor expression.

In human lung carcinoma cells, DOX has been reported
to induce the NF-kB-dependent expression of both IAPs and
TRAIL-R2 (30). It is therefore conceivable that tumors of
different origins may respond with different and even opposing
modalities to the same drug. Osteosarcomas, however, can be
rendered sensitive to the apoptogenic effects of TRAIL by
genotoxic drugs, not by surface receptor modulation but by
the removal of the intracellular signalling blockage downstream
TRAIL death receptors. This implies that future combined
regimens of genotoxin-based chemotherapy concurrent with
TRAIL will have relevant consequences for a more effective
treatment of osteosarcoma.
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