
Abstract. Background/Aim: Targeting the extrinsic
apoptotic pathway is an interesting option for anticancer
therapy. A protein which such ability is Apo2 ligand, also
known as TNF-related apoptosis-inducing ligand (TRAIL).
The aim of this study was to examine the possibility of
sensitizing resistant CLBL-1 canine lymphoma cells to
TRAIL-induced apoptosis by using flavopiridol (FVP) a
cyclin-dependent kinase inhibitor (CDKs). Materials and
Methods: The CLBL-1 (canine B-cell lymphoma cell line)
was used in the study. The effect of FVP and TRAIL
treatment on apoptosis induction was assessed by flow
cytometry and western blot. Results: Although canine
lymphoma cells were resistant to TRAIL-induced apoptosis,
combination of this death ligand with FVP was able to
overcome TRAIL resistance of CLBL-1 lymphoma cells.
Conclusion: Our results demonstrated that although canine
lymphoma cells were resistant to TRAIL-induced apoptosis,
combination of this death ligand with FVP was able to
overcome TRAIL resistance of CLBL-1 lymphoma cell line.
Although further investigation is required to deepen the

knowledge of TRAIL as an antitumor agent in canine
cancers, our results open the door to future use of TRAIL-
based treatment strategies in veterinary oncology.

Apo2 ligand, also known as TNF-related apoptosis-inducing
ligand (TRAIL), belongs to the tumor necrosis factor (TNF)
family of proteins. It is capable of inducing apoptosis
through activation of the extrinsic apoptotic pathway (1, 2).
Physiologically, this ligand is expressed by the immune
system cells, mainly by T cells, NK cells and macrophages,
and plays an important role in immune response regulation
(3, 4). Numerous studies indicate that TRAIL is able to
induce apoptosis in different types of neoplastic cell lines,
while most normal cells are resistant to this ligand (5). For
that reason, since its first description TRAIL has been
considered as a promising anticancer agent in humans (6-8).
In this line, TRAIL can also be an interesting antitumor
agent in veterinary medicine, where high toxicity of novel
anticancer drugs is a crucial problem. 

In humans, TRAIL can bind to four membrane-bound
TRAIL receptors (TRAIL-R):TRAIL-R1/DR4, TRAIL-
R2/DR5, TRAIL-R3/DcR1 and TRAIL-R4/DcR2 and also to
one soluble receptor called osteoprotegerin (OPG) (9-11). The
receptors DR4 and DR5 are fully functional, and upon ligation
with TRAIL transmit an apoptotic signal via trimerization of
their intracellular death domains, which induce the formation
of the so-called DISC (Death Inducing Signalling Complex).
The decoy receptors (DcR1 and DcR2) are also expressed on
the cell surface but they lack functional death domains, hence
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being unable to initiate apoptosis (12). Finally, TRAIL can bind
to the soluble receptor OPG. This receptor, though expressing a
death domain, it lacks a canonical transmembrane domain,
therefore functioning only as a secreted decoy receptor (13).
However, intriguingly there are reports in the literature proving
surface expression of OPG in certain cell types, namely lymphoid
cells and osteoclasts (14, 15). Although the means by which OPG
attaches to the cell surface remain unclear, these reports suggest
a functional role for that receptor in those cell types. Whether that
functional role involves induction of cell death or activation of
pro-inflammatory pathways (e.g. NF-κB) is yet to be elucidated.
Interestingly, the expression of TRAIL receptors and their role in
canine species remain unclear. So far, only one potential canine
TRAIL receptor ortholog (osteoprotegerin, TNFRSF11B) could
be identified by screening the dog genome assembly
(http://www.ensembl.org/ Canis_familiaris/index.html). Although
studies in other species have shown that increased expression of
TNFRSF11B can protect cancer cells from TRAIL-induced
apoptosis (16) it is possible that the cell surface expressed canine
TNFRSF11B would be able to transduce an apoptotic signal. In
this regard, Elders and colleagues observed that the mRNA for
TNFRSF11B was found in TRAIL susceptible canine cancer cell
line C2 but not in resistant MDCK cells (17), somehow
suggesting a specific pro-apoptotic role for TNFRSF11B in
canine cells.

The potential of TRAIL for veterinary medicine has only
been slightly investigated, being just a few reports
concerning this topic (17-20). Some of those studies used
human recombinant TRAIL on different canine cell lines of
mammary gland tumor (P114), osteosarcoma (D-17), and
mastocytoma (C-2) (17, 18). In this regard, studies on
sensitivity of canine mastocytoma cell line (C2) to human
TRAIL showed that C2 cells were more sensitive to the pro-
apoptotic effects of the ligand than normal canine kidney
cells (MDCK). In another study by Rong et al., the authors
synthesized canine TRAIL and found it to bear a high
homology with the human protein (81.3% sequence
homology). Interestingly, they also showed that the canine
protein was more effective in inducing apoptosis in human
neoplastic cells than human TRAIL protein in canine cancer
cells (19). During that time, Spee et al. (18) reported a
possibility of using TRAIL in inducing apoptosis in
osteosarcoma cells, mammary gland tumor or canine bile
duct epithelial cells and discussed the role of the X-linked
inhibitor of apoptosis protein (XIAP) in resistance to the
ligand which also may be a problem in dogs therapy. 

Therapeutic strategies based on Apo2L/TRAIL involve the
use of soluble recombinant TRAIL or monoclonal agonistic
antibodies against DR4 and DR5 receptors (21, 22). However,
although safe, the only recombinant version of TRAIL
approved to be used in the clinic has shown limited efficacy
in phase II clinical trials (6, 23). For that reason, other highly
bioactive versions of TRAIL (7, 24, 25) or combined

therapies (26, 27) are required to overcome TRAIL resistance
of some cancer cells. Regarding combined therapies, a wide
variety of antitumor agents such as cytostatics, tyrosine
kinase inhibitors, histone deacetylase inhibitors and
proteasome inhibitors have been used in combination with
TRAIL (28-30). Among the different strategies followed to
sensitize to TRAIL induced apoptosis, inhibition of cyclin-
dependent kinases (CDKs) has shown exceptionally
promising results. In this regard, the pan-CDK inhibitor
flavopiridol (FVP) (31, 32) has been widely used in
combination with TRAIL (33-39). Although FVP can block
different CDKs, the specific mechanism by which it sensitizes
tumor cells to TRAIL-induced apoptosis is mainly through
inhibition of mRNA production. FVP inhibits CDK9, a
component of the p-TEFb (positive transcription elongation
factor b), therefore blocking DNA transcription, and
ultimately protein expression. This blockage primarily affects
expression of short half-life proteins involved in regulation
of apoptosis such as cFLIP, XIAP or Mcl-1 (33-35, 37-39).
Besides, FVP has been described to increase surface
expression of the pro-apoptotic TRAIL receptor DR5 (40).

Although the antitumor activity of FVP alone has already
been explored in dogs (41),  to our knowledge the
combination of TRAIL with FVP has not yet been analyzed
in canine tumors. Hence, we decided to examine the TRAIL-
sensitizing activity of the aforementioned compound in
canine lymphoma. Since the most common type of
lymphoma in dogs is diffuse large B-cell lymphoma, we
chose to test the CLBL-1 cell line, derived from a dog with
said type of lymphoma (42, 43).

Materials and Methods
Chemicals and reagents. Soluble TRAIL (thereafter hTRAIL,
corresponding to amino acids 95-281 cloned into the pET-28c
plasmid -Novagen) was kindly provided by Dr. M. MacFarlane (44).
Blocking anti-human TRAIL mAb clone RIK2 were from BD
Biosciences (San Jose, CA, USA). Flavopiridol (FVP), fetal bovine
serum (FBS), L-glutamine, penicillin and streptomycin solution and
propidium iodide were purchased from Sigma-Aldrich (Steinheim,
Germany). Annexin V FITC was purchased from Immunostep
(Salamanca, Spain) and CellEvent™ Caspase-3/7 Green Flow
Cytometry Assay Kit from Molecular Probes (Eugene, OR, USA).
Phosphate buffered saline (PBS), and RPMI 1640 culture medium
were obtained from the Institute of Immunology and Experimental
Therapy, Wrocław, Poland. Caspase-Family Inhibitor Z-VAD-FMK
was from BioVision (Milpitas, CA, USA).

Cell lines and cell cultures. The CLBL-1 (canine B-cell lymphoma
cell line) obtained from Barbara C. Ruetgen from Institute of
Immunology, Department of Pathobiology of the University of
Veterinary Medicine in Vienna was used in the study (43). CLBL-1
cells were maintained in RPMI 1640 culture medium supplemented
with 2 mM L-glutamine, 100 U/mL penicillin and 100 μg/mL
streptomycin and 10% heat-inactivated fetal bovine serum (FBS).
The culture was maintained in the atmosphere of 5% CO2 and 95%
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humidified air, at 37˚C. The cells were cultured in 25 cm2 cell
culture flask (Corning, NY, USA) and subcultivated every other day
to keep at optimal density.

Cell death analysis. Staining with propidium iodide (PI) was carried
out to determine cell death. Briefly, 75×104 cells per well were
seeded in a 96-well-plate (TPP, Trasadingen, Switzerland) and
hTRAIL or FVP were added at the final concentration range of 250-
1000 ng/ml (250 ng/ml, 500 ng/ml, 1000 ng/ml) or of 50-200 nM
(50 nM, 100 nM, 200 nM) respectively for 24 h.  After that, cells
were harvested and washed twice in PBS, transferred into
cytometric tubes and stained with PI (final concentration of 
1 μg/ml). Cell death was analyzed using FACS Calibur cytometer
and CellQuest 3.lf. software (Becton Dickinson, Biosciences, San
Jose, CA, USA).

Quantification of apoptosis. Phosphatidyl-serine exposure on cell
surface is a characteristic event in apoptotic cell death and was
analyzed to quantify apoptosis. Binding of annexin V to phosphatidyl-
serine translocated to the outer cell membrane was assessed by flow
cytometry. Briefly, 75×104 cells were treated with the tested
compounds (hTRAIL, FVP or its combination). For combined
treatment, cells were incubated with FVP for 6 h and then hTRAIL
was added and cells were incubated for further 24 h. After harvesting
the cells and washing them twice with cold PBS, they were suspended
in a binding buffer and stained with annexin V-FITC for 10 min at
room temperature. After that, apoptosis quantification was carried out
using FACS Calibur cytometer and CellQuest 3.lf. software (Becton
Dickinson, Biosciences, San Jose, CA, USA). As a control, cells were
preincubated for 1 hour with anti-human TRAIL mAb (250 ng/mL,
clone RIK2, BD Biosciences, San Jose, CA, USA) or the pan-caspase
inhibitor Z-VAD-fmk (30 μM, BioVision, Milpitas, CA, USA).

Apoptosis is characterized by caspase activation. For that,
analysis of caspase-3/7 activation was performed using CellEvent™
Caspase-3/7 Green Flow Cytometry Assay Kit (ThermoFisher
Scientific, Waltham, MA, USA). Briefly, after 24 h, cells were
harvested and washed twice in PBS, transferred into cytometric
tubes and stained with CellEvent® Caspase-3/7 Green Detection
Reagent for 30 min at 37˚C. Before flow cytometry analysis,
SYTOX® AADvanced™ dead cell stain solution was added
according to the manufacturer’s instructions. Samples were analyzed
using FACS Calibur cytometer and CellQuest 3.lf. software (Becton
Dickinson, Biosciences San Jose, CA, USA).

Western blot analysis. A total of 5×106 cells were treated with tested
compounds and their combination for 24 h as described above. After
incubation, cells were rinsed with cold PBS, suspended in the lysis
buffer (50 mM Tris-HCl pH 7.5, 100 mM NaCl, 1% NP-40 and
protease inhibitors set) and incubated for 20 min on ice. Then, cells
were centrifuged at 10,000 rpm at 4˚C for 10 minand sodium
dodecyl sulfate (SDS) sample buffer was added to clear
supernatants. Samples were boiled at 95˚C for 5 min and subjected
to SDS-PAGE on 10-15% gel. The resolved proteins were
transferred to PVDF membrane (Millipore, Billerica, MA, USA),
using Semidry Transfer Cell (BIO-RAD, Hercules, CA, USA). After
that, the membrane was blocked overnight with 1% casein in TBS
at 4˚C, and then incubated with 1-2 μg/ml of primary antibody at
room temperature for 1 hour, followed by secondary horseradish
peroxidase-labeled antibody (DAKO, Glostrup, Denmark). The
bound antibodies were visualized using ECL blotting detection

system (Thermoscientific, Waltham, MA, USA). Canine peripheral
blood mononuclear cells (PBMC) obtained from healthy dog were
used as a control. Anti-BID (PAB0238) antibody was from Abnova
Corporation (Taipei City, Taiwan). The other antibodies were from
Santa Cruz Biotechnology (CA, USA): PARP (H-250), Bcl-2 (C-2),
Bcl-xl (S-18), Mcl-1 (S-19), XIAP (H-202), cFLIPs/l (G-11),
caspase 8 (H-134), caspase 9 (H-170), Actin (C-4).

Statistical analysis. All data are shown as the mean±standard
deviations (SD) of four independent experiments. Statistical
differences were analyzed using Student’s t-test for normally
distributed values and one-way ANOVA followed by Tukey’s
multiple comparison test were used to test statistical differences
among treatment groups. The results were considered significant
when p<0.05.

Results
Canine lymphoma CLBL-1 cells are resistant to recombinant
TRAIL. First of all, we wanted to analyze the cytotoxic effect
of human soluble TRAIL (hTRAIL hereafter) in the canine
lymphoma cell line CLBL-1 (Figure 1). Although the effect
of hTRAIL on CLBL-1 cell line was studied using a wide of
concentrations up to 1,000 ng/ml, no cytotoxic effect of the
death ligand could be observed. Percentage of dead cells
after treatment with increasing TRAIL concentration was not
statistically different from the control and the values ranged
below 6% of dead cells. Even after prolonged exposition up
to 72 hours with a concentration of hTRAIL of 3000 ng/mL,
CLBL-1 cells remain unaffected (data not shown) indicating
that these cells are completely resistant to hTRAIL.

Flavopiridol sensitizes CLBL-1 cells to apoptosis induced by
hTRAIL. As mentioned above, flavopiridol (FVP) has been
shown to be a strong hTRAIL sensitizer in different human
cancer cells (33-35, 37-39). For that reason, we sought to
sensitize CLBL-1 cells by treating them with FVP in
combination with hTRAIL. As shown in Figure 2, FVP alone
showed remarkable cytotoxicity on CLBL-1 cells. However,
combination of hTRAIL with FVP showed a higher cytotoxic
effect that FVP alone. Importantly, those differences were
statistically significant for the combination of hTRAIL with
both FVP concentrations, 100 nM or 200 nM. Although the
cell death induced by FVP alone at 200 ng/ml was too high
to draw any conclusion, the TRAIL sensitizing effect of the
FVP dose of 100 nM strongly suggested that hTRAIL may
be cytotoxic on CLBL-1 cell line, but its cytotoxic effect is
blocked by a molecular mechanism, which is, at least
partially, released by FVP.

The next step was to characterize the type of cell death
that the combination of hTRAIL with FVP induced in
CLBL-1 cells. Annexin V staining indicated that both FPV
alone or in combination with TRAIL induced phosphatidyl-
serine translocation in CLBL-1 cells, a typical feature of
apoptosis (Figure 3). Accordingly, preincubation with the
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pan-caspase inhibitor Z-VAD-fmk abrogated cell death,
resulting in a marked reduction of apoptosis in CLBL-1 cells
to levels comparable to the control (17.45±4.13%).
Importantly, preincubation of CLBL-1 cells with the
blocking anti-human TRAIL monoclonal antibody (clone
RIK2) suppressed the synergistic effect observed when both
agents were used in combination, reducing apoptosis to the
same level observed when FVP was used alone, proving that
the observed cytotoxic effect is TRAIL dependent.

As indicated above, the pan-caspase inhibitor Z-VAD-
fmk fully abrogated cell death induced by the combined
treatment indicating that caspase activation is necessary for
the cytotoxicity induced by hTRAIL plus FVP. To further
evaluate that, caspase 3/7 activation was assessed in CLBL-
1 cells treated with the combination of hTRAIL and FVP
(Figure 4). As observed in Figure 4, combination of
hTRAIL with FPV induced the strongest activation of the
effector caspases 3 and -7 (64.60±1.41% of cells).
Remarkably, this caspase activation perfectly correlated
with phosphatidyl-serine translocation, being the
percentages almost identical. Again, the pan-caspase
inhibitor Z-VAD-fmk effectively blocked the proapoptotic
effect of the combined treatment (6.30±2.36% of cells with
active form of caspase-3/7). Finally, preincubation of
CLBL-1 cells with the blocking anti-human TRAIL
monoclonal antibody (clone RIK2) suppressed the
synergistic effect observed when both drugs were used in

combination reducing caspase-3/7 activation at same level
as that observed with FVP alone.

Flavopiridol induced cFLIP degradation and Bid activation in
CLBL-1 cells. To better understand the way in which FVP
sensitized to TRAIL-induced apoptosis in the canine lymphoma
CLBL-1 cell line, changes of the expression pattern of different
key proteins was analyzed by Western blot after different
treatments (Figure 5). CLBL-1 cells were characterized by
presenting a chronic activation of nuclear factor-kappa B (NF-
kB) as well as an increased expression of the anti-apoptotic
members of the Bcl-2 family Bcl-2, Bcl-xL and Mcl-1.
Interestingly, CLBL-1 cells also showed certain overexpression
of the pro-apoptotic Bcl-2 family member Bid, which could
sensitize cells to TRAIL-induced apoptosis (45). When CLBL-
1 cells were treated with FVP alone for 6 hours, no changes in
the expression levels of Bcl-2, Bcl-xL, Mcl-1 and XIAP (X-
linked of apoptosis protein) could be noticed. Similarly, the
combined treatment of FVP with TRAIL did not show any effect
on those same proteins either. However, it is noteworthy that the
combination of FVP with hTRAIL did induce a strong reduction
of cFLIP levels, which correlated with a stronger activation of
caspase-8. Moreover, this increased activation of caspase-8
correlated with a more robust cleavage of Bid, which was indeed
in accordance with the observed overexpression of this BH3-
only protein in these cells. Consequently, the mitochondrial
apoptotic machinery appeared to be also more active after
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Figure 1. Cell death induction by hTRAIL on CLBl-1 cell line. Cells were treated with hTRAIL at indicated concentrations for 24 h. After that, cell
death was measured by propidium iodide (PI) staining. Graph shows the mean±SD of at least four independent experiments.



treatment with FVP+hTRAIL, as reflected by the increased
cleavage of caspase-9. Finally, the increased cleavage of PARP-
1, a known substrate of the executioner caspase-3, proved the
overall superior pro-apoptotic potential of FVP+hTRAIL.
Altogether the combined treatment showed an improved pro-
apoptotic potential as compared with hTRAIL alone.

Discussion

Since its first description, TRAIL was considered as a
promising potential antitumor agent in humans due to its
ability to induce apoptosis in cancer cells while not affecting
normal cells (6-8). However, the potential of TRAIL for
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Figure 3. Apoptosis induction by combined treatment of hTRAIL with FVP on the CLBl-1 cell line. Cells were treated with hTRAIL (250 ng/ml),
with FVP (100 nM) or with the combination of hTRAIL and FVP. Combined treatment was also performed using hTRAIL and FVP previously pre-
incubated with the anti-TRAIL blocking mAb, RIK2 (RIK, 250 ng/ml), or the pan-caspase inhibitor Z-VAD-fmk (FI, 30 μM). Apoptosis was measured
by annexin-V staining after 24 h. Graph shows the mean±SD of four independent experiments. The results were considered significant when p<0.05.
Values without common letters (a, b, c)  in the superscript differ statistically.

Figure 2. Cell death induction by combined treatment of hTRAIL with FVP on CLBL-1 cell line. Cells were treated with hTRAIL at 250 ng/ml alone
or after previous treatment with FVP (6 h) as indicated concentrations for 24 h. After that, cell death was measured by propidium iodide (PI)
staining. Graph shows the mean±SD of four independent experiments. *p<0.05.



veterinary cancers has only been marginally investigated (17-
20). Moreover, no scientific work exploring the possibility
of combining TRAIL with sensitizing agents in a veterinary
context has been reported. In the present work, we have
analyzed the combined effect of TRAIL with the sensitizing
agent FVP in the canine lymphoma cell line CLBL-1. Our

results clearly demonstrated that the canine CLBL-1 cells are
resistant to recombinant human TRAIL-induced apoptosis in
normal conditions. This could have been attributed to a lack
of cross reactivity between the human ligand and the canine
receptor. However, this seemed unlikely providing that
previous studies already reported sensitivity of different
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Figure 4. Caspase-3/7 activation by combined treatment of hTRAIL with FVP on the CLBl-1 cell line. Cells were treated with hTRAIL (250 ng/ml),
with FVP (100 nM) or with the combination of hTRAIL and FVP. Combined treatment was also performed using hTRAIL and FVP previously pre-
incubated with the anti-TRAIL blocking mAb, RIK2 (RIK, 250 ng/ml), or the pan-caspase inhibitor z-VAD-fmk (FI, 30 μM). After 24 h, caspase-3/7
activation was measured using CellEvent™ Caspase-3/7 Green Flow Cytometry Assay Kit. (A) Dot plots obtained in one representative experiment
showing caspase-3/7 activation (X-axis) and cell death (Y-axis). (B) Graph shows the mean±SD of four independent experiments. The results were
considered significant when p<0.05. Values without common letters (a, b, c) in the superscript differ statistically.



canine cancer cell lines to human recombinant TRAIL (17,
18) suggesting that the TRAIL resistance observed in CLBL-
1 cells would most likely be due to an inherent resistance
mechanism. Therefore, we tried to sensitize CLBL-1 cells to
TRAIL-induced apoptosis using flavopiridol (FVP), a well-
known TRAIL-induced apoptosis sensitizing agent.

FVP is well known for its strong inhibitory effect on
cyclin-dependent kinases (CDKs). Nevertheless, its
antitumor activity is not only limited to cell cycle arrest and
apoptosis induction. For example, FVP exhibits also
antiproliferative activity most likely through direct and
indirect inhibition of EGFR receptor activation and/or a
direct inhibition of other kinases involved in the signal
transduction pathway (pp60 Src, PKC and Erk-1) (46). The
possibility of using of FVP in veterinary oncology has also
been explored. It was demonstrated that FVP at a
concentration of 400 nM was able to induced apoptosis in
many different canine lymphoma cell lines (CLBL-1, Ema,
CL-1, GL-1, UL-1, CLGL90, Nody-1 and 17–71) (41).
Accordingly, we found that CLBL-1 cells showed a
remarkable sensitivity to FVP-induced cell death, being able
to induce about 70% of dead cells after 24 h exposure at 
200 nM, and around 30% when used at 100 nM. Moreover,
the cell death observed was an apoptotic process, showing
phosphatidyl-serine exposure and caspase activation.

However, combination of TRAIL with FVP showed a
synergistic effect on CLBL-1 cells, improving the cytotoxicity
of both FVP and TRAIL alone. Although CLBL-1 cells were
completely resistant to TRAIL-induced cell death even at the
highest doses used, combination of this death ligand with FVP
sensitized canine lymphoma cells to TRAIL. In this line,
preincubation with the blocking anti-TRAIL monoclonal
antibody RIK2 reverted the cell death levels to those
observed with FVP alone, demonstrating the TRAIL
specificity of the synergistic cytotoxic effect. Moreover, the
combination of TRAIL with FVP induced a canonical
apoptotic cell death, with phosphatidyl-serine exposure and
caspase activation. In this regard, it should be noted that
zVAD completely abrogated the cell death observed,
discarding any other mode of TRAIL-induced cell death such
as necroptosis (47). In order to better understand how FVP
sensitized cells to TRAIL-induced apoptosis, we analyzed the
expression of a wide range of proteins involved in TRAIL
signaling regulation after treatment with FVP alone, TRAIL
alone or the combination of both.

Several studies have previously described the synergistic
potential of FVP and TRAIL in human cancer cells (33, 35,
40, 48). However, the mechanism behind this sensitizing
effect has not been yet clearly demonstrated. Being a pan-
CDK inhibitor, in addition to blocking cell-cycle related
CDKs, FVP also exerts an inhibitory effect on CDK9 and
CDK7, which form part of the P-TEFb (positive translation
elongation factor b), a key component of the translation
machinery (49). In this line, Lemke and collaborators (6)
described that SNS-032, a CDK inhibitor with high
specificity for CDK9, exerted a strong TRAIL sensitizing
effect by inducing a strong reduction of the short-lived
proteins Mcl-1 and cFLIP, as a result of the inhibition of
their de novo expression by blockage of protein translation.
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Figure 5. Analysis of protein expression after combined treatment of
hTRAIL with FVP on CLBl-1 cell line. Protein expression of the
indicated proteins were analyzed by Western blot in untreated CLBL-1
cells (line 1) and treated with hTRAIL (250 ng/ml) (line 2), with FVP
(100 nM) (line 3) or with the combination of hTRAIL and FVP (line 4).
β-actin levels were used as a control for equal protein loading.



Therefore, it is likely that the TRAIL-sensitizing effect
exerted by FVP is at least in part due to CDK9/7 inhibition.
Nevertheless, other TRAIL-sensitizing functional effects
such as increased surface expression of DR5 have also been

described for FVP besides its inhibitory effect on protein-
translation (40).

Surprisingly, no changes in the expression level of XIAP,
Mcl-1, Bcl-2 and Bcl-xL proteins could be observed after
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Figure 6. Schematic representation of the proposed model for the increase of cytotoxicity of combined treatment of hTRAIL with FVP. Experimental
data obtained lead us to propose the presented model. In the case of hTRAIL alone (left), anti-apoptotic protein cFLIP blocks activation of the apoptotic
signalling through extrinsic pathway at its initial step. When hTRAIL acts in association with FVP (right), FVP promoted the downregulation of cFLIP
allowing the activation of the apical caspase-8. Activated caspase-8 triggers activation of caspase-3 in a direct manner and also activates BH-3 pro-
apoptotic protein Bid which in turn activated the mithochodrial amplification loop of apoptosis leading to caspase-9 activation. Finally, activated
caspase-3 (directly by activated caspase-8 and through mitochondrial apoptotic pathway) induced PARP-1 degradation leading to apoptosis.



treatment with either FVP alone or with the combination of
FVP and hTRAIL, contrarily to the aforementioned previous
studies (30, 33, 35, 37). In any case, we did observe a clear
reduction of the anti-apoptotic protein cFLIP when TRAIL
and FVP were used in combination. Considering the potent
inhibitory effect of cFLIP on caspase-8 activation (50), this
downregulation would most likely be directly linked to the
TRAIL-sensitizing effect of FVP. Interestingly, cleavage of
the pro-apoptotic BH-3-only protein Bid and a clear
activation of caspase-9 were also observed upon
FVP+hTRAIL treatment. This, together with the stronger
caspase-3 activation and PARP-1 cleavage detected, proved
that FVP driven TRAIL sensitization relied on an increased
activation of both the extrinsic and the intrinsic branches of
the apoptotic machinery. Taking all these into consideration,
we propose a model to explain the synergistic effect of
FVP+hTRAIL (Figure 6). Thus, in normal conditions the
activation of caspase-8 in CLBL-1 cells upon TRAIL
stimulation would be blocked mainly by cFLIP at the DISC
level (Figure 6A). However, the inhibition of protein
transcription exerted by FVP would provoke a halt of the
turnover of cFLIP, ultimately leading to a reduction of its
expression. This effective downregulation of cFLIP would
allow the activation of caspase-8 (Figure 6B). Active
caspase-8, in turn, can directly activate caspase-3 in a direct
manner, but it also cleaves the pro-apoptotic BH3-only
protein Bid, generating truncated Bid (tBid). Truncated Bid
triggers activation of the mitochondrial loop of amplification
leading to activation of caspase-9. Interestingly, in this
regard, according to our data CLBL-1 cells appear to be type
II cells in relation to TRAIL susceptibility (51). Finally,
caspase-3 was activated directly by both caspase-8 and by
caspase-9 ultimately unleashing the apoptotic process.

Conclusion

TRAIL is able to induce apoptosis in a wide variety of
tumor cells while sparing most normal cells, therefore
investigating the possibility of the use of TRAIL still
remains in the range of researcher’s interest. Targeting of
the extrinsic apoptotic pathway for anticancer therapy is
uniquely attractive for several reasons including facts that
death receptors are widely expressed in tumors and that
proapoptotic receptors activate caspases and induce
apoptosis regardless of the p53 status of cancer cells.
Therefore, it seems that the research on sensitization of cells
initially resistant to TRAIL by the combination of drugs
having a synergistic action with TRAIL is reasonable. In
spite of the initial cell resistance showed by CLBL-1 cells,
we showed that combination of TRAIL with FVP strongly
activates the apoptotic process in CLBL-1 cells, creating the
new possibilities of therapeutic strategies based on
sensitization to TRAIL in canine cancers.
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