














the effects on survival factors levels in HepG2 and Hep3B
cells. It is noteworthy that GW9662 was ineffective in SK-
Hep]1 cells, suggesting that in these cells the down-regulation
of these proteins is a PPARy-independent event (Fig. 3B,
lane 5). It is interesting that GW9662 also attenuated by
approximately 30% the cytotoxic effect induced by WIN/
TRAIL combination on HepG2 and Hep3B cells, whereas it
did not modify SK-Hep1 cell viability. Figure 3C reports the
effect induced by GW9662 in HepG2 cells.

WIN Induces DR5 Up-Regulation Sensitizing HCC
Cells to TRAIL Action. It is well known that TRAIL resis-
tance is often associated with the loss of the specific DR4 and
DR5 death receptors or the up-regulation of the decoy DcR1
and DcR2 receptors (Sheridan et al., 1997). Because the
expression of these proteins can be modulated by a number of
compounds, we were interested in determining their levels in
5 uM WIN-treated HCC cells. Figure 4A shows that at 24 h
of treatment, WIN induced an increase in the levels of DR4
and, in particular, in that of DR5, whereas the levels of DcR1
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and DcR2 were only slightly decreased after treatment (data
not shown).

Our experiments demonstrated that in HepG2, Hep3B,
and SK-Hep1 cells, WIN-induced DR5 increase was progres-
sive with time; the effect was clearly evident at 8 h of treat-
ment, reaching the maximum at 16 and 24 h (Fig. 4B). DR5
increase was a consequence of the transcriptional activation
induced by WIN treatment. In fact, real-time quantitative
RT-PCR for DR5 mRNA expression, performed in HCC cells,
showed that 5 uM WIN increased the level of DR5 transcript,
reaching approximately 2-fold the control value already at
8 h of treatment (Fig. 4C). The effects on both DR5 mRNA
and protein levels were specifically induced by the cannabi-
noid; in fact, the addition of TRAIL did not modify WIN
effects (Fig. 4, C and D, top).

It has been documented that in cancer cells, the down-regula-
tion of c-FLIP, an antiapoptotic factor related to death receptors,
can contribute to the enhancement of TRAIL-induced apoptosis
(Park et al., 2009). Western blotting analysis showed that WIN

Fig. 3. WIN-sensitized TRAIL-me-
diated apoptosis is accompanied by
up-regulation of PPARy and down-
regulation of survival factors. A, ef-
fects induced by WIN or TRAIL,
used alone or in combination, on
PPARYy level in HCC cells treated
for 8 and 24 h in the presence of
absence of z-VAD-fmk. B, effects
induced by the compounds on the
level of the survival factors sur-
vivin, c-IAP2, XIAP, Bcl-2, and
phospho-AKT. HCC cells were
treated for 24 h with the two com-
pounds used alone or in combina-
tion in the presence or absence of
the PPARYy inhibitor GW9662 as
indicated. Cell lysates were pre-
pared as reported under Materials
and Methods, resolved by SDS-
polyacrylamide gel electrophoresis
and Western blotting. Actin blots
were included to show equal pro-
tein loading for all of the samples.
The results are representative of
four independent experiments with
similar results. C, effect induced by
50 pM GW9662 on viability of
HepG2 cells treated for 24 h with
WIN/TRAIL combination. Cell via-
bility was estimated by MTT assay,
as reported under Materials and
Methods, and expressed as the per-
centage of control cells. Data were
the means = S.E. of four indepen-
dent experiments involving tripli-
cate assays. , p < 0.01 versus
control untreated cells.

9102 ‘9T Jequueidas uo sfeulnor 134S Y e 6.o'sjeulno ladse:w.eyd jow wio.y papeo jumoq



860

Pellerito et al.

induced a marked down-regulation of both the long and short
isoforms of the protein. In addition, in this case, the effect obtained
in WIN-treated cells was not modified by TRAIL (Fig. 4D, bottom).
The addition of GW9662 partially counteracted WIN effect on
¢-FLIP level, indicating that this event is almost in part dependent
on PPARy activation.

WIN-Induced DR5 Up-Regulation Is a CHOP-Depen-
dent Event. Next, we were interested in investigating the
underlying mechanism by which WIN induces DR5 up-regu-
lation. It has been demonstrated that in hepatic stellate cells,
DR5 up-regulation is regulated by PPARy (Wang et al.,
2009). The addition of PPAR+y inhibitor GW9662 to WIN/
TRAIL-treated cells failed to counteract WIN-induced in-
crease in both mRNA and protein DR5 levels (Fig. 4, C and

D), indicating that, in our experimental model, DR5 increase
is a PPARy-independent event.

Another upstream activator of DR5 in certain types of
cancer is CHOP (also known as GADD153), a transcription
factor of CCAAT/enhancer binding protein homologous pro-
tein family, which is strictly correlated with endoplasmic
reticulum stress and participates in endoplasmic reticulum-
mediated apoptosis (Chen et al., 2007). Results reported in
Fig. 5A show that in HCC cells, CHOP level was significantly
increased after WIN treatment in a time-dependent manner.
The event was clearly evident at 8 h in accordance with the
cannabinoid-induced DR5 increase. CHOP up-regulation oc-
curred at the transcription level, as demonstrated by semi-
quantitative RT-PCR analysis (Fig. 5B). The effects on CHOP

A B Fig. 4. WIN induces up-regulation
HepGZ Hep3B SK-Hepl 5 l-lM WIN of both mRNA and protein expres-
T S uMWIN 5 i i sion levels of DR5 death receptor.
" ime (h) A, evaluation of DR5 and DR4
- DRS (48 kDa) TRAIL receptors in HCC cells
- 4
(43 kDa) R kDy  treated with WIN for 24 h. B, time-
dependent effect on the level of DR5
induced by WIN treatment in
HepG2 cells. C, real-time RT-PCR to
} - B-actin evaluate the effect of the compounds
\j \:l DR4 (59 kDa) _ on the level of DR5 transcript in
D HCC cells treated for 8 h in the pres-
1 - - B-actin - + - + + 20 ng/ml TRAIL ence or absence of 50 uM GW9662.
_l +  SuUMWIN Real-time RT-PCR was performed
+ 50 nM GW9662 as reported under Materials and
C -DRS(8kDa)  Methods. D, effects of WIN/TRAIL
3 - (43kDa) combined treatment on the level of
g DR5 and c¢-FLIP measured in
g A O Control HepG2 cells incubated for 24 h with
g the compounds in the presence or
3 ? % L W 20ing/mLIRATL Flist (55 KD absence of 50 uM GW9662. Western
S é é 5 uM WIN eHlipL %) blotting analysis was performed as
&1 7 7 reported under Materials and Meth-
[a e
< g Z W WIBAIRETE . ods. Actin blots were included to
% E % é B WIN/TRAIL + -cFlips 43kDa)  ghow equal protein loading for all of
é é 50 uM GW9662 the samples. The results are repre-
0 T 2 H B SK. 1 - B-actin sentative of four independent exper-
P °p e iments with similar results.
A S M WIN - TRAIL
- + “ +
0 8 16 24  Time (h) +  WIN

- CHOP (30 kDa) - CHOP Fig. 5. The apoptotic effects of WIN/
TRAIL combination are dependent on up-
regulation of CHOP and p8. A, time-de-
B acti pendent increase in the level of CHOP
CHOR [:' e induced by 5 uM WIN in HCC cells.
B, CHOP and p8 are transcriptionally in-
duced by WIN treatment. HCC cells were
- CHOP treated for 8 h with WIN and/or TRAIL at
the indicated concentrations. The expres-
sion of CHOP and p8 transcripts was de-
termined by semiquantitative RT-PCR.
GAPDH mRNA levels were evaluated as
Hep3B SK-Hepl an internal control. Results are represen-
- + - + _ . R + 20 ng/ml TRAIL tative of at least three separate experi-

ments. C, effects induced by WIN and/or
TRAIL in HepG2 cells after 24 h of treat-
ment. CHOP expression level was ana-

+ 5uM WIN

- CHOP (496 bp) lyzed by Western blotting analysis as re-
ported under Materials and Methods.
Actin blots were included to show equal

- p8 (571 bp) protein loading for all the samples.

- GAPDH (200 bp)
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expression were induced by the cannabinoid alone; in fact,
also in this case, the addition of TRAIL did not modify WIN
effects on CHOP mRNA and protein levels (Fig. 5, B and C).
Because it has been described that up-regulation of CHOP
and DR5 can be dependent on ROS generation (Lee et al.,
2009), we examined the effects induced by the addition of
N-acetylcysteine or glutathione on both the viability of WIN/
TRAIL-treated cells and the levels of DR5 and CHOP. The
results seemed to exclude the involvement of oxidative stress;
in fact, the examined parameters were unmodified after the
addition of the antioxidants (data not shown).

There has been identified recently a correlation between
CHOP and p8 (also designated as candidate of metastasis-1
or nuclear protein-1), a stress-regulated protein that is im-
plicated in a number of functions, including the induction of
apoptosis in tumor cells (Carracedo et al., 2006; Chowdhury
et al., 2009). Because p8 is an essential mediator of canna-
binoid antitumor action in gliomas (Carracedo et al., 2006),
we tested the involvement of this factor in the antiprolifera-
tive effect of WIN in HCC cells. Semiquantitative RT-PCR
demonstrated that p8 mRNA levels increased after 8 h of
WIN treatment in all three cell lines. p8 up-regulation
seemed to be more evident in Hep3B and SK-Hepl cells
because in these cells, the basal level of p8 mRNA was almost
undetectable. The increase was also observed in WIN/TRAIL-
treated cells, whereas it was not observed in the presence of
TRAIL alone (Fig. 5B).

To clarify whether p8 and CHOP proteins are critical for
WIN-mediated DR5 up-regulation, we down-regulated the
expression of these factors by siCHOP or sip8 mRNAs and
examined the effect on DR5 activation and cell death in
response to WIN and TRAIL, used alone or in combination.
In initial experiments, CHOP expression was evaluated in
siCHOP-transfected WIN-treated HepG2 cells. Figure 6A
shows that the transfection with siCHOP reduced WIN-de-
pendent CHOP up-regulation compared with treated cells
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transfected with siScr. Likewise, siCHOP also clearly abro-
gated WIN-induced DR5 increase, both at mRNA and protein
levels, confirming that CHOP up-regulation is required for
this event (Fig. 6, A and B).

To evaluate the existence of a p8/CHOP/DR5 axis, we
also studied the effect of WIN after silencing of p8 expres-
sion. After confirming the reduction in the level of p8
transcript in the presence of the specific siRNA (Fig. 6C),
we studied the levels of CHOP and DRS5 in sip8-transfected
cells after WIN treatment. As shown in Fig. 6D, the levels
of both of these factors were significantly decreased in
WIN-treated transfected cells. It is important to note that
we found that in sSiCHOP- or sip8-transfected HepG2 cells,
WIN/TRAIL combined treatment exerted a more minor
cytotoxic effect than that observed in cells transfected with
scrambled siRNA (Fig. 6E).

Discussion

The aim of this study was to investigate the effect of
cannabinoids in modulating TRAIL sensitivity and in acti-
vating apoptosis in TRAIL-resistant HCC cells. Data pre-
sented in this article demonstrate for the first time a strong
synergistic interaction between WIN, a synthetic ligand of
cannabinoid receptors, and TRAIL in HCC cell lines. Treat-
ment with a combination of subtoxic doses of the two drugs
effectively reduced the viability of HepG2, Hep3B, and SK-
Hepl cells, three HCC cell lines characterized by a different
origin and tumorigenic degree. Cell death observed after
treatment with WIN/TRAIL combination was associated
with the activation of an apoptotic pathway, which involved
the dissipation of transmembrane mitochondrial potential
and the activation of caspase activities.

Our article clearly indicates that many events induced by
WIN can be responsible for sensitization of HCC cells to
TRAIL-induced apoptosis. The results provided evidence that

Fig. 6. RNA interfering against CHOP or
p8 affected DR5 expression and HepG2

A B
siScr siCHOP O Control
-+ -+ S5uMWIN B WIN
- CHOP
2

-DR5

—_

mRNA DRS5 (fold increase)

D
siSer sip8
« + - + 5uM WIN
e |
- CHOP
siScr sip8 i |
- + - + 5uM WIN

_:| pbssein

siScr  siCHOP

cell viability. A, Western blotting analy-
sis of CHOP and DR5 expression levels
and real-time RT-PCR (B) for DR5 mRNA
in siCHOP transfected cells. C, semi-
quantitative RT-PCR of p8 transcripts
and Western blotting analysis (D) of the
levels of CHOP and DR5 in sip8-trans-
fected cells. HepG2 cells were trans-
fected for 6 h with siCHOP, sip8, or
siScr. At the end, cells were treated
with 5 uM WIN for another 8 h for eval-
uation of p8 mRNA or 16 h for CHOP
and DR5 protein expression levels. The
E results are representative of three inde-

O Control pendent experiments with similar re-

B WIN/TRAIL sults. E, knockdown of CHOP or p8 ex-
pression attenuated cytotoxic effect of
WIN/TRAIL combined treatment.
siCHOP- or sip8-transfected HepG2
cells were treated with 5 pM WIN/20
ng/ml TRAIL for 24 h. Cell viability was
estimated by MTT assay as reported un-

—_
(=3
(=}

Cell viability (% of control)

50 der Materials and Methods and ex-
pressed as the percentage of control
value. Data were the means = S.E. of
three independent experiments involv-

o L ing triplicate assays.
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treatment with WIN potently and rapidly up-regulated
TRAIL receptor DR5 at both mRNA and protein expression
levels, an event that is involved in the sensitization to
TRAIL-induced apoptosis by different compounds. DR5 up-
regulation was accompanied by the activation of caspase-8
and decrease in ¢-FLIP level, an antiapoptotic protein that
operates as an endogenous antagonist of caspase-8.

To ascertain the molecular mechanism through which WIN
enhanced DR5 expression, at first we hypothesized an in-
volvement of PPARYy. This hypothesis was suggested by the
observation that PPARy, a factor that is precociously in-
creased by WIN treatment, has been shown to enhance DR5
expression in hepatic stellate cells (Wang et al., 2009). How-
ever, in line with other authors (Zou et al., 2007; Kim et al.,
2008a), data we obtained by using the specific PPARy inhib-
itor GW9662 demonstrated that in HCC cells, the increase in
DR5 level was a PPARy-independent event.

CHOP is a key transcription factor involved in apoptosis
induced by many events, such as reticulum stress, DNA
damage, nutrient starvation, or anticancer drugs (Oy-
adomari and Mori, 2004). A relationship has been demon-
strated between the up-regulation of CHOP and the increase
of DR5. Such an event seemed to be responsible for the
reactivation of TRAIL signaling in tumor cells (Yoshida et al.,
2005). Moreover, Carracedo et al. (2006) showed that in gli-
oma cells, as well as in many other tumor cell lines, CHOP
up-regulation can be also mediated by tetra-hydrocannabi-
nol. In line with these observations, our data indicate that
WIN treatment markedly augmented mRNA and protein
levels of CHOP already after 8 h of treatment in concomi-
tance with the increase in the level of DR5. This effect was
also observed in WIN/TRAIL cotreated cells. The role of
CHOP/DRS5 axis in apoptosis induced by combined treatment
was also suggested by the observation that knockdown of
CHOP induced by siRNA significantly down-regulated DR5
level and concomitantly reduced cell death induced by WIN/
TRAIL. Therefore, we conclude that CHOP is a key player in
this mechanism.

CHOP up-regulation was often related to ROS increase, as
demonstrated in human renal cancer cells treated with
withaferin A (Lee et al., 2009). However, in other cases, as
shown in glioma cells treated with arsenic trioxide (Kim et
al., 2008b), CHOP up-regulation was a ROS-independent
event. In accordance with these studies, our results seemed
to exclude the involvement of oxidative stress as CHOP in-
ducer in HCC cells treated with WIN, because the addition of
N-acetylcysteine and reduced glutathione, which are two
powerful antioxidants, did not modify the effects of WIN on
apoptosis and on the levels of both CHOP and DR5.

To individuate the mechanism responsible for the enhance-
ment in the expression of CHOP, we evaluated the possible
involvement of p8, an endoplasmic reticulum stress-regu-
lated protein, which has been recently demonstrated to me-
diate cannabinoid action in tumor cells (Carracedo et al.,
2006). Experimental evidence reported in the present study
make plausible the hypothesis that p8 increase can be re-
sponsible for CHOP up-regulation. In fact, p8 transcript was
markedly increased after treatment of HCC cells for 8 h with
WIN, and after p8 silencing, the WIN-dependent up-regula-
tion of both CHOP and DR5 was significantly reduced. How-
ever, at present, we do not know the mechanism by which
WIN triggers p8 activity; it is possible that ceramide is also

involved in these cells, as demonstrated in glioma cells
treated with tetra-hydrocannabinol (Carracedo et al., 2006).
Studies are in progress to evaluate the level of de novo
synthesized ceramide in HCC cells treated with WIN.
Another mechanism by which WIN can sensitize HCC cells
to WIN/TRAIL-mediated apoptosis seems to be related to the
decrease in the level of survival factors. In many experimen-
tal models, the down-regulation of these proteins represents
a way to address apoptosis by anticancer drugs. Here, we
demonstrate that in HCC cells, WIN induced a clear reduc-
tion in the level of phosphorylated active form of AKT, which
can be considered a crucial factor for the growth and survival
of human cancer cells. In addition, some members of the IAP
family and Bcl-2 were down-regulated after WIN treatment.
These events seem to be mediated by PPARy, whose levels
were early up-regulated by WIN treatment. In HepG2 and
Hep3B cells, the use of the specific PPARy antagonist
(GW9662) counteracted the decrease in survival factors and
in concomitance partially counteracted the WIN/TRAIL ef-
fect on cell viability, indicating that the down-regulation of
survival factors in these cells is a PPARy-dependent event.
The addition of TRAIL slightly potentiated the effects of WIN
on PPARYy and survival factor levels at 8 h of treatment. This
event could be related to B-catenin, whose levels are very
high in hepatoma cells. In fact, it has been demonstrated
recently that this factor is a negative regulator of PPARy
gene expression (Almeida et al., 2009) and that, in resistant
cancer cells, TRAIL- and troglitazone-induced apoptosis is
preceded by a caspase-dependent cleavage of B-catenin
(Senthivinayagam et al., 2009). Thus, it is plausible to hy-
pothesize that also in hepatoma cells, the further increase in
PPARy level could be dependent on the cleavage of this
protein induced by WIN/TRAIL combined treatment.
Although treatment with WIN/TRAIL combination was
effective in all three hepatoma cell lines, the comparative
study showed some differences. In particular, in SK-Hepl
cells the expression of the survival factors was differently
influenced by treatment and seemed to be independent of
WIN-induced PPARy up-regulation. We have undertaken a
research to investigate the causes of the observed differences.
In conclusion, data reported in this article indicate that in
apoptosis induced by WIN/TRAIL combination, two different
mechanisms are involved: on the one hand, the WIN-mediated
early activation of p8 and CHOP causes up-regulation of TRAIL
receptor DR5, thus sensitizing resistant HCC cells to TRAIL; on
the other hand, WIN treatment through enhancement of
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Fig. 7. Schematic representation of the proposed mechanism of WIN/
TRAIL-induced apoptosis on HCC cells.
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PPARYy leads to the down-regulation of survival factors further
contributing to cell death (Fig. 7). Although other studies will be
required to support an eventual clinical application of WIN/
TRAIL cotreatment, this novel drug combination may repre-
sent, in our opinion, a promising anticancer strategy.
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