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Melanoma is generally resistant to chemotherapy, which may be related to defects in death receptor signaling and to
defects in induction of apoptosis. Forkhead family transcription factors induce the expression of death receptor ligands
such as Fas ligand (Fas-L) resulting in apoptosis. We therefore investigated whether a triple mutant form of forkhead
transcription factor FKHRL1 (FKHRL1/TM) can enhance Fas-L mediated-apoptosis in melanoma cells.

Two melanoma cells A2058 or DM6 were tested for their sensitivity to agonistic anti-Fas antibody (CH-11); adenovirus
expressing FKHRL1/TM (Ad-FKHRL1/TM) was assessed for its capability to induce activation of the caspase pathway; the
role of Fas-L in the Ad-FKHRL1/TM mediated-cell death was also assessed in vitro. Ad-FKHRL1/TM antitumor activity in
vivo was also evaluated in a mouse melanoma xenograft model. We found that DM6 melanoma cells were more resistant
to Fas/Fas-L-mediated apoptosis induced by agonistic anti-Fas antibody than A2058 melanoma cells. Ectopic expres-
sion of FKHRL1/TM in melanoma cells upregulated Fas-L expression, decreased procaspase-8 levels, and significantly
increased Fas/FasL-mediated cell death in both cells lines; this induced cell death was partially blocked by a Fas/Fas-L
antagonist. Importantly, Ad-FKHRL1/TM treatment of subcutaneous melanoma xenografts in mice resulted in approxi-
mately 70% decrease in tumor size compared with controls. These data indicate that overexpression of FKHRL1/TM can
induce the Fas-L pathway in melanoma cells. Ad-FKHRL1/TM therefore might represent a promising vector for melanoma

treatment.

Introduction

Melanoma is the sixth most common fatal malignancy in the
United States and is responsible for 4% of all cancer deaths and
four out of every five skin cancer-related deaths." The incidence
of this highly aggressive cancer is increasing worldwide, and its
capability to metastasize and resist chemotherapy results in a
poor prognosis.>* Melanoma, like other types of cancer, becomes
resistant to apoptosis during tumor progression.> Melanoma cells
may be resistant to apoptosis because they lack or have defective,
death receptor signaling.”

The members of the forkhead box O (FoxO) family of tran-
scription factors play important roles in many physiological and
pathological processes. These factors have been postulated to be
tumor suppressors because of their established roles in regulat-
ing cell-cycle arrest, apoptosis, DNA-damage repair, and scav-
enging of reactive oxygen species.”® Forkhead family members

have been studied as potential gene therapy agents. For example,
phosphatidylinositol 3-kinase (PI3K)/Akt inhibits apoptosis by
phosphorylation of the FoxO family of transcription factors,
therefore application of triple mutant forkhead human tran-
scription factor like-1 (FKHRLI/TM, FoxO3) which cannot
be phosphorylated by PI3K/Akt can overcome this problem;
exogenous expression of FKHRL1/TM in Caov-3 ovarian can-
cer cells decreased cell viability in response to treatment with
cisplatin.” Similarly, overexpression of FKHRLI and forkhead
box O 1 (FKHR, FoxOl1) in LAPC4 prostate carcinoma cells
using adenoviral vectors induced extensive apoptosis.® A recent
study also showed that adenovirus encoding FoxOl induced
significant tumor suppression of glioma cells in vivo.” We have
also previously shown that an adenovirus expressing the tran-
scription factor FKHRLI/TM (Ad-FKHRL1/TM) efficiently
induces apoptosis in SK-MEL-2 and SK-MEL-28 melanoma

cells in vitro.!
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Part of the mechanism of induction of apoptosis by FKHRL1/
TM involves effects on the expression of the death receptor ligand,
Fas-ligand (Fas-L). lonizing radiation can promote FKHRLI
transcriptional activity and stimulates expression of apoptosis-
inducing proteins such as Fas-L.!' Other experiments using
non-mutated FKHRLI induced apoptosis in vascular smooth
muscle cells (VSMC); this apoptosis was partially inhibited by
treatment with a neutralizing antibody against Fas-L."? Brunet
et al. reported that FKHRLI-induced apoptosis was significantly
reduced in cerebellar granule neurons treated with soluble Fas-Fc
fusion protein that functions as a decoy for the newly synthesized
Fas ligand.”” These studies all suggest that FKHRLI induces
apoptosis by a Fas ligand-dependent mechanism.

Reportedly some melanoma cell lines release cytochrome ¢
from mitochondria and activate caspase-3 upon stimulation with
the Fas agonist monoclonal antibody CH-11, however this apop-
totic pathway was not activated in several other melanoma cell
lines." Results from another study indicate that most melanoma
cell lines express Fas, but lack expression of Fas-L, however all
melanoma cells tested responded with increased apoptosis to con-
ditional expression of Fas-L.” Fas-L activation may therefore rep-
resent a promising approach for inducing apoptosis in otherwise
resistant melanoma tumor cells.

The present study is a continuation of our previous report;'
we confirmed that Fas-L plays an important role in FKHRLI/
TM-induced melanoma cell death. We show that ectopic expres-
sion of FKHRL1/TM induces the Fas-L pathway in melanoma
cells and Ad-FKHRLI/TM has significant tumor suppression
activity in a melanoma xenograft model in mice.

Results

Activation of Fas-L pathway in melanoma cells. Although
activation of Fas-L by forkhead transcription factors has been
widely documented in multiple cell types to induce apopto-
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this pathway has not been fully described in melanoma
cells. Therefore, we first tested whether Fas-L pathway activa-
tion resulted in downstream signaling and apoptosis in DM6
and A2058 melanoma cells using agonistic anti-Fas antibody,
CH-11." The CH-11 antibody recognizes the Fas cell surface
antigen, initiating the Fas/FasL pathway. DM6 and A2058 mela-
noma cells were cultured in the absence or presence of CH-11 at a
concentration of 1 pg/mL according to previous publications.'
After 72 h, downstream procaspase-8 levels were decreased in
A2058 cells treated with CH-11 compared with untreated cells,
suggesting cleavage to activate caspase-8 and initiation of apop-
tosis. A2058 cells showed a larger decrease of procaspase-8 levels
than DM6 cells (Fig. 1A). In addition, a cell viability assay was
performed to determine whether the decrease of procaspase-8 is
related to melanoma cell survival. An MTT assay demonstrated
that treatment of A2058 with CH-11 resulted in 70% cell sur-
vival, whereas DM6 cells were resistant to CH-11 (Fig. 1B).
Induction of apoptosis by CH-11 was confirmed by annexin-V
staining and flow cytometry analysis. Treatment of A2058 cells
with CH-11 induced 22% apoptosis, whereas apoptosis was only
5% in untreated cells. No significant difference was observed in
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apoptosis levels in DMG6 cells with CH-11 (8 and 10% apoptosis,
respectively, Fig. 1C). These results indicate that CH-11 acti-
vates the Fas/Fas-L pathway in A2058 melanoma cells to induce
apoptosis. DM6 cells were resistant to Fas/Fas-L pathway activa-
tion, and stimulation with CH-11 was unable to induce apopto-
sis which suggests that Fas/Fas-L pathway in DM6 cells is not
functional.

Adenovirus-mediated  FKHRL1/TM efficiently induces
melanoma cell death by activation of the caspase pathway.
We have previously shown that Ad-FKHRL1/TM efficiently
induces apoptosis in SK-MEL-2 and SK-MEL-28 melanoma
cells independent of p53."° Therefore, we investigated whether
Ad-FKHRLI/TM can also induce apoptosis in two other mela-
noma cell lines which are used to establish tumors in vivo, A2058
and DM6.'®"” Melanoma cell killing and FKHRL1/TM expres-
sion increased in a dose-dependent fashion in both cell lines
(Fig. 2A and B). Melanoma cell killing activity was associated
with expression of FKHRL1/TM and caspase-3 activation. A
decrease in the proenzyme caspase-3 level was observed in both
cells lines (Fig. 2B). An apoptosis-specific PARD cleavage frag-
ment (85-90 kDa) was also present in both cell lines (Fig. 2B).
Apoptosis was validated by annexin-V analysis. Annexin-V stain-
ing of A2058 and DM6 cell lines infected with Ad-FKHRL1/
TM demonstrated 78 and 62% apoptotic cells, respectively, with
minimal apoptosis detected in mock or Ad-LacZ infected-cells
(Fig. 2C). Our previous report and these results indicate that
FKHRLI1/TM can efficiently kill a panel of melanoma cell lines
by apoptosis, including the DM6 cells which showed resistance
to agonistic anti-Fas antibody CH-11-mediated apoptosis.

Ectopic expression of FKHRLI/TM enables Fas/Fas-L
pathway activation in melanoma cells. Since we observed that
FKHRL1/TM can activate the caspase pathway (Fig. 2B), and
it has been previously reported that forkhead transcription fac-
tors can upregulate and activate the Fas/Fas-L mediated-extrinsic
apoptotic pathway,' we investigated whether FKHRL1/TM
can induce activation of the Fas-L pathway in melanoma cells.
DMG6 and A2058 cells were not infected (Mock) or infected with
Ad-LacZ (control vector) or Ad-FKHRL1/TM at an MOI of
100. Expression of procaspase-8 was analyzed after 24, 48 and
72 h by western blot, and expression of AdAFKHRLI/TM was
also confirmed by immunoblot. Procaspase-8 levels declined over
time in both cell lines infected with Ad-FKHRL1/TM. Similar
to our observations with CH-11 treatment, procaspase-8 decrease
was greater in A2058 than in DM6 cells (Fig. 3A). No signifi-
cant changes in procaspase-8 levels were observed in mock or
Ad-LacZ infected-cells. In order to confirm that FKHRL1/TM
does in fact upregulate Fas-L expression, protein extracts from
the above experiment at 72 h after infection were used to detect
Fas-L expression by western blot. We found that cells infected
with Ad-FKHRL1/TM expressed significantly greater levels of
Fas-L in comparison with mock or cells infected with Ad-LacZ
(Fig. 3B). This result indicates that FKHRL1/TM can upregu-
late and activates the Fas-L pathway in melanoma cells, even in
the DMG cell line that was resistant to CH-11.

Inhibition of Fas-L partially blocks FKHRL1/TM-mediated
cell death. We next assessed whether Fas/Fas-L antagonist,
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Figure 1. Activation of Fas/Fas-L pathway in melanoma cells. DM6 or
A2058 melanoma cells were cultured in absence or presence of ago-
nistic anti-Fas antibody, CH-11, at a concentration of 1 pg/mL for 72 h.
(A) Western blot and bar graphs of procaspase-8 expression after CH-
11 treatment. Bars represent mean + SEM expressed as percentage of
change from three separate experiments, (*p < 0.05) decrease in the
level of expression. (B) MTT assay was used to determine cell survival.
Treatment of A2058 cells with CH-11 induced significant cytotoxicity
compared with non-treated cells. Each bar represents the mean + SD
of three independent experiments (*p < 0.05). (C) Annexin V stain-
ing was used to determine the percentage of apoptosis. Cells were
stained with annexin V-PE and 7-AAD 72 h after treatment. Cells posi-
tive for annexin V-PE and 7-AAD staining were analyzed by FACScan
flow cytometer with FlowJo software. One representative experiment
is shown from three performed.

Kp7-6, could prevent FKHRL1/TM mediated-cell death.
According to the manufacturer, Kp7-6 reduces FasL induced
apoptosis by 58% in Jurkat cells at 1 mg/mL. The antagonists
binds to both FasL (K, = 11.2 wM) and Fas (K, = 13.2 pM).
DMG6 and A2058 cells were cultured in the presence of increas-
ing concentrations of Kp7-6 (0, 1, 2.5, 5, 10 and 20 ng/mL),
followed by infection with Ad-LacZ or Ad-FKHRL1/TM. An
MTT assay demonstrated that Fas/Fas-L antagonist inhibited
FKHRL1/TM-mediated cytotoxicity in a dose-dependent
manner. Cell survival was decreased with Ad-FKHRL1/TM
infection compared with Ad-LacZ controls (20 and 40% viable
cells in DM6 or A2058 cells, respectively). In contrast, in the
presence of Kp7-6 at 10 pwg/mL, the cell viability percentages
were increased to 73 and 70% in Ad-FKHRLI1/TM infected
DM6 and A2058 cells at 72 h, respectively (Fig. 4A). These
results confirm previous reports which suggest that Fas-L may
be the main mediator of FKHRL1/TM induced-cell death.!?
However, as there was not a complete cell death rescue with
Kp7-6 treatment, this suggests that other cell death mecha-
nisms such as autophagy'® may be involved.

The effectiveness of the Fas/Fas-L antagonist was evaluated
by western blot analysis of procaspase-8 levels. A2058 cells were
cultured in the absence or presence of Kp7-6 (10 pg/mL), fol-
lowed by no infection (mock) or infection with either Ad-LacZ
or Ad-FKHRLI1/TM. Procaspase-8 expression was analyzed
72 h post infection by western blot of whole cell lysates.
Kp7-6 inhibited the decrease of procaspase-8 expression in
Ad-FKHRLI/TM infected cells, whereas procaspase-8 expres-
sion did not change significantly in mock or Ad-LacZ infected-
cells (Fig. 4B). These data indicate that Fas-L antagonist Kp7-6
efficiently inhibits Fas-L pathway activation.

Transduction with Ad-FKHRL1/TM sensitizes melanoma
cells to CH-11 mediated-apoptosis. We found that DMG6 cells
were resistant to agonistic anti-Fas antibody CH-11 mediated-
cytotoxicity (Fig. 1). We therefore next inquired whether pre-
treatment with Ad-FKHRL1/TM could sensitize melanoma cells
to CH-11 treatment. A2058 and DM6 cells were not infected
(mock) or infected with either Ad-LacZ or Ad-FKHRL1/TM at
an MOI of 10 (this MOI of concentration induces ~50% of cell
viability in A2058 cells) (Fig. 2A), followed by treatment with
CH-11 at 1 pg/mL. Annexin-V staining at 72 h showed that
A2058 and DMG6 cells infected with Ad-FKHRL1/TM alone
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induced 47 and 26% apoptosis, respectively, while Ad-FKHRL1/
TM plus CH-11 induced 77 and 63% apoptosis, respectively (p <
0.05, Fig. 5A). In contrast Ad-LacZ infected cells plus CH-11 did
not significantly increase apoptosis in comparison with CH-11
treatment alone (Fig. 5A). This result suggests that combination
of Ad-FKHRL1/TM with CH-11 has at least additive apoptotic
effect.

FKHRL1/TM downregulates X-IAP, c-IAP-1 and c-IAP-2
IAP family members. The inhibitor of apoptosis (IAP) gene
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Figure 2. FKHRL1/TM induces cytotoxicity, caspase pathway activation, and
apoptosis. A2058 and DM6 melanoma cell lines were infected at increasing
doses (0-100 MOI) of either Ad-LacZ or Ad-FKHRL1/TM. At 72 h cells were
analyzed by MTT, and western blot assays. (A) MTT assay was used to deter-
mine cell survival comparing Ad-LacZ with Ad-FKHRL1/TM treatments. Each
point represents the mean + SD of three independent experiments (p < 0.05).
(B) Expression of FKHRL1/TM, proenzyme CPP32/caspase-3 (CPP32), PARP and
cleaved components of PARP (PARP/C) were detected by western blot. a-Actin
was used to demonstrate equal loading for each lane. (C) A2058 and DM6
melanoma cell lines were not infected (Mock) or infected with either Ad-LacZ
or Ad-FKHRL1/TM at an MOI of 100. Three days post-infection the percentages
of apoptosis were determined by annexin V staining, and analysis by FACScan
flow cytometer with FlowJo software. Similar results were obtained in three
independent experiments. A representative experiment is shown.
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family members (survivin, XIAP, ¢-IAP-1 or c-IAP-2) have
been implicated in cancer development.” Other studies
have shown that overexpression of FKHRL1/TM decreased
survivin expression.” Thus we analyzed the effect of
FKHRL1/TM expression on protein levels of other IAP
family members. To this end, A2058 and DM6 melanoma
cells were uninfected (mock) or infected with Ad-LacZ or
Ad-FKHRLI/TM, 3 d later expression of XIAP, c-IAP-1 or
c-IAP-2 were analyzed. A western blot analysis showed that
protein levels of XIAP, ¢-IAP-1, c-IAP-2 declined in both
cell lines infected with Ad-FKHRLI/TM in comparison
with mock or Ad-LacZ infected-cells (Fig. 5B). This result
suggests that FKHRLI1-induced downregulation of XIAP,
c-IAP-1, and ¢-IAP-2 may be a mechanism that contribute
to sensitization of melanoma cells to CH-11 treatment.

Ad-FKHRL1/TM suppresses tumor growth in vivo.
Ad-FKHRL1/TM was further assessed for its antitumor
activity in a melanoma mouse subcutaneous xenograft
model. A2058 melanoma cells were injected subcutane-
ously into the flanks of nude mice. Six days later, mice
containing palpable tumors were randomized and directly
injected with Ad-FKHRL1/TM or Ad-GFP as a control.
Intratumoral injections with adenovirus were performed
every 3 d for a total of four treatments. The tumors of
mice receiving FKHRL1/TM or GFP treatments were
harvested 24 h after the final treatment following eutha-
nization and subjected to histopathological analysis to
assess whether transgene expression and apoptosis are pos-
sible mechanisms that induce tumor suppression in mice
treated with Ad-FKHRL-1/TM. Immunohistochemical
analysis revealed approximately 72% of tumor cells in mice
injected with Ad-FKHRL-1/TM expressed FKHRL1/TM;
no FKHRL1/TM expression was detected in tumors that
of mice that received Ad-GFP (Fig. 6A). High expression
of FKHRL1/TM was associated with a significant percent-
age of Fas-L (-60%) and cleaved caspase-3-positive cells
(-70%), suggesting increased apoptosis in the tumors of
mice treated with Ad-FKHRL1/TM. In contrast, neither
Fas-L nor cleaved caspase-3 were detected in tumors of mice
treated with Ad-GFP (Fig. 6A). About 75% of tumor cells
in tumors of mice injected with Ad-GFP were positive for
GFP expression (Fig. 6A). These results suggest that adeno-
virus has high transduction efficiency into the solid tumors
and can produce a high therapeutic index.

There was strong tumor suppression in six out of six
mice (100%) treated with Ad-FKHRL1/TM by day 27
by observation of the palpable tumor. Tumor size reduc-
tion was approximately 70% in Ad-FKHRL1/TM-treated
mice in comparison with control virus Ad-GFP-treated
mice, this was statistically significant (p < 0.05; Fig. 6B).
At 27 d after the first adenovirus injection, tumors were
excised and weighed. The photographs reveal that tumors
from the mice that were injected with Ad-GFP were sig-
nificantly larger than tumors from mice injected with
Ad-FKHRL1/TM (Fig. 6C). Those tumors treated with
Ad-GFP injection weighed 1.2 £ 0.9 g, whereas tumors
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Figure 3. Activation of Fas/Fas-L pathway by FKHRL1/TM in melanoma cells. DM6 or A2058 cells were infected with either Ad-LacZ or Ad-FKHRL1/
TM at an MOI of 100 or not infected (Mock); cells were harvested at 24, 48, and 72 h post-infection. (A) Western blot and bar graphs of procaspase-8
expression after adenovirus infection. Bars represent mean + SEM expressed as percentage of change from three separate experiments, (*p < 0.05)
decrease in the level of expression. (B) Western blot and bar graphs of Fas-L expression at 72 h after adenovirus infection. Bars represent mean + SEM
expressed as percentage of change from 3 separate experiments, (*p < 0.05) increase in the level of expression. a-Actin was used to demonstrate

treated with Ad-FKHRL1/TM weighed significantly less at
0.3 £0.06 g (p < 0.05; Fig. 6D). These results indicate that ade-
novirus encoding a triple mutant form of FKHRLI has potent
antitumoral activity in vivo and FKHRL1/TM induced-tumor
suppression was mediated, at least in part, through activation of
caspase pathway.

Discussion

Although Fas-L treatment is a promising approach for the
destruction of cancer cells, resistance to Fas/Fas-L induced apop-
tosis may occur through the downregulation of Fas expression.
For example, in 2 2008 study, 5 out of 13 melanoma cell lines had
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undetectable or low levels of cell surface Fas expression. In addi-
tion, resistance to recombinant Fas-L and absence or low levels
of Fas expression were closely related. Another study reported
that only 5 of 11 melanoma cell lines showed activation of Fas/
Fas-L pathway upon treatment with agonistic monoclonal anti-
body CH-11, meaning the other remaining six melanoma cell
lines were resistant to Fas/Fas-L." Eberle et al. reported that most
of the melanoma cell lines that they analyzed expressed Fas but
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Figure 4. Inhibition of Fas-L-mediated cell death. (A) DM6 or A2058
cells were cultured with increasing concentrations of Fas/Fas-L
antagonist Kp7-6 followed by infection with either Ad-LacZ or Ad-
FKHRL1/TM at an MOI of 50. At 72 h an MTT assay was performed to
determine cell survival. Ad-FKHRL1/TM alone was compared with
Ad-FKHRL1/TM in presence of Kp7-6. Each point represents the mean
+ SD of three independent experiments (*p < 0.05). (B) A2058 cells
were cultured in absence or presence of Fas/Fas-L antagonist Kp7-6
at 10 wg/mL followed by mock infection or infection with either Ad-
LacZ or Ad-FKHRL1/TM at an MOI of 100. Western blot and bar graphs
of procaspase-8 expression after adenovirus infection. Bars represent
mean + SEM expressed as percentage of change from three separate
experiments, (*p < 0.05) decrease in the level of expression. a-Actin
was used to demonstrate equal loading for each lane. FKHRL1/TM
expression was also confirmed.

lacked expression of Fas-L. Overexpression of Fas enhanced sen-
sitivity to Fas-L but was unable to trigger apoptosis by itself. In
contrast, all melanoma cells responded with increased apoptosis
to conditional expression of Fas-L." These studies suggest that
melanoma cells have different levels of resistance to Fas/Fas-L
pathway mediated-apoptosis and that targeted expression of
Fas-L could be a promising strategy for melanoma therapy.

One alternative approach to manipulating expression of Fas-L
in melanoma cells is by transferring Fas-L into the tumor using
viral vectors, however it is possible that introduction of Fas-L
alone may not be potent enough to suppress tumor growth.
Currently, several investigators are exploring strategies to target
different pathways to enhance the activation of the Fas/Fas-L
pathway. We used an adenovirus expressing FKHRL1/TM
because this transcription factor activates the Fas-L promoter,
which then increases Fas-L expression and results in apopto-
sis induction.” This vector not only induces apoptosis through
Fas-L but also upregulates p27**', which is a cyclin dependent
kinase inhibitor,”® and downregulates anti-apoptotic proteins
such as survivin,? Mcl-1, and Bcl-xL."

In the present study we found that DM6 melanoma cells were
resistant to CH-11 treatment, but ectopic expression of FKHRL1/
TM decreased procaspase-8 levels over time, and Fas-L upregu-
lation by FKHRL1/TM was confirmed. Although we did not
test the status of Fas in A2058 or DMG6 cells, this suggests that
the Fas/Fas-L pathway is aberrant in DM6 and that overexpres-
sion of FKHRL1/TM induces Fas/Fas-L pathway. We demon-
strated that it is likely that the Fas/Fas-L pathway is an important
mechanism by which FKHRL1/TM induces cell death in mela-
noma cells, since application of Fas/Fas-L antagonist attenuated
FKHRL1/TM induced-cell cytotoxicity. It is possible that other
mechanisms are involved in the Ad-FKHRL1/TM mediated-cell
death, for example it was reported that Ad expressing FKRHRL1/
TM downregulates survivin a member of inhibitor of apoptosis
proteins (IAP) family.? It was also reported that FoxO1 induces
autophagy, a type II programmed cell death which was associated
to tumor suppression activity.' In our previous study we showed
that overexpression of FKHRLI/TM induced lamin-B cleav-
age a substrate of caspase-6."° We also found that pretreatment
with Ad-FKHRL1/TM sensitized melanoma cells to CH-11
antibody, suggesting that the combination of Ad-FKHRL1/TM
with CH-11 has at least an additive apoptotic effect. We found
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that FKHRL1/TM downregulated other AIP family members
(Fig. 5B) suggesting that this may be an additional mechanism
by which FKHRL1/TM sensitize melanoma cells to CH-11.
Previous investigators have demonstrated that agonistic CH-11
induces cytosolic cytochrome ¢ translocation and activates the
apoptotic protein caspase-3." Whereas Ad-FKHRL1/TM may
trigger Fas/FasL mediated-apoptosis in an autocrine manner.
The combination of the two induces at least additive apoptotic
effects. Further in vitro and in vivo studies are needed to fully
characterize the mechanisms of these effects. The lack of direct
comparison in vivo of Ad-FKHRLI/TM and agonistic anti-Fas
antibody CH-11 with Ad-FKHRLI1/TM alone is a limitation of
this study.

Importantly, we have now validated the potency of
Ad-FKHRLI1/TM in vivo. Treatment of subcutaneous melanoma
xenografts with Ad-FKHRL1/TM in a murine model produced
approximately 70% decrease in tumor size compared with con-
trols. Tumors that were treated with Ad-FKHRL-1/TM had high
levels of FKHRL-1/TM expression and strongly induced Fas-L
expression and caspase-3 activation. These results indicate that
Ad-FKHRL1/TM can efficiently activate the apoptotic pathway
and inhibit the growth of solid melanoma tumors in an in vivo
model. Our previous and current data suggest that Ad-FKHRL1/
TM has potential to be assessed in clinical settings. The clinical
applications may include the use of Ad-FKHRL1/TM in combi-
nation of agents that target the Fas/Fas-L pathway in isolated limb
perfusion treatment of in-transit metastatic disease, thus limiting
systemic toxicity of adenovirus vector therapy. More investigation
in this area is needed and is underway in our laboratory.

In summary, we confirmed that melanoma cells have different
levels of resistance to agonistic anti-Fas antibody CH-11 treat-
ment. Inactivation of the Fas/Fas-L pathway by resistance to Fas-
L-induced apoptosis is a possible mechanism by which melanoma
cells escape apoptosis. Pretreatment with Ad-FKHRL1/TM
overcame this resistance and sensitized melanoma cells to CH-11
treatment, indicating that adenoviral mediated-gene transfer of
FKHRL1/TM induces Fas/Fas-L pathway and increases the sus-
ceptibility of melanoma cells to Fas/Fas-L-targeted therapy. We
also confirmed that the Fas/Fas-L pathway plays an important
role in FKHRLI/TM mediated-cell death in melanoma cells.
These experiments suggest that FKHRL1/TM-based viral gene
therapy may be a promising way to circumvent some of the apop-
tosis-escape mechanisms developed by melanoma tumors. This
adenoviral mediated-gene therapy may also provide clinicians
with an alternative way to avoid the resistance of some tumor
cells to Fas/Fas-L-targeted therapy by enhancing Fas/Fas-L path-
way with FKHRL1/TM.

Materials and Methods

Cell culture conditions and reagents. Human melanoma cell line
A2058 (ATCC no. CRL-11147) and human embryonic kidney
cell line HEK-293 (ATCC no. CRL-1573), and the human mela-
noma DMBG6 cell line was kindly provided to us by Dr Douglas
S. Tyler (Duke University Medical Center).?! A2058 cells were
cultured in Dulbecco’s modified of Eagle’s medium (DMEM)

www.landesbioscience.com

A = 90 1
ol e :
(]
27704 " .
Q
o 60
% 50
o
2 40 -
>
£ 30 1
=
2 20 4
[ =
< 10 4
U 4
7 N N N
F \@ Gz{'\ OQ\\ 02\,\
> Qv y o
VX yooo
Y 6'\’0 -
v s S
g‘l-
&
B DMB A2058
= =
g &
2 z
R
3L 34k
=zX =22z
FKHRL1/TM | d Tb d 69kDa

Xiap | — ?—?I 57kDa
C-iap-‘ll : b AW ""| 72kDa
C-iap-2|'_"-i’ ~§~| 35kDa
e “stoa

Figure 5. FKHRL1/TM sensitizes melanoma cells to CH-11 mediated-
apoptosis and downregulates IAP family members. (A) A2058 or DM6
cells were infected with either Ad-LacZ or Ad-FKHRL1/TM at an MOI of
10 +/- treatment with CH-11 at 1 ug/mL. Annexin V staining was used
to determine the percentage of apoptosis at 72 h after treatment by
FACScan flow cytometer with FlowJo software. Ad-FKHRL1/TM infection
alone was compared with Ad-FKHRL1/TM in combination with CH-11.
Each bar represents the mean =+ SD of three independent experi-
ments (*p < 0.05). (B) A2058 or DM6 cells were no infected (mock) or
infected with either Ad-LacZ or Ad-FKHRL1/TM at an MOl of 100 at 72 h
post-infection expression of X-IAP, C-IAP-1, or C-IAP-2 were analyzed, a
representative experiment is shown from three performed.

(21063029), DMG6 cells were cultured in Iscove’s modified
Dulbecco’s medium (IMDM) (12440), and HEK-293 cells were
cultured in a minimal essential medium (a-MEM) (32571). All
media were supplemented with 10% heat-inactivated fetal bovine
serum (FBS) (12664025) and penicillin/streptomycin (100 U/
mlL) (15140122). All cell culture reagents were obtained from
Invitrogen. Cells were cultured in a 5% CO, incubator at 37°C.
An agonistic anti-Fas antibody, CH-11, (I pg/mL, 05-201,
Millipore) was used to activate the Fas/Fas-L pathway, and a Fas/
Fas-L antagonist, Kp7-6, (0, 1, 2.5, 5, 10 and 20 pg/mL; 341291,
Calbiochem) was used to inhibit the Fas/Fas-L pathway.
Adenoviral vectors. Three replication-defective recombi-
nant adenoviral vectors were used. One was the Ad-CMV-LacZ
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Figure 6. Immunohistochemistry and antitumor effect of treatment with adenovirus expressing FKHRL1/TM. After subcutaneous administration of

5 X 10° A2058 cells, mice with palpable tumors were randomized to receive a local injection of Ad-GFP or Ad-FKHRL1/TM on days 0, 3, 6 and 9 (vertical
arrows) at a concentration of 1 x 10° pfu (plaque forming units). (A) Immunohistochemistry of A2058 melanoma tumors at 24 h after last treatment
with Ad-GFP or Ad-FKHRL1/TM. GFP expression was visualized by fluorescence microscopy. FKHRL1/TM, Fas-L, and cleaved caspase-3 expressions were
detected by immunohistochemistry. (B) Tumor volume was plotted over time. Volume (V) was determined by V = (L x W 2)/2 of tumor measured using
calipers. (C) On day 27, tumors were excised and photographed. The relative size of tumors is shown. (D) Tumors were also weighed on day 27. The
results are expressed as the mean + SEM for each treatment group. The differences in tumor size and weight in animals treated with Ad-FKHRL1/TM
were statistically significant on day 27 compared with Ad-GFP control (*p < 0.05).

(Ad-LacZ) vector containing the transgene nuclear-localized
B-galactosidase under control of the CMV promoter as described
by us previously.”? We constructed Ad-GFP expressing green
fluorescent protein and Ad-FKHRL1/TM expressing forkhead
human transcription factor like-1 triple mutant according to the
Ad-Easy system (MP Biomedicals, AES1001A) as reported previ-
ously.’® All vectors were propagated in the HEK-293 cell line, and
titers were determined using standard plaque assays. For infec-
tions, 1 x 10° cells were plated in 10-cm tissue culture plates. The
following day, the media was removed, and the adenoviral vectors
were added in 1 mL of DMEM at an indicated multiplicity of
infection (MOI). Mock infection was performed by treatment
of cells with vehicle only (media). After a 1-h incubation at 37°C
9 mL of fresh a-MEM with 5% FBS was added. Cells were har-
vested at specific time points for analysis.

Western blot analysis. Cells were harvested and lysed in RIPA
buffer as described previously."® Cell lysates were centrifuged,
and protein concentration was determined by BCA Protein

1202 Cancer Biology & Therapy

Assay kit (PIERCE, prod no. 23225). Equal amounts of cellu-
lar protein were electrophoresed in either 10% (Procaspase-8,
FKHRLI, Fas-L, and PARP [poly (ADP-ribose) polymerase],
Xiap, Ciap-1) or 12% proenzyme caspase-3/cysteine prote-
ase (CP) P32 (CPP32), Ciap-2 SDS-polyacrylamide gels and
transferred to Hybond-PVDP membranes (Amersham). The
membranes were first incubated with the following primary
antibodies: rabbit-antihuman FKHRLI (Cell Signaling, 9462),
rabbit-antihuman caspase-8 and mouse antihuman Fas Ligand
(PharMingen, 559932 and 65431A respectively), mouse-anti-
human-caspase-3/CPP32 (BD Transduction Laboratories,
610322), mouse-antihuman poly (ADP-ribose) polymerase
(PARP) (Calbiochem, 512739); mouse antihuman X-IAP (BD
Transduction Laboratories 610763); mouse antihuman c-IAP-1
(PharMingen, 556533); rabbit antihuman c-IAP-2 (Santa Cruz
Biotechnology, sc-7944), and rabbit-antihuman-a-actin (Sigma-
Aldrich, A5060). Next, the membranes were incubated with anti-
mouse immunoglobulin (Ig) or anti-rabbit Ig, peroxidase-linked,
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species-specific whole antibody (GE Healthcare, NA931V,
and NA934V respectively). ECL reagents were used to detect
the signals according to the manufacturer’s instructions (GE
Healthcare, RPN2106V1). All films were scanned with an opti-
cal scanner (Epson Expression 1680) and quantified by measur-
ing the density of each band using UNSCAN-IT software (Silk
Scientific, Inc.). To correct for possible unequal loading, each
band’s density was normalized to its a-actin density. To allow
for multiple comparisons between gels, each sample was com-
pared with its respective mock (not infected) or not treated that
was run on the same gel. Results are expressed in percentage of
change, which was calculated by dividing the averages of each
protein band.

MTT assay. Cell proliferation was assessed at 72 h after respec-
tive treatments by measuring the conversion of 3-(4, 5-dimeth-
ylthiazol-2-)-2, 5-diphenyltetrazolium bromide salt (MTT) to
formazan, according to the manufacturer’s instructions (Sigma
Aldrich, M2128). The supernatant from each plate was collected
for measurement of absorbance at a wavelength of 570 nm. The
results are expressed as the percentage of live cells.

Detection of apoptosis. The nonadherent cells were harvested,
and adherent cells were trypsinized for 2 min then stopped with
PBS/10% FCS. Nonadherent cells and adherent cells were pulled
and stained with annexin V-PE and 7-AADaccording with the
manufacturer’s instructions (BD PharMingen, 559763) and
as reported previously.? Cells were analyzed by FACScan flow
cytometer (Becton Dickinson) and with FlowJo software (Tree
Star, Inc.).

Immunohistochemistry. Tumors were excised 24 h after the
fourth injection following euthanization, fixed in 10% forma-
lin, embedded in paraffin blocks, and processed for histologic
analysis and detection of FKHRL1/TM, Fas-L expression, and
cleaved caspase-3. A rabbit-antihuman-FoxO3a (Cell Signaling,
9467) mAb at a 1:200 dilution was used to detect FKHRL1/
TM expression, a rabbit-antihuman cleaved caspase-3 (Aspl75)
(5A1E) mAb at a 1:200 dilution (Cell Signaling, 9664) was used
for detection of cleaved caspase-3, a mouse-antihuman Fas Ligand
(65431A) mAb at a 1:200 dilution (PharMingen, 559932) was
used to detection of Fas-L. The slides were then washed with PBS
and incubated with the standard Ultra-Sensitive ABC Peroxidase

Staining Kit (Pierce, 32020) and detected with diaminobenzi-
dine tetrahydrochloride (DAB) solution containing 0.006%
H,O,. Hematoxylin was used as a counterstain. Tissue sections
stained without primary antibodies were used as negative con-
trols. Photographs were taken with 20x magnification and ana-
lyzed with NIS-Elements BR 3.0 software (Nikon instruments,
Inc.).

Melanoma xenograft study. Tumors were formed by inject-
ing 5 x 10° A2058 melanoma cells into athymic BALB/c nu/
nu male mice (6—8 weeks of age; Charles River Laboratories).
The cells were injected subcutaneously into the bilateral flanks
of the mice. Six days later, palpable tumors were randomized and
directly injected with Ad-FKHRL1/TM [1 x 10° plaque form-
ing units (pfu)] or Ad-GFP (1 x 10° pfu) (n = 6 for each group).
Intratumoral injections were performed every 3 d, totaling four
treatments. Each injection of purified virus was diluted in a total
volume of 100 wl of 0.9% of NaCl solution. Tumors were mea-
sured every three days, and tumor volume was determined by
externally measuring in two dimensions using a caliper. Volume
(V) was determined by the following equation, where L is length
and W is width of the tumor: V = (L x W?)/2. Animal experi-
ments were performed in accordance with institutional guide-
lines and approved by the University of Louisville Institutional
Animal Care and Use Committee.

Statistical analysis. The results of the in vitro assays and
tumor growth in mice from the two treatments groups were ana-
lyzed by unpaired Student’s t-test using a one-way ordinary para-
metric analysis of variance. A significance level of p < 0.05 was
considered statistically significant.
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