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Norcantharidin (NCTD) has been reported to induce tumor cell apoptosis. However, the underlying mechanism behinds
its antitumor effect remains elusive. We have previously shown that TR3 expression is significantly decreased in
metastatic melanomas and involved in melanoma cell apoptosis. In this study, we showed that NCTD inhibited
melanoma cell proliferation and induced apoptosis in a dose related manner. NCTD induced translocation of TR3 from
nucleus to mitochondria where it co-localized with Bcl-2 in melanoma cells. NCTD also increased cytochome c release
from mitochondria to the cytoplasm. These changes were accompanied by increased expression of Bax and cleaved
caspase-3 along with decreased expression of Bcl2 and NF-kB2. The effects of NCTD were inhibited by knockdown of TR3
expression using TR3 specific shRNA in melanoma cells. Furthermore, NCTD significantly decreased tumor volume and
improved survival of Tyr::CreER; BRAFCa/+; Ptenlox/lox transgenic mice. Our data indicates that NCTD inhibits melanoma
growth by inducing tumor cell apoptosis via activation of a TR3 dependent pathway. These results suggest that NCTD is a
potential therapeutic agent for melanoma.

Introduction

Malignant melanoma represents a significant and growing public
health burden worldwide. The incidence of metastatic melanoma
cases is increasing significantly faster than any other cancer in the
US.1,2 At the current rate, 1 in 74 Americans will develop
melanoma during his or her lifetime.3 Until recently there were
few treatment options for advanced melanoma.4 However, anti-
CTLA4 and mutant BRAF-targeted therapies have shown great
promise for advanced melanoma.5,6 Unfortunately, only a subset
of patients respond to these treatments and drug resistance may
occur within a short period of time.7-10 There is an urgent clinical
need to develop new therapeutic modalities that may be used
alone or in combination with these therapies to treat melanoma.

Programmed cell death (apoptosis) plays an important role in
development, homeostasis and anticancer protection of multi-
cellular organisms.11-13 Apoptosis is characterized by distinct
morphological and biochemical changes that take place upon the
activation of a family of serine proteases known as caspases.14 TR3
(also called Nur77 or NGFI-B) is an immediate-early response
gene and an orphan member of the nuclear receptor super family
and was originally recognized for its role in the regulation of
cell survival and differentiation.15,16 More recently it has been

shown to induce apoptosis in a number of cell lineages exposed
to proapoptotic stimuli by directly targeting the mitochondria
and inducing cytochrome c release.17-19 It plays an important role
during cell apoptosis by inducing conformation changes of Bcl-
2.20,21 We previously showed that TR3 expression was signific-
antly decreased in melanomas comparing to benign nevi.19 Over-
expression of wild type TR3 or mutant TR3 lacking the DNA
binding domain resulted in massive apoptosis in melanoma
cells.19 Thus, the TR3 dependent pathway plays an important role
in the control of melanoma cell apoptosis and can be used as a
target pathway for screening biologically active substances in the
treatment of melanoma.

Norcantharidin (NCTD) is the demethylated analog of can-
tharidin (CTD), a 7-oxabicyclo [2.2.1] heptane-2, 3-dicarboxylic
acid derivative isolated from natural blister beetles.22 CTD has
been used as a medicinal agent listed under the name of Mylabris
for over 2,000 y to treat abdominal masses, rabies, as well as an
abortifacient.23 CTD has antitumor activity and at the same time
causes Ieukocytosis, however, it is very toxic and a strong irritant
for urinary system.23,24 NCTD can be easily synthesized from
furan and maleic anhydride via the Diels-Alder reaction and it has
significantly less side effect.24 NCTD has been reported to induce
cell apoptosis in oral, breast, liver cancer and melanoma in
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vitro25-29 and prolong the life of mice carrying hepatoma in vivo.30

However, the underlying mechanism by which NCTD exerts its
effects remains unclear.

In this study, we investigated the effect of NCTD on
melanoma in vitro and in vivo. We found that NCTD can
suppress melanoma growth by inducing tumor cell apoptosis.
We discover a new mechanism that NCTD exerts its apoptotic
effects through TR3 mitochondria translocation. The effect of
NCTD depends on the expression of TR3 in melanoma cells. The
result suggests that NCTD is potential therapeutic agent for
melanoma treatment.

Results

NCTD induces melanoma cell apoptosis. We first compared the
effect of NCTD (6.5 mM) with CTD (6.5 mM) on melanoma
growth using MTT assays. They showed similar inhibitory effect
on melanoma cell proliferation 24 h after treatment (Fig. 1A).
Then we compared the effect of NCTD with temozolomide, a
chemotherapeutic drug used clinically to treat melanoma. Four
different melanoma cell lines (1205Lu, WM115A, Sbcl2 and
WM35) were used in the MTT assays. Tumor cells were treated
with NCTD or temozolomide for 12 or 24 h at different con-
centrations (0, 1 nM, 10 nM, 100 nM, 1 mM, 10 mM and
100 mM). NCTD and temozolomide induced dose dependent
inhibition of melanoma cell proliferation. Twenty-four hour
treatment induced more inhibition of cell proliferation than
12 h treatment. NCTD had significantly better or comparable
effect to temozolomide in suppressing of melanoma growth
(Fig. 1B–E). Similar results were found when we compared
NCTD with cisplatin (data did not show).

We then tested whether the antitumor effect of NCTD is due
to its ability to induce cell apoptosis. We compared the effect of
NCTD on foreskin derived normal melanocyte, WM35, and
1205Lu melanoma cell apoptosis using Annexin V staining and
FACS analysis. Tumor cells were treated with NCTD (concen-
tration of 0, 1 mM, 10 mM, and 100 mM) for 24 h. Cells treated
with DMSO were used as negative control. Positive control was
induced by incubation of the tumor cells with 5% ethanol for
60 min.31 NCTD induced dose-dependent increase of melano-
cyte, WM35 and 1205Lu cell apoptosis (Fig. 2). The percentage
of apoptotic melanocytes after NCTD treatment (1 mM, 8.96 ±
1.39%; 10 mM, 9.75 ± 2.75%; 100 mM, 20.3 ± 1.98%) was less
than that of WM35 (1 mM, 27.3 ± 2.33%; 10 mM, 42 ± 7.22%;
100 mM, 73.2 ± 4.69%) or 1205 Lu (1 mM, 26.6 ± 3%; 10 mM,
43.9 ± 6.98%; 100 mM, 68.3 ± 7.32%).

NCTD induces TR3 translocation to mitochondria. We first
examined whether NCTD increases TR3 expression. Melanoma
cells (1205 Lu) were harvested 0.5, 1, and 2 h after exposure to
NCTD (6.5 mM). Mitochondria, cytosolic and nuclear fractions
of treated cells were isolated and subjected to protein gel blot
analysis. There was a rapid increase in mitochondria TR3 protein
levels, with a concomitant decrease in nuclear TR3 peaking at
1 h after treatment. This change was accompanied by a decrease
of mitochondrial cytochrome c and an increase of cytoplasmic
cytochrome c peaking at 1 h after treatment (Fig. 3A).

To confirm that NCTD induces TR3 mitochondrial trans-
location, 1205Lu cells were transfected with wild type GFP-
TR3 plasmid as previously described,19 and these cells were
treated with CTD, NCTD or DMSO (carrier control). In
DMSO-treated melanoma cells, GFP-TR3 exhibited an exclu-
sive diffuse nuclear staining pattern consistent with previously
reported results.32 Exposure to CTD or NCTD (6.5 mM) induced
a rapid, but incomplete translocation of TR3 to the mito-
chondria in melanoma cells. Within 3 h of exposure, we
observed a punctuate GFP-TR3 staining pattern in the cyto-
plasm (Fig. 3B). Co-staining with an antibody against the
mitochondrial associated protein Hsp60 revealed an overlap
between GFP-TR3 and Hsp60 in the cytoplasm after CTD or
NCTD treatment.

To study whether the effect of NCTD is mediated through
the TR3 DNA binding domain (DBD), 1205Lu cells were trans-
fected with GFP-TR3 without DNA binding domain (GFP-TR3/
DDBD). GFP-TR3/DDBD was detected exclusively in the cyto-
plasm (Fig. 3C) similarly to that was reported in LNCaP cells
transfected with TR3/DDBD.33 GFP-TR3/DDBD co-localized
with mitochondrial Hsp60 3 h after exposure to CTD or NCTD
(6.5 mM). These results indicate that the effect of NCTD does
not require the TR3 DBD.

TR3 co-localizes with Bcl-2 after NCTD treatment. It has
been shown that TR3 localized to mitochondria induces a Bcl-2
conformational change that exposes its BH3 domain, resulting in
conversion of Bcl-2 from an inhibitor of apoptosis to an apo-
ptosis inducer.16 We studied whether NCTD can induce TR3 co-
localization with Bcl-2. TR3-GFP transfected 1205Lu melanoma
cells were treated with NCTD (6.5 mM) for 3 h. Bcl-2 was
visualized by immunostaining followed by confocal microscopy.
Indeed, TR3 co-localized with Bcl-2 in melanoma cells after
treatment (Fig. 3D, upper panel). TR3/DDBD transfected cells
showed similar co-localization with Bcl-2 after treatment, indicat-
ing that interaction of TR3 and Bcl-2 does not require DBD
(Fig. 3D, lower panel).

Effect of NCTD on TR3 protein expression in melanoma.
We first examined the expression level of TR3 protein in human
melanoma cell lines derived from various stages of tumor
progression by protein gel blot. TR3 protein expression was
detectable in all cell lines examined. TR3 expression levels were
significantly higher in the cell lines derived from radial growth
phase melanomas (WM35 and Sbcl2) than those expressed in
cell lines derived from metastatic melanomas (1205Lu and
WM115A) (Fig. 4A).

To further study the role of TR3 in NCTD induced apoptosis,
we transfected 1205Lu melanoma cells with vectors containing
shRNA to TR3 or TR3 overexpressing vectors. The knockdown
and overexpression of TR3 protein was confirmed by protein gel
blot (Fig. 4B). Cell survival in response to NCTD was assessed
by MTT assay. The time- and dose-dependence of the cyto-
toxic effect on the four cell lines are shown in Figure 4C. The
median inhibitory concentration (IC50) for 1205Lu cells was
6.5 ± 1.27 mM; TR3 knockdown 1205Lu cells, IC50 is 11.73 ±
0.95 mM; TR3 overexpressed 1205LU cells, IC50 is 87.23 ±
17.38 nM; WM35 cells, IC50 is 235.24 ± 27.5 nM. These results
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suggest that the effects of NCTD depend on the TR3 expression
levels in melanoma cells.

To further study the underlying mechanism of NCTD on
melanoma cells, we examined important proteins involved in
apoptosis. NCTD treatment of 1205Lu cells resulted in increased
expression of Bax and cleaved caspase-3, which was accompanied
by decreased expression of Bcl2 and NF-kB2 (Fig. 4D). The
effects of NCTD on these proteins were diminished after knock-
down of TR3 expression (Fig. 4D). In addition, we also found
that higher doses of NCTD (10 and 100 mM) inhibited the p53
expression (Fig. 4E).

NCTD inhibits melanoma growth in vivo. Mutational activa-
tion of BRAF is the most common genetic alteration in human

melanoma. Here, we used a transgenic mouse model in which
expression of BRAFV600E combined with Pten tumor suppressor
gene silencing elicited development of melanoma with 100%
penetrance34 in order to study the role and the mechanism of
NCTD-mediated cytotoxicity toward melanoma in vivo.

First we confirmed the genotype of these mice by PCR. As
we previously reported,34 these mice showed typical genotype
of Tyr::CreER; BrafCA/+;Ptenlox/lox (Fig. 5A). After 4-TH induc-
tion, the mice developed melanoma and histology showed
pagetoid proliferation of tumor cells in the epidermis and the
dermis was occupied by the epithelioid and spindled melanoma
cells (Fig. 5B). We then determined the effect of NCTD on
melanoma growth by treating the transgenic mice with NCTD,

Figure 1. NCTD inhibits melanoma cell survival. (A) Inhibitory effects of CTD and NCTD on 1205Lu cells. The cytotoxicity of CTD and NCTD was evaluated
using the MTT assay. Three independent experiments were performed. (B–E) Effect of NCTD on 1205Lu, WM115A, Sbcl2 and WM35 cells. The cytotoxicity
of NCTD and temozolomide was evaluated using the MTT assay. Melanoma cells were treated for 12 or 24 h in the presence of various concentrations of
NCTD or temozolomide as indicated. * Indicates p , 0.05, compared with corresponding temozolomide treated melanoma cells.
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temozolomide or vehicle. We examined the tumor weight and
mouse body weight 40 d after melanoma induction with 4-HT.
As depicted in Figure 5C and D, we found that there was a
significant decrease in tumor volume accompanied by an increase
in body weight in transgenic mice treated with NCTD comparing
to either vehicle control or temozolomide. These results suggest
that NCTD exerts an inhibitory effect on melanoma tumor
growth and cachexia.

In parallel with the previous experiment, we treated the
transgenic mice with NCTD, temozolomide or vehicle until they
had to be euthanized according to a standard body conditioning

score. The Kaplan-Meier survival curve showed that the trans-
genic mice treated with NCTD had a significantly long life span
compared with either the control or temozolomide treatment
groups (Fig. 5E).

To determine whether there was a correlation between the
expression of apoptotic proteins and the effects of NCTD in vivo,
we examined the expression of apoptosis related protein
expression in the melanoma tissue from treated transgenic mice.
We found that both temozolomide and NCTD increased the
expression of Bax, TR3 and cleaved caspases-3 in melanoma
tissues. NCTD induced more Bax expression than temozolomide

Figure 2 (See opposite page). NCTD induces apoptosis in melanoma cells. Melanocyte, WM35 and 1205Lu cells were treated with different
concentrations of NCTD (0, 1, 10 and 100 mM) for 24 h, stained with Annexin V and analyzed by FACS analysis. Column (A) percentage of apoptotic
melanocytes after NCTD treatment; Column (B) percentage of apoptotic WM35 cells after NCTD treatment; Column (C) percentage of apoptotic 1205Lu
cells after NCTD treatment. Three independent experiments were performed.

Figure 3. NCTD induces TR3 mitochondrial translocation in melanoma cells. (A) Melanoma cells were treated with NCTD (6.5 mM) for 0–2 h. Mitochondrial
(for TR3 and cytochrome C), cytoplasmic (for cyto-cytochrome C) or nuclear (for TR3) proteins were isolated from the melanoma cells and analyzed by
protein gel blot analysis. HSP60 was used as a loading control for mitochondrial proteins. b-actin was used as a loading control for total protein.
Representative blot from three repeats was shown. (B) Melanoma cells were transfected with TR3-GFP and then treated with PBS, CTD or NCTD for 3 h.
HSP60 staining was used to visualize the mitochondria in the cytoplasm. Representative fluorescent images of tumor cells after treatment were shown
(n = three repeats). Bars indicate 10 mm. (C) Melanoma cells were transfected with TR3-GFP/DDBD and then treated with CTD or NCTD for 3 h. HSP60
staining was used to visualize the mitochondria in the cytoplasm. Representative fluorescent images of tumor cells after treatment were shown (n =
three repeats). Bar indicates 10 mm. (D) Melanoma cells were transfected with either GFP-TR3 or GFP-TR3-DDBD, and then treated with NCTD for 3 h.
BCL-2 staining was performed. Representative fluorescent images of tumor cells after treatment were shown (n = three repeats). Bar indicates 10 mm.

www.landesbioscience.com Cancer Biology & Therapy 1009



treatment. NCDB treatment also led to decreased expression
of Bcl-2 and NF-kB2 (Fig. 5F). These results suggest that addi-
tional effects of NCTD seen in comparison to temozolomide may
be attributed to its ability to induce more apoptotic protein
expression in vivo.

Disscussion

In this study, we have demonstrated that NCTD suppresses
melanoma proliferation in vitro and in vivo. The treatment
efficacy of NCTD is superior to temozolomide in the models we

Figure 4. TR3 mediates the effects of NCTD on melanoma cells. (A) TR3 expression in melanoma cells. Radial growth phase (Sbcl2 and WM35) melanoma
cells expressed higher levels of TR3 than metastatic (WM115A and 1205Lu) melanoma cells. b-actin was used as a loading control (representative blot
from three experiments). (B) TR3 knockdown or overexpression. 1205Lu cells were transfected with TR3 shRNA or overexpression vectors. Protein gel
blots were performed to confirm the levels of TR3 expression in these cells. b-actin was used as a loading control (representative blot from three
experiments). (C) Effect of NCTD depends on TR3 expression level in melanoma cells. 1205Lu cells with TR3 knockdown, overexpression or control as well
as WM35 cells were treated with different concentrations of NCTD for 24 h and cell survival was evaluated using the MTT assay. * Indicates p , 0.05,
compared with 1205Lu control cells. (D) NCTD activates TR3 dependent apoptotic pathway. 1205Lu and 1205Lu with TR3 knockdown cells were treated
with NCTD or vehicle for 24 h and cell lysates were subjected to protein gel blot with antibodies to Bax, Bcl2, cleaved caspase-3 or NF-kB2. b-actin was
used as a loading control (representative blot from three experiments). (E) p53 expression after NCTD treatment. 1205Lu cells were treated with different
concentrations of NCTD and then cell lysates were subjected to protein gel blot with an antibody to P53.
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tested. NCTD induces melanoma cell apoptosis in a dose-
dependent manner. Mechanistically, NCTD induces transloca-
tion of TR3 from the nucleus to the mitochondria with increased
release of cytochrome c from mitochondrial membrane into the
cytoplasm. Knockdown of TR3 expression levels decreased the
effect of NCTD on melanoma. Taken together, these results
indicate that NCTD inhibits melanoma proliferation by activat-
ing the TR3 pathway.

It has previously been shown that NCTD inhibits the pro-
liferation of certain cancer cells, such as HL60, K562, Bel-7402,
MCF-7, Colo205, HT-29, SW480 and A375 melanoma cells.28

CTD and NCTD are known to inhibit protein phosphatase 1
(PP1) and protein phosphatase 2A (PP2A).35 This activity appears
necessary for the growth inhibition activity of these com-
pounds.22,36 A more recent mRNA expression study using the
60 NCI cell lines showed that many of genes whose expression
changed in response to CTD are in one way or another involved
in DNA damage response, DNA repair and/or apoptosis.37

Indeed, it has been shown that NCTD can interrupt DNA
synthesis and upregulate cell surface expression of CD95 and
CD95L on colon cancer cells.38 CTD or NCTD treatment led to
mitochondrial dysfunction and activation of caspases involved in
the intrinsic (mitochondrial) pathway of apoptosis.37,39 However,
the specific mechanism responsible for activation of mitochondrial
pathway was still unclear. To our knowledge, this is the first time
that NCTD is shown to induce TR3 mitochondrial translocation.
The significance of TR3 as an effector of NCTD treatment is
underscored by experiments showing that NCTD efficacy can be
modulated by TR3 expression levels in the cells.

NCTD not only induces apoptosis in vitro, it also inhibits
melanoma growth in vivo as seen in an inducible melanoma
transgenic mouse model. The effect of NCTD treatment is
significantly better than temozolamide and results in significantly
longer survival time of the melanoma bearing mice. Examination
of the tumors excised from the NCTD and temolozide treated
mice, revealed that the protein expression levels of Bax, TR3 and

Figure 5. NCTD inhibits melanoma growth and cancerous cachexia in vivo. Melanoma was induced by applying 4-TH on Tyr::CreER; BrafCa/+; Ptenlox/lox

mice. Ten mice were used in each group. (A) Typical genotype of the Tyr::CreER; BrafCa/+; Ptenlox/lox transgenic mice. (B) Histology shows pagetoid
proliferation of tumor cells in the epidermis and epithelioid/spindled tumor cells in the dermis after induction (H&E), bar indicates 100 mm. (C) Effect of
NCTD on body weight of melanoma bearing mice. The transgenic mice were treated with NCTD, temozolomide or DMSO and all the mice were
euthanized 40 d after tumor induction and weighted. * indicates p , 0.05. (D) Effect of NCTD on tumor weight. The transgenic mice were treated with
NCTD, temozolomide or DMSO and all the mice were euthanized 40 d after tumor induction and the tumors were dissected and weighted. * indicates p
, 0.05. (E) Effect of NCTD on mouse survival. The transgenic mice were treated with NCTD, temozolomide or DMSO and they were euthanized according
to the standard score of body condition. Kaplan-Meier survival analysis showed that NCTD prolonged the lifespan of melanoma bearing mice better than
temozolomide. (F) NCTD activates TR3 dependent apoptosis pathway in vivo. Melanoma tissues were harvested from treated mice and tissue lysates are
subjected to immunoblotting with antibodies to TR3, Bax, Bcl-2, cleaved caspase-3 or NF-kB2. b-actin was used as a loading control. Representative blot
from three repeats is shown.
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cleaved caspase-3 were increased in NCTD treated tumors
as compared with temozolozide treated tumors. Interestingly,
NCTD but not temozolozide treatment led to decreased expres-
sion of Bcl-2 and NF-kB2. These results are in accordance with
the in vitro studies.

In summary, our present study demonstrates that TR3 is a
critical regulator for melanoma cell apoptosis. NCTD can induce
melanoma apoptosis and inhibit melanoma growth in vivo.
NCTD exerted these effects in part due to activation of the TR3
dependent pro-apoptotic pathway. NCTD is a new potential
candidate chemotherapeutic agent for treatment of melanoma
patients.

Materials and Methods

Materials. We obtained temozolomide from TOCRIS Biosciences.
Cisplatin was bought from Ben Venue Laboratories Inc. NCTD,
CTD and other chemicals were purchased from Sigma. GFP-
TR3, GFP-TR3 lacking of DNA binding domain (GFP-TR3/
DBD), as well as a control vector (pEGFPN2) were kindly
provided by Dr. Xiaokun Zhang at The Burnham Institute.32

Cell culture. The melanoma lines WM115A, WM35, Sbcl2
and 1205LU were cultured in a MCDB153/L15 medium (v/v:
4/1) supplemented with 2% FBS, insulin (5 mg/ml), 2 mM
CaCl2 and 100 U/ml penicillin and 100 mg/ml streptomycin (2%
tumor medium).40 Cells were cultured in a 5% CO2 incubator
at 37 °C. Cells were switched to a serum-free medium 24 h prior
to performing the experiments.

Transfection of melanoma cells. Melanoma cells were seeded
at 2�105 per well in 6-well plates, incubated overnight and
transfected with two micrograms of GFP-TR3, GFP-TR3/ DBD,
or N2 vectors using Lipofectamine (Invitrogen) according to
manufacturer’s instructions. For protein co-localization studies,
melanoma cells were seeded on 8-well chamber slides and
transfected with the above plasmids. After 16 h, cells were washed
with phosphate-buffered saline (PBS) and treated with various
reagents for 3 h.

Knock down of TR3 expression by RNA interference. The
short hairpin RNA (shRNA) cassette for TR3 (5'-AGA CTA
CAC AAA TCT GTG CAC TCC CCC AAG TCG GTG TTT
CGT CCT TTC CAC AAG-3') was synthesized and cloned into
a pSilencer expression vector under the control of the human
H1 promoter (Ambion) as previously described.32 A scrambled
shRNA showing no homology to any known human gene was
used as a negative control. The plasmids were transfected into
melanoma cells using Lipofectamine 2000. Transfected mela-
noma cells were selected using 200 mg/mL G418 for 48 h.

Immunoflorescence analysis. Cells were fixed in 4% para-
formaldehyde for 15 min, and permeabilized with 0.5% Triton
X-100/phosphate buffered saline (PBS, pH 7.4) for 5 min. To
detect mitochondria, a goat polyclonal Hsp60 antibody was used
(1:200 dilution), followed by staining with donkey anti-goat
Alexa Fluor 594 secondary antibody (Invitrogen, 1:500 dilution).
Bcl-2 was detected using a mouse monoclonal anti-Bcl-2 IgG
(1:200), followed by exposure to a donkey anti-mouse Alexa
Fluor 594 conjugated secondary antibody (Invitrogen, 1:500) for

1 h at room temperature. Staining was observed by a Nikon E600
fluorescence microscope or Leica TCS SP2 confocal microscope.

Isolation of mitochondria. Mitochondria were isolated using
the Mitochondria Isolation Kit for Cultured Cells (Pierce)
according to the manufacture’s instruction. Briefly, 1�107 cells
were seeded in 100 mm tissue culture plates, cultured in regular
medium overnight and then transferred into serum-free media
for 24 h. Following exposure to NCTD (6.5 mM) for the times
indicated, cells were collected and processed for mitochondria
isolation. Mitochondrial protein concentration was determined
using a Bradford Protein Assay (Bio-Rad).

Isolation of nuclear fraction. Nuclear fraction was isolated
following the manufacturer’s manual (Nuclear Extract Kit, Active
Motif).

Protein gel blot. Primary antibodies specific for Bax, cleaved
caspase-3, NF-kB2 p65 and b-actin were purchased from Cell
Signaling Technology, Inc., antibodies to p53 primary antibody
(DO-1), Bcl-2, TR3 and HSP-60 were obtained from Santa
Cruz. Anti-cytochrome C antibody was from BD Biosciences.
Protein concentration assay kit was obtained from Bio-Rad.
Fifty milligrams of mitochondrial or nuclear proteins were
separatedon a Nu-PAGETM (4–12% Bis-Tris Gel, Invitrogen) and
subsequently transferred to a PVDF membrane (HybondTM-P,
Amersham Biosciences). Proteins were detected using following
antibodies: TR3 (M-210, 1:200) and cytochrome c (1:200). As a
loading control, a goat polyclonal antibody to HSP60 (N-20,
1:500) was used. Bcl-2 (1:500), cleaved caspase-3 (1:500), NF-
kB2 (1:250), Bax (1:500), and b-actin (1:2,000) were used.
Membranes were incubated with the primary antibodies over-
night at 4 °C, followed by incubation with HRP-conjugated goat
anti-rabbit or goat anti-mouse secondary antibodies (Bio-Rad).
Immunoreactive bands were visualized using chemiluminescence
(ECLTM Western Blotting Detection System, Amersham Bio-
sciences). Bands were scanned and intensities were quantified
using a ChemiDoc XRS system (Bio-Rad).

MTT assay. The number of viable cells was assessed using a
modified MTT assay (CellTiter 96 AQueous One Solution Cell
Proliferation Assay, Promega) according to the manufacturer’s
instructions. Briefly, 1205Lu cells were seeded in 96-well plates
at 5,000 cells per well in a total volume of 100 mL and then
incubated for 24 h. Cells were switched to serum free media
for 24 h and then exposed to CTD/NCTD (6.5 mM) for 24/36/
48/60/72 h. 1205Lu, WM115A, Sbcl2 and WM35 cells were
seeded in 96-well plates at 5,000 cells per well in a total volume
of 100 mL and then incubated for 24 h. Cells were switched
to serum free media for 24 h and then exposed to NCTD (0–
100 mM) for 12/24 h.WM35, TR3 knock down, TR3 over-
expressing or control 1205Lu cells were seeded in 96-well plates
at 5,000 cells per well in a total volume of 100 mL and then
incubated for 24 h. Cells were switched to serum free media for
24 h and then exposed to NCTD (0–100 mM) for 24 h. For color
development, 20 mL of the dye solution was added to each well
and plates were incubated at 37 °C for 4 h. At the end of the
incubation period with dye, 100 ml of solubilization/stop solu-
tion were added to each well. Plates were kept at 4 °C overnight
and absorbance at 570 nm wavelength was recorded using a
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microplate reader (Bio-TEK, Winooski, Vermont). Each experi-
mental condition was performed in triplicate.

Evaluation of apoptosis. Apoptosis was assessed using an
Annexin V assay (Invitrogen). The positive control was induced
by incubation with 5% ethanol for 60 min.31 Cells were grown
in 6-well plates, treated with NCTD at the concentration of 1,
10 and 100 mM as described above and assayed in triplicate.
After 24 h of exposures, both attached and floating cells were
harvested, washed in cold PBS, and resuspended at a concentra-
tion of 1 � 105 cells/mL in Annexin-binding buffer containing
10% (v/v) annexin V conjugate and 0.2% trypan blue solution
(Sigma). After 15 min at room temperature, the cells were
washed once with annexin-binding buffer and analyzed using a
FACSCalibur flow cytometer. Post-analysis was performed using
FloJoTM software.

Mouse breeding and treatment. The Tyr::CreER; BrafCA/+;
Ptenlox/lox transgenic mice were originally generated by Drs.
Marcus Bosenberg (Yale) and Martin McMahon (UCSF).
Transgenic mice were handled according to the criteria specified
by the NIH. The protocol has been approved by IACUC at
the University of Pennsylvania. Genotyping was performed as
they described.34 Topical administration of 4-hydroxytamoxifen
(4-HT) was performed by preparing a 65–130 mM solution of
4-HT (70% Z-isomer, Sigma) in DMSO. Adult (6–8 weeks
of age) mice were treated topically with a small paint brush on
their right flank, ear and tail containing 2 ml of 5mM 4-HT to
wet right flank with a small paint brush for 3 d. NCTD was
dissolved in DMSO and injected intraperitoneally at a dose of
2 mg/kg, three times each week, for 3 weeks starting 2 d after
application of 4-HT.41 Temozolomide was also dissolved in
DMSO and administered i.p. at 100 mg/kg, one time each week

for 3 weeks.42 Control animals in the melanoma prevention
studies were administered with the relevant solvent. Tissues were
prepared for analysis as previously described.43,44

We used 60 mice for the experiment; these 60 mice were
separated to two groups. In one group, we used ten for control
(treated with DMSO), ten for temozolomide treatment group
and another ten for NCTD treatment group; we sacrificed all
these mice 40 d after 4-HT tumor induction. We dissected tissue
for histology to confirm melanoma formation. We measured the
weight of the induced tumors and the body weights of mice
to evaluate for cachexia. As for another group, we used ten for
control (treated with DMSO), ten for temozolomide treatment
group and another ten for NCTD treatment group; the mice
were euthanized until they reach the standard body condition
score. Freshly isolated melanoma tissue was used for analyzing
apoptotic protein expression.

Statistical Analysis. Student’s t-test or one way ANOVA was
used to analyze gene expression and cell viability. Statistical
significance was determined if two-sided p , 0.05.
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