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Abstract

Adult T cell leukemia and lymphoma (ATL) is a highly aggressive form of hematological
malignancy and is caused by chronic infection of human T cell leukemia virus type 1 (HTLV-1).
The viral genome encodes an oncogenic protein, Tax, which plays a key role in transactivating
viral gene transcription and in deregulating cellular oncogenic signaling to promote survival,
proliferation and transformation of virally infected T cells. Hence, Tax is a desirable therapeutic
target, particularly at early stage of HTLV-1-mediated oncogenesis. We here show that
niclosamide, an anti-helminthic molecule, induced apoptosis of HTLV-1-transformed T cells.
Niclosamide facilitated degradation of the Tax protein in proteasome. Consistent with
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niclosamide-mediated Tax degradation, this compound inhibited activities of MAPK/ERK1/2 and
IxB kinases. In addition, niclosamide downregulated Stat3 and pro-survival Bcl-2 family members
such as Mcl-1 and repressed the viral gene transcription of HTLV-1 through induction of Tax
degradation. Since Tax, Stat3 and Mcl-1 are crucial molecules for promoting survival and growth
of HTLV-1-transformed T cells, our findings demonstrate a novel mechanism of niclosamide in
inducing Tax degradation and downregulating various cellular pro-survival molecules, thereby
promoting apoptosis of HTLV-1-associated leukemia cells.
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Introduction

Chronic infection of human T cell leukemia virus type 1 (HTLV-1) causes adult T cell
leukemia and lymphoma (ATL), a specific type of hematological malignancy with
characteristic features of enlarged lymph nodes, skin lesion and elevated calcium[1; 2]. The
leukemia develops following prolonged incubation period among 5% of infected patients,
and the disease progresses aggressively. In addition to ATL, HTLV-1 infection is also
associated with myelopathy (HAM)/tropical spastic paraparesis (TSP), uveitis and
dermatitis[3]. Currently, there is no effective therapy for ATL[4].

HTLV-1 is the first human retrovirus ever discovered, and its viral genome encodes three
major structural gene products including Gag, Pol and Env[3]. The pX region of the 3’-end
of the viral genome encodes a viral transactivator, Tax. Expression of Tax is essential for
promoting 5’-long terminal repeat (5’-LTR)-driven viral gene transcription through
activation of the transcriptional factor CREB, and this process is crucial for productive viral
replication, assembly of infectious viral particles and viral transmission by facilitating
formation of virological synapse[5]. In addition, Tax deregulates a variety of cellular
oncogenic signaling pathways including NF-xB, PI3K/Akt and Stat3[6], thereby promoting
T cell survival, aberrant proliferation and ultimately, transformation once additional
oncogenic events occur. Tax also upregulates an antisense gene product of the HTLV-1
genome, HBZ, a viral factor that exhibits an oncogenic activity in mice[7]. Targeting the
oncogenic Tax protein, therefore, is a desirable therapeutic option for HTLV-1 infection to
prevent development of HTLV-1-associated leukemia/lymphoma and neurological diseases.

We evaluated several small molecule inhibitors based on their reported activity in inhibiting
oncogenic signaling pathways that are commonly seen in ATL. We identified niclosamide,
an FDA-approved anti-helminthic compound, to be a promising therapeutic candidate for
ATL. Niclosamide was previously reported to exhibit anti-tumorigenic activity in a number
of human cancers by inhibiting NF-«xB, Stat3, Wnt/p-catenin, Notch, ROS and S100A4 in
addition to inhibiting mammalian target of rapamycin complex 1 (mTORC1)[8; 9; 10; 11;
12]. Since Stat3 and NF-kB are constitutively activated in ATL cells, these findings raise a
possibility that niclosamide could act at these oncogenic targets, potentially causing
apoptotic death of HTLV-1-transformed T cells. The present study has demonstrated that
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niclosamide is a potent therapeutic molecule for ATL by employing a novel mechanism
through induction of proteasomal degradation of the viral oncoprotein Tax and
downregulation of certain cellular pro-survival molecules.

Materials and Methods

Cell lines, antibodies and chemicals

MT-1, 2 and 4 cells were cultured in RPM11640 supplemented with 10% of fetal bovine
serum (FBS). HEK293 and HeLa cells (NIH AIDS Reagent Program) were cultured in
DMEM containing 10% FBS. The Tax-immortalized human CD4+ T cell line, PTX4-1, was
established by lentiviral transduction of the tax-gfp fusion gene[13], and was cultured in
RPMI1640 containing 10% FBS and 100u/ml of recombinant IL-2 (AIDS Reagent
Program). Antibodies for pERK1/2, ERK1/2, pMEK1, MEK1 and GST were purchased
from Santa Cruz Biotechnology (Dallas, TX), and anti-Bcl-2, -Bcl-xL, -Mcl-1, -STATS3, -
ubiquitin and -ubiquitin-K48 antibodies were from Cell Signaling (Boston, MA).
Niclosamide, chloroquine and MG-132 were purchased from Sigma (St. Louis, MO).

Plasmids, immunoblot, cell proliferation assay

The plasmids for Tax-HA, M22-HA, Tax-GFP and Tax shRNA lentivirus have been
reported previously. The co-immunoprecipitation and GST pulldown assays were described
previously [14]. Cell proliferation assay was performed using tetrazolium compound based
CellTiter 96® AQueous One Solution Cell Proliferation (MTS) assay (Promega, Madison,
WI1) according to the manufacturer's instructions.

Real-time quantitative PCR

Total RNA was isolated using the RNeasy kit (Qiagen, Valencia, CA) and its concentration
was determined using the NanoDrop1000 spectrophotometer (Thermo Scientific, Waltham,
MA). Quality and integrity of total RNA was assessed on 1% formaldehyde-agarose gels.
cDNA was synthesized using the Omniscript Reverse Transcriptase Kit (Qiagen) following
the manufacturer's recommended protocol. Template samples were subjected in triplicate to
real-time qPCR (Stratagene Mx3005P system, La Jolla, CA) using Power SYBR Green
(Applied Biosystems, Carlsbad, CA).

Electrophoretic mobility gel shift assay (EMSA)

Nuclear extracts were prepared from various T cell lines using NE-PER nuclear and
cytoplasmic extraction reagents (Pierce, Rockford, IL). The oligonucleotide was 5’-end
labeled with biotin (Integrated DNA Technologies, Coralville, |A) and annealed to its
complementary strand. The binding activities were examined by EMSA using Light Shift
Chemiluminescent EMSA Kit (Pierce) following the protocol reported previously [14].
Consensus gel shift oligonucleotides are for Oct-1 (5’-
TGTCGAATGCAAATCACTAGAA-3’) and Stat3 (5°-
GATCCTTCTGGGAATTCCTAGATC-3’)
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Fluorescence imaging

Results

Tax-GFP and Ubiquitin-HA were transiently co-transfected into HeLa cells using
FuGeneHD transfection reagent (Roche, Indianapolis, IN). 24 hours following transfection,
the transfected cells were treated with DMSO, niclosamide or MG-132. For
immunofluorescence staining, cells were fixed in 4% paraformaldehyde-PBS, blocked in 3%
horse serum-PBS and stained with anti-HA primary antibodies overnight at 4°C, followed
by incubation with fluorescence conjugated secondary antibodies and then mounted with
DAPI (Invitrogen, Carlsbad, CS). Fluorescence images were taken using an OLYMPUS
IX81 deconvolution microscope and analyzed with SlideBook 5.0 software (Intelligent
Imaging Innovations, Denver, CO).

Niclosamide induces apoptotic death of HTLV-1-transformed T cells

Recent screening of chemicals with autophagy-inducing capability revealed that niclosamide
is a potent inducer of autophagy through inhibition of mMTORC1[12], implicating its new
potential in treating human cancer. Studies demonstrated that niclosamide inhibited multiple
oncogenic pathways and suppressed colon cancer growth and metastasis in a mouse
model[11].

To determine whether niclosamide suppresses HTLV-1-transformed T cells, we treated
MT-2 and MT-4 with various doses of niclosamide. We found that niclosamide effectively
reduced cell viability of both T cell lines (Fig.1A). In cancer cells, autophagy is typically
induced following chemotherapy, which was thought to play a cytoprotective role that
contributes to chemotherapy resistance. However, excessive autophagy could also induce
cell death. To understand the role of autophagy in niclosamide-mediated reduction of cell
viability, we combined various amounts of niclosamide with chloroquine, an autophagy
inhibitor that blocks fusion of autophagosome with lysosome. We found combination of
niclosamide and chloroquine acted significantly better than niclosamide alone in suppressing
the cell viability (Fig. 1B and 1C). Indeed, depletion of key autophagy molecules including
P13 kinase class 111 (PI3KC3) and Atg5 led to impaired growth in MT-4 cells (Fig. 1D and
1E), verifying a cytoprotective role of autophagy for HTLV-1-transformed T cells. We
found that niclosamide induced dramatic caspase-mediated apoptosis as evidenced by
detection of cleaved caspase-3, -7, -9 and PARP (Fig. 1F). These results suggested that
niclosamide impaired survival of HTLV-1-transformed T cells through induction of caspase-
dependent apoptosis.

Niclosamide facilitates proteasomal degradation of Tax

The retroviral oncoprotein Tax not only activates viral gene transcriptions that are necessary
for viral replication, but also promotes survival and growth of HTLV-1-transformed T cells.
Depletion of Tax by lentiviral transduction of the Tax specific ShRNA led to growth
retardation and death of Tax-expressing, HTLV-1-transformed MT-4 T cells (Fig. 2A),
validating an essential role of Tax for survival of HTLV-1-transformed T cells. To
determine whether niclosamide interferes with the stability and function of the Tax protein,
MT-2 and MT-4 cells were treated with various doses of niclosamide. Niclosamide

Biochem Biophys Res Commun. Author manuscript; available in PMC 2016 August 14.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xiang et al. Page 5

downregulated both the wild type p40Tax and p68Tax, an Env-Tax chimeric protein that
was predominantly expressed in MT-2 cells. Similar pattern was observed in MT-4 cells that
exclusively expressed p40Tax (Fig. 2B). To determine if niclosamide induces proteasomal
degradation of Tax, we pre-treated MT-4 cells with MG-132, a proteasome inhibitor,
followed by adding niclosamide at indicated time points. Niclosamide induced degradation
of the Tax protein, while MG-132 blocked niclosamide-mediated down-regulation of Tax
(Fig. 2C). Together, these data support the notion that niclosamide facilitates proteasomal
degradation of the Tax protein in HTLV-1-transformed T cells.

To exclude the possibility that niclosamide interferes with Tax mRNA transcription through
its native promoter, we constructed HA- or GFP-tagged Tax in a mammalian expression
vector in which the human elongation factor promoter (phEF) drives Tax expression. phEF-
Tax-HA or Tax-GFP was transiently transfected into HEK293 cells. 24 hours following
transfectioncells were treated with niclosamide. Niclosamide induced degradation of Tax-
HA (Fig. 2D, top panel) and Tax-GFP (middle panel) that were expressed from a
heterologous promoter in non-lymphoid cells. Further, niclosamide facilitated degradation of
Tax-GFP in PTX4-1 cell line, a Tax-GFP-immortalized human CD4+ T cell line in which
the expression of Tax-GFP was driven from phEF promoter (bottom panel). Niclosamide
destabilized the Tax protein as evidenced by its ability to shorten Tax's half-life in
transiently transfected HEK293 cells (Fig. 2E). These results indicated that niclosamide
promoted proteasomal degradation of the Tax protein and had no direct effect on the tax
gene transcription. Further, we found that M22, a mutant form of Tax[14], resisted
niclosamide-mediated degradation (Fig. 2F). Because M22 was known to be weakly
ubiquitinated[16], it appeared that reduction of the Tax protein by niclosamide is executed
through ubiquitination-mediated degradation.

Niclosamide increases formation of the protein aggregates of Tax and cellular signaling
proteins

We applied dual-color fluorescence imaging technique to examine formation of the
ubiquitinated Tax protein. Tax-GFP was co-transfected with ubiquitin-HA into HeL a cells.
Tax-GFP was shown to distribute in both the cytoplasm and nucleus with speckled pattern,
and a small portion of ubiquitin co-localized with Tax-GFP as seen with the yellow puncta
in the cytoplasm from the merged picture (Fig. 3A, top panel). Niclosamide induced
formation of the cytoplasmic aggregates of the Tax-ubiquitin complex (middle panel). As
expected, inhibiting proteasome with MG-132 led to accumulation of the ubiquitinated Tax
protein aggregates (bottom panel). Next, we employed immunoblot to detect
poylubiquitinated Tax protein by co-transfecting Tax with ubiquitin-HA into HEK293 cells.
24 hours following transfection, the transfected cells were treated with niclosamide for 4
hours. We found that niclosamide increased the amount of the polyubiquitinated Tax protein
aggregates (Fig. 3B, upper panel). To determine if Tax is conjugated with the endogenously
expressed ubiquitin following niclosamide treatment, we expressed Tax-GST into HEK293
cells followed by the treatment with niclosamide. While GST itself was not ubiquitinated
(data not shown), increased amounts of the ubiquitinated Tax-GST insoluble aggregates
were detected following niclosamide treatment (lower panel). Further, correlating with
increased ubiquitinated Tax proteins, we found that in addition to Tax, NF-xB signaling
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molecules, including IxB kinases and NF-xB subunits p65 and p50, were translocated from
soluble compartments into insoluble aggregates (Fig. 3C). It became apparent that

niclosamide not only affected Tax stability but also modulated subcellular redistribution of
cellular signaling proteins, probably through interference of cellular ubiquitination system.

To examine this possibility, we evaluated polyubiquitination status of cellular proteins prior
to and after niclosamide treatment. After MT-2 or MT-4 cells were treated with niclosamide,
total protein lysates, soluble proteins and insoluble protein extracts were examined with anti-
ubiquitin and anit-ubiquitin-K48 immunoblots. We found that niclosamide promoted K48-
mediated ubiquitination in insoluble fractions in HTLV-1-transformed T cell lines and that
this compound had no significant effect on ubiquitination of soluble proteins (Fig. 3D and
3E). The induction of polyubiquitination of cellular proteins by niclosamide appeared not to
be lymphocyte specific as it was able to do so in non-lymphoid cell line HEK293 (data not
shown). Together, we concluded that niclosamide was capable of inducing ubiquitination of
Tax and cellular proteins, leading to the formation of the protein aggregates and their
subsequent degradation in proteasome.

Niclosamide inhibits oncogenic pathways in HTLV-1-transformed T cells

Since Tax deregulates multiple oncogenic pathways, we reasoned that degradation of Tax by
niclosamide would affect these signaling pathways. NF-xB signaling in MT-2 and MT-4
was examined. Tax is known to activate kB kinase complex (IKK), which is composed of
two highly homologous catalytic subunits, IKKa and IKKp, and one regulatory subunit,
IKKy [17; 18; 19]. The activated IKKSs then phosphorylate their substrate IxBa, the inhibitor
of NF-xB, resulting in its ubiquitination-dependent degradation. The activated IKKs also
phosphorylate p65 subunit of the NF-kB heterodimer[20]. Expectedly, IKKa and IKKf
were constitutively phosphorylated in HTLV-1-transformed cells, correlating with their
persistent activity in phosphorylating 1xBa and p65 (Fig. 4A). The phosphorylation of
IKKa/B, IkBa and p65 was reduced following the treatment of niclosamide in a dose-
dependent manner (Fig. 4A), indicating that the activity of IKKa and/or IKK[ was inhibited.
Next, we found that pro-survival Bcl-2 family proteins including Mcl-1 and BcIxL were
downregulated in HTLV-1-transformed T cells following niclosamide treatment in dose-and
time-dependent manner (Fig. 4B and 4C). In addition, MAPK/ERK was persistently
activated as seen with presence of phosphorylated ERK1/2 in HTLV-1-transformed T cell
lines. Niclosamide potently suppressed ERK1/2 phosphorylation (Fig. 4D). Moreover, Tax
is also known to activate Stat3, and we observed that Stat3 was downregulated in both MT-2
and MT-4 cells that were treated with increasing doses of niclosamide (Fig. 4E), resulting in
reduced binding activity of Stat3 to its cis-element (Fig. 4F). The ability of niclosamide to
affect multiple oncogenic signaling molecules correlated with its induction of ubiquitination
of Tax and cellular proteins. We further confirm that niclosamide also induces apoptotic
death of HTLV-1-associated ATL cells (MT-1 cells) and represses HTLV-1 viral gene
transcription (supplement Fig.S1 and S2).
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Discussion

The present study demonstrated that niclosamide, an FDA-approved, anti-parasitic
compound, potently induced apoptotic death of HTLV-1-transformed T cells and adult T
cell leukemia cells. Niclosamide induces the degradation of the retroviral oncoprotein Tax
and cellular growth-promoting factors. Consequently, the activities of a broad range of
oncogenic signaling molecules such as Stat3, MAPK/ERK and IKK/NF-xB were diminished
in HTLV-1-transformed T cells.

Tax is essential for establishing productive replication of HTLV-1 and for initiating
oncogenesis of virally infected CD4+ T cells, though roughly 50% of clinical cases of ATL
lost Tax expression. We showed that depletion of Tax in Tax-expressing, HTLV-1-
transformed T cell lines resulted in cell death, supporting a crucial role of Tax in the early
stage of leukemogenesis, which provided an ideal target for therapeutic intervention. We
found that niclosamide targeted the Tax for degradation. Although niclosamide is a potent
inducer of autophagy, Tax was apparently degraded in proteasome rather than in lysosome,
since the inhibition of proteasome abrogated niclosamide-mediated degradation of Tax
whereas blockade of autolysosome had no such effects. M22, the ubiquitination-resistant
mutant of Tax, was not degraded by niclosamide, which suggests that Tax degradation is
likely ubiquitination-dependent. Indeed, niclosamide induced formation of the
polyubiquitinated Tax protein aggregate prior to its degradation. Furthermore, our data
showed that downregulation of Tax was not related to the repression of viral gene
transcription since Tax, when expressed from a heterologous promoter, was still degraded in
proteasome following the treatment of niclosamide. Since Tax is the viral transactivator,
reduction of the Tax protein level would indirectly cause lower transcriptional activity of the
viral 5’-LTR, consequently resulting in decreased assembly of infectious viral particles.
Together, our data support that niclosamide-mediated degradation of Tax in proteasome is
through ubiquitination-dependent mechanism. Considering the controversial reports about
maintenance of the Tax stability through ubiquitination [16; 21; 22; 23; 24; 25], further
study is necessary to elucidate the mechanism that niclosamide induces ubiquitination of
certain cellular proteins and Tax for degradation.

Tax appears not to be a direct target of niclosamide as this compound is capable of inducing
drastic K48-linked polyubiquitination of cellular proteins in non-Tax expressing ATL cells,
causing their apoptotic cell death. The selective cellular target of niclosamide remains
elusive. Several studies demonstrated that niclosamide suppressed growth of a variety of
human cancer cells in vitro and in mouse model by interfering with various oncogenic
signaling pathways including NF-xB, Stat3, Wnt/B-catenin, Notch, ROS and S100A4 in
addition to inhibiting mTORC1[8; 9; 10; 11; 12]. Moreover, niclosamide exhibited anti-
tumor activity in colon cancers by downregulating expression of Dishevelled-2 (DvI2), a
component of Wnt signaling. Furthermore, this compound was found to suppress growth of
acute myelogenous leukemia (AML) cells in culture and in mice. It has been proposed that
niclosamide inhibits activities of two key regulators of NF-xB pathway, TAK1 and IKK,
and both kinases play essential roles in inducing constitutive activation of NF-xB, which is
crucial for supporting survival and proliferation of human AML blast cells.
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To reconcile the discrepancies for lack of selective cellular target for niclosamide in cancer
cells, our data suggest that niclosamide affects stability and function of multiple cellular
signaling molecules by deregulating ubiquitination and deubiquitination process, probably
by targeting cellular deubiquitinase. The specific deubiquitinase that is potentially targeted
by niclosadmie is currently not clear, however, it is known that the stability of the Tax
protein is regulated by STAMBPL1, a cellular deubiquitinase in which its depletion results
in polyubiquitination and subsequent proteasomal degradation of Tax[26]. Furthermore, the
stabilities of cellular signaling molecules, such as kB kinases, Stat3 and Bcl-2 family
members, are regulated by ubiquitination and deubiquitination system[27; 28; 29].
Identification of a specific cellular target of niclosamide will provide insights paving the
way for personalized therapy.
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Figure 1. Niclosamide induces apoptosis of HTLV-1-transformed T cells
A) MT-2 and MT-4 cells were treated with niclosamide. % of cell viability was determined

by comparison of niclosamide vs solvent treated cells 48 hours after treatment using MTT
assay. Experiments were performed in triplicate. *, p<0.05. **, p<0.01 as determined by 2-
tail student t-test. B) and C) MT-2 cells (B) or MT-4 cells (C) were treated with niclosamide
alone or with chloroquine.% of cell viability was determined after 72 hours using the
method described in (A). D) and E) MT-4 cells were transduced with lentiviruses expressing
NS (non-specific) sShRNA, PI3KC3 shRNA (D) or Atg5 shRNA (E), and the cell viability
was determined by trypan-blue exclusion assay. F) MT-2 and MT-4 cells were treated with
niclosamide, and total protein lysates were analyzed with immunoblot to detect cleaved
forms of caspase-3 (casp-3), -7, -9 and PARP 24 hours after niclosamide treatment.
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Figure 2. Niclosamide induces proteasomal degradation of the retroviral oncoprotein Tax
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A) MT-4 cells were transduced with lentiviruses expressing NS shRNA or Tax-specific

shRNAL or shRNA2. The Tax knockdown efficiency was examined by anti-Tax

immunoblot. The cell viability was determined by trypan blue exclusion assay in triplicate.
* p<0.05 ** p<0.01. B) MT-2 and MT-4 cells were treated with DMSO or niclosamide.
Total protein lysates were collected 24 hours later for anti-Tax, anti-Hsc70 and anti-actin
immunoblots. Hsc70 and actin were used for protein loading controls. C) MT-4 cells were
pre-treated with DMSO or MG-132 (5uM), followed by adding niclosamide at indicated
time points. Total protein lysates were examined with anti-Tax immunoblot. D) phEF/Tax-
HA or phEF/Tax-GFP was transiently transfected into HEK293 cells. 24 hours following
transfection, cells were treated with niclosamide. 24 hours after niclosamide treatment, total
lysates were evaluated with immunoblot (upper panel). Meanwhile, Tax-GFP-immortalized
human CD4 T cell line, PTX4-1, was treated with niclosamide and the Tax-GFP level was
determined with anti-GFP blot. E) HEK293 cells were transiently transfected with phEF/
Tax-HA. 24 hours following transfection, the cells were pre-treated with cyclohexamide
(CHX, 10pg/ml) for 1 hour, followed by adding niclosamide or DMSO for indicated time
points. The protein lysates were analyzed with anti-Tax immunoblot. F) The Tax mutant,
M22-HA was transiently transfected into HEK293 cells. 72 hours following transfection, the
cells were treated with niclosamide for 24 hours, and the total protein lysates were examined

with anti-HA immunoblot.
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Figure 3. Niclosamide induces formation of ubiquitinated Tax protein aggregate
A) Hela cells were co-transfected with Tax-GFP and Ubiquitin-HA, and the transfected

cells were treated with DMSO, niclosamide (10 uM) or MG-132 (5 uM). 45 minutes after
treatment, cells were stained with anti-HA and examined with fluorescence imaging. B)
Upper panel: HEK293 cells were co-transfected with Tax and ubiquitin-HA. Transfected
cells were treated with niclosamide for 4 hours, and the total lysates were
immunoprecipitated with anti-Tax followed by anti-ubiquitin blot. Lower panel: HEK293
cells were transfected with Tax-GST. Transfected cells were treated with niclosamide for 2
hours, and the insoluble pellets were dissolved in 1% SDS/50mM Tris-Cl (pH7.6) and
further diluted into RIPA buffer (the final concentration of SDS is 0.1%). The GST-
pulldown was analyzed with anti-ubiquitin blot. C) MT-4 cells were pre-treated with
DMSO, MG-132 (5 uM) or chloroquine (CQ, 50 uM), followed niclosamidetreatment. 24
hours later, the cells were lysed with 1% Triton X-100, and the remaining insoluble pellets
(P) were dissolved in 1% SDS buffer. The cellular extracts from soluble fractions (S) and
insoluble fractions (P) were examined with immunoblot. D) and E) MT-2 and MT-4 cells
were treated with niclosamide. Total protein lysates, soluble proteins and insoluble protein
extracts were examined with anti-ubiquitin and anit-ubiquitin-K48 immunoblots.
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Figure 4. Niclosamide inhibits multiple oncogenic signaling molecules
A) Immunoblot of MT-2 and MT-4 cells treated with niclosamide. B) Total protein lysates

from (A) were examined with anti-Bcl-2, -Bcl-xL and -Mcl-1 immunoblot. C) MT-2 and
MT-4 cells were treated with niclosamideand the cellular protein extracts harvested at
indicated time points were examined with immunoblot. D) Total protein lysates from (A)
were examined with anti-p-ERK1/2 and anti-ERK1 immunoblot. E) Total protein lysates
from (A) were examined with anit-Stat3 immunoblot. F) MT-4 cells were treated with 10
UM of niclosamide, and the nuclear extracts from indicated time points were examined with
Stat3 probe EMSA. Oct-1 was used for control.
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