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Abstract

Refractory and relapsed leukemia is a major problem during cancer therapy, which is due to the aberrant activation of Wnt/3-
catenin signaling pathway. Activation of this pathway is promoted by wingless (Wnt) proteins and induces co-activator 3-catenin
binding to lymphoid enhancer factor (LEF)/T-cell factor protein (TCF). To provide a convenient system for the screening of anti-
Whnt/B-catenin agents, we designed a bi-functional pGL4-TOP reporter plasmid that contained 3X B-catenin/LEF/TCF binding
sites and a selectable marker. After transfection and hygromycin B selection, HEK 293-TOP and Jurkat-TOP stable clones were
established. The luciferase activity in the stable clone was enhanced by the recombinant Wnt-3A (rWnt-3A; 100-400 ng/mL)
and GSK3B inhibitor (2'Z,3’E)-6-bromoindirubin-3’-oxime (BIO; 5 uM) but was inhibited by aspirin (5 mM). Using this reporter
model, we found that norcantharidin (NCTD; 100 uM) reduced 80% of rWnt-3A-induced luciferase activity. Furthermore, 50 yM
NCTD inhibited 38% of BIO-induced luciferase activity in Jurkat-TOP stable cells. Employing 3H-thymidine uptake assay and
Western blot analysis, we confirmed that NCTD (50 pM) significantly inhibited proliferation of Jurkat cells by 64%, which are the
dominant 3-catenin signaling cells and decreased 3-catenin protein in a concentration-dependent manner. Thus, we established
a stable HEK 293-TOP clone and successfully used it to identify the Wnt/B-catenin signaling inhibitor NCTD.
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Introduction

Constitutive activation of the wingless (Wnt)/B-catenin
signaling pathway has been reported to be associated with
carcinogenesis and to correlate with both shortened relapse-
free survival and overall survival in leukemia patients (1).
Mutation of the phosphorylation sites in the NHo-terminal
domain of B-catenin has been observed in T-cell malignan-
cies (2). Increased expression of Wntligands or frizzled (Fz)
receptors has been described in acute myeloid leukemia
(3). Autocrine Wnt/B-catenin signaling would also seem to
contribute to leukemic cancer cell proliferation (2,3). These
lines of evidence support a crucial role for Wnt/B-catenin
signaling in the maintenance of leukemia. Although chemo-

therapy and radiotherapy do help long-term patient survival,
relapse is still a major cause of death in many kinds of
cancer (4). Recently, many studies have indicated that the
cancer stem/progenitor cells from patients with leukemia,
colon cancer, or skin cancer inappropriately express Wnt/(3-
catenin signaling. These cells possess self-renewal ability
like stem cells and are responsible for relapse even under
Imatinib treatment (5-8). Thus, blocking the Wnt/B-catenin
signaling may help reduce the frequency of relapses in
cancer patients.

Nonsteroidal anti-inflammatory drugs (NSAIDs) such as
aspirin and indomethacin can potentially act as therapeutic
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agents to suppress B-catenin activity (9). Unfortunately,
NSAIDs also have an inhibitory effect on cyclooxygenase-1
(COX-1) and COX-2 activity and cause gastrointestinal
bleeding. Thus, it becomes important to search for other
Whnt/B-catenin signaling inhibitors that do not have severe
side effects. Lepourcelet et al. (10) have reported six natural
products, ZTM00090, PKF118-310, PKF118-744, PKF115-
584, PKF222-815, and CGP049090, that seem to abolish
B-catenin and T-cell factor (TCF) protein-protein interaction.
These compounds significantly decreased cyclin D1 gene
expression and inhibited cell proliferation in colon cancer
cells. Employing a transient reporter assay in a cell-based
system, one small molecule, ICG-001, was shown to block
the formation of the B-catenin/CBP complex and to arrest
cancer cell proliferation. This molecule also attenuated the
growth of xenograft colon cancers in mice (11). Since the
development of new drugs has been limited, we suggest that
searching for new antagonists of Wnt/3-catenin signaling
would seem to require a high-throughput assay.

The hallmark of the Wnt/B-catenin signaling pathway is
B-catenin, which acts as a multiple function protein including
adhesion to the cell membrane and transcription activation
in the nucleus (12). In the absence of Wnt proteins, little
B-catenin is present in the cytoplasm; this is due to the fact
that B-catenin interacts with glycogen synthase kinase 33
(GSK-3pB), which causes its phosphorylation, and the pro-
tein is then degraded by the ubiquitin-proteasome system
(13). When Wnt proteins bind to Fz receptors, GSK-383
activity is disrupted and B-catenin escapes degradation.
The unphosphorylated B-catenin then translocates into
the nucleus, binds to the lymphoid enhancer factor (LEF)/
TCF transcription factors, and turns on downstream gene
expression including c-myc and cyclin D1, which regulate
cell proliferation and apoptosis (14,15).

In the present study, we cloned the LEF/TCF binding
sequences into a pGL4.3 luciferase reporter plasmid,
which was part of an antibiotic-resistant plasmid. This new
construct was transfected into human embryonic kidney
(HEK) 293 and human Jurkat leukemic T cells to establish
the HEK293-TOP and Jurkat-TOP stable reporter cell lines.
The activities of these cell lines were indicated by luciferase
activity induced by recombinant Wnt-3A (rWnt-3A) protein
and (2'Z,3’E)-6-bromoindirubin-3’-oxime (BIO). We also
used the cell lines for drug screening and discovered the
norcantharidin (NCTD) that inhibited the activation of the
Whnt/B-catenin signaling pathway in both HEK 293-TOP and
Jurkat-TOP cells and reduced the B-catenin levels and cell
proliferation in Jurkat T cells.

Material and Methods

Material

BIO, 1-methyl-BIO (MeBIO), lithium chloride (LiCl) and
N-(2-methyl-4-nitro)-2,4-dichlorosulfonamide (FH535) were
purchased from Merck (Germany). NCTD (CgHgO4; MW
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168) was synthesized as described previously (16). Mouse
rWnt-3Awas obtained from R&D (USA). Mouse monoclonal
antibodies raised against human B-catenin (cat. No. sc-
7963), B-actin (cat. No. sc-47778) and GSK-3f3 (cat. No.
610201) were purchased from Santa Cruz (USA) and BD
Bioscience (USA). Goat anti-mouse IgG conjugated with
horseradish peroxidase was purchased from Pierce (USA).
Other reagents were obtained from Sigma (USA).

Cell culture

HEK 293 (FIRDI, Taiwan), L cells (FIRDI), and L Wnt-
3Acells (ATCC, USA) were cultured in DMEM (Invitrogen,
USA). Jurkat cells (FIRDI) were cultured in RPMI-1640
medium (Invitrogen). Both media were supplemented with
10% fetal bovine serum (FBS), 2 mM L-glutamine, 0.1
mM sodium pyruvate, 100 U/mL penicillin, and 100 ug/
mL streptomycin. HEK 293-TOP/FOP and Jurkat-TOP/
FOP cells were regularly maintained in selected medium
containing 500 and 1000 ug/mL hygromycin B, respectively.
All cells were incubated at 37°C in a humidified atmosphere
under 5% CO». Wnt-3A and control conditioned media were
prepared according to ATCC recommendation.

Generation of pGL4-TOP/FOP reporter plasmids

Two primers, TOP265-F: 5GTCAGATCTCTTAATATG
CGAAGTGGACC3’ and TOP265-R: 5°CGTGGTACCGT
AACGCCAGGGTTTTCCZ’, were designed from the se-
quence data of the TOPFLASH plasmid and used to amplify
either the TOP (wild-type 3X LEF/TCF binding sites; 265 bp)
or the FOP elements (mutant 3X LEF/TCF binding sites; 255
bp) from TOPFLASH or FOPFLASH (Upstate Biotechnol-
ogy, USA) by the polymerase chain reaction (PCR). The
TOP and FOP elements were amplified using the following
program: 94°C for 10 min, followed by 30 cycles of 94°C for
1 min, 54°C for 1 min, 72°C for 30 s, then finally 4°C for 10
min. The amplified products were cloned into the pGL4.3
luciferase reporter plasmid (Promega, USA) using the Bglll
and Kpnl cleavage sites and the two successfully created
ampicillin-selected plasmids were called pGL4-TOP and
pGL4-FOP (Figure 1A).

Establishment of the HEK 293-TOP/FOP and
Jurkat-TOP/FOP reporter cell lines

The 0.8 ug pGL4-TOP (or FOP) reporter plasmid was
transfected into HEK 293 cells (2 x 105) with Lipofectamin™
2000 (Invitrogen) according to manufacturer instructions.
The transfected cells were selected in medium containing
500 pg/mL hygromycin B (MDBio, Taiwan) for 3 weeks to
obtain a stable clone. Medium was replaced with fresh
medium every 3 days. At the end of 3 weeks, the surviving
cells were diluted in a 96-well plate (Nunclon, Denmark) and
asingle cell-derived clone was selected and cultured to give
a stable cell line in the presence of hygromycin B. These
stable clones were called HEK 293-TOP or HEK 293-FOP.
Jurkat cells were transfected with 3 ug pGL4-TOP/FOP
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by electroporation using a MicroPorator system (MP-100;
Digital Bio Technology, Korea) according to manufacturer
instructions. The stable cells were selected in medium
containing 1500 ug/mL hygromycin B.

Luciferase assay

HEK 293-TOP cells (1 x 104) or Jurkat-TOP/FOP (2 x
104) cells were seeded into 96-well plates and incubated
in medium with 10% FBS for one day. The cells were then
stimulated with r'wWnt-3A (100, 200, 400 ng/mL), L Wnt-3A
conditioned medium (Wnt-3ACM), BIO, or LiCl. After incuba-
tion for the indicated times, total cell lysates were extracted
with 1X reporter lysis buffer (Promega) and 10 ug total cell
proteins were used to determine luciferase activity by the
Luciferase Assay System (Promega) using a Microplate
Luminometer (Berthold, Germany).

Proliferation assay

Jurkat cells (2 x 104/well) were cultured in a 96-well
plate for 24 h. Various concentrations of NCTD (12.5 to
50 uM) were added to the cells and the plates were incu-
bated in a 5% CO»-air humidified atmosphere at 37°C for
2 days. Subsequently, tritiated thymidine (1 puCi/well; New
England Nuclear, USA) was added to each well. After 16-h
incubation, the cells were harvested onto glass-fiber filters
with an automatic harvester (Multimash 2000, Dynatech,
UK). The radioactivity of the filters was measured with a
scintillation counter.

Western blot analysis

HEK 293-TOP/FOP cytosolic proteins were examined
by Western blot analysis. Proteins were separated by
10% SDS-PAGE and transferred to an Immobilon-P PVDF
membrane (Millipore, USA). Antibodies against B-actin
(1:1000), B-catenin (1:1000) and GSK-3f3 (1:1000) were
used for protein detection. The specific reactive proteins
were detected by an enhanced chemiluminescence method
that employed rabbit anti-mouse IgG conjugated with horse-
radish peroxidase. The immunoblots were visualized with
the immobilon Western chemiluminescent HRP substrate
(Millipore).

RNA extraction and RT-PCR

Total RNA was isolated from Jurkat cells with RNA-
Bee™ (Tel-Test, USA) according to manufacturer instruc-
tions. For cDNA synthesis, 1 ug total RNA was added to a
10-pL reaction volume, including reaction buffer, oligo dT,
dNTP and reverse transcriptase and the procedure was used
according to manufacturer instructions. The primer sequences
used to detect the GAPDH and -catenin gene CTNNB1
were as follows: GAPDH: TGAAGGTCGGAGTCAACGGATT
TGGT (sense) and CATGTGGGCCATGAGGTCCACCAC
(anti-sense); CTNNB1: ACTCTAGGAATGAAGGTGTGGC
(sense) and AGTGTGTCAGGCACTTTCTGAG (anti-
sense). PCR was carried out using the following procedure:
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94°C for 10 min, followed by 30 cycles of 94°C for 1 min,
60°C for 1 min, 72°C for 30 s, and finally 4°C for 10 min.
After reaction, the amplified products were run on a 2%
agarose gel.

Statistical analysis

Data are reported as means + SD of at least three
experiments. The differences between groups were deter-
mined by the Student t-test, with the level of significance
set at P < 0.05.

Results

Generation of the HEK 293-TOP/FOP stable cell lines
for drug screening

The TOPFLASH plasmid contains three LEF/TCF
binding sites (17). In order to establish a Wnt/B-catenin
signaling-response stable cell line for drug screening, we
amplified the TOP element that contained three LEF/TCF
binding sites from TOPFLASH and inserted them into the
pGL4.3 reporter plasmid that contains a hygromycin B
phosphotransferase coding gene (Hygr) and a luciferase
reporter gene. This new constructed plasmid was named
pGL4-TOP (Figure 1A). The integrity of the three LEF/TCF
sequences was confirmed by DNA sequence analysis. No
mutations of binding sequences were detected (data not
shown). In addition, the pGL4-FOP, which contained three
mutated LEF/TCF binding sites derived from the FOPFLASH
plasmid, was constructed as a negative control. These new
bi-functional reporter constructs pGL4-TOP and pGL4-FOP
can be used to create stable clones using hygromycin B
selection without co-transfection with a plasmid containing a
selectable marker. Therefore, the pGL4-TOP/FOP reporter
plasmids were transfected into HEK 293 cells and expres-
sion of the Hygr gene protected the cells, HEK 293-TOP
and HEK 293-FOP, from antibiotic treatment.

Luciferase activity of HEK 293-TOP cells was activated
by Wnt-3A proteins and a specific inhibitor of GSK-38.

It is well known that Wnt proteins activate the down-
stream signaling by stabilization of B-catenin and enhance
target gene expression in the nucleus. We evaluated basal
and inducible levels of B-catenin signaling in HEK 293-
TOP by measuring protein expression of (3-catenin and
by measuring the transcriptional activity of the reporter.
HEK 293-TOP stable cells were cultured in the presence
of 100, 200, and 400 ng/mL rWnt-3A for 24 h. The cell
proteins were then extracted from the cells and subjected
to Western blotting and a luciferase assay. As shown in
Figure 1B, B-actin was used as a loading control and rWnt-
3A stimulation increased the levels of 3-catenin protein in
a dose-dependent manner. Comparison with the control
group (medium only), the vehicle (0.1% BSA) did not affect
B-catenin protein expression. When stimulated with 100,
200 and 400 ng/mL rwWnt-3A, luciferase activities from HEK
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293-TOP significantly increased by 1.3-fold (P < 0.05), 1.5-
fold (P <0.01), and 2.1-fold (P < 0.01), respectively (Figure
1C). Furthermore, there was a 2.5-fold increase (P <0.001)
of luciferase activity upon stimulation with 50% (v/v) Wnt-3A
CM in HEK 293-TOP cells. HEK 293-FOP cells were not
affected (Figure 2A). These results indicate that Wnt-3A
specifically increased the amount of B-catenin protein and
induced luciferase activity in HEK 293-TOP stable cells.

GSK-3B, a negative regulator of the Wnt/B-catenin
signaling, is involved in the TCF-mediated transcriptional
pathway and its inhibitor has been used as a pharmaco-
logical agent to activate this pathway (18). To confirm the
specificity of Wnt/B-catenin signaling induction, a specific
inhibitor of GSK-3p, BIO (5 uM), was incubated with HEK
293-TOP cells in the presence of r'Wnt-3A (400 ng/mL) for
24 h and luciferase activity was then determined. As shown
in Figure 2B, neither the vehicle for rWnt-3A (0.1% BSA)
nor the vehicle for BIO (0.05% DMSO) affected luciferase
activity in HEK 293-TOP cells. However, both rwWnt-3A and
BIO activated the luciferase reporter by 2.6-fold (P <0.001)
and 4.9-fold (P < 0.001), respectively. MeBIO is an analog
of BIO that does not inhibit GSK-33 activity. MeBIO (5 uM)
alone did not affect the luciferase activity. When HEK 293-
TOP cells were co-treated with rwWnt-3Aand MeBIO, MeBIO
did not change the stimulatory effect of rWWnt-3Aon luciferase
activity. However, an additive effect was observed in the
cells treated with BIO and rwWnt-3A (P < 0.01). As shown in
Figure 2D, while BIO did not affect GSK-3[ protein expres-
sion, it increased the levels of 3-catenin in HEK 293-TOP
cells in a dose-dependent manner. On the other hand, we
also used another GSK-38 inhibitor, LiCl, to confirm the
HEK 293-TOP response. As shown in Figure 2C, LiCl (20
mM) also activated the luciferase reporter by 10.9- and 4.9-
fold in the presence or absence of rWnt-3A, respectively.
These results confirmed that HEK 293-TOP cells faithfully
responded to the effects of rWnt-3A and the GSK-38 inhibi-
tors during canonical Wnt/B-catenin signaling.

Aspirin and NCTD inhibit rWnt-3A-induced luciferase
activity in HEK 293-TOP cells

According to the report of Cho et al. (19), aspirin is
able to decrease Wnt-3A CM-induced luciferase activity
in HEK 293 cells. To determine whether HEK 293-TOP
could be used as a drug screening platform, HEK 293-TOP
cells were incubated with aspirin in the presence of rWnt-
3A (400 ng/mL) and luciferase activity was analyzed. As
shown in Figure 3A, rWnt-3A induced a 4.6-fold increase
in luciferase activity (P < 0.01), while the vehicle (0.1%
BSA) did not affect activity. In contrast, treatment with 1.25,
2.5, and 5 mM (P < 0.05) aspirin decreased the luciferase
activity of the rWnt-3A-induced cells in a dose-dependent
manner. Therefore, we predicted that the HEK 293-TOP
cell line could be applied to screen potential Wnt/B-catenin
signaling blockers.

Thus, we collected several synthetic compounds or
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Figure 1. Map of the pGL4-TOP/FOP reporter plasmids and ef-
fects of rWnt-3A on B-catenin protein levels and luciferase ac-
tivities in HEK 293-TOP stable cells. A 265-bp fragment contain-
ing the 3X LEF/TCF elements (19-286 bp) was amplified from
TOPFLASH and FOPFLASH by PCR and inserted into the
pGL4.3 reporter plasmid. The pGL4-TOP/FOP plasmid map was
drawn with the Vector NTI software. LEF = lymphoid enhancer
factor; TCF = T-cell factor protein; AmpR = beta-lactamase cod-
ing region; Hygr = hygromycin B coding region. HEK 293-TOP
cells (1 x 104) were seeded into a 96-well plate for 24 h and then
treated with medium (C), BSA (0.1%) or the indicated concentra-
tions of rWwnt-3A (100, 200, 400 ng/mL) for another 24 h. Total
cell proteins were collected and subjected to Western blotting (B)
and the luciferase assay (C). The ratios of 3-catenin to B-actin
proteins are shown at the bottom of Panel B. Each bar in Panel
C is the mean * SD of three independent experiments. *P < 0.05,
**P < 0.01 vs cells treated with 0.1% BSA (Student t-test).
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natural products for screening. We analyzed the effects of
these compounds (100 pM) on luciferase activity in HEK
293-TOP cells induced by Wnt-3A CM and calculated their
inhibitory activities. As shown in Figure 3B, one of these
compounds, compound 12 (NCTD), had an 80% inhibitory
activity on luciferase activity in HEK 293-TOP stimulated
with Wnt-3A CM. The specific inhibitory effect of NCTD
on the Wnt/B-catenin signaling was determined with HEK
293-TOP and HEK 293-FOP cells treated with Wnt-3A CM
(Figure 3C). After stimulation with Wnt-3A CM, luciferase
activity was induced in HEK 293-TOP cells but not in HEK
293-FOP cells. The vehicle (0.05% DMSO) did not affect
the luciferase activity of either HEK 293-TOP or HEK 293-
FOP cells. Furthermore, NCTD had little or no effect on
luciferase activity in HEK 293-FOP cells. By contrast, NCTD
significantly impaired luciferase activity in HEK 293-TOP
cells in a concentration-dependent manner. As shown in
Figure 3D, rWnt-3Awas also used to stimulate the cells and
to confirm the inhibitory activity of NCTD. When compared
to the BSA-treated group, rWnt-3A induced luciferase ac-
tivity by 3.9-fold (P < 0.01) and NCTD inhibited luciferase
activity in a concentration-dependent manner (P < 0.001).

935

These results indicate that potential Wnt/B-catenin signal-
ing inhibitors such as NCTD could be detected by the HEK
293-TOP reporter system.

Luciferase activity of Jurkat-TOP cells was activated by
Wnt-3A proteins and BIO inhibitor

It has been reported that Jurkat cells express high levels
of Wnt/B-catenin signaling and play an important role in
Jurkat cell proliferation (20). To examine whether activa-
tion of Wnt/B-catenin signaling in a leukemic cancer cell
line was blocked by NCTD, we established the Jurkat-TOP
and Jurkat-FOP stable cells by pGL4-TOP and pGL4-FOP
transfection, respectively. The stable Jurkat-TOP/FOP cells
were stimulated with 100, 200, and 400 ng/mL rWnt-3A
for 24 h. As shown in Figure 4A, rWnt-3A stimulation in-
creased the levels of 3-catenin protein in both Jurkat-TOP
and Jurkat-FOP stable cells. The vehicle (0.1% BSA) did
not affect B-catenin protein expression in either stable cell
lines. Furthermore, rWnt-3A (100, 200, and 400 ng/mL)
significantly induced luciferase activities in Jurkat-TOP by
1.3-fold (P < 0.05), 1.6-fold (P < 0.01), and 1.8-fold (P <
0.01), respectively. In contrast, the rWnt-3A-mediated in-
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Figure 2. Effects of Wnt-3A proteins on luciferase activities in HEK 293-TOP/FOP stable cells treated or not with BIO or LiCl. A, HEK
293-TOP/FOP cells (1 x 104) were seeded into a 96-well plate for 24 h and then treated with L cell conditioned medium (CM; control)
or 50% (v/v) L Wnt-3A CM for another 24 h. Total cell proteins were collected and subjected to the luciferase assay. “***P < 0.001 vs
HEK 293-TOP treated with L cell CM (Student t-test). B and C, HEK 293-TOP cells (1 x 104) were seeded into a 96-well plate for 24
h. The cells were stimulated or not with r'Wnt-3A (400 ng/mL) in the presence or absence of BIO (5 uM) or MeBIO (5 uM) or LiCl (20
mM) for 24 h. Total cell proteins were extracted and the luciferase activities were determined. Each bar is the mean + SD of three
independent experiments. **P < 0.01, ***P < 0.001 vs BSA (0.1%) group; #P < 0.01, ##P < 0.001 vs DMSO (0.1%) or control (medium)
group; **P < 0.01 vs BIO or LiCl group (Student t-test). D, HEK 293-TOP cells (1 x 104) were seeded into a 96-well plate for 24 h and
stimulated with BIO (2.5 and 5 uM) for another 24 h. Finally, total cell proteins were extracted and subjected to Western blotting. The
ratios of B-catenin or GSK-38 to B-actin proteins are shown in the bottom panel. BIO = (2'Z,3'E)-6-bromoindirubin-3’-oxime. Lane M =
medium; lane D = DMSO (0.1%).
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Figure 3. Effects of aspirin and 32 other compounds on luciferase activity in HEK 293-TOP cells induced with Wnt-3A
proteins. A, B, HEK 293-TOP cells (1 x 104) were seeded into a 96-well plate for 24 h and then stimulated with rWnt-3A or
Wnt-3A CM in the presence of aspirin (1.25, 2.5, and 5 mM) or the test agents (100 uM) for 24 h. Total cell proteins were
extracted and luciferase activity was determined. C, HEK 293-TOP/FOP cells (1 x 104) were plated into a 96-well plate
and then stimulated with Wnt-3A CM in the presence of NCTD (25, 50, 100 uM). D, HEK 293-TOP cells were cultured
with rWnt-3A (400 ng/mL) and various concentration of NCTD (25, 50, 100 uM) for 24 h. Finally, total cell proteins were
collected and subjected to luciferase assay. Each bar indicates the mean + SD of three independent experiments. NCTD
= norcantharidin. *P < 0.05, **P < 0.01, ***P < 0.001 vs HEK 293-TOP cells treated with Wnt-3A and 0.1% DMSO. #P <

0.01 vs cells treated with 0.1% BSA (Student t-test).

crease in LEF/TCF luciferase activities had no significant
effect on Jurkat-FOP cells. We also observed if GSK-3f3
inhibitor was able to activate luciferase activities in Jurkat-
TOP/FOP cells. As shown in Figure 4B, while the vehicle
(DMSO) did not affect B-catenin protein expression, BIO
markedly increased the levels of B-catenin protein in both
Jurkat-TOP and Jurkat-FOP stable cells at 12 h post-
activation. For the reporter assay, the relative luciferase
activities of Jurkat-TOP cells were 20-fold higher than those
of Jurkat-FOP cells. After BIO treatment, the transcriptional
activity of luciferase in Jurkat-TOP cells was increased in a
dose-dependent manner (2.2-, 3.1- and 4.0-fold; P <0.001).
However, these results were not due to the decrease of
GSK-3 protein expression in BIO-treated Jurkat-TOP cells
(Figure 4C). Taken together, these results show that Jurkat-
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TOP cells faithfully responded to the rWnt-3A protein and
to the GSK-3p inhibitor.

NCTD inhibited B-catenin/LEF-mediated luciferase
activity in Jurkat-TOP cells and correlated with
a reduction of cell proliferation and the level of
B-catenin proteins

To elucidate whether NCTD had an inhibitory effect
on Wnt/B-catenin signaling in leukemic cancer cells, BIO
and various concentrations of NCTD were added to the
Jurkat-TOP/FOP cells for 12 h. As shown in Figure 5A,
treatment with 50 yM NCTD significantly decreased 38%
of the luciferase activity in BIO-treated cells. In contrast,
the vehicle (DMSO) did not affect relative luciferase activ-
ity. The positive control, -catenin/TCF inhibitor FH535 (15
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Figure 4. Induction of B-catenin protein and luciferase activity in Jurkat-TOP stable cells by rwWnt-3A and BIO. Jurkat-TOP/FOP cells (2
x 104) were seeded into a 96-well plate for 24 h and then treated with (A) 100, 200, and 400 ng/mL rWnt-3A or (B and C) 0.625, 1.25,
and 2.5 uM BIO for 24 and 12 h, respectively. Total cell proteins were collected and subjected to Western blotting and to the luciferase
assay. The ratios of 3-catenin or GSK-3f to B-actin proteins are shown in the bottom panel. BIO = (2'Z,3’E)-6-bromoindirubin-3’-oxime.
*P < 0.05, **P < 0.01 vs cells treated with BSA. ***P < 0.001 vs cells treated with DMSO (Student t-test). Lane M = medium; lane D =

DMSO.

uM), repressed about 62% of luciferase activity in the cells.
These data suggested that NCTD affected Wnt/B-catenin
signaling by inhibition of B-catenin or its downstream
pathway. Additionally, the effects of NCTD on Jurkat cell
proliferation were determined by 3H-thymidine uptake. As
shown in Figure 5B, the proliferation of Jurkat cells was not
affected by DMSO, but 25 and 50 uM NCTD inhibited cell
proliferation in a dose-dependent manner (P < 0.001).

To determine whether NCTD inhibition of Jurkat cell
proliferation was related to Wnt/B-catenin signaling, we
determined the levels of B-catenin protein in Jurkat cells.

www.bjournal.com.br

As shown in Figure 6A, Western blot analysis demonstrated
that NCTD reduced the levels of B-catenin protein presentin
Jurkat cells in a dose-dependent manner. However, NCTD
did not affect B-catenin mRNA expression in Jurkat cells
(Figure 6B). These results suggest that the reduction of
Jurkat cell proliferation induced by NCTD might be related
to blocking of the Wnt/B-catenin signaling pathway.

Discussion

The Wnt/B-catenin signaling pathway has been con-
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Figure 5. NCTD decreased luciferase activity in Jurkat-TOP cells
induced by BIO and reduced Jurkat cell proliferation. Jurkat-TOP/
FOP cells (2 x 10%/well) were plated into a 96-well plate for 24 h
and then stimulated with BIO (2.5 pM) in the presence of NCTD
(25 and 50 pM) or a positive inhibitor (FH535, 15 uM) for 12 h.
Total cell proteins were quantified and subjected to the luciferase
assay. Each bar indicates the mean + SD of three independent
experiments. ##P < 0.001 vs cells treated with medium only. *P
< 0.05, ***P < 0.001 vs cells treated with BIO and 0.025% DMSO
(Student t-test). B, Jurkat cells were treated with 0.1% DMSO or
NCTD (12.5, 25 and 50 pM) for 48 h. Cell proliferation was as-
sayed based on the uptake of 3H-thymidine. After 16 h of incuba-
tion, the cells were harvested with an automatic harvester onto
a glass fiber and the level of radioactivity was measured with a
scintillation counter. NCTD = norcantharidin; BIO = (2'Z,3’E)-6-
bromoindirubin-3’-oxime. ***P < 0.001 vs cells treated with DMSO
(Student t-test).

Figure 6. NCTD impaired B-catenin protein production, but did not
affect mMRNA expression in Jurkat cells. Jurkat cells were treated
with medium (C), 0.1% DMSO and NCTD (25, 50 and 100 pM)
for 24 h. The levels of B-catenin proteins (A) and transcripts (B)
were measured by Western blotting and RT-PCR, respectively.
The numbers at the bottom indicate the ratio of B-catenin protein
and mRNA to B-actin and GAPDH, respectively. NCTD = norcan-
tharidin.
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sidered to be a new target for oncology drug discovery
(21). Combining treatment with a Wnt/B-catenin signaling
pathway inhibitor and conventional anti-cancer therapy
might be effective in stimulating tumor regression. In order
to establish a more convenient and efficient drug screening
platform, in the present study we developed an HEK 293-
TOP stable cell line that included a Wnt/B-catenin signaling
reporter plasmid. The luciferase activity of the HEK 293-TOP
stable clone was activated by rwWnt-3A, Wnt-3A CM, and a
GSK-3B inhibitor and this effect was inhibited by a positive
control, aspirin. Using this stable clone as a drug-screening
platform, we first proved that NCTD not only inhibited
rWnt-3A induction of the 3-catenin/LEF signaling pathway
but also decreased the levels of B-catenin protein and cell
proliferation in Jurkat cells. The present study describes
a stable cell line that could be used for the screening of
anti-Wnt/B-catenin signaling agents.

The methods for anti-Wnt/B-catenin drug screening
have been developed using different systems. The ELISA-
based model limits the functional testing of the candidate
drug to the B-catenin/TCF complex (10). However, the
commercially available reporter plasmids for detecting
Whnt/B-catenin signaling require transient transfection of the
plasmid before drug screening. This is not only time- and
reagent-consuming, but the transfection efficiency also var-
ies from experiment to experiment. To solve these problems,
a stable clone needs to be established by co-transfecting
reporter- and antibiotic-containing plasmids (20,22,23). In
the present study, we successfully established stable clone
HEK 293-TOP cells that contained a bi-functional reporter
plasmid. This design could solve the problem caused by
co-transfection of a selection marker. When the latter ap-
proach is used, the drug-resistant cells that survive might
lose the reporter plasmid during long-term culture and
this will result in weaker luciferase signaling. During the
cloning process of the 3X LEF/TCF binding sites into the
pGL4.3 plasmid, our initial construct was unsuccessful even
though we tried 3X LEF/TCF binding sequences created by
nucleotide synthesis or by PCR amplification. We thought
that this failure might be due to the unusual secondary
DNA structures, such as hairpins and cruciforms (24).
Indeed, computer modeling on the DINAMelt Server sug-
gested that the full length of the 3X LEF/TCF binding sites
formed a single hairpin structure (data not shown). To solve
this problem, the primer set (TOP-F265 and TOP-R265),
upstream and downstream of 3X LEF/TCF, was designed
to amplify the TOP elements, which contain 3X LEF/TCF
binding sites while creating linear forms of DNA at each
end. Finally, we were able to successfully amplify the TOP
(or FOP) elements from TOPFLASH (or FOPFLASH) and
insert them into a pGL4.3 reporter plasmid. After long-term
antibiotic selection, HEK 293-TOP and HEK 293-FOP stable
cells were chosen.

The luciferase gene in HEK 293-TOP cells could be
significantly induced by rwWnt-3A and Wnt-3A CM. Binnerts
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et al. (25) reported a similar result when they stimulated
cells with serial concentrations of rWnt-3A. In addition,
whether the HEK 293-TOP cells specifically responded to
canonical Wnt/B-catenin signaling was also examined in this
study. Two GSK-3B inhibitors LiCl and BIO, which are able
to increase 3-catenin stability and induce 3-catenin nuclear
translocation (26), were used in this study. LiCl competes
for the cofactor Mg2* and blocks GSK-3p kinase activity,
while BIO selectively binds to the ATP binding pocket of the
kinase and inhibits enzyme activity (26). Our results with
HEK 293-TOP showed that luciferase activity increased
in the presence of BIO or LiCl. Each of these drugs had
an additive effect with rwnt-3A. When we investigated an
HEK 293-FOP clone with mutant LEF/TCF binding sites,
our results showed that Wnt-3A CM was not able to induce
luciferase activity in HEK 293-FOP cells (Figure 2A). There-
fore, we confirmed that the luciferase expression in HEK
293-TOP cells induced by rWnt-3Aor Wnt-3ACM was LEF/
TCF-dependent and came specifically from the canonical
Whnt/B-catenin signaling pathway.

Small molecules have been shown to have a wide
range of biological activities and this has been confirmed
in clinical trials (27). In the present study, we showed that
aspirin decreased rWnt-3A-induced luciferase activity, in
agreement with Cho et al. (19). Recently, we measured
the effect of aspirin (5 mM) on HEK 293-TOP cell growth
by Trypan blue staining. Preliminary data demonstrated
that aspirin did not increase cell death but delayed cell
proliferation. Compared to the untreated control, from day
1 to day 3, the rates of aspirin inhibition of cell growth were
24, 26, and 47%, respectively. We, therefore, identified
small molecules with anti-Wnt/B-catenin activity by the
HEK 293-TOP reporter assay, including norcantharidin, a
demethylated form of cantharidin derived from blister beetles
(28). In this study, we found that 50 yM NCTD showed
a positive result and decreased the luciferase activity of
the HEK 293-TOP and Jurkat-TOP cells that had been
induced by Wnt-3A or BIO (Figures 3C,D and Figure 5A).
Although the luciferase activity was slightly decreased in
HEK 293-FOP cells after treatment with 100 uM NCTD,
this might have been a result of cytotoxicity (Figure 3C).
This high dosage decreased cell numbers by about 25-30%
as determined by the MTT assay. In addition to inhibiting
Whnt-3A-induced luciferase activity, NCTD also suppressed
the proliferation of human acute leukemia Jurkat cells and
reduced the level of B-catenin protein in these cells. It has
been reported that Jurkat cells express a higher level of
B-catenin than normal resting peripheral blood mononuclear
cells and NCTD inhibits Jurkat cell proliferation. Our results
were consistent with those reported by Liao et al. (29),
which showed that NCTD had a greater inhibitory effect
on Jurkat cells. However, the anti-proliferation effect of 25
UM NCTD was not correlated with the luciferase assay. We
suggest that NCTD has different mechanisms of cell growth
inhibition (30), which, however, partially occur through the
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Whnt/B-catenin signaling pathway. The study by Liao et al.
(29) shows that treatment of Jurkat cells with NCTD for 24
or 48 h increases the sub-G1 DNA content and the active
form of the caspase-9 and -3 protein levels, thus causing cell
apoptosis. In the present study, we indicated that Jurkat cell
proliferation was blocked after treatment with NCTD for 48
h. We could not exclude the possibility of NCTD causing cell
apoptosis. It is well known that the N-terminus of 3-catenin
(Ser33/Ser37/Thr41) is phosphorylated by GSK-33 and
then targeted for ubiquitin-dependent degradation. Although
mutation at the N-terminus of B-catenin has been found in
some tumors, mutations at these sites have not been found
in Jurkat cells (20). NCTD has been reported to inhibit pro-
tein phosphatase 2A (PP2A) activity and PP2A has been
found to positively control Wnt/B-catenin signaling upon Wnt
stimulation (31,32). In this context, inhibition of PP2A will
promote B-catenin phosphorylation and degradation. The
result shown in Figure 6 further supports our suggestion
that NCTD affects B-catenin in terms of protein regulation
rather than transcription. However, the detailed mechanism
of action of NCTD remains to be elucidated.
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In the present study, a new Wnt/B-catenin signaling
response reporter plasmid, pGL4-TOP/FOP, was used to
establish HEK 293-TOP/FOP and Jurkat-TOP/FOP stable
clones. Using this platform, we discovered that NCTD
inhibited Wnt-3A-induced Wnt/B-catenin signaling and sup-
pressed proliferation of B-catenin-dependent Jurkat cells.
Taken together, these results show that the HEK 293-TOP
stable clone can be seen as a convenient platform for
high-throughput drug screening and could be applied to
the screening of anti-tumor drugs that interrupt the Wnt/3-
catenin signaling pathway.
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