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Abstract
Silibinin is a natural compound isolated from milk thistle seed extracts, and has traditionally been
used as a hepatoprotectant. A number of studies have also established the cancer therapeutic and
chemopreventive role of silibinin in both in vitro and in vivo models. The low density lipoprotein
receptor-related protein-6 (LRP6) is an essential Wnt co-receptor for the Wnt/β-catenin pathway
and represents a promising target for cancer prevention and therapy. In the present study, we
found that silibinin was able to repress endogenous LRP6 expression and block Wnt3A-induced
LRP6 phosphorylation and Wnt/β-catenin signaling activation in HEK293 cells. Importantly,
silibinin was also able to suppress endogenous LRP6 expression and phosphorylation and block
Wnt/β-catenin signaling in prostate cancer PC-3 and DU-145 cells and breast cancer MDA-
MB-231 and T-47D cells. Mechanistically, silibinin inhibited LRP6 promoter activity and
decreased LRP6 mRNA levels in prostate and breast cancer cells. Finally, we demonstrated that
silibinin displayed anticancer activity with IC50 values comparable to those shown to suppress
LRP6 expression and Wnt/β-catenin signaling activities in prostate and breast cancer cells. Our
data indicate that silibinin is a novel small molecule Wnt/β-catenin signaling inhibitor by
suppressing Wnt co-receptor LRP6 expression at the transcription level, and that the anti-cancer
activity of silibinin is associated with its inhibitory effect on Wnt/LRP6 signaling.
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1. Introduction
The canonical Wnt/β-catenin signaling pathway is a critical pathway that regulates cell
proliferation, migration, and differentiation, thus making it a powerful regulator of
embryonic development and tumorigenesis [1–3]. Wnt proteins, which are secreted
glycoproteins, bind to the low-density lipoprotein receptor-related protein5/6 (LRP5/6) and
Frizzled (Fzd) to activate Wnt/β-catenin signaling [1–3]. In the absence of Wnts, β-catenin
is sequestered in a complex that consists of the adenomatous polyposis coli (APC) tumor
suppressor, Axin, glycogen synthase kinase-3β (GSK3β), and casein kinase 1 (CK1). This
complex formation induces the phosphorylation of β-catenin by CK1 and GSK3β, which
results in the ubiquitination and the subsequent degradation of β-catenin by the 26S
proteasome. The action of this complex is inhibited upon binding of Wnt to its cell-surface
receptors Fzd and LRP. The LRP-Wnt-Fzd binding results in stabilization of cytosolic β-
catenin, which then translocates into the nucleus where it interacts with T-cell factor/
lymphoid enhancing factor (TCF/LEF) to induce the expression of downstream target genes
that regulate cell cycle, growth, and progression [1–3].

Wnt proteins can activate the canonical Wnt/β-catenin signaling pathway only in the
presence of the Wnt co-receptor LRP5 or LRP6 [3]. LRP5/6 appears to transduce Wnt/β-
catenin signal by binding and recruiting Axin to the cell membrane. Recruitment of Axin by
Wnt binding to LRP5 was shown to activate the canonical Wnt signaling pathway by
inducing the degradation of Axin, which is critical for β-catenin phosphorylation and
degradation. It has been demonstrated that a PPSPXS motif, which is reiterated five times in
the LRP6 intracellular domain and is conserved among LRP5, LRP6, and their Drosophila
homolog, Arrow, is sequentially phosphorylated by GSK3β and CK1 upon Wnt stimulation.
Phosphorylation of the PPSPXS motif provides a docking site for Axin binding [3].

Silibinin is a major component of silymarin, which is the most popular botanical medicine
consumed by patients with hepatitis C [4]. Silibinin has also been shown to exert significant
anti-neoplastic effects in a variety of in vitro and in vivo cancer models, including skin,
breast, lung, colon, bladder, prostate and kidney carcinomas, and is currently being
evaluated clinically for these pathological conditions [4–7]. Importantly, recent studies have
demonstrated that the chemopreventive and chemotherapeutic effects of silibinin are
associated with its activity against Wnt/β-catenin signaling [8–16]. It has been reported that
silibinin is able to suppress Wnt/β-catenin signaling in hepatic cancer cells [8], melanoma
cells [16], prostate cancer cells [15], and colorectal cancer cells [10] in vitro. Furthermore,
silibinin also displayed inhibitory effects on Wnt/β-catenin signaling in small intestinal
polyps of APCmin/+ mice [9, 11], azoxymethane-induced colonic tumors in A/J mice [12]
and 1,2-dimethylhydrazine-induced colon cancer in Wistar rats [13]. Together, these studies
indicate that silibinin is a potential Wnt/β-catenin signaling inhibitor. However, the exact
mechanism underlying silibinin-induced inhibition of Wnt/β-catenin signaling was unclear.
In the current study, we demonstrated for the first time that silibinin is a novel Wnt/β-
catenin signaling inhibitor by suppressing Wnt co-receptor LRP6 expression at the
transcription level.

2. Materials and Methods
2.1. Materials

Silibinin was purchased from Sigma. Plasmid pCS-Myc-hLRP6 containing the full-length
human LRP6 cDNA was provided by Dr. Christof Niehrs (Deutsches
Krebsforschungszentrum, Heidelberg, Germany), and plasmid pGST-E-cadherin was
provided by Dr. Gail Johnson (University of Rochester). LRP6 and actin promoter reporter
constructs were purchased from SwitchGear Genomics. The TOPFlash luciferase construct
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was from Upstate Biotechnology. A β-galactosidase-expressing vector was from Promega.
Polyclonal anti-LRP6 was from Santa Cruz Biotechnology. Monoclonal anti-
phosphorylated-LRP6 and anti-Axin2 were purchased from Cell Signaling Technology.
Monoclonal anti-β-catenin was from BD Biosciences. Monoclonal anti-actin was from
Sigma. Peroxidase labeled anti-mouse antibody and ECL system were purchased from
Amersham Life Science. The luciferase and β-galactosidase assay systems were from
Promega. Tissue culture media, fetal bovine serum (FBS), and plastic-ware were obtained
from Life Technologies, Inc. Proteinase inhibitor cocktail Complete™ was obtained from
Boehringer Mannheim.

2.2. Cell culture and conditioned media
All cell lines were obtained from ATCC and grown under standard cell culture conditions at
37°C in a humidified atmosphere with 5% CO2. Human fibrosarcoma cancer HT1080 cells
stably transfected with HA-tagged LRP6 or empty pLNCX2 vector have been described
before [17]. The prostate cancer PC-3 and DU145 cells were cultured in RPMI-1640
medium containing 10% FBS, 2 mM of L-glutamine, 100 units/ml of penicillin, and 100 µg/
ml of streptomycin. HEK293 cells, HT1080 cells and breast cancer MDA-MB-231 and
T-47D cells were cultured in DMEM medium containing 10% of FBS, 2 mM of L-
glutamine, 100 units/ml of penicillin, and 100 µg/ml of streptomycin. Wnt3A-conditioned
medium (CM) and L cell control CM were prepared according to manufacturer’s
specifications.

2.3. Luciferase reporter assay for Wnt/β-catenin signaling
Cells were plated into 24-well plates. After overnight culture, the cells were transiently
transfected with the TOPFlash luciferase construct and β-galactosidase-expressing vector.
After 24 h incubation, cells were treated with Wnt3A CM and silibinin. Cells were then
lysed 24 h later and both luciferase and β-galactosidase activities were determined. The
luciferase activity was normalized to the β-galactosidase activity.

2.4. Luciferase reporter assay for LRP6 promoter activity
Cells were plated into 24-well plates. After overnight culture, the cells were transiently
transfected with the LRP6 promoter reporter construct or the actin promoter reporter
plasmid. After 24 h incubation, cells were treated with silibinin. Cells were then lysed 24 h
later and the luciferase activities were determined. The LRP6 promoter luciferase activity
was normalized to the actin promoter luciferase activity.

2.5. Western blotting
Cells in 6-well plates were lysed in 0.5 ml of lysis buffer (phosphate-buffered saline
containing 1% Triton X-100 and 1 mM PMSF) at 4°C for 10 min. Equal quantities of
protein were subjected to SDS-PAGE under reducing conditions. Following transfer to
immobilon-P transfer membrane, successive incubations with a primary antibody, and a
horseradish peroxidase-conjugated secondary antibody were carried out for 60–120 min at
room temperature. The immunoreactive proteins were then detected using the ECL system.
Films showing immunoreactive bands were scanned by Hp Scanjet 5590.

2.6. Cytosolic free β-catenin analysis with GST-E-cadherin binding assay
The GST-E-cadherin binding assay was carried out as previously described [18].
Uncomplexed cytosolic free β-catenin present in 100 µg of total cell lysate was subjected to
SDS-PAGE and detected using the monoclonal antibody to β-catenin.
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2.7. RT-PCR
Total RNA was isolated from cell cultures using RNA-Bee (Tel-Test), and first-strand
cDNA synthesis was performed using ProSTARTM Ultro HF RT-PCR Kit (Strategene)
primed with oligo(dT) primer in a 20 µl reaction mixture containing 1 µg total RNA. For
analysis of LRP6 mRNA levels, RT-PCR was performed with the specific LRP6 and
GAPDH primers as previously described [17]. The PCR product was loaded onto a 1.2%
Agarose gel and stained with ethidium bromide.

2.8. Cell proliferation assay
Cells were seeded into 96-well tissue culture treated microtiter plates at a density of 5000
cells/well. RPMI-1640 containing 1.5% FBS was used as assay media for PC-3 and DU-145
cells, while DMEM containing 1.5% FBS was used as assay media for MDA-MB-231 and
T-47D cells. After 24h incubation, the cells were treated with silibinin at indicated
concentrations for 72 h. Cell viability was measured by the Cell Titer Glo Assay, which is a
luminescent assay that is an indicator of live cells as a function of metabolic activity and
ATP content.

2.9. Statistics
Statistical analyses were performed using Student's unpaired t-test. Data were presented as
mean ± SD

3. Results
3.1. Silibinin blocks Wnt/β-catenin signaling induced by Wnt3A in HEK293 cells

Uncomplexed cytosolic β-catenin (free β-catenin) is the active form of β-catenin that
translocates to the cell nucleus to activate the transcription factors of the TCF/LEF family,
leading to the transcription of Wnt target genes. To investigate the inhibitory effect of
silibinin on Wnt/β-catenin signaling, we examined the level of cytosolic free β-catenin after
silibinin treatment. As expected, Wnt3A CM treatment resulted in an increase of the
cytosolic free β-catenin level in HEK293 cells. Notably, the increased level of cytosolic free
β-catenin induced by Wnt3A was significantly reduced after silibinin treatment (Fig. 1A).

To confirm the inhibitory effect of silibinin on Wnt/β-catenin signaling, we performed a
Wnt/β-catenin signaling reporter assay to test whether silibinin is able to inhibit Wnt/β-
catenin signaling in HEK293 cells. As expected, the increased TOPFlash activity induced by
Wnt3A in HEK293 cells was blocked by silibinin (Fig. 1B).

3.2. Silibinin attenuates Wnt/β-catenin signaling in prostate cancer cells
In our previous study, we demonstrated that the androgen-independent PC-3 and DU145
cells exhibit high levels of Wnt/β-catenin signaling and are sensitive to the treatment of the
Wnt/β-catenin signaling inhibitors [19]. Thus, we selected PC-3 and DU145 cells to test
whether silibinin attenuates Wnt/β-catenin signaling in Wnt-dependent cancer cells. When
PC-3 and DU145 cells were transiently transfected with the Wnt/β-catenin signaling reporter
TOPFlash, the TOPFLash luciferase activity was significantly decreased after silibinin
treatment in prostate cancer cells (Fig. 2A). As expected, silibinin treatment also resulted in
significant decreases of the cytosolic free β-catenin levels in PC-3 and DU145 cells (Fig.
2B).

Axin2 is a key transcriptional target of Wnt/β-catenin signaling. The expression level of
Axin2 is the signature of the activation of Wnt/β-catenin signaling. As expected, silibinin
treatment greatly reduced the expression of Axin2 in both PC-3 and DU145 cells (Fig. 2C).
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3.3. Silibinin suppresses endogenous LRP6 expression and phosphorylation in HEK293
cells and prostate cancer cells

LRP6 is an essential Wnt co-receptor for the Wnt/β-catenin signaling pathway, and LRP6
phosphorylation is critical for Wnt/β-catenin signaling activation induced by Wnt proteins
[3]. To explore the molecular mechanism underlying Wnt/β-catenin signaling inhibition by
silibinin, we examined LRP6 expression and phosphorylation after silibinin treatment. As
seen in Fig. 1A, treatment of Wnt3A CM markedly induced endogenous LRP6
phosphorylation in HEK293 cells, which was abolished by silibinin treatment. Moreover,
the total cellular level of endogenous LRP6 was also greatly decreased (Fig. 1A).

Accumulating evidence indicates that activation of Wnt/β-catenin signaling in several types
of cancers including prostate cancer is due to up-regulation of Wnt proteins and their
receptors and/or down-regulation of secreted antagonists of the Wnt/β-catenin signaling
pathway [20–26]. To that effect, we then tested the effects of silibinin on LRP6 in Wnt-
dependent prostate cancer cells. As seen in Fig. 2C, silibinin treatment reduced the
endogenous LRP6 phosphorylation and expression in a concentration dependent manner in
both PC-3 and DU145 cells. These results suggest that silibinin targets LRP6 to inhibit Wnt/
β-catenin signaling in prostate cancer cells.

3.4. Silibinin suppresses endogenous LRP6 expression and phosphorylation and blocks
Wnt/β-catenin signaling in breast cancer cells

LRP6 plays an important role in breast cancer development and progression, and is a
promising therapeutic target for triple negative breast cancer (TNBC) [23, 25, 26]. Hence,
we tested the effects of silibinin on LRP6 in breast cancer cells. As seen in Fig.3, silibinin
treatment reduced the levels of endogenous LRP6 phosphorylation and expression and
specific Wnt/β-catenin signaling target Axin2 expression in a concentration dependent
manner in both T-47D and MDA-MB-231. These results indicate that silibinin also targets
LRP6 to inhibit Wnt/β-catenin signaling in breast cancer cells.

3.5. Silibinin suppresses LRP6 expression at the transcription level
To explore the mechanism underlying silibinin-induced LRP6 down-regulation, we used
semiquantitative RT-PCR techniques to determine the LRP6 transcript level in human
cancer cells. As seen in Fig. 4A, silibinin negatively regulated LRP6 at the mRNA level in
all four cancer cell lines tested. In addition, silibinin treatment inhibited the activity of the
LRP6 promoter in a concentration dependent manner in both PC-3 and T-47D cells (Fig.
4B). Moreover, silibinin had no effect on enforced HA-LRP6 expression driven by CMV
promoter in human fibrosarcoma cancer HT1080 cells (Fig. 5). In addition, silibinin was
unable to block HA-LRP6-induced cytosolic free β-catenin elevation and Axin2 expression
in HT1080 cells (Fig. 5). Together, these results indicate that silibinin regulates endogenous
LRP6 expression at the transcription level and has no significant effect on LRP6 protein
translation and degradation.

3.6. Inhibitory effect of silibinin on LRP/β-catenin signaling is involved in its anti-cancer
activity

Given that silibinin can suppress LRP6 expression and block Wnt/β-catenin signaling in
cancer cell, we then examined the effect of silibinin on cancer cell proliferation. As shown
in Fig. 6, silibinin inhibited cancer cell proliferation with IC50 values 34–122 µM for the
four tested cell lines. The IC50 values are comparable to those shown to suppress the
activities of LRP6 expression and Wnt/β-catenin signaling in prostate PC-3 and DU145 and
breast MDA-MB-231 and T-47D cancer cells. Furthermore, we found that HA-LRP6
transduced HT1080 cells were less sensitive to silibinin treatment than the corresponding
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pLNCX2 HT1080 cells. The IC50 value for HA-LRP6 HT1080 cells was 96 ± 2 µM (mean ±
SD, n = 3), while IC50 value for the pLNCX2 HT1080 cells was 82 ± 1 µM (p < 0.01).

Discussion
LRP6 is an essential co-receptor for the Wnt/β-catenin signaling pathway and is subjected to
modulation by various secreted proteins. It appears that inappropriate expression of the Wnt
proteins, Wnt receptors and Wnt signaling antagonists leads to aberrant activation of this
pathway in many types of cancer including breast and prostate cancer [20–26]. The results
present herein clearly demonstrate that silibinin is a novel small-molecule Wnt/β-catenin
inhibitor that modulates Wnt/β-catenin signaling at the cell surface by suppressing Wnt co-
receptor LRP6 expression at the transcription level. First, silibinin blocks Wnt3A-induced
Wnt/β-catenin signaling activation in HEK293 cells; second, silibinin suppresses
endogenous LRP6 expression and blocks Wnt3A-induced LRP6 phosphorylation in
HEK293 cells; third, silibinin blocks Wnt/β-catenin signaling and reduces the levels of
endogenous LRP6 expression and phosphorylation in prostate cancer PC-3 and DU-145
cells and breast cancer MDA-MB-231 and T-47D cells; and fourth, silibinin inhibits the
LRP6 promoter activity and decreases the LRP6 mRNA level in prostate and breast cancer
cells.

Wnt/β-catenin signaling has been implicated in different stages of mammary gland
development and is important for mammary oncogenesis [23, 25, 26]. Initially, it was
reported that Wnt/β-catenin signaling activation, as defined by β-catenin nuclear expression
and overexpression of the Wnt/β-catenin target cyclin D1, was associated with a poorer
prognosis in breast cancer patients [27]. Recent studies have also demonstrated that Wnt/β-
catenin signaling activation is preferentially found in TNBC and is associated with a poor
clinical outcome [28, 29]. Growing evidence indicates that LRP6 is a potential therapeutic
target of breast cancer [26]. It has been demonstrated that LRP6 is up-regulated in human
TNBC [30–32], and that transcriptional knockdown of LRP6 in TNBC MDA-MB-231 cells
significantly decreased Wnt/β-catenin signaling, cell proliferation, and tumor growth in vivo
[31]. Moreover, blocking Wnt/β-catenin signaling by N-myc downstream regulated gene-1
(NDRG1), a tumor metastasis suppressor which interacts with LRP6 and represses Wnt/β-
catenin signaling, led to drastic suppression of metastatic phenotypes of mammary tumor
cells in vitro and in vivo [33]. In addition, treatment of breast cancer cells with the LRP6
antagonist Nilcosmaide significantly inhibited cell proliferation [34]. Cytotoxic effects of
silibinin on breast cancer cells were demonstrated by several studies [4–6]. In the present
study, we found that silibinin was able to suppress LRP6 and inhibit Wnt/β-catenin
signaling in breast cancer cells, and that its effects on Wnt/β-catenin signaling occurred at
concentrations comparable to those required for inhibiting breast cancer cell proliferation.
Our results indicate that the anti-breast cancer activity of silibinin is associated with its
inhibitory effects on Wnt/LRP6 signaling.

Wnt/β-catenin signaling plays a significant role in prostatic development and tumorigenesis
[22]. Over-expression of Wnt proteins and their receptors and epigenetic deregulation of
Wnt/β-catenin signaling inhibitors contribute to aberrant activation of this pathway in
prostate cancer [35–38]. LRP6 expression is significantly up-regulated in prostate patients
with metastatic disease compared to those without metastasis, and is associated with a
significantly increased risk of recurrent disease [33]. Furthermore, treatment of prostate
cancer cells with Wnt3A CM or purified recombinant Wnt3A protein significantly enhanced
cell growth and migration [39, 40], while treatment of prostate cancer cells with the LRP6
antagonist Dkk1 and Nilcosmaide significantly inhibited cell growth and migration [34, 40].
We have recently demonstrated that the recombinant Mesd protein, an universal inhibitor of
LRP6 modulators, markedly inhibited Wnt/β-catenin signaling in prostate cancer PC-3 cells,

Lu et al. Page 6

Cell Signal. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and suppressed PC-3 cell proliferation in vitro and tumor growth in vivo [41, 42]. Studies
have shown that silibinin exerts both preventive and therapeutic effects in different prostate
tumor models and inhibits the proliferation of human prostate cancer cells in vitro and in
vivo [4–6]. In the present study, we found that silibinin inhibited prostate cancer cell
proliferation with IC50 values for prostate cancer PC-3 and DU145 cells of 50 µM and 94
µM, respectively. The IC50 values are comparable to those shown to suppress the activities
of LRP6 and Wnt/β-catenin signaling in prostate cancer cells. Our results suggest that the
inhibitory activities of silibinin on Wnt/β-catenin signaling contribute to its therapeutic and
preventive effects against prostate cancer.

Aberrant activation of the Wnt/β-catenin signaling pathway is a necessary initiating event in
the genesis of most colorectal cancers. Although genetic mutations of the Wnt/β-catenin
signaling intracellular components APC, CTNNB1 (β-catenin encoding gene) and Axin2 are
major contributing factors for colorectal cancers, it is now recognized that additional
modulation of Wnt/β-catenin signaling is involved in colorectal tumor progression [24]. In
particular, Wnt2, Fzd7, the secreted frizzled-related protein family and Wnt inhibitory
factor-1 are dysregulated in colorectal cancer, and are able to modulate the Wnt/β-catenin
pathway in colorectal cancer cells despite the presence of APC or CTNNB1 mutation [43–
47]. It has been recently reported that the chemopreventive and chemotherapeutic effects of
silibinin against colorectal cancer are associated with its activities against Wnt/β-catenin
signaling [9–14]. In the present study, we have demonstrated that silibinin is a novel Wnt/β-
catenin signaling inhibitor targeting LRP6. Future studies are required to address whether
LRP6 is a potential therapeutic target for colorectal cancer.

Silibinin is a natural compound isolated from milk thistle seed extracts, and has traditionally
been used as a hepatoprotectant [4]. Remarkably, silibinin is largely nontoxic and even very
high doses are tolerated by animals (2 g/kg dose by oral gavage in mice) [48] and human
(4.7 g/d orally given as silybin-phytosome) [49]. Many signaling pathways have been
identified to be involved in the anticancer actions of silibinin [5, 6]. Disruption of Wnt/β-
catenin signaling represents a great opportunity to determine if dietary supplements might
have potential anticancer efficacy [1–3]. LRP6 is an essential coreceptor for the Wnt/β-
catenin signaling pathway. Recently, salinomycin, a breast cancer stem cell killer [50], was
demonstrated to be an inhibitor of Wnt/β-catenin signaling by inducing LRP6 degradation
[51]. In the present study, we found that silibinin is a novel Wnt/β-catenin signaling
inhibitor by suppressing LRP6 expression at the transcription level. Therefore, as a popular
dietary supplement, silibinin has the potential to be developed as a new cancer prevention
and therapy agent.

Acknowledgments
We are grateful to Dr. Christof Niehrs (Deutsches Krebsforschungszentrum, Heidelberg, Germany) for providing
LRP6 cDNA, and Dr. Gail Johnson (University of Rochester) for providing GST-E Cadherin cDNA. This work was
completed with the support of a grant from the National Institute of Health (R01CA124531).

Abbreviations

APC adenomatous polyposis coli

CK1 casein kinase 1

CM conditioned medium

GSK3β glycogen synthase kinase-3β

FBS fetal bovine serum
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Fzd Frizzled

LDLR low density lipoprotein receptor

LRP6 low-density lipoprotein receptor-related protein-6

TCF/LEF T-cell factor/lymphoid enhancing factor

TNBC triple negative breast cancer.
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Highlights

• Silibinin blocks Wnt3A-induced Wnt/β-catenin signaling activation in HEK293
cells.

• Silibinin suppresses LRP6 expression and phosphorylation in cancer cells.

• Silibinin blocks LRP6 expression at the transcription level.

• The anti-cancer activity of silibinin is linked to its effects on LRP6 signaling.
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Fig.1.
Silibinin suppresses LRP6 expression and phosphorylation and inhibits Wnt3A-induced
Wnt/β-catenin signaling in HEK293 cells. (A) HEK293 cells were treated with Wnt3A CM
(20%) and silibinin at the indicated concentrations for 24 h. The levels of cytosolic free β-
catenin and total cellular β-catenin, LRP6 and phospho-LRP6 (p-LRP6) were examined. All
the samples were also probed with anti-actin antibody to verify equal loading. (B) HEK293
cells in 24-well plates were transiently transfected with TOPFlash construct and β-
galactosidase-expressing vector in each well. After being incubated for 24 h, cells were
treated with Wnt3A CM (5%) or silibinin (200 µM) plus Wnt3A CM (5%) for 24 h. The
luciferase activity was then measured and normalized to the activity of the β-galactosidase.
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Fig. 2.
Silibinin inhibits Wnt/β-catenin signaling in prostate cancer cells. (A) Prostate cancer PC-3
and DU145 cells were transiently transfected with TOPFlash construct and β-galactosidase-
expressing vector. After being incubated for 24 h, cells were treated with silibinin for 24 h.
The luciferase activity was then measured and normalized to the activity of the β-
galactosidase. All the values are the average of triplicate determinations. **P < 0.01 versus
corresponding control value. (B) Prostate cancer PC-3 and DU145 cells were treated with
silibinin for 24 h. The levels of cytosolic free β-catenin and total cellular β-catenin were
examined. (C) Prostate cancer PC-3 and DU145 cells were treated with silibinin at the
indicated concentrations for 24 h. The levels of LRP6, phospho-LRP6 (p-LRP6) and Axin 2
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were examined. All the samples were also probed with anti-actin antibody to verify equal
loading.
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Fig. 3.
Silibinin suppresses LRP6 expression and Wnt/β-catenin signaling in breast cancer cells.
MDA-MB-231and T-47D cells were treated with silibinin at the indicated concentrations for
24 h. The levels of LRP6, phospho-LRP6 (p-LRP6) and Axin 2 were examined. All the
samples were also probed with anti-actin antibody to verify equal loading.
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Fig. 4.
Silibinin suppresses LRP6 expression at the transcription level. (A) Cancer cells were
treated with silibinin at the indicated concentrations for 24. Total RNA was extracted from
the indicated cell lines, and RT-PCR was performed with primers for LRP6 and GAPDH.
(B) Prostate cancer PC-3 cells and breast cancer T-47D cells were transiently transfected
with the LRP6 promoter plasmid, or the actin promoter reporter plasmid. After being
incubated for 24 h, cells were treated with silibinin at the indicated concentrations. The
luciferase activities were then measured 24 h later, and the LRP6 promoter luciferase
activity was normalized to the actin promoter luciferase activity. All the values are the
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average of triplicate determinations. *P < 0.05, **P < 0.01 versus corresponding control
value.
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Fig. 5.
Silibinin has no effect on enforced LRP6 expression. HT1080 cells stably transfected with
HA-tagged LRP6 or empty pLNCX2 vector in 6-well plates were treated with silibinin at the
indicated concentrations. Twenty-four hours later, the levels of HA-LRP6, Axin2 and
cytosolic free β-catenin were examined by Western blotting. Samples were also probed with
the anti-actin antibody to verify equal loading.
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Fig. 6.
Silibinin inhibited prostate and breast cancer cell proliferation. Prostate cancer PC-3 and
DU145 cells and breast cancer MDA-MB-231 and T-47D cells in 96-well plates were
treated with silibinin for 72 h. Cell viability was measured by the Cell Titer Glo Assay
system. All the values are the average of triplicate determinations.
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