
Tectorigenin and other phytochemicals extracted from leopard lily Belamcanda
chinensis affect new and established targets for therapies in prostate cancer

Paul Thelen�, Jens-Gerd Scharf1, Peter Burfeind2,
Bernhard Hemmerlein3, Wolfgang Wuttke4,
Barbara Spengler5, Volker Christoffel5,
Rolf-Hermann Ringert and Dana Seidlov�aa-Wuttke

4

Department of Urology, 1Department of Gastroenterology and
Endocrinology, 2Institute of Human Genetics, 3Department of Pathology,
4Division of Clinical and Experimental Endocrinology,
Georg-August-University, Goettingen, Germany and 5Bionorica AG,
Department of Phytochemistry, Neumarkt, Germany

�To whom correspondence should be addressed. Tel: þ49 551 398651;
Fax: þ49 551 396165;
Email: pthelen@gwdg.de

Isoflavones have been shown to exert antiproliferative
effects on cancer cells by steroid receptor signaling. In
this study, we demonstrate the potential of plant constitu-
ents extracted from Belamcanda chinensis as anticancer
drugs, which regulate the aberrant expression of genes
relevant in proliferation, invasion, immortalization and
apoptosis. LNCaP cells were treated with B.chinensis
extract, tectorigenin or other isoflavones and mRNA
expression was quantified by using real time RT--PCR. In
addition, ELISA, TRAP assays and western blots were
used to measure protein expression or activity. Male nude
mice (n ¼ 18) were injected subcutaneously with LNCaP
cells and were fed with extracts from B.chinensis, and
tumor development was monitored versus a control animal
group (n¼ 18). Tectorigenin and several other phytochem-
icals downregulated PDEF, PSA and IGF-1 receptor
mRNA expression in vitro. Furthermore, PSA secretion
and IGF-1 receptor protein expression were diminished,
and hTERT mRNA expression and telomerase activity
decreased after tectorigenin treatments. However, TIMP-
3 mRNA was upregulated on tectorigenin treatment.
Growth of subcutaneous tumors in nude mice was delayed
and diminished in animals fed with extracts from B.chinen-
sis. The downregulation of PDEF, PSA, hTERT and IGF-1
receptor gene expression by tectorigenin demonstrates the
antiproliferative potential of these agents. The upregula-
tion of TIMP-3 gene expression indicates a pro-apoptotic
function of the drug and a reduction of the invasiveness of
tumors. The animal experiments demonstrate that
B.chinensis markedly inhibited the development of tumors
in vivo. Thus, these compounds may be useful for the pre-
vention or treatment of human prostate cancer.

Introduction

In Western societies, prostate cancer is the most common
malignancy in men. In the US 4230 000 and in Germany
440 000 new cases per year will be diagnosed. Prostate cancer
is characterized by strong dietary influences and a long disease
latency period. This long latency period affords opportunities
for intervention with therapies that are designed to delay dis-
ease initiation or progression (1). Diets are regarded as import-
ant in the transformation of latent into more aggressive
prostate cancer considering that the frequency of latent
prostate cancer is evenly distributed among populations (2).
Progression from latent stages into clinically significant pros-
tate cancer is a process that generally requires several years.
During this period of time dietary phytochemicals, such as
genistein from soy may have chemopreventive effects, which
could slow or obviate hormone-dependent cancer develop-
ment. This would explain the epidemiological evidence that
populations consuming diets rich in soy have lower incidence
of prostate cancer (3).
These observations initiated several studies to evaluate the

chemopreventive potential of phytochemicals or phytoestro-
gens. Phytoestrogens are polyphenolic non-steroidal plant
compounds with estrogen-like biological activity, which are
currently under intensive investigations for their role in human
health and the reasons for the geographical differences in
prostate cancer incidence rates (4). Phytoestrogens can act as
selective estrogen receptor modulators (SERMs) and have
been evaluated for potential androgen-blocking activity (5).
One indicator of androgen-blocking is the inhibition of
androgen-regulated proteins such as prostate-specific antigen
(PSA), which is used as a surrogate marker of disease progres-
sion in clinical studies. PSA secretion and other actions of
androgens are mediated by the androgen receptor. More
recently, Chen et al. (6) demonstrated that the androgen recep-
tor is the crucial factor in the process of prostate cancer cells to
become hormone-refractory and therapy resistant. The find-
ings of their study indicate that androgens are still required for
growth in hormone-refractory tumors and androgen receptor
overexpression alone is sufficient to detect traces of androgen
which remain under antiandrogen therapy. Surprisingly, their
experiments showed that androgen receptor antagonists such
as bicalutamide, which should overcome the excess of andro-
gen receptor expression, acted as an androgen receptor agonist.
The conclusion from these findings is that new strategies have
to be developed, which interfere with androgen receptor
activation, prevent its nuclear translocation, and adjust an
aberrant composition of androgen receptor co-activators and
co-repressors in prostate cancer.
One of these androgen receptor co-activators, namely the

prostate derived Ets transcription factor (PDEF) could serve as
a future therapeutic target. Normally, PDEF is controlled by
the tumor modulator NKX 3.1. NKX 3.1 has been demon-
strated to interact with PDEF and to suppress the ability of

Abbreviations: ADAM, adamalysin metalloproteinase; DHT,
dihydrotestosterone; MMP, matrix metalloproteinases; PDEF, prostate
derived Ets transcription factor; PSA, prostate-specific antigen; SERM,
selective estrogen receptor modulator; TIMP-3, tissue inhibitor of matrix
metalloproteinases-3.
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PDEF to transactivate the PSA promoter (7). In humans the
NKX 3.1 gene is localized on chromosome 8p21, a chromo-
somal region frequently deleted in prostate cancer (8).
Furthermore, PDEF gene expression is highly restricted in
normal human tissues and shows a higher rate of tumor-
associated expression as compared with Her-2/neu, CA-125,
Bcl-2, survivin and telomerase (9). From this study, the authors
conclude that vaccines and/or drugs targeted to PDEF are
likely to show a low potential for autoimmunity and/or toxicity
against normal human tissues. Another established target of
therapeutic strategies is the IGF-1 receptor, which is upregu-
lated in prostate cancer and commonly persists in metastatic
disease (10). Similarly, an established goal of anticancer strat-
egies is the impairment of functional telomerase activity,
which is modulated through estrogen receptor signaling in
human prostate cancer (11). Furthermore, therapeutic strat-
egies include the inhibition of matrix metalloproteinases
(MMP) and the induction of apoptosis. Both, MMP inhibition
and apoptosis are affected by the tissue inhibitor of matrix
metalloproteinases-3 (TIMP-3) acting as a specific inhibitor
of several adamalysin metalloproteinases (ADAMs) and
MMPs and as an inducer of apoptosis (12,13). High levels
of TIMP-3 mRNAs in human breast tumors are associated
with successful tamoxifen treatment of breast cancer patients
(14). Finally, the novel prostate-specific gene DD3PCA3 over-
expressed in 495% of prostate cancers is considered for
interventions directed specifically towards malignantly trans-
formed cells (15).
In the present study, we demonstrate that established as well

as potential targets for strategies against prostate cancer are
addressed by phytochemicals. The phytochemicals used in this
study were extracted from the rhizome of the leopard lily
Belamcanda chinensis (L.)DC. Our in vitro experiments indic-
ate that these phytochemicals, mostly isoflavones such as
tectorigenin, adjust aberrant gene expression profiles in pro-
state cancer cells. Furthermore, our data obtained from animal
studies show that the B.chinensis extract has beneficial effects
on tumor growth in vivo.

Materials and methods

Cell culture

B.chinensis extract and compounds isolated from the extract were provided by
Bionorica Arzneimittel AG, Department of Phytochemistry, Neumarkt,
Germany. All compounds were dissolved in DMSO. Unless otherwise stated,
the concentration of the B.chinensis compounds was 100 mM for pure
substances. In cases of mixtures (fractions 8 and 9), the concentration was
~100 mM. In treatments lasting 24 h the total B.chinensis extract was used
at a concentration of 400 mg/ml, whereas dihydrotestosterone (Sigma,
Taufkirchen, Germany) treatments were performed at a concentration of 10
nM. The DMSO content in all experiments including untreated controls was
adjusted to 0.1%. LNCaP cells between passages 20 and 40 were maintained in
phenol red-free DMEM (Invitrogen, Karlsruhe, Germany) supplemented
with 10% fetal calf serum (PAA, Coelbe, Germany), 2% glutamine, 1%
sodium-pyruvate and 1% penicillin-streptomycin in culture flasks. Cells were
harvested by trypsinization and washed with phosphate buffered saline (PBS)
(BioWhittaker, Verviers, Belgium) prior to RNA and protein extraction.
Proliferation of cultured cells under hormone treatments was quantified
using the AlamarBlue assay (Biosource, Nivelles, Belgium).

Animal experiments

Six-week-old male athymic nude BALB/c-nu mice were purchased from
Charles River Laboratory, Sulzfeld, Germany. For acclimatization, mice
were kept for 2 weeks in standard cages with air filter hoods and fed
with soy-free food pellets. Then, for one group of animals (n ¼ 18) the food
was changed to soy-free pellets containing B.chinensis extract (6.7 mg/g),
whereas the control animal group (n ¼ 18) was kept on the soy-free diet.

Subsequently, all animals received a subcutaneous inoculation dorsal of the
forelegs of 106 exponentially growing LNCaP cells resuspended in 100 ml PBS
mixed with 100 ml Matrigel� (Becton Dickinson, Heidelberg, Germany)
through a 26-gauge needle. The weight of the mice and the food intake were
determined twice a week and subcutaneous tumors were measured once a week
with calipers. Tumor volumes were calculated by the formula (large
diameter) � (smaller diameter)2 � 0.5, as described previously (16). After
the experiments, animals were killed by using a CO2 overdose. All experiments
were performed according to protocols approved by the local animal protection
committee with the reference number 509.425002/01--11.03.

Expression analysis

Total cellular RNA from pelleted LNCaP cells was extracted with the RNeasy
Mini Kit (QIAGEN, Hilden, Germany). RNA integrity and quantity were
assessed on an Agilent Bioanalyzer 2100 with a RNA 6000 Nano LabChip-
Kit (Agilent Technologies, Waldbronn, Germany). Reverse transcription of
500 ng total cellular RNA with random hexamer primers was performed with
an Omniscript RT Kit (QIAGEN). Gene expression at the mRNA level was
quantitated by using an iCycler iQ real time detection system (BIORAD,
Munich, Germany) with the HotStar Taq DNA Polymerase Kit (QIAGEN).
The 20 ml reaction from the kit was supplemented with 2 ml cDNA, 0.6 mM
gene-specific primers and 0.2mMdual-labeled fluorescent probes. Primers and
probes (Operon, QIAGEN) were designed using the primer3 on-line primer
design program (www.genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi).
Secondary DNA structure, which might impair optimal PCR conditions, was
ruled out using the Mfold web server program for nucleic acid folding and
hybridization prediction (http://www.bioinfo.rpi.edu/applications/mfold/old/
dna/). An optimal choice of non-dimer forming primers was made using the
Operon oligo tool kit (http://www.operon.com). Primers for PBGD, androgen
receptor, PDEF, PSA, hTERT were used as described in previous experiments
(17) and PCR primers for DD3 were used as described by de Kok et al. (18).

The TIMP-3 forward primer was 50-GAGGCTTCACCAAGATGCCC-30,
the TIMP-3 reverse primer was 50-TGCACAGCCCCGTGTACA-30 and
the TIMP-3 probe was 50FAM-CCAGTACCTGCTGACAGGTCGCGTC-
TAMRA30. The IGF-1 receptor forward primer was 50-CCG AAG GTC TGT
GAG GAA GA -30, the IGF-1 receptor reverse primer was 50-AAT GGC GGA
TCT TCA CGT AG -30 and the IGF-1 receptor probe was 50-FAM-TGC TCA
GAT GCT CCA AGG ATG CA-TAMRA-30.

Standard curves for quantitative PCR were generated with the same reaction
set-up using gene-specific standard cRNA (0.001--1000 a mol) instead of total
cellular RNA. In vitro transcription of gene-specific standard cRNA was
performed with an omniscript RT kit (QIAGEN). In all experiments PBGD
served as an internal control. Fluorescence signals were monitored on the
iCycler and terminated when all reactions reached an amplification plateau
while template-free controls remained at basal levels. Data analysis was done
by using the iCycler iQ real time detection system software (BIORAD). To
verify specific PCR products 5 ml from the reactions were run on 2% agarose
gels and were analyzed with the E.A.S.Y. Win 32 software (HEROLAB,
Wiesloch, Germany).

PSA secretion from LNCaP in conditioned media and in serum from mice
was measured with the Elecsys� System 2010 (Roche Diagnostics, Mannheim,
Germany). Telomerase activity in extracts from LNCaP cells was measured
with the TeloTAGGG Telomerase PCR ELISA PLUS (Roche Diagnostics)
and calculated as relative telomerase activities according to the instructions
provided with the kit. The telomerase-mediated 6 nt reaction products from
this assay were separated by polyacrylamide gel electrophoresis on a 12% non-
denaturing gel stained with SYBR gold (Molecular Probes Europe BV, Leiden,
The Netherlands).

For western blot analysis LNCaP cell pellets were homogenized in
lysis buffer (pH 7.4) containing 150 mM NaCl, 50 mM Tris--HCl (pH 7.4),
1 % NP-40, 0.25% sodium deoxycholate, 10 mM PMSF, 4 mM EDTA and
1% CHAPS. Immunoblotting was essentially performed as described previ-
ously (19). In brief, nitrocellulose membranes were blocked 2 h at room
temperature in PBS blocking buffer containing 5% milk powder and 0.1%
Tween-20 followed by an overnight incubation at 4�C with the IGF-1 receptor
ß antiserum (Santa Cruz, CA) diluted 1:400 in blocking buffer. The mem-
branes were then washed four times with blocking buffer and incubated at
room temperature for 2 h with horseradish peroxidase--conjugated monoclonal
mouse anti-rabbit immunoglobulins diluted 1:2000 in blocking buffer. Mem-
branes were rinsed twice in PBS with 0.1% Tween-20 and four times with
0.9% sodium chloride containing 0.05% SDS and 0.5% Triton X-100.
Enhanced chemiluminescence detection was performed according to the
instructions of the manufacturer. Luminescent membranes were exposed to
X-ray films (HyperfilmTMP, Amersham Biosciences, Freiburg, Germany)
between 10 and 30 min. No background corrections or subtractions were
performed on these data.
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Statistical analysis

Data are expressed as means þ standard deviation. The statistical significance
of differences was determined by using Mann--Whitney U-tests with P5 0.01
considered statistically significant.

Results

Cultured LNCaP cells were treated with phytochemicals
extracted from B.chinensis to evaluate their effects on prostate
cancer. The compounds extracted from B.chinensis were com-
posed of the isoflavones tectorigenin and irigenin, the glyco-
sides of tectorigenin and irigenin, i.e. tectoridin and iridin,
respectively, the flavonoid iristectorigenin, the ortho-
methoxy-substituted catechol apocynine and the diglycoside
thereof named tectoruside. B.chinensis extracts also yielded
two fractions which defied further separation, one fraction
comprising the flavone hispidulin and the flavonoid 7-
methyl-aromadendrin (F8) as well as another fraction compris-
ing trihydroxyisoflavone, tetrahydroxymethoxiisoflavone and
trihydroxydimethoxyflavone (F9). When cultured LNCaP cells
were treated with particular compounds most phytochemicals
had only minor effects on androgen receptor mRNA expres-
sion. Tectorigenin moderately affected the expression of the
androgen receptor, whereas fractions 8 and 9 could diminish
its expression considerably (Figure 1A). However, the mRNA
expression of the co-activator PDEF of the androgen receptor
was markedly reduced by tectorigenin, and fractions 8 and 9
(Figure 1B). The mRNA expression of PSA reflected the
impact the various phytochemicals have on PDEF expression
and tectorigenin followed by fraction 9 reduced PSA expres-
sion to the highest extent (Figure 1C). Furthermore, when we
measured the PSA secretion in conditioned media tectoridin
and iridin representing the glycosides of tectorigenin and iri-
genin also reduced PSA secretion considerably (Figure 1D). In
addition, DD3PCA3 expression was also reduced by treatments
with these compounds. With the exception of iridin and tector-
uside, all phytochemicals could significantly downregulate the
expression of this specific marker for prostate cancer
(Figure 1E). We also found that DD3PCA3 expression, like
PSA, can be increased by testosterone or dihydrotestosterone
treatments (data not shown). Furthermore, we analyzed the
effects of the B.chinensis phytochemicals on the MMP inhib-
itor and pro-apoptotic factor TIMP-3. In contrast to the genes
studied so far, expression of TIMP-3 is upregulated by treat-
ments with these compounds. The strongest increase of
TIMP-3 mRNA expression in LNCaP cells was evoked by
tectorigenin, irigenin and iristectorigenin (Figure 1F).
The phytochemicals also have a strong influence on the

expression of the IGF-1 receptor. Again, a minor effect was
observed for iridin and tectoruside, whereas fractions 8 and 9
followed by tectorigenin have the strongest impact on IGF-1
receptor expression (Figure 2A). In addition, we also investi-
gated the protein expression of the IGF-1 receptor by western
blot analysis. As compared with untreated LNCaP cells or
those treated with solvent DMSO alone, cells treated with
400 mg/ml of the total B.chinensis extract revealed a complete
loss of IGF-1 receptor expression. LNCaP cells treated with
the isoflavone tectorigenin showed a distinct reduction of IGF-
1 receptor expression (Figure 2B). Next, we measured the
androgen-dependent hTERT expression and telomerase activ-
ity in LNCaP cells treated with B.chinensis phytochemicals.
The mRNA expression of hTERT, the catalytic subunit of the
telomerase, is strongly reduced by tectorigenin and fraction 9

followed by fraction 8 and iristectorigenin (Figure 3A). To test
the effect of tectorigenin on telomerase activity in the absence
and in the presence of dihydrotestosterone (DHT), extracts
from LNCaP cells were subjected to a TRAP assay. With
increasing concentrations of tectorigenin the telomerase activ-
ity was reduced. DHT increased the telomerase activity, but
with increasing concentrations of tectorigenin the telomerase
activity also decreased (Figure 3B).
Next, we queried whether changes in cell proliferation occur

concomitantly with these expressional changes measured
in LNCaP cells. With increasing concentrations of the
B.chinensis extract and with 100 mM tectorigenin, we
observed a significant decrease of LNCaP cell proliferation
(Figure 4).
Since the B.chinensis extracts showed these beneficial

effects on the expression of genes relevant in proliferation
and apoptosis, further investigations were performed to test
its relevance in an in vivo model. For this purpose nude mice
were inoculated subcutaneously with LNCaP cells. In a previ-
ous experiment, the acceptance and tolerance of B.chinensis-
containing food versus control food had been verified in two
groups of six animals (data not shown). In the present experi-
ment, one group of animals (n ¼ 18) was fed with food pellets
containing B.chinensis extract (6.7 mg/g). The second animal
group (n ¼ 18) was fed with soy-free control food. Under
ad libidum food intake both groups had similar body weights,
not taking into account the particular tumor weight. The aver-
age daily intake of B.chinensis extract was 37 mg per animal.
After 6 weeks four animals from the control group had
developed measurable subcutaneous tumors (Figure 5A),
whereas only one animal fed with B.chinensis extract showed
a small initial tumor formation at this time. The animal shown
in Figure 5B is one out of four animals which were tumor-free
in week 6, but these mice developed small tumors in the
following weeks. After 13 weeks, the tumor of the same
animal shown in Figure 5A had increased considerably in
volume (Figure 5C), and a total of 11 animals in the control
group had developed such tumors. The mouse from the
B.chinensis group shown in Figure 5B had also developed a
smaller tumor after 13 weeks (Figure 5D), whereas 13 animals
from this group remained tumor-free until the end of the
experiment. The mean tumor volumes after 8 and 13 weeks
for the B.chinensis group and the control group are shown in
Figure 6. We also measured serum PSA in all animals at the
end of the experiment. Since only the subcutaneous tumors
proportional to their size secreted PSA, the PSA concentra-
tions were normalized for tumor volume. In mice treated with
B.chinensis extract, the mean serum PSA level (ng PSA/ml
per cm3 tumor volume) was reduced by 35% as compared with
the mean of the control animals (data not shown). However,
due to high standard deviations this difference could not be
considered significant (P ¼ 0.44).

Discussion

In this study, we showed how tectorigenin and several other
compounds extracted from B.chinensis can affect the expres-
sion of genes which are deregulated in prostate cancer. The
idea of exploring the potential of B.chinensis-derived com-
pounds as an anticancer drug is rather new. However, dried
rhizomes of B.chinensis have been used in traditional Chinese
folk medicine for the treatment of cough and pharyngitis (20).
Only recently it has been shown that tectorigenin induces
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beneficial effects in lung carcinoma and leukemia (21,22). The
effects we observed here are most probably the consequence of
signaling through estrogen receptors. In estrogen receptor
binding assays, we and others (23,24) found that tectorigenin
exhibited strong binding to the estrogen receptor a and to the
estrogen receptor b. Thus, such compounds reveal character-
istics of estrogen receptor modulators (SERMs) often featured
by phytoestrogens (25). A recent study by Morrissey et al. (26)
introduced the B.chinensis extract as well as the isolated com-
pounds tectorigenin and irigenin for application in prostate
cancer. Their in vitro experiments demonstrated that tectori-
genin and irigenin inhibited the proliferation of LNCaP,

RWPE-1 and PC-3 cells, causing G1 arrest and the induction
of p21 (WAF1) or p27kip1 protein expression. These data
support our findings on the effects of these phytoestrogens on
cell proliferation. However, there are possible discrepancies in
our findings on the antiandrogenic activity of these com-
pounds. Morrissey et al. (26) did not observe a diminished
PSA secretion on tectorigenin and irigenin treatments when
PSA secretions had been stimulated by DHT. Although we
measured the tectorigenin and irigenin effect on the basal, but
not DHT-stimulated, expression and secretion of PSA, we
observed a more pronounced decrease of PSA as compared
with the DHT-free controls in their study. One cause for these

Fig. 1. Expression of the androgen receptor, PDEF, PSA, DD3 and TIMP-3 in LNCaP cells treated for 24 h with 100 mM tectorigenin (Tg), irigenin (Ig),
tectoridin (Td), iridin (Id), iristectorigenin (It), apocynin (Ac), tectoruside (Tr), B.chinensis extract fraction 8 (F8) and fraction 9 (F9) versus solvent DMSO (C).
(A--C and E--F) mRNA expression is shown as means of three independent experiments with error bars for standard deviation. (D) PSA secretion from
LNCaP cells. PSA secretion in conditioned media was measured as described in the Materials and methods section. The effects of treatments are shown as
means of three independent experiments with error bars for standard deviation.
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discrepancies could be the slight difference in cell culture
conditions. Another explanation could be the use of different
passage numbers of LNCaP cells. In our experiments we only
used LNCaP cells between passage numbers 20 and 40.
With increasing passage numbers, LNCaP cells acquire a
higher basal level of PSA secretion, but become less suscept-
ible to hormone stimuli (16). In such cells, with passages
beyond 80, we also observed a less pronounced decrease of
the PSA level upon phytoestrogen treatments (data not shown).
Due to recent findings, therapies directed to the proliferative

events activated through the androgen receptor are of core
interest (6,27,28). Obviously there is a close coordination
betweenPDEFandPSAexpression, sincePSAexpression exhi-
bits the same pattern as compared with PDEF expression in our
experiments. The downregulation of PDEF expression affec-
ted the downstream expression of PSA and most probably
DD3PCA3, as well as the IGF-1 receptor, albeit the expression
of the androgen receptor itself not being markedly reduced by
treatments with most B.chinensis compounds. Recently, PDEF
has been in demand as a therapeutic target for several cancers,
since it shows a higher rate of tumor-associated expression as
compared with other cancer-associated molecules. This find-
ing also indicates that drugs targeting the PDEF are likely to
show a minor potential for toxicity against normal tissue (9).
PDEF could serve as a valuable target, especially in prostate
cancer, because its suppressor NKX 3.1 is frequently deleted in

this disease. LNCaP cells do express NKX 3.1 and an increased
expression of NKX 3.1 could affect the action of PDEF at the
protein level (7). However, in our experiments, we did not
observe an upregulation of NKX 3.1 due to phytoestrogen
treatments (data not shown).
DD3PCA3 exists only as an mRNA product which is not

translated; however, it offers immense potential as a prostate-
specific marker gene. Although a protein product of DD3PCA3

could not be detected, therapeutic implementations for this
transcript were considered (15). In the present study, we have
shown that DD3PCA3 gene expression is hormone-dependent
and that DD3PCA3 reacts similarly to PSA after LNCaP cells
are treated with B.chinensis compounds or androgens.
The IGF-1 receptor is an established target for various thera-

peutic approaches. In experimental models, the growth of

Fig. 2. IGF-1 receptor expression of LNCaP cells treated with various
phytochemicals. (A) mRNA expression of IGF-1 receptor in the same
experiments as described in Figure 1. (B) Western blot analysis of IGF-1
receptor b in LNCaP cells treated with 400 mg/ml B.chinensis extract (Bc) or
100 mM tectorigenin (Tg) as compared with untreated cells (C) or cells
treated with solvent alone (DMSO).

Fig. 3. Telomerase expression of LNCaP cells treated with various
phytochemicals. (A) mRNA expression of the catalytic telomerase subunit
hTERT in the same experiments as described in Figure 1. (B) Telomerase
activities of LNCaP cells treated with various concentrations of tectorigenin
and 10�8 M DHT in combinations as indicated. The polyacrylamide gel
shows the typical telomerase mediated 6 nt ladders from TRAP assays of
LNCaP cell extracts. Experimental protocols were performed and the values
for the relative telomerase activities were calculated according to the
Materials and methods section.
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many cancers can be inhibited by pharmacological strategies
that reduce IGF-1 receptor signaling (29). Tectorigenin and
other isoflavones from B.chinensis could make further
attempts which, presumably, are free of disadvantageous side

effects. The expression of the IGF-1 receptor is closely linked
to androgen receptor signaling. We and others could show that
downregulation of the androgen receptor inhibited IGF-1
receptor expression, which in turn caused an upregulation of
IGFBP-3 and a downregulation of MMP-2 expression (30,31).
Similar to the IGF-1 receptor, an aberrant telomerase activ-

ity and the inhibition of the invasive potential of tumor cells
mediated by MMP are subjects of several therapeutic strat-
egies. In both cases, tectorigenin as well as other isoflavones
from B.chinensis add an interesting option to such approaches.
TIMP-3 has several unique properties setting it apart from
other tissue inhibitors of MMP, e.g. its ability to inhibit
ADAMs and to induce apoptosis. MMPs or ADAMs are not
generally upregulated in cancer and some of their activities
serve to inhibit tumor growth (reviewed in ref. 32). Thus, a
boost of natural MMP inhibitors such as TIMP-3 are required
in order to selectively level out an unbalanced MMP to TIMP
ratio in cancers, which synthetic MMP inhibitors usually do
not provide. Indeed, there is a loss of TIMP-3 expression in
prostate cancer. Recently, we observed that TIMP-3 expres-
sion is reduced in central tumor and capsule invasive areas as
compared with tumor-free tissue in samples generated from
radical prostatectomies by laser microdissection (data not
shown). Furthermore, the effect of B.chinensis extracts on
TIMP-3 expression is also interesting from an experimental
point of view, since this MMP inhibitor is upregulated and not
downregulated as compared with the other genes analyzed in
the present experiments. It is reassuring when after treatments,
in addition to unaltered housekeeping gene expression, both
directions of expressional changes occur. Thus, the rectifica-
tion of an aberrant gene expression profile rather than a general
loss of gene expression can be assumed.
The beneficial effects that were observed in the present

in vitro studies could also be demonstrated in our in vivo
model of subcutaneously implanted prostate tumors into nude
mice. However, due to the limited availability of isolated pure
tectorigenin in adequate amounts for such extensive animal
experiments we decided to use a total extract from B.chinensis.
This extract consisting of all compounds tested in our in vitro
experiments contained 5% of tectorigenin. Although the mix-
tures of different compounds in fractions 8 and 9 and the entire
B.chinensis extract yielded beneficial results in vitro, a thera-
peutic application would require pure substances in defined
dosages. Therefore, further in vivo studies of pure isoflavones,
e.g. tectorigenin, are warranted.
The outcome of B.chinensis treatments in nude mice inocu-

lated with subcutaneous LNCaP tumors was most evident in
tumor size and growth rate. The B.chinensis extract caused a
significant reduction of tumor volume and a delayed onset of
tumor growth in treated mice. Moreover, only 5 out of 18
animals from the treated group developed small tumors,
whereas 11 out of 16 surviving mice from the control group
showed severe tumor formation. An expressional analysis of
tumors was hampered by a pronounced heterogeneity in tumor
volume, in RNA yield and quality, in necrosis and in the ratio
of human- to mouse-derived tissue. However, the mean serum
PSA levels normalized for tumor volume in mice treated
with B.chinensis extract were diminished by 35%, albeit not
significantly.
In the present study, we compared the effects of a total

extract from B.chinensis and various isolated compounds
deriving from this mixture. For optimal comparison, we
decided to use one single, sufficiently high concentration of

Fig. 4. Proliferation assay in LNCaP cells treated with 100 or 400 mg/ml
B.chinensis extract (Bc) or 100 mM tectorigenin (Tg) as compared with
control cells (C) treated only with solvent DMSO.

Fig. 5. Images of male nude mice inoculated subcutaneously with LNCaP
cells. (A) and (C) show tumor-bearing mice fed with soy-free control food
and (B) and (D) show mice with no tumor or a small tumor from the group
fed with food pellets containing B.chinensis extract. (A) and (B) show
photographs taken 6 weeks after and (C) and (D) show photographs taken
13 weeks after tumor cell inoculation.

Fig. 6. Mean tumor volumes of nude mice inoculated subcutaneously with
LNCaP cells after 8 weeks (A) and after 13 weeks (B). Columns represent
mean tumor volumes with standard deviation in animals either treated with
control food (soy-free) or with food pellets containing B.chinensis extract
(B.chinensis).
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these compounds in order to elicit maximum responses in short
time treatments (24 h) of the cells. Thus, in the majority of our
studies we used only one concentration (100 mM) for the
in vitro experiments. This concentration is rather high, but
not unusual for in vitro experiments using isoflavones includ-
ing tectorigenin (21,22,26). In animal experiments, we also
chose one single concentration of the drug in order to warrant a
sufficient systemic concentration of the active compounds.
Moreover, in initial animal experiments using this drug we
tested the acceptance, tolerance and absence of side effects.
Both diets, i.e. the control food and the pellets containing the
B.chinensis extract were always accepted equally and the
animals exhibited equal tumor-free body weights in these
experiments (data not shown). The use of high concentrations
of isoflavones is also not uncommon in animal feeding experi-
ments. Just recently, Liu et al. (33) used 0.5 mg/g of pure
isoflavones (genistein and daidzein) in a transgenic erbB-2/neu
mammary cancer mouse model. On the one hand, they could
demonstrate that in tamoxifen-treated mice fed with the high-
dose isoflavone-enriched diet, the majority showed no tumor
formation and tumor latency was significantly prolonged. On
the other hand, in tamoxifen-treated mice fed with the low-
dose isoflavone-enriched diet, a much higher rate of mammary
tumor development and a shorter tumor latency were observed.
These in vivo results were also supported by in vitro data
from human and mouse mammary tumor cell lines. In the
B.chinensis extract which was used in the present study, the
most potent isoflavone is tectorigenin as opposed to less
potent isoflavone-glycosides, but tectorigenin only accounts
for a fraction of ~5% in B.chinensis extracts. In summary,
further studies are necessary to investigate candidate drugs
derived from B.chinensis for optimal concentrations and
exposure times.
Taken together, we investigated the effects of phytoestro-

gens isolated from B.chinensis on prostate cancer. The
isoflavone tectorigenin significantly rectifies the aberrant
expression of several essential gene products involved in pros-
tate cancer. Therefore, each gene product could serve as a
valuable target for therapeutic approaches. The combination
of these beneficial effects and the absence of undesired side
effects indicate that tectorigenin and other isoflavonoids from
B.chinensis are appropriate tools for future applications in
prostate cancer management.
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