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Abstract
Epidemiologic evidence suggests that a diet rich in fruits and vegetables is associated with a
reduced risk of prostate cancer (PCa) development. Although several dietary compounds have
been tested in preclinical PCa prevention models, no agents have been identified that either
prevent the progression of premalignant lesions or treat advanced disease. Momordica charantia,
known as bitter melon in English, is a plant that grows in tropical areas worldwide and is both
eaten as a vegetable and used for medicinal purposes. We have isolated a protein, designated as
MCP30, from bitter melon seeds. The purified fraction was verified by SDS-PAGE and mass
spectrometry to contain only 2 highly related single chain Type I ribosome-inactivating proteins
(RIPs), α-momorcharin and β-momorcharin. MCP30 induces apoptosis in PIN and PCa cell lines
in vitro and suppresses PC-3 growth in vivo with no effect on normal prostate cells.
Mechanistically, MCP30 inhibits histone deacetylase-1 (HDAC-1) activity and promotes histone-3
and -4 protein acetylation. Treatment with MCP30 induces PTEN expression in a prostatic
intraepithelial neoplasia (PIN) and PCa cell lines resulting in inhibition of Akt phosphorylation. In
addition, MCP30 inhibits Wnt signaling activity through reduction of nuclear accumulation of β-
catenin and decreased levels of c-Myc and Cyclin-D1. Our data indicate that MCP30 selectively
induces PIN and PCa apoptosis and inhibits HDAC-1 activity. These results suggest that Type I
RIPs derived from plants are HDAC inhibitors that can be utilized in the prevention and treatment
of prostate cancer.
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Prostate cancer (PCa) is the most frequently diagnosed cancer and the second leading of
cancer deaths in U.S. males.1 High-grade prostatic intraepithelial neoplasia (HGPIN) is
considered a premalignant lesion and the factors which stimulate or inhibit HGPIN growth
have not been fully elucidated.2,3 As this is a highly prevalent disorder with no curative
therapies for advanced disease,4,5 there is a need to develop novel dietary preventive and
therapeutic strategies.

The tumor suppressor gene phosphatase and tensin homolog deleted on chromosome 10
(PTEN) is both a lipid phosphatase and protein phosphatase. As a lipid phosphatase, PTEN
functions as an inhibitor of the phosphatidylinositol 3-kinase (PI-3K)/Akt pathway.6 PTEN
alteration is strongly implicated in PCa development. Silencing of PTEN is frequently
associated with advanced PCa and likely plays a critical role in promoting PI3K/Akt gain-
of-function.7 Recent reports demonstrate that PTEN gene expression can be induced at the
promoter level by a dietary compound, genestein and an HDAC inhibitor, Trichostatin A.8,9

Recent attention has focused on the role of epigenetic factors in PCa development and
progression. Both dietary and environmental factors have been shown to induce epigenetic
changes, including methylation, phosphorylation and acetylation of both DNA and proteins.
Histone deacetylases (HDACs) catalyze the removal of acetyl groups from histones, leading
to chromatin condensation and transcriptional repression. In human cancers, HDACs have
been demonstrated to interact with oncogenic fusion proteins in acute leukemia10 and to be
overexpressed in several tumor types including prostate,11 gastric,12 colon13 and breast
cancer.14 More recently, it has been shown that global hypo-acetylation of Histone-H4 is a
common hallmark of human tumors. Changes in H4 acetylation occur early in the
tumorigenic process indicating that treatment with HDAC inhibitors may restore a “normal”
epigenetic state, or selectively induce tumor-suppressive gene expression and function.15

The Wnt/β-catenin pathway is commonly dysregulated in cancers, including PCa.16 Nuclear
β-catenin is a critical component of the Wnt signaling pathway that serves as an activator of
T-cell factor (Tcf)-dependent transcription, leading to increased expression of several target
genes including c-myc and Cyclin D1 that stimulate cellular proliferation.17 The β-catenin
transcriptional activator complex continues to be defined, but is known to contain several
proteins with chromatin remodeling activity, including histone acetyltransferases.18 Wnt/β-
catenin signaling is stimulated by the Akt pathway19,20 via inhibition of GSK3β activity and
suppressed by PTEN.21,22 In addition, a recent report demonstrated that Wnt transcriptional
activity can be modulated by an HDAC inhibitor in human colorectal carcinoma cells.23

Epidemiologic evidence strongly suggests that diets rich in fruit and vegetables are
associated with reduced risks of PCa.24 Recent preclinical studies demonstrate some
efficacy of specific dietary compounds in prevention models.25,26 However, none of these
compounds have yet been proven to treat primary or metastatic disease. Momordica
charantia (MC), known as bitter melon or bitter gourd in English, is a plant that grows in
tropical areas of Asia, Amazon, East Africa and the Caribbean. The fruit and seed extracts of
MC have been used in China for centuries for anti-viral, anti-tumor and immunopotentiating
purposes.27,28 In recent years, several proteins have been isolated from the seed extracts of
the plant and used to treat a variety of disorders including diabetes and cancer.27,29-32 These
proteins belong to the Type I family of single chain ribosome-inactivating proteins (RIPs)
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which inhibit in vitro translation of eukaryotic cells by catalytic inactivation of the 60s
ribosomal subunit and inhibit the replication of herpes simplex virus- (HSV-1) and of
poliovirus I in Hep-2 cells.27 Moreover, these extracts have been demonstrated to have in
vivo preventive effects against colon and breast cancer31,32 because of their anti-tumor
activity and immunostimulatory ability. However, the precise molecular mechanisms of
action whereby bitter melon protein and other plant-derived Type I RIPs inhibit cancer cells
have not been fully elucidated.

In our study, we isolated a 30 kDa protein from bitter melon seeds (MCP30) that contains 2
highly related Type I ribosome-inactivating proteins. MCP30 inhibits the growth of human
PIN and PCa cell lines in vitro primarily by inducing apoptosis, with no effect on normal
human prostate epithelial cells. MCP30 also significantly suppressed the in vivo growth of
PC3 human prostate cancer cells. This growth inhibition is accompanied by decreased
HDAC-1 levels and activity, induction of PTEN protein, suppression of Wnt signaling
activity and decreased levels of c-Myc and Cyclin-D1 in the PIN and PCa cell lines.

Material and methods
Cell culture and reagents

The LNCaP, PC-3 and RWPE-1 cell lines were obtained from the American Type Tissue
Collection (ATCC). The human prostatic intraepithelial neoplasia (PIN) cell line was a
generous gift from Dr. M. Stearns (Department of Pathology, MCP-Hahnemann University,
Philadelphia, PA). This cell line was established by human papilloma virus-18
immortalization of PIN cells from radical prostatectomy specimens and has been reported to
express prostate specific antigen and cytokeratin 34βE12, thereby establishing their PIN cell
origin.33 PIN and RWPE-1 cells were cultured in keratinocyte medium; PC-3 cells were
cultured in DMEM and LNCaP cells were maintained in RPMI 1640. All culture mediums
were supplemented with 10% FBS. The Enhanced Luciferase Assay kit was obtained from
BD Pharmingen (San Diego, CA). Antibodies against PTEN, c-Myc, Cyclin D1, HDAC-1
and β-actin were purchased from Santa Cruz Inc. (Santa Cruz, CA). Antibodies against
active β-catenin and antibodies against total histone 3, 4 and acetyl-histone 3, 4 were
purchased from Upstate (Lake Placid, NY). Antibodies against phospho-GSK and
endogenous GSK were purchased from Cell Signaling Technology (Beverly, MA).

Isolation of protein from bitter melon seeds
Bitter melon seeds were purchased from a local market in the suburbs of Shanghai, China.
The extraction and purification procedures were performed according to the methods
described by Barbieri et al.,34 Lee-Huang et al.,27 and Ye et al.,35 with modification for
extraction. Briefly, bitter melon seeds were decorticated, pulverized and homogenized with
10 mM sodium phosphate (SP) buffer (pH 7.0) at a ratio of 6 mL SP solution per gram of
seeds. The mixture was then stirred for 48 hr. The debris were removed by filtration with 4
layers cheesecloth and centrifuged at 10,000g for 30 min. Pre-cooled acetone was then
added to the supernatant, mixed and kept at 4°C for 30 min. After centrifugation, the
precipitates were dissolved in 10 mM SP buffer and dialyzed against the same buffer for 48
hr. The pellets were removed by centrifugation and the supernatant was applied to a SP
Sepharose High Performance column (2.2 cm × 40 cm, Pharmacia, Sweden), and eluted with
a linear gradient of 0-0.125 M NaCl in SP buffer, which resulted 4 peak-through fractions
(CM1, CM2, CM3 and CM4) with molecular weight of 30 kDa assayed by SDS-PAGE
(data not shown). The fraction of CM4 was further purified by gel filtration with a Sephdex
G-75 column (Pharmacia) and analyzed by iso-electric focusing electrophoresis (data not
shown). The protein was designated as MCP30.

Xiong et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2013 September 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Tryptic digestion
Tryptic digestion was performed as previously described.36,37 Briefly, the silver-stained gel
bands were excised and destained with a 50 μL 1:1 mixture of 30 mM potassium
ferricyanide (Sigma, MO) and 100 mM sodium thiosulfate (Sigma) in a siliconized tube
until brownish stain disappeared (~5 min). Reduction of disulfides was then performed with
10 mM dithiothreitol in 100 mM NH4HCO3 for 30 min at 55°C, followed by alkylation with
iodoacetamide in 100 mM NH4HCO3 for 45 min in the dark. After washings with 40 mM
NH4HCO3, the gel pieces were minced, dehydrated with acetonitrile (ACN), dried in
SpeedVac and subjected to trypsin digestion using Trypsin Gold (Promega, WI) for 18 h at
37°C. Peptides were extracted successively with 1% formic acid (FA)/50% ACN, 80%
ACN/1% FA and 100% ACN and then purified by Ziptip (Millipore, MA).

Mass spectrometry
The digest was analyzed by capillary LC-MS/MS using a Finnigan LTQ-Orbitrap (Thermo
Fisher Scientific, MA). Half of the digest was loaded directly onto the 75 μm × 100 mm
PicoFrit capillary column (New Objective, MA) packed with MAGIC C18 (100 Å 5 μ,
Michrom Bioresources, CA) at a flow rate of ~300 nL/min, and peptides were separated by a
gradient comprised of 2–60% ACN/0.1% FA in 30 min, 60–98% ACN/0.1% FA in 4 min
and a hold at 98% ACN/0.1%FA for 2 min. The LTQ-Orbitrap was operated in standard
data dependent “Top Three” mode with a survey scan from m/z 300–1,600 at 60,000
resolution in the Oribitrap paralleled by 3 MS/MS scans in the LTQ. Exclusion duration was
set for 3 min. Minimum signal threshold was 250.

Database searching (SEQUEST)
The product ion spectra were searched against a database, which contained Momordica
charantia and bovine entries subtracted from UniProtRef100, using the SEQUEST search
engine in Bioworks 3.3. The database were indexed with the followings: fully enzymatic
activity and two missed cleavage sites allowed for trypsin; peptides MW of 600-6,000 kDa;
SEQUEST search parameters were as follows: mass tolerance of 10 ppm and 1 amu for
precursor and fragment ions, respectively; three differential/post-translational modifications
allowed per peptide; variable modification on methionine [+15.9949 amu for oxidized
methionine and +57.0214 (carboxyamindomethylation) on cysteine]. Analysis was
performed in Bioworks 3.3 by applying filters of XCorr [2.0 (2+), 2.5(3+)]; DelCN (=/>
0.1)] and precursor mass accuracy </= 10 ppm, and protein identifications were ranked by
protein probability P (pro). The MS/MS spectra of peptides were evaluated by Scaffold
(Proteome Software, OR).

Protein isolation and immunoblotting
Cells cultured under the indicated conditions were lysed and total protein was isolated as
described previously.38 Proteins from the cytosolic and nuclear fractions were isolated using
a commercial kit purchased from PIERCE (Rockford, IL), according to the manufacturer’s
instructions. Protein content was assayed using a kit from Bio-Rad (Hercules, CA). Western
blotting was performed as previously described.38 β-actin was used as the internal control in
Western blot analyses.

HDAC activity assay
HDAC activity was measured using the HDAC Fluorescent Activity assay kit according to
the instructions from the manufacturer (Cayman Co., Ann Arbor, MI). Briefly, 15 μL
nuclear fraction or 5 μL HDAC1 immunoprecipitate preparation was diluted to 25 μL with
the assay buffer. After the addition of fluorogenic HDAC substrate, the reaction mixtures
were incubated for 30 min at 37°C and stopped by 50 μL “developer” cocktail. The
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fluorescence of the reaction mixture was monitored at excitation350 nm/emission460 nm using
a SPECTRAmax Gemini plate reader (Molecular Devices, Sunnyvale, CA).

RNA extraction and quantitative real time reverse PCR
Total cellular RNA was extracted using Trizol reagent® (Sigma, St. Loius, MO). RNA
concentration was measured by spectrophotometry. Synthesis of cDNA was performed on 2
μg of total RNA per sample with random primers using reagents contained in the reverse
transcription system kit according to the manufacturer’s protocol (Promega Co., Madison,
WI). Quantitative reverse transcription-PCR was performed by the Taqman system (Applied
Biosystems) according to the manufacturer’s instructions. Oligonucleotides were designed
by the PrimerExpress software. Fluorescence signals were analyzed during each of 40 cycles
(denaturation, 15 sec at 95°C; annealing, 15 sec at 56°C; and extension, 40 sec at 72°C).
Relative quantitation was calculated using the comparative threshold cycle (CT) method as
described in the User Bulletin 2, ABI PRISM 7700 sequence detection system (Applied
Biosystems). Mean CT of duplicate measurements was used to calculate ΔCT as the
difference in CT for target and reference. β-Actin was used as a housekeeping gene for
normalization, and H2O was used as a negative control. Amplifications were performed
using oligonucleotide primers for PTEN: forward primer, 5′-GCT-ATG-GGG-TTT-CCT-
GCA-G-3, and reverse, 5′-GCT-GTG-GTG-GAT-TAT-GGT-CTT-C-3; for β-actin: forward,
5′-GAT-GAG-ATT-GGC-ATG-GCT-TT-3′, and reverse, 5′-AGA-GGT-GGG-GTG-GCT-
T-3′.

Transient transfection and luciferase reporter assay
Transient transfection was performed using LipofectAMI-NE™2000 reagent according to
the manufacturer’s instructions (Invitrogen, Carlsbad, CA). The Tcf luciferase reporter
construct pGL3-OT and control vector were generously provided by Dr. B. Vogelstein (John
Hopkins Oncology Center, Baltimore, MD). Cells were cultured in 12-well cluster plates
and transfected with either 1 μg of the reporter plasmid or empty vector as a mock control.
Internal normalization was performed by co-transfection of the β-galactosidase expression
vector (BD ClonTech). After 48 hr, the transfected cells were lysed by scraping into reporter
buffer (BD ClonTech), total protein concentration was determined, and luciferase and β-
galactosidase activities were assayed and quantitated using a TD-20e Luminometer. The
resulting activities were normalized to protein concentrations and β-galactosidase activity.

TUNEL assay
Tumor specimens from control vs. MCP30-treated mice were deparaffinized and washed in
2 changes of xylene for 5 min each wash, followed by washing in ethanol and PBS. Tumor
specimens were examined for apoptosis using the TUNEL method with the ApopTag in situ
apoptotic detection kit (Oncor, Gaithersburg, MD) according to the manufacturer’s
instructions. The fixed tissues were examined using a fluorescent microscope.

Flow cytometry
Cells were cultured in their optimal medium, 1 × 106 cells were trypsinized, washed once in
ice-cold PBS and resuspended in 0.2 mL PBS. Cells were then fixed in ice-cold 70% ethanol
for 30 min and incubated with the fluorescent dye propidium iodide (50 μg/mL) and RNase
A (0.1 μg/mL) at 37°C for 30 min in the dark. After centrifugation, samples were
resuspended in 1 mL PBS and analyzed on a FACScan flow cytometer (Becton Dickinson,
San Jose, CA). The percentage of apoptotic cells and cells in G0/G1, S and G2/M phases
were calculated.
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In vivo study
Male mice aged 6–8 weeks were used in the study. For tumor cell inoculation, subconfluent
PC-3 cells were harvested with 0.1% trypsin. Ten million cells were suspended in 1 mL of
10% FBS-containing DMEM (GibcoBRL, Gaithersburg, MD) and mixed with 1 volume of
ice-cold Matrigel (Collaborative Biomedical Products, Bedford, MA). The cell-matrigel
suspension was allowed to warm up at room temperature for 5 min with gentle mixing and
then inoculated subcutaneously into the inguinal region of each mouse. From the second
week of tumor cell inoculation, tumor bearing mice were randomly divided into 2 groups
with 10 mice each and received intraperitoneal injections of either vehicle as control or
MCP30 at the dose of 0.5 mg/kg body weight twice a week. Animals were weighed and the
tumor surface areas were measured with a vernier caliper at weekly intervals. The formula
(L/2) × (W/2) × π (where L is maximum diameter of each tumor, and W is the length at right
angles to L) was used to calculate the tumor surface areas.39,40

Statistical analysis
All results are given as mean ± SE. The effects induced by the various treatments were
compared to untreated control cells utilizing paired Student’s t test with the Bonferroni
adjustment for the comparison of multiple groups. A p value of less than 0.05 was
considered significant.

Results
Mass spectrometry of MCP30

Gel electrophoresis of the purified fraction (MCP30) revealed a strong silver-stained band at
around 30 kDa and a very faint band at around 22 kDa (Fig. 1a). After mass spectrometric
analysis and subsequent interrogating the mass spectrometry data with a database searching
algorithm (SEQUEST), the only proteins, in the major band (30 kDa), that could be
confidently identified (with 2 or more unique peptides), were α-momorcharin (6 unique
peptides; sequence coverage: 21.3%) and β-momorcharin (MAP30) (8 unique peptides;
sequence coverage: 39.7%) (Fig. 1b). All MS/MS spectra of the identified peptides of α and
β momorcharin showed a continuous b- or y-ion series and have the top intense peaks in the
spectra assigned to a, b, y-ion (or such ions minus a neutral loss of water/ ammonia) or
multiply charged fragment ions. A representative MS/MS spectrum of the peptide with the
highest score identified from α- and β-momorcharin is shown in Figure 1c. Mass
spectrometry was also performed on the lower faint silver stained band (22 kDa), the only
protein identified with 2 peptides was α-momorcharin (with a sequence coverage of 16.4%),
whereas β-momorcharin was only identified with one peptide. This faint gel band may
suggest that partial degradation of these 2 proteins occurred during the purification steps.
Identified α- and β-momorcharin share 53% amino acid identity.

MCP30 induces apoptosis and cell cycle arrest in PIN and PCa cell lines
We tested the effects of MCP30 on the growth of 4 prostate-derived cell lines, i.e., PC-3,
LNCaP, PIN and RWPE-1 (a normal human prostate epithelial cell line). Figure 2a
demonstrates that MCP30 selectively inhibited the growth of the PC-3, LNCaP and PIN cell
lines with no demonstrable effect on RWPE-1 cells. To ascertain whether these differences
in cell growth were due to the induction of apoptosis or cell cycle arrest we performed
FACS analysis. As shown in Figure 2b, MCP30 induced a significant increase in apoptosis
in PIN and both PCa cell lines (LNCaP and PC-3) with no effect on RWPE-1 cells. The flow
cytometry data also demonstrated significant accumulation of PIN, LNCaP and PC-3 cells
(PIN > PC-3 > LNCaP) in the G0 phase of the cell cycle (data not shown) after MCP30
treatment, indicating that, in addition to the pro-apoptotic effects, the compound induced cell
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cycle arrest. To confirm activation of the apoptotic cascade we performed western blot
analysis for general markers of apoptosis. All markers analyzed, including cleaved
caspases-3 and -8 and cleaved PARP revealed increased expression (Fig. 2c), confirming
that MCP30 induces apoptosis specifically in PIN and PCa cell lines.

MCP30 suppresses PC-3 cell tumor growth in nude mice
We next examined the in vivo efficacy of MCP30 on PCa tumor growth in nude mice. As
shown in Figure 2d, over a 5-week experimental period, MCP30, at a dose of 0.5 mg/kg
body weight given intraperitoneally (i.p.) twice a week, produced a sustained inhibition of
PC-3 cell tumor growth beginning at the second week after treatment. Average tumor
surface area for the MCP30 treated-mice at 5 weeks was 40.6 mm2 vs. 143.8 mm2 from
control mice (p < 0.001). At the time of sacrifice, tumors from control mice were larger and
grossly appeared to be more highly vascularized than those derived from MCP30-treated
mice. However, immunohistochemical analysis of treated vs. control tumors did not reveal
any differences in microvessel density (MVD), as assessed by staining for Factor-VIII-
related antigen, or proliferation, as assessed by PCNA staining (data not shown). There were
significant differences, however, in TUNEL staining with this marker of apoptosis noted
only in the treated tumors (Fig. 2e).

Bitter melon protein (MCP30) inhibits HDAC-1 activity
To explore the possible mechanisms underlying the inhibitory effect of MCP30 on PCa and
PIN cell viability, we compared HDAC1 expression and activity after MCP30 treatment in
the prostate-derived cell lines. Figure 4 demonstrates that treatment of prostate-derived cell
lines with MCP30 decreased HDAC-1 expression (Fig. 3a) and HDAC activity (Fig. 3b) in
PC-3, LNCaP and PIN cell lines, with no effect in the normal RWPE cells. In addition,
MCP30 treatment increased the acetylation of histone-3 and 4 while total H3 and H4 levels
remained unchanged in the same cell lines (Fig. 3a), suggesting that the bitter melon extract
(MCP30) is a potential HDAC inhibitor that selectively increases histone acetylation in
neoplastic prostate cell lines.

MCP30 induces PTEN expression and inhibits Akt phosphorylation
PTEN functional inactivation is strongly implicated in PCa development. Expression of
functional PTEN inhibits Akt phosphorylation via the PI3-K pathway. Recent reports
indicate that PTEN is upregulated at the transcriptional level by histone hyperacetylation.6,8

Based upon its effects on HDAC-1 expression and activity, we examined the effect of
MCP30 on PTEN expression in PIN and PCa cell lines. As shown in Figure 4, normal
prostatic epithelial cells (RWPE-1) expressed significant basal amounts of PTEN mRNA
and protein. Initially, MCP30 treatment decreased both the mRNA (day 1, Fig. 4a) and
protein levels (day 3, Fig. 4b) of PTEN in the RWPE cells but both mRNA and protein
levels returned to baseline by day 7 of treatment. In contrast, basal levels of PTEN mRNA
and protein were barely detectable in PIN cells and not expressed at all in the PCa cell lines
basally and treatment with MCP30 significantly induced PTEN expression (at both the
mRNA and protein levels) in PIN and PCa cell lines (Figs. 4a and 4b). Of note, the temporal
changes in PTEN mRNA and protein expression after MCP30 treatment, varied among the
cell lines. However, within each cell line, there was a good correlation between changes in
PTEN mRNA (Fig. 4a) and protein (Fig. 4b) expression. For example, it required a
minimum of 3 days of MCP30 treatment to induce PTEN at both the mRNA and protein
levels in PC-3 cells and this effect was most pronounced after 7 days, again at both the
mRNA and protein levels. In contrast, increased expression of both PTEN mRNA and
protein in LNCaP cells was most pronounced at an earlier time period, 3 days after MCP30
treatment.
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We next examined the intracellular events downstream of PTEN induction. Akt
phosphorylation was significantly inhibited by MCP30 while total Akt expression remained
unchanged in PIN and PCa cell lines. Consequently, the expression of phospho-GSK3β
(Ser-9) was suppressed in the presence of MCP30 (Fig. 4c). These data imply that the tumor
suppressor effect of MCP30 may be mediated by the induction of PTEN with subsequent
suppression of one of its downstream targets, Akt, via dephosphorylation.

MCP30 inhibits Wnt signaling activity
Wnt/β-catenin signaling is regulated by the Akt pathway19,20 and suppressed by PTEN.21,22

A recent report suggests that Wnt transcriptional activity can be modulated by an HDAC
inhibitor in human colorectal carcinoma cells.23 We next determined whether MCP30
modulates the intracellular levels and distribution of β-catenin, a key component of the
canonical Wnt signaling pathway. We used a specific antibody developed by Clevers et al.
to detect active β-catenin triggered by the activation of the canonical Wnt signaling
pathway.41 As shown in Figure 5a, nuclear β-catenin expression was barely detectable in
RWPE cells and was not regulated by MCP30. In contrast, PIN and PCa cell lines
demonstrated higher nuclear β-catenin expression levels. Treatment with MCP30 increased
the expression of phospho-β-catenin protein, presumably resulting from increased GSK-3β
activity, which promoted β-catenin degradation leading to decreased nuclear accumulation
of β-catenin in these cell lines. This decrease in nuclear β-catenin was associated with
suppression of Wnt signaling activity, as measured by Tcf-luciferase reporter assay, in the
same cell lines (Fig. 5b).

MCP30 modulates the expression of proteins controlling cell cycle progression and
apoptosis

To further elucidate the effects of MCP30, we examined the expression of cyclin D1 and
cMyc, proteins that are induced upon Wnt activation and are involved in controlling cell-
cycle progression and apoptosis. Western blot analysis revealed that the expression levels of
both proteins decreased after treatment with MCP30 (Fig. 6).

Discussion
Both dietary and environmental factors have been shown to induce epigenetic changes, i.e.
mechanisms that permit stable transmission of cellular traits without an alteration in DNA
sequence or amount. Epigenetic deregulation frequently participates in tumorigenesis
through inactivation of tumor suppressor genes.15 Prostate cancer tends to be multifocal,
suggesting a field effect that might be influenced by epigenetic changes due to diet and
oxidative stress.42 Dietary compounds have also been shown to reverse these epigenetic
changes31,43 and to be effective agents in the prevention and treatment of prostate
cancer.25,26

The plant Momordica charantia (MC) or bitter melon grows in tropical Asia, where it is
utilized both as a vegetable and medicinal herb. A 30kDa protein isolated from bitter melon
seeds has demonstrated in vitro and in vivo anti-tumor activity in several tumor model
systems.31,32,43 We have isolated a 30 kDa protein (MCP30) from bitter melon seeds. The
purified fraction was analyzed by SDS-PAGE, and both the intensely silver-stained upper
bands (~30 kDa) as well as the faint lower band (~22 kDa) were identified by mass
spectrometry to contain 2 highly related ribosome-inactivating proteins (RIPs), α-
momorcharin and β-momorcharin (MAP30). These 2 proteins have been reported to have
similar biological activities, including N-glycosidase activity (cleaves the glycosidic bond
between adenine and ribose in ribosomal RNA at a specific location34) and have also been
shown to act on nucleic acids (e.g. intrinsic nuclease activities44). Although the precise
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mechanism of action of the Type I family of single chain ribosome-inactivating proteins is
not well delineated, they are known to enter the cell through endocytosis27,45 and can induce
apoptosis in cancer cells.46 The precise mechanisms whereby single-chain RIPS selectively
enter viral-infected and malignant cells, induce apoptosis and exert selective effects on
malignant cells have not been well delineated. Saporin, a Type I RIP from Saponaria
officinalis (soapwort) induces caspase-dependent apoptosis in the human histiocytic
lymphoma cell line U937 via the mitochondrial (intrinsic) pathway and this apoptotic
activity occurs before the onset of any significant inhibition of protein synthesis.46

Trichosanthin (TCS), another Type I RIP, is highly toxic to choriocarcinoma JAR cells
while hepatoma H35 cells are relatively resistant. Differences in receptor-mediated
endocytotic uptake and intracellular routing of TCS were found between the 2 cell lines and
higher accumulation in the choriocarcinoma JAR cells may explain their higher sensitivity
to TCS.47

We tested the effects of MCP30 on cell growth and apoptosis in a variety of human prostate
cell lines in vitro and demonstrate that it selectively induces both cell cycle arrest and
apoptosis in premalignant and malignant prostate cells. Furthermore, in vivo administration
of MCP30 decreased PC3 human prostate cancer cell growth subcutaneously in nude mice
and this effect was due primarily to the induction of apoptosis, with no significant
differences in markers of proliferation or MVD between control and treated animal tumors.

The selective induction of apoptosis in neoplastic cells is also a hallmark of a class of anti-
tumor compounds known as HDAC inhibitors. HDACs, which catalyze the removal of
acetyl groups from the N-terminus of histones, lead to chromatin condensation and
transcriptional repression.15 Altered expression of individual HDACs in tumor samples has
been reported48 and several HDAC inhibitors are in clinical trials for cancer therapy. We
determined the effects of MCP30 on HDAC1 in prostate-derived cell lines because this
particular HDAC was previously shown to be overexpressed in human premalignant and
malignant prostate lesions, with the highest increase in expression in hormone refractory
prostate cancer.11 We confirmed that HDAC1 activity is increased in premalignant and
malignant prostate cancer cell lines as compared to the non-neoplastic RWPE cell line.
Furthermore, our data demonstrate that that the Type I RIPs contained in MCP30 inhibit
HDAC1 expression levels and activity selectively in the neoplastic cell lines.

Although many studies demonstrate that both HDACi and Type I RIPs can selectively kill
tumor cells,14,32,46 the molecular pathways underlying these observed effects remain to be
elucidated. HDAC inhibitors have been reported increase acetylation of non-histone proteins
and may induce apoptosis through tumor specific induction of tumor suppressor and pro-
apoptotic genes. As has been reported for other compounds that inhibit HDAC,14 MCP30
selectively increased tumor suppressor protein expression, including PTEN, KLF6 and E-
cadherin (data not shown). This was not just a generalized effect on protein expression, as
MCP30 did not modulate total protein levels of Akt, β-catenin or the β-actin housekeeping
gene. We also present evidence that MCP30 may restore normal PTEN signaling as
demonstrated by decreased activity of Akt by dephosphorylation at Ser-473, increased Ser-9
phosphorylation of GSK-3β, inhibition of canonical Wnt signaling and decreased expression
of Cyclin-D1 and c-Myc in the neoplastic prostate cells. However, these events may be
merely correlative and need to be further explored.

It was previously reported that 5-aza-2′-deoxycytidine, a DNA methyltransferase inhibitor,
reactivates the transcription of PTEN in prostate cancer cells. More recently, the dietary
compound genistein, was shown to induce PTEN expression in LNCaP and PC3 prostate
cancer cells by inhibiting SIRT1, an HDAC that belongs to the atypical class III histone
deacetylase family. Genistein activation involved demethylation and acetylation of H3-K9 at
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the PTEN promoter.49 Our data shows re-expression of PTEN mRNA and protein in PIN,
LNCaP and PC3 cells which may result from the inhibitory effect of MCP30 on HDAC-1
levels and activity. Eighteen HDACs have been identified in humans and it is possible that
MCP30, genistein and other dietary compounds modulate the expression and activity of
multiple HDACs in a tissue-specific manner with resultant activation of a variety of tumor
suppressor and pro-apoptotic genes.

A large number of structurally diverse HDACi have been purified from natural sources or
synthetically developed and several of these are in clinical trials for cancer.15 Although most
HDAC inhibitors are molecules of low molecular weight, maspin, a 42 kDa protein in the
serine protease inhibitor family, was recently identified as an endogenous inhibitor of
HDAC-1.50,51 To our knowledge, this is the first report that Type I ribosomal inactivating
proteins derived from dietary bitter melon (Momordica charantia) possess HDACi activity
and can selectively induce apoptosis in premalignant and malignant prostate cells and inhibit
human prostate cancer cell growth in vivo. Our data imply that effective and non-toxic
prostate cancer chemopreventive and therapeutic agents may be developed from plant-
derived Type I ribosomal inactivating proteins.
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Figure 1.
Protein identification of the purified fraction (MCP30). (a) Gel electrophoresis of MCP30.
The purified fraction was analyzed by SDS-PAGE (4–12%) and the gel stained with silver
staining. (b) Mass spectrometry analysis. The major band (indicated by an arrow) was
excised, subjected to tryptic digestion and the digest was analyzed by mass spectrometry.
After database searching of the mass spectrometric data using SEQUEST, the only proteins
confidently identified (with 2 or more peptides) in the major band were alpha-momorcharin
(sequence coverage: 21.3%) and beta-momorcharin (MAP30) (sequence coverage: 39.7%).
ΔM (mass difference between measured and theoretical tryptic fragments); z, charge state;
P(pep), peptide probability; XC, cross correlation. (c) MS/MS spectrum. The MS/MS
spectrum of the peptide with the highest score (peptide probability) of α- and β-
momorcharin is shown. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Figure 2.
MCP30 induces apoptosis in PIN and PCa cell lines and suppresses PC-3 cell tumor growth
in nude mice. Prostate-derived cell lines were plated and maintained in their optimal
medium overnight. (a) The medium was changed to serum-free medium and treated with
various doses of MCP30 for 7d. The number of living cells was counted using a
hemacytometer. Data are expressed as means ± SE of 3 wells from 3 separate experiments.
(b) Apoptotic cells were determined using flow cytometric analysis. Data are expressed as
means ± SE of 3 wells from three separate experiments. **p < 0.01 as compared to control
for each cell line. (c) Cells were treated with or without MCP30 (10 μg/mL) for 7d. Total
protein was isolated and subjected to Western blot analysis using antibody against
caspase-3. The same blot was stripped and sequentially reprobed with antibodies against

Xiong et al. Page 14

Int J Cancer. Author manuscript; available in PMC 2013 September 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



PARP, caspase-8 and β-actin. Data shown are representative of 3 separate experiments. (d)
From second week of PC-3 cell inoculation, tumor bearing mice were randomized to receive
i.p. injections of either vehicle as control or MCP30, 0.5 mg/kg body weight, twice a week.
Tumor surface areas were examined weekly. Vertical arrow indicates the time for initiation
of MCP30 treatment. (e) TUNEL of histological sections of tumors derived from control vs.
MCP30-treated mice. Tumors were removed and processed to TUNEL assay for
identification of apoptotic cells.
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Figure 3.
MCP30 inhibits HDAC activity and induces acetylation of histone proteins. Prostate-derived
cell lines were cultured in serum-free medium and treated with MCP30 (10 μg/mL) for 48
hr. (a) Protein in the nuclear fractions was extracted and subjected to Western blotting using
antibody against HDAC-1. The same blot was stripped and sequentially reprobed with
antibodies against acetyl-H3, H4, total H3, H4 and β-actin. Normalized quantification
(relative ratio of acetylated H3 or H4 to total H3 or H4) of the immunoblots was performed
by densitometry and is shown at the bottom. Data shown are representative of 3 separate
experiments. (b) Protein in the nuclear fractions was extracted and subjected to HDAC
activity assay. Data are expressed as means ± SE of 3 wells from 3 separate experiments.
The HDAC activity in untreated RWPE cells is set as 100%, *p < 0.01 as compared to
control for each cell line.

Xiong et al. Page 16

Int J Cancer. Author manuscript; available in PMC 2013 September 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
MCP30 induces PTEN and inhibits Akt phosphorylation. Prostate-derived cell lines were
treated with MCP30 (10 μg/ml) for the time period as indicated. (a) Quantitative real time
PCR (qRT-PCR) analysis of PTEN mRNA. Data are expressed as means ± SE of 3 wells
from 3 separate experiments. *p < 0.01 as compared to control for each cell line. (b) Total
Protein was extracted and subjected to Western blotting using antibody against PTEN. The
same blot was stripped and sequentially reprobed with antibodies against β-actin. (c) MCP30
inhibits phosphorylation of Akt and GSK proteins. Total protein was extracted and subjected
to Western blotting using antibody against phospho-Aktser473. The same blot was stripped
and sequentially reprobed with antibodies against endogenous Akt, phospho-GSK3β,
endogenous GSK3β and β-actin. Normalized quantification (relative ratio of PTEN to β-
actin or the ratio of phospho-Akt or phospho-GSK to total Akt or GSK) of the immunoblots
was performed by densitometry and is shown at the bottom. Data shown are representative
of 3 separate experiments.
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Figure 5.
MCP30 inhibits activity of Wnt/β-catenin pathway. Prostate-derived cell lines were treated
with MCP30 (10 μg/mL) for 48 hr. (a) Protein in the nuclear fractions was extracted and
subjected to Western blotting using antibody against phospho-β-catenin. The same blot was
stripped and reprobed with antibodies against β-catenin and β-actin antibodies. Normalized
quantification (relative ratio of β-catenin to β-actin) of the immunoblots was performed by
densitometry and is shown at the bottom. Data shown are representative of 3 separate
experiments. (b) Cells were cotransfected with the Tcf reporter plasmid (or empty vector as
mock control) and the β-galactosidase expression vector and treated with either vehicle or
MCP30 (10 μg/mL) for 48 hr. The resulting Tcf-luciferase activity was normalized to
protein concentrations and β-galactosidase activity. Data are expressed as fold-induction
compared to the vehicle control (100%) and represent the means ± SE from 3 separate
determinations. *p < 0.01 as compared to mock control (M) for each cell line; **p < 0.01 as
compared to the levels of RWPE-1 cells.
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Figure 6.
MCP30 decreases the expression of Wnt-targeted proteins. Prostate-derived cell lines were
treated with MCP30 (10 μg/mL) for 48 hr. Total Protein was extracted and subjected to
Western blot analysis using antibodies against cyclin D1. The same blot was stripped and
sequentially reprobed with antibodies against c-Myc and β-actin. Normalized quantification
(relative ratio of cyclin D or c-Myc to β-actin) of the immunoblots was performed by
densitometry and is shown at the bottom. Data shown are representative of three separate
experiments.
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