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Abstiract

AlIM: To study the effects of Pinus massoniana bark extract
(PMBE) on cell proliferation and apoptosis of human
hepatoma BEL-7402 cells and to elucidate its molecular
mechanism.

METHODS: BEL-7402 cells were incubated with various
concentrations (20-200 pg/mL) of PMBE for different
periods of time. After 48 h, cell proliferation was determined
by 3-(4,5-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium
bromide (MTT) assay. Apoptosis was evaluated by
morphological observation, agarose gel electrophoresis,
and flow cytometry analysis. Possible molecular mechanisms
were primarily explored through immunohistochemical
staining.

RESULTS: PMBE (20-200 pg/mL) significantly suppressed
BEL-7402 cell proliferation in a time- and dose-dependent
manner. After treatment of BEL-7402 cells with 160 pg/mL
PMBE for 24, 48, or 72 h, a typical apoptotic "DNA ladder”
was observed using agarose gel electrophoresis. Nuclear
condensation and boundary aggregation or split, apoptotic
bodies were seen by fluorescence and electron microscopy.
Sub-G; curves were displayed by flow cytometry analysis.
PMBE decreased the expression levels of Bcl-2 protein in
a time-dependent manner after treatment of cells with
160 pg/mL PMBE.

CONCLUSION: PMBE suppresses proliferation of BEL-7402
cells in a time- and dose-dependent manner and induces
cell apoptosis by possibly downregulating the expression
of the bc/-2 gene.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Pinus massoniana needles and bark have been commonly used
in diet therapies in eastern Asia (mainly China and Japan)
for thousands of years, but until the last decade of the 20
century, bioactive substances from P massoniana bark have
not been successfully extracted through crude sieving,
centrifugation, or micro- and ultra-filtration with hollow
fiber and coiled-spiral nanofiltration membranes!.
Standard PMBE contains 26.0-28.3% flavonoids (mainly
procyanidins) as important bioactive substances. The most
important of these are included in the procyanidin B series,
which only differ in the number and position of hydroxyl
groups, as can be seen for procyanidin B;in Figure 1P

PMBE is well known for its antioxidant properties, which
may result from its ability to scavenge free radicals!. Tt is
this antioxidant activity that may be helpful in the prevention
and therapy of diseases and degenerative processes
associated with oxidative stress. The bark of P massoniana
has been mentioned in the traditional Chinese pharmacopoeia,
and has been mainly used to promote hemostasis and
detoxification, and for the treatment of rheumatic arthralgia,
hypertension, and chilblain in China and other countries of
the Orient?. Our previous research results showed that
PMBE can broadly inhibit the growth of eight different
cancer cell lines 7z wtrot¥. Additionally, we found that PMBE
can selectively inhibit the proliferation of human hepatoma
BEL-7402 cells without impacting the growth of normal
human liver L-02 cells at an effective concentration range
similar to that of the chemotherapeutic agent, cisplatin!¥.
It may play a role in cancer clinic as both antidote and
potentiator of surgical therapy.

Considering that hepatoma is the most common
malignant tumor occurring in both men and women in China,
we wished to assess the processes by which PMBE inhibits
growth and affects apoptosis of BEL-7402 cells and elucidate
a possible molecular mechanism for these actions. It is
reported that extracts from P maritima bark (pyenogenol)?
and from P radiata bark (engogenol)!) have been used
therapeutically in southwestern Europe (mainly France,
Germany, and Spain), Australia, and New Zealand for neatly
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10 yeats. Huynh and Teel™ once reported that pycnogenol
selectively induces apoptosis of human mammary cancer
cells (MCF-7), but does not induce apoptosis of normal
human mammary MCF-10 cells. It is reasonable to
hypothesize that PMBE may also be helpful in therapies of
human hepatoma, possibly through the regulation of cell
proliferation and/or cell death. Therefore, this study aimed
to assess the processes by which PMBE inhibits cancer cell
growth, affects apoptosis of BEL-7402 cells, and the
possible molecular mechanism for these actions.
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Figure 1 Chemical structure of procyanidin Bs.

MATERIALS AND METHODS

Preparation of PMBE

PMBE was provided by the Institute of Songzhen
(Guangdong Province, China). A stock solution of 10 mg/mL
PMBE was made in 100% dimethylsulfoxide (DMSO)
and filtered via a 0.22 um minipore membrane. The stock
solution was aliquoted and stored at -20 ‘C, thawed just
before testing, and diluted with the culture medium. The
final concentration of DMSO for all treatments was less

than 0.25%.

Cell culture and treatment

Human hepatoma BEL-7402 cells were purchased from
the Animal Cell Center, Medical College, Sun Yat-Sen
University, China. BEL-7402 cells were incubated in
RPMI 1640 medium (Sijiging Co., Zhejiang, China)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS), 100 U/mL penicillin, 100 pg/mL streptomycin,
and 10 mmol/L. HEPES, pH 7.4, and kept at 37 'C in a
humidified 50 mL/L CO, incubatot. For this study, cells
were either incubated in the absence or presence of different
concentrations of PMBE for 48 h or exposed to 160 pg/mL
PMBE for different time periods.

Measurement of cell growth inhibition

Growth inhibition of BEL-7402 cells by PMBE was
measutred by 3-(4,5-dimethyl-thiazolyl-2)-2,5-diphenyl
tetrazolium bromide (MTT) assay™ with minor modifications.
Briefly, cancer cells were seeded into 96-well microtiter plates
at appropriate densities to maintain the cells in an exponential
phase of growth during the experiment. BEL-7402 cells
were exposed to PMBE either at 20, 40, 80, 160, or 200 ug/mL
for 48 h or to 160 ug/ml PMBE for either 24, 48, or 72 h.
Each concentration was tested in quadruplicate. At the end

of the treatment, 20 uL of 5 mg/mL MTT (Sigma, St.
Louis, MO, USA) was added to each well and the plates
were incubated for 4 h at 37 ‘C. DMSO (150 uL) was
then added to each well and the plates wete rotated for
10-20 min at 200 r/min by a shaker (THZ-C, Shenhua
BioTech Co., Shenzhen, China). The optical absorbance was
read on a plate reader (BIO-RAD Co., USA) at a wavelength
of 570 nm. Media and DMSO controls were included for
all experiments. The inhibitory rate of cell proliferation was
calculated using the following formula: Growth inhibition
(%) = (Acontror-Auseated) / Aconro X 100. Results were measured
in triplicate.

Cell morphology

Fluorescence microscopy BEL-7402 cells were seeded in
stetile culture dishes on coverslips at a density of 10° cells/mL
and cultured in 10% FBS-RPMI 1640 medium at 37 C in
a humidified atmosphere of 50 mL/L CO,. Cells were
grown to 80-90% confluence and synchronized by incubation
in 0.5% FBS-RPMI 1640 for 56 h. The experiments were
divided into test and control groups. Cells in the test group
were incubated in 10% FBS-RPMI 1640 medium containing
160 ng/mL PMBE for 24 or 48 h. Cells in the control
group were incubated in 10% FBS-RPMI 1640 alone for
24 h. The coverslips were washed with PBS (containing
Ca*, Mg*") for 3-5 min, then a 1 000:1 mixture of methanol:
DAPI was added and placed at 4 C for 15-30 min, and
then washed thrice with PBS for 3-5 min to reduce the
background signal. Finally, the cells fixed on the coverslips
were analyzed, and photographed under fluorescence
microscope (BH-2, Olympus, Japan).

Electron microscopy BEL-7402 cells were incubated in
10% FBS-RPMI 1640 medium with or without 160 pg/mL
PMBE at 37 C in a humidified atmosphete of 50 mL/L
CO; for 72 h. After treatment with 0.25% trypsin, 5X10°
cells were collected, centrifuged at 10 000 g for 5 min and
then washed twice with PBS for 5 min. Cell pellets were
fixed in 2.5% glutaraldehyde in PBS at 4 ‘C overnight.
After washing thrice (10 min each) in PBS, the pellets were
incubated in 1% osmium tetroxide (Electron Microscopy
Sciences) in PBS for 1 h at room temperature. After three
more 10-min washes in PBS, the pellets were dehydrated
using a successive ethanol series of 300, 500, 700, 800,
and 950 mL/L in double distilled water (10 min each) at
room temperature. The pellets were further dehydrated at
room temperature in 100% acetone (3%10 min), incubated
in 50% acetone/50% epoxy resin (Durcupan ACM, EMS)
at room temperature for 1 h, and infiltrated with 100%
epoxy resin (3X1 h) at room temperature. After the final
incubation, the resin-infiltrated pellets plus excess resin were
poured into capsules and polymerized at 70 C overnight.
Ultrathin (500 A) sections were made using a heat-swelling
ultramicrotome (LKB-NoVa-V, Switzerland). After being
stained with uranium acetate and plumbum citrate, the
sections were observed under a transmission electron
microscope (JEM 100CX-1I, Houghton, MI, USA) and
electron micrographs were taken.

DNA fragmentation assay™”
BEL-7402 cells wete seeded in two 25-mL flasks at a density
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of 10° cells/mL and incubated in 10% FBS-RPMI 1640
medium as previously described in the presence or absence
of 160 pg/mL PMBE for 24 h. After harvesting the cells,
samples were washed with PBS and centrifuged at 1 000 r/min.
The cell pellets were resuspended in a 40-pL solution of
0.2 mol/L NaH,PO,/0.1 mol/L citric acid (192:8) and
incubated at room tempetature for 60 min. After centrifugation
for 30 min at 480 r/min, the supernatant was transferred
to a 1.5 mL microcentrifuge tube. Three microliters of
NP-40 (2.5 mg/mL) and 3 uL. RNase A (10 mg/mlL) were
added to the tube and incubated at 37 ‘C for 60 min. After
the addition of 3 pL proteinase K (10 mg/mL), the tube
was once again incubated at 50 ‘C for 50 min. At the end
of the reaction, 5 ul. loading buffer was added and samples
were electrophoresed on a 10 g/L agarose gel containing
0.5 ng/mL ethidium bromide, at 7.5 V/cm in 1XTAE buffer
for 1.5 h. Analyses and photography were performed with
the gel imaging and analysis system (BIO-RAD Co., USA).

Flow cytometry

Cellular DNA content and cell distribution were quantified
by flow cytometry using propidium iodide (PD)!". After
treatment with PMBE, the cells were collected, washed in
PBS, and fixed in 700 mL/L ethanol at 4 ‘C overnight.
After fixation, the cells were washed in PBS and pellets
obtained by centrifugation were stained with PI staining
solution containing 50 pg/mL PI, 10 pg/mL RNase A,
5 mL/L Triton X-100, and 0.1% (w/v) trisodium citrate
for 30 min at room temperature in the dark. DNA content
was determined by flow cytometry (ELITE, BECKMAN
Co., USA). Cell populations in the sub-Gy area (the position
where apoptotic cells located) were quantified from a
standard count of 10* cells using MULTYCYCLE softwate
(PHEONIX Co., USA).

Immunohistochemistry

BEL-7402 cells were seeded in sterile culture dishes on
coverslips at a density of 10° cells/ml., and incubated as
described previously. The experiments were divided into
test and control groups. Cells in the test group were incubated
with 10% FBS-RPMI 1640 medium containing 160 pg/mL
PMBE for 24, 48, or 72 h. Cells in the control group were
incubated with 10% FBS-RPMI 1640 alone for 24 h. Cells
were first washed thrice (1 min each) with PBS, fixed in
acetone for 10 min, immersed in 0.75% H,O,-PBS at 37 C
for 30 min to inactivate the peroxidase, and washed twice
with PBS for 3 min. Normal goat serum was used to
eliminate the unspecific staining. Fixed cells were incubated
for 30 min at room temperature with mouse anti-human
Bcl-2 mAD (primary antibody, Oncogene Research Products)
and washed five times with PBS. Slides were then incubated
at 37 C for 30 min with biotinylated goat anti-mouse IgG
(secondary antibody), washed twice with PBS, and visualized
using the immunoperoxidase-based SABC kit (Boster Co.)
under a phase contrast microscope. According to the kit
protocol, BEL-7402 cells treated with 160 ug/mL of PMBE
for 24 h without the addition of primary antibody were
used as the negative control. Cells were regarded as positive,
when the cell membrane was stained in a brown coffee
color similar to the positive control provided by the kit

manufacturer.

Statistical analysis

Data were expressed as meantSD. All experiments were
performed in triplicate, unless otherwise indicated. Statistical
significance was evaluated either by Student’s #test or by
one-way ANOVA using SP5§70.0 software (P<0.05 was
considered statistically significant, P<0.01 very statistically
significant).

RESULTS

Dose- and time-dependent effects of PMBE on proliferation
of BEL-7402 cells

Human hepatoma BEL-7402 cells were incubated with
PMBE for different periods of time at concentrations
ranging 20-200 pg/mL and analyzed by MTT assay. PMBE
was shown to inhibit the proliferation of BEL-7402 cells in
a dose- and time-dependent manner. After exposure of
BEL-7402 cells to 20, 40, 80, 160, or 200 pg/mL of PMBE
for 48 h, cell proliferation was inhibited by 16.97%, 25.20%,
30.64%, 36.64%, and 43.17%, respectively (Figure 2A).
Treatment of BEL-7402 cells with 160 ng/mL PMBE
for 24, 48, or 72 h, inhibited cell proliferation by 21.96%,
30.47%, and 34.36%, respectively (Figure 2B).
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Figure 2 Dose-dependent effects (A) and time-dependent effects (B) of PMBE
on inhibition of BEL-7402 cell growth.

Morphological changes

Under fluorescence microscope, untreated BEL-7402 cells
displayed extended, flat cell bodies with uniform chromatin
in the nuclei (Figure 3A). The nuclei of BEL-7402 cells,
treated with 160 pg/mL PMBE for 24 h, showed the
characteristic morphological changes of apoptosis, including
nuclear condensation, boundary aggregation and split,
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even DNA fragmentation (Figure 3B), which dramatically
increased over time (Figure 3C). Under transmission electron
microscope, apoptotic bodies were observed in cells treated

with 160 pg/ml PMBE for 72 h (Figure 3D).

Figure 3 Morphological changes in BEL-7402 cells incubated without PMBE for
24 h (A), with 160 pg/mL PMBE for 24 (B), 48 (C) and 72 h (D). Arrows denote
condensed, fragmented nuclei, apoptotic bodies.

Inter-nucleosomal DNA degradation induced by PMBE

In order to demonstrate that PMBE was able to induce an
apoptotic response, we analyzed DNA degradation in
PMBE-treated BEL-7402 cells by agarose gel electrophoresis.
PMBE, at a concentration of 160 pg/mlL, induced the typical
inter-nucleosomal DNA fragmentation in multiples of
180-200 bp after 24 h, a hallmark of apoptosis (Figure 4).
No chromosomal DNA cleavage was observed in the
untreated control cells (Figure 4).
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Figure 4 Apoptosis induced by PMBE. M: DNA marker DL2000; 1: Treatment
with PMBE; 2: Untreated negative control.

Quantitative detection of apoptosis induced by PMBE

Apoptotic cells could be recognized by PI staining due to
DNA degradation and subsequent leakage of stain from
the cells. The hypodiploid population, formed by cells with
a reduced DNA content in frequency histograms (sub-G;
peak), could be quantified by flow cytometry and effects
of PMBE on BEL-7402 cell distribution could be observed.
Results showed that incubation with 160 pg/mL of PMBE

for different time periods or with 140, 160, or 180 pg/mL
of PMBE for 24 h resulted in accumulation of cells at G,
or S phase (Figures 5A and B) and a blockade of cell
proliferation. Arrest of the cell cycle at G; or S phase
eventually led to cell death, as the prolonged incubation
with 160 pg/mL PMBE induced an increasing apoptotic
response, resulting in the rapid appearance of cells with a
DNA content less than that at G; phase, characteristic of
apoptotic cells (Figures 5C). In addition, PMBE induced
apoptosis of BEL-7402 cells in a dose-dependent manner.
In untreated BEL-7402 cells, the mean apoptotic population
was 2.23%, which increased to 7.03%, 28.3%, and 8.43%
after a 24-h treatment with 140, 160, and 180 pg/mL
PMBE, respectively (Figure 5D). For the time-dependent
relationship, the number of apoptotic cells increased with
prolonged incubation in PMBE. The number of apoptotic
cells increased from 2.23% to 25.1%, 70.6%, and 81.7%
after 24, 48, and 72 h of exposure to 160 ng/mL PMBE,
respectively (Figure 5E). Therefore, PMBE induced apoptosis
of BEL-7402 cells in a dose- and time-dependent manner.

Role of Bcl-2 in PMBE-induced apoptosis

The involvement of the bs/-2 gene in apoptosis was reported
in several studies of anticancer drugs!'>'¥. The role of Bcl-2
in PMBE-induced apoptosis of human hepatoma BEL-7402
cells was evaluated by immunohistochemical analysis.
Three hundred cells were observed under a microscope
and the positive cell ratio was calculated from three
independent experiments. The results showed that cells in
the control group had higher expression levels of Bcl-2,
with a (21.3%£1.5)% positive staining ratio, while Bcl-2
expression in test group cells decreased to (16.311.2)%,
(9.3£0.9)%, and (9.7+1.4)% after treatment with 160 pg/mL
PMBE for 24, 48, or 72 h, respectively (Figure 6). Compared
with control, all test groups displayed significant differences
(P<0.05). The positive staining ratio of Bcl-2 protein expression
decreased with PMBE treatment time, suggesting that
PMBE might play a role in inducing apoptosis of human
hepatoma BEL-7402 cells by possibly down-regulating the
expression of the bel-2 gene.

DISCUSSION

Hepatoma is one of the most common malignant tumors
in China and Asia. Therefore, we chose the human hepatoma
cell line BEL-7402, as an 7 vitro model to explore the effects
of PMBE on cancer cell growth and apoptosis to evaluate
the value of PMBE in cancer prevention and therapy.
Our results showed that PMBE at doses ranging
20-200 pg/mlL, significantly suppressed cell proliferation in a
time- and dose-dependent manner and induced characteristic
motphological and biochemical changes associated with
apoptosis of human hepatoma BEL-7402 cells. The
inhibitory effect of PMBE on cancer cell growth may be
attributed to its antioxidant function!. Additionally, PMBE
appears to induce apoptosis via downregulation of the
Bcl-2 protein. Moreover, we have observed that PMBE
exhibits more potent effects on apoptosis than on growth
inhibition at similar concentrations as described in the results.
When exposed to 160 pg/mL of PMBE for 24, 48, and
72 h, the growth inhibition ratio and apoptosis ratio of
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Figure 5 Time-course effects and dose-response effects of PMBE on cell cycle distribution (A and B) and apoptosis of BEL-7402 cells (C-E). a: control 24 h; b:

24 h;c: 48 h; d: 72 h.
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Figure 6 Expression of Bcl-2 protein in BEL-7402 cells treated with 160 ug/mL
PMBE for different time periods. C: control; T: treatment with PMBE; 2P<0.05 as
significant, °P<0.01 very significant vs the control.

BEL-7402 cells were 21.96%, 30.47%, 34.36% and 25.1%,
70.6%, 81.7%, respectively. These distinct actions on cell
cycle progression and apoptosis suggest that PMBE is able
to trigger different signal transduction pathways, and to exert
effects on two key processes during cancer treatment. Taken
together, our data demonstrate PMBE has a high capacity

of suppressing cell proliferation and triggering apoptosis
of human hepatoma cells. Therefore, PMBE may have a
therapeutic potential in human liver cancer and may find
its use as an anticancer candidate.

The activities of PMBE may account for previously
reported cytotoxic effects of this extract!™. In this study, we
showed compelling evidence for pro-apoptotic activity of
PMBE using a combination of different techniques.
Furthermore, these actions are time- and dose-dependent.
We have also found that PMBE could induce accumulation
of cells arrested at G; and S phases of the cell cycle.
Therefore, the antitumor effects of PMBE may result from
multiple mechanisms of action, such as interfering with cell
cycle progression and inducing apoptosis, possibly by
decreasing Bcl-2 protein expression. Oncogenes such as
bel-2, are often involved in the development of tumors,
and may be related to tumor cell drug resistance!. Our
results showed that PMBE not only induced BEL-7402
cell apoptosis, but also drastically decreased Bcl-2 protein
expression concurrently. The identification of the genes
involved and their related signal transduction pathways critical
to tumorigenesis await further study.
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In conclusion, PMBE is capable of inhibiting growth

and inducing apoptosis of human hepatoma BEL-7402 cells
in a dose- and time-dependent manner, indicating that PMBE
may hold promise as an anticancer agent.
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