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Abstract

Background: Osteosarcoma is a malignant bone tumor prevalent in adolescents with poor prognosis. Toona sinensis
showed potent antiproliferation effect on lung, melatonin, ovary, colon, and liver cancers. However, the effects of the
species on osteosarcoma cells are rarely investigated. Results: In this study, we found fraction | of Toona sinensis leaf
(TSL-1) resulted in inhibition of cell viability in MG-63, Saos-2, and U2OS osteosarcoma cell lines, while it only caused a
moderate suppressive effect on normal osteoblasts. In addition, TSL-1 significantly elevated lactate dehydrogenase leakage
and induced apoptosis and necrosis in Saos-2 cells. TSL-1 increased mRNA expression of pro-apoptotic factor Bad. Most
important, TSL-1 significantly suppressed Saos-2 xenograft tumor growth in nude mice by increasing caspase-3. The IC-50
of TSL-1 for the 3 tested osteosarcoma cells is around 1/9 of that for lung cancer cells. Conclusion: We demonstrated
that TSL-1, a fractionated extract from TSL, caused significant cytotoxicity to osteosarcoma cells due to apoptosis. In vivo
xenograft study showed that TSL-| suppressed the growth of osteosarcoma cells at least in part by inducing apoptosis. Our
results indicate that TSL-1 has potential to be a promising anti-osteosarcoma adjuvant functional plant extract.
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Introduction healing.>® During the chemotherapy period, other functional
supplement plant extracts may be beneficial.

Toona sinensis Roem (Meliaceae; TS), which grows
mostly in Asia, is widely used as a medicine and especially
as a vegetable. The bark is used as an astringent and depura-
tive agent, the root is used as refreshment and diuretic
agents, the tender leaves are used as carminative and cor-
rective agent, and its fruit is used as astringent and in treat-
ment of eye infections. Especially leaves and young shoots,
which have been used as a vegetable in China for thousands

Osteosarcoma is the most common sarcoma of bone.' In
spite of the fact that this cancer type only accounts for 5% to
6% of all childhood tumors, they are ranked among the most
frequent causes of cancer-related death, because osteosarco-
mas have a high probability of metastasis.” At the time of
diagnosis, about 10% to 20% of patients have evidence of
metastatic disease, most commonly (90%) in the lungs.’
Current management comprises preoperative chemotherapy
followed by surgical removal of all detectable disease and
postoperative (adjuvant) chemotherapy.* Most chemother-
apy regimens applied for osteosarcoma have been based on ) ! ! fversi ! ! )
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of years, are used as the treatment of enteritis, dysentery,
and itch in oriental medicine.” The aqueous extract of TS
leaf (TSL) possesses antioxidant,*"'? antidiabetes," antivirus,'?
and antiseptic"? activity. In addition, TSL shows potent anti-
proliferation effect on many types of cancer, including leu-
kemia, lung, oral squamous carcinoma, prostate, and
ovary.""?° Previous studies found that crude extracts from
the TSL exerted potent antiproliferative effects on A549
lung cancer cells, H441 cells (lung adenocarcinoma), H661
cells (lung large cell carcinoma), and H520 cells (lung squa-
mous cell carcinoma).'®'”"*?" It was also reported that
crude extracts from TSL exert potent antiproliferative
effects via decreased Bcl-2 protein accompanied by
increased Bax protein level in H441 cells.'® However, the
effects of TSL on osteosarcoma cells are rarely investigated.
In this study, we tested the effects of TSL-1, an advanced
fraction of TSL crude extraction, on cell viability and cyto-
toxicity in human osteosarcoma cell lines, U2-OS, Saos-2,
and MG-63, and on tumor growth in xenograft tumor.

Materials and Methods

Preparation and Fractionation of TSL

The specimen was confirmed by previous studies.”' > The
leaves used in this preparation were obtained from TS
grown in Tuku (Yunlin County, Taiwan) and were picked
and washed briskly with water. Reverse osmosis water was
added to the leaves at a proportion of 4 liters water to 1 kg
leaves. The mixture of water and leaves was boiled for 30
minutes and then cooled down slowly for at least 2 hours at
room temperature. The debris was then removed and
remaining liquid was concentrated by incubating in low
heat and filtered with a sieve (70-mesh). The filtered con-
centrate was lyophilized with a Virtis apparatus to obtain a
crude extract. Following this procedure, different fractions
of TSL—TSL-1, TSL-5, and TSL-7—were obtained fol-
lowing the aforementioned procedure by high-performance
liquid chromatography. Furthermore, the powder was then
dissolved in 99.5% ethanol and was centrifuged at 3000
rpm at 4°C (Beckman AvantiTM J-301) for 12 minute to
give a supernatant portion and a precipitate portion. The
supernatant portion was further lyophilized with a Virtis
apparatus to obtain the lyophilized powder, TSL-2."

Cell Culture

The human osteosarcoma cell lines U20S, Saos-2, and
MG-63 were obtained from the American Type Culture
Collection (Manassas, VA), and Saos-2 and MG-63 were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco BRL, Bethesda, MD) supplemented with
10% fetal bovine serum (FBS; Gibco BRL, Bethesda, MD)
and 100 U/mL penicillin. U2-OS was cultured in McCoy’s

5A medium (Sigma, St Louis, MO) supplemented with 10%
fetal FBS, 2 mM L-glutamine, and 100 unit/mL penicillin.
The cultures were maintained in a humidified atmosphere
with 5% CO, at 37°C. Osteoblast cell lines (MT3T3-El)
were isolate cultured in DMEM with 10% FBS and 100
unit/mL penicillin for 1 week and then discarded. The
attached bone cells were cultured in DMEM with 10% FBS,
100 U/mL penicillin, 50 pg/mL ascorbic acid and 100 mg/
mL nonessential amino acids solution. Cells were cultured
at 37°C in a 5% CO, incubator.

Cell Viability Assays

Human osteosarcoma cell lines (U208, Saos-2, and MG-63),
human lung adenocarcinoma epithelial cell line (H441), and
normal osteoblasts were seeded in 96-well plates (5000
cells/well) and incubated overnight. The cells were then
incubated in 10% FBS media containing different amounts
of TSL fractions and gallic acid for 24 hours or 48 hours
(TSL-1 treated group). Then, cells were cultured in media
containing 2 mg/mL of MTT (3-(4,5-dimethylthiazol-2-yl)]-
2,5-diphenyltetrazolium bromide; Sigma-Aldrich, St Louis,
MO) for 4 hours. Then, reaction of MTT was terminated by
adding 100 pL of dimethyl sulfoxide, and absorbance OD
values were measured at 540 nm by using a microplate
reader (Molecular Probes Inc, Eugene, OR).

Lactate Dehydrogenase Leakage Assay

Lactate dehydrogenase (LDH) leakage from cells was mea-
sured to quantify the cytotoxicity using a cytotoxicity detec-
tion kit (Roche, Mannheim, Germany).** Saos-2 cells were
seeded in 24-well plates (5 x 10* cells/well) and were not
treated with drugs until 80% confluence. After drug treatment,
the supernatants and cell layers of the cultures were collected
for assay. According to the manufacturer’s guidelines, cell
layers were lysed with 1% Triton X-100. Both cell lysine and
supernatant of each sample were transferred to a 96-well plate
for assay. Briefly, 100 pL of catalyst solution was added to
each assay well for 20 minutes. Absorbance was measured
using an ELISA reader with a 490-nm filter. LDH leakage
from osteoblasts was calculated using the following formula:

% LDH leakage = supernatant/(supernatant + cell) x 100%

Annexin V-FITC and Propidium lodide Double-
Stained Flow Cytometry

To distinguish between apoptosis and necrosis, Saos-2
cells and normal osteoblasts were seeded in 6-well plates
(2 x 10° cells/well). After drug treatment for 6, 12, 24, and
48 hours, cells were collected and stained using the
Annexin V-FITC Apoptosis Detection Kit (Roche,
Mannheim, Germany) at room temperature in the dark, and
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then filtered with a 41-um filter right before analysis. Cells
(1 x 10* were counted by laser flow cytometer (EPICS
Elite; Coulter, Hialeah, FL) to detect cells undergoing
apoptosis or necrosis, and data were analyzed by Winmidi
software (EPICS Elite, Coulter Hialeah, FL).

Real-Time Polymerase Chain Reaction (PCR)

Saos-2 cells were seeded in 6-well plates (2 x 10° cells/well)
to analyze gene expression of apoptosis. After treating with
TSL-1 for 12 hours, total mMRNA was isolated using TRIZOL
reagent (Invitrogen, Carlsbad, CA). Quantitative real-time
PCR was performed with a Bio-Rad iQ5 real-time PCR
detection system (Bio-Rad, Hercules, CA) using the iQ
SYBR green supermix (Bio-Rad, Hercules, CA).*** The
cycling conditions were 95°C for 30 seconds and 95°C for 4
minutes, followed by 35 cycles of 95°C for 10 seconds,
61.5°C for 15 seconds, and 72°C for 15 seconds. The primer
sequences of Bax, Bcl-2, Bcl-XL, Bad, Bak, and GAPDH
were as follows: Bax forward: TTT GCT TCA GGG TTTC
ATCC and reverse: TCC TCT GCA GCT CCA TGT TA,;
Bcl-2 forward: GAG GAT TGT GGC CTT CTT TG and
reverse: ACA GTT CCA CAA AGG CAT CC; Bcl-XL for-
ward: CAT GGC AGC AGT AAA GCA AG and reverse:
TGC TGC ATT GTT CCC ATA GA; Bad forward: CCA
GAT CCC AGA GTT TGA GC and reverse: CTG CTC CTG
CTG GTG ACT G; Bak forward: ACCAGC CTG TTT GAG
AGT GG and reverse: AGT GAT GCA GCA TGA AGT CG;
and GAPDH forward: CAATGACCCCTTCATTGACC and
reverse: TTGATTTTGGAGGGATCTCG. The specific PCR
products were detected by measuring the fluorescence of
SYBR Green, a double-stranded DNA binding dye.”® The
relative mRNA expression level was normalized with
GAPDH. The mean of the relative value of gene expression
in the control group was assigned a value of 1, and the gene
expression level of each experimental group was calculated
relative to the control.

Animal Experiments

The Animal Care and Use Committee of Kaohsiung Medical
University approved all animal experiments. Forty 4-week-
old male nude mice (25-30 g) were purchased from
BioLASCO Taiwan Co (Taipei, Taiwan) and housed under
standard laboratory conditions (temperature 24°C; 12-hour
light-dark cycle) with food and water ad libitum. The ani-
mals were acclimated to the laboratory environment for 1
week before the experiments were initiated.

Xenograft Tumor Model

Forty nude mice were intraperitoneally injected with 1 mil-
lion of Saos-2 cells (1 x 10° cells) and then randomly divided
into 3 groups: control (double-distilled water [DDW] only),

1 g/kg TSL-1 group, and 5 g/kg TSL-1 group. Nude mice
were fed with DDW, 1 g/kg TSL-1, or 5 g/kg TSL-1 every 2
days for 5 weeks. Weight of mice and tumor diameters were
measured weekly after the first day of injection. Tumor
diameters were measured with digital calipers, and the tumor
volume in mm® is calculated by the following formula:
Volume = (width)* x length/2.

Histological Analysis

After nude mice were sacrificed, the tumors were harvested.
Samples for histological studies were collected and fixed
with 10% neutral buffered formalin. The tumor samples
were then embedded in paraffin, and 5-um microsections
from the coronary plane were prepared. Immunostaining
was performed for cleaved caspase-3 (#9661; Cell signaling
Technologies, Beverly, MA) in the tissues.

Immunohistochemistry

Tumor sections were rehydrated, and endogenous peroxi-
dase activity in the tissue was blocked by treatment with 3%
hydrogen peroxide. For epitope retrieval, sections were
digested with a mixture of 2.5% hyaluronidase (Sigma, St
Louis, MO) and 1 mg/mL pronase in phosphate-buffered
saline (pH 7.4; Sigma, St Louis, MO) as previously
described.””*® Sections were subsequently incubated with
the primary antibody against caspase-3 (R&D System, Inc,
Minneapolis, MN). The samples were incubated with sec-
ondary, biotin-labeled antibody (Santa Cruz Biotechnology,
Santa Cruz, CA) and then incubated with horseradish per-
oxidase—conjugated streptavidin (Dako, Carpinteria, CA).
The specific immunoreactivity was confirmed with a sec-
ondary antibody-only control. The enzyme substrate
(3,3'-diaminobenzidine solution containing 0.01% hydro-
gen peroxide) was then added, resulting in a brown color,
and sections were counterstained with hematoxylin (Santa
Cruz Biotechnology) and examined by light microscopy.

Statistical Analysis

Data are presented as mean + standard deviation for the
indicated number of separate experiments. Statistical analy-
sis of the data was performed with one-way analysis of vari-
ance (ANOVA), followed by a 7 test. A P value less than .05
was considered statistically significant.

Results

TSL Fractions Inhibited Human Osteosarcoma
Cell Lines Growth

Our results showed that 0.005, 0.05, 0.5, and 5 mg/mL of
TSL fractions, including TSL-1, TSL-2, and TSL1-5-7, and
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Figure 1. TSL fractions inhibit growth in human osteosarcoma cell lines. Human osteosarcoma cells, MG-63, Saos-2, and U20S,
were treated with 0.005, 0.05, 0.5, and 5mg/mL of TSL fractions for 24 hours. At the end of treatment, the cell viability was measured
by MTT assay (A). The IC, | values of MG-63, Saos-2, and U20S cells after TSL fractions treatment (B). P < .001.
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Figure 2. TSL-I has lower inhibitory effect on normal human
osteoblasts than human osteosarcoma cells, Saos-2. Saos-2
cells (A) and normal human osteoblasts (B) were treated with
TSL-1 (0.05 to 0.5 mg/mL) for 24 and 48 hours. At the end of
treatment, the cell viability was measured by MTT assay. *P <
.05, ¥P < .001.

gallic acid significantly inhibit cell viability of MG-63,
Saos-2, and U20S at 24 hours (Figure 1A). TSL-2 and
TSL1-5-7 fractions do not have higher inhibitory effect on
human osteosarcoma cell than TSL-1 (Figure 1A). We fur-
ther compared human osteosarcoma cells and H441 treated
groups: IC_| dosage of TSL-1 on human osteosarcoma cell
lines is 10 times lower than that on H441 cells, indicating
that TSL-1 reveals a high efficiency on inhibiting cell via-
bility of human osteosarcoma cells (Figure 1B).

TSL-1 Has Lower Inhibitory Effect on Normal
Osteoblasts Than Human Osteosarcoma Cells

TSL-1 (0.05 to 1 mg/mL) inhibits cell viability in both
Saos-2 and normal osteoblasts but at different levels.

Comparing both results, 0.2 mg/mL of TSL-1 inhibits about
60% (24 hours) to 90% (48 hours) of cell viability in Saos-2
cells (Figure 2A), while 0.2 mg/mL of TSL-1 decreases
about 30% (24 hours) to 40% (48 hours) of cell viability in
normal osteoblasts (Figure 2B).

TSL-1 Induces Apoptosis and Necrosis in Saos-2
and Increases Pro-Apoptotic Factor, Bad, mRNA
Expression

After 24 and 48 hours of treatment with 0.05 and 0.5 mg/
mL TSL-1, LDH leakage is significantly elevated in Saos-2
(P < .01; Figure 3A). We further found that 0.1, 0.15, and
0.2 mg/mL TSL-1 significantly increase apoptosis (6 hours
P <.05; 12, 24, and 48 hours P < .01) on 6-, 12-, 18-, and
24-hour treatments in Saos-2 (Figure 3B). We also found
that 0.1, 0.15, and 0.2 mg/mL TSL-1 significantly induced
necrosis at the 24th and 48th hours (P < .01) while 0.2 mg/
mL of TSL-1 induces necrosis at the 12th hour in Saos-2 (P
<.05; Figure 3B). Notably, at an early time point of TSL-1
treatment, 0.1, 0.15, and 0.2 mg/mL TSL-1 significantly
induces apoptosis but not necrosis in Saos-2 (Figure 3C).
Furthermore, 0.15 and 0.2 mg/mL TSL-1 increase mRNA
expression of a pro-apoptotic factor, Bad (P < .05; Figure
4), in Saos-2, indicating that TSL-1-induced apoptosis may
be one of the important mechanisms of cell viability inhibi-
tion by TSL-1.

TSL-1 Reduces Tumor Volume and Increases
Caspase-3 in Animal Study

In the xenograft tumor model, the treatment group of 5 g/kg
TSL-1 but not the 1 g/kg TSL-1 group showed significant
decrease in body weight compared with the control group
(Figure 5A). However, the gross appearance and activity
level of nude mice were good even with less body weight.
Both 1 and 5 g/kg TSL-1 significantly inhibit tumor growth
at weeks 1 and 2 and decrease tumor volume about 80% at
the fifth week (P < .01; Figure 5B). We further found posi-
tive stains in 1 and 5 g/kg TSL-1 treated groups while con-
trol shows no observable stain in tumor session at the fifth
week (Figure 5C). Additionally, we kept 12 mice (control: 5
mice; 1 g/kg: 4 mice; 5 g/kg: 3 mice) for another 4 weeks,
without further TSL-1 treatment during these 4 weeks. Our
results show that tumors became remarkably larger in all
groups, further supporting our finding that TSL-1 is able to
slow down the growth of tumor (data not shown).

Discussion

In this study, we first showed TSL had significant cytotoxic
effect on osteosarcoma cells both in vitro and in xenograft
studies. We found TSL-1, TSL-2, and TSL-1-5-7 decrease
cell wviability in a dose-dependent manner in 3
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Figure 3. TSL-1 induces cell death of human osteosarcoma cells, Saos-2. Saos-2 cells were treated with 0.05 and 0.5 mg/mL TSL-1

to analyze the cell toxicity by measuring lactate dehydrogenase (LDH) leakage at 24 and 48 hours (A). Saos-2 cells treated with 0.1,
0.15, and 0.2 mg/mL TSL-1 were stained with Annexin-V and propidium iodide followed by flow cytometry analysis at 6, 12, 24, and 48
hours (B) and then quantitated for the ratio of apoptosis and necrosis (C). *P < .05, **P < .001.
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Figure 4. TSL-1 increases mRNA expression of pro-apoptotic
factor. Saos-2 cells treated with 0.1, 0.15, and 0.2 mg/mL TSL-1
were analyzed for pro-apoptotic factor, Bax, Bcl-2, Bcl-xl, Bad,

and Bak, mRNA expression at 12 hours. *P < .05.

human osteosarcoma cell lines, MG-63, Saos-2, and U20S.
We further studied the anti-osteosarcoma effects of TSL-1
and found TSL-1 induced osteosarcoma cells toward apopto-
sis and necrosis through increasing Bad expression. The
results were further confirmed in vivo by decreasing tumor
size in nude mice. Because there was some weight loss in the
dose of 5 g/kg group even though the gross appearance and
activity level were good, we recommend the dose of 1 g/kg
for future treatment, which was nearly as effective as 5 g/kg
in vivo.

Among the conventional antitumor cytotoxic chemother-
apies, many compounds are derived from natural products.”
Natural compounds have acted as cancer adjuvant agents
and therapeutics in cancer treatment.** More than half of the
current anticancer drugs originate from natural sources.”
Modulation of apoptosis signaling pathways by natural com-
pounds is a key point in their antitumor activities.’> A previ-
ous study found gallic acid, a major component of TSL,
contains a reactive oxygen species (ROS)-mediated antican-
cer activity through generation of ROS and mitochondria-
mediated apoptosis in DU145 human prostate cancer cells.*
In addition to gallic acid, some fractions of TSL were also
found to have antitumor activities including TSL-1 and
TSL-2. TSL-1 induced 3 different non—small-cell lung can-
cer cell lines, H441 cells (lung adenocarcinoma), H661 cells
(lung large cell carcinoma), and H520 cells (lung squamous
cell carcinoma), toward apoptosis by decreasing Bcl-2 and
increasing Bax protein levels at the dose of 0.5 and 1 mg/
mL."® The dose was much higher than our study, which was
only less than 0.2 mg/mL. Additionally, we only found Bad
expression change in Saos-2 cells. Chang et al found TSL-2
also induced apoptosis in ovarian cancer cell lines SKOV3
at a dose 0.5 mg/mL via inducing the expression of Bax at 1
hour after treatment.'” The dose of TSL-2 was also much
higher than our study, and the apoptotic gene changes were
different to ours. TSL-2 also decreased tumor size in a
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Figure 5. TSL-1 reduces tumor volume and increases
caspase-3 in animal study. Nude mice were intraperitoneally
injected with | million Saos-2 cells and then randomly
divided into 3 groups: control (DDW only; n =5), | g/

kg TSL-1 group (n =5), and 5 g/kg TSL-1 group (n = 5).
Changes in body weight (A) and tumor volume (B) weekly
and at the end of experiment showed the tumor images
(B). Immunohistochemistry analysis of the xenografts at the
fifth week showed cleaved caspase-3 (C). (Third lanes are
magnified areas indicated by red line, and fourth lanes are
magnified areas indicated by yellow line.) **P < .001.
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dose-dependent manner at concentrations of 0.67 and 6.7
pg/g in a nude mouse xenograft model."” The crude extract
of TSL (10-75 pg/mL) was also found to induce apoptosis of
human premyelocytic leukemia HL-60 cells in a dose- and
time-dependent manner via reducing the protein levels of
Bcl-2 and increasing that of Bax.* The dose for apoptosis of
human premyelocytic leukemia HL-60 cells was much
higher than that required for Saos-2 cells, and the mecha-
nisms in apoptosis was different. In addition, the crude
extract of TSL at the dilution of 64 times induced apoptosis
of A549 lung adenocarcinoma cells.”’ Some studies also
showed similar results with different extraction protocols of
TSL. Chia et al found TS extract (0.5 g/mL) induced apopto-
sis in human oral squamous carcinoma cell lines, including
UMI1, UM2, SCC-4, and SCC-9, by upregulating pro-apop-
totic genes such TNF-a, TP53BP2, and GADD45A, and
downregulating the anti-apoptotic genes Survivin and
cIAP1." The dose required in this study was very high, more
than 1000 times than that in our study, and the mechanisms
were different from ours. Yang et al reported TS extract,
betulonic acid, and 3-oxours-12-en-28-oic acid inhibited the
proliferation of MGC-803 and PC3 cells. Both components
induced apoptosis at 20 pM by increasing p53, Bax, cas-
pase-9, and caspase-3 protein levels.'* Zhen et al found
decoctions from TS induced cervical carcinoma cell line
HeLa arrest at S phase without inducing apoptosis.** Chen
et al found TSL-1 (0.375 and 0.5 mg/mL) induces apoptosis
through the generation of ROS and activation of intrinsic
apoptotic pathways in human renal carcinoma cell lines
(786-O and A-498).% The dose was somewhat higher than
ours, and the mechanism was also different. The antitumor
effect of TS is not a specific finding of our group. Though
the mechanism is not completely same as previous studies,
there may be some differences in the pre-apoptotic effect of
TSL between different cancer cell lines. In addition, we
found an IC,, dosage of TSL-1 on human osteosarcoma cell
lines 10 times lower than that on H441 cells in our study; it
was also lower than H661 cells, H520 cells,'® SKOV3
cells,'”” HL-60 cells,”® UM cells, UM2 cells, SCC-4 cells,
SCC-9 cells,'® 786-0O cells, and A-498 cells*® from previous
studies. Our results indicates that TSL-1 reveals a high effi-
ciency on inhibiting cell viability of human osteosarcoma
cells, which may be a choice as an adjuvant functional plant
extract for human osteosarcoma.

There are some limitations in our study. First, the actual
active constituents of TSL in this study were not identified.
Gallic acid may be one of the active constituents for anti-
osteosarcoma effect. Second, we found decreased expres-
sion of caspase-3 after TSL-1 treatment in vivo. There is
decreased caspase-3 activity as the expression of caspase-3
decreases. Although there is a significant difference in
active caspase-3 staining in histology, we did not stain the
caspase-3 activity to further confirm the difference in cas-
pase-3 activity.

In summary, we demonstrated that TSL-1, a fractionated
extract from the TSL, caused significant cytotoxicity to
osteosarcoma cells due to apoptosis 6 hours after treatment
and both apoptosis and necrosis 24 hours after treatment. In
vivo xenograft study showed that TSL-1 suppressed the
growth of osteosarcoma cells at least in part by inducing
apoptosis. Our results indicate that TSL-1 has the potential
to be a promising anti-osteosarcoma adjuvant functional
plant extract.
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