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Abstract: There are very few treatments for musculoskeletal tumors, compared to other cancers; 

thus, novel therapeutic drugs are needed. Pristimerin (PM) is a triterpene compound isolated 

from plant extracts that reportedly has antitumor effects on various cancers, such as of the breast 

and prostate. The purpose of this study was to evaluate the antitumor effects of PM on human 

osteosarcoma cells. Treatment of the human osteosarcoma cell lines, MNNG and 143B, with PM 

led to a dose-dependent decrease in cell viability. The effects of PM on apoptosis were evalu-

ated with the Annexin V/propidium iodide assay and analysis of caspases 3, 8, and 9 activities. 

Western blot analysis showed that PM caused a decrease in the expression of Akt, mTOR, and 

NF-κB. The volumes and weights of human osteosarcoma xenografts decreased significantly 

with PM treatment. The results of this study revealed that PM can inhibit human osteosarcoma 

growth in vitro and in vivo, and may be a novel therapeutic agent for the disease.
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Introduction
Osteosarcoma is the most common primary malignant bone tumor, accounting for 

approximately 20% of all malignant bone tumors.1 Although surgery was the only 

treatment until the 1970s, the survival rate dramatically improved with the introduc-

tion of chemotherapy in the 1980s.2 However, there have been no significant advances 

in osteosarcoma treatment for osteosarcoma for almost 40 years, despite extensive 

research.3,4 Although the development of several novel molecular targeted drugs for the 

treatment of soft-tissue sarcomas is well advanced and molecular targeted drugs, novel 

therapeutic drugs, have been developed for soft-tissue sarcomas, molecular targeted 

drugs for osteosarcoma are still in the preclinical or early clinical trial phase.5,6

In recent years, natural anticancer drugs have received much attention, including 

Yondelis (trabectedin), a natural compound from the tunicate, Ecteinascidia turbinata, 

which has been used to treat soft-tissue sarcoma.7,8 Terpenoids are a large and diverse 

class of natural compounds that occur widely in nature as a secondary metabolite 

of organisms, and are derived biosynthetically from units of isoprene. Among the 

terpenoids, triterpenes reportedly possess anti-inflammatory, antipyretic, and antitu-

mor effects.9,10 Pristimerin (PM) is a quinoid-type triterpene isolated from members 

of the Celastraceae and Hippocrateaceae plant families that was recently shown to 

have antitumor effects against glioma, cervical cancer, and prostate cancer.11–13 In 

addition, PM induces cell death via various mechanisms such as caspase activation, 

changes in mitochondrial membrane potential, and inhibition of anti-apoptotic factors, 

including nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) 

and Akt.12,14 Furthermore, some studies have shown that PM can inhibit tumor 
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angiogenesis and the development of drug resistance.15,16 

However, the effects of PM on osteosarcoma cells have 

not been reported.

The purpose of this study was to evaluate the antitumor 

effects of PM in osteosarcoma cells and its mechanism of 

action, both in vitro and in vivo.

Materials and methods
cell lines and culture conditions
The human osteosarcoma cells MNNG (CRL1547) and 143B 

(CRL1427) were obtained from the American Type Culture 

Collection (Rockville, MD, USA). The Normal Human 

Osteoblast (NHOst) cell line was obtained from Lonza 

Biosciences (Walkersville, MD, USA). All cell lines were 

cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; 

Nacalai Tesque, Kyoto, Japan) supplemented with 10% fetal 

bovine serum (FBS; Equitech-Bio, Kerrville, TX, USA), 

100 units/mL penicillin, and 100 mg/mL streptomycin 

(complete DMEM; Nacalai Tesque) at 37°C in 5% CO
2
/95% 

humidified air. Cells were trypsinized with trypsin/ethylene-

diaminetetraacetic acid (Nacalai Tesque) and subcultured.

reagents
PM was purchased from Sigma (St Louis, MO, USA), dis-

solved in dimethyl sulfoxide (Nacalai Tesque) to yield a 

10 mM stock solution, and stored at −20°C. PM was diluted 

to the required concentrations in cell culture medium.

antibodies
Anti-phospho-Akt (Ser473), anti-Akt (C67E7), anti-Bax, 

anti-phospho-mTOR (Ser2448), anti-mTOR (7C10), anti-

phospho-4E-BP1, anti-NF-κB p65, anti-phospho-NF-κB 

p65 (Ser536), and anti-Cox2 antibodies were purchased from 

Cell Signaling Technology (Danvers, MA, USA). Anti-β-

actin, anti-mouse IgG, and anti-rabbit IgG were purchased 

from Sigma.

Measurement of cell viability
Cell viability was determined using the RealTime-Glo 

MT Cell Viability Assay Kit (Promega; Madison, WI, USA). 

Cells were plated in a Poly-l-Lysine (PLL)-coated 96-well 

plate at a density of 1×103 cells per well in 100 μL medium 

containing 10% FBS. After 24 h, MT cell viability substrate 

and Nanoluc® Enzyme were added to the medium, and the 

cells were exposed to various concentrations of PM. The 

CentroXS3 LB 960 System (Berthold Technologies; Oak 

Ridge, TN, USA) was used to measure light emission.

Measurement of caspase activity
The activity of caspases 3/7, 8, and 9 was assessed using the 

Caspase-Glo 3/7, 8, and 9 Assay (Promega). Experiments 

were conducted according to Ma et al.17 Caspase 3 activity 

was measured 12 h after PM treatment. Caspases 8 and 9 

most likely act upstream of caspase 3; therefore, their activity 

was measured 8 h after PM treatment. Caspase activity was 

measured in luminescence units.

annexin-V/propidium iodide assay
Cells were harvested following treatment with PM for 24 h, 

and stained with 5 μL Annexin V-FITC and 5 μL PI solution 

(Nacalai Tesque) for 15 min at room temperature in the dark. 

Following incubation, binding buffer was added and the cells 

were analyzed by flow cytometry using a FACS Vantage 

Flow Cytometer (Becton Dickinson, Franklin Lakes, NJ, 

USA). For each sample, 10,000 events were recorded.

Western blotting
These procedures were conducted as described previously.18

human osteosarcoma xenograft mouse 
model
Animal experiments were conducted with approval from 

the Experimental Animals Committee, Kyoto Prefectural 

University of Medicine (Code No M29-137).

BALB/C-nu/nu mice (age 5 weeks, females) were pur-

chased from Shimizu Laboratory Supplies (Kyoto, Japan). 

All procedures were undertaken in accordance with the NIH 

Guide for the Care and Use of Laboratory Animals. Cells 

(5.0×106) re-suspended in 100 μL phosphate-buffered saline 

were injected into the hypodermis of the back of each mouse. 

After tumors grew to approximately 100 mm³, the mice were 

injected intraperitoneally (ip,) with PM at a dose of 1 mg/kg, 

every other day for 14 days. Untreated mice were used as 

controls. Tumor size was measured with a caliper (calculated 

volume = shortest diameter² × longest diameter/2) at 2-day 

intervals. All mice were sacrificed, and the tumors were 

weighed on Day 14. Liver toxicity was checked by blood 

sample liver enzyme assay on Day 14.

statistical analysis
All duplicate and triplicated experiments yielded almost 

identical results. All experimental data are expressed as 

means ± SD. Parametric one-way analysis of variance 

(ANOVA) was used to test for any differences among the 

groups. If the result was significant, the Tukey–Kramer 

test was used to determine specific differences between 
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the groups. In all analyses, p,0.05 was defined as statisti-

cally significant.

Results
PM inhibits the viability of osteosarcoma 
cells
To investigate the effects of PM, a cell viability assay was 

conducted in osteosarcoma cell lines (MNNG and 143B). 

The cell lines were treated with various concentrations of 

PM (0.25, 0.5, 1.0 μM) for 24, 48, and 72 h. As shown in 

Figure 1A, PM inhibited the growth of osteosarcoma cells in 

a dose- and time-dependent manner. The IC
50 

values of PM 

in MNNG were 0.80±0.02, 0.39±0.02, and 0.32±0.01 μM 

at 24, 48, and 72 h, respectively. For 143B, the values 

were 0.54±0.04, 0.31±0.002, and 0.29±0.004 μM, respec-

tively (Figure 1B). Thus, 143B cells were more sensitive 

to PM than MNNG cells. The normal human osteoblast 

cell line, NHOst, was assessed for comparison with osteo-

sarcoma cells. At a PM concentration of 1 μM, viability 

decreased; however, the decrease in viability at 0.25 

and 0.5 μM was slight compared with the osteosarcoma 

cell lines.

PM induces apoptosis in osteosarcoma 
cells
Next, we used the Annexin V-FITC/PI binding assay to deter-

mine whether PM could induce apoptosis in osteosarcoma 

cells. MNNG and 143B cells were treated with PM (0–1 μM) 

for 24 h, and the binding of Annexin V-FITC was determined 

by flow cytometry (Figure 2A). The percentage of apoptotic 

cells (AnnexinV+/PI−) in both cell lines increased in a dose-

dependent manner (Figure 2B). These results demonstrate the 

proapoptotic effects of PM in osteosarcoma cells.

PM increased the activities of caspases 
3/7, 8, and 9 in osteosarcoma cells
The Caspase-Glo Assay was used to assess the effects of PM 

on the activities of the main caspases (caspases 3/7 [effec-

tors], 8, and 9 [initiators]) in osteosarcoma cells. Caspase 3/7 

activity was measured 12 h after PM treatment, whereas 

caspase 8 and 9 activities were measured 8 h post treatment. 

As shown in Figure 3A–C, the activities of caspases 3, 8 and 9 

increased significantly after treatment with PM. These results 

demonstrate that apoptosis induced by PM in osteosarcoma 

cells may involve both intrinsic and extrinsic pathways.

Figure 1 effects of PM on osteosarcoma cell viability. 
Notes: (A) Mnng, 143B, and nhOst cells were treated with various doses (0–1 μM) of PM for 24, 48, or 72 h, and cell viability was assessed using the realTime-glo MT cell 
Viability assay. (B) ic50 values were determined after PM exposure for 24, 48, or 72 h. Data are expressed as the mean ± sD (n=4). **p,0.01 vs ic50 at 24 h in each cell.
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PM inhibits protein expression of akt, 
mTOr, and nF-κB in osteosarcoma cells
mTOR and NF-κB are downstream factors of Akt, and Akt 

activation is involved in the resistance to apoptosis. There-

fore, we used Western blot analysis to examine the protein 

expression levels of Akt, mTOR, NF-κB, and downstream 

mediators of these signaling molecules (Figure 4). Phos-

phorylation of Akt and mTOR was inhibited by PM in both 

osteosarcoma cell lines, whereas total expression levels of 

Akt and mTOR were unchanged. Moreover, PM reduced the 

expression of several downstream mediators of Akt, mTOR, 

and NF-κB. Expression of Bax – proapoptotic effector sup-

pressed by Akt – was elevated by PM treatment.

PM inhibited tumor growth in vivo
The antitumor effects of PM in vivo were investigated using 

a xenograft human osteosarcoma model. A concentration 

of 1 mg/kg PM applied every other day reduced both tumor 

volume and tumor weight (Figure 5A and B). The initial 

administration was set to Day 0, and administration was 

done a total of seven times on alternate days. A significant 

tumor-suppressing effect was observed from Day 8 in MNNG 

cells and from Day 2 in 143B cells. These results show that 

PM has antitumor effects in vivo. Liver enzymes, aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT), 

were measured as parameters of liver toxicity for both 

the control and 1 mg/kg–PM-treated group of nude mice. 
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Figure 2 annexin V-FiTc/Pi staining of osteosarcoma cells treated with PM.
Notes: (A) Mnng and 143B cells were treated with various doses (0–1 μM) of PM for 24 h, and apoptosis was determined by flow cytometry followed by Annexin V-FITC/
Pi double staining. (B) annexin V-FiTc-stained cells were considered apoptotic and the percentage of apoptotic cells was calculated. Data are expressed as the mean ± sD 
(n=4). **p,0.01.
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As shown in Figure 5C, there were no significant differences 

in the levels of AST and ALT.

Discussion
PM is extracted as an active ingredient of traditional 

medicinal plants, and has anti-inflammatory, antiviral, and 

antibacterial properties.9,10 Recently, there have been reports 

that PM has antitumor effects against several cancers;11–13 

however, its effects on osteosarcoma cells have not been 

elucidated. In this study, we demonstrated for the first time 

that PM has antitumor effects on human osteosarcoma cells in 

a time- and dose-dependent manner. Moreover, PM showed 

tumor growth inhibitory effects in vivo. Wu et al19 evalu-

ated the antitumor effects of PM on A-549 (lung), MCF-7 

(breast), HepG2, and Hep3B (liver) cells, and reported IC
50

 

values of 0.42–0.61 μM at 72 h. In this study, the IC
50

 value 

in MNNG and 143B cells was approximately 0.3 μM at 

72 h. These results suggest that PM has antitumor effects on 

osteosarcoma, similar to its observed effects in other cancers. 

Importantly, although PM treatment, at higher concentration, 

reduced the viability of normal osteoblasts, the effects were 

not significant compared to PM in osteosarcoma cells.

Cell survival and death are regulated by cell growth and 

apoptosis signals, and deregulation of either process can lead 

to cancer.20 Thus, the induction of apoptosis is one mecha-

nism by which antitumor drugs can kill cancer cells.21 In this 

study, PM induced apoptosis in a dose-dependent manner, 

as determined by the Annexin V-PI assay.

Figure 3 effects of PM on the activity of caspases 3, 8, and 9 in osteosarcoma cells.
Notes: caspase activity was measured using a caspase-glo assay kit, and the relative ratio is expressed in the bar graph. caspase 3 activity was measured after 12-h 
treatment with PM (A); caspase 8 (B) and 9 (C) activities were measured after 8 h of PM treatment. Data are expressed as the mean ± sD (n=4). *p,0.05, **p,0.01.
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Figure 4 PM inhibits the akt/mTOr signaling pathway and nF-κB.
Notes: Mnng and 143B cells were treated with PM at concentrations of 0 to 1.0 μM for 24 h. Western blot analysis was conducted using antibodies against phospho-
akt (ser473), total akt, Bax, phospho-mTOr (ser2448), total mTOr, phospho 4e-BP-1, nF-κB p65, phospho nF-κB (ser536), and cox2; β-actin was used as a loading 
control.
Abbreviation: p, phospho.

Apoptosis is induced as a result of caspase activation.22 

There are two major caspase cascades: the intrinsic (mito-

chondrial) pathway that activates caspases 9 and 3 via 

cytochrome C release from mitochondria, and the extrinsic 

(death receptor) pathway that activates caspases 8 and 10 

through receptors (so-called “death receptor”) present on the 

cell membrane surface.23 In this study, PM induced elevation 

of caspase 3 and activation of upstream caspases 8 and 9. 

These results indicate that apoptosis was induced via both 

intrinsic and extrinsic pathways.

Activation of the PI3K/Akt/mTOR pathway is one of 

the drivers of cancer cell growth, and is closely involved in 

cancer initiation, progression, and treatment resistance. Thus, 

it is considered an important target in cancer treatment.24 

Currently, drug development aimed at suppressing PI3K/Akt 

pathway is progressing, and inhibitors of mTOR are already 

used in clinical practice.25,26 In this study, the expression of 

phosphorylated Akt and mTOR, indicative of activation, was 

reduced by PM, suggesting that PM inhibits the growth of 

osteosarcoma cells by inhibiting the Akt/mTOR pathway.

NF-κB is the most important transcription factor 

involved in inflammation induction, and PM decreased its 

expression.27,28 It was revealed that PM, which has long been 

used as an anti-inflammatory drug, had anti-inflammatory 

effects by inhibiting NF-κB, which is not only associated with 

inflammation but also inhibits apoptosis.29 The Akt/mTOR 

pathway and NF-κB cross-talk and induce apoptosis.30,31 This 

study revealed that PM induces apoptosis by inhibiting Akt, 

mTOR, and NF-κB. Moreover, inhibition of Akt/mTOR 

signaling is strongly linked to autophagy and is reported 

to cross-talk with the apoptotic pathway.32 Although a role 

for PM in the induction of autophagy has not been reported 

to date, this possibility warrants further investigation in 

the context of osteosarcoma. Inhibition of the Akt/mTOR 

pathway and NF-κB in various cancers enhances the effects 

of anticancer drugs and radiation and suppresses tumor 

angiogenesis.33–35 Thus, PM has potential as an adjuvant ther-

apy and metastasis inhibitor for osteosarcoma treatment.

The antitumor effects of PM in vivo have been reported 

for breast cancer, glioma, and colorectal cancer.11,16,36 In this 

study, administration of PM in xenograft mouse models of 

osteosarcoma resulted in a decrease in tumor volume com-

pared with the untreated group, demonstrating that PM has 

tumor growth inhibitory effects on osteosarcoma in vivo.

A comprehensive evaluation of PM toxicity is yet to 

be undertaken. Yousef et al36 reported that no significant 

change in body weight was observed after treatment of mice 

with 1 mg/kg PM every other day, and minimal toxicity has 

reported in another study.37 However, in this work, weight 

loss of approximately 1.5 g was observed after administra-

tion of the first dose (data not shown), although no obvious 

liver toxicity was observed as with the result of Wang et al.37 

PM-associated bone marrow suppression has been reported.38 

Additional investigation is needed to determine the safest and 

most effective dosing and administration methods of PM.

In conclusion, PM exhibited antitumor effects on human 

osteosarcoma cells in vitro and in vivo, and may be a novel 

therapeutic agent for osteosarcoma.
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