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Abstract. Fibrosarcoma is a soft tissue sarcoma that is classi-
fied as a rare cancer. Therefore, no standard anti‑tumor drug 
therapy has been established for fibrosarcoma. Although pris-
timerin (PM) has been reported to exert an anti‑tumor effect 
on various types of cancer, no studies have examined the 
therapeutic effect of PM on soft tissue sarcoma. The purpose 
of the current study was to investigate the anti‑tumor effect 
of PM on human fibrosarcoma cells (HT1080). The present 
study examined the cell viability, IC50 values and ability to 
induce apoptosis of PM in HT1080 and normal human dermal 
fibroblast (aHDF) cells. The effect of PM on the following 
signaling pathways associated with cell proliferation was 
also evaluated: AKT and mitogen‑activated protein kinase 
(MAPK). Using mice subcutaneously transplanted with fibro-
sarcoma cells, the effect of PM treatment was investigated on 
tumor growth inhibition, body weight and liver and renal func-
tion. The results revealed that PM administration reduced cell 
viability and induced apoptosis in a dose‑dependent matter. 
In HT1080 cells, the IC50 value of PM was 0.16 µM at 24 h 
and 0.13 µM at 48 h. PM treatment also decreased the levels 
of phosphorylated AKT, mTOR, NF‑κB and phosphorylated 
ERK in a dose‑dependent manner. In the PM injection group, 
the increase in tumor volume was significantly reduced and 
the effect on weight loss and liver and renal function were 
revealed to be insignificant. PM exerted little effect on normal 

human dermal fibroblasts and was highly effective against 
human fibrosarcoma cells. The results indicated that PM may 
be used as a potential therapeutic agent against fibrosarcoma.

Introduction

Soft tissue sarcoma is a solid tumor that constitutes less than 1% 
of all malignancies. On an average, 3 out of every 100,000 people 
suffer from soft tissue sarcoma, making it a rare disease (1). 
Molecular classification based on the genetic alteration divides 
sarcomas into two main categories: i) sarcomas with specific 
genetic alterations; and ii) sarcomas displaying multiple, complex 
karyotypic abnormalities with no specific pattern (2). The main 
anticancer drugs used to treat their sarcoma are doxorubicin and 
ifosfamide (3), but the success rate of therapy using these drugs is 
approximately 25% (4,5). The incidence of fibrosarcomas among 
soft tissue sarcomas is approximately 2‑3% (6), and it is consid-
ered to be a tumor that does not respond easily to anticancer 
drugs. Therefore, there is an urgent need of development of novel 
drugs that are effective against fibrosarcoma.

Anticancer drugs derived from natural organic compounds 
extracted from plants and marine products have gained wide-
spread attention in the recent years. Eribulin and Trabectedin 
have been used in the clinic since 2010, and have been reported 
to be effective on soft tissue sarcomas (7). Pristimerin (PM) is 
a terpenoid extracted from the Celastraceae family of plants 
(Fig. 1A). Terpenoids have anti‑inflammatory and anti‑tumor 
effects (8‑11), and PM has been reported to show anti‑inflam-
matory and antioxidant effects (12,13). In addition, PM has been 
reported to have anti‑tumor effects on lung cancer, breast cancer, 
prostate cancer, uterine cancer, gliomas, and leukemias (14‑18). 
Docetaxel, another commonly used terpenoid, has demonstrated 
efficacy against soft tissue sarcomas and is used clinically (19). 
However, there are still no reports on the use of PM. PM is a 
terpenoid like docetaxel, but its molecular weight (465 kDa) is 
lower than that of docetaxel (808 kDa), and it is believed to have 
higher cell penetration ability (20). The purpose of this study 
was to clarify if PM is an effective drug against fibrosarcoma.

Materials and methods

Cell lines and cell conditions. The human fibrosarcoma cell 
line, HT1080 (cat. no. 300216‑SF), and aHDF cells (normal 
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human dermal fibroblasts) were purchased from Cosmo Bio 
Co., Ltd. Dulbecco's modified Eagle's medium (DMEM) was 
purchased from Nacalai Tesque. The cells were incubated 
in complete DMEM containing 10% fetal bovine serum 
(FBS; Equitech‑Bio), 100 units/ml penicillin, and 100 mg/ml 
streptomycin (complete DMEM; Nacalai Tesque) at 37̊C in a 
humidified atmosphere containing 5% CO2. Cells were tryp-
sinized with trypsin/ethylenediaminetetraacetic acid (Nacalai 
Tesque) and subcultured.

Reagents. PM was purchased from Sigma‑Aldrich; Merck 
KGaA, dissolved 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. Primary antibodies against AKT (cat. no. 4691S), 
p‑AKT (cat.  no.  9271T), BAX (cat.  no.  2772T), BCL‑2 
(cat.  no.  2872T), mTOR (cat.  no.  2983S), p‑mTOR 
(cat. no. 5536S), NF‑κB p65 (cat. no. 8242S), p‑NF‑κB p65 
(cat. no. 3033S), JNK (cat. no. 9252S), p‑JNK (cat. no. 9251S), 
ERK (cat. no. 9102S), p‑ERK (cat. no. 9101S), and β‑actin 
(cat. no. A2228), and anti‑mouse IgG, and anti‑rabbit IgG 
secondary antibodies were purchased from Cell Signaling 
Technology.

Cell viability assay. Cell viability was determined using 
the RealTime‑Glo MT Cell Viability Assay kit (Promega 
Corporation). Cells were seeded in a Poly‑l‑Lysine (PLL)‑coated 
96‑well plate at a density of 1x10³ cells/well in 100 µl complete 
DMEM. After 24 h, MT cell viability substrate and Nanoluc® 
enzyme were added to the medium, and the cells were treated 
with various concentrations of PM. The CentroXS3 LB 960 
System (Berthold Technologies) was used to measure light 
emission 12, 24 and 48 h after PM treatment. The IC50 was 
calculated as the concentration of the drug that reduced cell 
viability by 50% under experimental conditions.

Apoptosis analysis. Cells were seeded in a 12‑well plate at 
a density of 1x104 cells/well in 1 ml complete DMEM. Cells 
were harvested following treatment with PM for 24 h, and 
stained with 1 µl Annexin V‑FITC and 0.5 µl PI solution 
(Nacalai Tesque) for 20 min at room temperature in dark. 
Following incubation, binding buffer was added and the cells 
were analyzed by flow cytometry using a FACS Vantage Flow 
Cytometer (BD Biosciences). For analysis of each sample, 
10,000 events were recorded.

Western blot analysis. Cells were seeded in a 6‑well plate at 
a density of 1x105 cells/well in 2 ml complete DMEM. Cells 
were harvested by scraping using 150 µl of radio‑immuno-
precipitation assay buffer supplemented with protease and 
phosphatase inhibitor cocktails (Sigma‑Aldrich; Merck KGaA) 
and solubilization was achieved by 10 min. The samples were 
centrifuged at 15,000 x g for 10 min and the supernatant was 
aspirated. Protein concentration was estimated using bicincho-
ninic acid (BCA) assay, and equal amounts of total proteins 
were loaded onto polyacrylamide gels for sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (PAGE). Samples 
containing 10 µg of protein were separated on 10% Bis‑Tris 
Gel NuPAGE® electrophoresis using 5% MOPS SDS Running 

Buffer (Thermo Fisher Scientific, Inc.). Separated proteins 
were dry‑blotted onto nitrocellulose iBlot®gel transfer stacks 
in iBlot Gel transfer devices (Thermo Fisher Scientific, Inc.) 
for 7 min. Nitrocellulose membrane was blocked by shaking 
in Blocking One solution (Nacalai Tesque) for 60 min at room 
temperature. The blots were subsequently incubated overnight 
at 4̊C in the same solution containing the following primary 
antibodies (1:4,000 dilutions each). β‑actin was used as the 
loading control. Blots probed for β‑actin and other primary 
antibodies were washed thrice with TBST and incubated 
for 60 min at room temperature with peroxidase‑conjugated 
secondary antibodies in 1:4,000 dilutions. The blots were again 
washed thrice with TBST, and chemiluminescent signal was 
visualized using Chemi Lumi One imager (Nacalai Tesque). 
Protein band intensities were assessed using the ECL Select 
LAS500 reagent (GE Healthcare).

Animals. Animal experiments were approved by the 
Experimental Animals Committee, Kyoto Prefectural 
University of Medicine. BALB/C‑nu/nu mice (age 4 weeks, 
females) were purchased from Shimizu Laboratory Supplies. 
All procedures were undertaken in accordance with the NIH 
Guide for the Care and Use of Laboratory Animals.

In vivo tumor growth assay. After acclimatization of mice to 
laboratory conditions for 1 week, cells (1.0x107) resuspended 
in 100 µl phosphate‑buffered saline were injected into the 
hypodermis of the back of each mouse under 5% isoflurane 
anesthesia. After tumors grew to approximately 100 mm³, 
the mice were injected intraperitoneally (i.p.) with PM at the 
dose of 1 mg/kg, every three days for 15 days. Untreated mice 
(10% DMSO and 90% PBS i.p) were used as controls (each 
group contained 4 mice). Tumor size was measured with a 
vernier caliper (calculated volume=shortest diameter² x longest 
diameter/2) after every 3 days. All the mice were sacrificed by 
cervical dislocation under 5% isoflurane inhalation anesthesia 
without causing pain, and the tumors were weighed on day 15. 
Liver and renal toxicity were examined by blood sampling and 
liver and renal enzyme assays on day 15.

Statistical analysis. All experimental data are represented 
as means  ±  SD. Parametric one‑way analysis of variance 
(ANOVA) was used to examine statistical differences among 
the groups. If the result was significant, the Tukey‑Kramer 
test was used to determine specific differences between the 
groups. In all analyses, P<0.05 was considered to indicate a 
statistically significant difference.

Results

PM treatment inhibits the proliferation of HT1080 cells. In 
order to study the anti‑tumor effect of PM, cell viability was 
measured at 12, 24 and 48 h after PM administration (0, 0.1, 
0.25, 0.5 and 1 µM). As shown in Fig. 1B, higher concentra-
tions of PM (0.5 and 1  µM) significantly suppressed the 
viability of aHDF cells at 12 and 24 h. Moreover, the viability 
of aHDF cells was observed to significantly lower after 48 h 
of PM administration. Meanwhile, PM treatment reduced the 
viability of HT1080 cells in a concentration‑dependent manner 
at all the measured time points. In addition, the IC50 values of 
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PM in aHDF cells after 12, 24 and 48 h of PM administration 
was 1 µM or higher, 0.59±0.04 and 0.32±0.02 µM, respec-
tively. Meanwhile, the IC50 values of PM in HT1080 cells 
were 0.43±0.10, 0.16±0.01 and 0.13±0.01 µM, respectively.

PM induces apoptosis in HT1080 cells. In order examine the 
effect of PM on induction of apoptosis in HT1080 cells; the 
number of apoptotic cells was analyzed by flow cytometry after 
24 and 48 h of PM administration. As shown in Fig. 2A and B, 
PM treatment increased the percentage of early apoptotic in 
HT1080 cells in a concentration and time‑dependent manner. 
However, no significant apoptosis was induced in cells at the 
concentrations ≤0.1 µM.

PM induces apoptosis by activation of caspases. In order to 
investigate if PM administration induced apoptosis via activa-
tion of caspases, we performed a caspase‑3 assay. As shown in 
Fig. 2C, PM administration exhibited a concentration increase 
in caspase‑3 activity after 6 h of treatment. Furthermore, 
western blot analysis was performed to evaluate the expres-
sion of apoptosis‑related proteins. As shown in Fig.  2D, 
treatment with PM increased the levels of phosphorylated 
JNK in a concentration‑dependent manner. Moreover, PM 
administration decreased the expression of BCL‑2, an apop-
tosis inhibiting factor, and increased the expression of BAX, 
an apoptosis promoting factor.

PM inhibits cell proliferation by inhibition of AKT and MAPK 
signaling. The correlation between PM treatment and AKT 

pathway [AKT (cell survival signaling), mTOR, NF‑κB] and 
the MAPK pathway (ERK) was evaluated by western blot 
analysis. PM treatment decreased the levels of phosphorylated 
p‑AKT, p‑NF‑κB, and p‑mTOR in a concentration‑dependent 
manner. Further, PM administration decreased the phos-
phorylation of ERK, which is involved in cell proliferation in a 
concentration‑dependent manner (Fig. 3).

PM inhibits the proliferation of tumor cells in vivo. Mice were 
injected with subcutaneous grafts comprising human fibrosar-
coma cells, and the effect of PM administration was analyzed. 
As shown in Fig. 4A and B, increase in tumor volume was 
significantly reduced in the PM dose group as compared to the 
control group. The increase in tumor volume was significantly 
inhibited after 3 days of PM administration. Meanwhile, a 
significant difference in body weight of the mice was observed 
in the PM group immediately after PM administration, as 
compared to the control group, but no significant difference 
was observed after 15 days of PM treatment. In an arterial 
blood draw, aspartate transferase (AST) and alanine transferase 
(ALT) values, indicators of hepatic impairment, were compa-
rable in both the control group and PM dose group. blood urea 
nitrogen (BUN) and creatinine clearance (Cre) values, indica-
tors of renal function, were also normal in both groups.

Discussion

Fibrosarcoma is frequently difficult to treat because of its poor 
sensitivity to anticancer drugs. Therefore, the development 

Figure 1. Structure of PM and effect of PM on the viability of fibrosarcoma. (A) Structural formula of PM. (B) aHDF and HT1080 cells were treated with 
various doses (0‑1 µM) of PM for 12, 24 and 48 h. Cell viability was assessed using the Real Time‑Glo MT cell Viability assay (n=4). PM, pristimerin.
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of a novel drug is urgently needed. In recent years, drugs 
derived from natural organic compounds have been used 
clinically and are gaining attention. PM, a drug extracted from 
plants, is a natural organic compound, and is reported to have 
anti‑inflammatory and anti‑tumor effects (14‑18).

PM has been reported to have anti‑tumor effects on human 
breast and lung cancer cells (21). We have previously shown 
that PM has an anti‑tumor effect on human osteosarcomas (22). 
In the present study, PM exhibited a concentration‑ and 
time‑dependent inhibition of cell viability in human fibro-
sarcoma cells. In particular, at concentrations ≤0.25  µM, 
PM treatment reduced the viability of human fibrosarcoma 
cells by >50%, but did not affect the cell viability of normal 
human fibroblasts. Wu et al, reported that the IC50 values for 
human breast cancer cell lines, MCF‑10A and MDA‑MB‑231, 
were 1.4‑1.6 and 0.5‑0.6 µM, respectively, after 24 h of PM 
administration and 1.0‑1.2 and 0.4‑0.6 µM, respectively, at 
48 h. Wu et al, also reported that the IC50 values for human 
lung epithelial carcinoma cells, A549 and human liver cancer 
cell lines, HepG2 and Hep3B, were 0.4‑0.6 µM at 72 h of PM 
administration (21). Mori et al, reported that the IC50 value for 

human osteosarcoma cell lines, MNNG and 143B, were 0.8‑0.9 
and 0.5‑0.6 µM, respectively, at 24 h of PM administration, 
and 0.3‑0.4 and 0.3‑0.4 µM, respectively, at 48 h. Meanwhile, 
the IC50 values for human osteoblasts were reported to be 
≥0.5 µM, at both 24 and 48 h of PM administration (22). In 
this study, The IC50 values for human fibrosarcoma cells were 
0.16 µM at 24 h of PM administration, and 0.13 µM at 48 h 
of PM administration, whereas the IC50 values for human 
fibroblasts were 0.59 µM at 24 h of PM administration, and 
0.32 µM at 48 h post PM administration. The IC50 of PM for 
human fibrosarcoma cells was significantly lower than that for 
human fibroblasts and human carcinoma cells; hence PM was 
believed to have high sensitivity for human sarcoma cells.

Cell viability is regulated mainly by apoptosis and 
proliferation (23). Apoptosis is a form of programmed cell 
death that primarily occurs to preserve the homeostasis of 
the individual (24). PM is reported to have an anti‑tumor 
effect, since it induces apoptosis in human osteosarcoma 
and other carcinomas, such as colorectal cancer, ovarian 
cancer, and leukemia (15,21,22,25‑27). Apoptosis is marked 
by structural changes in the cell membrane, with progressive 

Figure 2. PM induces apoptosis in fibrosarcoma cells. HT1080 cells were treated with various doses (0‑1 µM) of PM, after which flow cytometry was performed 
and the percentage of apoptotic cells was calculated at (A) 24 and (B) 48 h. Apoptosis was determined by Annexin V‑FITC/propidium iodide double staining 
using flow cytometry. (C) Effect of PM administration on caspase‑3 activity in HT1080 cells. Caspase‑3 activity was measured using a Caspase‑Glo assay kit 
and the relative ratios are presented. Caspase‑3 activity was measured after 6 h of PM treatment. (D) HT1080 cells were treated with PM at concentrations of 
0, 0.25 and 0.5 µM for 6 h. Western blot analysis was performed using antibodies against Bcl‑2, Bax, JNK and phospho‑JNK. β‑actin was used as the loading 
control. Data are expressed as the mean ± standard deviation (n=4). *P<0.05 and **P<0.01, as indicated. PM, pristimerin.
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condensation of the nucleus, DNA fragmentation, and 
changes in cell morphology (28). Structural changes in the 
cell membrane are mainly detected by Annexin V staining. 
Annexin V is cellular protein with strong affinity for phos-
phatidylserine (PS), which is mainly found on the inner 
leaflet of the cell membrane in healthy cells. Apoptosis 
induces structural changes in the symmetry of the cell 

membrane flipping PS from the inner side of lipid bilayer 
to the outer side. Hence, Annexin V, which binds to PS, 
can be used to detect early‑stage apoptosis. In the present 
study, PM treatment caused a concentration‑dependent 
increase in the number of Annexin V‑positive human fibro-
sarcoma cells. In addition, PM administration increased the 
number of Annexin V‑positive cells in a time‑dependent 

Figure 3. PM inhibits Akt and MAPK signaling. HT1080 cells were treated with PM at concentrations of 0, 0.25 and 0.5 µM for 24 h. Western blot analysis 
was performed using antibodies against phospho‑Akt, total Akt, phospho‑NF‑κB, total NF‑κB, phospho‑mTOR, total mTOR, phospho‑ERK and total ERK. 
β‑actin was used as the loading control. PM, pristimerin.

Figure 4. PM suppressed tumor growth and exerted no apparent effect on the living bodies of xenografted mice. PM was administered intraperitoneally every 
three days once the tumor volume reached ~100 mm³. The (A) tumor volume and (B) weight of mice were subsequently recorded. (C) Blood samples (n=4) were 
collected for the assessment of liver and renal toxicity. Data are represented as the mean ± standard deviation (n=4). *P<0.05. PM, pristimerin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Cre, creatinine; ns, no significance.
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manner at concentrations of ≥0.25 µM. Therefore, PM is 
believed to have an anti‑tumor effect by inducing early 
apoptosis in human fibrosarcoma cells in a concentra-
tion‑ and time‑dependent manner. The major pathway by 
which PM induces apoptosis is via activation of caspases. 
Pro‑apoptosis signals via caspases are divided into initiator 
caspase group (caspases‑2, ‑8 and ‑9) and a downstream 
effector caspase group (caspase‑3 and ‑7), and activation of 
the effector caspases adversely affects the cell membrane. 
In the present study, that activity of caspases was evaluated, 
with focus on the effector caspase, caspase‑3. PM activated 
caspase‑3 after 6 h of administration. Docetaxel, which also 
belongs to the terpenoid family, has been observed to acti-
vate caspase‑3, 24 h later after drug administration (29). In 
the present study, caspase‑3 activity at 6 h after PM admin-
istration was found to be comparable to that of docetaxel, 
however, PM treatment induced a faster response. While the 
molecular weight of docetaxel is 808 kDa, the molecular 
weight of PM is 465 kDa. PM is believed to initiate apop-
tosis in a shorter time span than docetaxel, because cell 
penetration ability is inversely proportional to molecular 
weight (20).

JNK, BCL‑2, and BAX are signaling proteins that are 
components of the caspase pathway (26). JNK is activated 
by phosphorylation, which causes the downstream inhibition 
of BCL‑2, which in turn increases the BAX/BCL‑2 ratio, 
and induces apoptosis by acting on caspase‑9, an effector of 
the intrinsic caspase pathway (26). We hypothesize that PM 
treatment increased the levels of phosphorylated JNK and 
BAX, and decreased the levels of BCL‑2, thereby activating 
caspase‑3 and inducing apoptosis.

Signal transduction pathways related to cell proliferation 
include the PI3K/AKT/mTOR pathway and MAPK path-
ways (30‑33). In carcinomas and sarcomas, these pathways 
are closely associated with cell proliferation and anticancer 
drug resistance. PM has been shown to induce apoptosis in 
human osteosarcomas and carcinomas, such as colorectal 
cancer, ovarian cancer, and leukemia, via inhibition of AKT 
and MAPK signaling (15,22,25,26,34). Phosphorylation of 
AKT induces the downstream phosphorylation of NF‑κB and 
mTOR, thereby activating them. mTOR signaling integrates 
environmental cues, such as growth factors, and nutri-
tion/energy status inside and outside of the cell and increases 
ribosome production and protein synthesis, thereby, promoting 
cell growth and proliferation. NF‑κB is a key transcription 
factor that regulates the cellular stress response, inflam-
mation response, cancer cell proliferation, and apoptosis 
resistance (35‑39). Therefore, mTOR and NF‑κB are impor-
tant therapeutic targets of cancer treatment. In the present 
study, PM produced an anti‑tumor effect by decreasing the 
cellular levels of phosphorylated AKT, NF‑κB, and mTOR 
in a concentration‑dependent manner. Moreover, MAPK 
pathway has also been shown to be involved in transcription, 
cell proliferation, cell mobility, and cell survival (40,41). In 
particular, phosphorylated ERK acts on cyclin D1, inducing 
protein synthesis and promoting transcription and cell prolif-
eration (42). In the present study, PM treatment inhibited the 
phosphorylation of ERK, AKT, and hence MAPK signaling, 
which suggests that PM administration affects cell prolifera-
tion. PM suppressed an increase in tumor volume in vivo. The 

growth inhibitory effect was equivalent to or better than that 
of colorectal cancer and breast cancer (26,43). PM treatment 
is believed to produce anti‑tumor effect in vitro and in vivo by 
inducing apoptosis and inhibiting cell proliferation in human 
fibrosarcoma cells.

Generally, the biological effects of drugs are mainly 
evaluated by the presence of anorexia or variation in body 
weight (44). However, only a few reports have analyzed body 
weight in mouse models. In the present study, we observed 
a significant difference in body weight between the PM dose 
group and the control group mice; hence we conclude that PM 
exhibits low toxicity.

Liver and kidneys are the major organs involved in drug 
metabolism pathways. AST, ALT, BUN, and creatine levels 
are often used to evaluate hepatic and renal function. We have 
previously reported that PM administration in mice does not 
decrease hepatic function (22), but we did not study the effects 
of PM administration on renal function. In the present study, 
PM treatment did not cause either hepatic or renal dysfunction. 
In addition, the tumor growth was suppressed to the same level 
or higher even though the total number of doses was reduced 
by reducing the number of administrations compared to other 
carcinomas (26,43). We thought that reducing the total dose 
of PM could more reliably reduce the side effects of the drug. 
Therefore, we speculate that PM can be safely administered 
with few side effects on the body.

In conclusion, PM produced anti‑tumor effects by inducing 
apoptosis in human fibrosarcoma cells via activation of the 
caspases, and inhibited cell proliferation by inhibiting the 
AKT and MAPK signaling. Therefore, we conclude that PM 
is safe and could prove to be an effective treatment drug for 
fibrosarcoma.
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