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	 Background:	 Osteosarcoma is the most common primary bone malignancy and often presents at an early age. Calycosin is 
a phytoestrogen isoflavone, which has previously been reported to inhibit tumor cell growth. The aim of this 
study was to investigate the effects of calycosin on apoptosis of estrogen receptor (ER)-positive and ER-negative 
human osteosarcoma cell lines and tumor xenografts in mice.

	 Material/Methods:	 Cultured ER-positive MG-63 human osteosarcoma cells and ER-negative U2-OS human osteosarcoma cells were 
treated with increasing doses of calycosin (0, 25, 50, and 100 μm). Cell viability and apoptosis were studied by 
an MTT assay and flow cytometry. Western blot measured the expression levels of the apoptosis-related protein 
p-PI3K, p-Akt, and p-mTOR in MG-63 cells, with and without pretreatment with the PI3K inhibitor, LY294002, 
the AKT inhibitor, MK-2206, or the mTOR inhibitor, rapamycin. MG-63 tumor-bearing nude mice were used to 
evaluate the effects of treatment with calycosin.

	 Results:	 Calycosin treatment inhibited proliferation and induced apoptosis in MG-63 cells, but had no effect on U2-0S 
cells. In MG-63 cells, calycosin treatment increased the expression of the PI3K/AKT/mTOR pathway proteins; 
inhibitor assays showed that expression of the PI3K protein was most strongly associated with the antitumor 
effects of calycosin. In the nude mouse MG-63 tumor xenografts, calycosin inhibited tumor growth and regu-
lated the expression levels of apoptosis-related PI3K/AKT/mTOR pathway proteins.

	 Conclusions:	 The phytoestrogen, calycosin, induced apoptosis of cells of the ER-positive osteosarcoma cell line, MG-63, via 
the PI3K/AKT/mTOR pathway, with these effects being mainly due to PI3K.

	 MeSH Keywords:	 Apoptosis • Estrogen Receptor alpha • Osteosarcoma

	 Full-text PDF:	 https://www.medscimonit.com/abstract/index/idArt/910201

Authors’ Contribution: 
Study Design  A

 Data Collection  B
 Statistical Analysis  C
Data Interpretation  D

 Manuscript Preparation  E
 Literature Search  F
Funds Collection  G

1 Nanjing University of Traditional Chinese Medicine, Affiliated Lianyungang City 
Hospital, Lianyungang, Jiangsu, P.R. China

2 Department of Orthopedic, Tianjin Fifth Central Hospital, Tianjin, P.R. China
3 Department of Orthopedic, Third Affiliated Hospital, Nanjing University of 

Traditional Chinese Medicine, Nanjing, Jiangsu, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 6178-6186 

DOI: 10.12659/MSM.910201

6178
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Osteosarcoma is the most common primary malignancy of bone 
and often presents at an early age [1]. In recent decades, im-
provements have been made in the diagnosis and in the surgi-
cal and medical treatment of osteosarcoma. Current therapeutic 
strategies have evolved with the addition of neoadjuvant che-
motherapy and more precise local surgical resection. However, 
there remains a high incidence of side effects from therapy, ear-
ly tumor metastasis, tumor chemoresistance, and relapse fol-
lowing treatment, the clinical course for patients can be pain-
ful, and the prognosis remains poor [2–5]. There is still a need 
for treatment approaches for patients with osteosarcoma that 
combine effectiveness with minimal side effects. Malignant tu-
mors are characterized by alterations in the cell cycle and tumor 
cell apoptosis, knowledge of these pathogenic tumor pathways 
can provide the basis for drug discovery and development [6]. 
Treatments that induce apoptosis in tumor cells currently in-
clude chemotherapy and radiotherapy [7]. The remaining chal-
lenges for drug treatment in malignancy are to provide rapid 
treatment response by increasing tumor cell apoptosis, com-
bined with minimal side effects, or adverse events.

Calycosin is a bioactive phytoestrogen isoflavone that is extract-
ed from Trifolium pratense or red clover. Previous studies have 
shown calycosin can act as a pharmacological estrogen ana-
log [8,9]. Calycosin has also been shown to have anti-tumor ef-
fects on several types of cancer cells when studied in vitro and 
in vivo [10–12]. However, previous studies have shown that, in 
tumors, the effects of calycosin are specific estrogen receptor 
(ER)-positive tumor cells [11–13]. To our knowledge, although 
ER-positive osteosarcoma cell lines are available for in vitro 
studies, no previous studies have been undertaken on the ef-
fects of calycosin on ER-positive osteosarcoma. The MG-63 hu-
man osteosarcoma cell line has been reported to be ER-positive, 
and the U2-OS cell line is reported to be ER-negative [14,15]. 
Both these cell lines can be studied in vitro in cell culture, and 
in vivo when used to form tumor xenografts in animal models.

Therefore, the aim of this study was to investigate the effects of 
calycosin on cell proliferation and apoptosis of the ER-positive 
MG-63 human osteosarcoma cell and the ER-negative U2-OS 
human osteosarcoma cell line in vitro and on their tumor xe-
nografts in nude mice in vivo.

Material and Methods

Calycosin

Calycosin (purity 98%) was purchased from Tianjin JAHE Science 
and Technology Co. Ltd., China. Original solution was processed 
into a 250 μg/ml stock solution with dimethyl sulfoxide (DMSO).

The culture of the MG-63 and U2-OS human osteosarcoma 
cell lines

Human osteosarcoma cell lines, MG-63 and U2-OS, were ob-
tained from the Cell Bank of the Chinese Academy of Sciences. 
The two cell lines were incubated in Dulbecco’s modified Eagle’s 
medium (DMEM), supplemented with 10% fetal bovine serum 
(FBS) (Cell Bank of the Chinese Academy of Sciences), with 100 
units/ml penicillin and 100 mg/ml streptomycin, and cultivated 
in a humidified atmosphere of 5% CO2 at 37°C. The two cultured 
cell lines, MG-63 and U2-OS, were divided into four groups, 
according to their treatment doses of calycosin (0, 25, 50, and 
100 μM). In some experiments, MG-63 cells were pretreated 
with the PI3K inhibitor, LY294002 (5 mM) (Beyotime, China), 
the AKT inhibitor, MK-2206 (10 µM) (Sigma, St. Louis, MO, USA), 
or the mTOR inhibitor, rapamycin (5 mM) (Beyotime, China).

MTT cell proliferation assay

The MTT colorimetric assay was used to detect the effect of 
calycosin treatment on cell proliferation of MG-63 cells and 
U2-OS osteosarcoma cells. Cells were harvested using tryp-
sinase, and then seeded into 96 wells plates at about 3×104 
cells/well for 24 h. Then, the MG-63 and U2-OS cells were 
treated with different concentrations of calycosin (0, 25, 50, 
and 100 μM) for 72 h. MTT solution (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) (Dojindo, Kumamoto, 
Japan) at 10 μl was added and the cells were incubating for 4 
h. Calycosin and the MTT supernatant mixture was replaced 
with 100 μl of 100% DMSO (Sigma-Aldrich, USA) to dissolve 
the formazan crystals. A full-wavelength microplate reader (Bio-
Rad Laboratories, CA, USA) was applied to detect the optical 
density (OD) value at a wavelength of 490 nm. Fresh DMEM 
was used as a control. The results were presented as the pro-
liferation ratio from three independent experiments. The pro-
liferation ratio was calculated according to following formula: 
proliferation ratio (%)=OD administrated/OD control×100%.

Flow cytometry assay

A flow cytometry assay was used to study the effects of calycosin 
treatment on apoptosis of the osteosarcoma cell lines. After MG-
63 cells and U2-OS cells were incubated with calycosin (0, 25, 50 
and 100 μM) for 72 h, cells were harvested and washed twice in 
PBS. Cells were then stained with Annexin V-fluorescein isothio-
cyanate (FITC)/propidium iodide (PI) for 40 min at room tempera-
ture. A FACS Aria flow cytometer (Becton Dickinson, Franklin Lakes, 
NJ, USA) was used to determine the percentage of apoptotic cells.

Animal care and treatment

The study protocol, including the care of the animals used in 
the study were reviewed and approved by the Animal Care and 
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Use Committee of Nanjing University of Traditional Chinese 
Medicine. All animal procedures were conducted according to 
guidelines of the local Experimental Research Institute.

BALB/c nude mouse osteosarcoma xenografts

Fifty female BALB/c nude mice, eight weeks-of-age, weighing 
between 17–22 gm (Vital River Laboratories, Beijing, China) 
were raised in sterile conditions at an ambient temperature of 
between 20–21°C, at 40–50% humidity, and alternating 12 h 
periods of light and darkness. A 0.2 ml volume of logarithmic 
phase MG-63 cell suspension (4×106 per ml) was injected sub-
cutaneously into the dorsal area of each mouse. Ten days af-
ter implantation of the GM-63 cells, when tumors were seen 
to develop, mice were randomly divided into five groups: a 
control group (n=10), an ifosfamide-treated group (4mg/kg) 
(n=10), and three calycosin-treated groups (2, 4, and 8 mg/kg) 
(n=10) treated by intraperitoneal injection. Calycosin and ifos-
famide were injected daily for 15 days. Body weight (W) and 
tumor volume (V) were determined every two days.

The formulae used were: V (mm3)=ab2/2, in which ‘a’ repre-
sents the largest superficial diameter and ‘b’ represents the 
shortest. The tumor inhibitory rate (%)=(TWcontrol–TWtreated)/
TWcontrol×100%.

Twenty days after tumor cell transplant, all mice were sac-
rificed and all the transplanted tumors were aseptically re-
moved and weighed (weight of tumor was recorded as TW). 
Tumor samples were stored at –80°C for further experiments.

Western blot assay

Western blot was used to assess the effect of calycosin treat-
ment on protein expression levels in the osteosarcoma cell 
lines. Osteosarcoma U2-OS cells and MG-63 cells were pre-
treated with increasing concentrations of calycosin (0, 25, 50, 
and 100μM) for 72 h. Total protein was extracted using lysis 
buffer, containing 50 mM Tris/HCl, pH 7.4, 150 mM NaCl, 1% 
NP-40, 0.1% sodium dodecyl sulfate (SDS) on ice, and then the 
lysates were centrifuged at 10,000 rpm for 15 min. The con-
centration of total protein in the collected supernatant was 
determined using the Bio-Rad assay kit (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA) using bovine serum albumin (BSA) as 
a standard control. Total proteins were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto 0.2 μm polyvinylidene difluoride (PVDF) 
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
The membranes were blocked for 1 hour in Tris-buffered sa-
line, pH 7.6, with 0.05% Tween20 (TBST), and 5% dried non-fat 
milk powder, and sequentially incubated with the primary anti-
bodies for 24 hours at 4°C. After washing three times in TBS-T, 
the membranes were was incubated in horseradish peroxidase 

(HRP)-conjugated secondary antibodies at room temperature 
for 1 h. The protein bands were extracted by enhanced che-
miluminescence (ECL) (WBKLS0100, Millipore) and and ana-
lyzed with an ECL detection system (Thermo Scientific, Beijing, 
China). The primary antibodies used for Western blotting includ-
ed rabbit anti-p-AKT (1: 1000), AKT (1: 1000), PI3K (1: 1000), 
p-PI3K (1: 1000), mTOR (1: 1000), p-mTOR (1: 1000), caspase-3 
(1: 1000), cleaved caspase-3 (1: 1000), PARP (1: 1000), cleaved 
PARP (1: 1000), Bax (1: 250), Bcl-2 (1: 250), Bad (1: 250), and 
mouse-anti-GAPDH (1: 1000) (Santa Cruz, CA, USA). The rela-
tive expression levels of these proteins were presented as rel-
ative intensities of protein bands compared with the control 
(GAPDH), and analyzed by the National Institutes of Health 
(NIH) ImageJ software.

Inhibitor assays

The inhibitors of AKT, PI3K, and mTOR including MK-2206, 
LY294002, and rapamycin, respectively (Beyotime, China) and 
were applied to MG-63 cells to explore further the key pro-
teins expressed following treatment with calycosin of osteo-
sarcoma MG-63 cells. Specifically, 106 MG-63 cells were cul-
tured in a 100 mm dish and incubated with each inhibitor for 
2 h. Cells were then treated with increasing concentrations of 
calycosin (0, 25, 50, and 100 μM) for 72 h. Cells were then har-
vested and protein expression was analyzed by Western blot.

Statistical analysis

Data were expressed as the mean ± standard deviation (SD). 
Differences were tested using one-way analysis of variance 
(ANOVA), two-way ANOVA, and by the least significant dif-
ference (LSD) t-test. All statistical analysis was performed by 
SPSS software. A p-value <0.05 was regarded as statistical-
ly significant.

Results

Calycosin treatment suppressed cell viability and 
enhanced apoptosis of estrogen receptor (ER)-positive 
osteosarcoma cells

The effects of calycosin treatment on osteosarcoma xenografts, 
and estrogen receptor (ER)-positive osteosarcoma MG-63 cells 
and ER-negative osteosarcoma U2-OS cells, which were incu-
bated in increasing concentrations of calycosin (0, 25, 50, and 
100 μM) for 24, 48 and 72 h before the MTT assay were evalu-
ated. The results showed that calycosin treatment resulted in 
significantly higher cell viability inhibition in MG-63 cells than 
U2-OS cells in a time-dependent and dosage-dependent man-
ner (Figure 1A, 1B). This result suggested that calycosin sup-
pressed osteosarcoma cell growth by ER-related mechanisms.
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Flow cytometry performed after the MG-63 cells and U2-OS 
cells were treated with calycosin (0, 25, 50, and 100 μM) dem-
onstrated that U2-OS cells showed no significant change of 
apoptotic rate except in the subgroup of MG-63 cells treated 
with 100 μM calycosin (Figure 1C, 1D), while a significant in-
crease in the rate of apoptosis was observed in MG-63 cells af-
ter treatment with calycosin at all concentrations (Figure 1E, 1F). 
These findings showed that calycosin enhanced the apoptosis 
rate of MG-63 cells in a dose-dependent manner.

These results support the view that ER-associated mechanisms 
were involved in the effects of calycosin on the regulation of os-
teosarcoma cell growth. The results of the Western blot supported 
this conclusion. After the U2-OS cells and MG-63 cells had been 
treated with calycosin (0, 25, 50, and 100 μM) for 72h, the ex-
pression levels of apoptosis-related proteins were detected, in-
cluding caspase-3, cleaved caspase-3, PARP, p-PARP, Bax, Bcl-2, 
and Bad. The MG-63 cells expressed a dose-dependent increase 
in levels of cleaved caspase-3, p-PARP, Bax, and Bad, and a dos-
age-dependent decrease in levels of Bcl-2 in all dose concentra-
tions. However, in U2-OS cells, only caspase-3, PARP, cleaved 
caspase-3 and p-PARP showed significant expression decrease 
in the subgroup treated with 100 μM calycosin (Figure 1G–1I). 
These findings support the role of calycosin-induced apoptosis of 
MG-63 cells osteosarcoma cells being by ER-related-mechanisms.

Calycosin-induced apoptosis in osteosarcoma MG-63 cells 
via the PI3K/AKT/mTOR pathway

The Western blot assay was conducted to examine the molecu-
lar mechanism of calycosin-induced apoptosis in osteosarcoma 
MG-63 cells. After 72 h of exposure to increasing concentrations 
of calycosin (0, 25, 50, and 100 μM), the expression levels of 
phosphorylated- PI3K, AKT, and mTOR in MG-63 cells were signif-
icantly decreased in a dosage-dependent manner (Figure 2A, 2B). 
These results showed that calycosin-induced apoptosis in MG-
63 was regulated by the PI3K/AKT/mTOR pathway. When inhib-
itors of these proteins were applied to clarify the role of calyco-
sin treatment on MG-63 cells further, the results showed that 
the inhibitor of PI3K (LY294002) reduced phosphorylation of 
PI3K, AKT, and mTOR (Figure 2C–2I), but also the expression of 
apoptosis-related proteins (Figure 2J–2O). However, inhibitors of 
AKT (MK-2206) and mTOR (rapamycin) could only affect expres-
sion levels of phosphorylation of AKT or mTOR without chang-
ing activities of upstream and downstream proteins. Therefore, 
these findings support that calycosin-induced apoptosis in MG-
63 cells mainly depend on suppressing the activation of PI3K.

Calycosin affected tumor growth in MG-63 tumor-bearing 
nude mice

The effect of calycosin in MG-63 tumor-bearing nude mice af-
ter treatment with calycosin or ifosfamide did not result in a 

significant change in body weight of the mice, but the tumor 
volume significantly decreased in the treatment groups after 
four day of treatment. However, tumor volume declined in a 
time-dependent and dose-dependent manner in the calycosin 
treatment groups after five days of treatment (Figure 3A, 3B). 
Also, the inhibition ratio of tumor growth also showed a dose-
dependent increase in the calycosin treatment groups, and 8 
mg/kg calycosin treatment was more effective than 4 mg/kg 
ifosfamide treatment, according to the calculated tumor in-
hibitory ratio (Figure 3C). These finding showed that calycosin 
could inhibit MG-63 mouse xenograft tumor growth in vivo.

Calycosin caused apoptosis of MG-63 tumor cells by 
suppressing protein expression of PI3K, AKT, and mTOR

Apoptosis of cells in MG-63 osteosarcoma mouse xenografts 
was determined by assessing the expression of apoptosis-re-
lated proteins using Western blot. Expression levels of cas-
pase-3, PARP, Bax, Bcl-2, and Bad in MG-63 solid tumor tis-
sue cells of each group were detected. Cleaved caspase-3, 
p-PARP, Bax, and Bad were significantly overexpressed in the 
ifosfamide-treated group and in the calycosin-treated group in 
a dose-dependent manner, while the expression levels of the 
anti-apoptosis factor, Bcl-2 was significantly decreased in all 
treatment groups. This finding supported that calycosin could 
induce apoptosis in MG-63 solid tumor cells in a dose-depen-
dent manner (Figure 4A, 4B). However, the results of Western 
blot analysis showed that expression levels of PI3K, AKT, and 
mTOR in MG-63 mouse xenograft tumor tissue were down-
regulated after calycosin treatment in a dosage-dependent 
manner (Figure 4C, 4D). This finding also supported a role for 
calycosin treatment in inducing apoptosis in MG-63 solid tu-
mors via PI3K/AKT/mTOR pathway.

Discussion

Osteosarcoma is the most common malignant disease of bone 
in adolescence [1]. Current treatments for osteosarcoma do not 
necessarily improve patient symptoms, quality of life, or surviv-
al [2–5]. There remains a need for more effective and less toxic 
therapies that induce apoptosis in tumor cells [7]. Calycosin is a 
Chinese herbal medicine and a bioactive phytoestrogen isofla-
vone that contains estrogen-like isoflavones [8,9]. It has been 
reported that calycosin showed estrogenic activity and anti-tu-
mor effects on several cancers by inducing apoptosis of tumor 
cells in vitro and in vivo [10–12]. Therefore the aim of the pres-
ent study was to investigate the effects of calycosin on apop-
tosis of estrogen receptor (ER)-positive and ER-negative human 
osteosarcoma cell lines and tumor xenografts in mice. The find-
ings showed that calycosin induced apoptosis of cells of the ER-
positive osteosarcoma cell line, MG-63, occurred via the PI3K/
AKT/mTOR pathway, with these effects being mainly due to PI3K.
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Figure 1. �Inhibition of cell viability and increased apoptosis in estrogen receptor (ER)-positive osteosarcoma cell proliferation by 
calycosin. Cell viability was detected by the MTT assay after estrogen receptor (ER)-negative U2OS cells (A), and ER-positive 
MG-63 cells (B), were incubated with increasing concentrations of calycosin (0, 25, 50, and 100 mM) for 24, 48, and 72 h 
respectively. Flow cytometry determined the cell apoptosis rate after U2-OS cells (C), and MG-63 cells (E), were treated with 
calycosin (0, 25, 50, and 100 μM) for 72h. Apoptosis rates of U2-OS cell (D), and MG-63 cells (F), are summarized in the bar 
graph (right). The expression of apoptosis-related proteins by U2-OS cells and MG-63 cells was detected by Western blot 
(G) after 72h of treatment of calycosin (0, 25, 50, and 100 μM). Variations of protein expression in U2-OS cells (H) and MG-
63 cells (I) are summarized in the histograms. Expression levels of proteins are shown as the relative intensities of bands 
compared to the control (GADPH). All results are representative of three independent experiments. All the data are expressed 
as the mean ±SD and analyzed with one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) 
t-test. P<0.05 is shown by * and P <0.01 is shown by **.
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Figure 2. �Calycosin-induced apoptosis regulation by the PI3K/AKT/mTOR pathway. Expression levels of p-PI3K, p-AKT and p-mTOR 
were detected by Western blot (A), after 72 h of treatment with increasing concentrations of calycosin (0, 25, 50, and 
100 μM) and the results are summarized in the bar graph (right) (B). Expression of PI3K/AKT/mTOR pathway proteins (C), 
and apoptosis-related proteins (J), were determined after inhibitor assays. Specifically, expression levels of PI3K (D), AKT 
(F), mTOR (H), p-PI3K (E), p-AKT (G), p-mTOR (I), caspase-3 (K), cleaved caspase-3 (L), Bcl-2 (M), Bax (N), and Bad (O), are 
summarized in the histograms. All protein expression levels are presented as relative intensities of bands compared with 
the control band (GADPH). Variations of protein expression are summarized in the histograms. Results are representative of 
three independent experiments. All the data are expressed as the mean ±SD and analyzed with one-way analysis of variance 
(ANOVA) followed by the least significant difference (LSD) t-test. P<0.05 is shown by * and P <0.01 is shown by **.
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Figure 3. �The effect of calycosin treatment on body weight and tumor growth in MG-63 tumor bearing nude mice. The average body 
weight of each group of mice was significantly reduced following treatment with calycosin (A). The calculated tumor volume 
significantly declined after 5 days of treatment (B). Calculated inhibition ratios of tumor growth were significantly increased 
by all treatments (C). Results are representative of three independent experiments. All the data are expressed as the mean 
±SD and analyzed with one-way analysis of variance (ANOVA) or two-way ANOVA. P<0.05 is shown by * and P<0.01 is shown 
by **, &&, %%, or ##.

In this study, calycosin treatment significantly reduced cell vi-
ability and increased the apoptosis rate in ER-positive osteo-
sarcoma MG-63 cells as shown by the MTT assay and flow cy-
tometry assay results, with no impact on cell proliferation or 
apoptosis of ER-negative osteosarcoma U2-OS cells. This find-
ing agreed is supported by several previously published stud-
ies. Chen et al. showed that calycosin could inhibit growth 
and enhance apoptosis in ER-positive breast cancer cell lines, 
based on two ER-positive cell lines (MCF-7 and T-47D) and two 
ER-negative cell lines (MDA-231 and MDA-435) [11]. A further 
study by Chen et al. showed that calycosin-induced apopto-
sis in human colorectal cancer cells via the ERb/miR-17 sig-
naling pathway [12].

In the present study, apoptosis-related proteins were detect-
ed by Western blot. The results confirmed that calycosin could 
more effectively induce apoptosis in ER-positive MG-63 osteo-
sarcoma cells compared with ER-negative U2-OS cells. These 
proteins included caspase-3, cleaved caspase-3, PARP, phos-
phorylated PARP, Bax, Bad, and Bcl-2, which have all been 
previously reported to be closely associated with cell apop-
tosis [16–18]. These results support that calycosin-induced 
apoptosis in osteosarcoma might occur through an ER-related 
mechanism. Furthermore, according to previous studies, cur-
rent technology is able to transfer estrogen receptor genes to 
osteosarcoma cells and have shown that the expression of 
the transferred gene is stable [19,20]. With the development 
of advanced technologies, the role of calycosin and its effects 
on osteosarcoma could be developed further.

Previously reported studies on the mechanisms of the anti-
tumor effects of calycosin exist [11–13,21–23]. Among these 
previously reported studies, the PI3K/AKT signaling pathway 

has been shown to have a role in the functional mechanism 
of the effects of calycosin. Chen et al. reported that calycosin 
enhanced apoptosis in ER-positive breast cancer cells via ERb-
induced inhibition of IGF-1R, as well as regulation of PI3K/AKT 
and MAPK pathways [11]. Zhao et al. published similar find-
ings on the mechanism of the antitumor role of calycosin on 
colorectal cancer (CRC) cells [13]. The results of the Western 
blot assay in the present study showed similar results, which 
supported a possible role for calycosin-induced inhibition of tu-
mor cell proliferation and that the increase in tumor cell apop-
tosis was dependent on, or involved in, the PI3K/AKT/mTOR 
pathway as supported by the Western blot findings, as shown 
in Figure 3A. The PI3K/AKT/mTOR pathway is an important sur-
vival pathway that is frequently altered in cancer, the activa-
tion of which contributes to initiation and maintenance of tu-
mors and to the resistance to many cancer treatments [24,25].

Therefore, it is possible that suppressing this signaling path-
way might be a promising approach to treat malignancy. In 
this study, the inhibitors of PI3K, AKT and mTOR were used in 
further experiments to determine the most important protein 
involved in the calycosin functional mechanism in osteosar-
coma, which indicated that the inhibitor of PI3K (LY294002) 
could interfere with not only with the expression of PI3K but 
also the expression of downstream proteins and apoptosis-re-
lated proteins. Therefore, a further conclusion is that PI3K is 
the pivotal protein involved in the role of the antitumor effects 
of calycosin in osteosarcoma. There are other possible mech-
anisms of the role of calycosin on osteosarcoma cells. For ex-
ample, calycosin has previously been shown to decrease the 
expression of IkBa, NF-kB p65 and cyclin D1 in osteosarcoma, 
thereby inducing apoptosis [24].
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In this study, the role of MG-63 mouse osteosarcoma xenograft 
tumors in nude mice were studied and the findings showed 
that calycosin could suppress tumor growth and initiate apop-
tosis of osteosarcoma in vivo. These preliminary findings sup-
port that calycosin requires further study to determine wheth-
er it could be a future therapy for patients with osteosarcoma 
The findings from Western blot of MG-63 mouse xenograft tu-
mors showed that treatment with calycosin exerted its anti-
tumor effect via the PI3K/AKT/mTOR pathway, which might 
provide a basis for further studies on the pharmacological 
mechanism of calycosin.

Conclusions

The findings of this study have shown that calycosin, a phy-
toestrogen isoflavone, when administered to the estrogen-re-
ceptor (ER)-positive human osteosarcoma cell line, MG-63, in 
vitro, and in mouse MG-63 xenografts in vitro, had anti-prolif-
erative and pro-apoptotic effects. At the molecular level, ca-
lycosin achieved these effects through the PI3K/AKT/mTOR 
signaling pathway, in which PI3K was the key protein. Further 
studies are needed to determine whether calycosin may be a 
novel therapeutic agent that can be used individually, or as 
part of combined therapy, in the treatment of osteosarcoma.

Figure 4. �Calycosin treatment increased apoptosis-related protein expression in mouse MG-63 tumor xenografts through the PI3K/
AKT/mTOR pathway. Western blot assay determined the expression levels of apoptosis-related proteins in mouse MG-63 
tumor xenografts after calycosin treatment (0, 25, 50, and 100 μM) (A). Variations of protein expression are summarized 
as a bar graph (B). Expression levels of p-PI3K, p-AKT and p-mTOR were determined by Western blot after 72h treatment of 
100 μM calycosin (C). Variations of protein expression are summarized as a bar graph (D). Expression levels of proteins are 
shown as the relative intensities of bands compared to the control (GADPH). Results are representative of three independent 
experiments. All the data are expressed as the mean ±SD and analyzed with one-way analysis of variance (ANOVA) followed 
by the least significant difference (LSD) t-test. P<0.05 is shown by * and P<0.01 is shown by **.
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