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Abstract. The overall survival rate of patients with osteosar-
coma has remained unchanged for the last several decades. 
Therefore, novel drugs for osteosarcoma treatment are 
required. Isoliquiritigenin (ISL), a natural compound, has 
been demonstrated to inhibit the growth of various tumors. 
However, it is unclear whether ISL is able to inhibit the growth 
of osteosarcoma. In the present study, it was identified that 
ISL was able to inhibit the growth of the osteosarcoma cell 
line Saos‑2 cells in vitro and in xenograft tumors primarily 
by attenuating tumor cell proliferation and, cell migration and 
promoting tumor cell apoptosis. Decreased tumor cell prolif-
eration induced by ISL was associated with downregulation 
of cyclin D1 and upregulation of p53, p21 and p27. Increased 
tumor cell apoptosis triggered by ISL was associated with 
downregulation of apoptosis regulator Bcl‑2, upregulation of 
apoptosis regulator Bax and damaged mitochondrial func-
tion evidenced by a low level of ATP‑synthesis. In addition, 
ISL was able to inhibit the migratory capacity of Saos‑2 cells 
by modulating the expression of matrix metalloproteinase 
(MMP)2 and MMP9. Mechanistic analysis revealed that 
the tumor growth‑inhibitory effect of ISL may depend on 
the action of ISL on the phosphorylation of PI3K and AKT. 
However, it remains to be investigated whether the inhibitory 
effect of ISL on the migration of Saos‑2 cells was associated 
with downregulated PI3K/AKT signaling. Overall, the present 

study provided evidence for the potential use of ISL against 
osteosarcoma.

Introduction

Osteosarcoma, one of the most common bone tumors, prevails 
particularly in children and adults (1). Worldwide, the estimated 
number of newly diagnosed patients every year is ~1‑14 in 
one million. Surgical resection combined with chemotherapy 
is the principle strategy for osteosarcoma treatment  (2). 
Chemotherapeutic drugs including cisplatin and methotrexate 
have been widely used clinically for patients with osteosar-
coma (3). However, these drugs disrupt the DNA synthesis of 
normal cells in addition to tumor cells, thereby causing severe 
side‑effects. In addition, once tumor cells develop chemoresis-
tance, they are harder to control. Therefore, novel drugs that 
maximize tumor cell killing in osteosarcoma and minimize 
normal cell damage are urgently required.

Isoliquiritigenin (ISL), a type of flavonoid, is extracted 
from the roots of licorice and numerous other plants and 
foods (4). ISL has been used as a food additive and possesses 
a number of biological activities including antioxidative stress, 
anti‑inflammatory, anti‑viral and anti‑angiogenic effects (5,6). 
Recent studies have focused on the antitumor effects of ISL. A 
wide spectrum of tumors has been demonstrated to be sensitive 
to ISL, including glioma, ovarian cancer, hepatoma carcinoma 
and breast cancer (7‑10). However, it is unclear whether ISL 
may be used as a drug treatment for osteosarcoma.

Accumulating evidence suggests that the PI3K/AKT 
pathway is the underlying signaling pathway that mediates 
the antitumor effect of ISL. It has been demonstrated that 
ISL inhibits the proliferation of the prostate cell line DU145 
by decreasing the recruitment of PI3K and the phosphoryla-
tion of AKT (11). Studies investigating the effect of ISL on 
breast cancer have revealed that ISL decreases cell prolifera-
tion and induces cell apoptosis by disrupting the PI3K/AKT 
pathway (12,13). It is generally accepted that the activated 
PI3K/AKT signaling pathway is one of the most important 
mechanisms that promotes the development of osteosar-
coma (14‑16). Drugs targeting the PI3K/AKT pathway have 
been developed for osteosarcoma treatment, including PI3K 
pan‑inhibitors  (16). However, due to their weak solubility, 
instability and high toxicity, these inhibitors have little poten-
tial for clinical application (16). A recent study demonstrated 
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that ISL significantly suppressed tumor growth in a xeno-
graft mouse model of endometrial cancer without apparent 
side‑effects (17). Based on these findings, it was proposed that 
ISL inhibited the progression of osteosarcoma by deactivating 
the PI3K/AKT signaling pathway.

In the present study, firstly, the effect of ISL on osteo-
sarcoma was investigated in vitro by examining tumor cell 
proliferation, cell apoptosis and cell migration. Secondly, intra-
cellular molecular alterations in PI3K/AKT signaling upon 
treatment with ISL were assessed. Finally, the effect of ISL 
on osteosarcoma growth was assessed in a xenograft mouse 
model. The present study demonstrated the anti‑osteosarcoma 
effect of ISL, suggesting that ISL may serve as a promising 
agent for osteosarcoma treatment.

Materials and methods

Cell culture and treatment. The human Saos‑2 cell line and 
a mouse embryonic osteoblastic cell line (MC3T3‑E1) were 
purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). Cells were maintained in 
RPMI‑1640 containing 2  mM L‑glutamine and 25  mM 
HEPES supplemented with 10% fetal bovine serum, and 
100 U/ml penicillin/streptomycin at 37˚C in a humidified 5% 
CO2 atmosphere. ISL was purchased from Sigma‑Aldrich; 
Merck KGaA (Darmstadt, Germany) with a purity of >98% 
and was dissolved in dimethyl sulfoxide (DMSO). Cells were 
incubated with ISL at various concentrations and time‑points. 
Cells treated with DMSO were set as the control group in the 
present study.

Tumor xenografts in NOD‑SCID mice. A total of 10 female 
5‑week‑old NOD‑SCID mice were purchased from the Model 
Animal Research Center of Nanjing University and maintained 
in a pathogen‑free environment with a constant humidity and 
temperature at 12 h light/dark cycle with free access to food 
and water. The weight of the mice ranged from 19 to 23 g. 
Saos‑2 cells [1x106 cells in 0.1 ml phosphate‑buffered saline 
(PBS) for each mouse] were implanted by subcutaneous injec-
tion into the flank of the mice. ISL was dissolved in DMSO 
and further mixed with corn oil. The mice were randomly 
divided into a corn oil‑treated group (control group) and an 
ISL‑treated group (5 in each). Corn oil and ISL were admin-
istered by oral gavage at 50 mg/kg/day for 56 consecutive 
days. The tumor volume and body weight were recorded 
every day until the animals were sacrificed. The mice were 
anaesthetized by 1% pentobarbital (i.p.) at a dose of 50 mg/kg 
and sacrificed by cervical dislocation. When the mice were 
sacrificed, the tumors were removed for weighting and were 
fixed in 4% paraformaldehyde solution (4 g/100 ml PBS) or 
stored at ‑80˚C. The max tumor size was 920 mm3 (0.8 g). 
All animal experiments were approved by the Committee on 
the Ethics of Animal Experiments of Nanjing University and 
performed strictly in accordance with the recommendations in 
the Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health (Bethesda, MD, USA).

Cell viability assay. Cell viability was assessed by a Cell 
Counting Kit‑8 (CCK‑8; Beyotime Institute of Biotechnology, 
Haimen, China). Briefly, cells (3x103 cells/well) were seeded 

in 96‑well plates and cultured for 24 h. The cells were incu-
bated with various concentrations of ISL for the indicated 
time‑points. For the cell viability assay, cells were incubated 
with CCK‑8 solution (10 µl/well) for 3 h, and the optical 
density value in each well was determined using a microplate 
reader at 450 nm.

Flow cytometric analysis of the cell cycle. The cultured cells 
were digested, and a single cell suspension was prepared. Cells 
were fixed in cold 70% ethanol and stored at 4˚C overnight. The 
ethanol was removed by centrifugation (1,000 x g for 5 min), 
followed by staining with propidium iodide (PI; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) for 30 min at 4˚C 
in the dark. The cell cycle was analyzed by flow cytometry 
immediately.

Flow cytometric analysis of cell apoptosis. The cultured cells 
were collected and a single cell suspension was produced by 
trypsin digestion and gentle pipetting. An Annexin V‑FITC 
Apoptosis Detection Kit (Thermo Fisher Scientific, Inc.) was 
used. The cells were incubated with Annexin V‑FITC and PI 
for 15 min at room temperature in the dark. The apoptosis of 
the samples was analyzed using a FACSCalibur flow cytometer 
(Becton-Dickinson, Heidelberg, Germany).

Scratch test. Cells were seeded into 6‑well plates 
(5x104 cells/well). When the cells had grown to ~80% conflu-
ence, a sterile pipette was used to scratch a line across each 
well. Following washing with PBS, cell culture was continued. 
The scratch was photographed at 0 and 48 h post‑scratching. 
The width of the scratch was analyzed and assessed using 
Image‑Pro Plus 6.0 software (Media Cybernetics, Rockville, 
MD, USA). The relative cell migration distance was calculated 
as follows: (The width at 0 h in the ISL group‑the width at 48 h 
in the ISL group)/(the width at 0 h in the control group‑the 
width at 48 h in the control group). The cell migration distance 
in the control group was set as 1.

Transwell assay. The Transwell assay was performed 
using Falcon cell culture inserts containing 8‑µm pore size 
polyethylene terephthalate membranes (BD  Biosciences, 
Franklin Lakes, NJ, USA). The Saos‑2 cells were seeded into 
the upper chamber (5x104 cells/well) and maintained at 37˚C 
in a humidified 5% CO2 atmosphere for 48 h. Non‑migrating 
cells remaining on the upper surfaces were removed while the 
migrating cells were fixed with methanol and visualized by 
staining with crystal violet solution. The images were captured 
by a light microscope (Nikon, Tokyo, Japan).

Western blot analysis. Collected cells or tumor samples 
were homogenized in radioimmunoprecipitation assay buffer 
containing phenylmethanesulfonyl fluoride (PMSF) and a 
phosphatase inhibitor. Following centrifugation (13,800 x g 
for 15 min), the supernatant was collected, and the protein 
concentration was determined using a bicinchoninic acid 
assay kit (Beyotime Institute of Biotechnology). Quantified 
protein (20  µg) was separated by 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SDS‑PAGE). 
The proteins were blotted onto a polyvinylidene difluoride 
membrane, and the membranes were soaked in 5% milk/PBS 
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with Tween‑20 (PBST) for 1 h. Subsequently, the membranes 
were incubated with primary antibodies, including p53 (dilu-
tion 1:800; cat. no. 2524), p27 (dilution 1:800; cat. no. 2552), 
apoptosis regulator Bcl‑2 (Bcl‑2; dilution 1:800; cat. no. 4223), 
apoptosis regulator Bax (Bax; dilution 1:800; cat. no. 2772), 
caspase‑3 (dilution 1:800; cat. no. 9662; all from Cell Signaling 
Technology, Inc., Danvers, MA, USA), p21 (dilution 1:600; 
cat. no. ab109520), cyclin D1 (dilution 1:500; cat. no. ab134175), 
matrix metalloproteinase (MMP)2 (dilution  1:1,000; 
cat. no. ab37150), MMP9 (dilution 1:200; cat. no. ab38898), PI3K 
(dilution 1:1,000; cat. no. ab191606), p‑PI3K (dilution 1:500; 
cat. no. ab182651), AKT (dilution 1:500; cat. no. ab8805), 
p‑AKT (dilution  1:2,000; cat.  no.  ab81283) and β‑actin 
(dilution 1:2,000; cat. no. ab8226; all from Abcam, Cambridge, 
UK) at 4˚C overnight. Following washing with PBST three 
times, the membranes were incubated with HRP‑conjugated 
goat anti‑rabbit antibody (dilution 1:3,000; cat. no. ab6721) and 
goat anti‑mouse antibody (dilution 1:3,000; cat. no. ab6789; 
both from Abcam) for 1 h at room temperature. Finally, the 
protein bands were visualized via enhanced chemilumines-
cence (Beyotime Institute of Biotechnology) and quantified by 
Image‑Pro Plus 6.0 software (Media Cybernetics).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The collected cells or tumor tissue were lysed 
in TRIzol® reagent (Thermo Fisher Scientific, Inc.) and the 
total RNA was extracted. cDNA was acquired by RT using 
a commercial kit (Thermo Fisher Scientific, Inc.). qPCR 
was performed to detect mRNA expression levels, including 
MMP2 and MMP9 using a SYBR‑Green Kit (Thermo Fisher 
Scientific, Inc.). Thermocycling conditions for RT‑qPCR were 
as follows: i) 50˚C for 2 min, 1 cycle; ii) 95˚C for 10 min, 
1 cycle; iii) 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 
30 sec, 40 cycles. The comparative ΔΔCq method was used to 
quantify relative gene expression as previously descripted (18). 
The sequences of the primers are listed in Table I.

Immunohistochemistry. The tumor tissues were embedded in 
paraffin and cut into 5 µm sections. Following dewaxing and 
rehydration, the slides were placed in boiling PBS for 10 min 
for antigen retrieval, followed by incubation of the sections 
with 0.3% hydrogen peroxide for 30 min at room temperature 
to block endogenous peroxidase activity. The sections were 
blocked by 0.5% BSA/PBST containing 10% goat serum 
for 60 min at room temperature. The slides were incubated 
with primary antibodies, including MMP2 (dilution 1:200; 
cat. no. ab37150), MMP9 (dilution 1:200; cat. no. ab38898), 
proliferating cell nuclear antigen (PCNA; dilution  1:400; 

cat. no. ab29; all from Abcam) and caspase‑3 (dilution 1:200; 
cat. no. 9662; Cell Signaling Technology, Inc.) at 4˚C overnight. 
Following three washes with PBS, the sections were incubated 
with HRP‑conjugated goat anti‑rabbit antibody (dilution 1:600; 
cat. no. ab6721) and goat anti‑mouse antibody (dilution 1:600; 
cat. no. ab6789; both from Abcam) for 1 h at room tempera-
ture. The color was developed using the 3,5‑diaminobenzidine 
(DAB; Vector Laboratories, Inc., Burlingame, CA, USA) 
substrate, followed by counterstaining with hematoxylin. The 
images were captured by a light microscope (Nikon).

ATP assay. The ATP content was determined in cell extracts 
using a luminescent ATP detection kit (ATPlite Luminescence 
Assay System; PerkinElmer Life Sciences, Waltham, MA, 
USA). The experiment was performed according to the manu-
facturer's protocol. The luminescence intensity was detected 
using a microplate reader.

Statistical analysis. Data are expressed as the means ± standard 
deviation. For the comparison of 2 groups, a Student's t‑test 
was used. When comparing ≥3 groups, one‑way analysis of 
variance (ANOVA) was used, if the ANOVA was significant, 
post hoc testing of differences between groups was performed 
using Fisher's least significant difference test. P<0.05 was 
considered to indicate a statistically significant difference. The 
analysis was performed using SPSS 18.0 software (SPSS, Inc., 
Chicago, IL, USA).

Results

Effect of ISL on Saos‑2 cell viability. To investigate whether 
ISL was able to specifically inhibit the cell viability of 
osteosarcoma cell line Saos‑2, Saos‑2 and MC3T3‑E1 
(mouse embryonic osteoblastic cells) cells were treated with 
different doses of ISL for 48 h. The results demonstrated that 
when treated with 30 µM ISL, Saos‑2 cell viability began to 
decrease significantly, while MC3T3‑E1 cells remained unal-
tered (Fig. 1A). Subsequently, 30 µM ISL was selected to treat 
Saos‑2 cells across a number of time‑points. The growth of 
ISL‑treated Saos‑2 cells was significantly inhibited at the indi-
cated time‑points compared with the control group, and the 
optimum inhibitory effect of ISL on Saos‑2 cells was observed 
at 48 h (Fig. 1B).

Effect of ISL on Saos‑2 cell proliferation. To investigate 
whether the decrease in Saos‑2 cell viability induced by ISL was 
associated with cell cycle arrest, the cell cycle distribution 
was analyzed. The results demonstrated that ISL was able to 

Table I. The sequences of the primers for RT‑qPCR.

Gene name 	 Forward (from 5' to 3')	 Reverse (from 5' to 3')

MMP2	 CAAGTTCCCCGGCGATGTC	 CTGGACAGCCAGACACTAAAG
MMP9	 TTCTGGTCAAGGTCACCTGTC	 CTCGCGGCAAGTCTTCAGAG

RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; MMP, matrix metalloproteinase.

https://www.spandidos-publications.com/10.3892/or.2019.6998
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significantly increase the number of cells in the G1 phase and 
decrease the number of cells in the S phase (Fig. 2A and B). 
Western blot analysis revealed that the expression of cyclin D1 
was significantly downregulated, while p53, p21 and p27 were 
significantly upregulated in ISL‑treated Saos‑2 cells, compared 
with the control group (Fig. 2C and D).

Effect of ISL on Saos‑2 cell apoptosis. To investigate whether 
ISL was able to induce Saos‑2 cell apoptosis, Annexin V and 
PI staining was performed. The results demonstrated that the 
apoptosis rate in ISL‑treated cells was significantly higher 
compared with that in the control cells (Fig. 3A and B). Further 
analysis revealed that ISL was able to significantly down-
regulate the expression of anti‑apoptosis protein Bcl‑2 and 
upregulate the expression of the pro‑apoptotic proteins Bax 
and caspase‑3 (Fig. 3C and D). In addition, ATP production 
was significantly inhibited by ISL (Fig. 3E).

Effect of ISL on Saos‑2 cell migration. To investigate whether 
ISL was able to inhibit Saos‑2 cell migration, scratch test and 
Transwell assays were performed. To avoid the effects of cell 
viability of having an effect on the migration ability of the cells, 
an ISL dose that has no effect on cell viability is necessary 
and required for the cell migration assay. Since cell viability 
was significantly reduced when Saos‑2 cells were treated with 
ISL at a dose of 30 µM, 10 µM ISL was used to treat cells. 
The results demonstrated that the cell migration distance was 
shorter, while the number of migratory cells was decreased in 
the ISL group compared with the control group (Fig. 4A‑D). 
Furthermore, the protein and mRNA expression levels of 
MMP2 and MMP9 in Saos‑2 cells were downregulated by 
treatment with ISL (Fig. 4E‑G).

Effect of ISL on the PI3K/AKT pathway in Saos‑2 cells. 
To investigate whether ISL affected the expression of 

Figure 2. Effect of ISL on Saos‑2 cell proliferation. Cultured Saos‑2 cells were incubated with or without 30 µM ISL for 48 h. (A) Cell cycle analysis. 
(B) Quantification of cell cycle distribution. (C) Western blot analysis of the expression of cyclin D1, p53, p21 and p27. β‑actin was used as a loading control. 
(D) Quantification of the protein expression levels of cyclin D1, p53, p21 and p27. &P<0.05 vs. the control group; n=5. ISL, isoliquiritigenin.

Figure 1. Effect of ISL on Saos‑2 cell viability. (A) Cultured Saos‑2 and MC3T3‑E1 cells were incubated with various doses of ISL for 48 h, and cell viability 
was determined by CCK‑8 assay. (B) Cultured Saos‑2 cells were incubated with or without 30 µM ISL for the indicated time‑points. Cell viability was deter-
mined by CCK‑8 assay. (*P<0.05 vs. 0 µM, &P<0.05, &&&P<0.001 vs. the control group; n=5. ISL, isoliquiritigenin; CCK‑8, Cell Counting Kit‑8.
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molecules in the PI3K/AKT pathway, the expression of 
associated proteins was assessed. The results demonstrated 
that although the protein expression levels of total PI3K and 

AKT were not affected by treatment with ISL, the expression 
levels of p‑PI3K and p‑AKT were significantly downregu-
lated (Fig. 5A and B).

Figure 3. Effect of ISL on Saos‑2 cell apoptosis. Cultured Saos‑2 cells were incubated with or without 30 µM ISL for 48 h. (A) Cell apoptosis was determined 
by staining with Annexin V and PI. (B) Quantification of cell apoptosis. (C) Western blot analysis of the expression of Bcl‑2, Bax and caspase‑3. β‑actin was 
used as a loading control. (D) Quantification of the protein expression levels of Bcl‑2, Bax and caspase‑3. (E) Intracellular ATP production assay. &P<0.05, 
&&&P<0.001 vs. the control group; n=5. ISL, isoliquiritigenin; PI, propidium iodide; Bcl‑2, apoptosis regulator Bcl‑2; Bax, apoptosis regulator Bax.

Figure 4. Effect of ISL on Saos‑2 cell migration. Cultured Saos‑2 cells were incubated with or without 10 µM ISL for 48 h. (A) Representative images of the 
scratch test at 0 and 48 h. Magnification, x100. (B) Quantification of the cell migration distance. (C) Representative images of migratory cells stained with 
crystal violet. Magnification, x100. (D) The number of migratory cells. (E) Western blot analysis of the expression of MMP2 and MMP9. β‑actin was used as 
a loading control. (F) Quantification of the protein expression levels of MMP2 and MMP9. (G) Reverse transcription‑quantitative polymerase chain reaction 
analysis of the mRNA expression levels of MMP2 and MMP9. &P<0.05 vs. the control group; n=5. ISL, isoliquiritigenin; MMP, matrix metalloproteinase.

https://www.spandidos-publications.com/10.3892/or.2019.6998
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Effect of ISL on the growth of xenograft tumors. To investigate 
whether ISL was able to suppress the growth of xenograft 
tumors, Saos‑2 cells were implanted via subcutaneous injec-
tion into the flank of ISL‑treated or control mice. Body weight 
and tumor volume were monitored. The results demon-
strated that treatment with ISL had no influence on body 
weight (Fig. 6A). However, the ISL‑treated tumor size began 
to significantly decrease at day 40 post‑injection, compared 
with vehicle‑treated tumors (Fig. 6B). Following sacrifice, the 
tumors were removed, and the tumor size and weight were 
compared between vehicle‑treated and ISL‑treated mice. The 
tumor size and tumor weight were decreased in ISL‑treated 
mice compared with control mice (Fig. 6C and D).

Effect of ISL on cell proliferation, apoptosis and migration 
in the xenograft tumor model. To investigate the effect of ISL 
on cell proliferation, cell migration and cell apoptosis in the 
xenograft tumor model, PCNA, caspase‑3, MMP2 and MMP9 
immunohistochemistry was performed on the tumor sections. 
The results demonstrated that PCNA, MMP2 and MMP9 
positive cells were significantly reduced and caspase‑3 positive 
cells were significantly increased in the ISL‑treated tumors 
compared with the control tumors (Fig. 7A‑H). Western blot 
analysis revealed that the expression of total PI3K and AKT 
in ISL‑treated and control tumors was similar, although the 
levels of p‑PI3K and p‑AKT were significantly decreased in 
ISL‑treated tumors (Fig. 7I and J).

Figure 5. Effect of ISL on the PI3K/AKT pathway in Saos‑2 cells. Cultured Saos‑2 cells were incubated with or without 30 µM ISL for 48 h. (A) Western 
blot analysis of the expression of AKT, p‑AKT, PI3K and p‑PI3K. β‑actin was used as a loading control. (B) Quantification of the protein expression 
levels of AKT, p‑AKT and PI3K, p‑PI3K. &P<0.05 vs. the control group, n=5. ISL, isoliquiritigenin; PI3K, phosphatidylinositol 3‑kinase; AKT, RAC‑α 
serine/threonine‑protein kinase.

Figure 6. Effect of ISL on the growth of xenograft tumors. The mice were treated with corn oil or ISL (50 mg/kg/day). (A) The body weight of ISL‑treated or 
corn oil‑treated mice. (B) Tumor volume. (C) Tumor size. (D) Tumor weight. &P<0.05 vs. the control group; n=5. ISL, isoliquiritigenin.
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Discussion

In the present study, the effect of ISL on the growth of 
osteosarcoma was investigated. Since, compared with other 
osteosarcoma cell lines including MG‑63 or U2OS, Saos‑2 
cells exhibit better tumorigenesis potential in vivo, which 
benefits the in vivo study, Saos‑2 cells were used in the present 
study. It was demonstrated that ISL was able to suppress the 
growth of the osteosarcoma cell line Saos‑2 cells in vitro 
and in vivo. This inhibitory effect of ISL was associated with 
decreasing cell proliferation and increasing cell apoptosis. 
Furthermore, the in vitro experiments demonstrated that ISL 
was able to inhibit the migratory potential of Saos‑2 cells. 
The underlying mechanisms of action of ISL in osteosarcoma 
may depend on the inhibitory effect of ISL on the PI3K/AKT 
signaling pathway.

Rapid cell division is one of the most important hallmarks of 
tumors. In cells, cell division is promoted by cyclin‑dependent 
kinases  (CDKs) interacting with cyclins  (19). This inter-
action may be blocked by cell cyclin‑dependent kinase 
inhibitors (CDKIs) (20). In the present study, it was revealed 
that ISL was able to significantly upregulate the expression 
of p53, p21 and p27 and downregulated cyclin D1 in cultured 
Saos‑2 cells. Furthermore, ISL inhibited the proliferation of 
Saos‑2 cells in vivo. These results are consistent with previous 
reports investigating the antiproliferative effect of ISL in other 
types of cancer (7,21‑23). Therefore, the suppressive effect of 
ISL on osteosarcoma is partly mediated by inhibition of cell 
division.

Increasing evidence suggests that ISL is a potent apoptosis 
inducer in tumor cells  (24‑27). The present study demon-
strated that ISL was able to induce the apoptosis of Saos‑2 

Figure 7. Effect of ISL on cell proliferation, apoptosis and migration in xenograft tumors of Saos‑2 cells. Immunohistochemistry on sections of tumors with 
antibodies against (A) PCNA, (B) caspase‑3, (C) MMP2 and (D) MMP9. Magnification is x400 in A and B, and x200 in C and D. Quantification of (E) PCNA 
and (F) caspase‑3‑positive cells. Relative expression of (G) MMP2 and (H) MMP9. (I) Western blot analysis of the expression of AKT, p‑AKT, PI3K and 
p‑PI3K. β‑actin was used as a loading control. (J) Quantification of the protein expression levels of AKT, p‑AKT, PI3K and p‑PI3K. &P<0.05, &&P<0.01, 
&&&P<0.001 vs. the control group; n=5. ISL, isoliquiritigenin; PI3K, phosphatidylinositol 3‑kinase; AKT, RAC‑α serine/threonine‑protein kinase; MMP, 
matrix metalloproteinase; PCNA, proliferating cell nuclear antigen.

https://www.spandidos-publications.com/10.3892/or.2019.6998
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cells in vitro and in xenograft tumors. Previous studies have 
demonstrated that ISL‑triggered cell apoptosis is associated 
with disruption of mitochondrial function (28‑30). It is gener-
ally acknowledged that mitochondria serve a critical role in 
mediating cell apoptosis. A cluster of proteins belonging to 
the Bcl‑2 family localize to the outer membrane of mitochon-
dria to regulate cell apoptosis (31). The Bcl‑2 family proteins 
may be classified into two groups: One is the anti‑apoptotic 
proteins, including Bcl‑2, and the other is the pro‑apoptotic 
proteins including Bax. The balance of these two proteins 
determines whether a cell undergoes apoptosis  (32,33). In 
the present study, it was observed that ISL downregulated the 
expression of the anti‑apoptotic protein Bcl‑2 and upregulated 
the expression of the pro‑apoptotic protein Bax in cultured 
Saos‑2 cells. Consistent with this, ATP synthesis which 
occurs primarily in mitochondria was significantly inhibited 
by ISL. Therefore, ISL induced osteosarcoma apoptosis via 
mitochondrial signaling. A previous study demonstrated that 
ISL induced the apoptosis of Hep‑G2 cells in a p53‑dependent 
manner (34). In the present study, the upregulation of p53 may 
have been involved in promoting osteosarcoma apoptosis. In 
conclusion, ISL‑induced cell apoptosis partly accounted for 
the osteosarcoma growth‑inhibitory effect of ISL.

It has been noted that ISL may inhibit the metastasis of 
various tumors (13,35). In the present study, it was demon-
strated that ISL inhibited the migratory potential of cultured 
Saos‑2 cells. Breakdown of the extracellular matrix (ECM) is 
a crucial event in tumor cell invasion. This process is regulated 
by a number of molecules, particularly MMP2, MMP9 and 
tissue inhibitors of metalloproteinases (TIMPs) (36‑38). It has 
been demonstrated that MMP2 and MMP9 are required for 
osteosarcoma metastasis (39,40). A previous study demon-
strated that ISL inhibits the metastasis of breast cancer by 
downregulating the expression of MMP2 and MMP9 (13). 
Consistent with this finding, it was observed that ISL down-
regulated the expression of MMP2 and MMP9 in cultured 
Saos‑2 cells and in xenograft tumors.

One critical underlying mechanism of the biological func-
tion of ISL is its ability to modify the intracellular PI3K/AKT 
pathway. It has been demonstrated that ISL induces melanin 
degradation in human epidermal keratinocytes and inhibits 
the proliferation of human arterial smooth muscle cells by 
suppressing PI3K/AKT signaling (41,42). In addition, numerous 
studies have demonstrated that ISL may inhibit the phosphory-
lation of PI3K and AKT in tumor cells, thereby suppressing 
the growth of the tumor (11‑13). In the present study, it was 
demonstrated that ISL was able to significantly reduce the 
levels of p‑AKT and p‑PI3K in Saos‑2 cells in vitro and in 
xenograft tumors. It has previously been demonstrated that the 
PI3K/AKT pathway is vital for the initiation and progression 
of osteosarcoma (16). A broad spectrum of molecules involved 
in cell proliferation, survival and invasion are directly or indi-
rectly regulated by PI3K/AKT signaling (16). Drugs targeting 
PI3K/AKT signaling have been developed against osteosar-
coma, including PI3K pan inhibitors. However, the safety of 
these drugs is undergoing evaluation and remains controver-
sial. In the present study, it was revealed that treatment with 
ISL was associated with low cytotoxicity in MC3T3‑E1 cells 
and had no influence on the body weight of mice, indicating 
that ISL may be a safe drug for osteosarcoma treatment. This 

result is consistent with a previous study reporting that ISL 
may significantly decrease the tumor size of mice without 
evident weight loss (17).

In conclusion, it was demonstrated that ISL was able 
to inhibit cell proliferation and induce the cell apoptosis of 
osteosarcoma in vitro and in vivo, possibly by deactivating 
the PI3K/AKT signaling pathway. In addition, it was also 
demonstrated that ISL attenuated the migration of cultured 
Saos‑2 cells. The present study indicated that ISL may serve 
as a potential drug for osteosarcoma treatment.
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