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Abstract. Piceatannol (Pice), a natural analog of resveratrol, 
has been identified as an anticancer agent in various cancers 
by modulating the expression of microRNAs (miRNAs/miRs). 
However, the molecular mechanisms underlying the anticancer 
effects of Pice in osteosarcoma (OS) cells remain unclear. 
Thus, we hypothesized that Pice exerts anticancer effects on 
OS cells via the regulation of miRNA expression. Herein, we 
performed a MTT assay and flow cytometric analysis to deter-
mine cell viability and apoptosis in OS cells treated with Pice, 
respectively. Our results showed that Pice inhibits proliferation 
in a dose‑dependent manner induces the apoptosis of OS cells. 
More importantly, miRNA microarray analysis identified that 
Pice alters miRNA expression profiles in human OS cells after 
treatment with Pice, and miR‑21 was the most significantly 
downregulated. In addition, the therapeutic effects of Pice on 
OS cells were weakened by restoration of miR‑21. In addi-
tion, we further verified that phosphatase and tensin homolog 
(PTEN), a tumor suppressor gene, is the functional target of 
miR‑21 and Pice blocks the PTEN/AKT signaling pathway 
through inhibiting miR‑21 expression in OS cells. Our find-
ings suggested that Pice may exert anticancer effects on OS 
cells via mediating the miR‑21/PTEN/AKT signaling pathway 
and could be considered to be a potential anticancer agent for 
treating OS.

Introduction

Osteosarcoma (OS), also known as osteogenic sarcoma, is 
the most common primary malignant bone tumor with a high 
potential for lung metastasis, and is commonly formed in 
the bones of arms and legs of children and adolescents (1,2). 
Recently, the continuous improvement of technologies 
employed for auxiliary examination and treatment have 
increased the 5‑year survival rate of OS from 20 to 70% in 
the past 30 years, especially the use of novel chemotherapy 
agents (3,4). However, currently approved agents can cause 
notable side effects (5,6). Therefore, it is urgent to develop a 
novel agent with high efficiency and low toxicity in the treat-
ment of OS.

Piceatannol (3,3',4,5'‑tetrahydroxy‑trans‑stilbene; Pice), a 
phenolic compound and an analog of resveratrol, first isolated 
from the seeds Euphorbia lagascae (7), and naturally occurs 
in various sources, including red wine, grapes, sugar cane, 
peanuts and rhubarb (8‑10). Previous studies reported that Pice 
possesses a variety of pharmacological properties involved in 
anti‑inflammatory (11,12) and immunosuppressive features, 
and is a promising chemopreventive agent with anticancer 
activity against different types of tumors (12). it is well docu-
mented that Pice could suppress proliferation, migration, and 
metastasis in a variety of cancers, including breast, prostate 
and bladder cancer (13‑15). However, the therapeutic effects 
and molecular mechanism of Pice in OS cells remains unclear.

MicroRNAs (miRNAs/miRs) are a class of small 
non‑coding RNAs (21‑23 nucleotides), which negatively regu-
late gene expression at the post‑transcription level through 
inhibiting translation or inducing RNA degradation (16,17). 
Many miRNAs have been identified in mammals, and some of 
them are expressed in a tissue‑specific and developmental stage 
specific manner (18). It is well reported that some miRNAs 
have been identified to function as oncogenes or tumor 
suppressor genes in cancers, and could inhibit cell signaling 
pathways to mediate various biological processes, such as cell 
differentiation, apoptosis, proliferation and migration (19,20). 
Increasing evidence revealed that natural‑derived agents exert 
anticancer properties in various cancers via mediating the 
expression of miRNAs (21‑23). A previous study demonstrated 
that Pice induces apoptosis in colorectal cancer cell lines via 
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upregulation of miR‑129 (24). Based on this, we speculated 
that Pice may suppress the growth of human OS cells through 
modulating miRNA expression.

In this study, we aimed to investigate the therapeutic 
effects of Pice on OS cells and explored the underlying 
molecular mechanism by examining Pice‑induced changes of 
miRNA expression profiles. Our findings suggested that Pice 
may exert anticancer effects on OS cells through mediating the 
miR‑21/PTEN/AKT signaling pathway and act as a potential 
chemopreventive agent for the treatment of OS.

Materials and methods

Cell culture and treatments. The human OS cell lines MG‑63 
and Saos‑2 were obtained from the American Type Culture 
Collection, and cultured in RPMI‑1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS; Sigma‑Aldrich; Merck KGaA), 100 IU/ml 
penicillin, and 100 mg/ml streptomycin, at 37˚C in a humidi-
fied atmosphere containing 5% CO2. The cells treated with 
different concentrations (0, 10, 25, 50, 100 and 200 µM) at 
37˚C of Pice (Sigma‑Aldrich; Merck KGaA) for 24 h and then 
the cells were collected for further measurements.

MTT assay. The antiproliferative effects of Pice against OS 
cells was measured using an MTT assay. Briefly, the cells 
(1x104) were seeded into 96‑well plate overnight at 37˚C, and 
then the cells were treated with or without 10‑200 µM of Pice. 
At 24 h following Pice treatment, the cells were washed with 
PBS and recovered in fresh medium. After incubation for 
48 h at 37˚C, 20 µl of MTT solution (Sigma‑Aldrich; Merck 
KGaA) was added to each well, the concentration of MTT was 
0.5 g/ml. The cells were incubated for 4 h at 37˚C subsequently. 
The absorbance of the samples was read at 490 nm (Sunrise™; 
Tecan Group Ltd.). Each experiment was performed in tripli-
cate and the data were presented as mean ± standard deviation.

Apoptosis analysis by flow cytometry. MG‑63 or Saos‑2 cells 
(1x106) were harvested after treatment with Pice, washed in 
ice‑cold PBS, and fixed in 70% ice‑cold ethanol in PBS for 
30 min at 4˚C. Then, the cells were harvested and were double 
stained with 5 µl Annexin V‑fluorescein isothiocyanate and 1 µl 
of propidium iodide for 30 min at 4˚C. The stained cells were 
analyzed with EPICS XL‑MCL FACScan (Becton Dickinson). 
The MultiCycle Software for Windows (version 3.11; Phoenix 
Flow Systems) was used to analyze the experimental data.

miRNA microarray analysis. Total RNAs were isolated from 
OS cells treated with Pice (100 µM) using TRIzol® (Thermo 
Fisher Scientific, Inc.) according to manufacturer's instructions. 
The quantity and integrity of RNA samples was evaluated 
using a 2100 Bioanalyzer (Agilent Technologies, Inc.). The 
miRNA ULS™ Labeling Kit (Kreatech Diagnostics; Leica 
Biosystems) was used to label the total RNA (2.5 µg) according 
to the manufacturer's protocols. Labeled miRNA targets were 
hybridized with OneArray® Hybridization System. Microarray 
images were obtained using the Axon GenePix 4000B micro-
array scanner (Axon Instruments). Then, the scanning images 
imported into the GenePix Pro6.0 program (Axon Instruments) 
for grid alignment and data extraction. The miRNAs with 

intensities ≥50 were used to calculate a normalization factor 
in all samples. Normalization was performed using median 
normalization. The miRNA expression profiles were deter-
mined using MEV software (version 4.6; TIGR, Microarray 
Software Suite 4).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). After treatment with Pice, total RNA was extracted 
from cultured cells using TRIzol according to the manufac-
turer's protocol. cDNA was synthesized using the High 
Capacity cDNA Synthesis Kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) with miRNA‑specific primers. The 
miR‑21 primer was obtained from Guangzhou Ribobio Co., 
Ltd. The miR‑21 primer sequences were as follows: stem‑loop 
RT primer: 5'‑GTCGTATCCAGTGCAGGGTCCGAGGTA 
TTCGCACTGGATACGACTCAACA‑3'; forward 5'‑GCCCG 
CTAGCTTATCAGACTGATG‑3' and reverse 5'‑GTGCAGG 
GTCCGAGGT‑3'. Expression of U6 RNA served to normalize 
the expression of miR‑21. The U6 primer sequences were as 
follows: forward 5'‑ CTCGCTTCGGCAG CACA‑3' and 
reverse 5'‑AACGCTTCACGAATTTGCGT‑3'. qPCR was 
performed by an Applied Biosystems 7500 Real‑Time PCR 
machine with miRNA‑specific primer by TaqMan Gene 
Expression Assay (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). Thermocycling conditions were: 95˚C for 
5 min, followed by 40 cycles of 95˚C for 30 sec and 55˚C for 
25 sec, and extension at 72˚C for 10 sec. All reactions were 
performed in triplicate. The miRNAs relative expression was 
analyzed with the 2‑ΔΔCq method (25).

Transfection. MG‑63 or Saos‑2 cells (5x103) cells were seeded 
into each well of 6‑well plate, cultured in the RPMI‑1640 
medium containing 10% FBS, and treated with or without 
Pice. Then, the cells were transfected with miR‑21 mimics 
(5'‑UAGCUUAUCAGACUGAUGUUGA‑3), miR‑21 inhibitor 
(5'‑UCAACAUCAGUCUGAUAAGCUA‑3') or mimics nega-
tive control (NC, 5'‑UUCUCCGAACGUGUCACGUTT‑3') 
inhibitor negative control (NC, 5'‑CAGUACUUUUGUGUA 
GUACAA‑3'), synthesized by Guangzhou Ribobio Co., Ltd., at 
a final concentration of 50 µM using Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. At 48 h after transfection, the 
cells were harvested and proliferation, apoptosis and caspase‑3 
activity were evaluated by MTT assay, flow cytometry and 
colorimetric activity analysis, respectively. Target gene anal-
yses of miR‑21. A bioinformatics method was used to predict 
the potential target genes of miR‑21. Web‑based software of 
TargetScan 7.0 (targetscan.org/) and miRanda (microrna.org/) 
databases were used to predict the targets of miR‑21.

Caspase‑3 activity. Caspase‑3 activity was determined using 
a colorimetric activity assay kit according to manufacturer's 
instructions (Bio Vison). After treatment with Pice (100 µM) 
for 24 h, OS cells were harvested by centrifugation at 1,000 x g 
for 10 min at 4˚C and incubated in lysis buffer (cat. no. P0013K; 
Beyotime Institute of Biotechnology) on ice for 15 min at 
RT. Then, the lysate was centrifuged at 13,000 x g and 4˚C 
for 15 min, the protein concentration was measured using a 
BCA Protein Assay Kit (Beyotime Institute of Biotechnology) 
according to the manufacturer's instructions. The lysates 
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(10 µl) were incubated with 10 µl of 0.2 mM Ac‑DEVD‑pNA 
in 80 µl of reaction buffer at 37˚C for 2 h. The samples were 
measured with a microplate reader (Model 680, Bio‑Rad 
Laboratories, Inc.) at an absorbance of 405 nm.

Luciferase reporter assay. The human phosphatase and tensin 
homolog (PTEN) 3'‑untranslated region (3'‑UTR) containing 
complementary sequences for the seed sequence of miR‑21 
was amplified by PCR and cloned into the firefly luciferase 
expressing vector pMIR‑REPORT (Ambion; Thermo Fisher 
Scientific, Inc.; wild‑type pMIR‑REPORT‑PTEN‑3'‑UTR, wt). 
A mutant of the 3'‑UTR with a mutation (mut) of comple-
mentary sequences for the seed sequence of miR‑21 
(pMIR‑REPORT‑PTEN‑mut‑3'‑UTR) was performed using 
the QuikChange II Site‑Directed Mutagenesis Kit (Stratagene; 
Agilent Technologies, Inc.). The MG‑63 cells were seeded 
into 24‑well plate and transfected with wt or mut reporter 
vector, together with miR‑21 mimics or miR‑21 inhibitor 
using Lipofectamine® 2000. The pRL‑TK plasmid (Promega 
Corporation) was used as a normalizing control. At 48 h after 
transfection, the luciferase activity was determined with the 
Dual‑Light luminescent reporter gene assay system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), and the relative 
firefly luciferase activity was normalized with Renilla lucif-
erase. Each determination was performed in triplicate.

Western blot analysis. After 48 h following transfection, total 
protein from cells was isolated using radioimmunoprecipita-
tion assay buffer with protease inhibitor Cocktail (Pierce; 
Thermo Fisher Scientific, Inc.). The protein concentration 
was determined using a BCA protein assay kit. Total proteins 
(20 µg) were separated via 10% SDS‑PAGE and then trans-
ferred onto to polyvinylidene difluoride membranes (BD 
Pharmingen; BD Biosciences). The membranes were blocked 
with 5% non‑fat milk at 4˚C overnight, and incubated with 

primary antibodies against PTEN (cat. no. sc‑7974, 1:1,000, 
Santa Cruz Biotechnology, Inc.), phosphorylated (p)‑AKT (cat. 
no. sc‑7985‑R, 1:1,000, Santa Cruz Biotechnology, Inc.) and 
AKT (cat. no. sc‑5298, 1:1,000, Santa Cruz Biotechnology, 
Inc.) at 4˚C overnight. β‑actin (cat. no. A‑ 5441, 1:1,000, 
Sigma‑Aldrich; Merck KGaA) served as an internal control. 
Horseradish peroxidase‑conjugated (cat. no. sc‑2031, 1:5,000, 
Santa Cruz Biotechnology, Inc.) antibodies were used as the 
secondary antibodies, incubating with the secondary antibody 
for 1 h at room temperature. The protein bands were scanned 
on the using the ChemiDocXRS + Imaging System (Bio‑Rad 
Laboratories, Inc.). The band intensity was quantified using 
Quantity One v4.6.2 software (Bio‑Rad Laboratories, Inc.). 
All the experiments were performed in triplicate.

Statistical analysis. The SPSS 14.0 software (SPSS, Inc.) was 
used to analyze the data. Numerical data presented as the 
mean ± standard deviation. The difference between two groups 
was analyzed with a Student's t‑test. Multiple groups were 
compared using one‑way analysis of variance with Tukey's 
post hoc tests. P<0.05 was considered to indicate a statistically 
significant difference and P<0.01 indicated a highly statisti-
cally significant difference.

Results

Pice suppresses OS cell growth. To examine the effects of Pice 
on the growth of OS cells, MG‑63 or Saos‑2 cells were treated 
with Pice at different concentrations (10‑200 µM) for 24 h, 
and then the cell viability was measured using an MTT assay. 
Our results demonstrated that treatment with 10‑200  µM 
Pice significantly inhibited Saos‑2 and MG‑63 cell prolifera-
tion in a dose‑dependent manner compared with the control 
(P<0.01; Fig. 1A and B). To explore whether the reduction in 
cell viability was associated with cell apoptosis, we performed 

Figure 1. Pice suppresses osteosarcoma cell growth. (A and B) The MG‑63 and Saos‑2 cells were treated with Pice at different concentrations (10‑200 µM) 
for 24 h, and then an MTT assay was used to measure cell viability. (C and D) Flow cytometric analysis was performed to determine the number of apoptotic 
MG‑63 and Saos‑2 cells treated with Pice (100 µM) for 24 h. Data were presented as the mean ± standard deviation of three individual experiments. *P<0.05, 
**P<0.01 vs. control. FITC, fluorescein isothiocyanate; PI, propidium iodide; Pice, Piceatannol.
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flow cytometric analysis to examine apoptosis of MG‑63 and 
Saos‑2 cells treated with Pice. As presented in Fig. 1Cand D, 
compared with the control group, the number apoptotic cells 
was significantly increased for both cell lines after treatment 
with 100 µM Pice for 24 h (P<0.01). These data indicated that 
Pice may be a potential therapeutic agent in the treatment of 
OS.

Pice induces the aberrant expression of miRNAs in OS cells. 
Increasing evidence revealed that miRNAs are associated a 
variety of biological and pathological processes, including 
cellular differentiation, proliferation, apoptosis and carcino-
genesis (26,27). Recently, Pice has been identified to exhibit 
anti‑cancer effects on colorectal cancer cell lines through 
upregulation of miR‑129 (24). To investigate whether Pice 
possessed the suppressive effect in OS cells via modulating 
miRNA expression, microarray analysis was performed to 
measure the miRNA expression profiles in OS cells after 
treatment with Pice (100 µM) for 24 h. We observed that a 
large set of miRNAs expression were altered after Pice treat-
ment compared with the control, and that miR‑21 was the 
most significantly downregulated in human OS cells after 
Pice treatment (Fig. 2A). miR‑21 has been reported to act as 
an oncogene in OS through promoting proliferation and inva-
sion, and suppressing apoptosis of OS cells (28‑30). Based on 
these studies, we further measured the miR‑21 levels in OS 
cells treated with Pice. The Saos‑2 cells were treated with 
10‑200 µM of Pice for 24 h and then the expression of miR‑21 
was analyzed using RT‑qPCR. The results showed that Pice 
treatment reduced miR‑21 expression in a dose‑dependent 
manner in OS cells (Fig. 2B). These results suggested that 
Pice may exert anticancer effects through regulating miR‑21 
expression in human OS cells.

Overexpression of miR‑21 attenuates the therapeutic effects 
of Pice. To determine whether Pice exhibits the anticancer 

effects on OS cells via modulating miR‑21 expression, MG‑63 
and Saos‑2 cells were treated with or without 100 µM of Pice 
for 24 h and transfected with miR‑21 mimics or mimic NC, 
and cell viability and apoptosis were measured by an MTT 
assay and flow cytometric analysis, respectively. As shown 
in Fig. 3A and B, transfection with miR‑21 mimic/inhibitor 
resulted in the upregulation and downregulation of miR‑21 
in MG63 and Saos-2 cells, respectively, compared with the 
NC‑transfected cells (P<0.01). It was found that Pice treat-
ment significantly suppressed the viability of MG‑63 and 
Saos‑2 cells compared with control, but overexpression of 
miR‑21 significantly increased cell viability compared with 
the Pice‑treated group (P<0.01; Fig. 3C and F). Moreover, 
the Pice‑induced apoptosis effect was significantly impaired 
by overexpression of miR‑21 in MG‑63 and Saos‑2 cells 
compared with Pice‑treated group (P<0.01; Fig. 3D and G). 
Additionally, it was observed that Pice significantly increased 
caspase‑3 activity compared with control, but this enhance-
ment was rescued by overexpression of miR‑21 in MG‑63 and 
Saos‑2 cells (P<0.01; Fig. 3E and H). Taken together, these data 
suggested that the therapeutic effects of Pice were attenuated 
by overexpression of miR‑21 in OS cells.

PTEN is a target of miR‑21 in OS cells. It is reported that the 
protein PTEN has been reported to act as a functional target of 
miR‑21 in various human cancer cells, including lung cancer, 
esophageal cancer and lung squamous carcinoma  (31‑33). 
However, whether PTEN is a direct target of miR‑21 in OS 
cells remains to be elucidated. To identify the target of miR‑21 
in OS cells, we performed TargetScan analysis to predict 
the target genes of miR‑21 and identified PTEN as a poten-
tial target of miR‑21 (Fig. 4A). To verify this bioinformatic 
predication, we established the luciferase reporter plasmids 
containing the wt or mut 3'‑UTR segments of PTEN (Fig. 4A). 
A luciferase reporter assay showed that miR‑21 mimic signifi-
cantly inhibited the luciferase activity compared with the 

Figure 2. Expression profile of miRNA in Pice‑treated osteosarcoma cells. (A) Saos‑2 cells were treated with Pice (100 µM) for 24 h and microarray analysis 
was used to determine miRNA levels. The heatmap revealed significant expressional changes of miRNAs in OS cells treated with Pice. Green represented 
downregulated expression and red indicated upregulation. (B) Saos‑2 cells were treated with 10‑200 µM of Pice for 24 h and reverse transcription‑quantitative 
polymerase chain reaction was conducted to determine miR‑21 expression. Data were presented as the mean ± standard deviation of three individual experi-
ments. *P<0.05, **P<0.01 vs. control. miR, microRNA; Pice, Piceatannol.
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Figure 3. Overexpression of miR‑21 attenuates the therapeutic effects of Pice. The MG‑63 or Saos‑2 cells were transfected with miR‑21 mimics or mimic NC 
after treatment with or without 100 µM of Pice for 24 h. (A and B) MG‑63 and Saos‑2 cells were transfected with miR‑21 mimic/inhibitor or mimic/inhibitor 
NC. The expression of miR‑21 was measured using reverse transcription‑quantitative polymerase chain reaction analysis (**P<0.01, ##P<0.01). (C‑E) MTT 
assay, flow cytometric analysis and colorimetric activity assay kit were employed to measure cell viability, apoptosis and caspase‑3 activity in MG‑63 cells, 
respectively. (F‑H) The cell viability, apoptosis and caspase‑3 activity were determined in Saos‑2 cells using an MTT assay, flow cytometric analysis and colo-
rimetric activity assay kit, respectively. Data were presented as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01 vs. control. 
##P<0.01. miR, microRNA; NC, negative control; Pice, Piceatannol.

Figure 4. PTEN is a direct target of miR‑21 in osteosarcoma cells. (A) The PTEN 3'‑UTR region containing the wt or mut binding site for miR‑21. (B) The 
Saos‑2 cells were co‑transfected with miR‑21 mimics/inhibitor or NC oligos and plasmid pMIR‑REPORT‑PTEN‑3'‑UTR (wt, mut). The relative firefly lucif-
erase activity normalized with Renilla luciferase was measured 48 h after transfection. **P<0.01, ##P<0.01. (C) Saos‑2 cells were transfected with miR‑21 
mimic/inhibitor or corresponding mimic/inhibitor NC, and reverse transcription‑quantitative polymerase chain reaction was used to measure PTEN mRNA 
level. **P<0.01 vs. NC. (D) Western blot analysis was conducted to detect the PTEN protein level in Saos‑2 cells after transfection with miR‑21 mimic/inhibitor 
or corresponding mimic/inhibitor NC; β‑actin was used as an internal control. **P<0.01, ##P<0.01. Data were presented as the mean ± standard deviation of 
three individual experiments. Hsa, homo sapiens; miR, microRNA; mut, mutant; NC, negative control; PTEN, phosphatase and tensin homolog; wt, wild-type; 
3'‑UTR, 3'‑untranslated region.
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mimic NC, but miR‑21 inhibitor significantly enhanced the 
luciferase activity compared with the inhibitor NC (P<0.01; 
Fig. 4B). Additionally, miR‑21 mimic or inhibitor did not 
affect the luciferase activity in the cells transfected with 
pMIR‑REPORT‑PTEN‑mut‑3'‑UTR (Fig.  4B). To further 
confirm that the PTEN expression is regulated by miR‑21, 
we performed the RT‑qPCR and western blotting to detect 
PTEN mRNA and protein levels, respectively. The results 
showed that overexpression of miR‑21 significantly inhibited 
the PTEN mRNA and protein levels compared with NC, 
but knockdown of miR‑21 significantly increased the PTEN 
mRNA and protein levels (P<0.01; Fig. 4C and D). These 
results suggested that miR‑21 suppresses PTEN by targeting 
its 3'‑UTR in OS cells.

Pice blocks the PTEN/AKT signaling pathway via 
modulating the expression of miR‑21 in OS cells. It has 
been reported that the PI3K/AKT signaling pathway plays 
a key role in cell survival, and possesses a protective effect 
on tumorigenesis‑associated apoptosis in cancer cells (34). 
Moreover, AKT was negatively regulated by PTEN, which 
serves a key role in a variety of diseases through modulating 
cell proliferation, survival, apoptosis and metabolism (35). 
A recent study has demonstrated that miR‑21 mediates the 
proliferation, apoptosis, migration, invasion and the cell cycle of 
human esophageal cancer cells, through targeting key proteins 
of the PTEN/PI3K/AKT signaling pathway (36). Based on this 
background, we hypothesized that Pice may also modulate the 
PTEN/AKT signaling pathway via downregulation of miR‑21 
in OS cells. To investigate this hypothesis, Saos‑2 cells were 
transfected with or without miR‑21 mimics after treatment 
with or without Pice, and Western blot analysis was used to 
measure the expression of PTEN and AKT. Our results showed 
that Pice treatment resulted in PTEN upregulation and p‑AKT 
downregulation compared with the control, but overexpression 
of miR‑21 significantly reduced PTEN expression and 
increased p‑AKT expression in Pice‑treated cells after 
transfection with miR‑21 mimics compared with transfection 
with mimics NC (P<0.01; Fig. 5A and B). Collectively, our data 

suggested that Pice blocks the PTEN/AKT signaling pathway 
via inhibiting miR‑21 expression in OS cells.

Discussion

Accumulating evidence revealed that Pice has been identified 
to act as anticancer agent in various cancers via suppressing 
proliferation, migration, and metastasis  (13‑15). However, 
whether Pice exerts such anti‑cancer effects when used in the 
context of the treatment of human OS remains unclear. In present 
study, our results demonstrated that Pice suppresses prolifera-
tion and in a dose‑dependent manner prompts apoptosis in OS 
cells. More importantly, we found that Pice alters miRNAs 
expression in human OS cells and reduces miR‑21 expression, 
which was significantly downregulated in a dose‑dependent 
manner. Moreover, the therapeutic effects of Pice on OS cells 
were attenuated by overexpression of miR‑21. Additionally, we 
verified that PTEN is a direct target of miR‑21 and Pice blocks 
the PTEN/AKT signaling pathway via suppressing miR‑21 
expression in OS cells. These data suggested that Pice may 
exert therapeutic effects on OS cells via modulating miR‑21/
PTEN/AKT signaling pathway and function as a promising 
therapeutic agent in the treatment of OS.

Previous studies uncovered that resveratrol confers an 
anticancer effect in different cancers through repressing cell 
growth (37,38). Increasing evidence demonstrated that Pice, a 
natural analog of resveratrol, induces apoptosis and cell cycle 
arrest in human melanoma (39). Additionally, Pice has been 
reported to act as an anti‑tumor agent in leukemia cells (40,41). 
In the present study, the results showed that Pice inhibits prolif-
eration and induces apoptosis in a dose‑dependent manner in 
both Saos‑2 and MG‑63 cells. These data suggested that Pice 
may be a potential therapeutic agent in the treatment of OS.

Mounting evidence demonstrated that miRNAs negatively 
regulate their target genes through inducing mRNA cleavage, 
translational arrest and a combination of the two, mainly 
by direct targeting of the 3'‑UTRs of mRNAs (17,42,43). It 
is extensively reported that miRNAs can function as tumor 
suppressors or oncogenes by targeting genes involved in 

Figure 5. Pice blocks the PTEN/AKT signaling pathway via inhibiting miR‑21 expression in osteosarcoma cells. (A) Saos‑2 cells were transfected with miR‑21 
mimics/mimics NC after treatment with 100 µM of Pice for 24 h, and the expression levels of PTEN, p‑AKT and AKT were measured by western blot analysis. 
β‑actin was used as an internal control. (B) The histogram indicated the relative protein expression obtained for each group. *P<0.05, **P<0.01 vs. control; 
##P<0.01. Data were presented as the mean ± standard deviation of three individual experiments. AKT, protein kinase B; miR, microRNA; NC, negative 
control; p, phosphorylated; PTEN, phosphatase and tensin homolog.
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tumor cell proliferation, apoptosis, differentiation and 
metastasis (44). One study demonstrated that resveratrol and 
its analogs were used as attractive miRNA‑mediated chemo-
preventive and therapeutic strategy in prostate cancer (45). 
Ke et al (46) revealed that resveratrol and Pice reduce the 
expression of miR‑183, resulting in attenuated osteoclastogen-
esis. In addition, Pice has been identified to suppress colorectal 
cancer growth via upregulation of miR‑129. Therefore, to 
investigate whether Pice exerts anticancer effects on OS 
cells via mediating miRNAs, we used microarray analysis to 
determine the miRNA expression profiles of OS cells after 
treatment with Pice. We found that Pice induces the aberrant 
expression of miRNAs and miR‑21 was the most signifi-
cantly downregulated in OS cells. Moreover, Pice decreases 
miR‑21 in a dose‑dependent manner as verified by RT‑qPCR. 
miR‑21 has been identified to act as an oncogene in OS via 
promoting OS cell proliferation and invasion, and suppressing 
apoptosis (28‑30). Then, we further investigated whether the 
therapeutic effects of Pice were modulated by miR‑21 expres-
sion; we observed that overexpression of miR‑21 attenuates 
the therapeutic effects of Pice via promoting cell growth and 
inhibiting caspase‑3 activity. Taken together, these results 
suggested that Pice harbored the anticancer effects on OS 
cells may suppress miR‑21 expression. However, the potential 
molecular mechanism require further investigation.

Previously, many studies demonstrated that numerous 
miRNAs are upregulated or downregulated in OS, and are 
often associated with the entire process of tumor develop-
ment (44,47). The relationship between miRNA expression 
and the prognosis of patients with OS has been extensively 
reported. Cheng et al (48) conducted a meta‑analysis of the 
prognostic significance miRNAs in OS, and indicated that a 
number of other miRNAs are either upregulated (miR‑214, 
miR‑29, and miR‑148a) or downregulated (miR‑382, miR‑26a, 
miR‑195, and miR‑124) in OS. However, these miRNAs 
(miR‑214, miR‑29, miR‑148a, miR‑382, miR‑26a, miR‑195, 
and miR‑124) were not detected in our microarray analysis; 
whether these miRNAs are involved in the anticancer effects 
of Pice on OS is yet to be determined.

Several studies have confirmed that miR‑21 inhibits PTEN 
expression by directly targeting its 3'‑UTR in a variety of 
cancer cells (31‑33). Consistent with previous reports, our data 
showed that PTEN is a functional target of miR‑21 in OS cells. 
PTEN, a tumor suppressor gene, plays an important role in 
many types of solid tumors through modulating cell apoptosis 
and the cell cycle (33), and its tumor suppressor activity is 
dependent on its lipid phosphatase activity, which negatively 
modulates the PI3K/AKT/mTOR pathway (49). Therefore, we 
speculated that Pice may regulate the PTEN/AKT signaling 
pathway via inhibiting miR‑21 expression. Our results demon-
strated that Pice treatment resulted in PTEN upregulation and 
p‑AKT downregulation, but overexpression of miR‑21 signifi-
cantly decreased PTEN expression and increased p‑AKT 
expression in Pice‑treated OS cells. These data indicated that 
Pice could modulate the PTEN/AKT signaling pathway via 
suppressing miR‑21 expression, suggesting Pice may exert anti-
cancer effects on OS cells via modulating miR‑21/PTEN/AKT 
signaling pathway.

Various natural products have been reported to prevent 
or treat tumors, due to their effects on cellular defenses or 

by targeting the key transcription factors, such as nuclear 
factor‑κB, signal transducers, activator protein and activators 
of transcription and others (50‑53). The differential effects 
of natural products from plants in tumor cells may be due to 
different abilities to induce specific apoptotic pathways, modify 
the levels of major metabolic enzymes, or induce detoxifying 
enzymes and tumor suppressor genes (54‑56). Resveratrol, a 
polyphenol, which has been found in various plants, including 
grapes, passion fruit, white tea, and Japanese knotweed, 
displays a wide spectrum of biological activity (50). Previously, 
polyphenolic compounds were reported to exhibit anti‑cancer 
effects in cancers, including green tea polyphenol, honokiol 
(HNK), and Pice (50). HNK is a small organic molecule puri-
fied from magnolia species and has demonstrated antitumor 
activities in a variety of tumor cell lines (57). HNK inhibited 
the growth and proliferation of oral squamous cell carcinoma 
cells in vitro (58). Recently, Yang et al (59) reported that HNK 
inhibits proliferation and induces apoptosis through modulating 
the miR‑21/PTEN/PI3K/AKT signaling pathway in human 
OS cells. In the present study, our results revealed that Pice 
exerts anticancer effects on OS cells via regulating miR‑21/
PTEN/AKT signaling pathway. These data indicated that 
plant‑derived polyphenolic compounds may exert anticancer 
effects in various cancers by mediating miRNA expression. 
In subsequent experiments, we will further verify whether the 
anticancer effects of plant‑derived polyphenolic compounds 
are associated with miRNA‑mediated signaling pathways.

In conclusion, our results revealed that Pice suppressed 
cell proliferation in a dose‑dependent manner and induces 
the apoptosis of OS cells. Meanwhile, we verified that Pice 
induces the aberrant expression of miRNAs in human OS 
cells, and miR‑21 was the most significantly downregulated. 
Most importantly, the therapeutic effects of Pice on OS cells 
were weakened by overexpression of miR‑21 via blocking 
the PTEN/AKT signaling pathway. Taken together, our find-
ings indicated that the molecular mechanism underlying the 
observed Pice‑induced apoptosis could be regulated by a 
miR‑21/PTEN/AKT axis in human OS cells.
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