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Abstract. Osteosarcoma (OS) is the most common primary 
malignancy of the bone affecting children and adolescents. 
Copine 1 (CPNE1) is a highly conserved calcium-dependent 
phospholipid-binding protein and may function in regulating 
signal transduction and membrane trafficking. In the present 
study, we investigated CPNE1 expression in osteosarcoma 
tissues and cells, and studied the effects of small interfering 
RNA (siRNA)-targeting CPNE1 on proliferation, metastasis 
and chemosensitivity of the osteosarcoma cells. The results 
demonstrated that CPNE1 was highly expressed in the 
osteosarcoma tissues and cell lines. Moreover, functional 
investigations confirmed that CPNE1 knockdown significantly 
inhibited cell proliferation, colony formation, invasion and 
metastasis in Saos-2 and HOS cells. Western blot analysis indi-
cated that CPNE1 silencing downregulated the expression of 
many proteins associated with tumorigenesis and development, 
including Ras, MEK-1/2, WNT1, β-catenin, cyclin A1, IRAK2 
and cIAP2. In addition, CPNE1 downregulation enhanced the 
sensitivity of Saos-2 cells towards cisplatin and adriamycin. 

The present study provides deep insight into the clinical use of 
lentiviral-mediated CPNE1 silencing for osteosarcoma therapy.

Introduction

Osteosarcoma is one of the most common primary malignant 
bone tumors in children, young adults and adolescents (1,2). 
Despite newly developed multi-agent chemotherapy and 
gradually improving surgical techniques, the prognosis for 
patients with metastatic osteosarcoma is still poor (3). It is 
important to investigate the complex molecular mechanisms 
and identify novel biomarkers for the treatment, diagnosis 
and prognosis of osteosarcoma. The copines are a widely 
distributed class of calcium-dependent phospholipid-binding 
proteins that are evolutionally conserved from Arabidopsis 
to Homo  sapiens  (4,5). Copine  1 (CPNE1), a soluble 
calcium‑dependent membrane-binding protein, is ubiquitously 
expressed in various tissues and organs. CPNE1 is located 
on chromosome 20q11.21 region in humans and has several 
alternative splicing forms coding for the same 537-amino acid 
protein (6). CPNE1 has a pair of C2 domains (C2A and C2B) at 
the N-terminus and a Von Willebrand factor A (VWA) domain 
(A domain) at the C-terminus (7). It was previously reported 
that the C2 domains of CPNE1 may function in cell signaling 
and/or membrane trafficking pathways, and the A domain 
facilitates the binding of CPNE1 with various intracellular 
proteins (8,9). Lentivirus-based vectors with small hairpin 
RNA (shRNA) have been used as a successful tool for silencing 
target gene expression, particularly in cancer cells, with high 
specificity, stability and efficiency in vitro and in vivo (10,11). 
However, no valid evidence concerning the biological function 
of CPNE1 in osteosarcoma exists to date. In the present study, 
we successfully silenced CPNE1 expression in Saos-2 and 
HOS cells using RNA interference (RNAi) technology and 
investigated the biological role of CPNE1 in osteosarcoma.
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Materials and methods

Main reagents. Rabbit anti-human CPNE1 polyclonal antibody 
(cat. no. AB155675) was purchased from Abcam (Cambridge, 
UK); mouse anti-human antibodies to Ras (cat. no. YT2960), 
MEK-1/2 (cat. no. YT2715), cyclin A1 (cat. no. YT1168) and 
IRAK2 (cat. no. YT2392) were purchased from ImmunoWay 
Biotechnology Company (Plano, TX, USA); mouse anti-
human antibodies to WNT1 (cat. no. YM0649), β-catenin 
(cat. no. YM3065) and cIAP2 (cat. no. Ym1343) were also 
purchased from ImmunoWay Biotechnology Company; 
Lipofectamine™  2000, TRIzol reagent and Opti-MEM 
were purchased from Invitrogen Corporation (Carlsbad, 
CA, USA); AgeI, EcoRI and SYBR-Green Master Mix kits 
were purchased from New England Biolabs (NEB; Beijing, 
China); Taq DNA polymerase was purchased from Takara 
Biotechnology Co., Ltd. (Dalian, China). Cisplatin (DDP) 
was purchased from Qilu Pharmaceutical (Hainan) Co., Ltd. 
(Haikou, China). Adriamycin (ADR) was purchased from the 
Zhejiang Haizheng Pharmaceutical Co., Ltd. (Taizhou, China). 

Cell culture and tissue collection. The human osteosarcoma 
cell lines (Saos-2 and HOS) were purchased from the Cell 
Bank of the Chinese Academy of Sciences (Shanghai, China) 
and were identified by short tandem repeat (STR) method in 
2015. Dulbecco's modified Eagle's medium (DMEM; HyClone, 
Logan, UT, USA) containing 10% fetal bovine serum (FBS) 
was used to culture the cells. All cells were maintained at 37̊C 
in a humidified atmosphere with 5% CO2.

Twenty-five osteosarcoma and 8 cartilage tumor tissues 
samples were obtained from patients who underwent surgery 
at the Affiliated Yixing Hospital of Jiangsu University between 
January 2005 and December 2015. All cases had been clini-
cally and pathologically confirmed. Immunohistochemistry 
was performed by using 25 samples of osteosarcoma (13 males 
and 12 females; mean age, 37 years) and 8 samples of carti-
lage tumor (4 males and 4 females; mean age, 28 years). The 
experimental protocols for the present study were approved by 
the Hospital's Protection of Human Subjects Committee.

Immunohistochemistry. Paraffin-embedded histological 
specimens were cut into 4-µm thick sections. Then, sections 
were routinely dewaxed and rehydrated in xylol, and graded 
alcohol. Endogenous peroxidase activity was blocked with 3% 
hydrogen peroxide in phosphate-buffered solution (PBS) for 
15 min and non-specific binding was blocked with 2% bovine 
serum for 20 min. The slides were incubated with 1:100 diluted 
primary antibody against human CPNE1 for 18 h at 4̊C in 
2% bovine serum albumin (BSA) in PBS. The horseradish 
peroxidase‑conjugated goat anti-rabbit IgG secondary antibody 
was added and incubated for 1 h at 37̊C. The immune reaction 
was developed with 3,3'-diaminobenzidine‑tetrahydrochlo-
ride‑dihydrate (DAB). Slides were washed with distilled water, 
counterstained with hematoxylin, dehydrated and mounted. All 
sections were observed and analyzed under a light microscope.

Lentiviral plasmid construction, lentivirus production and 
cell infection. The human CPNE1 (GenBank accession 
no. NM_003915)-specific small interfering RNA (siRNA) 
sequence, which was designed using online software from 

Invitrogen, was 5'-CACACAACTGGTCTCATACTT-3'. The 
non-silencing (NS) sequence, 5'-TTCTCCGAACGTGTCA 
CGT-3', was used as a scrambled control (12). The following 
oligonucleotides were synthesized, annealed and ligated into 
the pGCSIL-GFP plasmid vector between the AgeI and EcoRI 
sites. Then, these plasmids were amplified in DH5α-competent 
Escherichia coli cells and purified using the Qiagen plasmid. 
Recombinant lentiviruses were produced in 293T cells by 
co-transfection of the recombinant pGCSIL-GFP vector, along 
with packaging plasmids, pHelper1.0 and pHelper2.0, using 
Lipofectamine™ 2000. For lentivirus transduction, the Saos-2 
and HOS cells were subcultured at a density of 5x104 cells/well 
into 6-well culture plates. After growing to 30% confluence, 
the recombinant lentiviruses were transfected into cells at a 
multiplicity of infection (MOI) of  20. Each cell line was 
divided into the following groups: the scr-siRNA (cells 
infected with Lv-si-CTRL) and the CPNE1‑siRNA group 
(cells infected with Lv-si-CPNE1). At 48 h post infection, the 
infection efficiencies were determined using a fluorescence 
microscope (Leica Microsystems, Wetzlar, Germany). CPNE1-
knockdown efficiency was evaluated by quantitative reverse 
transcription-polymerase chain reaction (RT-qPCR) and 
western blot analysis.

RNA extraction and RT-PCR. Total RNA was extracted from 
the cells after 5  days of infection using TRIzol reagent 
(Invitrogen) in accordance with the manufacturer's instructions, 
and then cDNA was synthesized from the total RNA. Reverse 
transcription was performed using M-MLV reverse transcrip-
tase (Promega, Madison, WI, USA). The expression level of 
CPNE1 was detected by qPCR using an SYBR-Green Master 
Mixture (Takara Biotechnology Co., Ltd.). qPCR was performed 
on a Bio-Rad Connect Real‑Time PCR system. GAPDH was 
used as an internal control. Relative gene expression levels were 
calculated using 2-ΔΔCt analysis. Two sets of primers were used 
for PCR: GAPDH forward, 5'-TGACTTCAACAGCGAC 
ACCCA-3' and reverse, 5'-CACCCTGTTGCTGTAGCC 
AAA-3'; CPNE1 forward, 5'-ACCCACTCTGCGTCCTT-3' and 
reverse, 5'-TGGCGTCTTGTTGTCTATG-3'.

Cellomics ArrayScan assay. Briefly, Saos-2 cells infected 
with the lentiviral-mediated CPNE1-siRNA or scr-siRNA 
were seeded into 96-well plates at a density of 2x103 cells/
well and cultured at 37̊C in a humidified atmosphere with 5% 
CO2. The infected Saos-2 cells with green fluorescence were 
imaged and counted on the Cellomics ArrayScan high-content 
screening (HCS) reader once a day for 5 days. Each experi-
ment was conducted at least 3 times, independently. The data 
were collected and analyzed to create a 5-day growth curve of 
the infected cells.

Methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay. 
After lentivirus infection, the Saos-2 and HOS cells were 
plated in a 96-well plate at a density of 1x104 cells/well. At 
indicated time points, MTT was added to each well at a final 
concentration of 5 mg/ml and incubated with the cells at 
37̊C for an additional 4 h. After removing the supernatants, 
dimethyl sulfoxide (DMSO) was added to each well to termi-
nate the reaction. Absorbance was read at a wavelength of 
490 nm using an ELISA reader (Bio-Rad Systems, Hercules, 
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CA, USA) and data were analyzed. All experiments were 
performed in triplicate.

Colony formation assay. Lentivirus-transduced osteosarcoma 
cells were plated in 6-well plates at a density of 400 cells/well. 
The cell culture medium was changed every other day. After 
incubation at 37̊C for 14  days, the colonies were fixed 
with 4% paraformaldehyde, stained with Giemsa staining 
(Sigma‑Aldrich, St. Louis, MO, USA) for 20 min, and rinsed 
with distilled water. The colonies were counted and analyzed.

Transwell migration and invasion assays. Transwell cham-
bers (8.0-µm pore size; Costar, Cambridge, NY, USA) with 
Matrigel (BD  Biosciences, San Jose, CA, USA) bedding 
were placed in 24-well plates. Briefly, 1x105 cells in serum-
free DMEM were seeded into the upper compartment of the 
chamber. The lower compartment of the chamber was filled 
with 600 µl DMEM containing 15% FBS as a chemoattrac-
tant. After incubation at 37̊C for 48 h, the non-invaded cells 
on the upper surface of the chamber membrane were scraped 
off with a cotton swab, and the successfully translocated cells 
were then fixed with paraformaldehyde and stained with 
crystal violet. The invaded cells were quantified, and images 
were acquired under magnification of x200 (5  randomly 
selected fields). Cell migration assay was also performed in 
the Transwell chambers following the method for the invasion 
assay with minor modifications: the upper compartment of the 
chamber was not pre-coated with Matrigel (BD Biosciences), 
and 5x104 cells suspended in serum-free DMEM were added 
to the upper chamber.

Flow cytometric analysis of cell cycle istribution. The 
cell cycle distribution was assessed using flow cytometry using 
propidium iodide (PI) staining. Briefly, lentivirus-infected 
Saos-2 cells were harvested, re-suspended in ice-cold PBS 
and fixed with 70% (v/v) cold alcohol at 4̊C. After washing 
thrice in PBS, Saos-2 cells were resuspended in RNase A 
(Sigma)-PBS solution (100 µg/ml PI and 10 µg/ml RNase A) 
and incubated in the dark at room temperature for 30 min. 
The suspension was then filtered through a nylon mesh, and 
the DNA content of stained nuclei was analyzed using a flow 
cytometer (FACSCalibur; BD Biosciences) in accordance with 
the manufacturer's guidelines.

Western blot analysis. Five days after infection, lentivirus‑trans-
duced Saos-2 cells were collected and lysed in RIPA buffer 
(100 mM Tris-HCl, 150 mM NaCl, 1% sodium deoxycholate, 
1% Tween-20 and 0.1% SDS) containing protease inhibitor 
mixture. After centrifugation (5,000 rpm, 10 min), the superna-
tant was collected. The protein concentration was determined 
by bicinchoninic acid (BCA) method. Proteins were separated 
by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE), and then transferred onto polyvinylidene 
fluoride membranes (Millipore, Bedford, MA, USA). Free 
binding sites on the membranes were blocked with 5% BSA 
at room temperature for 2 h, and subsequently incubated with 
different antibodies, including anti-CPNE1 (1:1,000), anti-Ras 
(1:1,000), anti-MEK-1/2 (1:1,000), anti-cyclin A1 (1:1,000), and 
anti-IRAK2 (1:1,000), anti-WNT1 (1:1,000), anti-β-catenin 
(1:1,000) and anti-cIAP2 (1:1,000). The signals were detected 

by enhanced ECL Plus Western Blotting Detection system 
(Amersham Biosciences, Inc., Piscataway, NJ, USA).

Chemosensitivity assay. In vitro drug sensitivity was evaluated 
by MTT assay. After 72 h of transfection with CPNE1 siRNA 
or control siRNA, the Saos-2 cells in 96-well plates were 
treated with various concentrations of DDP (0.009765625, 
0.01953125, 0.0390625, 0.078125, 0.15625, 0.3125, 0.625, 
1.25, 2.5, 5 and 10 µg/ml) and ADR (0.01953125, 0.0390625, 
0.078125, 0.15625, 0.3125, 0.625, 1.25, 2.5, 5, 10 and 20 µg/ml). 
Then, 20 µl MTT (5 mg/ml) was added to each well and incu-
bated for 4 h at 37̊C. Subsequently, DMSO (150 µl) was added 
to solubilize the formazan crystals. Absorbance was measured 
using a microplate reader at 490 nm. The inhibition ratio (%) 
and IC50 (drug concentration causing a 50% inhibition of cell 
growth) were determined.

Statistical analysis. The results obtained are expressed as 
mean ± standard deviations (SD) of at least 3  independent 
experiments. The statistical significance of differences 
between groups was determined by Student's t-test and one-way 
ANOVA using GraphPad Prism  5.0 software (GraphPad 
Software, Inc., San Diego, CA, USA). P<0.05 was considered 
statistically significant.

Results

CPNE1 is overexpressed in osteosarcoma samples. CPNE1 
expression was examined in 25 samples from patients with 
osteosarcoma. Of the 25 patients, 21 (84.00%) were noted 
to be positive for CPNE1 expression. As shown in Fig. 1A, 
CPNE1 protein was observed to be localized in the nuclei 
and cytoplasm of the osteosarcoma tissues (a), while it was 
rarely detected in the cartilage tumor tissues (b). The CPNE1 
expression in the osteosarcoma tissues was significantly 
higher than that in the cartilage tumor tissues. These results 
demonstrated a correlation between CPNE1 overexpression 
and osteosarcoma occurrence. The lentiviral vector infection 
efficiency was investigated using fluorescence microscope. 
The results of transfection demonstrated that >90% of the 
treated osteosarcoma cells exhibited green fluorescence indic-
ative of infection (Fig. 1B). CPNE1 expression at the mRNA 
and protein levels were measured by qPCR and western blot 
assays, respectively. The results indicate that CPNE1 expres-
sion at the mRNA (Fig. 1C) and protein (Fig. 1D) levels were 
significantly decreased in the Saos-2 and HOS cells compared 
to that in the scr-siRNA groups. Thus, these results confirmed 
that lentiviral-mediated RNAi efficiently downregulated or 
blocked CPNE1 expression.

Growth inhibition of human osteosarcoma cells by CPNE1 
depletion. The effects of CPNE1-siRNA on the viability of 
Saos-2 and HOS cells were studied in vitro. Cellomics analysis 
showed that CPNE1 knockdown significantly inhibited the 
growth of Saos-2 cells as compared to that observed after scr-
siRNA treatment, and the difference was more pronounced 
in a time‑dependent manner (P<0.01)  (Fig. 2A). Although 
the lentiviruses were transfected into the Saos-2 cells and 
expressed the GFP and CPNE1 siRNA, the siRNA cannot 
completely knock down CPNE1 in cells or suppress total 
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CPNE1 expression at the high level. Therefore a small portion 
of the cells kept proliferating. MTT assay was performed to 
investigate the effect of CPNE1 silencing on osteosarcoma cell 
growth. As shown in Fig. 2B, HOS cells showed a significant 
(P<0.01) reduction in viability 2 days after infection. The 
results suggest that CPNE1 silencing inhibits the proliferation 
of osteosarcoma cells.

The results of the colony formation assay showed that the 
number of colonies in the CPNE1-siRNA group (25.00±2.65) 
was significantly less than that in the scr-siRNA group 
(62.33±2.08) in the Saos-2 cells (P<0.01), and the number of 
colonies in the CPNE1-siRNA group (75.00±4.00) was signifi-
cantly less than that in the scr-siRNA group (106.70±8.62) in 
the HOS cells (P<0.01) (Fig. 2C). These results showed that 
the reduction in CPNE1 expression decreased the ability of 
osteosarcoma cells to form colonies.

siRNA-mediated CPNE1 knockdown inhibits the invasion and 
migration of osteosarcoma cells. As shown in Fig. 3A and B, 
in the Transwell invasion assay, the number of invading Saos-2 
cells was 13.00±1.73 in the CPNE1-siRNA group, which was 
significantly less than that in the scr-siRNA group (27.33±1.53; 
P<0.01), and the number of invading HOS cells was 36.00±1.00 
in the CPNE1-siRNA group, which was significantly less than 
that in the scr-siRNA group (229.30±2.31; P<0.01). As shown 
in Fig. 3C and D, in the Transwell migration assay, the number 
of migrating Saos-2 cells was 25.67±1.16 in the CPNE1-siRNA 
group, which was significantly less than that in the scr-siRNA 
group (79.00±2.65; P<0.01). The number of migrating HOS 
cells was 12.00±2.00 in the CPNE1-siRNA group, which was 
significantly less than that in the scr-siRNA group (88.00±1.00; 
P<0.01). The result showed that CPNE1 silencing suppressed 
invasion and metastasis of osteosarcoma cells.

Figure 1. Analysis of CPNE1 expressions and lentivirus infection in osteosarcoma cells. (A) Immunohistochemical analysis of the expression of CPNE1. 
Immunohistochemical analysis of CPNE1 protein expression in osteosarcoma (a) and cartilage tumor tissues (b) (magnification, x400). (B) Lentivirus infection 
in osteosarcoma cells. Green fluorescence in the cell indicates the successful lentivirus-based delivery of siRNA into Saos-2 and HOS cells (magnifica-
tion, x400). (C) The CPNE1 mRNA expression level was quantified by real-time RT-PCR. CPNE1 siRNA significantly decreased the level of CPNE1 mRNA 
in Saos-2 and HOS cells. (D) The CPNE1 protein expression level was assessed by western blotting. CPNE1 siRNA significantly decreased the level of CPNE1 
protein in Saos-2 and HOS cells; **P<0.01, in comparison to the scr-siRNA group.
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CPNE1 silencing leads to alterations in the cell cycle 
of Saos-2 cells. To elucidate the mechanisms underlying 
RNAi‑mediated growth inhibition, flow cytometric analysis 
of the DNA content was used to detect the changes in the cell 
cycle. As shown in Fig. 4A-a and -b, CPNE1-siRNA treatment 
resulted in an increase in the percentage of Saos-2 cells in the 
G2/M phase from 13.38±0.51 to 18.01±0.63% (P<0.01). In 
accordance with this increase in the percentage of cells in the 
G2/M phase, there was a significant decrease in the percentage 
of cells in the S  phase from 34.04±0.89 to 26.67±0.66% 
(P<0.01). CPNE1-siRNA treatment also resulted in an increase 
in the percentage of cells in the G0/G1 phase from 52.57±0.42 
to 55.32±0.27% (P<0.01). These results suggested that CPNE1 
depletion inhibited the proliferation of osteosarcoma cells 
through G2/M and G0/G1 phase arrest of the cell cycle in 
Saos-2 cells.

Suppression of CPNE1 affects the expression of related 
proteins. To test the possible mechanisms underlying the 

inhibitory effects of CPNE1 knockdown on the biological 
functions of Saos-2 cells, the expression of various related 
proteins was examined. The results revealed that CPNE1 
knockdown downregulated Ras, MEK-1/2, WNT1, β-catenin, 
cyclin A1, cIAP2 and IRAK2 in the Saos-2 cells. These results 
suggest that the inhibitory effects on the biological func-
tions associated with CPNE1 downregulation may be partly 
mediated by these related proteins in Saos-2 cells (Fig. 4B). 
Certainly, it is not clear whether these results are due to 
actions at the transcriptional or translational or both levels. 
Thus, further research is needed to elucidate the underlying 
molecular mechanism.

CPNE1 silencing sensitizes Saos-2 cells to chemotherapeutic 
agents. The effect of CPNE1 silencing on the sensitivity 
of Saos-2 cells towards DDP and ADR was determined. 
As shown in Fig.  4C  (a  and  b), the IC50 for DDP in the 
CPNE1-siRNA group was 0.494±0.008  µg/ml at 72  h, 
which was significantly less than that in the scr-siRNA 

Figure 2. Effect of CPNE1 silencing on the proliferation of osteosarcoma cells. (A) Cellomics ArrayScan assay. The results showed that CPNE1 siRNA 
depressed the growth curves of Saos-2 cells as compared with the scr-siRNA with a time-dependent relationship. (B) MTT assay. The proliferation levels were 
measured by MTT assay in CPNE1-silenced and non-silenced HOS cells. CPNE1 siRNA depressed the growth curves of Saos-2 cells as compared with the 
scr-siRNA group. (C) Colony formation assay. The results showed that CPNE1 siRNA decreased the colony numbers of Saos-2 and HOS cells as compared 
with the scr-siRNA groups; *P<0.05, **P<0.01, in comparison to the scr-siRNA group.
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group (0.832±0.030  µg/ml; P<0.01); the IC50 for ADR in 
the scr-siRNA group was 0.265±0.025 µg/ml at 72 h, which 
was significantly less than that in the CPNE1‑siRNA group 
(0.619±0.066  µg/ml; P<0.01). These results suggested 
that Saos-2 cells could be effectively chemosensitized by 
siRNA‑mediated CPNE1 silencing.

Discussion

CPNE1 is a highly conserved protein and is ubiquitously 
expressed in various tissues (6), but its biological function is 
not well known. In the present study, we observed that CPNE1 
is highly expressed in osteosarcoma tissue, which indicates 
that CPNE1 may play an important role in the development of 
osteosarcoma.

We also found that CPNE1 silencing inhibited the prolif-
eration, migration and invasion of Saos-2 and HOS cells. In 
addition, CPNE1 knockdown caused cell cycle arrest in the 

G2/M and G0/G1 phases in the Saos-2 cells. Yet, not only cell 
cycle analysis, but also other important mechanisms (apoptotic 
or necrotic cell death) are needed to be investigated in the 
future. All these results provide direct evidence that CPNE1 
may serve as a target for osteosarcoma treatment.

To elucidate the mechanisms underlying the function 
of CPNE1 in osteosarcoma, the expression of several 
related proteins was examined. Ras is a membrane-bound 
GTP-binding protein that functions as a molecular switche 
to transduce various signals from the cell membrane to the 
nucleus. Activated Ras recruits and activates Raf kinase at 
the plasma membrane. Activated Raf subsequently activates 
mitogen-activated protein kinase/ERK kinase MEK-1/2, which 
in turn phosphorylates and activates ERK1/2. Next, activated 
ERK1/2 regulates various cellular processes  (13,14). The 
RAS/RAF/MEK/ERK signaling pathway is one of the most 
important oncogenic pathways, which plays a central role in 
the regulation of cell proliferation and survival. This pathway is 

Figure 3. Effects of the inhibition of CPNE1 on the migration and invasion of osteosarcoma cells (magnification, x200). (A and B) Effects of CPNE1 siRNA 
on the invasion of osteosarcoma cells. Matrigel invasion assays of Saos-2 and HOS cells were performed. The quantified data are shown in the diagram. 
(C and D) Effects of CPNE1 siRNA on the migration of osteosarcoma cells. Migration assays of Saos-2 and HOS cells were performed. The quantified data are 
shown in the diagram. Inhibition of CPNE1 decreased osteosarcoma cell migration and invasion; **P<0.01 compared to the scr-siRNA group cells.
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aberrantly activated in various malignancies (15). Oncoprotein 
β-catenin, which is normally localized in the cytoplasm, 
funtions as an important transcriptional co-activator and 
transmits extracellular signals for the activation of certain 
target genes in the canonical Wnt pathway  (16,17). WNT1 
binds to the target cell surface receptors of the Frizzled 
(Fzd) family to activate several different intracellular signal 
transduction pathways, resulting in β-catenin accumulation and 
nuclear translocation. Nuclear β-catenin induces the expression 
of downstream target genes, such as E-cadherin, c-Myc, and 
cyclin D1 (18-20). Cyclin A1 is highly expressed in cancers 
of the ovary, breast, lung and prostate (21-24). cyclin A1 is 
associated with the enhanced proliferation and invasiveness of 
various types of cancers (25-28). Inhibitor of apoptosis proteins 
(IAPs) are widely expressed in human tumor tissues and play 
an important role in cell apoptosis (29). Among these, cellular 
IAP2 (cIAP2) indirectly regulates apoptosis by preventing the 
formation of caspase-8-activating platform and blocking Smac-
mediated XIAP-caspase interaction  (30,31). Interleukin  1 
receptor-associated kinase 2 (IRAK2) plays a critical role in 
sustaining NF-κB activation during TLR-mediated signaling, 
and IRAK2 overexpression activates NF-κB (32-34).

Notably, all the above factors, including Ras, MEK-1/2, 
WNT1, β-catenin, cyclin A1, cIAP2 and IRAK2, were down-
regulated after CPNE1 knockdown, which indicated that the 
inhibition of the proliferation, migration, and invasion of 
human osteosarcoma cells after CPNE1 silencing is through 
downregulation of these factors. Further experiments may be 
essentially performed in future research.

Cisplatin (DDP) is a first-line chemotherapeutic agent that is 
widely used in various types of cancers, including those of the 
lung, bladder, cervix, ovary, endometrium and testicles (35,36). 
Its cytotoxic effects are mediated by interaction with cellular 
DNA to form DNA adducts, which activates several signal 
transduction pathways, and culminates in the activation of cell 
apoptosis (37). Adriamycin (ADR) is also a first-line chemo-
therapeutic drug in the treatment of various types of cancers 
and induces DNA damage by topoisomerase II inhibition and 
free radical generation as an anticancer mechanism (38,39).

To further confirm the synergistic effects of CPNE1 inhibition 
with typical cancer chemotherapeutic drugs on the suppression 
of osteosarcoma cell proliferation, we treated Saos-2 cells with 
different doses of the two chemotherapeutic drugs (DDP and 
ADR) combined with CPNE1 knockdown. The results showed 

Figure 4. Flow cytometry, western blotting and chemosensitivity assay. (A) The effects of CPNE1 siRNA on the cell cycle distribution of osteosarcoma cells 
was determined by flow cytometric analysis: (a) the flow cytometric histogram and the number of cells under each phase of the cell cycle in CPNE1-silenced 
and non-silenced Saos-2 cells; (b) the numerical representation of the cells under each phase of the cell cycle in CPNE1-silenced and non-silenced Saos-2 cells. 
(B) Western blot analysis of the protein levels of related molecules. CPNE1 silencing downregulated Ras, MEK-1/2, WNT1, β-catenin, cyclin A1, IRAK2 
and cIAP2 expression in Saos-2 cells. (C) Effect of CPNE1 knockdown on the chemosensitivity of Saos-2 cells: (a) effect of CPNE1 gene silencing on the 
chemosensitivity of Saos-2 cells to DDP; (b) effect of CPNE1 gene silencing on chemosensitivity of Saos-2 cells to ADR. Silencing of CPNE1 gene expression 
by siRNA significance enhanced the chemotherapeutic sensitivity of Saos-2 cells; *P<0.05, **P<0.01, in comparison to the scr-siRNA group.
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that CPNE1 knockdown enhanced the suppression of effects of 
these two drugs on Saos-2 cell proliferation. This is the direct 
evidence that CPNE1 depletion could be combined with first-
line chemotherapeutic drugs for treating osteosarcoma.

In conclusion, the present study firstly demonstrated that 
RNAi-mediated CPNE1 downregulation inhibited the prolif-
eration and metastatic potential of osteosarcoma cells, and 
reduced expression of various tumor-related genes. In addition, 
blocking CPNE1 expression enhanced the chemosensitivity of 
osteosarcoma cells. However, the molecular mechanism of 
CPNE1 is complex, and further detailed studies and clinical 
trials are required.
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