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Abstract. The aim of this study was to construct the eukaryotic 
expression vector pEGFP‑N1‑hPer2 and assess its expression 
in the human osteosarcoma cell line MG63. Total mRNA was 
extracted from human osteosarcoma MG63 cells, the human 
period 2 (hPer2) gene was obtained by reverse transcrip-
tion‑polymerase chain reaction (RT‑PCR) and cloned into the 
pEGFP‑N1 vector, then the recombinant pEGFP‑N1‑hPer2 
plasmid was constructed and transfected into MG63 cells 
using Lipofectamine 2000. The expression of hPer2 in MG63 
cells was measured by quantitative RT‑PCR and western blot 
analysis. The accurate construction of pEGFP‑N1‑hPer2 was 
verified by double enzyme digestion and DNA sequencing. 
hPer2 gene expression in the transfected cells was assessed 
by RT‑qPCR and western blot analysis. In conclusion, the 
recombinant pEGFP‑N1‑hPer2 plasmid was constructed 
successfully, and expressed effectively in MG63 cells.

Introduction

The daily light/dark cycles of the Earth are responsible for the 
physiological and behavioral activity of a number of organisms. 
This temporal activity is known as circadian rhythm, and has 
a biological molecular basis, namely the circadian gene (1,2). 
Previous studies have demonstrated that the circadian genes 
regulate several molecular and biochemical processes as well 
as having an established role in the mammalian circadian 
clock. Research suggests that the role of the circadian clock 
may be a fundamental regulator for tumor suppression in 
humans (3,4). Several cancer studies indicate that period 2 
(Per2), one of the key circadian genes, plays a significant role 
in growth control and tumor development (5). To understand 

the effects of Per2 on osteosarcoma cell growth in vitro, the 
recombinant pEGFP‑N1‑hPer2 plasmid was constructed using 
the vector pEGFP‑N1 carrying the fluorescent protein gene 
and transfected into MG63 cells using Lipofectamine 2000, 
then the expression of hPer2 in MG63 cells was assessed by 
reverse transcription‑polymerase chain reaction and western 
blot analysis. This research is expected to lay the foundations 
for research into the circadian gene in osteosarcoma.

Materials and methods

Materials. The MG63 osteosarcoma cell line was purchased 
from the Cell Bank of Wuhan University (Wuhan, China); the 
pMD19‑T vector, Escherichia coli DH5a and DNA marker 
were purchased from Transgen Biotechnology (Beijing, 
China); PstI and KpnI restriction enzymes were purchased 
from NEB (Ipswich, MA, USA); the plasmid pEGFP‑N1 was 
purchased from Clonetech Biotechnology (Mountain View, 
CA, USA); the DNA ligation kit, RevertAid™ First Strand 
cDNA synthesis kit, dNTPs, RevertAid reverse transcriptase 
and HiFi DNA polymerase were purchased from Fermentas 
(Beijing, China); TRIzol™ reagent, Lipofectamine  2000 
and radioimmunoprecipitation assay (RIPA) lysis buffer 
were purchased from Beyotime Institute of Biotechnology 
(Shanghai, China); AxyPrep DNA gel extraction kit was 
purchased from Takara Biotechnology, Inc. (Dalian, China); 
rabbit anti‑hPer2 polyclonal antibody was purchased from 
ProteinTech Group, Inc. (Chicago, IL, USA; catalog no., 
20359-1-AP); and Western Lighting Plus Chemiluminescence 
was purchased from PerkinElmer, Inc. (Waltham, MA, USA). 

Methods
Gene amplification, cloning and sequencing. Total RNA was 
extracted from the osteosarcoma cell line MG63 using TRIzol 
reagent according to the procedure supplied by the manufac-
turer. Extracted RNA (1 µg) was used for cDNA synthesis with 
the RevertAid First Strand cDNA synthesis kit according to the 
manufacturer's instructions. The reaction system was prepared 
in a total volume of 20 µl containing 12.5 µl RNA primer mix, 
4 µl 5X RT reaction buffer, 2 µl dNTPs, 1 µl RevertAid reverse 
transcriptase, 0.5 µl RiboLock RNase inhibitor and dH2O up 
to 20 µl. A pair of primers was designed based on the hPer2 
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mRNA sequence (Genbank no. NM_022817.2): PstI tailed 
forward (5'‑AAC​TGC​AGA​TGA​ATG​GAT​ACG​CGG​AAT​
TTCC‑3') and KpnI tailed reverse (5'‑CGG​CTG​CAG​CGT​
CTG​CTC​TTC​GAT​CCTGT‑3') primers (restriction sites are 
underlined) and named as hPer2‑F and hPer2‑R, respectively. 
The length of the amplification segment was 3765 bp. The PCR 
mixture was blended in a total volume of 20 ml containing 
2 µl cDNA template, 1 µl each primer (10 µmol/l), 10 µl PCR 
mix and dH2O up to 20 µl. The PCR program was started at 
94˚C for 5 min, followed by 40 cycles at 94˚C for 30 sec, 58˚C 
for 30 sec, 72˚C for 5 min and completed with a final extension 
at 72˚C for 5 min. The final PCR products were separated by 
electrophoresis using 1% polyacrylamide gels, and the target 
fragment was purified and recovered using an agarose gel 
extraction kit (Watson Biomedical, Inc., Shanghai, China).

The purified target fragments were ligated into the plasmid 
pMD19‑T and then transformed into competent E.coli DH5a 
cells. Recombinant plasmid was extracted from bacterial 
colonies and 1.0 µl plasmid solution was subjected to agarose 
gel electrophoresis to confirm the presence of the correct 
sequence of hPer2.

Construction of pEGFP‑N1‑hPer2 expression plasmid. 
Double restriction enzyme digestion was applied to the recov-
ered target gene fragment and eukaryotic expression vector 
pEGFP‑N1, respectively. The enzyme reaction contained 2 µl 
target gene fragment (or vector pEGFP‑N1), 2 µl 10X Fast 
Digest buffer, 1 µl PstI, 1 µl KpnI and dH2O up to 20 µl. Under 
the guidance of the T4 DNA ligase system instructions, the 
purified target fragment of the hPer2 gene was directionally 
ligated into pEGFP‑N1 vector in a 10‑µl reaction system 
containing 3 µl target fragment, 1 µl pEGFP‑N1, 1 µl T4 DNA 
ligase, 1 µl 2X Quick Ligation buffer and dH2O up to 10 µl. 
The reactants were well mixed at 16˚C for 2 h, then the ligation 
was transformed into competent E.coli DH5a cells and inocu
lated into Luria‑Bertani culture media containing 100 µg/ml 
ampicillin at a volume ratio of 1:100. After amplification by 
shaking the culture overnight at 37˚C, the target plasmids were 
extracted from the bacterial liquid according to the instructions 
for the EndoFree Maxi Plasmid kit (Tiangen Biotech Co., Ltd., 
Beijing, China). The resulting recombinant eukaryotic expres-
sion vector was named pEGFP‑N1‑hPer2, and the construction 
procedure is shown in Fig. 1.

The pEGFP‑N1‑hPer2 was digested using PstI and KpnI, 
and then evaluated by agarose gel electrophoresis. The recom-
binant plasmid was further sequenced to confirm its sequence 
by the Beijing Genomics Institute (BGI; Beijing, China).

Transfection of pEGFP‑N1‑hPer2 into MG63 cells. MG63 cell 
lines originated from human osteosarcoma were used in this 
study. The cells were maintained and cultured in RPMI‑1640 
media supplemented with 10% fetal bovine serum, 100 U/ml 
penicillin and 100 µg/ml streptomycin (Biochrom KG, Berlin, 
Germany) at 37˚C in a humidified 5% CO2 incubator. The cells 
were divided into three groups: pEGFP‑hPer2, pEGFP‑N1 
and control. Cells were transiently transfected with the 
DNA construct using Lipofectamine 2000 reagent. In brief, 
following the manufacturer's instructions the transfection 
complex was prepared based on the optimized amounts of 
plasmid and Lipofectamine reagent and transferred to the 

70‑80% confluent MG63 cells, then cells were washed with 
phosphate‑buffered saline (PBS) and collected to conduct 
subsequent assays.

Analysis of transfection efficiency. The expression of enhanced 
green fluorescence protein (EGFP) was already visualized by 
fluorescence microscopy (Olympus IX51; Olympus Corpora-
tion, Seoul, South Korea) at 24 h post‑transfection, and the 
percentage of fluorescence‑emitting cells was determined by 
flow cytometry (FACSort; BD Biosciences, Franklin Lakes, 
NJ, USA).

Quantitative RT‑PCR (RT‑qPCR) analysis. Total RNA 
was isolated from MG63 cells using TRIzol reagent, and 
the concentration of each RNA sample was determined 
using a NanoVue Plus spectrophotometer (GE Healthcare 
Bio‑Sciences AB, Uppsala, Sweden). All RNA samples were 
subsequently adjusted to the same concentration. An SYBR 
PrimeScript RT‑PCR kit (Takara Biotechnology, Inc.) was 
then used for RT‑PCR according to the manufacturer's instruc-
tions. The relative mRNA expression of hPer2 was analyzed 
by qPCR using the IQ™5 System (Bio‑Rad Laboratories, Inc., 

Figure 1. Schematic representation of the construction of pEGFP‑N1‑hPer2 
plasmid.
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Hercules, CA, USA) with β‑actin (Genbank no. NM_001101) 
serving as the reference gene. The primer information is as 
follows: hPER2‑F, TAC​ACC​GTG​GAG​GAG​ATG​GAGA; 
hPER2‑R, ATA​TGG​ATG​CAA​CCT​GGT​CAGA; β‑actin‑F, 
GTC​CAC​CGC​AAA​TGC​TTCTA; β‑actin‑R, TGC​TGT​
CAC​CTT​CAC​CGTTC. The PCR reactions were carried out 
in a 96‑well plate in a 25 µl reaction volume. Each reaction 
mixture contained 12.5 µl SYBR‑Green I PCR Master mix 
(Takara Biotechnology, Inc.), 2.5  µl normalized template 
DNA, 0.5 µl each primer and 9.5 µl sterile ultrapure water. The 
relative expression of hPer2 was calculated using the ‘normal-
ized relative quantification’ method followed by the 2‑∆∆Ct 

cycle threshold method (6). PCR reactions were performed in 
triplicate for each sample.

Western blot analysis. For western blot analysis, cells at 90% 
confluency were washed in PBS before incubation with RIPA 
lysis buffer consisting of 50 mM Tris, pH 7.4, 150 mM NaCl, 
1% Triton  X‑100, 1% sodium deoxycholate, 0.1% sodium 
dodecyl sulphate (SDS) on ice for 10 min. The cell lysates 
were clarified by centrifugation at 9000 x g for 10 min, and 
the supernatants were collected. Protein concentration was 
measured by bicinchoninic assay (Aidlab, Beijing, China). 
Equal amounts of total protein were separated on 10% 
SDS‑polyacrylamide gel, and then transferred electrophoreti-
cally to nitrocellulose membranes blocked with TBST buffer 
(50  mM Tris‑HCl, pH  7.5, 0.15  M NaCl, 0.1% Tween‑20) 
containing 5% fat‑free dry milk for 2 h and incubated for 3 h 
with rabbit polyclonal anti‑human hPer2 antibody (dilution, 

1:500) in TBST. Following incubation with a horseradish 
peroxidase‑conjugated goat anti-rabbit secondary antibody 
(dilution, 1:2000; catalog no., SA00001-2; ProteinTech Group, 
Inc.), immunoreactive proteins were visualized with an 
enhanced chemiluminescence detection system. The western 
blot experiments were repeated three times. The relative 
expression of the target protein was calculated as the gray 
value ratio of target protein content to β‑actin content (target 
protein/β‑actin) using Quantity One version  4.62  image 
analysis software (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistical analyses were carried out with 
the SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) statistical 
software package for Windows. All analyses in this study were 
performed using analysis of variance. All P‑values were based 
on two‑tailed tests and P<0.05 was considered to indicate a 
statistically significant difference.

Results

Agarose gel electrophoresis of RT‑PCR product. The results 
of RT‑PCR demonstrated that there was a visible DNA band 
just below 4 kb which had the same size as the expectant target 
gene (the length of hPer2 was 3765 bp; Fig. 2).

Identification of recombinant expression vector. The DNA 
sequencing results revealed that the sequence of the 3765 bp 

Figure 2. Sequencing results of pEGFP‑N1‑hPer2 plasmid (partial).

Figure 3. hPer2 cDNA amplified by reverse transcription‑polymerase chain 
reaction. M, DL8000 marker; 1, hPer2 PCR products (3765 bp).

Figure 4. Identification of recombinant pEGFP‑N1‑hPer2 plasmid double and 
single enzyme digestion. M, DL8000 marker; 1, pEGFP‑N1‑hPer2 plasmid 
double digested with PstI and KpnI enzyme; 2, pEGFP‑N1‑hPer2 plasmid 
single digested with PstI enzyme; 3, pEGFP‑N1 plasmid.
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inserted segment was identical to the cDNA sequence of the 
hPer2 gene. The results of nucleotide‑nucleotide BLAST in 
NCBI also demonstrated that the sequence alignment was 
completely correct (Fig. 3). Following double enzyme diges-
tion, a 3765‑bp insertion segment and a 4.7‑kb vector fragment 
were observed in the pEGFP‑N1‑hPer2 group following elec-
trophoresis, while only a 4.7‑kb vector fragment was observed 
in the pEGFP‑N1 group. The results confirmed that the 
construction of the pEGFP‑N1‑hPer2 eukaryotic expression 
plasmid was successful (Fig. 4).

Transfection efficiency analysis of hPer2 gene in MG63 cells 
in vitro. The expression of the EGFP reporter gene was clearly 
observed using fluorescence microscopy (Olympus IX51) 
48 h after transfection (Fig. 5) in the pEGFP‑N1‑hPer2 and 
the pEGFP‑N1 group but not in the control group. The results 
revealed that in the pEGFP‑N1‑hPer2 and the pEGFP‑N1 group, 
large numbers of MG63 expressed GFP. EGFP was expressed 
in 70% of cells in the pEGFP‑N1‑hPer2 group and 75% of cells 
in the pEGFP‑N1 group, suggesting that pEGFP‑N1‑hPer2 and 
pEGFP‑N1 may be effectively transfected into MG63 cells, 
resulting in a high level of EGFP expression. It was expected 
that the pEGFP‑N1 group would express a more intense fluores-
cence signal than the pEGFP‑N1‑hPer2 group, since the empty 
pEGFP‑N1 vector was smaller and had a higher transfection 
efficiency. In addition, as shown in Fig. 6, hPer2 mRNA expres-
sion was significantly higher in the pEGFP‑N1‑hPer2 group 
compared with the pEGFP‑N1 or control groups (P<0.05), and 
no statistical difference existed between pEGFP‑N1 and the 
control group (P>0.05), suggesting that hPer2 was successfully 
transfected into MG63 cells and efficiently expressed. Western 

blot analysis revealed that hPer2 protein exhibited a significant 
upregulation in the pEGFP‑N1‑hPer2 group compared with 
the pEGFP‑N1 and control group (P<0.05), and no statistical 
difference existed between pEGFP‑N1 and the control group 
(P>0.05). These data also demonstrated that human osteosar-
coma MG63 cell lines were successfully generated, in which 
hPer2 was overexpressed.

Discussion

Osteosarcoma is the most common primary bone tumor and 
mainly affects children and adolescents (7,8). The etiology 
of osteosarcoma is largely unknown due to the difficulties 
in understanding the molecular mechanism of tumor devel-
opment in the complex structure and numerous genomic 
rearrangements of bone cancer cells  (9). Complete radical 
surgery remains a preferable choice in osteosarcoma treat-
ment, with adjuvant chemotherapy administered prior to 
surgery (10). If surgical excision is not possible, the addition of 
radiation therapy may be beneficial to control the local tumor. 
Still, a number of patients with osteosarcoma risk having 
local relapse following chemotherapy (11). For this reason, it 
is crucial to explore novel and alternative strategies for osteo-
sarcoma treatment. Understanding the fundamental molecular 
mechanisms in the pathogenesis of osteosarcoma may help to 
develop novel strategies that have a specific molecular target 
for the treatment of patients with osteosarcoma (12).

Life on earth has evolved in the presence of a rhythmically 
changing environment. Most eukaryotes, and certain prokary-
otes, have developed a molecular time‑keeping mechanism 
that synchronizes itself with the external environment to 

Figure 6. Expression of hPer2 mRNA and hPer2 protein. hPer2, pEGFP‑N1‑hPer2 group; Blank, pEGFP‑N1 group; NC, control group. *P<0.05.

Figure 5. Green fluorescence protein expression in MG63 cells observed by fluorescence microscope (magnification, x100). (A) pEGFP‑N1 group; 
(B) pEGFP‑N1‑hPer2 group.
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ensure optimal timing of cellular functions, metabolism and 
physiology (13‑15). This mechanism is known as the circadian 
oscillator or clock. Circadian clocks have been identified in 
the majority of tissues and cells of mammals  (16,17). The 
molecular basis of the circadian clock is the oscillatory tran-
scription and translation of ‘clock genes’. Studies suggest that 
tumorigenesis is associated with altered circadian function, 
whether causal or symptomatic, and that a dysfunctional circa-
dian clock promotes carcinogenesis (18). However, the effects 
of clock genes on the biological behavior of osteosarcoma cells 
are rarely reported. In the current study, we selected hPer2, 
one of the key circadian genes, and successfully constructed 
the recombinant pEGFP‑N1‑hPer2 plasmid, which was trans-
fected into the MG63 osteosarcoma cell line. This study is 
expected to lay the foundation for research into the circadian 
gene in osteosarcoma. A gene transformation technique is 
applied to modify tumor cells with certain functional genes 
to increase inhibition effects on the growth of tumors. The 
development of this technique has been extremely rapid in 
recent years and has become a new method in the precaution 
and treatment of tumors (19).

GFP easily forms a fusion protein with other target genes 
and has no influence on the space conformation and function 
of the target gene product. It has become the optimal reporter 
gene for the detection of the target gene transfection efficiency 
and expression modality (20). EGFP is optimized mutant GFP 
possessing a much higher sensitivity and 35 times stronger 
fluorescence than the wild type, having no species specificity 
and a notable influence on the growth and function of cells (21).

Taken together, in this study, in order to detect the transfec-
tion efficiency of the hPer2 gene, we constructed a recombinant 
plasmid using EGFP which exhibits the changes of its expres-
sion position and quantity within MG63 cells. We investigated 
the function of the target gene in the occurrence and develop-
ment of tumors, as well as the molecular mechanisms involved. 
Our preliminary studies provide the ground work for further 
research on the roles of the circadian gene hPer2 in MG63 
osteosarcoma cells, and pave the way for future studies of the 
intracellular downstream signaling mechanisms responsible 
for hPer2's ability to affect osteosarcoma cells.
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