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Abstract. The aim of the present study was to evaluate the 
association between Period2 (Per2) and the occurrence and 
development of ovarian cancer, in addition to evaluating the 
effect of this gene on the growth and metastasis of ovarian 
cancer in nude mice xenograft models. The detection of Per2 
by reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and western blotting methods at various stages of 
ovarian cancer in tumor tissue samples was conducted. Nude 
mice xenograft models of ovarian cancer were constructed 
using an ovarian cancer cell line and, using a gene transfection 
technique, exogenous infusion of the recombinant gene, Per2, 
was performed. To assess for the successful and stable expres-
sion of Per2 in the tumor tissue, levels of Per2 expression in 
the nude mice xenograft models were detected by RT‑qPCR. 
During the experimental period, the tumor volumes were 
measured every three days. Two weeks following treatment 
cessation, the nude mice were sacrificed and the tumor weight 
and volume were measured. Furthermore, detection of the 
changes in expression levels of metastasis‑associated gene 1 
(MTA‑1) and tumor metastasis suppressor gene, non‑metas-
tasis protein 23‑H1 (nm23‑H1), and the expression change of 
autophagy‑associated signal transduction pathway, phospha-
tidylinositol 3‑kinase (PI3K)/protein kinase B (PKB) kinase 
were analyzed. The findings demonstrated that with ovarian 
cancer stage development, the expression of Per2 gradually 
reduced or ceased. In addition, exogenous Per2 was success-
fully and stably expressed in nude mice tumor tissue samples. 

Furthermore, in the Per2 overexpression group, MTA‑1 protein 
expression was significantly reduced when compared with the 
phosphate‑buffered saline (PBS) control and empty plasmid 
groups, while nm23‑H1 protein expression was significantly 
higher when compared with those two groups. The expression 
levels of PI3K and PKB kinase, which are marker proteins 
of the autophagy associated signaling pathway PI3K/PKB, 
were significantly downregulated, when compared with the 
PBS control and empty plasmid groups (P<0.001). Thus, it 
was demonstrated that Per2 is closely associated with the 
development of ovarian cancer, and late‑stage ovarian cancer 
is associated with Per2 mutation or deletion. Per2 overex-
pression, via exogenous infusion reduced the ovarian cancer 
growth rate, which was demonstrated by a significant increase 
in the tumor inhibition rate. In addition, Per2 may inhibit the 
expression of MTA‑1 and promote the expression of nm23‑H1 
to restrict ovarian tumor growth and metastasis. Finally, it is 
hypothesized that Per2 affects autophagy by interfering with 
the PI3K/PKB signaling pathway, causing inhibition of tumor 
angiogenesis in order to inhibit tumor growth.

Introduction

Ovarian cancer is a common type of malignant tumor of 
the female reproductive organs, which is occurring with an 
increasing incidence (1‑4). However, epithelial ovarian cancer, 
with the highest mortality rate of all types of gynecological 
tumor, poses a serious threat to the lives of women. As a 
result of ovarian embryonic development, the tissue anatomy 
and endocrine function are complex. The tissue anatomy 
and endocrine function are complex, the early symptoms of 
ovarian cancer are inconsistent and there are no established 
primary prevention measures. Surgery performed on patients 
with epithelial ovarian cancer identified that the tumor, which 
was confined to the ovary, accounted for only 30% of the 
cancer, with the majority spreading to the uterus, bilateral 
ovaries, omentum and pelvic organs (3). Neither surgery nor 
chemotherapy is able to achieve a satisfactory outcome. In 
recent years, with the continuous progression of scientific 
research, biological therapeutic strategies for ovarian cancer 
have become a point of interest, and certain studies have 
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commenced clinical trials with significant progress  (5). 
Ovarian cancer biotherapy includes gene therapy and immu-
notherapy. In animal experiments and certain stage I, II and III 
clinical trials, biotherapy has been effective, and may present 
as a novel treatment modality following surgery, chemotherapy 
and radiotherapy (5,6).

In all organisms, the essential biological function is 
the biological clock. Numerous complex biological func-
tions in vivo are controlled by regulation of the endogenous 
biological clock, with aspects of behavior and physiology 
demonstrating a 24‑h rhythm (7‑9). Casein kinase 1 (CK1), 
three Period genes (Per1, Per2 and Per3), two Cryptochrome 
genes (Cry1 and Cry2), Clock and Bmal1 have been identified 
as core circadian clock genes (10,11). The mammalian Per 
genes are key regulators of circadian rhythm.

Previous studies found that biological clock rhythms are 
associated with cell cycle regulation, and the circadian rhythm 
system is involved in the cyclic processes of cell growth and 
apoptosis (12‑14). In addition, it has been reported that changes 
in circadian rhythm are associated with human and other 
mammalian tumor formation (15,16). Further studies identified 
that knock down of Per2 impaired the normal circadian rhythms 
of behavior and physiology, and significantly increased the inci-
dence of the tumor and proliferative phenotype (17‑19). These 
findings demonstrate that Per2 is important in carcinogenesis. In 
the study by Fu et al (18), Per2 expression was closely associated 
with the occurrence of tumors, with the risk of tumor in Per2 
mutant mice being significantly higher than that of wild‑type 
mice. The Per2 mutant mice underwent gamma irradiation and, 
compared with the wild‑type mice, demonstrated increased 
susceptibility to the gamma rays and a higher risk of cancer (18). 
Therefore, Per2 maintains normal biological rhythms; however, 
may also be involved in tumor growth and apoptosis, exerting 
an inhibitory effect on tumor growth.

As a malignant tumor of the female reproductive system, 
ovarian tumors are closely associated with hormone secretion. 
Furthermore, female hormone secretion is closely associated 
with the circadian rhythm and sleep/wake cycles. At present, 
and to the best of our knowledge, there are few studies regarding 
the circadian gene, Per2 and ovarian cancer. Therefore, in the 
present study, the changes of Per2 in ovarian cancer tumor 
tissue samples at different stages and the possible role of Per2 
were analyzed. Nude mice xenograft models of ovarian cancer 
were used, and Per2 was overexpressed by exogenous infu-
sion to detect its effect on tumor growth and metastasis, and 
elucidate the potential underlying mechanism.

Materials and methods

Specimen source. In order to investigate the change of 
Per2 during the development of ovarian cancer, archived 
paraffin‑embedded specimens of epithelial ovarian cancer, 
which had been collected during January 2010 to December 
2013 from the First Hospital of Shanxi Medical University 
(Taiyuan, China), were obtained. None of the patients had 
received chemotherapy or immunotherapy prior to surgery. The 
clinical stage was established according to The International 
Federation of Gynecology and Obstetrics (FIGO) staging 
system (20); there were eight cases of malignant epithelial 
ovarian tumor stage (malignant stage)  I, eight cases of 

malignant stage II, and six cases of malignant stage III. Six 
cases of benign epithelial tumor served as the control group. 
Written informed consent was obtained from the patients for 
the paraffin‑embedded specimens used in the current study 
and the animal experiments were approved by the ethics review 
committee of the First Hospital of Shanxi Medical University. 
The research was conducted in strict accordance with the 
provided scheme and relevant provisions of the medical ethics 
committee of Shanxi Medical University.

Animal and reagents for in  vivo research. A total of 
28 specific‑pathogen‑free (SPF), female BALB/c nude mice 
(body weight, 13‑15 g; age, 4 weeks) were obtained from 
Shanghai Silaike Experimental Animals Co., Ltd. (Shanghai, 
China). The SK‑OV‑3 human ovarian cancer cell line was 
obtained from Peking Union Medical College (Beijing, 
China). The recombinant plasmid, pcDNA3.1(+)‑Per2 and 
empty plasmid, pcDNA were obtained from Benyuan 
Zhengyang Gene Technology Co., Ltd. (Beijing, China). The 
Plasmid Extraction and Purification kit was purchased from 
Hangzhou Bioer Technology Co., Ltd. (Beijing, China) and, 
Invitrogen Lipofectamine 2000 was obtained from Thermo 
Fisher Scientific, Inc. (Waltham, MA, USA). 

Ethics statement. All surgical and animal care procedures 
were approved by the Medical Ethics Committee of Shanxi 
Medical University (Shanxi, China). All research was carried 
out in strict accordance with the guidelines provided by the 
Medical Ethics Committee.

Cell culture. SK‑OV‑3 cells were cultured in RPMI‑1640 
containing 15% fetal calf serum (Zhejiang Tianhang Biological 
Technology Co., Ltd., Zhejiang, China), and maintained in an 
atmosphere of 5% CO2 at 37˚C. Cells were cultured until the 
logarithmic growth phase was reached. The cells were harvested, 
counted and the cell number was adjusted to 2.5x107 cells/ml.

Establishment and grouping of the nude mice xenograft 
models. The BALB/c nude mice were housed in SPF 
breeding units. Each nude mice received a subcutaneous 
injection of 200 µl SK‑OV‑3 cell suspension (concentration, 
2.5x107 cells/ml; ~5x106 cells) into the central lateral region 
of the left axilla. The transplanted tumor had developed after 
seven days and the tumor diameter was ~4‑5 mm 14 days after 
the injection, which indicated successful construction of the 
model. There were 24 successful mouse models, which were 
randomly divided into a control group and two experimental 
groups, the recombinant plasmid group and the empty plasmid 
group, with eight mice per group.

Gene therapy. Following successful establishment of the 
animal model, a vernier caliper was used for measurement 
of the subcutaneous tumor size every 3 days. Gene therapy 
was initiated when the tumor diameter reached 0.4 cm. Gene 
transfection was performed using Lipofectamine 2000, which 
was directly injected into the tumor and at the tumor edges by 
multi‑point injection. The treatment strategies were as follows: 
i) Control group, local tumor injection once every three days, 
a total of five times, with 100 µl phosphate‑buffered saline 
(PBS) per mouse; ii)  empty plasmid group, local tumor 
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injection once every three days, a total of five  times, with 
100 µl pcDNA3.1 (100 mg/l) per mouse, in addition to a 25‑µl 
injection of Lipofectamine 2000 for transfection. iii) Per2 
group, multi‑point tumor injection once every three days, a 
total of five times, of 100 µl pcDNA3.1(+)‑Per2 (100 mg/l) per 
mouse, in addition to a 25‑µl injection of Lipofectamine 2000 
for transfection. Every three days, vernier caliper measure-
ments of the mouse tumor length (L) and short diameter (W) 
were taken. Two weeks after treatment cessation the nude 
mice were sacrificed by cervical dislocation, and the tumor 
volume [V (mm3) = L x W2/2] and weight (g) were measured to 
calculate the tumor inhibition rate (%) as follows: % = (control 
group mean tumor weight ‑   treatment group mean tumor 
weight) / control group mean tumor weight x 100.

Reagents. A High Pure FFPE RNA extraction kit (Comwin 
Biotech Co., Ltd., Beijing, China) was used to extract RNA 
from paraffin‑embedded tissue. In addition, a SYBR Green 
Real‑Time polymerase chain reaction (PCR) kit (Roche 
Diagnostics, Indianapolis, IN, USA) was used to perform qPCR.

Per2 RNA expression levels in tumor tissue and tumor metas‑
tasis‑associated gene, MTA‑1 and suppressor gene, nm23‑H1 
in mouse tumors, as detected by reverse transcription‑quantita‑
tive PCR (RT‑qPCR). The RT conditions were as follows: RNA 
(11 µl; 1 µg) and 1 µl random primers (0.2 µg/ml) were incubated 
at 65˚C for 5 min; 4 µl 5X Buffer, 3 µl dNTP (10 mmol/l), l µl 
RNA enzyme inhibitor (20 U/µl) and l µl reverse transcriptase 
(20 U/µl) were added [from a RevertAid First Strand cDNA 
Synthesis Kit (Thermo Fisher Scientific, Inc., Pittsburgh, PA, 
USA)] and incubated at 25˚C for 10 min, followed by incuba-
tion at 42˚C for 1 h and at 72˚C for 15 min. The qPCR reaction 
system was as follows: Fast Start Universal SYBR Green Master 
(ROX; 10  µl; Roche Diagnostics), 0.5  µl upstream primer 
(15 µM), 0.5 µl downstream primer (15 µM), 2 µl cDNA, 7 µl 
DNAse‑ and RNase‑free water, with a total volume of 20 µl. 
The primer sequence for the Per2 gene (GenBank® gene 
sequence coding AF036893) was as follows: Forward, 5'‑GCA​
GGC​TCC​ACC​ATG​AAT​GGA​TAC​GTG​GAC​TTCT‑3' and 
reverse, 5'‑CAA​GAA​AGC​TGG​GTG​TT​ACG​TCT​GGG​CCT​
CTA​TCCT‑3'. The primer sequence for MTA‑1 was as follows: 
Forward, 5'‑CGC​TCA​AGT​CCT​ACC​TGG​AG‑3' and reverse, 
5'‑TGG​TAC​CGG​TTT​CCT​ACTCG‑3'. The primer sequence for 
nm23‑H1 was as follows: Forward, 5'‑ACC​TTC​ATT​GCG​ATC​
AAA​CC‑3' and reverse, 5'‑GGC​CCT​GAG​TGC​ATG​TAT​TT‑3'. 
The primer sequence for GAPDH was as follows: Forward, 
5'‑AGA​GCT​ACG​AGC​TGC​CTG​AC‑3' and reverse, 5'‑AGC​
ACT​GTG​TTG​GCG​TACAG‑3'. All primer sequences were 
designed and synthesized by Sangon Biotech Co., Ltd. The PCR 
reaction conditions were as follows: 94˚C initial denaturation 
(10 min); 94˚C denaturation for 15 sec and 60˚C annealing 
and elongation for 60 sec, for 40 cycles. Quantitative PCR was 
conducted to obtain the Cq value. The difference between the 
Cq of the sample determination gene, Per2, and the Cq of the 
internal control gene, β‑actin, (ΔCq) was calculated as follows: 
ΔCq = CqPer2 ‑ Cqβ‑actin and ΔΔCq was obtained by subtracting 
the ΔCqexperimental group from the ΔCqcontrol group. To determine the 
expression of Per2 in the experimental group compared with 
the normal control group (for multiple sample variation), 2‑ΔΔCq 
was calculated (21).

Western blot analysis of Per2, MTA‑1, nm23‑H1, PI3K and PKB 
kinase protein expression levels. The tumor tissue protein was 
extracted from paraffin‑embedded tissue (Per2) or nude mice 
with ovarian cancer xenografts (MTA‑1, nm23‑H1, PI3K and 
PKB), using RIPA buffer (Beyotime Institute of Biotechnology, 
Haimen, China) and the concentration was determined using a 
bicinchoninic acid assay (Pierce Biotechnology, Inc., Rockford, 
IL, USA). Proteins (at 10 µg/µl) were separated on a 12% 
sodium dodecyl sulfate‑polyacrylamide gel by electrophoresis, 
and transferred onto a polyvinylidene fluoride membrane 
(Sigma‑Aldrich, St. Louis, MO, USA). The membranes were 
incubated with antibodies to visualize the proteins. These 
were metastasis‑associated gene 1 (MTA‑1; cat. no. sc‑9445; 
goat polyclonal), non‑metastasis protein 23‑H1 (nm23‑H1; 
cat. no. sc‑343; rabbit polyclonal), Per2 (cat. no. sc‑25363; 
rabbit polyclonal), phosphatidylinositol 3‑kinase (PI3K; cat. 
no.  sc‑8010; mouse monoclonal), protein kinase B (PKB) 
kinase (cat. no. sc‑17766) (all 1:500 dilution) and β‑actin (cat. 
no. sc‑47778; mouse monoclonal; reference gene; dilution, 
1:1,000) antibodies. Membranes were then incubated with 
the secondary antibodies bovine anti‑goat immunoglobulin G 
(IgG)‑horseradish peroxidase (HRP) (cat. no. sc‑2378) and 
bovine anti-rabbit IgG-HRP (cat. no. sc‑2379) (both used at 
a 1:2,000 dilution). All antibodies were all purchased from 
Santa Cruz Biotechnology, Inc. (Heidelberg, Germany). 
Proteins were detected with enhanced chemiluminescence 
(ECL) using Pierce ECL Western Blotting substrate (Pierce 
Biotechnology, Inc.). Analysis of the immune response and 
exposure were conducted using Image Lab imaging software 
version 5.2 (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). 
This experiment was conducted five times.

Statistical analysis. SPSS version 16.0 statistical software 
(SPSS, Inc., Chicago, IL, USA) was used for statistical anal-
ysis. Multi‑group comparisons were performed using analysis 
of variance, following a Kolmogorov‑Smirnov normality 
test. Bonferroni's test was used for comparisons between two 
groups. Data are presented as mean ± standard deviation. A 
P‑value <0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Per2 expression level varies at different tumor stages. The 
expression of Per2 RNA in tumor tissue samples was detected 
by RT‑qPCR. The expression levels of Per2 RNA in the benign 
tumor group were identified to be significantly greater when 
compared with the three other groups (P<0.001). Furthermore, 
the malignant stage I group demonstrated significantly higher 
Per2 RNA expression levels versus the malignant stage  II 
and  III groups (P<0.001). No significant difference was 
identified between the malignant stage II and III groups. The 
RNA expression level of Per2 in the benign tumor group was 
~14 times that of malignant stage II group and ~15 times that 
of the malignant stage III group (Fig. 1).

Per2 protein expression in tumor tissue samples was 
detected by western blotting. The expression levels of Per2 at 
different malignant tumor stages were varied; as the degree of 
tumor malignancy increased, the Per2 expression gradually 
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decreased (single factor variance analysis between the four 
groups: F=1,785; P<0.001). No significant difference was 
identified between the benign tumor group and the malignant 
stage I group. A significant difference was observed between 
the malignant stage I group, and malignant stage II and III 
groups (P<0.05), in addition, the difference between malignant 
stage II and III was significant (P<0.05; Fig. 2).

Per2 overexpression exerts inhibitory effects on ovarian 
cancer in nude mice xenograft models. Per2 was transfected 
and successfully expressed in tumor tissue samples. In order to 
confirm that the liposome‑mediated Per2 had been converted 
into a functional Per2 gene in the body, a specific gene was 
designed and the expression of Per2 protein was detected by 
western blot analysis.

No statistically significant difference was identified 
between the PBS control group and the empty plasmid group; 
however, the Per2 expression level in the transfected group 
was significantly greater compared with the other two groups, 
(P<0.01). The Per2 expression level was ~11 times greater 
compared with the other two groups (Fig. 3).

Comparison between tumor growth and tumor inhibition. 
Three mice from the PBS control group and two mice from 
the empty plasmid group exhibited ascites. The mice with 
ascites lost weight, consumed less water and presented 
with cancer‑associated cachexia. Furthermore, axillary and 
inguinal regions in the control and empty plasmid group mice 
demonstrated varying lymph node sizes and metastasis, and 
a range of sizes of satellite foci were apparent surrounding 
the transplanted tumor. In the treatment group overex-
pressing Per2, ascites and metastasis were not obvious, and 
visible satellite foci were apparent in one of the mice (data 
not shown).

The interaction between experiment duration and group 
was determined and the results are presented in Table  I 
(F=22.72; P<0.001). The tumor volumes were observed to 
increase in a time‑dependent manner. Upon cessation of treat-
ment, the mean tumor weight of mice from the recombinant 

Per2 plasmid group was significantly less than that of the 
control and empty plasmid groups (F=26.70; P<0.001).

Following treatment the mean tumor weights of nude mice 
were 4.73±0.95, 4.55±1.06 and 2.7±0.52 g, in the control, empty 
plasmid and Per2 groups, respectively. The tumor weights of 

Figure 1. Expression level of Per2 RNA in tumor tissue samples. Data are 
presented as mean ± standard deviation. *P<0.001 vs. malignant stages I‑III; 
#P<0.001 vs. malignant stages II and III. Per2, Period2.

Figure 2. Protein expression level of Per2 in tumor tissue samples. The single 
factor variance analyses demonstrate statistically significant differences 
between the four groups (F=1,785; P<0.001, multiple comparisons). Data 
are presented as mean ± standard deviation. *P<0.05 vs. benign tumor and 
malignant stage I; #P<0.05 vs. malignant stage II. Per2, Period2.

Figure 3. Per2 RNA expression levels in the different treatment groups. 
Games‑Howell correction test of the multiple comparisons was performed. 
Data are presented as mean ± standard deviation. *P<0.01 vs. PBS control and 
empty plasmid. PBS, phosphate‑buffered saline.
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mice in the Per2 group were significantly lighter than those of 
the control and empty plasmid groups (P<0.05). In addition, 
the inhibitory rate of the Per2 group was 42.9%, a significant 
increase compared with the other two groups (Table II).

RT‑qPCR detection of MTA‑1 and nm23H1 RNA expression 
levels. No significant difference was identified between the 
control and the empty plasmid groups; however, the Per2 trans-
fected group was significantly different when compared with 
the other two groups (P<0.001). In the Per2 overexpression 
group, the MTA‑1 RNA expression was significantly decreased 
(~1/10 of the RNA expression of the PBS control group). 
However, the RNA expression of nm23‑H1 was increased by 
~12 times when compared with the control group (Fig. 4).

Western blot detection of MTA‑1 and nm23‑H1 proteins, and 
protein expression levels of PI3K/PKB pathway marker genes, 
PI3K and PKB kinase. In the Per2 group, MTA‑1 protein expres-
sion was significantly downregulated (P<0.05 vs. the other two 
groups), while the expression level of nm23‑H1 was significantly 
increased (P<0.05; Fig. 5). The PI3K/PKB signaling pathway 
marker genes, PI3K and PKB kinase, demonstrated significantly 
reduced expression levels when compared with the PBS control 
and empty plasmid groups (P<0.05; Fig. 6).

Discussion

In North America, the number of mortalities associated with 
ovarian cancer is greater than the number of deaths from all 
other gynecological malignancies (1,2). As the early clinical 
manifestations of ovarian cancer are not typical and patients 
do not exhibit obvious discomfort, diagnosis is often late, with 
symptom such as ascites already apparent, which leads to 
tumor metastasis. Although the combined treatment of cytore-
ductive surgery and chemotherapy for ovarian cancer patients 
initially demonstrates a positive effect, the majority of these 
patients experience recurrence. The increasing resistance 
of patients to chemotherapeutic agents, caused by genetic 

instability of tumor cells and a high mutation rate, is the main 
cause of the high recurrence rate of ovarian cancer, resulting 
in it becoming an incurable disease. Novel treatment methods, 
such as gene, immune, interventional and anti‑angiogenesis 
therapy are currently being investigated.

Ovarian cancer is associated with cell proliferation and 
differentiation of oncogenes and tumor suppressor genes. It 
is also associated with multi‑stage interactions, such as muta-
tion and amplification of ErbB, c‑Myc and KRAS oncogenes, 
and/or of tumor suppressor gene, RB, p53 and p16. The loss of 
function of these genes may lead to the development of tumors. 
Ovarian cancer is closely associated with the female endocrine 
system, and the female endocrine system is regulated by circa-
dian rhythm genes; when the rhythm is disrupted, this may 
cause disorders of the female endocrine system, which may be 
associated with the occurrence of tumors.

The clock gene, Per2 is important in generating and 
maintaining circadian rhythms, and is involved in tumor 
suppression and responding to DNA damage. Per2, via the 
regulation of oncogenes, tumor suppressor gene expression, 
and the expression duration of cell cycle regulation‑associated 
genes, inhibits vascular endothelial growth factor (VEGF) 
agonist activity and, therefore, inhibits tumor development.

Previous studies identified reduced Per2 expression levels 
in human colorectal cancer, and that Per2 expression levels 
were closely associated with patient age, tumor histological 
grade, invasion depth, lymph node metastasis and TNM 
staging (22). Recent studies demonstrated that the Per2 protein 
was expressed in healthy lung tissue samples and non‑small 
cell lung cancer (NSCLC) tissues; however, the expression 
in NSCLC tissue was significantly reduced. Furthermore, 
expression of the Per2 protein was found to be associated 
with the degree of NSCLC differentiation and TNM stage. 
A lower degree of tumor differentiation and later TNM stage 
was observed with a reduced expression level of Per2 protein, 
which demonstrated that the abnormal expression of Per2 in 
patients with NSCLC was associated with the occurrence and 
development of NSCLC (23). Yang et al (24) demonstrated 
that downregulation of Per2 expression accelerated tumor 
growth, and doubled the diurnal amplitude of the tumor 
growth rhythm, in an in  vitro study. Koyanagi et al  (25) 
indicated that Per2 inhibited VEGF agonist activity, which 
was induced by tumor cell hypoxia, thereby inhibiting tumor 
angiogenesis.

Table II. Mean tumor weight and tumor inhibition rate.

	 Tumor weight after	 Tumor inhibition
Group	 transfection, g	 rate, %

PBS control	 4.73±0.95	 0.0
Empty plasmid	 4.55±1.06	 3.8
Per2	 2.7±0.52	 42.9a

aFollowing transfection, the tumors from the Per2 group were 
significantly lighter than those of the control and empty plasmid 
groups (P<0.05), as assessed by the Student‑Newman‑Keuls test. 
Values are presented as the mean  ±  standard deviation. PBS, 
phosphate‑buffered saline; Per2, Period2.
 

Table I. Change in tumor volume prior to and following treat-
ment.

	 Volume (mm3)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 Initial	 Final

PBS control	 72.56±6.24	 845.53±110.00
Empty plasmid	 72.49±7.91	 835.32±105.68a

Per2	 71.24±5.73	 486.38±70.12b

Comparison upon measurement of tumors every 3 days, and between 
the different groups (F=22.72; P<0.001). With the progression 
of time, the amount of change observed in tumor volume differed 
between groups. Following treatment, the tumor volume of the Per2 
recombinant plasmid group is significantly less than that of the control 
and empty plasmid groups (F=26.699; P<0.001). aP<0.001 vs. Per2; 
bP<0.001 vs. control and empty plasmid. Values are presented as the 
mean  ±  standard deviation. PBS, phosphate‑buffered saline; Per2, 
Period2.
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MTA‑1 was discovered in 1993, demonstrating high 
expression levels with high metastatic potential in rat breast 
cancer cells (26). Subsequently, it was confirmed that MTA‑1 
is involved in the invasion and metastasis of tumors, and is 
involved in regulating a variety of other malignant tumor 
processes, including cell proliferation, angiogenesis and 
resistance to chemotherapy (26‑30). Furthermore, MTA‑1 is 
associated with high recurrence and a poor prognosis, and 
eventually causes cancer. In previous studies, MTA‑1 was 
closely associated with angiogenesis, lymph node metastasis 
and colorectal and gastric cancers (26,31). In addition, in breast 
cancer studies, MTA‑1 was correlated with the tumor stage, 
angiogenesis and recurrence  (32,33). In a study regarding 
small cell lung cancer, it was found that compared with stage I 
tumors, the MTA‑1 expression level in stage II‑IV tumors was 
significantly increased, and was associated with lymph node 
metastasis (34). Recently, MTA‑1 was identified to be associ-
ated with invasive ability, metastasis and a later stage, in oral 
squamous cell carcinoma (35).

nm23 was the first gene to be identified as a tumor metas-
tasis suppressor gene and two types of nm23 gene are present in 
humans: nm23‑H1 and nm23‑H2. A close association between 
nm23‑H1 and tumor metastasis has been identified  (36). 
Mutations or low expression levels of nm23‑H1 contribute to 
tumor metastasis, and its regulation, proliferation and differen-
tiation. Luo et al (37) compared 69 cases of cervical carcinoma 
and 20  cases of healthy cervical tissue, and the positive 
expression of nm23 was identified to be negatively correlated 

Figure 6. Levels of PI3K and PKB kinase protein expression in the dif-
ferent groups. Data are presented as the mean  ±  standard deviation. 
*P<0.05 vs. PBS control and empty plasmid. PI3K, phosphatidylinositol 3 
kinase; PKB, protein kinase B; PBS, phosphate‑buffered saline.

Figure 4. MTA‑1 and nm23‑H1 RNA expression levels in the different 
groups. The Bonferroni test was used for multiple comparisons. In the Per2 
overexpression group, the MTA‑1 expression was significantly decreased, 
demonstrating an expression level of ~1/10 of the PBS control group. 
However, the expression level of nm23‑H1 was ~12 times greater than the 
PBS control group. Data are presented as the mean ± standard deviation. 
*P<0.001 vs. PBS control and empty plasmid. MTA‑1, metastasis‑associated 
gene  1; nm23‑H1, non‑metastasis protein 23‑H1; Per2, Period2; PBS, 
phosphate‑buffered saline.

Figure 5. MTA‑1 and nm23‑H1 protein expression levels in the different 
groups. MTA‑1 protein expression levels in the Per2 group were significantly 
downregulated, while the protein expression levels of nm23‑H1 were upregu-
lated. Data are presented as the mean ± standard deviation. *P<0.05 vs. PBS 
control and empty plasmid. MTA‑1, metastasis‑associated gene 1; nm23‑H1, 
non‑metastasis protein 23‑H1; Per2, Period2; PBS, phosphate‑buffered 
saline.
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with the clinical stage, pathological grade and lymph node 
metastasis (P<0.01). No association was identified between 
nm23 expression and the pathological type or patient age. It 
was hypothesized that reduced levels of nm23 expression may 
exert a significant effect in cervical carcinogenesis, invasion 
and transfer, and previous studies have confirmed the associa-
tion between nm23‑H1, and the invasive ability and metastasis 
of cervical cancer (38). Wu et al (39) demonstrated that the 
positive expression of nm23‑H1 in endometrial carcinoma 
tissue samples was significantly lower than that of adjacent 
tissue samples and a healthy uterine mucosa (P<0.05); the 
decreased expression of nm23‑H1 in lymph node metastasis 
(P<0.05) was not identified to be associated with age, clinical 
stage or histological grade. Another study demonstrated that 
the expression of nm23‑H1 mRNA was negatively correlated 
with prostate cancer bone metastasis and with microvessel 
density (40).

The PI3K/PKB signaling pathway is a downstream signal 
transduction pathway involving numerous growth factors 
and cytokines. The PI3K/PKB signaling pathway is involved 
in anti‑apoptotic activity, and promotes cell proliferation, 
migration and cancerous transformation processes. Abnormal 
changes in this pathway, such as increased expression of key 
oncogenic genes or decreased expression of tumor suppressor 
genes, occur in certain types of malignant tumor tissue and are 
closely correlated with tumor progression (41). The structural 
changes in key molecules of PI3K/PKB, such as pll0α, p85α, 
PKB and phosphatase and tensin homolog‑encoding genes, 
are associated with cell transformation, and these genes have 
been proven to be oncogenes or tumor suppressors, dependent 
on the gene. The PI3K/PKB signaling pathway is involved in 
cell signal transduction to regulate apoptosis; previous studies 
demonstrated that the upregulation of phosphorylated‑PKB 
inhibits apoptosis and is a primary regulatory mechanism of 
autophagy. PKB‑deficient mouse embryonic fibroblast cells 
demonstrate a reduced rate of progression from the G2/M to 
the G1 phase, indicating that the activation of PKB causes cells 
to divide rapidly (42). In addition, the PI3K/PKB signaling 
pathway also affects glucose metabolism and promotes the 
growth of tumor cells (43). The PI3K/PKB signaling pathway 
inhibits cell apoptosis, promotes cell proliferation and is asso-
ciated with tumor occurrence, whilst also affecting migration 
and invasion of tumor cells, and promoting tumor progression. 
In a previous study of cell proliferation and migration, the 
PI3K inhibitor LY294002 eliminated the polar localization 
of PKB, and reduced the speed of cell migration by >60%, 
indicating that cell migration is dependent on the PI3K/PKB 
signaling pathway (44).

The present study demonstrated that the expression of Per2 
in tumor tissue samples varied with each stage of malignant 
ovarian cancer, when compared with the benign ovarian tissue 
samples. Furthermore, increases in the degree of tumor differ-
entiation and the TNM stage were associated with a gradual 
decrease in the expression level of Per2, indicating that the 
circadian gene is closely associated with the occurrence and 
development of ovarian cancer. In addition, it was hypothe-
sized that Per2 deletion or mutation leads to tumor progression 
and metastasis.

In order to verify the possible role of Per2 in ovarian cancer 
inhibition, a Per2 recombinant plasmid was transfected into 

ovarian cancer cells from ovarian xenografts in nude mice. The 
overexpression of Per2 in the transplantation tumor was stable, 
and continuous high expression was observed for 4‑6 weeks, 
which was adequate time to allow growth inhibition of the 
tumor. The tumor growth rate and tumor volume were signifi-
cantly reduced when compared with the PBS control group, and 
the tumor inhibition rate increased significantly. Tumor metas-
tasis and the rate of ascites formation was significantly lower 
than in the PBS control group, with no adverse effects (such as 
those that are observed with chemotherapy) on survival in the 
experimental mice. The local and continuous Per2 expression 
resulted in a significant decrease in MTA‑1 expression, which 
is highly associated with solid tumor metastasis, and indicates 
that the tumor metastasis inhibition mechanism of Per2 may 
act by inhibiting MTA‑1 expression. In addition, previous 
studies revealed that the grade and lymph node metastasis in 
cervical cancer cases were closely and negatively associated 
with nm23‑H1 expression (45‑47). In the present study, the 
local and continuous elevated expression of Per2 induced the 
expression of nm23‑H1, which was significantly increased 
when compared with the PBS control group. Notably, the occur-
rence and development of tumors is closely associated with the 
PI3K/PKB signal transduction pathway, which has an impor-
tant role. The local and continuously elevated expression of 
Per2 inhibits PKB activation, thus inducing apoptosis of tumor 
cells, inhibiting the expression of its downstream oncogenes 
and, therefore, inhibiting tumor growth. However, it must be 
noted that the use of Per2 gene therapy alone for the treatment 
of a malignant tumor only inhibits cancer progression and does 
not completely eradicate it. It is proposed that combining Per2 
gene therapy with traditional methods of tumor therapy, such 
as chemotherapy, may be more efficacious. The expression of 
Per2 is hypothesized to increase the sensitivity of tumor cells to 
chemotherapeutic agents via the PI3K/PKB signaling pathway 
downstream genes, which enhances the therapeutic agent 
efficacy. Thus, reducing the required dose of chemotherapeutic 
agent and reducing the side effects.

In conclusion, the present study indicates that Per2 is closely 
and negatively associated with the occurrence and development 
of ovarian cancer. Per2 expression, and the clinical stage and 
TNM development of ovarian cancer were identified to be 
correlated. Furthermore, Per2 may promote expression of the 
tumor metastasis suppressor gene, nm23‑H1 and inhibit MTA‑1 
expression, and is hypothesized to exert its antitumor effects via 
the PI3K/PKB signaling pathway and its downstream genes. To 
the best of our knowledge, this is the first study regarding expres-
sion of the circadian gene, Per2 in ovarian cancer. However, the 
specific underlying mechanisms require further investigation.
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