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Background: Recent studies have demonstrated that the clock gene PER1 regulates various
tumor-related genes. Abnormal expressions and circadian rhythm alterations of PER1 are closely
related to carcinogenesis. However, the dynamic circadian variations of PER1 and tumor-related
genes at different stages of carcinogenesis remain unknown. This study was conducted to
investigate the daily rhythm variation of PER1 and expression of tumor-related genes VEGF,
KI67, C-MYC, and P53 in different stages of carcinogenesis.
Materials and methods: Dimethylbenzanthracene was used to establish a golden hamster
model of buccal mucosa carcinogenesis. Hamsters with normal buccal mucosa, precancerous
lesion, and cancerous lesion were sacrificed at six different time points during a 24-hour period
of a day. Pathological examination was conducted using routine hematoxylin and eosin staining.
PER1, VEGF, KI67, C-MYC, and P53 mRNAs were detected by real-time reverse transcriptase
polymerase chain reaction, and a cosinor analysis was applied to analyze the daily rhythm.
Results: PER1, VEGF, C-MYC, and P53 mRNA exhibited daily rhythmic expression in three
carcinogenesis stages, and KI67 mRNA exhibited daily rhythmic expression in the normal and
precancerous stages. The daily rhythmic expression of KI67 was not observed in cancerous
stages. The mesor and amplitude of PER1 and P53 mRNA expression decreased upon the development of cancer (P,0.05), whereas the mesor and amplitude of VEGF, KI67, and C-MYC
mRNA increased upon the development of cancer (P,0.05). Compared with the normal tissues,
the acrophases of PER1, VEGF, and C-MYC mRNA occurred earlier, whereas the acrophases
of P53 and KI67 mRNA lagged remarkably in the precancerous lesions. In the cancer stage,
the acrophases of VEGF and C-MYC mRNA occurred earlier and later, respectively, compared
with the normal stage.
Conclusion: Variations in the daily rhythm characteristics of the clock gene PER1 and
tumor-related genes VEGF, KI67, C-MYC, and P53 correlate with the development of cancer.
Additional studies might provide new insights and methods to explore carcinogenic mechanisms
and cancer treatment.
Keywords: circadian rhythm, clock gene, PER1, tumor, carcinogenesis

“Circadian” is a Latin word that means “about a day”.1 Living organisms on earth
have evolved with an endogenous timing system, specifically the circadian clock.1–3
Current research has demonstrated that numerous vital physiological processes
that occur in mammals in vivo, such as sleeping and waking, hormone secretion,
and immune activity, exhibit a circadian fluctuation of approximately 24 hours.1,4–7
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The generation of a circadian rhythm in vivo depends on
circadian variations in clock genes expression. At least
14 known core clock genes have been reported, including
PER1, PER2, PER3, CRY1, CRY2, TIM, CKIε, CLOCK,
BMAL1, RORs, REV-ERBs, NPAS2, DEC1, and DEC2.8–11
These clock genes are located in the suprachiasmatic nuclei
of the anterior hypothalamus and probably in all peripheral
tissue cells.12–14 The former is called the central circadian
clock, and the latter is the peripheral circadian clock.15,16
Circadian rhythms in the central circadian and peripheral
circadian clocks are generated by the interaction of positive
and negative transcription–translation feedback loops at
the molecular level. The transcriptional regulators CLOCK
and BMAL1 form CLOCK/BMAL1 heterodimers, and the
heterodimers subsequently bind to the E-box of the PER
(PER1, PER2, and PER3) and CRY (CRY1 and CRY2)
genes to activate the expression of these genes in the nuclei.
These processes are the main components of the positive
feedback circadian rhythm loop.17,18 PER and CRY proteins
form heterodimers that translocate from the cytoplasm to the
nucleus, where they interfere with CLOCK/BMAL1 heterodimer formation and inhibit the expressions of PER and
CRY, thereby forming a negative feedback loop.11,19,20 The
clock genes generate and sustain rhythmic expressions in a
24-hour period via these feedback loops.2,12 The peripheral
circadian clock can be regulated and influenced by the central
circadian clock; meanwhile, the peripheral circadian clock
can also generate and sustain a 24-hour circadian rhythm
independently.2,16 Approximately 5%–10% of the genes of
the mammal genome are regulated by clock genes,3,21 which
exhibit 24-hour periodic expression, and these genes are
known as clock-controlled genes (CCGs).12,22 Importantly,
the circadian expression of clock genes and CCGs maintains
a high level of synchronization and orderliness for normal
physiological activities.23,24
Current reports have demonstrated that the PER1 gene is
an important clock gene that exhibits circadian rhythms
in normal cells.25,26 PER1 is a cancer suppressor gene that
is downregulated in various solid tumor cells, including prostatic cancer, melanoma, and oral squamous cell
carcinoma.8,27,28 Many important cancer-related genes are
CCGs; PER1 is an important clock gene that regulates many
cancer-related genes. Gery et al reported that PER1 overexpression in human colon cancer cells (HCT116) increased
P53 and C-MYC expression.29 Soták et al demonstrated that
reduced PER1 mRNA expression in mice colorectal tumors
promoted the upregulation of C-MYC and downregulation
of P21.15
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Current studies have demonstrated that the clock gene
PER1 regulates numerous downstream cancer-related genes
to influence cell proliferation and apoptosis as well as tumor
angiogenesis; thus, PER1 is closely related to the occurrence
and development of carcinoma.15,29,30 Carcinogenesis is a
process of pathological change involving multiple genes and
steps. The dynamic circadian rhythm variations (including
the expressions of mesor, amplitude, and acrophase) of the
clock gene PER1 and cancer-related CCGs involved in the
stages of carcinogenesis and the development of carcinoma
are unclear. The daily profiles of the expression of clock
gene PER1 and cancer-related genes VEGF, KI67, C-MYC,
and P53 during three stages of carcinogenesis in a golden
hamster model of buccal mucosa carcinoma were detected
in this study; this research provides new concepts for further research on the mechanism of carcinogenesis and the
development of cancer as well as the development of cancer
therapies based on the recovery of circadian rhythms.

Materials and methods
Experimental animals
Ninety male-specific pathogen-free Syrian golden hamsters
(6–7 weeks, 90–120 g) were purchased from Vital River
Company (Beijing, People’s Republic of China). All
experimental procedures were approved by the Experimental
Animal Use and Management Committee in Experimental
Animal Research Institute, Chongqing Medical University.

Establishment of a Syrian golden hamster
model of buccal mucosa carcinoma
by dimethylbenzanthracene
Ninety golden hamsters were randomly housed in separate
cages (five hamsters per cage). The golden hamsters were
synchronized for 3 weeks under 12-hour light/12-hour
dark cycles (at a temperature of 24°C±1°C and humidity of
60%±10%) before the study. The hamsters’ bedding, food,
and water were sterilized. In the 12-hour light/12-hour dark
cycles, the time was described as hours after light onset
(HALO). For example, “0 HALO” was denoted as the time
to turn on the light, whereas “12 HALO” was denoted as
the time to turn off the light. On the last day of the third
week, five hamsters were sacrificed by cervical dislocation
at each time point, including 4 HALO, 8 HALO, 12 HALO,
16 HALO, 20 HALO, and 24 HALO during a 24-hour
period, and normal left buccal mucosa was simultaneously
obtained from the normal group. The remaining 60 hamsters
were housed under a 12-hour light/12-hour dark cycle. The
hamsters were maintained in a self-made box, and their
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mouths were opened and painted with a 0.5% dimethylbenzanthracene acetone solution (Sigma, USA) with a No 5 flat
brush on the left buccal mucosa every Monday, Wednesday,
and Friday. On the last day of the sixth and 14th week after
dimethylbenzanthracene painting, five hamsters were sacrificed by cervical dislocation at each time point, including
4 HALO, 8 HALO, 12 HALO, 16 HALO, 20 HALO, and
24 HALO during a 24-hour period; the left buccal diseased tissue was obtained simultaneously. The tissues obtained in the
sixth week were included in the precancerous lesions group,
whereas tissues obtained in the 14th week were included in
the cancer group. Then, each tissue sample was divided into
two parts. One portion was fixed in 4% paraformaldehyde,
dehydrated, and embedded in paraffin blocks, whereas the
other portion was snap-frozen in liquid nitrogen.

Pathological examination using
HE staining

We obtained 4 μm thick sections from each paraffin block,
and the hematoxylin and eosin (HE)-stained sections were
prepared for observation under an optical microscope
(Olympus BX51, Japan). Classification of histological
pathology was accomplished according to the classification
standard of WHO Collaborating Centre for Oral Precancerous Lesions.31

Real-time RT-PCR
Real-time reverse transcriptase polymerase chain reaction
(RT-PCR) was performed according to the manufacturer’s
protocol. First, the total RNA was isolated using RNAiso
Plus (Takara, Japan). Second, the cDNA was synthesized
from 10 µL of total RNA using a Prime Script RT reagent
kit (Takara). Finally, RT-PCR was performed on a realtime PCR machine (CFX96TM Real-Time PCR Detection
System; BioRad, USA) in a 25 µL final volume containing
12.5 μL of 2× SYBR Premix Ex TaqTM II (Takara), 8.5 μL
of RNAse-free water, 1 μL of 0.4 μmol/L forward primer
and reverse primer, and 2 μL of 50 ng/µL cDNA. Specific
primers for β-actin (a housekeeping gene that served as an
internal control), PER1, VEGF, KI67, C-MYC, and P53 were
designed using Oligo 17.0 software. The primer sequences are
listed in Table 1. The following RT-PCR cycling parameters
were used: 1.5 minutes at 95°C followed by 40 rounds of
10 seconds at 95°C and 30 seconds at 60°C. The data were
acquired as the threshold cycle (Ct) value. The relative mRNA
expression values of PER1, VEGF, KI67, C-MYC, and P53
were calculated using the 2-∆∆Ct method. Each sample was
performed in triplicate to ensure the accuracy of the data.
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Table 1 Primers used for real-time PCR amplification of gene
expression
Gene

Primer

Primer sequence (5′ to 3′)

PER1

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

AGCAACAGCCACGGTTCTC
CAGTCCACACAAGCCATCAC
GACTTTGTTTGTCCAAGATCC
TCACATCTGCAAGTACGTTCG
TGTATCCTTTGGTGGTCGTCTA
GCTGGAGTGTGAGTGGTGAG
GCCTACATCCTGTCCATCCA
TCACGCACCAGAGTTTCG
ATGCCGAATACCTGGATGAC
GCGTGATGATGGTGAGGATA
GGCAGGCAAAGGTTACTCTG
TGGTGACAGGTGGACAAGAT

VEGF
KI67
C-MYC
P53
β-actin

Abbreviation: PCR, polymerase chain reaction.

Statistical analysis
One-way analysis of variance and Student–Newman–Keuls
test were used to analyze the differences in the mRNA
expression of each gene among six time points and the differences in the mesor and amplitude of each gene in three
groups with SPSS 17.0 statistical software (IBM Corporation, Armonk, NY, USA). Mean and standard deviation were
used to describe the results, and a P-value of ,0.05 was
considered statistically significant. The daily rhythm was
assessed by a single cosine test using Time Series Analysis
Cosinor 6.3 software (Expert Soft Technologie Laboratory
of Applied Statistics and BioMedical Computing, Richelieu,
France). A value of P,0.05 indicated that the expression of
the target gene showed a daily rhythm. A cosine-fitted curve
was generated with SigmaPlot 10.0. The daily rhythm was
characterized by the mesor, amplitude, and acrophase. The
mesor is the mean value of all the statistics in a circadian
fluctuation within a 24-hour period, the amplitude indicates
the maximum degree above or below the mesor of the circadian fluctuation, and the acrophase represents the time point
when the circadian fluctuation achieved the peak value.

Results
Pathological examination using
HE staining
The pathological examination conducted using HE staining
indicates that the 30 cases in the normal group exhibited
normal buccal mucosa tissue. Among the 30 cases in the
precancerous lesions group, 25 displayed moderate atypical hyperplasia, three exhibited mild atypical hyperplasia,
and two exhibited severe atypical hyperplasia. The 30 cases
in the cancer group exhibited squamous carcinoma tissue
(Figure 1).
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Figure 1 The golden hamster buccal mucosa carcinogenesis model.
Notes: (A) Images of the golden hamster buccal mucosa from various carcinogenesis stages. (B) Pathological slice photos (HE staining, ×400) from various carcinogenesis
stages.
Abbreviation: HE, hematoxylin and eosin.

Daily rhythm variations of the clock gene
PER1 mRNA in various stages of buccal
mucosa carcinogenesis
Significant differences in PER1 mRNA expression were noted
among the six different time points in the normal, precancerous lesions, and cancer groups (Table 2). The cosine analysis

revealed that PER1 exhibited daily rhythmic expression in the
normal, precancerous lesions, and cancer groups (Table 2).
The cosine-fitted curves are presented in Figure 2.
The daily rhythms demonstrated the following characteristics (Table 3). 1) Mesor and amplitude: The mesor and amplitude
of PER1 mRNA expression in the precancerous lesions group

Table 2 The mRNA expression of PER1, VEGF, KI67, C-MYC, and P53 in normal buccal mucosa, precancerous lesion, and cancer at
six different time points in 24 hours (mean ± SD, n=5)
Gene

Group

PER1

N
P
C
N
P
C
N
P
C
N
P
C
N
P
C

VEGF

KI67

C-MYC

P53

Time point
4 HALO

8 HALO

12 HALO

16 HALO

20 HALO

24 HALO

0.82±0.07
1.93±0.17
0.32±0.11
2.12±0.14
5.81±0.36
7.43±0.89
1.37±0.37
0.64±0.25
2.62±0.53
2.37±0.43
5.88±0.65
5.41±2.29
1.09±0.26
2.64±0.63
1.37±0.21

0.91±0.08
1.80±0.03
0.91±0.22
2.53±0.18
4.87±0.22
6.34±0.97
0.54±0.18
1.36±0.27
1.77±0.15
2.38±0.38
4.30±1.59
3.04±0.30
1.86±0.27
2.06±0.33
0.84±0.17

1.84±0.12
1.28±0.21
0.66±0.22
3.91±0.16
3.99±0.12
5.89±0.54
0.77±0.19
0.78±0.43
1.71±0.28
2.14±0.20
1.72±0.86
2.66±0.24
2.64±0.22
1.23±0.28
0.71±0.10

2.58±0.08
0.98±0.61
1.39±0.19
1.39±0.15
1.42±0.11
4.67±0.51
0.37±0.10
2.03±0.93
1.62±0.31
1.28±0.45
2.33±0.58
2.85±0.29
3.82±0.62
2.15±0.20
1.63±0.17

1.83±0.13
0.41±0.07
1.63±0.17
1.81±0.14
2.13±0.21
7.33±0.63
0.97±0.27
2.25±0.56
2.59±0.39
0.96±0.36
2.69±0.68
5.70±3.59
4.44±1.40
2.63±0.62
1.65±0.42

1.60±0.05
0.81±0.11
0.38±0.22
1.79±0.12
2.84±0.36
9.51±0.84
1.10±0.44
0.99±0.36
1.03±0.25
1.13±0.31
3.45±1.79
5.67±0.56
6.20±1.59
3.28±0.87
1.40±0.34

P1-value

P2-value

P3-value

0.000
0.000
0.000
0.000
0.000
0.000
0.010
0.011
0.001
0.001
0.008
0.052
0.000
0.011
0.003

0.000
0.000
0.003
0.0062
0.000
0.0002
0.0115
0.0246
0.9183
0.000
0.0026
0.0128
0.0032
0.007
0.0021

0.000a
(F=73.324)
0.000a
(F=469.509)
0.000a
(F=31.144)
0.000b
(F=19.542)
0.000a
(F=48.358)

Notes: P,0.05 represents that there is a significant difference. P1 represents the results of the differences in the expression of each gene at six time points in each group
analyzed by one-way ANOVA. P2 represents the results of the daily rhythm of expressions of each gene in each group analyzed by single cosine test. P3 represents the results
of the average differences in the expressions of each gene in three groups analyzed by one-way ANOVA. Superscripts “a” and “b” represent the results of the intergroup
differences analyzed by Student–Newman–Keuls test after the one-way ANOVA, as follows: aThere are mutual significant differences in three groups. bThere are significant
differences between P or C group and N group, but there is no significant difference between P and C groups.
Abbreviations: SD, standard deviation; n, numbers; HALO, hours after light onset; N, normal buccal mucosa; P, precancerous lesion; C, cancer; ANOVA, analysis of variance.
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Figure 2 Cosine-fitted curves of PER1, VEGF, KI67, C-MYC, and P53 expression in normal buccal mucosa, precancerous lesions, and cancer tissues.
Note: The solid line in the figure represents the cosine-fitted curve, whereas the dotted line connects the mean values of the mRNA expression of each gene at six time
points during a 24-hour period.
Abbreviation: HALO, hours after light onset.

and cancer group were significantly reduced compared with the
normal group (P,0.05). The mesor and amplitude of PER1
mRNA in the cancer group were remarkably reduced compared
with the precancerous lesions group (P,0.05). 2) Acrophase:
The acrophases expressed by PER1 mRNA during various
stages of carcinogenesis are presented in Table 3. In the cancer
group, the acrophase of PER1 mRNA was approximately identical to that observed in the normal group. In the precancerous
OncoTargets and Therapy 2015:8

lesions group, the acrophase of PER1 mRNA expression was
9.66 hours earlier than that in the normal group.

Daily rhythm variations of mRNA of
cancer-related genes during different
stages of buccal mucosa carcinogenesis
Significant differences in VEGF, KI67, and P53 mRNA
were noted among the six daily time points in the normal,
submit your manuscript | www.dovepress.com
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Table 3 The daily rhythm characteristics of PER1, VEGF, KI67, C-MYC, and P53 mRNA in normal buccal mucosa, precancerous lesion,
and cancer
Gene

Cosinor parameters

PER1

Mesor
Amplitude
Acrophase (HALO)
Mesor
Amplitude
Acrophase (HALO)
Mesor
Amplitude
Acrophase (HALO)
Mesor
Amplitude
Acrophase (HALO)
Mesor
Amplitude
Acrophase (HALO)

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.236.55.22 on 29-Sep-2021
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VEGF

KI67

C-MYC

P53

P-value

N

P

C

1.60±0.11
0.81±0.01
16.93±0.04
2.26±0.21
0.82±0.01
9.93±0.91
0.85±0.42
0.39±0.07
1.65±0.71
1.71±0.10
0.83±0.06
7.78±0.57
3.34±0.19
1.92±0.13
20.47±0.81

1.20±0.06
0.71±0.01
7.27±0.06
3.51±0.33
2.06±0.23
6.21±0.24
1.34±0.76
0.66±0.03
19.93±0.74
3.39±0.03
1.74±0.01
3.92±0.55
2.33±0.26
0.86±0.08
23.87±0.89

0.88±0.04
0.54±0.04
16.73±0.18
6.86±0.59
1.91±0.06
1.04±0.95
–
–
–
4.22±0.11
1.87±0.04
23.93±0.06
1.27±0.21
0.45±0.07
21.06±0.73

0.000a (F=48.137)
0.000a (F=92.659)
0.000c (F=7,294.436)
0.000a (F=71.351)
0.000b (F=71.938)
0.000a (F=100.324)
0.000a (F=12.387)
0.013a (F=17.970)
0.003a (F=42.501)
0.000a (F=543.026)
0.000b (F=574.424)
0.000a (F=1,607.264)
0.000a (F=82.040)
0.000a (F=109.770)
0.005c (F=14.995)

Notes: The daily rhythm is described as mesor, amplitude, and acrophase. P,0.05 represents that there is a significant difference. P-value represents the results of differences
in each cosinor parameter of each gene in three groups analyzed by one-way ANOVA. Superscripts “a”, “b”, and “c” represent the results of the intergroup differences analyzed
by Student–Newman–Keuls test after the one-way ANOVA, as follows: aThere are mutual significant differences in three groups. bThere are significant differences
between P or C group and N group, but there is no significant difference between P and C groups. cThere are significant differences between P group and C or N group, but
there is no significant difference between C and N groups.
Abbreviations: N, normal buccal mucosa; P, precancerous lesion; C, cancer; HALO, hours after light onset; ANOVA, analysis of variance.

precancerous lesions, and cancer groups, respectively
(P,0.05). C-MYC mRNA exhibited significant differences
at the six daily time points in the normal and precancerous
lesions groups (P,0.05); however, no differences were
noted in the cancer group (P.0.05), as shown in Table 2.
The cosine analysis indicated that VEGF, P53, and C-MYC
mRNA, respectively, exhibited daily rhythmic expression
in the normal, precancerous lesions, and cancer groups
(P,0.05). KI67 mRNA exhibited daily rhythmic expression
in the normal and precancerous lesions groups (P,0.05),
whereas this expression pattern was not observed in the
cancer group (P.0.05) (Table 2 and Figure 2).
The daily rhythms exhibited the following characteristics (Table 3). 1) Mesor: The mesor of VEGF and C-MYC
mRNA expression in the precancerous lesions and cancer
groups, respectively, was significantly increased compared
with the normal group (P,0.05). In the cancer group,
the mesor of VEGF and C-MYC mRNA was remarkably
increased compared with that in the precancerous lesions
group (P,0.05). The mesor of KI67 mRNA in the precancerous lesions group was remarkably increased compared
with the normal group (P,0.05). The mesor of P53 mRNA
in the precancerous lesions group and cancer group significantly decreased compared with the normal group (P,0.05).
In the cancer group, the mesor was significantly reduced
compared with the precancerous lesions group (P,0.05).
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2) Amplitude: The amplitudes of VEGF and C-MYC mRNA
in the precancerous lesions and cancer groups, respectively,
were significantly increased compared with the normal group
(P,0.05). No remarkable difference was noted between
the precancerous lesions and cancer groups (P.0.05).
The amplitude of KI67 mRNA in the precancerous lesions
group was remarkably increased compared with the normal group (P,0.05). The amplitude of P53 mRNA in the
precancerous lesions and cancer groups was significantly
reduced compared with the normal group (P,0.05), and
the amplitude in the cancer group was remarkably decreased
compared with the precancerous lesions group (P,0.05).
3) Acrophase: The acrophases of VEGF, KI67, C-MYC,
and P53 mRNA in various carcinogenesis periods are presented in Table 3. The acrophases of VEGF mRNA in the
precancerous lesions and cancer groups were 3.72 hours and
8.89 hours earlier, respectively, compared with the normal
group. The acrophase of KI67 mRNA in the precancerous
lesions group was delayed 18.28 hours compared with the
normal group. The acrophases of P53 mRNA were similar
in the normal and cancer groups. In the precancerous lesions
group, the acrophase was 3.4 hours later than that observed
in the normal group. The acrophases of C-MYC mRNA in
the precancerous lesions and cancer groups were 3.86 hours
earlier and 16.15 hours later, respectively, compared with
the normal group.
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Discussion
Current studies have indicated that the clock gene PER1 is a
cancer suppressor gene, and its circadian variations exhibit
a close relationship with the occurrence and development
of cancers.8,15,27–29,32 Bjarnason et al reported that PER1
expression in human buccal mucosa cells exhibits a circadian
rhythm.25 Our previous research demonstrated decreased
and circadian rhythmic PER1 expression in oral squamous
cell carcinomas.28,33 This study reports that the expression
of PER1 in three stages of oral squamous cell carcinoma
exhibited daily rhythms. The mesor and amplitude of PER1
mRNA expression decreased remarkably as carcinogenesis
progressed. These results demonstrate that the role of PER1 in
cancer inhibition was gradually reduced, probably resulting
in malignant transformation. In terms of the acrophase, the
timing of PER1 mRNA expression peak values was similar
in the normal buccal mucosa and carcinoma stages, and the
patterns of PER1 mRNA daily rhythmic expression were
similar. In the precancerous lesions stage, the acrophase of
PER1 mRNA was 9.66 hours earlier than that observed in
the normal buccal mucosa. The expression pattern of the
daily rhythms of PER1 mRNA in the normal buccal mucosa
was in contrast to that observed in precancerous lesions.
The mechanism of these variations requires further study.
Carcinogenesis is dependent on tumor angiogenesis, and
VEGF plays a central role in tumor-induced angiogenesis.34,35
Koyanagi et al reported that VEGF mRNA expression
in transplanted sarcoma cells of mice exhibits circadian
rhythms. In hepatic cells and plasma of mice with tumors,
VEGF protein exhibits circadian rhythmic expression.36 Our
research found that VEGF mRNA expression exhibits daily
rhythms in the three carcinogenesis stages in oral squamous
cell carcinoma. The mesor and amplitude of VEGF mRNA
expression were significantly elevated upon the development of cancer, thus promoting tumor angiogenesis and
carcinogenesis. The acrophase of VEGF mRNA constantly
progressed with the occurrence and development of cancer.
The mechanism of such variations in carcinogenesis requires
further exploration and serves as an important reference value
for the administration of cancer chemotherapies using VEGF
as a biomarker.
P53 is a cancer suppressor gene, and increased P53 expression inhibits tumor growth and induces cell apoptosis.37,38
KI67 and C-MYC are cell proliferation genes that promote
cell proliferation via increases in their expression.37,39 Our
research demonstrated that P53 and C-MYC mRNA exhibit
daily rhythmic expression in three stages of buccal mucosa
carcinogenesis. However, KI67 mRNA exhibited daily
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rhythmic expression in the normal and precancerous lesions
groups, whereas KI67 mRNA expression was dysregulated
in the cancer group. During the occurrence and development
of cancer, the mesor and amplitude of P53 mRNA expression typically decreased gradually, indicating a weakened
effect on cancer inhibition and apoptotic induction. KI67
and C-MYC mRNA expression increased gradually, resulting in enhanced reinforcement of cell proliferation and
leading to an imbalance between cell proliferation and
apoptosis. Regarding the acrophase, P53 mRNA expression was approximately identical in the normal and cancer
groups; P53 mRNA expression in the precancerous lesions
group lagged by 3.4 hours compared with the normal group.
In contrast, the acrophase of KI67 mRNA in the precancerous lesions group was 18.28 hours later than the normal
group. C-MYC mRNA expression was 3.86 hours earlier
and 16.15 hours later in the precancerous lesions and cancer groups, respectively. The uncoordinated changes in the
acrophases of the apoptosis gene P53 and cell proliferation
genes KI67 and C-MYC probably further aggravate the
imbalance between cell proliferation and apoptosis, thus
promoting carcinogenesis.

Conclusion
The specific mechanisms by which the clock gene PER1
regulates and controls cancer-related genes, such as VEGF,
KI67, C-MYC, and P53, and the characteristic changes
in the circadian rhythms of these genes remain unclear;
however, this study was the first to demonstrate the daily
rhythmic expression patterns of the clock gene PER1 and
cancer-related genes, such as VEGF, KI67, C-MYC, and
P53, in different stages of carcinogenesis. These results
indicate that the mesors, amplitudes, and acrophases of the
clock gene PER1 and cancer-related genes VEGF, KI67,
C-MYC, and P53 undergo substantial changes upon the
development of cancer. This study provides novel ideas and
methods for the exploration of carcinogenic mechanisms
and cancer treatments from the perspective of the relationship between circadian variations in gene expression and
carcinogenesis.
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