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Abstract. Background/Aim: Cryptochrome 1 (CRY1), a core
circadian gene, modulates circadian rhythm and carcinogenesis.
Here, we investigated the role of CRY1 and its correlation with
NANOG, a stem cell transcription factor, in cervical cancer.
Materials and Methods: Immunohistochemistry with tissue
microarray was performed to evaluate CRY1 and NANOG
expression in cervical cancer tissues, and their functional roles
were assessed in cervical cancer cell lines. Results: CRY1 or
NANOG was significantly over-expressed in cervical cancer
tissues. Notably, combined over-expression of CRY1 and
NANOG was correlated with a significantly poor OS and DFS
and showed a stronger predictive value for chemoradiation
response than each single protein. Furthermore, siCRY1
induced apoptosis, decreased NANOG expression, suppressed
STAT3 signalling, and activated p53 signalling in cervical
cancer cell lines. Conclusion: CRY1 and NANOG overexpression serves as a strong predictive biomarker for prognosis
and chemoradiation response, and may be a new therapeutic
target in patients with cervical cancer.
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Cervical cancer is the second most common gynecological
cancer with a prevalence of 6.6%. It accounts for the second
highest rate of cancer-related deaths among gynecological
cancers, and had a 7.5% mortality worldwide in 2018 (1).
Although vaccination against the human papillomavirus and
cytological screening systems have been investigated, its
incidence remains high, and nearly 50% of patients with
cervical cancer are diagnosed at the advanced stage.
Concurrent chemoradiation therapy (CCRT) followed by
radical hysterectomy in early-stage cervical cancer often
results in a satisfactory survival rate. However, patients with
advanced stage disease often experience relapse, and the
survival rate in the first 5 years remains poor. Therefore,
there is an urgent need to determine biomarkers to predict
the prognosis and treatment efficacy, which would
subsequently improve patient outcomes for locally-advanced
cervical cancer cases and aid in candidate selection for
treatment strategies, especially CCRT.
The circadian rhythm is an endogenous time-keeping
mechanism comprising autonomous peripheral oscillators
that are coordinated by a master oscillator located in the
suprachiasmatic nucleus of the hypothalamus, and various
peripheral clocks that are in the organs to coordinate sleep,
metabolism, and immunity at appropriate times during the
day (6-8). Accumulating evidence indicate that the disruption
of circadian rhythms because of an irregular lifestyle or
genetic alterations is associated with pathologic
consequences (9). For example, epidemiological studies have
suggested that the disruption of the circadian clock due to
chronic sleep deprivation, jet lag, or shift work increases the
incidence of cancer risk (10). Alterations in circadian-related
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genes fundamentally disrupt basic cellular physiology, which
in turn, increases susceptibility to diseases such as cancer by
controlling cell metabolism, proliferation, and apoptosis (1113). To date, 14 circadian clock genes, which are present in
most human body cells, have been identified; these genes
interact to create a network with multiple feedback loops at
the transcriptional or translational level (14). Among them,
cryptochrome 1 (CRY1) is a key circadian clock gene that
plays an important role in tumorigenesis. A previous study
by Habashy et al. (15) has reported the association between
epigenetic silencing of CRY1 and an indolent clinical course
in chronic lymphocytic leukaemia (CLL) patients. Besides
CLL, an association between CRY1 over-expression and
tumour progression and poor prognosis has been observed in
patients with colorectal cancer, renal cancer, and
osteosarcoma (16-18).
Tumorigenesis involves complex and diversified
processes, which include inhibiting apoptosis as a signal
generated via cell contact, developing new blood vessels to
supply oxygen and nutrition to support tumour growth, and
inducing the capacity to migrate, invade, and cause
chemotherapeutic resistance (19, 20). To date, many studies
have indicated crucial genes involved in apoptosis, which
show periodic patterns of expression. Mutation in CRY has
also been shown to sensitize a p53 mutant and enhance
apoptosis by interfacing with many signalling pathways
involved in cancer development.
However, the association of CRY1 with the response to
chemotherapy and carcinogenesis in cervical cancer remains
unclear. Therefore, in the present study, we investigated the
association of CRY1 with clinicopathological features, its
prognostic significance in cervical cancer, and its functional
roles in association with response to chemotherapy. Moreover,
as cancer stem cell functions are regulated by circadian
oscillation, we investigated the correlation between NANOG,
a stem cell transcription factor, and CRY1 in cervical cancer.

Materials and Methods

Patients and tumour samples. A total of 188 cervical cancer
specimens, 318 high-grade cervical intraepithelial neoplasia (CIN)
specimens, 102 low-grade CIN, and 270 normal non-adjacent
cervical epithelial tissues were collected from patients who
underwent either radical hysterectomy or conisation at the
Department of Obstetrics and Gynecology, Gangnam Severance
Hospital, Yonsei University College of Medicine between March
1996 and March 2010. Additional formalin-fixed, paraffinembedded (FFPE) blocks were provided by the Korea Gynecologic
Cancer Bank under the Bio & Medical Technology Development
Program of the Ministry of the National Research Foundation
(NRF) funded by the Korean government (MIST) (NRF2017M3A9B8069610). After performing a pathology review of all
the tumour specimens, adequate specimens were included in the
present study. The clinicopathological characteristics, including age,
survival time, survival status, tumour size, grade, cell types,
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presence of lymph node (LN) metastasis or lymphovascular space
invasion, and response to CCRT were obtained from the pathology
and medical reports. Cervical cancer staging was performed
according to the International Federation of Gynaecology and
Obstetrics (FIGO) staging system, and tumour grade was
determined as per the World Health Organisation grading. Patients
who were eligible for surgical resection underwent type 3 radical
hysterectomy with pelvic LN dissection; CCRT was performed after
the surgery in patients with a risk of relapse, positive LNs,
parametrial invasion, or positive resection margins. Response to
therapy was evaluated according to the response evaluation criteria
in solid tumours (RECIST; version 1.1) using either computed
tomography or magnetic resonance imaging. The present study was
approved by the Institutional Review Board (IRB) of Gangnam
Severance Hospital (IRB no. 3-2020-0377).

Tissue microarray construction and immunohistochemistry analysis.
After constructing tissue microarrays (TMAs) with 1 mm cores
from each archival FFPE block, the TMAs were serially cut into 5
μm sections, and then sections were deparaffinized and rehydrated
with xylene, followed by washes with ethanol and distilled water,
and analysed by immunohistochemical (IHC) staining. Then, the
sections were treated with 3% hydrogen peroxide for 10 min to
quench the endogenous peroxidase activity, and heat-activated
antigen retrieval was performed using an antigen retrieval buffer of
pH 6 (Dako, Carpinteria, CA, USA) in a steam pressure cooker
(Pascal; Dako) for 20 min. The sections were then treated with a
protein block (Dako) for 10 min to block nonspecific staining. Next,
the sections were incubated with the primary antibodies anti-CRY1
(rabbit polyclonal antibody, Cat. # PAB4717, 1:500; Abnova, Taipei,
Taiwan) and anti-NANOG (rabbit antibody, clone # D7364, 1:200;
Cell Signalling Technology, Danvers, MA, USA), for 1 h in Dako
Autostainer Plus (Dako). For the antigen-antibody reaction, the
sections were incubated with Dako EnVision+ Dual Link SystemHRP (Dako) and 3,3’-diaminobenzidine (DAB; Dako). Finally,
haematoxylin was used to lightly counterstain the TMA slide, after
which, the slides were examined by a light microscope.

Evaluation of IHC staining. The high-resolution optical scanner
Nanozoomer 2.0 HT (Hamamatsu Photonics K.K., Hamamatsu,
Japan) was used to scan the slide after IHC staining. Then,
Visiopharm Integrator System v6.5.0.2303 (VIS; Visiopharm,
Hørsholm, Denmark), a digital image analysis software, was used
to quantify the staining intensity after training the system with
digitally painted image examples. The brown-coloured (DAB)
intensity of each defined image was quantified and categorized as
follows: 3, strong; 2, moderate; 1, weak; and 0, negative. The
immunostaining score was determined by multiplying the staining
intensity (0-3) and percentage (0-100) of a positive cell.
Cell culture. Human cervical cancer cell lines, Caski and SNU-17,
were purchased from Korea Cell Line Bank (Seoul, Republic of
Korea). The cells were cultured in RPMI 1640 supplemented with
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin in a
humidified atmosphere with 5% CO2 at 37˚C.

siRNA transfection. Specific small interfering RNAs (siRNAs) for
CRY1 and NANOG, and control siRNA (siControl) were purchased
from Bioneer (Daejeon, Republic of Korea). The siRNA sequences
were as follows: CRY1 #1 5’-CUCUGUCUGAUGACCAUGA-3’
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(sense); 5’-UCAUGGUCAUCAGACAGAG-3’ (antisense); CRY1 #2
5’-CUCUGUUAACACAGACAGU-3’ (sense); 5’-ACUGUCUGU
GUUAACAGAG-3’ (antisense); NANOG #1 5’-AGUGUUUCAAU
GAGU-3’ (sense); 5’-ACUCAUUGAAACACU-3’ (antisense);
NANOG #2 5’-UCUCGUAUUUGCUGC-3’ (sense); and 5’GCAGCAAAUACGAGA-3’ (antisense). siRNA was transfected into
cells grown in a 6-well plate at a dose of 100 pmol per well using
Lipofectamine® RNAiMAX Reagent (Invitrogen, Gaithersburg, MD,
USA) as per the manufacturer’s instructions. After 72 h of transfection,
the siRNA-treated cells were collected for western blotting analysis.

Western blotting analysis. After harvesting the cells, cells were
lysed with cold cell lysis buffer (Cell Signalling Technology)
containing phenylmethylsulphonyl fluoride. Cellular proteins were
resolved by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis and transferred onto a nitrocellulose membrane.
Antibodies against CRY1, c-Myc, p53, and α-actinin were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Antibodies against NANOG, PARP, caspase-3, phosphoSTAT3Tyr705, and STAT3 were purchased from the Cell Signalling
Technology. The visualization of immunoreactive bands was
performed by using chemiluminescence reagents (Thermo Fisher
Scientific, Waltham, MA, USA). Each experiment was repeated
three times.

Cell proliferation assay. Cell proliferation was measured using an
EZ-Cytox assay kit (Daeil Lab Service, Seoul, Republic of Korea)
as per the manufacturer’s instructions. The absorbance in each well
was measured at 450 nm using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Each experiment was
repeated three times.

Colony formation assay. Caski and SNU-17 cells were transfected
with siRNAs targeting CRY1 or NANOG. After 24 h of transfection,
the cells (500 cells/well) were seeded in a 6-well plate and
maintained in an incubator at 37˚C with 5% CO2 for 2 weeks. The
cells were then fixed with methanol for 10 min and stained with
0.5% crystal violet for 30 min. After rinsing with distilled water, the
colonies formed in each well were counted using a microscope.
Each experiment was repeated three times.

Boyden chamber assay. The 48-wells microchemotaxis chambers
(Neuro Probe, Gaithersburg, MD, USA) were used to examine cell
invasion. Culture medium with 10% FBS was added to each well of
the bottom chamber, and the Matrigel (BD Biosciences, San Jose, CA,
USA)-coated membranes (#PFB8; Neuro Probe) was gently placed
over the walls of the bottom chamber. siRNA-transfected cells (1×105
cells/50 μl of medium containing 0.05% FBS) were seeded in the
upper chambers. After 48 h, the membranes were fixed and stained
with a Diff-quik solution (Sysmex, Kobe, Japan), and the uninvaded
cells were removed from the upper surface of the membrane. The
invading cells were counted with using Axio Imager M2 microscope
(Carl Zeiss, Thornwood, NY, USA) in six random high-power fields
per filter. Each experiment was repeated three times.

Flow cytometric analysis. Caski and SNU-17 cells were treated for
48 h with cisplatin, then collected for apoptosis analyses. The cells
were incubated with Annexin V-FITC (BD Biosciences, Waltham,
MA, USA) and propidium iodide (PI) for 15 min at room temperature
in the dark. After staining the samples with Annexin V-FITC and PI,

stained cells were diluted using the binding buffer and immediately
analysed by a flow cytometer. Flow cytometric analyses were
performed on a FACS-Canto II (BD Biosciences) analyser, followed
by analysis using FACSDiva software (BD Biosciences).

Statistical analysis. Mann–Whitney or Kruskal–Wallis tests were
performed for statistical analysis of CRY1 and NANOG expression
levels, as appropriate. Pearson’s chi-square test was used when
necessary. Kaplan–Meier method was used for plotting the overall
survival (OS) and disease-free survival (DFS) curves. Cox
proportional hazard model for the univariate and multivariate
models was used for survival analysis. SPSS version 25.0 (SPSS
Inc., Chicago, IL, USA) was used for statistical analysis, and p<0.05
was set as the criterion for evaluating significance.

Results

CRY1 and NANOG protein expression in cervical cancer. To
elucidate the clinical role of CRY1 and NANOG in cervical
cancer, we assessed CRY1 and NANOG expression by IHC
using TMAs of 188 cervical cancer tissues, 318 high-grade
CIN samples, 102 low-grade CIN specimens, and 270 nonadjacent normal epithelial tissues. From these, 144 cervical
cancer tissues, 193 high-grade CIN samples, 73 low-grade
CIN samples, and 226 non-adjacent normal epithelial tissues
could be interpreted for CRY1 and 170 cervical cancer
tissues, 265 high-grade CIN samples, 87 low-grade CIN
samples, and 270 non-adjacent normal epithelial tissues could
be interpreted for NANOG; the rest were excluded from IHC
analysis because of the complexity and staining status of the
samples. Representative IHC figures of CRY1 and NANOG
expression are shown in Figure 1A. As shown in Figure 1B
and Table I, the expression of CRY1 was higher in the
cervical cancer tissues than in the high-grade CIN, low-grade
CIN, and non-adjacent normal epithelial tissues (all p<0.001;
Table I and Figure 1B). Over-expression of CRY1 (CRY1+)
was significantly related with advanced FIGO stage (p=0.009;
Table I and Figure 1B) and poor chemoradiation response
(p=0.003; Table I). The expression of NANOG was
significantly higher in the cervical cancer tissues than in the
high-grade CIN, low-grade CIN, and non-adjacent normal
epithelial tissues (all p<0.001; Table I and Figure 1B), and
was associated with poor chemoradiation response (p=0.035;
Table I and Figure 1B). These results indicate that CRY1 and
NANOG expression may be valuable biomarkers for
therapeutic response in patients with cervical cancer.
As accumulating evidence suggests that disruption of the
circadian rhythm in cancer stem cells might contribute to
disease progression and chemoradiation resistance, we
further analysed the chemoradiation response when both
CRY1 and NANOG were over-expressed. Combined
CRY1+/NANOG+ expression showed a higher predictive
value for chemoradiation response than did expression of
each protein alone, that is, either CRY1+ or NANOG+
expression (p<0.001; Figure 1C).
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Figure 1. Continued
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Figure 1. CRY1 and NANOG expression in normal cervical epithelial, low-grade cervical intraepithelial neoplasia (CIN), high-grade CIN, and
cervical cancer tissues. (A) Representative immunohistochemical images of CRY1 and NANOG in normal cervical epithelial, low-grade CIN, highgrade CIN, and cervical cancer tissues. Scale bar: 50 μm (B) Comparison of IHC staining score for CRY1 in normal cervical epithelial, low-grade
CIN, high-grade CIN, and cervical cancer tissues and between stage I and stages II-IV in cervical cancer tissues. Comparison of IHC scoring for
NANOG in normal cervical epithelial, low-grade CIN, high-grade CIN, and cervical cancer tissues and between good and poor chemoradiation
response in cervical cancer patients. (C) Combined over-expression of CRY1 and NANOG showed more predictive value for the response to
chemoradiation treatment over single gene expression of CRY1 or NANOG.

Prognostic significance of CRY1 and NANOG expression. We
next evaluated the prognostic value of CRY1 or NANOG
expression in association with survival outcomes of patients
with cervical cancer. Patients with CRY1+ expression were
significantly associated with poor OS and DFS compared to
those with low expression of CRY1 (CRY1-; both p=0.001;
Figure 2A and D). NANOG+ expression was also significantly
associated with poor OS and DFS compared to low expression
of NANOG (NANOG-; both p=0.001; Figure 2B and E).
In addition to evaluating the expression of a single protein
for prognosis, we compared the OS and DFS of patients with
CRY1+/NANOG+ and CRY1-/NANOG- expression.
Significantly poorer OS and DFS were observed in patients
with CRY1+/NANOG+ expression than in patients with
CRY1-/NANOG- expression (p<0.001; Figure 2C and F).
Cox proportional univariate and multivariate analyses were
used for further analysis of OS and DFS, and though the
expression of each CRY1 and NANOG separately served as
independent prognostic factors for OS and DFS, the
combined marker, CRY1+/NANOG+ expression, was most
strongly related to poor OS and DFS in cervical cancer
[hazard ratio (HR)=11.17, 95% confidence interval
(CI)=1.36-91.16, p=0.024; and HR=18.68, 95%CI=2.34149.00, p=0.006; Table II].

CRY1 and NANOG knock-down in cervical cancer cells. To
characterize its functional role in cervical cancer, CRY1 was
silenced using siRNA that targeted CRY1 (siCRY1) in Caski
and SNU-17 cells. CRY1 knock-down was verified using
western blotting analysis (Figure 3A). Subsequently, we
examined the effect of CRY1 knock-down on cervical cancer
cell growth in vitro. The cell proliferation curve showed that
CRY1 knock-down significantly inhibited proliferation of both
Caski and SNU-17 cells (Figure 3B). The effect of CRY1 on
the proliferation of cervical cancer cells was further validated
in a colony formation assay, which showed significant
reduction in the number of colonies formed by CRY1 siRNAtransfected Caski and SNU-17 cells (Figure 3C). Using a
Boyden chamber coated with Matrigel, we determined the
changes in cell invasion after 48 h of incubation. Compared
with the control cells, the CRY1 knock-down cells showed a
significant decrease in invasion (Figure 3D).
Moreover, we analysed the functional role of NANOG in
cervical cancer cells using siRNAs that targeted NANOG
(siNANOG) in Caski and SNU-17 cells (Figure 4A). The
results revealed that silencing NANOG could significantly
reduce cell proliferation (Figure 4B), colony formation
(Figure 4C), and cell invasion (Figure 4D), as observed with
CRY1 silencing.
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Table I. Association of CRY1 and NANOG expression with clinicopathological characteristics in cervical cancer.
No.

All study subjects
Diagnostic category
Normal
Low-grade CIN
High-grade CIN
Cancer
FIGO stage
I
II-IV
Tumor grade
Well/Moderate
Poor
Cell type
SCC
Others
Tumor size
≤4 cm
>4 cm
LN metastasis
No
Yes
Chemoradiation response
Good
Bad
HPV test in CIN
Negative
Positive

636

226
73
193
144
97
47

95
43

119
25
95
49

87
26

41
19

20
188

CRY1

Mean score (95%CI)

p-Value

72.0 [68.4-75.6]
118.0 [110.3-125.6]
129.3 [123.8-134.9]
159.3 [151.3-167.3]

<0.001

215.3 [210.7-219.9]

151.9 [142.1-161.8]
174.4 [161.3-187.6]

157.4 [147.3-167.5]
159.4 [145.3-173.6]

158.3 [150.0-166.6]
163.8 [138.6-189.0]

163.6 [153.2-174.1]
150.8 [138.8-162.7]

158.5 [147.8-169.3]
149.9 [129.4-170.4]

141.5 [126.1-156.9]
182.1 [160.9-203.3]

121.6 [105.5-137.6]
125.1 [119.4-130.9]

0.009
0.821
0.609
0.131
0.447
0.003
0.699

No.

NANOG

Mean score (95%CI)

p-Value

270
87
265
170

34.4 [31.9-36.9]
95.5 [86.9-104.0]
169.5 [163.5-175.5]
192.4 [184.6-200.3]

<0.001

97
56

186.8 [176.1-197.6]
196.4 [182.4-210.4]

792

122
48

139
31

122
48
113
25
43
21

35
244

120.2 [114.7-125.7]

188.6 [179.4-197.9]
202.1 [187.4-216.9]

189.3 [180.4-198.2]
206.7 [191.0-222.3]

194.0 [185.0-203.0]
188.4 [172.3-204.5]

190.3 [180.7-199.8]
199.4 [177.0-221.7]

191.7 [173.4-210.0]
221.3 [207.8-234.9]

146.7 [128.4-164.9]
146.6 [139.4-153.9]

0.124
0.285
0.090
0.524
0.428
0.035
0.998

SCC: Squamous cell carcinoma; FIGO: International Federation of Gynecology and Obstetrics; LN metastasis: lymph node metastasis; HPV: human
papillomavirus. Protein expression was determined by analysing an immunohistochemically-stained tissue array, as described in the Materials and
Methods section.

Silencing of CRY1 enhanced cisplatin-induced apoptosis. Our
results indicated that CRY1 and NANOG were interrelated in the
poor response to chemoradiation treatment and prognosis;
therefore, we analysed the relationship between CRY1 and
NANOG expression using Spearman’s rank correlation analysis
in cervical cancer tissues and cell lines. Spearman’s rank
correlation results showed a significant positive correlation
between CRY1 and NANOG expression in cervical neoplasia
(Spearman’s rho=0.162, p=0.003; Figure 5A). To assess the
possible roles of CRY1 on the sensitivity of cervical cancer to
cisplatin, Caski and SNU-17 cells were treated with various
concentrations of cisplatin for 48 h. As shown in Figure 5B,
cisplatin increased CRY1 protein expression in a dosedependent manner. Additionally, we observed up-regulation of
cleaved-poly (ADP-ribose) polymerase (PARP) and cleavedcaspase 3 expression, which are valuable markers of apoptosis.
To further investigate whether knock-down of CRY1 affects
cisplatin sensitivity, we examined the apoptotic cell population
by FACS-based Annexin-V/PI double staining (Figure 5C). The
results revealed that siCRY1-transfected cells showed a
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significant increase in apoptosis compared to control cells in
response to cisplatin, indicating that silencing of CRY1
enhanced cisplatin-induced apoptosis in cervical cancer cells.
Intriguingly, knock-down of CRY1 elevated the percentage of
apoptotic Caski cells from 15.87% to 27.18 % and from 12.37%
to 18.50 % of apoptotic SNU-17 cells, relative to the control
cells. To better understand the mechanism by which CRY1
regulates cell apoptosis, we examined the expression of several
key regulators of apoptosis (Figure 5D). In siCRY1-transfected
Caski and SNU-17 cells, several oncogenic proteins, including
phosphorylated STAT3 at Tyr705 (pSTAT3) and NANOG,
showed decreased expression. In contrast, the levels of p53
expression increased, suggesting that this pathway may be
responsible for the CRY1-mediated anti-apoptotic effect.

Discussion

CRY1 is a member of the cryptochrome family, which is
important for regulating the circadian feedback loop.
Emerging evidence suggests that CRY1 disruption is related

Han et al: CRY1 and NANOG in Cervical Cancer

Figure 2. Kaplan–Meier survival curves for CRY1 and NANOG expression in cervical cancer. Patients with cervical cancer over-expressing CRY1
showed worse (A) overall survival (p=0.001) and (D) disease-free survival (p=0.001) than those with low expression of CRY1. Cervical cancer
patients with NANOG over-expression showed worse (B) overall survival (p=0.001) and (E) disease-free survival (p=0.001). Patients with overexpression of both CRY1 and NANOG showed worse (C) overall survival (p<0.001) and (F) disease-free survival (p<0.001) compared to patients
with low expression of both CRY1 and NANOG.
Table II. Univariate and multivariate analyses of the associations between prognostic variables and overall survival and disease-free survival in
cervical cancer.
Overall survival hazard ratio [95%CI], p-Value

Age (>50)
FIGO stage (> IIA)
Grade (poor)
Cell type (non-SCC)
Tumor size (>4 cm)
LN metastasis
SCC Ag+
CRY1+a
NANOG+b
CRY1+a/NANOG+b

Univariate

0.78 [0.33-1.82], 0.567
4.47 [1.98-10.07], <0.001
2.03 [0.90-4.61], 0.090
2.47 [1.06-5.78], 0.037
1.96 [0.85-4.50], 0.114
2.68 [1.05-6.84], 0.039
2.78 [1.18-6.54], 0.020
5.00 [1.46-17.17], 0.011
3.98 [1.64-9.66], 0.002
20.66 [2.67-159.16], 0.004

Multivariate

NA
2.59 [0.70-9.53], 0.151
NA
4.93 [1.18-20.56], 0.028
NA
1.81 [0.56-5.83], 0.32
3.02 [0.85-10.79], 0.87
4.26 [1.12-16.13], 0.033
3.50 [1.17-10.48], 0.024
11.17[1.36-91.16], 0.024

Disease-free survival hazard ratio [95%CI], p-Value
Univariate

1.56 [0.86-2.82], 0.141
6.12 [3.19-11.75], <0.001
1.64 [0.90-2.99], 0.104
1.06 [0.49-2.28], 0.880
2.18 [1.19-.3.99], 0.011
4.23 [2.11-8.45], <0.001
2.26 [1.18-4.32], 0.014
5.34 [2.05-13.91], 0.001
5.86 [2.75-12.46], <0.001
40.01 [5.35-300.34], <0.001

Multivariate

NA
3.38 [1.24-9.19], 0.017
NA
NA
0.86 [0.30-2.43], 0.779
2.78 [1.01-7.63], 0.046
2.43 [0.86-6.85], 0.091
7.11 [2.19-23.07], 0.001
3.87 [1.56-9.57], 0.003
18.68 [2.34-149.00], 0.006

aCut-off of CRY1 is over 221 of the immunohistochemistry (IHC) score; bCut-off value of NANOG+ is over 140 of the IHC score; CI: confidence
interval; FIGO: International Federation of Gynecology and Obstetrics; LN: lymph node; NA: not applicable.
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Figure 3. Continued

to carcinogenesis in various human cancers. However, to our
knowledge, the role of CRY1 in cervical cancer is
unexplored. Therefore, in this study, we evaluated the
prognostic significance and functional role of CRY1 in
cervical cancer using premalignant and malignant cervical
cancer tissues and cell lines. Notably, we showed that poor
response to chemotherapy was closely linked to apoptosis by
suppressing STAT3 signalling, and activating p53 signalling
with simultaneous upregulation of NANOG. To our
knowledge, this is the first report on the association between
CRY1 and NANOG in cervical cancer.
We evaluated the clinical and prognostic significance of
CRY1 in cervical cancer, premalignant, and non-adjacent
normal epithelial tissues. The results showed that CRY1 was
over-expressed in cervical cancer tissues compared to
premalignant and non-adjacent normal epithelial tissues.
CRY1 over-expression was also significantly associated with
advanced stage, poor chemoradiation responses, and poor OS
and DFS in cervical cancer. A previous study has shown that
CRY1 is over-expressed in gastric cancer tissues compared
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with normal tissues; this over-expression was associated with
poor prognosis in patients with gastric cancer (24). CRY1
over-expression and its association with poor prognosis have
also been observed in endometrial cancer, head and neck
squamous cell carcinoma, and chronic myeloid leukaemia
(25-27). Yu et al. have compared CRY1 expression between
colorectal cancer tissues and adjacent non-cancerous tissues
and found that over-expression of CRY1 in colorectal cancer
tissues was correlated with more advanced stages, frequent
LN metastasis, and poor patient outcomes (28). Additionally,
they observed that CRY1 over-expression and its correlation
with prognosis occurred more frequently in female patients.
Similarly, CRY1 over-expression has been related to
oestrogen receptor (ER) expression in breast cancer (29). In
cervical cancer, the initiation site of carcinogenesis, the
transformation zone, is very sensitive to ER, and ERmediated signalling disrupts several important pathways that
are critical for carcinogenesis, such as apoptosis or DNA
damage repair during the cell cycle in fact, ER reportedly
oscillates in a circadian manner (30, 31). Therefore, in our
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Figure 3. Effect of CRY1 in cervical cancer cell lines. CRY1 was knocked down in Caski and SNU-17 cells for 72 h. (A) Protein expression of CRY1
and α-actinin was analysed by western blot. (B) The proliferation of siControl- and siCRY1- transfected Caski and SNU-17 cells was detected using
EZ-Cytox assay, at indicated time points. (C) Colony formation was performed with siControl and siCRY1 transfected cell. Upper panel:
representative image of colonogenic assay. Lower panel: quantitative results of colonogenic assay. (D) Cell invasion assay was conducted using
the Boyden chamber assay. Upper panel: representative image of Boyden chamber assay. Lower panel: quantitative result of Boyden chamber assay.
The number of asterisks (*) indicates the level of significance: **p<0.05, ***p<0.005. Error bars represent the mean±standard error (S.E) of
triplicate experiments.

future research, we plan to incorporate a subgroup analysis
based on ER expression and explore the mechanisms by
which ER modulates CRY1 expression in cervical cancer.
To explore the role of CRY1 in cervical cancer clinical
specimens, we demonstrated that siRNA-mediated CRY1
knock-down drastically inhibited cell viability in cervical
cancer cell lines, Caski and SNU-17. Interestingly, in
addition to its direct impact on tumour growth, we observed
that CRY1 knock-down attenuated cisplatin resistance, as
evidenced by a marked increase in the expression of
prominent apoptotic markers, caspase-3, and PARP, in a
dose-dependent manner in the cervical cancer cell lines.
These data were further supported by a higher rate of

apoptosis of CRY1 knock-down cells compared to control
cells. Apoptosis refers to the process of programmed cell
death, and dysregulation of the apoptotic mechanism is a
sign of cancer development as well as cancer treatment
resistance. Our study is in accordance with previous studies
that have reported that a loss in the expression of CRY1 and
CRY2 can sensitize tumour cells to apoptosis; however, to
the best of our knowledge, the molecular link between
apoptosis and circadian clock remains largely unknown (32,
33). With respect to the signalling pathways related to
apoptosis, we compared the expression of STAT3, pSTAT3,
and p53 in control and CRY1 knock-down cervical cancer
cell lines. Western blotting analysis revealed that pSTAT3
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Figure 4. Continued

expression was markedly reduced and p53 expression was
increased in the CRY1 knock-down cervical cancer cells. A
previous study has identified that in the clock-intrinsicapoptosis pathway, there appears to be a direct connection
between the clock gene CRY1 and p53 expression, indicating
that CRY1 promotes p53 degradation by facilitating the
interaction of p53 with MDM2 (34). Moreover, studies have
shown that p53 regulates STAT3 activity by inhibiting STAT3
phosphorylation, which subsequently inhibits STAT3 DNA
binding activity; thus, functional loss of p53 results in the
failure to dephosphorylate STAT3, thereby persistent STAT3
activation and chemotherapeutic resistance and tumour
growth (35, 36). To the best of our knowledge, the association
between CRY1, STAT3, and p53 has not been demonstrated
previously in cervical cancer cell lines. Taken together, our
findings suggest that as a clock oncogene, CRY1 could inhibit
apoptosis via the p53/STAT3 signalling pathway in cervical
cancer cells, which is an important signalling pathway for cell
proliferation, invasion, metastasis, as well as chemoresistance
in various cancers (37-39).
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In addition to the role of CRY1 in oncogenesis and
chemoresistance in cancer, we further investigated its positive
correlation with NANOG, a key stem cell transcription factor,
in cervical cancer specimens and cervical cancer cells. As
previously reported, knockout of the circadian rhythm gene
BAML1 reduces the development of murine skin tumours by
reducing the number of tumour-initiating cells and enhancing
the expression of tumour suppressor genes by modulating
cancer stem cells (40). In breast cancer, Hadadi et al. have
demonstrated that chronic circadian disruption could promote
increased expression of cancer stem cell associated genes and
metastatic properties (41). Unfortunately, the molecular
mechanism by which circadian rhythm genes regulate cancer
stem cells is still not known. Per our knowledge, the correlation
between the core circadian clock gene, CRY1, and NANOG has
not been studied in cervical cancer. In our study, we
investigated the positive correlation between CRY1 and
NANOG. We found that siCRY1 treatment resulted in the
simultaneous down-regulation of NANOG. Moreover, CRY1
knock-down led to altered expression of other oncogenic

Han et al: CRY1 and NANOG in Cervical Cancer

Figure 4. Effect of NANOG expression in cervical cancer cell lines. NANO. G was knocked down in Caski and SNU-17 cells for 72 (A) Protein
expression of NANOG and α-actinin was analysed by western blot. (B) The proliferation of siControl- and siNANOG- transfected Caski and SNU17 cells was detected using EZ-Cytox assay, at indicated time points. (C) Colony formation was performed with siControl and siCRY1 transfected
cell. Upper panel: representative image of colonogenic assay. Lower panel: quantitative results of colonogenic assay. (D) Cell invasion assay was
conducted using the Boyden chamber assay. Upper panel: representative image of Boyden chamber assay. Lower panel: quantitative result of Boyden
chamber assay. The number of asterisks (*) indicates the level of significance: **p<0.05, ***p<0.005. Error bars represent the mean±standard
error (S.E) of triplicate experiments.

proteins, namely STAT3 and pSTAT3. Importantly, pSTAT3,
which is phosphorylated by p53, binds to the NANOG
promoter and influences its transcription in embryonic stem
cells (ESCs) (42), liver cancer stem cells (43), and cervical
cancer cells (44). Consequently, it is required for the
transforming activity of STAT3, which in turn contributes to
cell cycle progression and apoptosis (45). Therefore, based on
previous reports and our results, we hypothesize that CRY1
may be hijacked by STAT3 via the p53 signalling pathway to
regulate NANOG expression, which participates in apoptosis
and stemness in cervical cancer. However, further research is
required to verify the role of the CRY1-STAT3-NANOG axis via
p53 in cervical cancer cells.

In conclusion, we demonstrated that over-expression of
CRY1 was significantly associated with advanced clinical
stage, DFS, OS, as well as chemoresistance in patients with
cervical cancer. Most importantly, this study revealed a positive
correlation between the expression of CRY1 and NANOG,
which could serve as a prognostic, predictive biomarker for
patients with cervical cancer and aid in determining the
response to chemoradiation therapy, which is crucial for
suggesting candidate targets for developing a therapeutic
strategy to overcome drug resistance. Though further studies
are required to obtain convincing evidence to elucidate the
underlying mechanisms, the data presented here suggest a
novel role of CRY1 in enhancing the chemoresistance in
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Figure 5. Continued

cervical cancer through the suppression of apoptosis. Finally,
we suggest the involvement of the CRY1-STAT3-NANOG axis
via p53 in cervical cancer.
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