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Reduced KISS1 expression acts as a predictor for
aggressive features of cervical carcinoma and
promotes migration and invasion in cervical
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Zhuo Wang 

Jilin Cancer Hospital
Min Wang 

Jilin Cancer Hospital
Hao Yu 

Jilin Cancer Hospital
Hongyu Wang 

Jilin Cancer Hospital
Can Wang 

Jilin Cancer Hospital
Jian Ou 

Jilin Cancer Hospital
Fanxu Meng 

Jilin Cancer Hospital
Yang Zhang  (  yzjldx@126.com )

Jilin Cancer Hospital

Research

Keywords: KISS1, cervical carcinoma, metastasis, proliferation, migration, invasion

Posted Date: April 28th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-24040/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-24040/v1
mailto:yzjldx@126.com
https://doi.org/10.21203/rs.3.rs-24040/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/19

Abstract

Background
Cervical carcinoma causes high morbidity and mortality in patients largely due to its invasion and
metastasis. Kisspeptin (KISS1) had been found as metastasis suppressor in many malignancies. But the
clinical signi�cance and biological functions of KISS1 in cervical carcinoma was not elaborated.

Methods
The expression levels of KISS1 were detected by quantitative real time polymerase chain reaction (qRT-
PCR), Methylation speci�c PCR (MSP) analysis and western-blotting in cervical carcinoma tissues and
cells. A eukaryotic expression plasmid was transfected into cervical epithelial cells in order to initiate
KISS1 overexpression, and the endogenous was silenced in cervical epithelial cells using short hairpin
RNA (shRNA) sequences. Transfection e�ciency was validated by western blotting assays. To explore the
effects of KISS1 on the metastatic phenotype of cervical carcinoma, the cell proliferation was examined
by CCK8 assay, and the cell migration and invasion were detected by cell scratch and transwell invasion
assays, respectively.

Results
We investigated the relevance between KISS1 expression with its methylation and clinicopathological
features of cervical carcinoma. Low expression of KISS1 predicts a poor prognosis and was associated
with lymph node metastasis and TNM stage. And methylation of KISS1 promoter, which was linked with
KISS1 inactivation, was also found in most clinical samples of aggressive cervical carcinoma. In vitro
cervical carcinoma C33A cells, KISS1 overexpression signi�cantly inhibited cell proliferation, migration
and invasion in cells. While KISS1 knockdown promoted proliferation, migration and invasion in cervical
epithelial cell line CRL-2614.

Conclusion
In summary, low-expression of KISS1 play a suppressive role for proliferation, migration and invasion in
cervical carcinoma cells. Its expression and methylation are associated with clinical progression of
cervical carcinoma. Hence, KISS1 could be a potential diagnostic and prognostic marker as well as a new
target for the treatment of cervical carcinoma.

Introduction
Cervical cancer is characterized a malignant tumor originating from the cervical epithelium, which mainly
metastasizes to the surrounding tissues, organs and lymph nodes via local invasion and in�ltration [1].
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Although various comprehensive treatments including surgical resection, radiotherapy, and chemotherapy
have been used at different stages of the disease, the incidence, and mortality of impaired quality of life
are still rising [2, 3]. Therefore, it is necessary to explore new biomarkers and therapeutic targets that will
help develop targeted therapies for cervical carcinoma.

Metastasis suppressor genes play a key role in tumor metastasis [1]. A previous study demonstrated that
the effect of metastasis suppressor genes on tumor metastasis was more critical than that of metastasis
promoter genes, and the reduction in the expression of metastasis suppressor genes or gene loss might
induce the invasion and metastasis of tumor cells[4]. KISS1 was initially identi�ed as an important tumor
metastasis suppressor gene in human melanoma cells[5]. KISS1 is located on the long arm of human
chromosome-1. The protein-encoding gene acts as an endogenous ligand for G-protein coupled receptor
54 (GPR54) and produces a variety of physiological effects, including inhibition of tumor cell
proliferation, metastasis, invasion, and induction of tumor cell differentiation and apoptosis[6, 7]. The
decrease in KISS1 levels and its role in tumor invasion and metastasis has been evaluated in various
tumors, such as the bladder[8], colorectum[9] and breast cancer[10]. However, the expression of KISS1
and its pathogenesis in cervical carcinoma remains to be elucidated.

This study examined the methylation status and expression level of KISS1 in cervical carcinoma tissues,
and then assessed the association between KISS1 methylation, KISS1 expression and clinical
clinicopathological features. The effect of KISS1 on the biological function of cervical carcinoma cell
lines was also studied. Our goal was to investigate the role of KISS1 in the development and progression
of cervical carcinoma and whether it could prevent and treat clinical cervical carcinoma.

Materials And Methods
Patients and specimens. 97 cases of human cervical carcinoma samples, 12 cases of intraepithelial
neoplasia (IN) tissues and 92 cases of nonneoplastic normal tissues were collected at the time of
surgical resection at the Jilin Cancer Hospital from July 2014 to July 2016. Samples were snap‐frozen in
liquid nitrogen and stored at ‐97˚C from 97 cervical carcinoma patients including with a median age of 65
(range, 51‐75 years); Para�n‐embedded tissues were prepared by the Department of Pathology at the
same hospital from the 97 cervical carcinoma patients with a median age of 62 (range, 34‐82 years).
Informed consent was obtained from each patient before collection of tissues. All diagnoses of cervical
carcinoma were con�rmed by histopathological examination. Information about patients and disease
characteristics came from a review of the patient's medical records. The study was approved by the
Institutional Ethical Review Committee of Jilin Cancer Hospital and adhered to the principles of the
Declaration of Helsinki.

Cell lines culture. Human cervical carcinoma cell lines (C-33A, HeLa, SiHa, CaSki, HT3) and human
epithelial HPV-16 E6/E7 transformed cervical epithelial cell line CRL-2614 were bought from American
Type Culture Collection (ATCC; Manassas, VA), and cultured in F-12 k and RPMI 1697 (Gibco,
Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (FBS), 100 µ/ml penicillin, and
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50 mg/ml streptomycin, incubated at 37℃ with a humidi�ed atmosphere of 5% CO2. Cells were identi�ed
by STR and no cross-contamination from other cell lines.

Methylation analyses of the promoter of KISS1. The primers: methylated KISS1 forward, 5'-
AAAGTTTCGTTTCGGAGGGTTC-3' and reverse, 5'-CTTTTATAAAACCCGAAATAACG-3'; and unmethylated
KISS1 forward, 5'-AAAGTTTTTTTTGGGGGTTT-3' and reverse, 5'-CCTTTTATAAAACCCAAAATAACA-3'.
Genomic DNA was extracted using standard methods. At the time of running electrophoresis, methylation
positive control (CpG methylation enzyme modi�cation after fresh placenta tissues DNA as a template),
the unmethylation positive control (fresh placenta tissues DNA as a template) and the negative control
(H2O) were set. The reaction conditions: pre-denaturation at 95℃ for 10 min, denaturation at 95℃ for 45
sec, annealing for 45 sec (methylation-speci�c primer ampli�cation annealing temperature 59℃, non-
methylation speci�c primer ampli�cation annealing temperature 55 ℃), 72℃ extension 50 sec, set the
loop 34 times, and the �nal extension at 72℃ for 7 min. Agarose gel electrophoresis and staining were
then performed. Data from the gel was collected using a under a UV transilluminator (ALPHA, San
Leandro, USA) and subsequently analyzed.

Detection of the expression of KISS1 proteins by immunohistochemistry (IHC). Formalin-�xed, para�n-
embedded sections (4 µm) were placed into a 60–65℃ box overnight and depara�nized in green
transparent agent, rehydrated with an alcohol gradient, and washed brie�y in distilled water. To retrieve
antigenicity, sections were boiled in 0.01 M citrate buffer (pH 6.0) for 20 min at 100℃ and were washed
in PBS 3 times after cooling to room temperature. Endogenous peroxidase was blocked with 3% H2O2

(Bohai, Hebei, China) for 30 min then washed in PBS 3 times. Next, sections were incubated with normal
sheep serum for 30 min at room temperature. Subsequently, sections were incubated at 4℃ overnight
with rat Anti-KISS1 monoclonal antibody (1:100 dilution; cat. no. ab55384; Abcam, USA, China). The
following day, sections were rinsed with fresh PBS and incubated with biotinylated secondary antibody
working solution and horseradish enzyme labeled streptavidin (cat. no. SP-9002; ZSGB BIO, Beijing,
China) working solution respectively incubated at room temperature for 30 min. Finally, sections were
stained with diaminobenzidine (DAB) (cat. no. ZLI-9032; ZSGB BIO, Beijing, China) for visualization
signal.

Vectors, transfection of target gene. KISS1 plasmid and control overexpressing were transfected into
C33A cervical carcinoma cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA); KISS1 sh,
Scramble were transfected into cervical epithelial cell CRL-2614. Transfection effect were identi�ed by
reverse transcription quantitative polymerase chain reaction (RT-qPCR) and Western blot analysis.

RNA extraction and RT-qPCR. Total RNA was extracted using Trizol (Invitrogen, Carlsbad, CA, USA), and
cDNA was synthesized using PrimeScript™ RT reagent kit (Takara, Beijing, China) according to the
manufacturer's instructions. Subsequently, expression levels of KISS1 were quanti�ed by the real time
qPCR using AceQ® qPCR SYBR® Green Master Mix (Vazyme, NJ, USA) in ABI7500 quantitative PCR.
Gene expression was de�ned based on Ct values and expression levels of genes were normalized to that
of the housekeeping gene GAPDH as the control. The 2 −ΔΔCt method was used to calculate relative
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expression changes. The thermocycling conditions were as follows: 95˚C for 5 min, followed by 97 cycles
of 95˚C for 10 sec, 60˚C for 30 sec and 95˚C for 15 sec, 60˚C for 60 sec, 95˚C for 15 sec. KISS1 primers:
forward: 5′-CTCACTGGTTTCTTGGCAGC-3′; reverse: 5′-CTGGCTTCCTCTCGGTGC-3′; GAPDH were used as
internal control reference: forward: 5′-GAGTCAACGGATTTGGTCGT-3′; reverse: 5′-
CATGGGTGGAATCATATTGGA-3′.

Western blot analysis. Protein in the supernatant was extracted after transfection as previously described
[11]. Approximately 20 µg of total protein was separated by 10% SDS-PAGE and transferred to a
polyvinylidene di�uoride (PVDF) membranes (Millipore, MA, USA). The membrane was blocked with 5%
skim milk in PBS-T (10 mmol/l Tris, 145 mmol/NaCl, pH 7.2–7.4) for 2 h at room temperature and then
incubated with mouse monoclonal antibody KISS1 (1:1000 dilution; cat. no. ab55384; Abcam, Shanghai,
China) or mouse monoclonal antibody β-actin (1:3500 dilution; cat. no. 60008-1-1 g; proteintech, Wuhan,
China) overnight at 4℃. Anti-mouse IgG (1:2500 dilution; cat. no. A23910; Abbkine, Wuhan, China) was
used and developed with a chemiluminescent substrate. Images were taken with Oddessy CLX infrared
�uorescence scanning imaging system (LICOR, Nebraska, USA) and the intensity of the bands was
analyzed by Image J software (National Institutes of Health, Bethesda, MD, USA).

Cell proliferation assay. The transfected cells were independently seeded into 96-well plates and
cultivated for 24, 48, 72 or 96 h. Then, the Cell Counting Kit-8 (MedChem Express, NJ, USA) was added to
each well and incubated at 37˚C for 3 h. The absorbance at 450 nm was measured using a microplate
reader (Promega, Madison, USA).

Transwell Matrigel invasion assays. Cell invasion were measured using 8 µm Transwell chamber
(Corning, MA, USA) as previously described [12]. To measure invasion, a chamber containing Matrigel
(Corning, MA, USA) was used and operated by the above method. After 24 h, the chamber was stained by
diff-quick staining (BASO, Taiwan, China) and counted in �ve random �elds, the number of cells was
expressed as an average.

Wound healing assay. When the transfected cells reached a growth density of 85%, scratched the
con�uent monolayers with a pipette tip to create a gap to simulate a wound and washed with PBS. The
transfected cells were then cultured in RPMI 1697. Images of the plates were obtained under a
microscope (Olympus, Tokyo, Japan) at 0, 24, 48 h.

Statistical analysis. All results were shown as mean ± SD and analyzed using GraphPad Prism 7
(GraphPad Software, San Diego, CA,USA). For the in vitro experiments, the differences were analyzed
using the unpaired two-tailed t-test. For the experiments involving clinical tissues, the differences were
analyzed using Pearson’s chi-square test. P < 0.05 was considered statistically signi�cant.

Results
Methylation speci�c PCR (MSP) analysis of KISS1 gene promoter methylation. The MSP data obtained
from 97 individuals showed that hypermethylation of the KISS1 gene promoter was observed in 71.1%
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(69/97) of a cervical carcinoma tissue, but only in 8.6% (8/92) of the nonneoplastic non-tumor tissues
(Fig. 1A). Chi-square test showed that the hypermethylation of KISS1 in cervical carcinoma was
signi�cantly associated with lymph node metastasis and TNM stage (P < 0.05; Table 1). However, there
was no statistically signi�cant correlation between KISS1 promoter hypermethylation and other
clinicopathological variables such as age, and histological grade (P > 0.05; Table 1). In addition, the
mRNA expression levels of KISS1 were furtherly accessed in cervical carcinoma tissues and non-
neoplastic cervical tissues. As expected, the mRNA expression levels of KISS1 was lower in cervical
carcinoma tissues compared with non-neoplastic cervical tissues (Fig. 1B). The expression of KISS1
protein in cervical carcinoma tissues obtained from 97 individuals was assessed by western-blotting and
immunohistochemical staining (Fig. 1C). As shown in Table 1, the expression of KISS1 was lower in
cervical carcinoma tissues compared with that in non-neoplastic cervical tissues. In additionally, we
found that KISS1 was expressed in the cytoplasm of cervical carcinoma cells (Fig. 1D and Table 2).
KISS1 staining was detected in 24.7% (24/97) of cervical carcinoma tissues, signi�cantly fewer in
nonneoplastic non-tumor tissues 88.0% (81/92). Then, we analyzed the correlation between KISS1
expression and clinicopathological features in cervical carcinoma patients. The low expression of KISS1
in cervical carcinoma was signi�cantly associated with lymph node metastasis and TNM stage (P < 
0.05). There was no statistical relationship with other variables such as age and histological grade (P > 
0.05; Table II). In additionally, as shown in Fig. 2, cervical carcinoma patients with positive KISS1
expression exhibited longer overall survival compared with patients with negative KISS1 expression. 

KISS1 is downregulated in cervical carcinoma cell lines. To investigate the regulatory role of KISS1 in
cervical carcinoma, it was �rst examined whether KISS1 are dysregulated in cervical carcinoma cell lines.
The results of RT-qPCR and western blot analysis demonstrated that KISS1 were expressed at lower levels
in �ve cervical carcinoma cell lines (C33A, HeLa, Siha, Caski and HT3) compared with those in the human
cervical epithelial cell line CRL2614 (Fig. 3A and B).

Overexpression of KISS1 on proliferation, migration, and invasion of cervical carcinoma cells. We selected
the cell lines C33A to investigate a gain-of-function of KISS1 in cervical carcinoma cell lines. KISS1
expression was upregulated after overexpression in C33A cells. The transfection of KISS1 plasmid
signi�cantly upregulated the expression of KISS1 in both mRNA and protein levels in C33A (Fig. 4A and
B). CCK8 and colony formation assay revealed that overexpression of KISS1 promoted cell proliferation
and viability in C33A cells (P < 0.01, Fig. 4C-E). Besides, cell OD values were signi�cantly reduced at 36,
48, and 72 h in KISS1 overexpression group (Fig. 4E). The number of cells invasion through the chamber
in KISS1 overexpression group was signi�cantly lower than that of the vector group (P < 0.05) (Fig. 4F
and G). The scratch healing rate of KISS1 overexpressing transfected was signi�cantly lower than that of
the vector group (P < 0.05) (Fig. 4H). The results showed that overexpression of KISS1 inhibited cell
migration, invasion and proliferation.

Knockdown of KISS1 on migration and invasion and proliferation of cervical epithelial cells. We selected
the cervical epithelial cell line CRL-2614 to investigate the loss-of-function of KISS1 in cervical epithelial
cells. The transfection of KISS1 sh signi�cantly downregulated the transcription of KISS1 (P < 0.01,
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Fig. 5A and B). CCK8 and colony formation assay revealed that loss of KISS1 reduced cell proliferation
and viability in CRL-2614 cells (P < 0.01, Fig. 5C-E). Matrigel invasion and wound healing assays were
performed after transfection of KISS1 sh which reduced the transcription and production of KISS1 (P < 
0.01, Fig. 5F-H). It can be seen that knockdown of KISS1 enhances cell migration and invasion in cervical
epithelial cells.

 

Discussion
The signaling pathway in the initial control of tumor cells is activated and the primary tumor cells migrate
into nonneoplastic tissues. After the tumor cells are in contact with the blood and lymphatic vessels,
penetrate the basement membrane and the endothelial wall, and disperse through the lumen of the blood
vessel to reach distant organs, metastasis occurs[13, 14]. Therefore, exploring tumor metastasis
suppressor genes to interfere with speci�c points in these steps to block the metastatic cascade and
prevent metastatic tumor growth is critical for early diagnosis, treatment, and better clinical outcomes.
The KISS1 gene was �rst reported as a novel metastasis suppressor gene in human melanoma and
breast cancer cells [15, 16]. The translation product of KISS1 is a protein of 145 amino acids, which is
further cleaved into Kisspeptin-10, Kisspeptin-13, Kisspeptin-14, Kisspeptin-54[17, 18]. KISS1 proteins
bind speci�cally to GPR54 (AXOR12 or hOT7T175) and induces the second messenger inositol
trisphosphate (IP3) and diglycerides, which play a role in cell proliferation, differentiation and
apoptosis[6, 7].

However, the expression of KISS1 and its pathogenesis in cervical carcinoma remains unclear. To
investigate the mechanism of action of KISS1 in cervical carcinoma, promoter methylation and related
clinicopathological data in the cervical carcinoma were analyzed. In this research, hypermethylation of
KISS1 is signi�cantly present in cervical carcinoma tissues compared to nonneoplastic tissues, indicating
that methylation of KISS1 may contribute to the progression in cervical carcinoma. Statistical analysis
between the KISS1 promoter methylation and pathological parameters of patients showed that in cervical
carcinoma patients with lymph node metastasis and TNM III + IV stage, the methylation positive rate of
KISS1 promoter is higher, indicating the complexity of tumor pathogenesis is not only a re�ection of
genetic change by mutation or deletion but also a re�ection of epigenetic alterations, such as DNA
methylation. In addition to the deletion and mutation of related genes, aberrant changes in DNA
methylation are considered as the third mechanism leading to anti-oncogene inactivation[19, 20] which
plays an essential role in tumor development. A previous study suggested that hypermethylation of KISS1
was occurred frequently in colorectal cancer[21]. Previous studies have also con�rmed that KISS1
methylation is associated with tumor differentiation, depth of invasion, distant metastasis of lymph
nodes, and predictive recurrence[9, 21, 22]. These data indicated KISS1 methylation may be associated
with invasion, metastasis and poor prognosis in cervical carcinoma. These results are similar to the
results of our groups.
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The KISS1 expression is substantially down-regulated in cervical carcinoma tissues compared to
nonneoplastic non-tumor tissues according to immunohistochemical staining. This is consistent with the
�ndings of Kostakis that found that KISS1 expression in nonneoplastic cervical mucosa was much
higher than in malignant mucosa[23]. Then we statistically analyzed the pathological features of cervical
carcinoma tissues, and found that low expression of KISS1 was signi�cantly associated with lymph node
metastasis and TNM phase. This is consistent with other studies that found that KISS1 has low
expression in colorectal cancer and KISS1 is a putative metastasis suppressor in human colorectal
cancer[24–26]. We hypothesized that KISS1 promoter methylation results in loss of expression and
metastasis of cervical carcinoma. Previous studies have demonstrated that KISS1 hypermethylation is
associated with loss of transcription and protein expression in colorectal cancer (CRC)[9]. Furthermore,
promoter CpG island methylation reduced the expression of related tumor suppressor genes was the
main tumor suppressor-inactivation mechanism in cervical carcinoma[27]. Therefore, it would be
essential to examine whether KISS1 expression in cervical carcinoma tissues is also directly affected by
its promoter methylation. This indicates that the KISS1 protein plays a role in inhibiting tumor metastasis
during the development of cervical carcinoma, further con�rming that the KISS1 gene is a metastasis
suppressor gene in cervical carcinoma, and its down-regulation of expression has certain guiding
signi�cance for clinical development of individualized treatment plan and prognosis.

To verify the effect of KISS1 on cervical carcinoma transfer, we examined the biological function of
KISS1 on cervical carcinoma cell line C33A compared with those in the normal human cervical epithelial
cell line CRL2614. Our data indicate that overexpression of the KISS1 gene signi�cantly inhibits the
migration and invasion of C33A in the cervical carcinoma cell line; its decreased expression can promote
migration and invasion in CRL2614 cells. These results are similar to those reported by Li et al that KISS1
may inhibit the migration and invasion in BGC-823 gastric carcinoma cells [28]. Chen pointed out KISS1
overexpression signi�cantly decreased the invasiveness of olorectal cancer (CRC) cells [29]. Previous
reports have also pointed out that the reduction of KISS1 expression promotes cell migration and
invasion in pancreatic [30, 31], ovarian [31], prostate [32], endometrial cancer[33]and nasopharyngeal
carcinoma [34]. Considering the importance of migration and invasion ability to tumor progression and
metastasis, the results demonstrate the therapeutic potential of KISS1 by reducing the ability of tumor
cell metastasis.

Data from proliferation experiments indicate that the overexpressed KISS1 has an inhibitory effect in
C33A cells and the knockdown KISS1 has a promoting effect in knockdown CRL2614 cells. These effects
appear 48 hours after treatment may because KISS1 takes more time to exert its effect on proliferation.
Interestingly, the role of KISS1 in proliferation is various in different tumors. Chen[29]found that the
silencing of KISS1 gene had no in�uence on proliferation, and overexpression of KISS1 led to a
signi�cant decrease in the proliferation in HCT-116 colorectal cancer cells. However, knockdown of KISS1
in HT115 and HRT18 colorectal cancer cells has no effect on proliferation [25]. Inconsistent proliferation
results may be related to the characteristics of different tumor cells. It has been reported that KISS1
inhibits growth of matrix-independent tumor but not of matrix-dependent tumor[34]. Therefore, the



Page 9/19

regulation of KISS1 in different tumor phenotypes is more complex than expected and requires further
investigation.

Conclusion
Above all, the experiment demonstrated that KISS1, as a tumor metastasis suppressor gene, is closely
associated with the development of cervical carcinoma and can inhibit the migration and invasion of
cervical carcinoma to a certain extent. Consequently, KISS1 can be used as a new target for clinical
treatment, which may not only eliminate local diseases, but also inhibit the systemic spread of cervical
carcinoma cells, but requires further research to con�rm.
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Tables
Table 1. Association between clinicopathological features and methylation in 97 patients with cervical carcinoma
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Variable Patients, N KISS1methylation (+) KISS1methylation (-) P-Value  

Cervical tissues 92 8 84 <0.01  

Cervical carcinoma 97 69 28    

Age (years)          

≤60 41 29 12 0.914*  

>60 56 40 16    

Histological grade          

Poorly 42 28 14 0.284*  

Well, Moderately 55 41 14    

Lymph node metastasis          

Presence 64 59 5 <0.01 

Absence 33 10 23    

  TNM stage (AJCC)      

  I-II     39 27 22 <0.01

  III-IV     58 52 6  

             

*No statistical significance was found with the χ2 test/χ2 Goodness-of-Fit Test. Kisspeptin, KISS1. TNM, Tumor-Node-Metastasis.

 

Table 2. Relationship between expression of KISS-1 and clinicopathological variables in 97 patients with cervical carcinoma
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Variable Patients, N KISS1

(+)

KISS1

(-)

P-Value  

Cervical tissues 92 81 11 <0.01  

Cervical carcinoma 97 24 73    

Age (years)          

≤60 41 13 28 0.134*  

>60 56 11 45    

Histological grade          

Poorly 42 12 30 0.296*  

Well, Moderately 55 12 14    

Lymph node metastasis          

Presence 64 8 56 <0.01 

Absence 33 16 17    

  TNM stage (AJCC)      

  I-II     39 18 21 <0.01

  III-IV     58 6 52  

*No statistical significance was found with the χ2 test/χ2 Goodness-of-Fit Test. Kisspeptin, KISS1. TNM, Tumor-Node-Metastasis.

Figures
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Figure 1

Expression of KISS1 in cervical tumor and nonneoplastic tissues. (A)The methylation status of KISS1 in
cervical carcinoma tissues, intraepithelial neoplasia (IN) tissues and normal cervical tissues. M:
methylation; U: unmethylation; Up: Unmethylated positive contrast; MP: Methylated positive contrast;
intraepithelial neoplasia, IN. (B) The mRNA expression of KISS1 was performed with real-time qPCR in
cervical carcinoma tissues, IN tissues and normal cervical tissues. (C) The protein expression of KISS1
was performed with western-blotting in cervical carcinoma tissues, IN tissues and normal cervical tissues.
(D) The expression of KISS1 was performed with IHC staining in cervical carcinoma tissues, IN tissues
and normal cervical tissues. Original magni�cation: ×200. *P<0.05, **P<0.01. Kisspeptin, KISS1.
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Figure 2

Associations between KISS1 expression and the prognosis of patients with cervical carcinoma. **P<0.01.
Kisspeptin, KISS1.

Figure 3

KISS1 was downregulated in cervical carcinoma cell lines. (A) The expression levels of KISS1 were
assessed in cervical carcinoma cell lines (C-33A, HeLa, SiHa, CaSki, HT3) and cervical epithelial cell line
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(CRL-2614) by RT-qPCR. (B) The western blotting results revealed that KISS1 was expressed at a lower
level in the cervical carcinoma cell lines compared with the CRL2614 cell line. **P<0.01. Kisspeptin,
KISS1.

Figure 4

The effect of KISS1 overexpression on cervical carcinoma cells was examined. (A) Illustration of western
blot after KISS1 plasmid transfection. (B) The KISS expression level of KISS1 plasmid transfection group



Page 18/19

was signi�cantly different from control group. **P< 0.01. (C) Representative image of KISS1
overexpressing cells on cell colony formation ability; (D) The cell colony formation ability of KISS1
overexpressing cells was signi�cantly different from control group. **P< 0.01. (E) Effects of KISS1
overexpression on cell growth using CCK8 assay. **P< 0.01. (F) Representative image of KISS1
overexpressing cells invades the chamber membrane; (G) The mean number of invaded cells in control,
overexpressing and KISS1 overexpressing groups; (H) Quantitative analysis of wound closure in control,
overexpressing and KISS1 overexpressing groups. ** P <0.01. ** P <0.01, Kisspeptin, KISS1.
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Figure 5

The effect of KISS1 knockdown on cervical carcinoma cells was examined. (A) Illustration of western blot
after KISS1 sh transfection. (B) The KISS expression level of KISS1 sh transfection group was
signi�cantly different from scramble group (**P< 0.01). (C) Representative image of KISS1 knockdown
cells on cell colony formation ability; (D) The cell colony formation ability of KISS1 knockdown cells was
signi�cantly different from scramble group (**P< 0.01). (E) Effects of KISS1 knockdown on cell growth
using CCK8 assay. * P <0.05. (F) Representative image of KISS1 knockdown cells invades the chamber
membrane; (G) The mean number of invaded cells in scramble and KISS1 sh groups. ** P <0.01; (H)
Quantitative analysis of wound closure in scramble and KISS1 sh groups. ** P <0.01, Kisspeptin, KISS1.


