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Background: Epithelial ovarian cancer (EOC) is the most common type of ovarian cancer

and is the most lethal gynecologic malignancy. Cytokeratin 19 (CK19) is a small type

I cytokeratin. The aim of this study is to explore the functional role of CK19 and its

underlying mechanism in EOC.

Methods: The expression levels of CK19 in EOC tissues were identified by Western

blotting and RT-PCR assay. Transwell assay and CCK-8 proliferation assay were used to

assess the invasion, migration and proliferation abilities of overexpressed or knockdown

CK19 of ovarian cancer cells. We also detected the related genes of Wnt/β-catenin signal

pathway, including β-catenin, TCF7, LEF1, c-MYC and cyclin D1 in the transfected ovarian

cancer cells by Western blotting and RT-PCR assay.

Results: The results demonstrated that CK19 was upregulated in EOC tissue. CK19 was

verified to promote the invasion, proliferation and migration of ovarian cancer cells.

Additionally, CK19 activates the Wnt/β-catenin signaling pathway by upregulated β-

catenin, TCF7, LEF1, c-MYC and cyclin D1.

Conclusions: In summary, this is the first study to investigate the role of CK19 in EOC.

These findings provide a potential new therapeutic target for the clinical diagnosis and

treatment of ovarian cancer.

Keywords: CK19, Wnt/β-catenin, ovarian cancer, SKOV3

Background
In 2018, the worldwide incidence of ovarian cancer was 6.6/100,000.1 Epithelial

ovarian cancer (EOC) is the most common type of ovarian cancer. Because the

ovaries are hidden in the abdominal cavity and there are no effective early screen-

ing methods, 80% of EOC are diagnosed after the cancer has widely metastasized.

With an overall five-year survival rate of only 38–40%, epithelial ovarian cancer is

the most lethal gynecologic malignancy, and the eighth leading cause of cancer-

related deaths among women worldwide.1–3

Cytokeratins (CKs) make up the largest subgroup of intermediate filament

proteins and represent the most abundant proteins in epithelial cells.4 They

participate in the formation of the cell skeleton and play an important role in

the response to stress reaction, cell signaling and apoptosis.5 Cytokeratin 19

(CK19) is a small type I cytokeratin, which lacks the tail domain common

among cytokeratins. It is comprised of 399 amino acids with a molecular weight

of 44 kilodaltons, and contains a 13 amino acid extension of the alpha-helical

rod.6 CK19 is mainly expressed in ductal epithelial and gastrointestinal epithelia.6

It is also expressed in a subset of hepatocellular carcinomas with poor prognosis
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as a biliary/hepatic progenitor cell marker and is thought

to reflect the cell of origin.7 Qu et al have reported that

CK19 is upregulated in EOC by quantitative proteomics.8

However, Ju et al have reported that silencing of CK19

increased cell proliferation, migration, invasion, and sur-

vival in human breast cancer cells. They also confirmed

that silencing of CK19 increased tumor formation in

a xenograft model.9 These studies have shown that mod-

ulation of CK19 expression led to different effects on cell

function depending on the cancer cell type; however,

there were few studies about CK19 expression in EOC.

Therefore, extensive molecular studies on CK19 are

required to elucidate its role in EOC.

The Wnt/β-catenin signaling pathway is one of the

most relevant pathways involved with cancer stem cells

and the role of Wnt/β-catenin signaling pathway in cancer

stem cells is to regulate cell proliferation, migration and

apoptosis. It also has been reported to be abnormally

activated in various types of cancers, including ovarian

cancer.10–13

In the present study, we explored the functional role of

CK19 and its underlying mechanism in EOC. We demon-

strated that CK19 was upregulated in EOC tissues. CK19

was verified to promote the invasion, proliferation and

migration of OC cells. Additionally, Wnt/β-catenin signal-

ing pathway abnormally activation was implicated in the

tumor promotion role of CK19 in OC cells.

Materials and Methods
Human Tissue Samples and Cell Culture
A total of 15 normal ovarian tissue and 15 epithelial ovarian

cancer tissue were used for quantitative reverse transcrip-

tion polymerase chain reaction (RT-PCR) analysis. All tis-

sue specimens were obtained from the Beijing Chaoyang

hospital fromMay 2017 to May 2018. The clinicopathology

information of the patients are listed in Table 1. The sam-

ples were frozen at −80°C until analysis. The study was

approved by the ethics committee of Beijing Chaoyang

hospital, and the inform consent was signed by all the

participants.

The cell lines used in this study included the human

ovarian cancer cells SKOV3, OVCAR3 and CAOV3

were obtained from the Medical Research Center of

Beijing Chaoyang Hospital. The use of all the cell

lines had ethical or institutional review board approval.

All cells were cultured in RPMI-1640 (Gibco,

Carlsbad, CA, USA) medium supplemented with 10%

or 20% fetal bovine serum (FBS, Gibco) and 1% peni-

cillin (Sigma-Aldrich, Inc., St-Louis, MO, USA) in

a humidified 5% CO2 incubator at 37°C.

Western Blotting
Proteins were extracted following the manufacturer’s

instructions using the protein extraction kit (Beyotime

Institute of Biotechnology, Haimen, China). Protein con-

centrations were determined by the BCA Protein assay.

Extracted protein were subjected to 10% SDS-PAGE.

Proteins were transferred to nitrocellulose membranes

(EMD Millipore, Billerica, MA, USA) and incubated over-

night with the following antibodies:CK19 (Abcam, USA),

GAPDH (Abcam, USA), β-catenin (Abcam, USA),

c-MYC (Abcam, USA), and cyclin D1 (Abcam, USA).

Following this, they were washed three times with TBST

at room temperature on a decolorization shaker for 5 min

each time. The membranes were incubated with specific

Horseradish peroxidase (HRP)-conjugated secondary anti-

bodies (DingTaiChangSheng, Beijing). Films were

scanned using a calibrated Bio-Rad GS 800 densitometer,

and signals were analyzed using ImageJ.

RNA Isolation and Quantitative Reverse

Transcription PCR (RT-PCR)
The total RNA was isolated from the tissue or cultured

cells by using Trizol agent (Thermo Fisher Scientific)

following the instructions of manufacture. The concentra-

tion and purity of the RNA samples were measured using

Table 1 Clinicopathology Information of the Patients

Normal

(n=15)

Epithelial Ovarian

Cancer (n=15)

P-value

Age (years), median

(range)

55 (48–60) 56 (45–66) 0.17

BMI (kg/m2) 23.5±3.8 24.4±2.6 0.22

FIGO Stage

Stage I 1

Stage II 3

Stage III 10

Stage IV 1

Histology

Serous 9

Mucinous 3

Endometrioid 2

Clear cell 1

Abbreviations: BMI, body mass index; FIGO, International Federation of

Gynecology and Obstetrics.
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NanoDrop2000 (Thermo Scientific). The RNA was

reverse transcribed into cDNA using the miScript II

Reverse Transcription (RT) kit from Qiagen according

to the manufacturer’s protocol with 1000ng total RNA.

Subsequently, RT-PCR was conducted using the SYBR

Green PCR kit for mRNA containing ROX as the refer-

ence dye in the ABI 7500 RT-PCR system. Accordingly,

GAPDH was used as internal control for the normaliza-

tion and quantification of the mRNA. The primers used

for RT-PCR are listed in Table 2.

CK19 Stable Overexpressed in SKOV3

Cells
SKOV3 were infected with a lentiviral vector carrying

CK19 plasmids or the scrambled sequence at an MOI of

30. After 72 hrs of infection, cells infected with lentiviral

vectors encoding enhanced green fluorescent protein

(eGFP) were observed via florescence microscopy to

essess transduction efficiency and eGFP expression. Cells

with 80% infection efficiency and better proliferative abil-

ity were selected and expanded through puromycin treat-

ment. The efficiency of overexpressed of CK19 was

confirmed by Western blotting and RT-PCR.

CK19 Knockdown in SKOV3 Cells by

Small Interfering RNA
Transfection of siRNA was conducted using Genmute

reagent (SignaGen, ML) according to the manufacturer’s

protocol. In this study, siRNAs targeting human CK19

were transiently transfected into SKOV3 cells, with non-

targeting control siRNA used as negative controls. Cells

were harvested 24 or 48hrs later.

Cell Migration and Invasion Assays
Cell migration assays were conducted using 8-μm pore size

Transwell chambers (Costar, Cambridge, MA, USA). The

lower chamber was filled with medium containing 10%

FBS. 4*103 cells were suspended in 1640 with 0.1% FBS

and plated into the upper chamber. After 20 hrs, the number

of cells on the bottom surface of the polycarbonate mem-

branes was counted visually using crystal violet dye and

a light microscope. Cell invasion assays were conducted

using the same procedure except that the upper chamber

was coated with Matrigel (50g/mL, BD Bioscience, San

Jose, CA, USA), and 4*103 cells were suspended into the

upper chamber. Finally, the number of stained cells at the

lower surface of the membrane was counted on a light

microscope.

Cell Proliferation Assays
Cells were seeded at 2*103 cells/well in 96-well plates. Cell

viability was assessed at 0, 24, 48 and 72hrs. Then, 10ul of

CCK-8 was added to each well and incubated with cells for

2hrs. The ODwas measured on a microplate reader at 450nm.

Xenografts
Animal care was provided in accordance with the Guide for

the Care and Use of Laboratory Animals. 2×106 cells of

SKOV3 explanted cells transfected with negative control

and CK19 overexpressed were injected in 6-week-old female

BALB/c nude mice (n=4/group) in 200μL of PBS. Tumor

volume was calculated according to the following formula:

V =0.5×D×d×d, where D represents length and d represents

the width of tumors. Tumor volume was measured every 3–4

days using an electronic caliper, and at day mice were

sacrificed and tumors were removed and weighed. Each

tumor was used for RNA extraction and protein extraction.

Statistical Analyses
SPSS version 22.0 (IBM Corporation, Armonk, NY, USA)

was used for the statistical analyses. All quantitative data

were expressed as Mean±SD. Independent-samples t-tests

were used for comparisons of variables between groups.

Correlations between the detected markers were assessed

Table 2 List of Primers Used for Quantification of Specific Gene Expression

Gene Forward (5ʹ-3ʹ) Reverse (5ʹ-3ʹ)

CK19 ACCAAGTTTGAGACGGAACAG CCCTCAGCGTACTGATTTCCT

TCF7 GACATCAGCCAGAAGCAAG CACCAGAACCTAGCATCAAG

LEF1 CCTGGTCCCCACACAACTG GGCTCCTGCTCCTTTCTCTG

β-catenin AAAATGGCAGTGCGTTTAG TTTGAAGGCAGTCTGTCGTA

c-MYC CTCGGATTCTCTGCTCTC TCGCCTCTTGACATTCTC

Cyclin D1 GCGTACCCTGACACCAATCTC ACTTGAAGTAAGATACGGAGGGC

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
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using Spearman’s rank correlation. P-values of <0.05 were

considered statistically significant.

Results
CK19 Expression Level Is Upregulated in

EOC Tissues
In order to evaluate the expression levels of CK19 in EOC

tissues, we performed Western blotting and RT-PCR assay.

Significantly, we discovered that higher expression levels

of CK19 protein and CK19mRNAwere expressed in EOC

tissues than in normal ovarian tissue (Figure 1A and B,

P<0.05)

CK19 Protein and mRNA Expression Level

in Different Human Ovarian Cancer Cell

Lines
To explore the biological function of CK19 in ovarian

cancer development, three established human ovarian

cancer cell lines, SKOV3, OVCAR-3 and CAOV-3

were used in our experiments. Western blotting showed

that all cell lines expressed CK19, and, SKOV3 cells

expressing the highest levels of CK 19 than other cell

lines (Figure 2). As SKOV3 cell had the highest

expression, we selected SKOV3 cell for further

experiments.

The Expression of CK19 Decreased After

Transfection of siRNA
We silence CK19 expression in SKOV3 cells by transfect-

ing siRNA. To exam the expression level of CK19 protein

and CK19 mRNA after transfection, we performed

Western blotting and RT-PCR assay. Results showed that

CK19 protein and CK19 mRNA were markedly down-

regulated in SKOV3 cell compared with negative control

(NCKD) group (Figure 3).

The Expression of CK19 Increased After

Transfection of Lentiviral Vector
We designed lentiviral vector to overexpress CK19 expres-

sion in SKOV3 cells. To exam the expression level of

A

B

Figure 1 Expression of CK19 in human ovarian carcinoma CK19 expression level was higher in EOC tissues than normal ovarian tissue (A). CK19mRNA expression was

higher in EOC tissues than normal ovarian tissue (B). Data are represented by mean±SD. *P<0.05.
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Figure 2 CK19 expression was the highest in SKOV3 cell line. *P<0.05.

A

B

Figure 3 The expression of CK19 knockdown after transfection. Compared to NCKD transfected cells, CK19-knockdown cells showed significantly decreased expression

of CK19 protein (A) and CK19 mRNA (B) Data are represented by mean±SD. *P <0.05.
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CK19 protein and CK19 mRNA after transfection, we

performed Western blotting and RT-PCR assay. Results

showed that CK19 protein and CK19 mRNA were signifi-

cantly upregulated in SKOV3 cell compared with negative

control (NC) group (Figure 4).

Knockdown of CK19-Inhibited Ovarian

Cancer Cells Invasion, Migration and

Proliferation Capacity
Transwell assay demonstrated that the invasive capacity

of SKOV3 cells with knockdown of CK19 was signifi-

cantly reduced. Then, we explored the effects on migra-

tion of SKOV3 knockdown CK19. Results showed that

the cell migration rate of SKOV3 was decreased after

knockdown of CK19 (Figure 5A and B). CCK-8 assay

results showed a significant reduction in the rate of

SKOV3 cell proliferation after CK19 knockdown

(Figure 5C).

Overexpression of CK19 Promote

Ovarian Cancer Cells Invasion, Migration

and Proliferation Capacity
Transwell assay demonstrated that the invasive capacity of

SKOV3 cells with overexpressed CK19 was significantly

enhanced. Then, we explored the effects on migration of

SKOV3 cells with overexpression of CK19. Results

showed that the cell migration rate of SKOV3 was

increased after CK19 overexpressed (Figure 6A and B).

CCK-8 assay results showed a significant heightened rate

of SKOV3 cell proliferation after CK19 overexpressed

(Figure 6C).

CK19 Overexpression Promote Tumor

Growth in vivo
To recapitulate in vivo the results obtained in vitro, 2×106

negative control and CK19 overexpressed transfected

SKOV3 cells were injected in the flank of nude mice and

monitored. CK19 overexpression was confirmed before

A

B

Figure 4 The expression of CK19 overexpression after transfection. Compared to NC transfected cells, cells CK19-overexpress showed significantly increased expression

of CK19 protein (A) and CK19 mRNA (B) Data are represented by mean±SD. *P <0.05.
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cell implantation and at the end of the experiment. 7 days

post-injection, all mice developed tumors. Significant dif-

ferences in tumor volume were visible at 15 days post-

injection and maintained through the experiment. Mice

were sacrificed at day 42 and tumors were weighted and

imaged, finding larger tumors in the CK19 overexpressed

group. Furthermore, CK19 expression levels were upregu-

lated in the tumor tissues of the mice injected with the

CK19 overexpressed cells at the end of the experiment

(Figure 7).

Wnt/β-Catenin Signaling Pathway Is

Abnormally Activated in Overexpressed

CK19 Ovarian Cancer Cells
To find out the potential mechanism of CK19 in ovarian

cancer cells, we detected related genes on the Wnt/β-

catenin signaling pathway. Results verified that CK19

overexpression increased the protein expression levels

of β-catenin, c-MYC and cyclin D1. We also

demonstrated that CK19 overexpression enhanced the

Wnt/β-catenin signal pathway-related mRNA expression

levels of TCF7, LEF1, β-catenin, cyclin D1 and c-MYC

in SKOV3 cells (Figure 8)

Discussion
CK19 is a carcinoma marker that releases from viable

epithelial tumor cells and it is also used as a marker for

the detection of tumor cells disseminated in lymph

nodes, peripheral blood, and bone marrow. Its positivity

could be considered as prognostic indicator.5 CK19 plays

a key role in hepatocellular carcinoma with the expres-

sion of invasion-related/metastasis-related markers.7 In

lung cancer, CK19 intracellularly binds to HER2 to

promote HER2 activation.14 CK19 has been discovered

to be involved in the development of a variety of tumors,

including colorectal neoplasm, nonmedullary thyroid

carcinoma and breast cancer, as well as cervical

carcinoma.15 However, the underlying role of CK19

and regulatory mechanism in EOC remains unclear. In

KD

A B

C

Figure 5 Knockdown CK19 inhibited ovarian cancer cells invasion, migration and proliferation capacity. SKOV3 cells were transfected with Si-control and Si-CK19,

respectively. Knockdown of CK19 inhibited the invasion, migration (A and B) and proliferation (C) of SKOV3 cells. N= five fields of three independent experiments,

*P<0.05.
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the present study, a significant increase of CK19 expres-

sion level in EOC tissues was demonstrated.

Furthermore, it was confirmed in cell experiments that

overexpression of CK19 promoted the proliferation,

invasion and migration of SKOV3 cells, and the knock-

down of CK19 expression reduced the proliferation,

invasion, and migration of SKOV3 cells. These data

suggested that CK19 is indeed an oncogene that plays

a vital role in OC progression.

What is the molecular mechanism of the CK19 in OC? In

the late 1990s, the importance of the Wnt pathways in the

embryonic development of the ovary was established. Wnt-4

demonstrated a critical role in embryonic ovarian

development.16 Wnt-7a was shown to affect the sex-

specific differentiation of the reproductive tract.17 These

results verified the abnormal Wnt pathway expression may

be involved in ovarian tumorigenesis in humans. The Wnt/β-

catenin signal pathway in normal cells, β-catenin acts as

a cytoskeletal protein at the cell membrane to form

a complex with E-cadherin to maintain adhesion among

cells of the same type and to prevent cell migration.18 β-

catenin can accumulate in the cytoplasm, and when the

cytoplasmic concentration of β-catenin reaches a certain

level, it can be transferred to the nucleus. In the nucleus, β-

catanin binds to the transcription factor family TCF/LEFs,

which activates protooncogenes such as cyclin D1 and

c-Myc, leading to cell proliferation, differentiation and

maturation.19 Alterations affecting Wnt pathway proteins

on the cell membrane, in the cytoplasm, and in the nucleus

have been shown to play important roles in the tumorigenesis

of ovarian cancer.20 Saha et al demonstrated that CK19

expression was increased in colon cancer and breast cancer,

and the knockdown of CK19 led to the suppression of cancer

via downregulation of Wnt signaling pathway.21 It has been

well documented that c-MYC transcription factor regulates

numerous malignant cell processes, including cell cycle pro-

gression, metastasis and angiogenesis in many types of can-

cer. The overexpression of c-MYC protein is likely to

A B

C

Figure 6 Overexpression CK19 promotes ovarian cancer cells invasion, migration and proliferation capacity. SKOV3 cells were transfected with lentiviral vector control and

lentiviral vector CK19, respectively. Overexpression of CK19 promotes the invasion, migration (A and B) and proliferation (C) of SKOV3 cells. N= five fields of three

independent experiments, *P<0.05.
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C

D

A

B

E

F

G

Figure 7 Overexpression of CK19 promotes tumor growth in vivo. (A, B) 8 mice xenografts at the end-point of the experiment. (C) Tumor volumes were measured every

4 days in the indicated mice groups (Each bar represents the mean±SD). (D) Average weight of excised tumors from the indicated mice. (E) RT-PCR showing the relative

expression levels of CK19mRNA in tumor tissue. (F) Western blotting showing the relative expression levels of CK19 protein in tumor tissue. (G) IHC staining showing

CK19 expression in tumor tissue. The magnification is 200× *P<0.05.
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promote the process of malignancy, and is associated with

high recurrence, poor overall survival in the patients with

ovarian cancer.22 In the present study, we detected Wnt

related genes, including β-catenin, LEF1, TCF7, c-MYC

and cyclin D1 in overexpressed CK19 of SKOV3 cells, the

results showed that the expression levels of the related genes

were all increased. All these data demonstrated that over-

expression of CK19 may activate the Wnt/β-catenin signal-

ing pathway in SKOV3 cells.

Conclusion
In summary, this is the first study to investigate the

role of CK19 in OC. Results showed that CK19 acti-

vates the Wnt/β-catenin signaling pathway and pro-

motes the development of epithelial ovarian cancer.

These findings provide a potential new therapeutic tar-

get for the clinical diagnosis and treatment of ovarian

cancer.

Data Sharing Statement
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lines had ethical or institutional review board approval.
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Research Ethics Committee of Capital Medical

University, in accordance with the Guide for the Care

and Use of Laboratory Animals.

A

B

Figure 8 Overexpression of CK19 promotes the expression levels of related genes. Protein expression levels of β-catenin, c-MYC, and cyclin D1 in cells transfected with

overexpressed CK19 were higher than that in NC transfected cells (A); mRNA expression levels of TCF7, LEF1, β-catenin, c-MYC, and cyclin D1 in cells transfected with

overexpressed CK19 were higher than that in NC transfected cells (B); Data are represented by mean±SD. *P<0.05.
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